
585 

[¡From the Proceedings of the Linnean Society of New South Wales, 

1899, Part 4, October 25th.] 

THE TICK FE V ER PARASITE. 

BY R. GREIG SMITH, M.SC. 

Tick fever is a disease which appears to be widely distributed 
throughout the warmer countries of the world. It is primarily 
an acute anemia, associated with a haematozoon, which feeds 
upon and destroys the red blood corpuscles. In consequence 
of the degradation and disintegration of the corpuscles, the 
capillaries become clogged, the internal organs intensely swollen, 
and the liver and kidneys being frequently unable to cope with 
the task of eliminating the products of the corpuscle disintegra- 
tion, death results from what is essentially capillary congestion. 
During the very 'rapid destruction of the, corpuscles, the urine 
may and albuminous. 

So far as is definitely known, the disease occurs only among 
cattle, but two diseases of sheep have been described which appear 
to be caused by the same parasite. .In the southern portions of 
the United States of America it is known as Texas or southern 
cattle fever; in Italy, East Africa and Turkey as cattle malaria; 
in the lower reaches of the Danube as haemoglobinuria, and' in 
Sardinia and Finland as haematuria. 

Theobold Smith, in conjunction with Kilborne, was the first to 
give a complete account of the disease and to trace its cause to 
a haematozoon which he called Pyrosoma bigenainunz, a name 
which has been altered by Wasielewski (8) to Apiosoma bigeminum, 
Smith. One year previous to the first of Theobald Smith's papers, 
Babes had described under the name of haemoglobinuria a disease 
of cattle in the swampy pastures of the lower Danube in Rou- 
mania, and had traced the cause to a haematozoon, but although 
the disease is now considered to be identical with Texas fever, 
Babes' description, of the parasite was far from being as complete 
as that of Theobald Smith. 
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There are two varieties of the disease, the acute and the chronic 
form. In the former, the destruction of the red corpuscles is 
very rapid, while in the latter it is much slower. The acute form 
is marked by the general symptom of rapid oxidation, viz., acute 
fever, and in the organs of affected animals all known forms of 
the parasite can be found. In the chronic disease only the 
supposed younger forms are to be seen. The presence of the 
parasite in an animal does not necessarily indicate the presence 
of disease, since it appears to exist latent, (5, 6) becoming evident 
when the system is weakened from some other disease, just as the 
cause of rheumatism, influenza, or even the common cold may 
presumably remain latent in man to become evident when the 
system is temporarily weakened as by a sudden chill. 

Cattle are the most susceptible of all aniu,als, and although it 
may be said that tick fever is a bovine disease, it should not be 
forgotten that other animals succumb to the action of parasites 
which may be identical with Apiosoma bigeminum. There is a 
canine disease of Lombardy and a sheep disease, carceag or 
parasitic ictero-haematuria, in both of which the organisms 
characteristic of tick fever have been observed. Furthermore, 
according to some authors, rabbits and guinea -pigs succumb when 
inoculated with blood containing the parasite. 

Infection occurs by means of the cattle tick (Ixodes bovis) in 
cases of Texas fever, tick fever and haemoglobinuria. In the 
bovine malaria of the Roman Compagna (3) and of Turkey (s) 
there is no record of ticks associated with the disease. 

The parasite is found in the blood serum and within the red 
corpuscles. When invaded by the parasite the corpuscle loses its 
elasticity and is retained in the capillaries and the body organs. 
Consequently comparatively few invaded corpuscles are to be 
found in the circulating blood, the percentage varying from 1 to 
2 except during the height of the fever, when it may rise to from 
5 to 10 in a few cases. The blood of the organs, as for example 
the heart -substance, has about 80 per cent. of the corpuscles 
invaded. 

The typical form of the parasite is pear -shaped, and although a 
single organism may occupy the corpuscle, yet commonly they 
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occur in twos, sometimes even in fives and sixes. When double, 
the narrow ends are together, and it is undoubtedly only a matter 
of technique to show that they are united by a connecting thread. 
The pear -shaped parasite stains unequally; the part occupying 
the bulb of the pear stains feebly or not at all, and it is assumed 
that this is a vacuole; the middle portion generally takes the 
stain deeply. This form is not common in the corpuscle during 
life, (i) for by the time that the parasite has grown to this shape 
the corpuscle has become disintegrated and the organism free. It 
is to be found in numbers soon after death, while if a section or 
film be made immediately the animal dies, there is seen a mixture 
of the younger with the presumably oldest form. In the 
capillaries during the acute stage small double spindles are some- 
times seen, each spindle being connected by a joining line. This 
is probably an intermediate stage of the parasite. 

In fresh blood a small round spot is frequently seen close to the 
periphery in. some of the corpuscles; it is free from haemoglobin 
and measures 0.5 µ in diameter. It is also visible in stained pre- 
parations, where it varies up to 0.6 µ, and is often divided. 
Since this appears at the beginning of the attack and disappears 
when the corpuscles begin to increase in number, it is not to be 
considered as a degenerate form W. It is contended by Celli and 
Santori that this extremely small body is not the parasite, since 
Marciafava had seen it in cases of malaria, and they themselves 
had found it in healthy guinea -pigs as well as in rabbits and dogs 
which had died of diseases other than tick fever. It is referred 
to as a pseudoparasitic endoglobular body. It is possible that 
the smallest form of the tick fever parasite may be of the same 
diameter as the pseudoparasitic body; in this case they would be 
morphologically identical. 

According to Celli and Santori, what is really the smallest and 
probably the .youngest type of the parasite measures from 1 to 
1.5 µ. It changes its shape as it moves about from place to place 
in the corpuscle, becoming round, oblong, cylindrical, egg- or 
pear- shaped in succession. It may occur singly, in pairs or threes 
in one and the same corpuscle. It is strongly refractile and shows 
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up well against the ground of the corpuscle. Should the mobility' 
cease either naturally or artificially by cooling below 24° C. or by 
killing, the amoeboid parasite becomes round and often shows a 
central point, which, together with its usual peripheral position, 
enables it to be recognised. It differs from the pseudoparasitic 
bodies in being larger, more refractile and motile (3). It occurs 
in the acute and chronic stages of the disease. 

Sidney Hunt and Collins describe a similar multiplicity of 
form among bodies occurring free in the circulating blood, but 
especially in the substance of the kidney and the spleen, where 
they are enormously abundant. They are also found, but to a 
less extent, in the liver. " These free bodies vary greatly in size, 
some being no more thanes and some as large as the size of a 
bovine red blood cell, which is somewhere about ,0100 of an inch," 
i.e., they vary from 0.8 to 2 µ. "They vary also in form, the 
majority being round or spherical, some pear -shaped, some oblong, 
some sausage -like, others constricted like an hourglass and others 
irregular. None of these forms are by any means constant, since 
the bodies are perpetually changing their outline. They differ 
also in respect to colour; most are colourless and highly refractive, 
others have a yellowish or even reddish -brown tinge, but there is 
never any granular pigment. The majority appear homogeneous, 
others dark -centred, though this latter appearance may be due to 
their high refraction. A certain proportion are motionless, but 
the majority are in very active movement, and may sometimes 
be seen to work their way across the field of the microscope, 
apparently urged along by a flagellum. The most general and 
characteristic movement, however, is neither . amoeboid nor, 
locomotive, but consists of a peculiar rolling on their own axes, 
which gives them a twinkling appearance, something like that of 
a small bright coin as it sinks in deep water." The motility is 
more active than with the intracorpuscular parasite. 

The amoeboid form of the parasite is larger, being from two to 
three times the size of the smallest motile form of Celli and 
Santori. The refrangibility is so low that it can only be seen 
with difficulty in some of its phases, especially when, as is often 
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-the case, the corpuscle is paler than usual. The amoeboid motion 
is active with the smaller sizes, and slower with the larger. On 
account of the amoeboid motion, the parasite may appear with 
one, two, three or more protrusions; it may divide into two, the 
halves connected by a thread when an appearance is obtained 
which is probably that described and considered by Theobald 
Smith as, a younger stage of the pear -shape. The two halves 
join again to form perhaps a diamond or a sphere. The two pear - 
shaped forms are seldom small; they are generally large, and vary 
from 2.5 to 4 µ long, by 1.5 to 2 µ broad; and have a granule 
near the swollen end. They may be considered to be in extremely 
slow amoeboid motion, but so slow as to be practically non- motile 
-or as a particular stage in the developmental cycle. In support 
of the former hypothesis there is the fact that long observation 
showed the form to vary from the pear to an egg or round shape; 
while in another case, also after long observation, an apiosoma 
without altering its shape disappeared from the corpuscle (3). 

In very acute cases of the fever a few large granules have been 
observed lying separated from one another or in a heap within 
some of the blood corpuscles. They are non -motile, and retain 
their rounded shape. Their significance is unknown, but it is 
suggested that they may be spore forms (3). 

Besides the parasitic forms, one frequently observes in the blood, 
red corpuscles larger than usual, rather pale and beset through- 
out the different layers with chromatin granules. Since these 
granules are found in other cases of anaemia as; in the sheep, they 
have no relation with the parasite, and are to be traced to the 
caryolysis of the young red corpuscles. 

The complete life cycle of the parasite has not yet been 
described by any author. Theobald Smith suggests that the small 
motile globule is the youngest intraglobular stage, the globule 
dividing, each part becoming spindle- shaped and ultimately pear - 
shaped, the portions being still connected by a thread. In the 
chronic cases of the fever there is a certain immunity produced, 
and the later stages of the parasite are suppressed (1). The large 
pear -shaped body either within or without the corpuscle may begin 
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a reproductive stage, and produce a generation of very minute 
bodies akin to the smallest observed stage, or there may be a free 
reproductive phase in the blood distinct from the intraglobùlar. 
These phases have not been seen. 

Sidney Hunt (5) notes that in coverglass preparations of 
advanced cases, the parasites exhibit all the stages between being 
intra- and extracorpuscular, the corpuscles being more or less dis- 
integrated. Some of the apiosoma are seen to hive a clear central 
portion which does not stain. The pear- shaped forms are of 
various sizes, the clear portions being more marked in the larger 
ones. Sometimes in the blood there are also seen crescent - 
shaped bodies which Dr. E. Klein, F.R.S., considered to be the 
stage succeeding the pear -shape, since they are presumably full 
of young pyrosoma. These crescent- shaped bodies are really 
sarcosporidia, common muscle parasites. 

Like the yeasts, the protozoa do not lend themselves well as. 

objects of study in the dry and stained condition. Yet by exer- 
cising care, especially in the choice of a fixing agent, it is possible to 
obtain specimens which tell us more of the structure of the 
parasite than can be learnt from their study in the fresh condition. 
In a number of films of dried blood* which the writer examined 
the various recognised phases in the life history of the parasite 
were observed. The smaller diplococcus bodies measured 0.4p, 
and the larger 1 µ ; both intra- and extra -corpuscular forms. 

occurred. The mature forms varied in size, the difference being 
mainly due to the vacuole which seems to increase as growth 
proceeds much more than the other parts of the apiosoma. The 
staining is irregular ; the neck, the middle and the terminal 
margin of the pear colour deeply ; the vacuole faintly or not at 
all. In some of the corpuscles two retractile spherical bodies 
are observable, and careful focussing and adjustment of the light 
revealed the shrivelled remains of the middle and neck of the 
apiosoma. The growth in the mature form, the persistence and 
refrangibility point to the so- called vacuole being really a capsule, 

* Kindly lent by Dr. Frank Tidswell. 
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and, if so, all the interbovine cycle may be assumed to have been 
observed. The diplococcus bodies, the amoeba, the mature 
apiosoma with its capsule complete one portion of the life history. 
Since the multiplication of the parasite is so rapid it almost 
follows that all stages of the interbovine life cycle must have 
been observed by those who investigated the blood. The inter- 
pretation alone is wanting, and this is supplied if, for vacuole, we 
read capsule. Celli and Santori's observations upon fresh specimens 
bear out this interpretation. They noted that the mature 
apiosoma had a granule at the swollen end. This appearance 
would be caused by the refraction of the capsule. They make no 
mention of a vacuole, nor do they figure one in their drawings. 
The granule which they represent by a tiny circle occupies a 
position which coincides with the centre of the capsule. They 
mention that they saw the pear -shape alter, after a long time, to 
an egg or round shape. Such a change would be brought about 
by the enlargement of the capsule and the shrinkage and degra- 
dation of the body of the apiosoma concomitant with the 
maturation and persistence of the capsule. Another observation 
showed that the apiosoma, without altering its shape, suddenly 
disappeared from the corpuscle. This would happen were the 
capsule to rupture and liberate its contents simultaneously with 
the collapse of the other portions. 

With regard to the susceptibility of other animals, Theobald 
Smith found that rabbits, guinea -pigs, goats and sheep showed 
neither a multiplication of the parasite nor symptoms of the 
disease when inoculated with virulent blood. Similarly, Celli and 
Santori injected virulent blood into rabbits, guinea -pigs, mice, 
rats, cats and dogs, but without result. They mention, however, 
that death sometimes ensued, but the parasite could not be found. 
The pseudo- parasitic forms were present. These authors may be 
wrong in considering all the small diplococcus bodies as being 
pseudo -parasitic. Although the parasitic forms were not found, 
the injected blood maintained its virulence through a series of three 
guinea -pigs. Nicolle and Adil Bey found that 1 c.c. of virulent 
blood caused the death of guinea -pigs. Sidney Hunt and Collins 
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found the horse unaffected, while sheep developed high fever as 
the result of intravenous inoculation with virulent blood. The 
small marginal bodies were found in the blood of one of the 
sheep which was slaughtered, but there were no characteristic 
apiosoma. The sheep diseases carceag (Babes) and parasitic 
ictero-haematuria (Bonome) are caused, if not by the same para- 
site, by an ally so close that it seems only a modification. Babes 
does not describe the parasite at all fully, but since he claims 
that his disease and that of Bonome are identical, it will be 
sufficient to describe the parasite of the latter (7). The infected 
blood corpuscles; have on their margin or inside round, oval or pear - 
shaped, strong, light- refracting, colourless bodies, varying in size 
from 1 to 3µ; they frequently show active contracting movements. 
In the plasma they are seen either singly or in twos or threes. 
They are easily coloured by aniline stains. Organs of locomotion 
were never observed. The blood of the organs contained a greater 
number of invaded corpuscles than were to be found in the 
circulating blood. In the former places the parasites were chiefly 
the more mature forms, and in the latter chiefly the younger. In 
the urine the parasite was found partly free and partly in blood 
corpuscles. 

It is admitted by American and Australian investigators that 
the cattle tick is the infecting agent. European authors must be 
aware of the part played by the tick in America, and yet no 
mention of the insect is made in some of their papers. Babes, 
however, noted that animals suffering from haemoglobinuria were 
infested with ticks; and Schneidemühl supplements this, saying 
that the parasite of this fever exists for some time in the body 
cavities of the tick as in Texas fever; all ticks do not convey the 
disease, since susceptible cattle may have ticks without any sign 
of illness. There, are, however, varieties of ticks, some of which 
apparently never produce Texas fever, while others do. But of 
the dangerous species of tick only those that carry infection are 
to be feared, and this infectivity is determined by locality. It is 
self- evident that in a new locality the disease must have .begun 
either with an animal or with a tick; in the latter case the tick 
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would infect an animal, and other ticks feeding thereon would 
convey the infection to other animals. But it is well known that 
a mature tick never leaves one host to attach itself to another; in 
fact. it is generally accepted that it is only in the larval stage that 
ticks adhere to cattle. The mature and infected tick, therefore, 
falls to the ground, and under some cover lays its eggs, which in 
time hatch, become the larval forms, and attach themselves to a 
passing animal with poisonous effect. The question, then, comes 
to he : in what manner is the parasite conveyed from the mother 
tick to the larval form? Is it carried internally or externally? 
Does the parasite, when absorbed by the tick, pass through the 
alimentary canal to infect the ground; the exterior of the eggs 
and ultimately the larval tick which inoculates the parasite into 
the animal after the manner of a solid inoculating needle; or does 
the parasite enter an alternative phase in its life- history in the 
body of the tick ? One cannot say how the parasite gets from the 
parent to the larva, but that it certainly does and directly has 
been proved by the experiments of Theobald Smith and Kilborne, 
who hatched tick eggs in the laboratory and produced the disease 
by fastening the larva on susceptible animals. Prof. Mayo, of 
Kansas, also produced a fatal attack by placing upon a cow the 
larve hatched from mature ticks that had been sent by mail from 
Texas. These experiments, however, do not decide the question 
as to whether the parasite exists inside or outside the egg capsule. 
It would be interesting to know if larva hatched from disinfected 
eggs could produce the disease. If they could not, the search for 
a phase of the parasite in the body of the tick might be useless. 
Another point worthy of consideration is whether the tick may 
not mechanically carry the parasite from the pasture into the 
animal. We frequently hear of such mechanical inoculation by 
biting insects such as bugs and gnats, and in the case of louping- 
ill, a sheep disease of Scotland and the North of England, where 
infection is in all probability carried by the sheep tick, all 
evidence goes to show that the infection is carried mechanically 
by the insect. Theobald Smith considers it to be quite possible 
that biting or stinging and blood -sucking insects may transmit 
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the parasite directly from susceptible animal to susceptible 
animal, or perhaps there may be the intermediate stage of a non - 

susceptible animal. Owing to the long incubation period, he 

could not, however, obtain data in support of this view. With 
regard to the possibility of the tick conveying the parasite from 
the pasture to the animal, it may be well to consider how the 
pasture may become infected. Infection has been produced arti- 
ficially by scattering mature ticks from infected animals over the 
ground, and such seems to be the only method recognised at 
present whereby infection may occur, viz., by the infected ticks 
falling off the animal. If the tick acts only or partly as a 
mechanical agent 'in carrying the parasite, the infection of the 
pasture is of paramount importance. Such infection is chiefly 
caused by animals suffering from the fever. But it is also possible 
that animals which have recovered, and the blood of which still 
contains the parasite, as well as animals which, bred in an infected 
country, have the parasite latent in their system, probably through 
repeated tick inoculation, may also form the nucleus of an out- 
break. Preventive inoculation by the use of what is known as 
recovered blood --that is, the blood of animals which have 
recovered from the disease -is a process which may not be 
unattended with danger. The practice would be innocuous did 
the recovered blood contain no parasite, but this cannot be said 
to be the case. As a result of the inoculation, the animal develops . 
the fever, and during this time at least the blood will contain the 
parasite. One cannot doubt that a single tick sucking this blood 
may be the means of starting the disease in a new locality. But 
to return to the infection of the pasture, during an acute attack 
of the fever the animal is constipated, passing dung which is 
frequently blood -stained, and since the blood harbours the parasite 
a transference of the causative agent to the pasture occurs. The 
kidneys are found charged with the parasite, and since they are 
in a pathological condition it seems possible that the protozoon 
may pass into the urine. Although the latter has often been 
examined, the parasite has never been found in it with certainty. 
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Bonome (7) found the parasite in the urine of sheep suffering 
from parasitic ictero- haematuria. Against the view that the 
tick carries the parasite directly from the ground to the animal, 
are the experiments performed in America and Queensland, (4) 

showing that a strained watery emulsion of crushed larval ticks 
does not produce the disease. If these experiments are to be 
trusted as indicating a fact, viz., that on or in the larval tick 
there are no cattle parasites, there only remains the probability 
that the cattle parasite is matured in the body of the tick from 
an alternative form which may be called the tick parasite. This 
view is the one at present held, being engendered by these experi- 
ments and also perhaps on account of some similarity between 
Texas fever and malaria. 
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THE NODULE ORGANISM OF THE LEGUMINOS/E. 

BY R. GREIG SMITH, M.SC., MACLEAY BACTERIOLOGIST. 

(Plates 

It has been for a long time known to agriculturists that a 
leguminous crop enriches the soil to a considerable extent, and it 
is customary to sow a crop of beans, clover, or other leguminous 
plant as a preparation for wheat, which makes a great demand 
upon the soil nitrogen. It was the general feeling that the 
Leguminous could gain nitrogen from the air, but how this 
occurred was not understood. 

In the middle of the century Boussingault, Villes, Lames, 
Gilbert and Pugh studied the question, and although Villes 
certainly showed a gain of nitrogen in some of his plant experi- 
ments, yet the later investigations of the Rothamsted experimen- 
ters showed that neither the Leguminoss nor any other plant 
could utilise the nitrogen from any source other than the soil. 
With the exception of Berthelot, who about 1876 doubted this 
conclusion, the matter lay practically dormant until Hellriegal 
and Wilfarth in 1886 published their classical researches upon 
the fixation of nitrogen. These authors showed that when crop 
plants were grown with a sufficiency of minerals the produce was 
proportional to the amount of nitrogenous manure in the soil. 
This law, however, did not hold for the Leguminose, which grew 
independently of nitrogenous manuring; indeed some of the largest 
crops of peas were obtained from soils which had received no 
nitrogen whatever. But they also showed that when the legumi- 
nous plant reached the "sick" period -that is, when the growing 
plant had exhausted all the cotyledonary nitrogen and appeared 
pale green in colour -it either took on a new lease of life or died, 
depending upon whether nodules appeared upon the roots. With 
the death of the plant there was no formation of nodules and no 
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gain of nitrogen, while with the survival over this sick period the 
nodules appeared, and there was a considerable gain of nitrogen. 
From this the inference was naturally drawn that leguminous 
plants could gain their nitrogenous food by absorbing the atmos_ 
pheric nitrogen in some way, and that this action had an intimate 
relation with the nodules formed upon the roots. In other words, 
the nodules were capable of elaborating gaseous nitrogen into 
nitrogenous forms capable of being assimilated by the plant. 

Hellriegal and Wilfarth in this way indirectly proved the 
fixation of nitrogen by showing that the mature plant contained 
more nitrogen than was originally in the soil. Schloesing and 
Laurent afterwards proved the fact directly by a loss of the 
atmospheric nitrogen in contact with the plant.. Woronin, 
Marshall Ward and Frank had shown that the nodules did not 
form on the roots when the plants were grown in either sterilised 
soil or water, and it was only when the sterile soil was infected 
with ordinary soil, or when the plants in water culture had pieces 
of chopped nodules inserted between the root hairs, that nodules. 
were produced. Woronin, as early as 1866, had suggested the 
presence of bacteria in the nodular tissue, and the earlier experi- 
ments bore out the idea. 

Marshall Ward was the first to describe the entry of the 
organisms into the tissues of the plant through the .root hairs. 
A bright spot was observed on the outer epidermal cell wall of 
the root hair; this fused with the cell wall, and emerging on the 
inner side, grew along the inside of the hair as a filament which 
reached the deeper layers .of the cortex cells, and these by their 
proliferation ultimately formed the nodule. Since infection only 
occurs on the root' hair the location of the nodule is accidental. 
The interior of the nodule is occupied by albuminoid cells, where 
the cellulose- dissolving infecting thread can be seen branching . 

and passing like a mycelium from the protoplasm of one cell 
through the cell wall into the protoplasm of a neighbouring cell. 
The method of entry of the organism was confirmed by Prazmowski, 
who further saw a number of rods inside the 'simple filament of. 
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Ward. Maria Dawson* showed that the filaments consisted of 

strands of straight rodlets imbedded in a matrix, the rodlets 
being heaped up at the places where the filaments are swollen. 
The rods appear to be liberated in the cell by the protecting 
mucilaginous or gelatinous membrane of the filament becoming 
dissolved, or by the bacteria budding off like a Dematium. Mazé 
agreed with the former alternative. When the bacteria become 
free they soon lose their original rod -like shape, becoming branched 
and stouter, and in this condition are known as bacteroids. The 
bacteroids may slowly fuse, one with the other, to form a spongy 
tissue. to which Beijerinck ascribed the fixation of nitrogen, 
likening it to the spongy tissue of the animal lung, where in one 
case there may be a fixation of nitrogen and in the other there is 
a fixation of oxygen. Beijerinck in 1888 announced that he had 
succeeded in isolating what he considered to be the infecting 
organism His method of procedure was to sterilise the nodule 
by treatment with alcohol followed by ether, then to smash it up 
in a mortar with sterile water and to spread a few drops of the 
emulsion on plates, upon which a gelatine medium had been 
poured and allowed to set. The medium was made by adding 18 
per cent. gelatine, per cent. peptone, per cent. asparagine, 
and 1 per cent. saccharose to an infusion of leguminous stalks and 
leaves. The solidified gelatine quickly absorbed the water, leaving 
the organisms upon the surface. After some days colonies were 
seen, consisting of short rods and motile swarmers, which might 
migrate from the parent colony to found a new colony at some 
distance. The organism, which he named Bacillus radicicola, 
appears to be pleomorphic, since it occurs not only as rods and 
minute swarmers but also develops branched forms, among which 
a simulation of the Greek letter y is very common. A year later 
Prazmowski succeeded in infecting leguminous plants with pure 
cultures of the organism, the name of which he changed to 
Bacterium radicicola, since it did not appear to be capable of 
forming spores. 

* Maria Dawson -Prot. Roy. Soc. lxiv., 167. 
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Beijerinck could not prove a fixation of nitrogen by pure cultures 
of the organisms when grown in artificial media, but he remarked 
that it could grow in the presence of a minimum quantity of 
nitrogenous material provided a sufficient amount of carbohydrate 
food was present. At a later date he advised the use of 8 -9 per 
cent. washed gelatine, 2 per cent. sucrose with leguminous plant 
extract. With regard to carbohydrate food, it is to be noted 
that there is a considerable quantity of starch in the bacteroidal 
cells. Bact. radicicola in artificial culture is unable to fix nitrogen 
directly, but in the presence of carbohydrates it is able to seize 
the smallest trace of nitrate or ammonium salt and convert it into 
an albuminoid form. The bacteria separated from the nodules of 
the different genera of Leguminpsæ differed in a slight degree, 
and although this difference prevented the bacteria from one 
genus producing nodules on the roots of other genera it was not 
sufficient to make one consider the bacteria as belonging to 
different families; they could only be considered as varieties of one 
species. Nobbe considers* that the organism is so influenced by 
the host plant that it becomes adaptable for existence only in 
that genus of plant. 

As far as can be gathered,f the morphological and cultural 
characters of Bacterium radicicola as described by Beijerinck are 
as follows :- 

Small motile swarmers 0.18 : 0.9p, or non -motile rods 1 : 4 -5µ; 
the rods show branching forms like the bacteroids of the nodules. 
No spore formation has been observed, and cultures are killed by 
exposure to 60 ° -70° C. The swarmers are strongly aerobic. 
Drying and freezing are without influence. Gelatine -, starch- and 
cellulose -dissolving or saccharose inverting enzymes are apparently 
not secreted. On gelatine the colonies grow slowly, are hemi- 
spherical, whitish, clear or somewhat turbid; the smaller colonies 

* Stutzer, in Centralblatt für Bakteriologie, 2 Abt. i. 68. 

t Lafar, Technische Mykologie. 
Kruse, in Flugge's Die Mikroorganismen. 
Beijerinck, Centralblatt für Bakt. 1 Abt. v. 804. 
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are firm and adhesive; the larger 'are watery. The gelatine is not 
liquefied. 

Frank,* under the name Rhizobium leguminosarum, describes 
an organism which seems to be Beijerinck's bacterium. The 
rhizobia are actively motile, rounded to long in shape, and 0.9 to 
1.3 µ in length. There are also non -motile forms; flagella, how- 
ever, could not be found. Curved forms, more or less constricted 
in the middle, apparently a division stage, were frequently 
observed. Zooglcea forms also were seen, and these often con- 
tained in the gelatinous matrix very short coccus -like bodies, the 
size of which was estimated at 0.2 µ. Spores were not observed. 
On gelatine the colonies grow slowly, reaching a diameter of 
1 mm. in about a week. They are small, rounded to elliptical, 
raised, of a pale yellow colour and mucilaginous. The gelatine is 
sometimes liquefied. 

Kirchnert claims the organism of the Soja Bean as a variety 
of Rhizobium. The rods are generally somewhat bent, and 
measure 0.8 : 3.2 -3.6 µ. They show a granular content when 
stained, and are non -motile. On gelatine the colonies grow 
slowly, forming raised, rounded, transparent, white paraffin-like 
drops which do not liquefy the medium. Laurent,+ in discussing 
the organism of the nodule, prefers the designation Rhizobium 
leguminosarum, but he differs from Frank in respect to its 
morphological characters. The colonies on gelatine are whitish, 
and have a glistening surface. The strongly developed colonies 
are slimy, the slime staining well with dahlia violet, yellow with 
iodine, and shows no cellulose reaction. It thrives well in media 
destitute of nitrogen. Sugar, especially sacçharose, is favourable. 
When the medium is 5 mm. deep, a slimy precipitate is formed; 
when 1 cm. deep floccules are obtained, and with deeper layers 
there is only a turbidity. The medium should be neutral or 
slightly alkaline. 

* Frank, Centralblatt fur Bakt. 1 Abt. -ix. 629. 

t Kirchner, ibid., 2 Abt. n. 96. 

$ Laurent, ibid., 1 Abt. Ix. 703. 



65S THE NODULE ORGANISM OF THE LEGUMINOSA, 

Temperatures from 22 ° -26° are most favourable; the growth 
ceases at 30 °. In bouillon, a slimy precipitate is formed, which 
consists of rods and branched forms.. Motility could not be 
observed even in the smallest forms. 

Beijerinck,* from the nodules of Vicia lathyroides, obtained a 
species of Bact. radicicola, which in artificial media had a pro- 
nounced capsule, forming threads and balls similar to the appear- 
ances seen in nodule sections of some genera of Leguminosce. In 
the capsule the rods do not assume the bacteroidal form. 

Gonnermannt considered that the bacteriological research of 
the nodule had been kept in the background; those who had 
investigated the nodule question had done so from a botanical 
and an agricultural- chemical point, of view. Beijerinck had not 
described his bacterium at all fully; indeed, he mentioned the 
organism as being ciliated, although he had not observed the 
flagella. As a result of his own researches, Donnermann did not 
consider the nodule to be produced by the stimulus of one organ- 
ism alone, but to result from the action of several. Out of nine 
bacteria which he separated from sterile soil, in which nodules had 
been produced on plants by infection with cut nodules, $ he found 
two cocci which by themselves were capable of producing nodules 
on leguminous roots. This is the first intimation that cocci may 
produce the nodules, although Frank spoke of cocci which became 
bacteria in the tissues, and Beijerinck claimed that Bact. radicicola 
may assume the coccus, bacterium or spirillum form. 

Klein§ claims to have proved nodule -formation on the lupin by 
two bacteria, one allied to Bacterium fluorescens liquefaciens, and 

'the other a short, oval, non -motile bacterium, which stains deeply 
at the ends and produces small colonies that slowly liquefy the 
gelatine. 

It is evident that the bacterial flora of the leguminous nodule 
may be very varied -a circumstance which is to be expected by 

* Beijerinck, Ibid., xv. 728. 
t Gonnermann, Centralb. für Bakt. 2 Abt. I. 200. 

$ Kruse -Flugge, Die Microorganismen. 
§ Klein, Centralb. für Bakt. 1 Abt. xvl. 840. 
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All who have done bacteriological work with plant tissues, for i~t 

is a matter of general experience that many bacteria which live 
in the soil obtain access to the plant. Galippe* found that garlic 
was the only plant the tissues of which were free from soil 
bacteria. There should not, however, be so much doubt with 
regard to the bacteria which cause the formation of the nodule; 
neither should the morphological and cultural characters of the 
organism be so indefinite. Of the bacteria for which nodule- 
forming power is claimed, there is distinct evidence in favour of 

two, viz., Bacterium radicicola, Beijerinck, and Rhizobium leyu- 

minosarum, Frank. The differences between these two organisms 
are not very great, and it is probable that were the two examined 
by one bacteriologist they would be found to be identical. The 
differences certainly do not justify a difference in name, especially 
with a microbe which is admitted to be on the borderland between 
the bacteria, the saccharomycetes and the hyphomycetes. Each 
investigator considere it to be allied to a different family, and an 
organism, the characteristics of which are so different from the 
bacterial type, should have a specific name. The appellation, 
therefore, given by Frank is to be welcomed, especially as it is 
becoming more evident that the name bacterium or bacillus must 
be retained for those organisms that are of a fixed type. Those 
that grow like the hyphomycetes in some of their stages are now 
being called by names which indicate a variance from the true 
type of the fission fungi. 

The circumstance that gives the nodule bacterium its interest 
is undoubtedly the fact that it either fixes atmospheric nitrogen 
itself or stimulates the plant to do so. Both Beijerinck and 
Frank state that pure cultures of their organisms do not assimi- 
late free nitrogen. Heindrich also showed that the organism 
grew well on sterile potato, but did not fix nitrogen. On the 
contrary, Maz41- obtained a decided gain of nitrogen in bean 
sucrose media, containing 1 part of nitrogen and from 100 to 200 
parts of sucrose. 

* Galippe, Centralb. für Bakt. 1 Abt. III. 108. 
} Mazé, Annales de l' Institut Pasteur mi. 
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Other investigators claim, as the results of experiments with 
growing plants, that fixation only begins when the bacteria have- 
become degenerated in the nodular tissue into bacteroids. As. 
long as they exist in the rod -form there is, no fixation. While 
this seems true for the plant and the bacteria, Liebscher and 
Prazmowski think that Bact. radicicola can fix nitrogen in the 
soil, and Stutzer suggests that other bacteria may assist. This is . 
quite possible, for such a fixation has been 'shown with other 
bacteria and minute plants. Schloesing and Laurent* obtained 
nitrogen assimilation with certain alga and mosses growing 
upon the surface of soil. Winogradskyt separated from soil a 
bacterium which, together with two other species, gained a. 

notable quantity of nitrogen when cultivated in a nitrogen-free- 
glucose medium. This is an interesting case of company-working_ 
among bacteria. 

In order to give the organism the food constituents which are 
presumably required for its growth, an extract of some leguminous 
plant is made, and this is used as a basis, in the same way that 
meat extract forms the' basis of media for the growth of bacteria. 
parasitic in animals. In this investigation the lupin was first. 
examined, and consequently this plant was employed. A kilogram. 
of chopped stems and leaves was boiled with a litre of Sydney 
town water for several hours, and the pressed through a meat. 
press. The resulting extract was evaporated to less than a litre,. 
filtered and made up to the volume. In 'the beginning of the 
experiments a simple agar medium was prepared by adding 2 per 
cent. agar to the infusion, and after the usual methods of procedure,, 
10 cubic centimetres were caused to set in Petri dishes. Several 
young lupin plants were dug up, the nodules washed, cut off, and 
the outside sterilised by steeping for 15 minutes in mercuric. 
chloride (1- 1000), then for a minute in strong spirit, followed by 

* Schloesing and Laurent, Journal of the Chemical Society, lxii. Abs.. 
n. 1021, and lxiv. Abs. ii. 138, 336. 

fi Winogradsky, Centralb. für Bakt. 1 Abt. xvi. 129. 
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half a minute in ether. - The nodules were picked out of the - 
ether, held with the forceps till the ether had evaporated, and cut 
open with a sterile knife. The cut surface was rubbed over the - 

solidified agar in the Petri dish. After several days' incubation 
at 22° C. many growths appeared on the plates, but in none of 
them could the typical organisms be observed. This is not extra- 
ordinary, for Marshall Ward complained that it was not so easy 
to obtain a culture from the nodules as the description of Beijel- 
inck would lead one to believe. 

There is a considerable difference of opinion with regard to 
the medium best suited to the organism. Beijerinck in his later 
papers recommended a very poor medium, and ascribed the want 
of success that experimenters had experienced in their endeavours 
to obtain the organism, to the employment of media rich in 
albuminoids. Atkinson found that it grew well in ordinary meat 
agar. Gonnermann used a plant infusion with 3 per cent. peptone. 
Maze recommends a plant extract with 3 per cent. saccharose. 
Beijerinck did not neutralise the natural acidity of the extract, 
while Laurent and also Mazé advised a neutral or slightly alkaline 
medium. 

In the plates containing the simple unneutralised medium, no- 
colonies of the organism could be obtained, but after about a week 
a dark coloured smudge was noticed on one of the plates. An 
examination of this slight stain showed a few irregular forms of 
the organism, and several tubes of different media were inoculated. 
The only medium in which growth took place was one recom 
mended by Hansen for cultivating yeast. As advised by him, 
however, it is too acid, and consequently it was neutralised.*- 
The culture in the faintly acid medium was purified by inoculating 
a series of three liquefied ordinary nutrient gelatine tubes, and 

The peptone -glucose medium eventually used contained :- Peptone, 
10 grams ; glucose, 50 grams ; calcium chloride (tryst.), 5 grams ; mono - 
potassium phosphate, 2.5 grams ; tap water, 1000 c.c. Neutralise with 
caustic potash until 10 c.c. contain an acidity equal to 0.7 c.c. tenth normal 
acid. Boil, filter and sterilise. 
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, pouring these into Petri dishes. In about 10 days colonies grew 
on one of the plates to a millimetre in diameter. Different media 
inoculated from one of the colonies showed the following charac- 
teristics when grown at 22° C. :- 
M.eat- gelatine plate. -The surface colonies appear as raised hemi- 

spheres with a white, glistening, paraffin-like appearance; 
glutinous when touched with the needle. With 60 -fold 

magnification they are circular and opaque except at the 
margins where a little light passes through showing a 

granular structure, The deep colonies are oval or round, 
brownish and coarsely granular. 

Stab cultures in various gelatine media. -White uncharacteristic 
growth along the needle track; slight surface growth. 

Lupin -agar with 1% potassium chloride. -Luxuriant, stearine -like 
growth which has extracted some of the colour of the medium. 

Heat -agar stroke. -The inoculating loop has' produced a thin, 
rough, glistening, whitish ribbon with rough margins; the 
culture gravitates slightly to lower portions; growth never 
luxuriant. 

Glycerine- meat -agar stroke. -At first the growth is like that on 

meatagar, later it becomes more luxurious. In three weeks 
there is an exceedingly voluminous raised, spreading, white 
glistening culture. 

Inorganic fluid media. -Scanty growth. 
Peptone - glucose fluid media.- Turbid with slight film and floccu- 

lent precipitate. 
Peptone -sucrose fluid media. -Clear with film and precipitate 

chiefly of old films. 

Potato, ordinary acid. -A yellowish- white, spreading, glistening 
layer. 

Lupin- extract, etc., gelatine plate -Translucent, white, raised, non- 
spreading colonies. With 60 -fold magnification, circular 
granular colonies with sharp margin; the deep colonies are like 
the surface ones, but are more opaque, and consequently 
appear more granular. 
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The earlier cultures in agar media made from the unneutralised 
infusion were not at all successful, a circumstance due partly to 
the acidity and partly to the agar surface which was very soft 
owing to the action of the acid which, as sterilisation proceeded, 
made the medium less and less gelatinous. This was obviated by 
neutralising the medium immediately after the agar or gelatin3 
was dissolved. Potassium hydrate suggests itself as the best 
alkali to use in neutralising a plant extract, especially when. one 
remembers how much the Leguminos a are benefited by potash 
salts. In some of the cultures, as for example lupin -agar, with 1 

per cent. potassium chloride, it seemed as if the salt had stimu- 
lated the growth of the organism. According to Mazé, sodium 
chloride acts as a poison towards the nodule bacterium paralysing 
its development. A plate seeded with the organism and dotted 
with solutions of various salts showed the greatest amount of 
growth between a potassium phosphate and a calcium chloride 
manuring. This suggested a means of clarifying the various 
plant- extract media which are always more or less turbid from 
the gradual precipitation of organic matter. When the agar or 
gelatine is dissolved in the plant extract 5 c.c. each of a 10 per 
cent. solution of monopotassium phosphate and of a 20 per cent. 
solution of crystallised calcium chloride are added to every 100 c.c. 
of the hot gelatine or agar medium, which is then neutralised 
with 10 per cent. potassium hydrate to faint acidity. Ten c.c. of 
the solution are pipetted out and neutralised with tenth normal 
potash, using phenolphthalein as an indicator, and normal potash 
is added to the bulk of the medium in proportion to make every 
100 c.c. possess an acidity equal to 0.7 c.c. of normal acid. This 
acidity is equal to 0.05 per cent. tartaric acid. 

The organism is a strong aerobe, and grows most freely when 
started upon the surface of a medium. It does not grow under 

..anaerobic conditions in peptone -glucose fluid, a medium which 
seems best suited to its needs. Laurent maintained that it could 
grow anaerobically, while Mazé, denying this, assumed that 

*oxygen had not been thoroughly eliminated from Laurent's culture 
,media. 
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Ordinary acid potato forms an excellent medium for its growth, 
and yet it refuses to grow upon a medium prepared by adding 
2 per cent. starch and 2 per cent. agar to acid potato extract 
The failure of the organism to grow upon this medium cannot be 

due to the acidity, for the steamed potato and the potato-agar 
had about the same acidity. It is more probable that starch is 

not the carbohydrate in the potato that is utilised, and that in 

the nodule the organism does not utilise the starch as such. 

Steaming possibly alters some of the relatively great amount of 

starch in the acid potato into a derivative, which can supply the 
organism with carbohydrate food. This derivative cannot be 

dextrin, for experiment showed that when dextrin is added to. 

ordinary meat -agar to the extent of 5 per cent. it retards the 

growth. Extract of lupins or of other leguminous plants does 

not seem a necessity for the, culture media. Grass will do quite 
as well, and for that matter the plant extract might be left out 

entirely. Fairly luxuriant cultures were obtained upon a medium 
made with 10 per cent. washed gelatine, 3 per cent. glucose, and 

the customary calcium chloride and potassium phosphate. The 

most luxurious growth was obtained with meat -agar containing 
6 per cent. glycerine. More than this percentage of glycerine, 
e.g., 10 per cent. or 20 per cent., prevented growth. 

With regard to temperature, the organism grows very well at 

22° C., and this is very fortunate since it enables gelatine media 
to be employed. At 30° C. growth is slow, but it ,is by no means 
checked. Mazé wis able to accustom the organism to grow at 

35° C. 

The media ultimately adopted were peptone -glucose as a fluid 

(see footnote, p. 661), and glucose -glycerine agar or gelatine as a 

solid.* 

Washed gelatine, 20 grams, or washed agar, 2 grams ; lupin extract, 
100 c.c. ; glucose, 4 grams; glycerine, 2 grams. Heat until the gelatine 
or agar is dissolved, add 10 c.c. each of 10 per cent. monopotassium 
phosphate and 20 per cent. calcium chloride, make the volume up to 200 c.c. 
and neutralise until there is an acidity equal to 0.05 per cent. tartaric 
acid (i.e., until 10 c.c possess an acidity equal to 01' c.c. tenth normal 
acid). Heat, filter, sterilise. 
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Although a culture of the nodule organism was obtained from 
-the lupin nodules by smearing the surface of set agar, the method 
did not recommend itself as one at all well adapted for easily 
getting the organism. 

Beijerinck's method of sowing drops of nodule emulsion was 
just as useless, because the places were in a few days swarming 
with other bacteria. 

Better results were obtained by washing the nodules and 
passing them successively through mercuric chloride, alcohol and 
ether, holding them with sterile forceps until the ether evaporated 
and placing each into a Freudenreich flask containing 10 c.c. 
sterile, 0.6 per cent. potassic chloride. In the flasks the nodules 
were crushed with stout sterile glass rods. The emulsion thus 
obtained was blown by means of a sterile glass spray upon the 
surface of set gelatine medium in a Petri dish. From six to 
twelve plates should be prepared from the same number of 
nodules, as some of the nodules may contain foreign organisms 
which grow quickly and generally liquefy the gelatine. One 
objection to spraying the plates is that the air is washed at the 
same time, and moulds and aerial bacteria carried to the gelatine 
surface. The usual method of obtaining pure cultures by inocu- 
lating the gelatine, previous to pouring into plates, is not to be 
recommended, as the nodule- formers are then chiefly in the body 
of the gelatine film, and grow very slowly indeed, especially when 
taken directly from the nodule where they are presumably in a 
somewhat enfeebled condition. The passage through the potas- 
sium chloride seems to act as a stimulant, for the colonies grow 
-faster than when distilled water is employed. 

A better method than spraying consists in sterilising a small 
camel's -hair brush or pencil by passing it successively through 
mercuric chloride, alcohol and ether, allowing the ether to evapo- 
rate and washing in sterile potassium chloride. The moist sterile 
brush is then pushed about in the nodule emulsion and painted 
over the set gelatine surface. Confluent or isolated colonies 
appear in from six to ten days, and from these a pure culture 
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may be obtained in the usual way by inoculating a series of tubes 
and pouring into Petri dishes. 

The colonies are circular, well raised from the surface and 
white. The white colour may give place to a yellowish from 
absorption of the colouring matter of the medium. In a pale 
coloured medium the colonies are like drops of paraffin or skimmed 
milk; on the same plate both yellowish and white colonies have 
been observed near one another. The yellowish was the older 
colony, and apparently had absorbed all the free colouring matter 
before the younger had made much progress. Although the 
colonies do not liquefy the gelatine, yet in some cultures a slight 
liquefaction has been seen. This was obtained with a vigorous 
culture growing upon a medium containing 6 per cent. gelatine 
which, through prolonged heating during filtration, had lost some 
of its gelatinising power. On the plates the colonies may consist 
of many forms of the organism. Some colonies may consist 
entirely of short bipolar staining rods in the interior as well as 

on the surface of the growth. Others again, even on the same 
plate, may consist of these together with rods swollen at the ends 
and exhibiting irregular staining, or with Y, saturn -like, or 

branching forms. 
The organism, generally speaking, is a capsulated bacterium, . 

with rounded ends and stains irregularly. The strong stains 
such as fuchsin, unless the excess of colour is removed by alcohol, 
show an irregular rod that may be more or less branched, while 
the weaker stains as the blues show the protoplasm contracted in 
places. The shorter bacterial forms are straight and stain at the 
poles; the longer forms may be more or less bent, and show three, 
four, five or more stained portions. The. general shape varies 
somewhat in the different media. In peptone -glucose fluid the 
short bipolar staining rods predominate, while the substitution 
of sucrose for glucose causes the irregular and branching forms 
to preponderate. On ordinary meat -agar media the broken rods 
appear to be thin in the middle; the addition of glycerine to the 
meat agar causes some of the organisms to assume the long form, 
the segregated protoplasm of which gives the rod a chlamydospore 
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like appearance. The broken appearance of the dried and stained 
rod is very characteristic. 

A few of the films that had been made from peptone -glucose 
fluid cultures showed small terminal prominences that suggested 
buds, and in order to observe them better, the films, instead of 
being fixed by heat, as is customary in preparing bacterial films, 
were fixed by means of formalin, the employment of heat being 
avoided throughout the process. The method consisted in spread- 
ing a loop of a 36 to 48 hours culture upon a clean cover glass . 
and allowing the film to dry in the air. It was then floated on 
a 5 -10 per cent. aqueous solution of formalin for five minutes, 
rinsed in distilled water, floated on the stain, again washed in tap 
followed by distilled water, allowed to dry in the air and finally 
mounted in balsam. Of the various stains, gentian -violet used as- 

Frankel's carbol- violet gave the best result The blues were 
rather weak, and carbol- fuchsin stained the whole organism, 
although when diluted it did fairly well. 

The organisnzs prepared in this way appeared as more or less - 

oval vacuolated yeasts, and a few of the cells showed a pronounced- 
terminal bud. The yeasts are undoubtedly best seen in the fresh 
condition, but the nodule organisms are much too small for 
observation in this way, and consequently the use of a differential 
stain is necessary. When prepared in this way the single cells: 
vary in length and breadth, but generally are about 0.5 µ broad 
and from 1.2 to 2.0 µ long. The longer forms consist of several 
cells contained in a delicate tubular capsule. ' We can now explain' 
the broken appearances of the organisms when prepared by the 
methods usually adopted for bacteria. The heat used to fix the 
organisms causes the protoplasm of the cell to contract, and a 
break occurs across the vacuole. The single organism thus exhibits 
polar staining. The organisms may have produced a bud more or 
less mature that separates from the parent cell, but is still retained 
within the capsule. The stained organism and bud will now 
appear as a rod, staining centrally and at the poles. The bud 
may mature and form its vacuole, in which case two organisms 
will be contained in one capsule. This double organism will stain 
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as a straight or bent rod, the protoplasm of which lias .collected 
in four places. 

A hanging-drop preparation of a two days old culture in 
peptone- glucose fluid at 22° C. shows the young cell as actively 
motile, darting about over the field of the microscope. At a later 
stage it has a forward waltzing motion, and ultimately the motion 
ceases when the cell presumably begins to bud. When the bud 
has separated from the parent protoplasm it pulls and tugs in its 
-endeavour to free itself from the capsule membrane containing 
the motionless mother cell, and we have an appearance exactly 
like that of an ant attempting to drag along a twig which proves 
too heavy for its powers. 

The capsule is frequently too strong, and the bud grows to 

unaturity still enclosed in the parent membrane. In young 
'cultures budding is very vigorous, and a second bud may appear 
pushing the first to one side. Thus there is produced the Y form. 
Another bud may form an X. 

In peptone sucrose media the irregular forms are very common; 
indeed with a two days' culture there are very few individual 
.cells. These combinations clearly result from the inability of the 
daughter cells to escape from the parent membrane, which is 

apparently much more tough than when glucose is used as a 

nutrient. When grown upon solid media, the cells are generally 
in the rod form, but this does not justify their being placed 
among the bacteria. Indeed, since they are budding fungi, the 
name applied to them by Beijerinck is a misnomer. 

A year ago Maria Dawson, by constant observation under high 
magnification, found that the organisms divided into equal or 

slightly unequal halves, but since they divided, this investigator 
'considered that they were true bacteria. As before mentioned, 
the organisms are too small to be seen clearly in the unstained 
.condition, and the observation of even the more mature buds is 

a matter of some difficulty. The younger buds enclosed in the 
refractile membrane are probably impossible to be seen until they 
have attained a more mature form, when they appear as if 
division 1-i-d occurred. 
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The nodúle yeasts have always a tendency to form a more or 
less gelatinous capsule. In peptone -glucose fluid this is very thin, 
while in solid media it is more or less bulky. Under some con - 
.ditions, and notably in sucrose fluids; the cells are collected . in 
zooglcea films, tufts and filaments. They are very prone to collect 
róund foreign solid particles, such as fragments of cotton wool, 
and when this occurs there is presented the appearance of a 
microscopically wide tube containing the organisms. The capsule, 
when swollen and mucilaginous, gathers more or less towards the 
middle of the simple cell, or of the elongated or branching com- 
pound cells, and by staining equally with the cell produces many 
odd forms. Among these odd forms there is a lenticular shape, 
and a sphere with two or three projecting points : the two pro - 
jecting points cause the organism to appear like the planet 
Saturn. The other varieties of form may be called hat -shapes. 
These irregular appearances are only observed when stains are 
used that colour the capsule as deeply as the cell. The relation 
between the capsule and the organism may be demonstrated by 
%taining with carbol- fuchsin, and washing most of the stain out 
of the capsule with dilute alcohol. The cell then appears of a 
deep red colour, and the capsule pink. 

In my endeavour to obtain a preparation showing the flagellum 
by means of which the cell presumably is enabled to move about, 
many cultures of the organism were tried in various ways. As 
a result of these trials it became evident that the suspension of 
an agar culture in water or normal saline was not suitable. 
Ultimately peptone- glucose fluid cultures were used in the 
undiluted condition, spread on clean cover -glasses, air -dried 
and fixed in 5 -10 per cent. formalin solution. The formalin 
solution, while fixing the organisms, probably also extracts 
some of the soluble constituents of the film which might take 
up the mordant and become stained. The formalin was washed 
off with distilled water, and the cover -glass immersed in 
Coerner- Fischer mordant that had been warmed and filtered. 
The watch -glass containing film and mordant was kept warm by 
placing it over the very small flame of a microchemical burner. 
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After from 1 to 2 minutes, the cover -glass was taken out of the 
.solution, rinsed thoroughly in tap water, and then in distilled. 
water.. Staining was effected by immersing the cover -glass, film- 

side downwards, for 5 minutes in carbol- fuchsin, which had been 

filtered cold and then warmed. The stained film was washed,. 

air -dried and mounted in balsam. . When successfully stained by 

this method the appendages of the cell are revealed. An empty 
tubular capsule can sometimes be seen attached to the organism; 
the width of the tube, as well as the frayed end, show clearly 
what it is. The cell has sometimes a relatively wide diffuse - 

terminal thread, which is in all probability a mucilage thread 
and accidental, since it is too wide and transparent either for a. 

flagellum or for the capsular tube. A few cells have stronger 
threads varying up to twice the length of the organism. These 
are exceedingly like the flagella of the bacteria. They may be- 

flagella-it is more probable that they are not, since they are but 
seldom found. For example, in a 40 hours' culture at 18° C., 

most of the organisms were actively motile, and a film of this 
culture showed when mordanted and stained only two cells with 
these pronounced terminal threads. Had they been flagella there 
would have been in the same film many more cells endowed with 
these appendages. The culture, however, showed that practically 
every cell bore an exceedingly thin terminal thread varying up 
to 2 µ in length, and bearing upon the distal end a tuft like the 
tuft upon a lion's tail or the lash upon a whip. This is undoubt- 
edly the flagellum by means of which the cell moves. The thread 
is so thin that even when mordanted and stained it is seen with 
difficulty. The terminal tuft, however, is easily made out, and 
assists in the discernment of the thread. The tufted flagella 
appear singly and at one end of the simple organisms. 

While the coccus form of other investigators is undoubtedly 
the bud, the spirillum and slightly bent forms are caused by the 
bending of two or more cells while still enclosed in the parent 
membrane, and the collection of individual organisms appearing 
or staining as one bacterium produces the curvature of the 
supposed simple rod. It must not be forgotten, however, that in 
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common with all yeasts the rhizobia under certain unfavourable 
conditions, and notably within the nodule, may grow to long and 
irregular forms, just as some of the most pronounced saccharo- 
mycetes grow as sausage -shaped and lengthened forms. With the 
latter this frequently occurs when they are grown on solid media, 
and also when cultivated for a long time on the surface of liquid 
media. 

When young cultures of Rhizobium are placed upon the gypsum 
block, as is customary in determining ascospore formation with 
the yeasts, and maintained for a few days at 22° C., the proto- 
plasm of the cell is seen to aggregate into points and finally 
disappear, the cell meanwhile swelling and losing its staining 
power. Among the cells occur a number of coccus forms, but 
since they occur free, and have not with certainty been seen 
inside the cells, they are probably buds and not ascospores. 
The older cultures on gypsum show only a collection of non- 
staining forms. 

Experiments were made with pure cultures of the organism, 
using glucose and sucrose in conjunction with plant extract, but 
neither with Rhizobia obtained from the lupin nor the pea could 
any fixation of free nitrogen be found either in faintly acid, 
neutral or faintly alkaline media; the cultures finally contained 
the same amount of nitrogen as they had at the beginning of the 
experiment. 

With regard to the other organisms of the nodule, examination 
of the crushed nodule suspension shows what is virtually a pure 
culture of Rhizobium. Other organisms are so few in number 
that they are overwhelmed by the nodule formers. So numerous 
are they that any doubt as to whether other organisms may cause 
the formation of the nodule is at once dispelled, and Rhizobium 
undoubtedly plays the chief if not the only rôle. Other organisms 
do occur, but most of them may be looked upon as accidental, 
since they are not universally found in all nodules. There is one 
organism, however, which has been found very frequently in the 
nodules of peas, lupins and vetches. It grew so freely upon 
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carbonaceous media poor in nitrogen, and was of so large a size 
that experiments were made in order to ascertain if this could fix 
free atmospheric nitrogen. The experiments were negative; the 
blanks showed the same amount of nitrogen as the cultures. 
This organism appeared sometimes as a streptococcus, and some- 

times as a chain of fat bacteria, the individual cells measuring 
about 3 µ long and out 2 µ broad. A culture -in lupin extract 
that had stood for two months showed a collection of spores. On 
solid media these developed into smaller compact rods with 
rounded ends, and this appearance, together with the culture 
characteristics obtained from the original organism, identified the 
bacillus as Bac. megatherium. The recognition of this organism, 
which, if not identical with, is very closely allied to, the alinit 
bacillus, Bac. Ellenbachii a, which is claimed to assist the cereals 
in collecting nitrogen from the air, induced the trial of a mixed 
culture of this bacillus with Rhizobium in order to see if these 
organisms growing together could fix atmospheric nitrogen in 
artificial culture. The mixed culture grew most luxuriantly to 

form a syrupy fluid, which was in great contrast to the thinner 
cultures of the separate organisms. There was no gain of nitrogen, 
however, by the cultures. A second set received an additional 
quantity of glucose after reaching the syrupy stage, but still there 
was no gain. Cover -glass preparations of the eleven days' syrupy 
culture showed the rhizobia staining strongly as if in extremely 
vigorous condition. A number of short empty capsule tubes were 
dimly visible. The growth of megatherium was restricted; spores 
occurred here and there, and there were a few short chains of 
coccus forms. The small coccus -like buds; as well as the mature 
forms of Rhizobium, were frequently seen adhering to these 
chains. There were a few large oval cells which contained one 
or two rhizobia; the cells apparently consisted of a stain -absorbing 
plasma, and probably were huge capsules. Yellow masses of bye - 
product also occurred; these recalled the masses after seen in the 
nodule cells. Bearing in mind that the nodules are rich in starch, 
it seems possible that Bac. megatherium may functionate as a 

:starch dissolver, and in this way assist the nutrition of Rhizobium. 
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Of the other bacteria and moulds of the nodule there are none 
that call for any special attention. When taken from the nodule 
they are chiefly capsulated gelatine- liquefying bacteria. Bact. 
flnorescens liquelaciens was obtained from the nodules of one pea 
plant in goodly amount; but since it was not found in any other, 
its presence was purely accidental. Stutzer's Hyphomicrobium 

occurs very frequently as an impurity in the partially pure 
colonies of the nodule former. 

The following are the points which this investigation has 
decided :- 

1. The nodule organism is a yeast and_ possesses a vacuole. 

2. Frank's designation Rhizobium leguminosarum is better than 
Beijerinck's Bacterium radicicola. 

3. The organism multiplies by budding, which, together with 
the presence of a 'more of less persistent mucilaginous 
capsule, causes the single or compound organism to assume 
a variety of shapes. 

4. The vigorous forms are motile, the motility being due to a 
single, terminal, tufted flagellum. 

5. A faintly acid glucose medium is best adapted to its growth. 

6. The organism does not fix nitrogen in artificial media. 

7. Bac. meyatherium usually accompanies Rhizobium in the 
nodules. 

8. Other bacteria found in the nodules are probably accidental. 

EXPLANATION OF PLATES. 

Magnification 1500. Culture medium, peptone -glucose fluid. Numbers 
3 -7 stained with Coerner- Fischer mordant. 

Fig. 1.- Double cell and pronounced vacuole. 
Fig. 2.- Groups of budding and vacuolated cells. 
Fig. 3.- Budding cells. 
Figs. 4 -7. -Cells with flagellum appendages. 
Fig. S.- Cells iu llegatherium- Rhizobium culture showing Rhizobium cells 

in large capsule and also in thin branching capsule. 
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THE FLOCCULATION. OF BACTERIA. 

BY R. GRE1G. SMITH, ÑI.SC., MACLEAY BACTERIOLOGIST. 

Small particles of clay or finely divided chemical precipitates 
may remaiñ suspended in 'water for a long time. When, however, 
certain salts are added. to the water, the microscopic particles 
.are seen to settle to the bottom of the liquid in which they were 
formerly suspended, with greater or less rapidity according to the 
kind of salt, the amount of salt per volume of liquid, and the 
temperature. In a previous paper* I have shown that the sus- 
pension of the particles is caused by the molecular pressure of 
the individual water molecules upon the surfaces of the suspended 
solid, with the result that there is, as it were, a hydrate formed. 
By reason of its superior attraction for water, the saline floccu- 
lating agent causes the withdrawal of the water molecules which 
had crowded upon the surfaces of the particles. What was 
formerly a surface pressure, now becomes a surface tension, which, 
being exerted upon all the particles, causes them to run together 
into little clumps which quickly gravitate to the bottom of the 
liquid. 

The flocculating action is to be traced chiefly to the metallic 
portion of the salt, and in a small degree only to the acid radicle. 
The metals vary in the intensity of their action, some being 
strong, others weak; as an instance, calcium is about 160 times 
more powerful than potassium. These agents not only cause the 
coagulation of particles which are visible with the microscope, 
but they also induce substances which are in solution to precipi- 
tate. The latter are in what is called "pseudo- solution " -that 
is, they consist of molecular aggregates which are just retained in 
solution and no more. The flocculating agent induces a further 
coalescence of the molecular aggregates, and these being no longer 
able to remain in solution separate out as a precipitate. 

If we look upon bacteria growing in a culture fluid as particles 
in suspension, it seems reasonable to hope that they might be 
sensitive to the action of flocculating agents precisely like particles 

* Journ. Soc. Chem. Industry, xvi. 872; xvii. 117. 
5 

R8_ 
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of clay. If they behave like suspended particles, flocculation 
may be utilised as a means of obtaining them more readily from 

the solutions in which they have been grown. But better than 
this, flocculation as in pseudo- solution might be the means of 
separating those bacteria which are supposed to be ultra-micro- 
scopical-as, for example, the organism of pleuro -pneumonia 
(Nocard and Roux), which is hardly visible under the highest 
powers of the microscope. Tt might also lead to the elucidation 
of some questions connected with the agglutination of bacteria 
by active sera. 

With regard to the choice of flocculating agents, it must be 

borne in mind that salts of the heavy metals would coagulate the 

constituents of the culture media and of the organism. We are, . 

therefore, deprived of the strongest agents. The salts of the - 

zinc and iron metals are too prone to form basic salts, and 

accordingly a choice of the metals of the alkalies and alkaline 
earths remain. Of these metals, calcium has the highest floccu- 

lating power, and, therefore, calcium chloride was employed in 

my experiments. The density of bacteria as shown by Almquist 
is about 1.4, and that of most inorganic particles much more - 
say from 1.8 to 2.6; it was, therefore, to be expected that a strong 
flocculating agent would be required. 

Preliminary experiments showed that a flocculation was obtained 
with calcium chloride, and also indicated what should be the 
approximate strength of the flocculating solution. At first a 

meat -extract, neutralised with sodium hydrate to phenolphthalein, 
and at a later period meat bouillon, neutralised in the same way,. 

were used for growing the cultures. The organisms which I 
regarded as being typical for the purpose were Bact. prodigiosum, 
Bad. coli ' , ct and Bact. typhi. A solution of calcium 
chloride crystals w prepared of such strength that a litre con- 

tained the molecular weight expressed in grams, i.e., the solution 
contained 40 grams of calcium per litre. Dilutions of this were 

made in ratios of /10-, A, and A-. The precipitation of the 

cultures was conducted in small test- tubes, into which were 
pipetted 2 c.c. of the cultures which had generally grown for two 

days at 30° C., and had been passed through a cotton -wool plug 
to eliminate clumps. The quantities of the flocculating agents 
that were added varied generally from 0.2 to 1.0 c.c. I may 
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mention that testing by means of the hanging drop is not 
advisable when using lime salts, unless the platinum loop is 
cleaned in hydrochloric acid after each ignition. 

Precipitation of bacteria by calcium chloride. -The results will 
probably be best seen by looking at the following table, in which 
the relative precipitation is indicated by numbers running from 
1 to 6; 1 represents uniform turbidity with a very slight precipi- 
tate, whilst 6 indicates a complete precipitation with a clear 
supernatant liquid. The intermediate numbers represent inter- 
mediate stages of precipitation. A zero means that no change 
occurred, while a plus shows that flocculation was visible when 
the liquid was examined with a hand lens.:- 

B. prodigiosum. B. coli ceNOaaree: 

2 hour. 

'itt, 
1 hour. 

B. typhi. 

-k hour. 1 hour. á hour. 1 höur. 

to 02 ; a 36 0 1 2 3 4 6 

0.4 A 67 2 4* 2 3 4 6 

° 0.6 - 92 3 5j- 2 4* 4 6 
o 
á, 0.8 114 3 5 3 51 5 6 

Pia ,-i 1.0 °á 133 3 5 3 5 5 6 
m 

0.2 1 2 - - i~oR, 14 

-2 A 04 E 27 1 2 5 6 

0.6 51 37 1 2 ' 5 6 
ja 0.8 ó 46 2 3 - - ' °D ,. 10 °' á 53 2 3 - - 

41 " Cd ci 
O 

-EA 0.2. 0 ::=1-9 7 0 
° ° . c 0'4 13 0 + 
á 

11 
0.6 

g 
18 + 4* 

08 . 23 3 5t 
,; 10 e.1 27 5 6 

It will be seen that the bacteria exhibit different susceptibilities 
to the precipitating action of calcium chloride. Bact. typhi is 
more sensitive than Bact. prodigiosum, and the latter than Bact. 
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coli oesiee. The bacteria were thoroughly precipitated, and 
presented similar appearances with the following amounts of . 

calcium in milligrams per 100 c.c. of total suspension (marked 
with a t in the table). 

Bact. typhi ... ... 23 

prodigiosum... ... 92 
coli dosaisakag ... 114 

A proportion roughly as 1 : 4 : 5. 

Bearing in mind the utility of being able to separate the 
organisms quickly by filtration through paper, I filtered the 
cultures through paper of fine texture like that used for fine 
precipitates such as barium sulphate. To avoid the possible 
passage of the bacteria over the inside and down the outside of 

the filter, the margin of the paper was painted with vaseline. 
The smallest quantities of calcium necessary to give a clear filtrate 
were as follows (marked with a * in table) :- 

Bact. typhi ... 18 
prodigiosum ... ... 67 
coli ce ... ... ... 92 

A proportion again roughly as 1 : 4 : 5. 

With the object of ascertaining whether or not the bacteria 
were retained on the filter paper, the Bact. prodigiosum precipi- 
tate was washed on the filter, five times, successively with dilute 
calcium chloride, using 2 c.c. portions of hr gram- molecule per 
litre solution. The number of bacteria were determined in a 
large loop of the successive washings by means of plate cultures. 
The filtrate contained many bacteria; the fourth washing grew 
two colonies, and the fifth washing was sterile. The bacteria 
that were precipitated had been retained upon the filter paper. 
It is, therefore, shown that practically complete coagulation of a 
meat or bouillon culture can be obtained in an hour by the 
addition of 0.6 c.c. 120- gram -molecule per litre solution of 
calcium chloride to 2 c.c., or 0.66 grams of crystalline calcium 
chloride to 100 c.c. of culture. This applies to these three 
experimental bacteria, and probably to all the others. 



BY R. GREIG SMITH. 69 

The action of sodium salts. -I have previously found common 
salt to have rather a weak action, but as it occurs in most media, 
and is frequently quoted as a flocculating agent, it was used upon 
these experimental bacteria. There was no flocculation, however, 
with small quantities. Larger quantities gave a similar result 
even when the salt was added in proportions varying from 550 
to 7,700 milligrams of sodium per 100 c.c. and the tests were 
allowed to stand for 24 hours. Since this is equal to nearly 20 
per cent. of common salt, it is evident that sodium salts do not 
flocculate bacteria. 

The action of potassium and ammonium salts.- Although the 
action of these is much superior to sodium salts, no flocculation 
was obtained, and in the case of potassium chloride even when 
24 per cent. was present. It can, therefore, be said that these 
salts do not flocculate bacteria. 

The action of peptone. -This is not recognised as a flocculating 
agent, but since bouillon cultures contain 1 per cent. and bacteria 
are generally found more or less precipitated in bouillon cultures, 
a trial with it seemed advisable. As no coagulation appeared 
even when the culture contained 10 per cent., its use as a floccu- 
lating agent may be discounted. 

The effect of temperature. -It is a well -known fact that heating 
causes the rapid precipitation of many chemical precipitates. 
Extreme temperatures cannot be employed in working with 
living bacteria, and the range between room temperature and 
blood heat was found to be too narrow to show any difference in 
the precipitation of the cultures with calcium chloride. 

The action of lime water. -Whilst the hydrates of potassium 
and sodium prevent the flocculation of inorganic particles, hydrate 
of calcium greatly assists flocculation. This fact was remembered 
when calcium chloride was chosen in these experiments. When 
a solution of calcium hydrate, containing 2 milligrams of calcium 
per c.c., was gradually added to a culture of Bact. prodigiosum, a 
precipitation occurred. This was complete in half -an -hour when 
a volume equal to the volume of culture had been added. 
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Several circumstances were noted in the lime -water experiments. 
The bacterial culture when neutralised to phenolphthalein with 
sodium hydrate, was still alkaline when an equal and correspond- 
ing quantity of calcium hydrate had been added. Taking 10 c.c. 

portions, neutrality was reached with 2.35 c.c. tenth -normal soda 
and 6.0 c.c. tenth- normal lime. Sterile bouillon made neutral to 
soda was found to be still alkaline to lime, and as the latter was 
gradually added a flocculent precipitate continued to appear 
until neutrality was reached. This curious behaviour of lime and 
soda suggested the presence of phosphates of the alkalies, a sus- 

picion that was confirmed by testing the precipitate, which proved 
to be tricalcium phosphate. The alkaline phosphates are derived 
from the meat which forms the basis of the culture media, and 
these are not completely precipitated when the media are neutral- 
ised with soda. 

It is evident that this raises the whole question of precipitation 
by calcium salts, since it is probable that the coagulum obtained 
in the experiments consisted of bacteria entangled in a matrix of 

calcium phosphate. This is all the more probable, since the 
precipitates were certainly more voluminous than could have 
been expected from a simple flocculation of bacteria. On the 
other hand, however, microscopical examination showed the 
bacteria to be aggregated into large clumps, which would not 
have obtained had they been simply caught in a coagulum. 
Again, the trapping of the bacteria in calcium phosphate does 

not explain the different sensibility of Bact. typhi as compared 
with Bact. coli owaaraag,e. It is true that the cultures were 

differently acid, but this was not found to be so very marked, 
10 c.c. of Bact. typhi culture being neutralised with 0.75 c.c., and 
the same volume of Bact. coli or Bact. prodigiosum 
culture with 0.90 c.c. tenth -normal soda. The relative acidity 
would probably have been more marked had traces of glucose 
been allowed to be present. The meat extract had been permitted 
to begin a spontaneous bacterial growth, and consequently the 
traces of glucose, that are generally present, had been eliminated. 

.w, 
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To obtain a medium free from the disturbing influence of 
-phosphoric acid, bouillon was shaken up with slaked lime for 
-several hours and filtered; washed carbon dioxide was passed 
through the filtrate for some time and the precipitated carbonate 
filtered off. The filtrate was then boiled to decompose the dis- 
solved bicarbonate and the fluid again filtered to separate the 
precipitated carbonate. The resulting neutral medium contained 
no phosphoric acid and no lime, which was shown by testing with 
-ammonium molybdate and ammonium oxalate. Neither did it 
give a precipitate with calcium salts, even with the addition of 
small quantities of sodium hydrate. 

The three experimental bacteria grew slowly in the phosphate- 
-free bouillon. When they had made some headway portions were 
tested, and the bacteria were found to be entirely unaffected by 
the addition of calcium chloride, potassium, ammonium or sodium 
salts. When the phosphoric acid was restored to the medium by 
the addition of traces of potassium phosphate, calcium chloride 
resumed its flocculating power. On treating the phosphate -free 
cultures with calcium chloride and alkali (0.5 c.c. tenth -normal 
sodium hydrate to 2 c.c. culture) a fine precipitate was obtained 
which very sloW,ly gravitated. The deposit when examined 
microscopically was found to contain no bacterial floccules, and 
the organisms were free in the supernatant liquid. Accordingly 
it seems probable that the precipitate was the calcium salt of an 
.organic acid elaborated by the bacteria. The precipitate is more 
marked when the bacteria are killed and partly disintegrated by 
boiling. 

These experiments have shown that a pure flocculation of 
bacteria by means of the usual flocculating agents cannot he 
obtained. The reason for this is undoubtedly because the salt 
diffuses quickly through the bacterial cell and no surface pressure 
is occasioned. In working with dilute solutions of calcium 
chloride or better calcium bicarbonate and cultures containing 
phosphates, a flocculation of the bacteria is noticed, and this is 
quite apart from the entangling action of the calcium phosphate. 
It is worthy of emphasis that the amorphous particles of recently 
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precipitated tricalcium phosphate are so like large clumps of 
bacteria that they might readily be mistaken for such. In a 
mixture of phosphate particles and bacterial clumps, differences . 
are to be seen in the smaller clumps where the individual bacteria . 
can be recognised. That nascent calcium phosphate should 
flocculate bacteria is to be expected from the fact that, as well as . 
being non -diffusible, it has an affinity for loose water molecules, 
and forms with them hydrated calcium phosphate. Soon after 
formation it becomes less and less hydrated, and when added to 
cultures at this stage no flocculation of bacteria occurs. 

We can now refer to the differing susceptibility of the three 
experimental organisms to the action of calcium chloride. Micro- 
scopical examination of the precipitates did not indicate anything 
unusual, because the precipitated calcium phosphate looked pre- 
cisely like large clumps of bacteria. There are two causes that 
might be brought forward -(1) The bacteria which have the 
most flagella become sooner entangled in the tricalcium phosphate 
coagulum; and (2) the organisms may elaborate substances which 
are precipitated by the calcium salt. With regard to the first 
cause, it is to be noted that the amount of calcium necessary to 
produce a certain effect in the cultures is inversely proportional 
to the number of flagella on the organisms. The greater the 
number of flagella, the more firmly will the organisms be retained 
by the calcium precipitate, and thus less precipitate need be 
formed to ensure the complete trapping of the bacteria. Another 
indication might be taken from the observation that the bacteria 
when living are more sensitive to the action of calcium chloride 
than when dead. With living cultures complete precipitation 
was obtained with a certain quantity of salt in one hour, while 
with dead cultures the same effect was obtained in twenty hours. 
The steaming requisite to kill the bacteria would undoubtedly 
shrivel up the flagella. 

The second cause may have much more to do with the pheno- 
menon than the first. Among the chemical products of the 
bacteria there are acids, but since the production of acid was 
limited by the total absence of glucose in the experimental 
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media, the differences in the acid -content of the cultures were 
very small. Since acid in the culture would dissolve a , certain 
amount of calcium phosphate, the culture that contained most 
acid would require the addition of most calcium chloride to 
produce a certain effect. The relative acidities of the cultures, 
however, were not sufficiently distinctive to account for the 
difference in the amounts of calcium chloride necessary for com- 

plete precipitation. The nature of the acid radicles in the 
culture will probably explain the chief reason of the differing 
susceptibility. That the bodies of the bacteria have only a small 
function in the phenomenon is to be seen from the behaviour of 

filtered cultures. Three cultures grown in ordinary neutralised 
bouillon were filtered through porcelain filters and 2 c.c. portions 
were treated with calcium chloride (TV gram-molecule per litre) 
clear supernatant fluids were obtained in one hour with the 
following amounts of solution in c.c.:- 

Bact. typhi ... 0'4 
prodigiosum 0'8 
cdi olszkait4,42a ... ... 1.0 

The differences are sufficient to indicate that it is to the pro- 
duct of the bacteria that the phenomenon is due. I am of the 
opinion that the cause may be traced to Bact. typhi withdrawing 
less phosphoric 'acid from the medium than the other two 
organisms which take up more and replace what they have taken 
with other acids.. These acid products of metabolism form with 
calcium, insoluble salts which have less tendency to coagulate 
into floccules than tricalcium phosphate. 

The differing susceptibility of Bact. typhi and Bact. coli am"- 
awaaaae.to calcium salts can be utilised to distinguish between them. 
The method consists in pipetting two c.c. of a two or three days' 
bouillon culture into a narrow test tube and adding one c.c. of 
calcium chloride solution containing one gram crystallised calcium 
chloride per 100 c.c The mixture is shaken and allowed to 
stand for an hour. At the end of this time Bact. typhi shows a 
well- defined precipitate, and in an almost clear supernatant fluid 
several large floccules adhering to the walls of the tube. Bact_ 
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coli eeereneeeeee, on the other hand, has an ill- defined precipitate 
and a very turbid supernatant liquid. 

From these numerous experiments I have shown :- 
1. That bacteria are not flocculated by salts of potassium, 

sodium or ammonium like particles of suspended inorganic 
matter, arid consequently that a pure flocculation or 

coagulation cannot be employed as a means of separating 
bacteria from cultures or of causing ultra -microscopical 
bacteria to cohere into visible cell -aggregates. 

2. That salts of lime form a precipitate of calcium phosphate 
with the phosphoric acid of the medium. 

3. That, since all ordinary media contain phosphates, and the 

organisms grown therein always retain trades of phosphoric 
acid, any substance capable of forming an insoluble phos 
phate will, when added to bacterial suspensions, cause a 

precipitate to form, and this, by entrapping the bacteria, 
will produce an apparent flocculation of the organisms. 
Microscopical examination may not indicate the presence 
of a precipitate because some insoluble phosphates, as for 

instance tricalcium phosphate, appear like large bacterial 
clumps. 

4. That bacteria when grown in ordinary media exhibit 
different powers of precipitation with calcium salts, 

Bact. typhi requiring only one -fifth the amount required by 

Bact. coli tee. 
5. Th ca iumAhlor. e c beiemp ye s ne s dis- 

sh' b ee iese w ga sm . 
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[From the Proceedings of the Linnean Society of New South Wales, 

1900, Part 1, April 25th.] 

THE MECHANISM OF AGGLUTINATION. 

BY R. GREIG SMITH, M.SC., MACLEAY BACTERIOLOGIST. 

Pfeiffer and his pupils about 1894 discovered that when an 
animal is repeatedly inoculated with certain organisms, its serum 
has the power of causing the organisms in a bouillon culture to 
become altered and to cohere or agglutinate into microscopical 
masses or clumps. The serum only reacts in this manner or is 
active with the bacteria with which the animal has been inoculated, 
and this fact caused the reaction to be used as a diagnostic for 
that particular organism. Widal inverted the reaction and used 
a culture of typhoid bacteria to discover whether or not a serum 
was active, and especially in human practice to determine if a 
patient had typhoid fever. To apply the test a drop or loop of the 
blood serum which has separated from the clot is added to about 
30 drops or loops of bouillon containing typhoid bacteria. Should 
the bacteria collect into clumps in half -an -hour the reaction is 
positive, and is by some considered as a proof of typhoid fever, 
by others (1) as a symptom of that disease. The test has been 
-extended to other diseases. 

The phenomenon of agglutination forcibly recalls that of 
flocculation or coagulation of inorganic particles, where instead 
of adding an indefinite active serum there is added a definite 
chemical substance, and a natural assumption would be that they 
are brought about by the same causes. One difference, however, 
between the two phenomena is that the bacteria are living and 
sensitive, while inorganic particles are insensitive. Before the act 
of agglutination they are actively motile; the agglutinine in the 
serum causes them to lose their motility in great part or entirely; 
they become immobilised. After a variable time, it may be hours 
or days, the bacteria regain their motility and the clumps break 
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up. It is clear that the loss of motility or suspension of vitality 
is a necessary factor in the phenomenon. 

The action of the serum upon the bacteria has been variously 

explained. Pfeiffer saw the bacteria swell just as they did in the 

peritoneal fluids of immune animals, and Gruber (2) considered 
this to be the cause of agglutination, the outer membranes of the 

bacteria becoming gelatinous and sticking to one another. 

Kraus (3) obtained a precipitate on adding anti -cholera serum 

to a filtered culture of cholera vibrions. This is an agglutination 
of the soluble products of the metabolism or of the disintegration 
of the bacteria. Nicolle (4) showed that these agglutinable sub- 

stances were excreted by the bacteria during life as well as being 

contained in the products of their disintegration. These bodies 

are not affected by a temperature of 150° C. When inert chemical 

substances such as talc, or as Nicolle showed, foreign bacteria are 

introduced into the filtured culture they are entrapped in the 

precipitate produced by the active serum and appear to agglu- 

tinate. Nicolle and also Paltauf considered that this gelatinous 
precipitate surrounded the bacteria and caused them to adhere 

together. Dineur considered that the precipitation took place on 

the flagella, which becoming adhesive caused an entanglement of 

the bacteria. 

In reviewing these hypotheses Bordet (5) considered that even 

if the membranes were altered there was no reason adduced for 

the bacteria becoming attracted to one another. He considered 

that Kraus' precipitate was too slowly formed to account for the 

rapid agglutination of the bacteria, and furthermore that the 

coagulum upon the surface of the bacteria was only an idea and 

had not been demonstrated. Bordet's objections seem to be 

rather weak, for it is a well known fact that substances about to 

separate out from a liquid do so rapidly when small particles are 

present in the liquid, and there is every probability that there 

will be a film of the precipitated substance upon the flagella and 

upon the surfaces of the bacteria long before a precipitate becomes 

visible in the fluid. 
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Bordet considers that the cause of agglutination is also the 
anse of the coagulation of casein, of the precipitation of 

hemical substances and of the agglutination of blood corpuscles. 
'o disprove Gruber's hypothesis that the swelling of the bacterial 
apsule causes agglutination, he added a small quantity of an 
,ctive serum to a suspension of cholera vibrions in normal saline. 
le clumps which formed were separated from the normal saline 

centrifuging and subsequent treatment with water. The 
>acteria were shaken with the water until a homogeneous suspen- 
ion was obtained. This was divided into two portions, to one 
if which common salt solution was added and to the other dis- 
tilled water. Clumping occurred in the former case, but not in 
,he latter. That common salt should cause the agglutination of 
he immobilised bacteria shows that a swelling of the membranes, 
f such occur, is not a necessary factor in the phenomenon. It is 
;ontended by Bordet that the agglutination of bacteria by active 
;era is identical in principle with the coagulation of casein by 
rennet. In the furtherance of this idea he found that the serum 
)f animals inoculated with milk contained an enzyme that 
3oagulated milk after the manner of rennet. Since both pheno- 
mena appear to be similar, he considered that the name agglu- 
Hnation should be changed to coagulation, and the agglutinines, 
)f which there are many varieties -each capable of clumping its 
particular organisms -should be called coagulines. The agglu- 
tinines he believes to be enzymes, an opinion which is shared by 
Emmerich and Löw (6). The mechanism of the process, as 
explained by Bordet, consists primarily in the enzyme altering 
the relations between the bacteria and the solution, and secondly, 
as a result of the alteration the bacteria gather themselves into 
clumps. 

It is claimed by those who have experimented with the 
mechanism of agglutination that clumping is caused by a pre- 
cipitate forming on the organisms (Nicolle, Paltauf ) and making 
them adhesive, by the organisms swelling (Gruber), or by the 
agglutinating enzyme causing them to flocculate (Bordet). Neither 
the formation of a precipitate on the bacteria, as Bordet has 
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pointed out, nor the swelling of the organism explains the reason 

of their gathering together. With regard to the action of the 

enzyme in causing them to run together, Bordet has shown that 
once the bacteria have been acted upon by the active serum they 

are flocculated by common salt. It has been shown iu my former 

paper that bacteria are not flocculated by common salt, from 

which it is to be concluded that the organisms have through the 

action of the active serum become altered into or have been 

endowed with some substance that is capable of being coagulated 

or flocculated. That it is not the action of the enzyme purely, is 

shown by Bordet's experiment, but as I shall show he has wrongly 

interpreted the phenomenon. He undoubtedly considers agglu- 

tination to be the work of the enzyme alone and confirms it by the 

action of rennet on milk, apparently forgetting that rennet does 

not coagulate casein in the absence of salts of lime. The casein 

is altered by the rennin into paracasein and an albumose, but 

the paracasein is only coagulated in the presence of lime. 
The question then arises, what is the action of the active 

serum It is apparently not a coagulation of the protoplasmic 
albuminoids, since bacteria, the albumen of which has been 

coagulated by heat, are, as I have found, not flocculated by salts. 

The immobilisation would seem to indicate an alteration of the 

protoplasm. But since bacteria killed by heat are not flocculated, 

it does not seem probable that any alteration which the protoplasm 

might undergo would induce agglutination. We must therefore 
look to an agglutinable substance being formed on the bacteria. 

Since Kraus' precipitate is formed by the active serum sooner or 

later in the fluid in which the bacteria have been grown, there 

can be no doubt that the bacteria are saturated with the pre - 

cipitable substance before it diffuses into the fluid. The pre- 

cipitate would naturally form upon or in the bacteria very much 

sooner than in the medium. It would appear first upon the 

delicate flagella, which in their motion would strike one another 
and on doing so would adhere. The motility would accordingly 

cease, and the precipitate, having by this time formed on the 

body of the organism, would be flocculated by the salts of the 
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bouillon or serum. It is the precipitate that is clumped; the - 

bacteria we carried with it mechanically. By adopting this view 
we have an agreement between the numerous observers. It is 

also easily understood why dead typhoid bacteria agglutinate: 
like living ones. The products of metabolism being in contact 
with the dead cells are precipitated by the active serum upon 
their surfaces and in the medium. The precipitate is flocculated 
by the saline constituents of the solution, and both dead cells and 
precipitate gather together, into floccules. The fact that dead 
typhoid bacteria may be employed in Widal's test bears out the 
theory of a coagulable surface precipitate, and agrees with Nicolle's_. 

experiments, which showed that foreign bacteria in a filtered 
culture of Bact. typhi were clumped by active typhoid sera. 

Gruber (7), writing recently, considers that Kraus' precipitate 
is quantitatively too small to explain agglutination, and thinks it 
probable that in the act of agglutination certain substances in 
the bacterial membranes are made more insoluble. A shrinkage 
and separation follow whereby glutinous masses are formed on 
the bacterial surfaces. This appears to be very similar to his old 
hypothesis of the swelling of the membranes, to which Bordet 
pointed out that there was no reason given for the approach of 
the bacteria. Again, the shrinkage and formation of sticky 
masses on the bacteria is an idea, while Kraus' precipitate is a 
fact. 

Radzievsky (8), in a preliminary paper, objects to the precipi- 
tate idea apparently because he, obtained no precipitate in young 
cultures in which the bacteria clumped normally. Both writers 
apparently forget that the bacteria must be saturated with the pre - 
cipitable substance before it is given off into the culture, medium, 
and in a young culture while - the organisms are saturated there 
may be but an infinitely small amount in the culture fluid.. 

I have tested the validity of Gruber's and of Radzievsky's 
objections and cannot agree with them. The precipitate may be 
and undoubtedly is very small in amount, but it is still appreci- 
able. A twenty -four hours' bouillon culture of Bact. typhi was 
filtered through a Kitasato filter, and an agar culture of Bact. 
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coli commune was distributed in a small portion of the filtrate. 
'This suspension was treated with active typhoid serum in the 
proportion of 20 parts of suspension to 1 of the serum. The 
bacteria, which before the addition of the active serum had been 
uniformly distributed in the Bact. typhi filtrate, had after an 
hour become collected into clumps. As it seemed possible that 
some objection might be made to the use of Bact. coli commune 
on the ground that the serum might have been obtained from a 

case of mixed Bact. typhi and Bact. coli comnune infection, a 

second experiment was made with Bact. Hartlebii. Agglutination 
.occurred precisely as when Bact. coli commune had been employed. 
These experiments show that Gruber's and Radzievsky's objec- 

tions are groundless, and they are in agreement with Nicolle's, 
who showed that foreign bacteria suspended in the filtrate of a 

Bact. typhi culture were agglutinated by active sera. 
Since agglutination is essentially the coagulation of a precipitate, 

it will be prevented by the presence of anti -coagulating agents 
such as the alkaline citrates and acetates. Winterberg (9) in a 

-recent paper showed that the so-called agglutinines were destroyed 
by acetates, as evidenced by the absence of clumping. It is clear 

-that the non -clumping was due to the acetates preventing the 
flocculating action of the serum and bouillon salts and not to the 
destruction of the enzyme. 

Although bacteria are not flocculated by salts like inorganic 
particles, it seemed possible that they might be induced to 

simulate flocculation by causing a silver compound to be formed 
upon the outer surface of the cells. With this object in view, 
bouillon cultures of Bact. typhi, Bact. coli commune, and Bact. 
prodigiosum were filtered through Kitasato filters, washed with 
sterile distilled water and finally suspended in distilled water. 
Again, cultures of these . three organisms were scraped from an 
agar surface and suspended in distilled water. All the suspen- 
sions were gently centrifuged to eliminate clumps and . to obtain 
a uniform suspension of the bacteria. The suspension was then 
treated with a few drops of 0.5 ° silver nitrate (a quantity which 
was in excess as far as chlorides were concerned) and centrifuged 
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to eliminate from the fluid traces of precipitable salts. Generally 
a slight precipitate was obtained, and above this a uniform sus- 

pension of the bacteria. The nitrates of potash, soda and 
ammonia failed to produce a flocculation when added to the 
suspension, even when the emulsions were centrifuged (2,500 
revolutions .per minute). The continued addition of dilute silver 
nitrate in place of the alkali nitrates produced very slight 
precipitates. Strong silver nitrate, however, produced complete 
precipitation. 

The failure of the dilute silver nitrate to effect complete 
flocculation shows that either no silver salt had formed on the 
surfaces of the bacteria, or, if one had formed, the silver nitrate 
or the alkali nitrates were too weak to induce flocculation. It is 
probable that no surface film had been formed. The absence of 
flocculation by so strong a flocculating agent as dilute silver 
nitrate emphasises the fact that bacteria when freed from bouillon 
salts and their by- products, are not coagulated like inorganic 
particles. 

The bacteria after being flocculated by the strong silver nitrate 
were seen to be in clumps. Careful examination of these clumps, 
and especially after they had been exposed to the light, showed 
that the bacteria were enclosed in a matrix which undoubtedly 
consisted of a silver compound of the intracellular salts which had 
diffused out from the cells under the influence of the strong 
silver nitrate. It is evidently impossible to obtain a pure floccu- 
lation or agglutination of bacteria, and when such an appearance 
is presented the failure to reveal the presence of a flocculated 
matrix is due entirely to our instruments or methods of demon - 
stration. 

Some experiments of Malvoz (10) are frequently quoted to show 
that agglutination of typhoid bacteria may be obtained by the 
addition of certain chemical reagents and stains. Since I have 
shown that true chemical agglutination does not occur, it seemed 
advisable to repeat his experiments. In one of these experiments 
clumping occurs when strong alcohol or strong formalin is added 
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to an equal volume of a suspension of bacteria in water. This 
appears to be due to a dehydration rather than to a flocculation 
in which the loose water molecules are withdrawn. But such as 
it is, these strong reagents produce the nearest approach to true 
flocculation that can be obtained with bacteria. Another of his 
agglutinating agents is dilute mercuric chloride. This salt 
undoubtedly acts like calcium chloride in producing a precipitate 
of the culture salts that is flocculated together with the bacteria. 
The case of a dilute solution of saffranin promised to be different. 
This stain when in dilute solution (1 -1000) and added to an equal 
volume of bacterial suspension produced an apparent agglutina- 
tion of the bacteria. A test of the stain, however, with sterile 
bouillon showed the formation of an immediate precipitate which 
was found microscopically to resemble clumps of bacteria and 
cocci. This shows that the case of saffranin is no exception to 
the rule that in agglutination a precipitate is first formed in the 
fluid. On investigating the constituent of the bouillon that is pre- 
cipitated by saffranin, it was found to be among those that are 
precipitated by lime, since no agglutination was obtained with 
bacteria that had been grown upon or in media that had been 
treated with lime to remove phosphoric acid. It does not appear 
to be a phosphate, because neither ammonium nor potassium 
phosphate forms a precipitate with the dilute stain. Malvoz 
ascribes the coagulating effect of dilute alkalies to the formation 
of calcium carbonate. I have already shown that is due to the 
formation of calcium phosphate. 

In conclusion, it appears that agglutination is caused by the 
formation of a delicate precipitate on the outer surfaces of the 

'bacteria and in the fluid in which the bacteria are suspended. 
This precipitate is flocculated or coagulated by the saline con- 
stituents of the medium and of the serum. Since the precipitate 
is invisible to ordinary microscopical observation and the bacteria 
are visible, an apparent agglutination of the latter only is seen 
to take place by the action of active sera. 
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A few fishes which were supposed to have died of some obscure 
disease were received from the Fisheries Department towards the 

end of March. They came from Lake Illawarra, an inlet from 

the sea about 33 miles south from Sydney. The flesh of the fishes 

was of a greenish bue and somewhat congested in the neighbour- 
hood of the main blood vessels. The vessels of the stomach and 

intestine were also much congested, but beyond these appear- 
ances there was nothing abnormal to be seen. When, however, 
portions of the various muscles and organs were examined 
microscopically a large rod -shaped bacterium with rounded ends 

was invariably found in all the fishes. In some cases the organisms 
had completely filled the smaller blood vessels. Portions of fluid, 

juice or pulp from the parts examined gave rise, when inoculated 
into culture media, to many bacterial colonies, among which 

those containing the large rod- shaped organism predominated. 
The organism readily produced spores, and accordingly by the 
nomenclature of Lehmann and Neumann and others it is a 

bacillus. 
In order to test the pathogenicity of the bacillus, an agar 

culture which had partly sporulated was distributed in 4 c.c. of 

normal saline and 0.5 c.c. injected under the skin of a guinea -pig. 

No reaction followed, and the animal remained in health. 
It now remained to test its pathogenicity to fish, and with this 

object in view three fishes comprising a White- Trevally, Carom 
georgianus, C. & V., a large and a small Mullet, Mugil sp., were 

inoculated with 0.1 to 0.3 c.c. of a similar suspension of bacilli 

and spores subcutaneously in the left upper dorsal region between 
the median fin and the tail. 'In 24 hours the movements of the 

fishes had become sluggish. The trevally showed a white patch, 

from which the scales had fallen, stretching for about an inch 

and a half forwards and backwards from the point of inoculation. 
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It died towards the end of the second day. The two mullets 

developed reddish discoloured patches at first on an area around 
the point of inoculation and afterwards further forward on that 
side and also on the other. The scales fell off these places and 
the body became swollen. The smaller mullet died in 45, the 
larger in about 100 hours. 

In the post mortem examination of the trevally the muscle 

beneath the epidermal scar was seen to be of a cream -white colour 
and brittle, both in appearance and texture like boiled cod roe. 
Portions of this when pressed between cover -glasses were found 
to be swarming with motile bacilli. The muscle on the side 
reverse to that inoculated was apparently healthy and free from 
bacteria. The blood vessels were congested. The peritoneal 
cavity contained a quantity of yellow serous fluid in which floated 
large white cheese -like masses. The liver was pale and mottled, 
the gall bladder distended, the stomach slightly congested. The 
kidneys, spleen and heart were apparently normal. The intestine, 
especially in the posterior portion, was much congested. A 
number of inoculations were made on sloped agar and these 
showed the organisms in pure culture in the heart blood, the 
gangrenous muscle near the site of inoculation and the apparently 
healthy muscle on the reverse side. The liver and peritoneal 
fluids gave negative results. 

The smaller mullet showed very few lesions. The intestine 
was congested and filled with gas, the liver was dark and mottled. 
The other organs were apparently normal, and the muscle, 
although discoloured near the point of inoculation, did not show 
the localised gangrenous appearances of the other fishes. Pure 
cultures of the organism were obtained from the liver, the heart - 
blood and the muscle from the inoculated as well as the reverse 
side. 

The larger mullet showed several hemorrhagic areas over the 
surface of the epidermis. The scales had fallen from places, 
revealing patches of a purplish to grey -blue tinge with reddish 
streaks. The muscles had three gangrenous spots, one at the 
site of inoculation, another further forward on the reverse side 
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and near the epidermis, while a third was found deep down in 
the tissue near the vertebral column on the reverse side and 
about midway between the first two lesions. The peritoneal 
cavity was distended with a quantity of a whitish fluid. The in- 
testines were swollen with gas and had the blood -vessels congested. 
The liver was mottled, the gall -bladder distended. The blood 
vessels of the stomach were slightly congested; those inside the 
swim bladder showed much' congestion. The heart, kidneys and 
spleen appeared normal. The colour of the muscles generally 
was bluish with a pink tinge. The gangrenous portions of the 
muscles were cream -white and brittle as in the case of the 
trevally, and they swarmed with bacilli. When small portions of 
the heart -blood and of the three gangrenous localities were 
inoculated into liquefied culture media, there were obtained 
colonies of the bacillus and no other organism. The spleen anti 
peritoneal fluids contained a mixture of organisms, including the 
bacillus. The liver was sterile. 

CHARACTERISTICS OF THE ORGANISM. 

Microscopical appearance. -The bacilli appear as large rods, 
with rounded ends, and measure 0.8 : 2 -3.6 µ in bouillon 
culture. They grow singly, in pairs, and short chains in liquid 
media. On solid media they grow as long chains or filaments, 
which lie parallel with one another. The cells shów, when stained 
with methylene -blue, a granular structure. They stain deeply 
by Gram's method. 

Spores. -The rod easily forms a central spore, at first round, 
then becoming oval, and finally measures 1 : 1.5 -1.6 µ. Although 
the spore is broader than the bacillus, the latter does not assume 
a marked clostridium appearance, owing to the remains of the 
rod broadening as sporulation proceeds. 

Motility. -The younger bacilli in bouillon are actively motile, 
the motion being fish -like. The older bacilli and those grown on 

solid media either move extremely slowly or are non -motile. The 

flagella are terminal or irregularly distributed over the surface; 
in most cases there is a single flagellum at one end of the rod. 
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Relation to media, temperature and oxyy,:n. -The organism 
grows quickly in the usual culture media at 20° as well as at 37 °. 

In the absence of air, the growth is very scanty indeed. 
Gelatine plate. -The colonies appear at first as white circular - 

points, which develop into circular colonies. The medium slowly 
liquefies, forming a shallow, saucer -like depression, in which the 
colony assumes a more or less zonal or annular appearance. 
There may be a white centre, around which are arranged circles . 
or zones of varying intensity of white, or the centre may be clear, 
the margin clear, and midway between centre and margin a- 

broad ring, which may appear homogeneous or striped with radial 
bands. As liquefaction proceeds the growth gathers towards the - 
centre and the margin, when an appearance is presented like that 
figured in Lehmann and Neumann's Diagnostik, i. 37, iv. This . 

stage is reached in about 4 days, at 22° C. 
When examined with a 60 -fold magnification, the colonies near 

the surface and deep in the medium are circular, granular and 
brownish -black in colour, with a rough margin as if beset with 
short hairs. In thickly sown plates the deep colonies are irregular 
and generally studded with opaque root -like fibres. The colonies 
absolutely on the surface spread at first irregularly like a frag- 
ment of twisted or crumpled paper. The rosette -like colony then 
sends out straight and sinuous granular processes, which are 
visible as long a's liquefaction has not proceeded very far. At 
the later stages, when the colony has assumed the annular 
appearance, the structure is seen to consist of tufts of short 
interlacing threads. 

Gelatine stab. -At first there is an uncharacteristic white fili- 
form growth along the track made by the inoculating needle. 
The growth widens a little more at the surface than in the depth;. 
an air- bubble then appears at the top of the canal. Liquefaction 
proceeds in the upper layers of the gelatine, producing a funicular 
or napiform liquefied space, and at the same time a white film 
covers the surface of the solid or liquefied gelatine. With a 
napiform liquefaction the surface film remains indented round the 
point of inoculation. As the liquefaction proceeds downward 
the original white cord. like growth_ may persist more or less, or i t 
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may break up into floccules which slowly gravitate, leaving the 
upper liquefied gelatine clear, the lower layers turbid. The 

appearances are never like 36, i. or 36, ii., but approach 38, iv. 

(Lehmann and Neumann, Diagnostik, i.). These appearances are 

similar with 15 and 20% nutrient gelatine. 
Glucose -gelatine shake -There is no gas developed. 
Agar plate. -The colonies are white and may assume various 

shapes. The surface colonies may be rounded with an irregularly 
lobed margin and a white central point where the surface growth 
has originated from a subsurface colony, or when the growth has 

always been upon the surface the centre may be dark. In cases 

where the agar surface is moist, the colony may send out amceboid 

processes which gradually extend over the whole surface after the 
manner of Bact. vulyare. The colonies just below the surface 
may send out processes into the agar medium. The organisms 
may also grow as a film between the solidified agar and the glass 

-of the Petri dish. When examined with a 60 -fold magnification 
the colonies are seen to be highly granular. The margins of the 
surface colonies are sinuous or waved, and are seen to consist of 

filaments. The subsurface colonies are irregular in outline and 

beset with fibrous projections. The processes sent out by the 

subsurface colonies into the agar medium are seen to be composed 

of interlacing filaments. 
Agar slope. -A matt, white expansion is quickly formed. It 

is slightly raised, and has an irregular margin which, when viewed 

with a lens, appears bristly. The expansion becomes folded or 

wrinkled, and approaches that figured in 38, viii. (Lehmann and 

Neumann). When touched with the needle the growth, when 

the medium is moist, breaks into crystal -like masses, or adheres, 
when the medium is dry, as a tough skin. When spore formation 
has set in, the growth becomes glistening, the folds or ridges 
become flatter, and when touched at this stage with the needle 
the consistency is found to be that of butter. 

Agar stab. -The needle track develops an uncharacteristic 
filiform growth. The white surface growth spreads and becomes 

wrinkled or corrugated as 38, viii. (Lehmann and Neumann). 
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Bouillon. -At first there appears a slight turbidity, which,. 
while increasing, slowly gravitates, leaving the upper portions 
clear, the middle layers turbid, and a voluminous flocculent white- 
precipitate at the bottom of the medium. A film grows upon the- 
surface, and after a time becomes indented in places. There is 

no indol produced. 
Potato. -A dry white layer is formed, which slowly spreads . 

over the surface. It remains flat, and is never raised, puckered,. 
nor wrinkled when grown at 22 °. At 30° a slight wrinkling may 
appear. The centre becomes of a slightly brown tinge, and in 
the old cultures (12 days) this brown colour has spread over the - 
expansion. 

Blood serum. -A spreading grey -white layer is formed on the 
solidified serum. The margin of the growth is irregular and 
bristly when viewed with a lens. The serum is not liquefied. 

Milk. -The casein is first coagulated and then dissolved. 
Germination.-For observing this process an old agar culture. 
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was sown in gelatine and a loopful smeared over a sterile cover - 
glass, which was then inverted over a hollow glass slide. The 
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highly refractile spore slowly enlarged, and at the same time 
became less and less refractile. The rod emerged from one of the 
poles and grew outwards until the protruded end was as long as 

the spore case. By this time the distinction between rod and 

spore had practically disappeared. A protrusion then appeared at 
the other end of the spore case, and growth proceeded in two 

directions. The spore case was then thrown off, and this was 

followed by a division of the lengthened rod into two parts. 
The daughter bacillus, formed from the end last to emerge, slowly 
bent round until it was at an angle of 45° with the other rod, 
when it suddenly slipped along the side of the latter. Germina- 
tion occurred in 3 hours at laboratory temperature (20°); an 

hour later there were two cells and in another, four bacilli. The 
-dimensions of the mature rod after division and whilst thus 
imbedded in gelatine were 1.5 : 7.5 µ. 

The early gelatine cultures. -The characteristics that have been 
described appear to be permanent, for the characters of the 

twelfth transfer or crop were identical with the third. The first 
and second crops in gelatine differed markedly from the later. 
The gelatine stab infected from the first agar plate produced an 

arborescent growth along the needle track -an appearance similar 
to that of anthrax. Cultures from this, however, failed to repro- 
duce a similar appearance. There developed instead the uncharac- 
teristic filiform growth. The early colonies in gelatine plate 
culture grew as white points from which there radiated straight 
processes about 0.5 cm. long, and these gave the colony the 
appearance of a tuft of delicate crystalline needles. When 
magnified 60 -fold the older rays were seen to be corkscrew -like, 

the younger ones straight. By the third transfer the rayed 
-appearance had changed to the zonal, which has been described. 

AFFINITI ES. 

The organism has many points in common with Bac. subtilis, 
the common hay bacillus, but differs from it in the folded appear- 
ance in agar culture and the rosette -like folded processes of the 

young surface colonies in gelatine plate culture. Other differences 
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are to be seen in the polar germination of the spores and the 
pathogenicity. The method of germination distinguishes it from 
the members of the Bac. subtilis and the Bac. vulyatus groups, 
and from the thermophile bacteria. The rosette -like folded 
appearance of the gelatine surface colonies closely resembles that 
figured by Winkler as Tyrothrix distortus (Centralblatt für Bakt. 
2 Abt. i. 609), but differences occur in the gelatine stab, the agar 
stroke, Sand potato culture, as well as in the method of germination 
of the spores. The uniform breadth of the sporulated rods shows 
that it is not a clostridium, the members of which group are 
chiefly anaerobes. The aerobic character marks it off from the 
Bac. cedematis group. There remains the anthrax group, which 
consists of spore -forming bacteria. They are frequently united 
to form threads, and are stained by Gram's method of staining. 
The distinguishing feature of this group is the polar germination 
of the spores as contrasted with the equatorial germination of 
the closely allied subtilis- vulgatus group. The organism differs 
markedly from Bac. anthracis in shape, motility and growth; 
from Bac. anthracoides in motility; and from Bac. pseudanthracis 
in agar culture. The size, the colour of the liquefied gelatine, 
and the reaction towards blood serum show that it is not Bac. 
apicum, to which is closely allied the eel- disease bacillus of 
Canestrini and the poisonous fish bacillus of Fischel and Enoch. 
The separation of the capsule from the germinated rod differen- 
tiates it from Bac. sessilis and Bac. leptosporus. Burchard* has 
published diagrams of the germination of 20 species of bacilli, 
only one of which -viz., Bac. bipolaris -bears any likeness to the 
organism. The cultural characteristics generally are different from 
those which I have described. The organism, therefore, appears 
to be a new species, and I propose for it the name Bacillus 
piscicidus bipolaris, a title which indicates the pathogenicity and 
the bipolar germination of the spores. 

The bacteria which have been recorded as being pathogenic to 
fish are few in number. Emmerich and Weibel have described a 

9 
* Arbeiten, Bact. Instit. Hochschule, Karlsruhe, ii., 1. 
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non -sporulating organism, Bac. salmonicida,* which is pathogenic 
to salmon. Wysst found Bac. vulgare to be the cause of a disease in 

freshwater fish. Siebert describes an organism under the name of 

Bac. piscicidus agilis, which was responsible for the death of fish 

in an aquarium. This . organism differs from Bac. piscicidus 
bipolaris in its production of gas in gelatine and agar culture, its 
growth on potato, and its pathogenicity to certain rodents. 

EXPLANATION OF PLATES. 

Plate viii. 

Fig. 1.- Section through stomach wall of original fish (Bream), stained 
with methylene -blue (x 500). 

Fig. 2.- Bacilli from a 48 hours' at 20° C. agar culture, stained with methy- 
lene -blue (x 1000). 

Plate ix. 

Fig. 3. -Young surface colony on gelatine plate (x 50). 

Fig. 4.- Various forms of the surface and sub -surface colonies in agar 
plate culture, 48 hours at 20° (x ,). 

' Lehmann and Neumann, Diagnostik, ii., 240. 

t Wyss, Centralblatt für Bakt. 1 Abt. xxiv., 936. 

$ Sieber, Centralblatt für Bakt. 1 Abt., xvii., 888. 
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THE DOUBLE STAINIÑG OF SPORES AND BACILLI. 
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Until quite recently the methods recommended by various 
authors for staining the spores of bacilli produced results that 
were far from being satisfactory. Fortunately this state of 

affairs has been removed by Klein *, of Amsterdam, who has 
published a method which, with a little improvement, is eminently 
successful. 

The methods in general use consist in the first place in preparing 
a film of the material to be stained. by mixing a portion of an 
agar or potato culture of the bacillus with a drop of water upon 
a clean cover -glass and allowing the suspension to dry. The 
dried film is then fixed by passing it three times through the 
bunsen -flame, a process which has for its object the coagulation 
of the bacterial protoplasm and the attachment of the bacteria to 

the glass. From this point the methods differ. The spore -case 

or capsule which prevents the entrance of the stain within the 
spore is destroyed more or less by attacking it with physical or 

chemical agents. The physical treatment consists in heating the 
film in the air -bath for about half -an -hour at 200° C., or in the 
autoclave at 120° C., or even by passing the film many times 
through the bunsen -flame. The chemical manipulation involves 
the treatment of the film with strong sulphuric acid, potassium 
hydrate, zinc chloriodide, 5% chromic acid or % hydrochloric 
acid. These methods are employed to soften the spore -capsule 
after it has been hardened by the process of fixation. Klein had 

* Centralblatt für Bakteriologie, i. Abt. xxv. 376. 
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noted that it was much easier to kill bacteria and spores when 

they were in the moist condition than when they had been dried, 

and from this he reasoned that it would be much easier for the 
stain to get through the moist than through the dried spore -case. 

Accordingly he stained first and fixed afterwards. 

His procedure is as follows : -A platinum loop is filled with a 
culture of the bacillus grown upon potato for 24 hours (at 37° (:.), 
and this is introduced into a small quantity -say, two or three 
drops -of normal saline contained in a watch -glass. The culture 
is stirred in the saline until a homogeneous suspension is obtained. 
An equal number of drops of carbol- fuchsin is added, and the two 
fluids are thoroughly mixed. The watch -glass is placed high over a 
micro -chemical burner so that the-heat applied is just sufficient to 
cause a slight vapour to hover over the surface of the fluid. A 
larger watch -glass is placed over the first to keep out the dust 
and to enable one to judge the intensity of the heating. There 
should be just a slight film of condensed water upon the covering 
glass. At the end of six minutes the watch -glass is taken from 
the burner and allowed to cool for a few moments. The bacilli 
and spores which ' have precipitated more or less are again distri- 
buted in the stain by imparting a rotatory motion to the cover - 
glass. A loop of the suspension is spread over a clean cover -glass 
and allowed to dry in the air. The film is fixed by passing it 
twice through the flame. The bacilli are then decolorised by 
immersing the cover -glass in 1% sulphuric acid for one or two 
seconds, after which the acid is washed off with water and the 
bacilli counter- stained in dilute watery- alcoholic methylene -blue 
for three or four minutes. The film is washed in water, dried 
and mounted in balsam. After this treatment the spores appear 
red, the bacilli blue. 

The method as recommended by Klein is excellent as far as 
the principle is concerned, but the details might be altered with 
advantage. Some spores, instead of staining red, show only a 
pink margin. Klein does not push the staining process far 
enough, and indeed it is hardly possible to do so when a watch- 
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glass is used to hold the fluid. There are spores, as, for example, 

Bac. lactis XII. ( Flügge), which stain quite readily with carbol. 

fuchsin in the usual manner after fixation by heat, while others, 

as a Bac. leptosporus sp., stain but faintly when Klein's method is 

employed. The refractory spores are stained a deep red by the 

following method : -Four drops of normal saline are pipetted 
into a small test -tube, and the spore- bearing material is rubbed 

up with this until a homogeneous suspension is obtained. Four 

drops of fresh carbol- fuchsin are pipetted into the tube and the 

mixture shaken. A plug of cotton wool is inserted and the tube 

placed into a beaker of boiling water. The water is boiled for a 

quarter of an hour, when the tube is taken out and shaken. A 

loopful of the bacterial suspension is withdrawn and spread 

uniformly over a cover -glass which is dried either in the air or 

high over a bunsen -flame. The film is next fixed by passing the 

cover -glass three times through the flame in the usual manner. 

The bacilli are decolorised in methylated spirit containing 1.5% 

(by volume) of concentrated hydrochloric acid. When the film 

appears colourless, the cover -glass is withdrawn and moved about 

in water to remove the alcohol, after which the film is stained 

with carbol- methylene -blue in the ordinary manner; it is then 

washed, dried and mounted. 

The acidified alcohol appears to give a cleaner film than when 

sulphuric acid is employed. Klein apparently means 1% sulphuric 
acid by volume -that is, 1 c.c. of strong sulphuric acid to 99 c.c. 

of water; 1% by weight of sulphuric acid does not decolorise the 

film sufficiently. The spores of some of the water- bacilli are so 

readily decolorised by acidified alcohol that it is advisable tc 

extract the excess of colour with methylated spirit, then to dip 

the cover -glass for a moment only into the acidified alcohol and 

quickly place in water. 

Generally speaking, spores can be recognised by the fact that 

they are not coloured by the usual stains, and that the remains 

of the mother -cell stain sufficiently to enable one to make out the 

regular shape of the unstained spore. There occur cases, however, 



BY R. GREIG SMITH. 397 

when the investigator might easily be led astray. Certain rod - 
shaped water -bacteria become vacuolated as they grow old; the 
protoplasm aggregates at the poles, which stain deeply, leaving 
the centre of the rod unstained. In these cases the central 
unstained vacuole, and especially when it is oval, presents an 
appearance similar to an unstained spore. When counter - 
staining is made use of, the central vacuole does not stain. It 
is here that perhaps the advantage of possessing a process which 
stains the most refractory spores is evident. One can depend 
upon the spore being stained. In the case of vacuoles it is 
possible, by limiting the decolorisation with acidified alcohol, and 
by counter -staining with blue, to obtain the bacteria with their 
dense terminal protoplasm stained red, and the vacuole pale blue. 
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As far as I am aware, the only paper that has been published 
dealing with the bacterial flora of the Sydney water supply was 
contributed by Katz to these Proceedings in 1886. A t that 
time bacteriology was beginning to perfect its methods of tech- 
nique, and it is to be regretted that the five organisms in the 
paper are not sufficiently described to enable them to be diagnosed 
with any degree of certainty. It' therefore seemed to the writer 
that a paper or a series of papers upon the bacterial flora of the 
Sydney water might be'of interest to the Society. 

The bacteria which will be hereafter described were obtained 
from the tap -water in the Society's Bacteriological Laboratory, 
which is supplied directly from one of the city reservoirs in 
Centennial Park, into which it is pumped from the central 
pumping station and reservoir in Crown Street. The water is 

originally taken from the Nepean, Cordeaux and Cataract rivers, 
the catchment area of which covers 345 square miles. From the 
rivers it is conducted by a series of tunnels and open canals to 
Prospect reservoir, thence by open canal and.pipes to Pott's Hill 
reservoir, where it is screened through a series of fine sieves 
(840 meshes to the inch). From this reservoir it is led through 
iron pipes to Crown Street, whence it is pumped to the various 
city reservoirs. The water is not filtered, but care is taken to 
safeguard the purity of the supply by the rigid and continual 
inspection of settlements and stock within the catchment area 
and adjoining the reservoirs. 



By R. GREIG SMITH. 437 

The object of this investigation was not merely to determine 
the bacteriological purity of the water but to discover the more 

commonly occurring micro-organisms. There are two methods 
generally employed in testing the purity of water. First, there 
is the method of counting, and this is the usual method because 
it is the easier. It, however, goes without saying that within 
wide limits the number of bacteria that are consumed in water is 

of far less importance than the kinds of bacteria, and especially 
if. these kinds happen to be of an injurious nature. 

The point wherein there is reason for the numerical test as 
indicating the purity or otherwise of water is that the numbers 
will be proportional to the food material, whether it be saline or 
organic, and in less degree to the temperature. It is obvious 
that the organic matter will represent inversely the degree of 

natural filtration to which the water has been subjected. Surface 
waters which have undergone little or no filtration will contain 
more organic matter than spring water which has had the bulk 
of the organic matter and micro -organisms removed by natural 
filtration through successive layers of soil and sand. However 
well a water may be naturally filtered, it is never sterile, and the 
organisms inherent in it will multiply to an extent proportionate 
to the food supply and to the temperature. Thus the number of 
organisms in the water may be taken to represent the organic 
matter, and therefore indirectly the degree of natural filtration. 
It is by natural filtration that the bacteria which inhabit the 
soil, be they noxious or otherwise, are removed, and in the 
majority of cases, especially where the gathering grounds are in 
populated localities, natural filtration is not considered to be 
sufficient, and so water is generally filtered through sand -filters 
before being supplied to towns. 

Migula has formulated 'a scheme for obtaining an idea respect- 
ing the purity of water from the number of bacteria per cubic 
centimetre. Pure waters vary from zero to 1,000, mediocre from 
1,000 to 10,000, and impure over this number. But he further 
remarked that of more importance than the absolute number of 
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bacteria are the number of species per cubic centimetre. In a 
pure water he considered that this should not exceed 10. 

The media generally employed for growing the colonies are 
either meat -peptone -gelatine or meat- peptone -agar. In Sydney 
water many organisms rapidly liquefy the former and utterly 
prevent the appearance of the more slowly growing colonies. 
There are others that form amceboid colonies on the surface 
of agar, and rapidly spreading over the plate, obliterate the 
fixed colonies. In the beginning of my investigation it 
became evident that these media were unsuited for separating 
the bacteria; still in working with the agar media portions of the 
plates could sometimes be obtained in which the amceboid activity 
of the colonies had been restrained. Agar also throws up the 
colour of the surface colonies, and this is of some assistance in 
picking out species. The agar was improved to a certain extent 
by omitting, in the preparation of the medium, the peptone and 
the common salt and adding 2% dextrin or gum acacia which 
tends to restrain the amceboid growth of the colonies. 

Hesse and Niedner employ an agar medium containing agar 
1.25 grm. "Nährstof Heyden" 0.75 grm., and water 98 c.c. 

Abba advises a medium containing Liebig's meat extract 6 grms., 
gelatine 150 grms. and distilled water 1000 c.c. This is after , 

solution made neutral to phenolphthalein and rendered alkaline 
by the addition of 0.5 grm. amhydrous sodium carbonate. The 
plates are incubated for 10 days at 18 -19° C. He claims that 
more colonies develop in this medium than when an agar medium 
(such as Hesse and Niedner's) is employed. I have confirmed 
this, but I have also found that the bacteria of Sydney water 
grow so freely in this medium that the colonies have in four days 
so liquefied the gelatine that observation under the microscope 
is impossible, and that the plate is almost entirely liquefied in six 
days. A temperature of 15° C. is more suitable for separating 
bacteria, but even at this temperature the colonies cannot be 
allowed to grow for longer than four days. With 30 colonies per 
plate liquefaction had proceeded so fast in six days that separa- 
tion was impossible. 



BY R. GREIG SMITH. 439 

In separating the bacteria both Abba's gelatine and dextrin - 
meat agar were employed. The latter medium is prepared by 
dissolving 20 grms. of agar in 1000 c.c. of ordinary meat extract 
in the autoclave. After clarification with white of egg, 10 c.c. 

of the mixture are pipetted into warm water and neutralised to 
phenolphthalein with tenth -normal sodium hydrate. The calcu- 
lated quantity of normal sodium hydrate is added to the bulk, 
together with 0.5 grm. sodium carbonate; 20 grms. of dextrin 
or gum acacia, dissolved in a small quantity of water is added, 
and the medium boiled, filtered, placed in test tubes and sterilised. 
The water was allowed to flow from the tap for half -an -hour upon 
a sterilised watch -glass supported upon a tripod. From the watch - 
glass the water was taken up into a sterile graduated pipette and 
added to the previously melted and cooled gelatine (30° C.) or agar 
(42° C.); the tube was then shaken and the contents poured into 
Petri dishes, which, after setting, were inverted and incubated 
at the requisite temperature (15°, 18° or 22 °). When the colonies 
had grown sufficiently, inoculations were made upon sloped agar 
and in gelatine (stab). When a diagnosis could not be made 
from these -and this was the case when the organisms were 
obtained for the first time -a series of gelatine plates were pre- 
pared. The colonies that developed on these plates were used 
both for the diagnosis of the organism and for obtaining a pure 
culture. Generally the cultures obtained from the primary 
(water) plates were impure. 

Having obtained a pure culture of an organism, inoculations 
were made upon the ordinary media, which included peptone - 
meat -agar, peptone -meat -gelatine, peptone -meat -bouillon, glucose - 
peptone- meat - gelatine, lactose -peptone- meat - gelatine peptone- 
meat- bouillon with 0.5% nitrate of potassium, ordinary potato, 
and ordinary defatted milk. With the exception of the potato 
and the milk, all the media were neutralised with sodium hydrate 
to phenolphthalein as has been described. In observing the 
motility, a portion of a young agar culture was transferred to a drop 
of normal saline and examined. If the organisms appeared non- 
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motile a further observation was made upon a young bouillon 
culture. 

The difficulties of diagnosing bacteria in the absence of typical 
cultures is admitted, and in the descriptions which follow the 
points which led to the identification of the organisms are noted. 
Cultural characters which have not been previously published, 
are also given. One of the points in which I have found a 

difference is the size and especially the breadth of the organism. 
Bacteria differ in dimensions slightly, according to the medium 
in which they are grown. The sizes which I have given are of 

the bacteria when cultivated upon agar, and they have been 
measured by a method which I shall describe in a future paper. 
In describing the colours or shades of colour, I have used as a 
reference the tints upon a sample card of enamel paints issued 
by the firm of Blundell, Spence and Co., London. 

With a temperature of 15° C., I have found an average of 
about 100 bacteria in the laboratory tap -water during the months 
of May and June. The organisms are not at all evenly distri- 
buted in the water as it issues from the tap. For example, in 
five plates inoculated with 0.1 c.c. there developed upon Abba's 
gelatine 15, 15, 12, 5 and 4 colonies; this is equal to an average 
of 100 bacteria per cubic centimetre. 

MICROCOCCUS CANDIDUS, Cohn. 

The organism measures from 0.5 to 0.6 µ in diameter, and 
occurs singly, in twos and in groups. It stains deeply with 
methylene -blue. On agar, there is formed a broadening, translucent 
white, raised, moist glistening stroke. The iridescent and white 
surface colonies, on agar plate, are seen, under a sixty -fold magni- 
fication, to be finely granular, and to have a clear, lacerate 
margin. In gelatine stab culture the growth is filiform, with a 

flat, spreading, white nail -head. 

SARCINA LUTEA, Schröter. 

This organism forms a narrow, moist glistening, convex, 
canary- coloured ridge in agar stroke culture. The individuals 



BY R. GREIG SMITH.- 441 

measure about 1 µ, and when taken from cultures on solid media 
are found in sets of two and four. In fluid culture they occur in 
badly defined packets. There is a filiform growth with a raised 
nail -head in gelatine stab culture, and on gelatine plates the 
colonies are circular and, when magnified, appear finely granular 
and smooth -edged. 

BACTERIUM ALBUM. 

Bacillus al bus, Eisenberg. 

On agar stroke there is formed a porcelain- white, narrow, 
convex layer with a smooth edge. The consistency is firm or 
leathery, and there is produced a strong latrine odour. The 
bacterium is a rod with rounded ends, is actively motile and 
measures 0.4 : 1 -2 µ. It does not stain when treated by Gram's 
method. The colonies on agar are porcelain -white and raised. 
In gelatine the surface colonies are irregular and white. Under 
a moderate power the margin is seen to be lacerate -erose, the 
centre marbled (B. coli commune type). The deep colonies are 
circular, zonate, and have a smooth edge. In gelatine stab 
culture the needle track is filiform; at the top there is a white, 
flat nail -head which spreads irregularly. The upper part of the 
stroke becomes tuberculate. No gas is produced in glucose - 
gelatine, and milk is not coagulated. Bouillon becomes very 
turbid, and a white precipitate and surface ring is formed. The 
indol reaction was not obtained. The growth on potato is white, 
moist glistening, and spreads over the surface; it ultimately 
becomes stone -coloured. The organism grows well at 22° C., but 
not at 37° C. 

Eisenberg describes the potato culture as restricted to the 
place inoculated. 

BACTERIUM SINUOSUM, Wright. 

On the agar slope there is formed a thin, translucent white 
layer from which amceboid processes extend and cover the agar 
surface. The growth on gelatine is rather thin; the colonies 
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appear as translucent white, raised spots, which when magnified 
are seen to have a wavy, erose margin and a transparent crumpled 
centre. Gelatine is not liquefied. In stab culture there is 
formed a terraced nail -head. The organism is small and oval, 
actively motile, and measures 0.3 : 0.6 µ. It is decolorised when 
treated by Gram's method. Gas is produced from glucose, and 
milk is not coagulated. Bouillon becomes turbid, and forms a 
flocculent precipitate. A slight indol reaction is obtained. On 

potato the growth is moist glistening, flat, spreading, 'and of a 

light stone colour, which deepens to a light drab. 
This organism is decidedly small, while Wright describes it as 

medium -sized. The growth on potato shows a difference from 
Bact. minutum. 

BACTERIUM No. 46, Conn. 

This is a short rod -shaped bacterium with rounded ends, and 
measures 0.4 : 1 -1.5 F. It is actively motile, and is not stained 
by Gram's method. On agar it forms circular white colonies, 
and on gelatine translucent white colonies that sink into the 
medium. When the gelatine colonies are viewed under a mode- 
rate power, they are seen in the deep to be rounded or irregular, 
almost opaque and apparently flocose. The surface colonies are 
circular with fluid contents in which there are large brown floccules. 
On agar stroke there is formed a pale white, moist glistening, flat 
Qxpansion. In gelatine stab culture the liquefaction is crateri- 
form, then saccate and tubular. There is a uniform turbidity, and 
no film forms on the surface. After a month the liquefied gelatine 
is yellow and turbid near the surface, clear below, and at the 
bottom of the tube there is a yellowish -white granular precipitate. 
On potato the dry glistening, brownish layer which is first formed 
becomes yellowish- brown, shining, flat and irregular. The potato 
is darkened. No gas is produced in glucose- gelatine. Nitrates 
are reduced to nitrites. Milk is coagulated, the reaction being 
acid. 

Conn describes the agar stroke culture as white, becoming 
yellowish, and the reaction of the milk when coagulated as 



BY R. GREIG SMITH. 443 

alkaline. Otherwise they appear to be the same organisms. The 
difference is perhaps too slight to justify this being called a new 
species. 

BACTERIUM GASOFORMANS, Eisenberg. 

Bubbles of gas are formed in the depth of the ordinary solid 
media. The cells are oval or sausage- shaped, and measure 
0.5 : 1-2 µ; they are actively motile. The colonies, on gelatine 
plate, are circular and translucent white. Under a sixty -fold 
magnification the surface colonies appear rounded with a slightly 
erose margin; the centre is brownish and finely granular. The 
contents of the colony appear in motion. At a later period the 
contents become flocculent and the margin diffuse. In gelatine 
stab culture the liquefaction is crateriform, then stratiform and 
tubular. The stroke on agar is dirty- white, moist glistening and 
at the base spreading, Gas bubbles are formed in the agar. 
On potato there is a scanty growth which is almost indistinguish- 
able from the medium. Milk is coagulated, the reaction being 
acid. Nitrates are reduced to nitrites. 

BACTERIUM AURESCENS, Ravenal. 

This motile organism is oval, and measures 0.3 -0.4:1 µ. It 
forms threads in old cultures. In agar stroke culture the first 
growth is a thin yellowish -white line, which as it broadens becomes 
primrose -coloured, and ultimately of an old -gold shade. In 
gelatine stab culture there is a filiform growth; the gelatine at 
the upper part of the stab becomes slightly consumed, and 
eventually the growth around the consumed portion becomes 
tuberculate and yellowish- white. The colonies on gelatine are 
yellowish, and slowly liquefy. the gelatine. Under a sixty -fold 
magnification they are seen to have a lacerate, transparent margin, 
and a pale yellowish- brown, marbled or convoluted centre. The 
older surface colonies have the central convolutions more marked, 
an . annulus with coarse flakes floating in the liquefied medium, 
and a ciliate margin. The deep colonies are brown and rounded. 
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On potato the growth is orange -yellow, flat and glistening. No 

gas is developed in the presence of glucose, no indol is produced 

in bouillon, and milk is not coagulated. 
The colonies on gelatine appear to differ from those described 

by Ravenal, but as the other characters agree this may be a 

variety. 
BACTERIUM PULLULANS, Wright. 

This is a short rod with rounded ends, and measures 0.3:0.64 µ; 

it is actively motile. On agar the colony is deep yellow and 

circular, with a smooth edge; the stroke is deep yellow or old - 

gold in colour, convex, moist glistening and restricted. The 

gelatine stab is at first filiform with a spreading deep yellow nail - 
head. The gelatine becomes slowly liquefied; the liquefied area 

is funicular and turbid; a deep yellow precipitate is formed. In 
gelatine plate culture the surface colonies have a deep yellow 

centre and a pale yellow margin. When magnified sixty -fold 

they are seen to have an irregular zonate centre and lobulated 
margin, from the under -surface of which rounded buds are given 
off. The small colonies, which have budded off, lie free around 
the lobular margin, and are either circular or irregular, according 
to their size, and brown in colour. Milk is not coagulated, and 
a trace of indo] is produced in bouillon culture. 

BACTERIUM CUTICULARE. 

Bacillus cuticularis, Tils. 

A rod . with rounded or slightly pointed ends, measuring 
0.4 : 0.8 -1 µ. It is motile and is stained by Gram's method. In 
gelatine plate culture the deep colonies are, when magnified, seen 
to be circular, brownish and zonate. The surface colonies are 
transparent and crumpled or contoured with an irregular, erose 
margin like Bact. coli commune. The stroke on agar is at first 
pale white and iridescent, but becomes moist glistening and of a 

primrose colour; when touched with the-needle the culture has a 

viscous consistency. The stab in gelatine is faintly filiform, but 
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soon becomes shallow crateriform. There is practically no growth 
in the depth of the medium, and a primrose -coloured film lies on 
the liquefied gelatine. There is no gas developed from glucose, 
and milk is coagulated, the reaction being neutral. On potato 
the growth is canary- coloured, but changes to a pale yellow; it is 
raised and irregularly spread. Nitrates are not reduced. In 
bouillon a turbidity is formed; there is a precipitate, but no film. 
A strong indol reaction was obtained. 

BACTERIUM ARUORESCENS. 

Bacillus arborescens, Frankland. 

On gelatine the colonies are pale yellow and circular, with a 
slight mycelioid appearance. The medium is liquefied round the 
colony. When magnified the deep colonies are seen to have an 
irregular centre, from which root -like fibres extend ; these are 
closely packed together and yellowish. The surface colonies have 
an indefinite centre, from which loosely twisted and sharply bent 
comparatively wide strands apparently anastomose. The stab in 
gelatine is filiform, with a smooth, moist glistening, deep yellow 
nail -head. The gelatine is slowly liquefied in a crateriform 
manner, and just below the liquefied medium the filiform stab 
becomes expanded and diffuse. The colonies on agar are circular, 
raised, moist glistening and of a translucent pale buff colour. 
When magnified they are seen to have a granular centre, with a 
transparent irregular margin, beset with short irregular processes. 
The deep colonies, are rounded, oval or lenticular and rough. 
The agar stroke is moist glistening, raised and spreading. The 
colour is a deep yellow which changes, especially in the centre of 
the growth, to old -gold. No gas is formed in glucose -gelatine, 
and nitrate is not reduced. Bouillon becomes turbid, and there 
is a filamentous precipitate, but no film. A slight indol reaction 
was obtained. Milk is not coagulated. On potato the growth 
is fiat, spreading, glistening and deep yellow in colour. The 
organisms are rods with rounded ends, and may be long or short; 
the average size is 0'3 : 2 p. 
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BACTERIUM MINIACEUM. 

Bacillus ininiaceus, Zimmermann. 

On agar slope a brilliant vermilion, raised, spreading, moist 
glistening stroke is formed, from the bottom of which amoeboid 

processes spread out and gradually cover the entire lower surface. 
The organism is a cocco- bacterium measuring 0.7 : 1 µ. In 
gelatine plate culture the colony quickly liquefies the gelatine, 
forming a crateriform, pink area. In gelatine stab the medium 

is liquefied in a stratiform manner, the fluid being very turbid 
from floating pink granules. The red pigment is not bleached 
by zinc and hydrochloric acid. 

BACTERIUM RUBEFACIENS. 

Bacillus rubefaciens, Zimmermann. 

On gelatine plate at 15° C., circular, raised, moist glistening 
colonies of a pale coral colour are formed. The medium is not 
liquefied. Under a sixty -fold magnification the surface colonies 
are seen to be rounded, reddish -brown and with a smooth edge; 
the contents are finely granular. The deep colonies are irregular 
and opaque. The bacteria are motile rods with rounded ends, 

and measure 0.45 :1 -1.5 µ; they occur singly and in twos. They 
are decolorised by Gram's method of staining. The agar stroke 
is raised, glistening and restricted, the edge slightly puckered. 
At 22° C. the colour is light oak, while at 15° C. it is of a pale 
terra -cotta colour, which eventually becomes pale coral. On 

potato at ,22° C. there is formed a light oak, scanty, glistening 
growth; the medium in the vicinity of the growth is darkened. 
At 15° C. the colour is like the agar culture, pale terra -cotta, and 
when now incubated at 22° changes to a watery, raised, light 
-orange growth; the potato beneath becoming brownish. Bouillon 
becomes slightly turbid; there is no film formed, and a compact, 
pale coral precipitate is produced. The gelatine stab is filiform 
with an irregular, flat, slightly terraced nail -head; the colour is 

either pale coral or light oak, according to the incubation- 
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temperature. Milk is not coagulated, nitrate is not reduced, but 
a trace of indol is formed in bouillon. 

Zimmermann describes the organism as forming a blue -grey 
stroke on agar. 

BACTERIUM SALMONEUM, Dyar. 

The organism grows scantily in artificial media. On gelatine 
plate the colonies are small, hemispherical, moist glistening, and 
of a pale scarlet colour; when magnified the structure is seen to 
be finely granular and the margin smooth. The deep colonies 
are rounded and opaque. The stab in gelatine becomes filiform, 
and bears a small, rounded and raised vermilion nail -head. On 
potato there is practically no growth. Bouillon becomes turbid; 
there is a precipitate and a light reddish -coloured film. No 
indol is formed. On agar the stroke is narrow and restricted, at 
first coral -pink, then becoming light orange, and ultimately 
reddish -orange. The organisms are non -motile thin rods with 
rounded or slightly pointed ends ; they stain irregularly, and 
measure generally 0.4 : 2 µ. Milk is not coagulated, and the 
reaction is unchanged. Nitrates are reduced to nitrites. 

BACTERIUM JANTHINUM, Zopf. 

When grown upon agar the organism forms a deep violet, 
moist glistening, irregularly raised layer with a white margin 
and smooth edge; the consistency is gelatinous. The colonies in 
gelatine appear as very pale violet indefinite areas, the parent 
colony having sent out into the gelatine processes which have 
formed sub- colonies. Both the indefinite parent colony and the 
older sub- colonies are beset with processes similar to those of 
Bact. Zophii. The younger colonies have a moruloid centre, and 
are surrounded by circular or irregular sub -colonies similar in 
appearance to the colonies of Bact. pullulans. The stab in 
gelatine scarcely grows in the deep; the film is violet -coloured 
and spreads over the surface, sending down into the medium 
hair -like processes which appear like a hanging veil. The 
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gelatine begins to liquefy in two weeks, the liquefaction being 
shallow -stratiform. The organism is a motile rod with rounded 
or pointed ends, and measures 0.4 -0.6 :1 -1.5 µ; involution forms 
in the shape of clubbed threads are soon found in the cultures. 
On potato there is formed a deep violet, irregularly spreading, 
flat, glistening layer. Bouillon becomes turbid with a flocculent 
precipitate and a strong violet film. The fluid becomes colourless 
and then violet. The indol reaction was obtained in the fluid 
after the elimination of the suspended bacteria by means of 
calcium chloride and ammonia. A control test without nitrite 
was made at the same time. A strong blue film formed on milk 
which was not coagulated; the reaction was alkaline. 

BACTERIUM JANTHINUM II., n.súbsp. 

The stroke on agar is violet, moist glistening, and slightly 
raised, the margin is beset with processes which are at first white 
but soon become like the centre of the stroke; the consistency, 
when the culture is touched with the needle is found to be thin. 
The colonies in gelatine plate are circular, crateriform, pale 
violet and zonate; when magnified the contents are seen to consist 
of large granules; the edge is diffuse. In gelatine stab the 
liquefaction of the medium is rapid. The liquefied area is funi- 
cular, there is a violet deposit and a thin film of the same colour; 
the liquefied medium is turbid. A slight film is formed on 
bouillon, but there is no film formed on milk, which becomes 
faintly acid in reaction. In other respects the organism is 

identical with that described above. 
The main points of difference between this subspecies and 

Zopf's organism are the rapid liquefaction of the gelatine 
(24 hours), the diffuse growth on agar and the absence of an 
alkaline reaction in milk. 

BACTERIUM'PUTIDUM, Flügge. 

On agar slope there is quickly produced a luxuriant, moist 
glistening, raised, white layer which spreads over the lower 
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portion of the medium. The latter becomes strongly greenish 
fluorescent. The organisms are oval and measure 0.4 : 1 -1.5 µ. 

They are actively motile. The stab in gelatine is filiform with a 
fiat, irregular, moist glistening, yellowish -whité nail -head. The 
upper part of the stab becomes tuberculate. No fluorescence of 
the gelatine was observed. Milk was not coagulated and the 
reaction remained neutral. 

BACTERIUM FLUORESCENS MUTABILE, Wright. 

i. -This is a rod- shaped bacterium with rounded ends measuring 
0.5 : 0.8 -1 µ and is not coloured by Gram's method of staining. 
It is actively motile. The stroke on agar is greenish -white and 
moist glistening; the growth is luxuriant and quickly widens to 
the sides of the glass at the bottom of the stroke. The agar 
becomes strongly fluorescent. The gelatine in stab culture 
becomes liquefied in a funicular manner : the liquefied portion is 
turbid with floating floccules, and there is a yellowish -white 
precipitate and film. There is no fluorescence of the medium. 
Milk is coagulated and has an alkaline reaction. On potato, a 
moist glistening, drab -coloured expansion covers the surface of 
the medium. 

ii. -This organism is a trifle larger than the above and measures 
0.6 :1 -1.5 ¡h. The stroke on agar is drier and whiter than i., that 
is, it is less translucent. It is also less luxuriant in its growth 
and not so strongly fluorescent. Otherwise the characteristics 
are similar. 

The two organisms are closely allied to Bact. pyocyaneum, 
differing mainly in fluorescence. They are best described by 
Wright's designation, and one of them is próbably identical with 
his organism. 

BACILLUS SUBTILIS, Ehrenberg. 

The hay bacillus forms on agar slope a dull flat membranous 
layer with an irregular lacerate and ciliate margin. The mem- 
brane quickly spreads over the greater part of the agar surface. 

29 
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When grown at 22° C. the lower part of the growth may or may 
not become slightly wrinkled or folded. On ,potato there is 

formed a dry, flat, white, mealy, spreading layer which soon 

becomes slightly speckled. The organism is an actively motile 
rod with rounded ends and measures 0.8 : 2 -3µ, it forms oval, 

central spores. The colonies on gelatine and agar are flocose. 

In gelatine stab culture the growth is very rapid; the medium is 

liquefied in a funicular or tubular manner, but soon becomes 

stratiform. The liquefied gelatine, which is at first strongly 
turbid, becomes clearer, while a strong white film, forms on the 
surface; the sediment is white and flocculent. 

BACILLIIS MYCOIDES, Flügge. 

As its name implies, this organism in gelatine and agar culture 
forms colonies that appear mycelioid. The mycelial processes 
grow over the surface and penetrate into the medium. It is a 

rod -shaped bacillus with rounded ends, and occurs singly and in 

threads; the individuals measure 1 : 3 t; oval spores are formed 
in the middle of the rod. According to Flügge it is non -motile, 
and to Zimmermann it is motile. The individuals separated 
from the Sydney water supply are motile. The track of the 
needle in gelatine stab culture becomes filiform, then villous, and 
finally arborescent. The gelatine is liquefied slowly, and becomes 
stratiform with a strong white film. 

BACILLIIS RAMOSUS LIQUEFACIENS, Flügge. 

The colonies on the gelatine plate are mycelioid and white, 
When magnified the deep colonies are seen to be fibrous and 
nodular, the surface colonies to have an irregular dark centre 
from which root -like fibres studded with minute nodules extend. 
The gelatine is softened round the colony. The stab in gelatine 
is filiform, but soon becomes arborescent; there is slowly formed 
a dry, white, irregularly depressed and spreading nail -head from 
which branches are sent downwards into the medium. There is no 

liquefaction apparent after three weeks at 15° C. It is a thin 
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rod with rounded ends and occurs singly and in chains. The 
individuals measure 0.6 : 2 -3 µ and form oval, central spores. It 
is stained by Gram's method, and the single cells which have 
been grown in bouillon at 37° C. are motile. On agar at 22° 

there is formed a thin, white, spreading, syrupy layer. At 37° a 
brownish -white, flat layer rapidly spreads over the agar- surface, 
which soon appears as if it had been dusted with oatmeal. The 
upper portion of the growth is furrowed laterally and downwards. 
The condensed water has a strong crumpled skin. It has little 
similarity to Bac. mycoides. On potato a dry, crumpled, thin 
layer spreads over the surface. The colour is at first white with 
a fawn tinge, later it becomes reddish -brown; the potato becomes 
brownish. Bouillon is rendered turbid ; a precipitate and a 
strong crumpled whitish film are formed. The indol reaction 
was not obtained. Milk becomes alkaline in reaction and is 
coagulated when warmed. Nitrates are slightly reduced to 
nitrites. 

Frankland describes a Bac. ramosos which agrees with this 
organism fairly well except in size; he quotes it as measuring 
1.7:7 u. Flügge describes his bacillus as moderately large. Bac. 
implexus, Zimm., liquefies gelatine much more quickly than this 
organism and it measures F15: 2.5 µ. 

BACILLUS GRACILIS, Zimmermann. 

This is an aerobic bacillus with a terminal spore. The young 
rods are actively motile. In gelatine the colonies appear as dry, 
white specks which do not liquefy the medium. Under a 
sixty -fold magnification the deep colonies appear circular and 
opaque. The amceboid surface colonies appear very granular and 
grained. The gelatine stab is filiform with a small nail -head, 
'which becomes moist glistening and amceboid, while the filiform 
track of the needle becomes tuberculate near the top. The 
stroke on agar is narrow, white, moist glistening and raised; the 
margin is ciliate. It does not appear to grow on potato. The 
bacilli are long rods with rounded ends and measure 0.3- 0.4:3 -8 p. 
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BACILLUS CIRCULANS, Jordan. 

The colonies, in gelatine, are white and sink into the medium, 
forming a cylindrical pit or hole which widens out at the top 
when the colony has grown as far as it can downwards. The 
medium is consumed and not liquefied. With a sixty -fold magni- 
fication the dark granular contents of the colony are seen to be 
in active motion, apparently circulating round the walls of the 
pit. The deep colonies are at first circular, irregular or amceboid, 
but the latter soon become round and rapidly open to the surface. 
In gelatine the stab assumes the form of a hollow inverted cone. 
No gas is produced in glucose -gelatine. The organism is a rod 
with rounded ends and forms a terminal round spore which 
becomes 1 µ in diameter. The vegetative forms measure 0.5:2 -3 µ 

and are actively motile. They retain the colour when treated 
by Gram's method. Both on agar plate and agar slope there is 
formed an amceboid growth which rapidly spreads over the entire 
surface. In milk the casein is slowly peptonised without coagula- 
tion. Bouillon becomes turbid and there is formed a white film 

and a flocculent and filamentous precipitate. No indol is formed 
and nitrate is not reduced. A drab -coloured growth spreads 
over the surface of potato. 

CLADOTHRIX DICHOTOMA, Cohn. 

On gelatine and agar media, the colonies grow as scattered 
white points which become circular, porcelain -white and raised. 
The larger colonies develop a marginal ring within which are 
little central crusts. A deep brown colour is diffused into the 
media. Gelatine is not liquefied. The fungus appears micro- 
scopically as a narrow branching mycelium, 0.4 µ in breadth, and 
broken up into short rods and threads. The colonies on agar 
appear, when magnified, circular and opaque with a ciliate 
margin. 

BACTERIUM ALBUM MESENTERICUM, n.sp. 

Shape, etc. -A slender rod with rounded ends, averaging 
0.3 : 1.5 µ. It is slowly motile and is decolourised by Gram's 
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method of staining. No spores were observed. It grows well 
at 37 °. 

Agar plate. -Circular, white, moist glistening, raised colonies 
are formed. When magnified they are seen to have a smooth 
edge; the internal structure is slightly marbled. The deep 
colonies are irregular and rough. 

Agar strolce.-A luxuriant, white, raised layer with smooth 
iridescent edge grows along the stroke. The edge becomes lacerate. 

Gelatine plate. -White, circular liquefied areas are produced. 
Under a sixty -fold magnification, the subsurface colonies are seen 
to be irregular, dark brown and apparently flocose, the surface 
colonies have a flocose centre and a clear margin. 

Gelatine stab. -At first. the stab is slightly crateriform but 
becomes funicular. The liquefied gelatine becomes turbid and a 
white precipitate forms. No film appears and the turbidity 
persists. 

Glucose - gelatine. -No gas is produced. 
Bouillon. -The medium becomes turbid, a slight film is formed 

as well as a pale white precipitate. Traces of indol are produced. 
tllilk. -The casein is coagulated and the reaction becomes acid. 
Potato. -There is formed at first a pale ochre moist glistening, 

raised growth, which becomes yellowish- brown, irregular and 
greasy. The layer continues to rise from the surface of the 
potato, and when growth stops it is mesenteric, dull, and of a light 
drab colour. The potato is darkened. 

Nitrate -bouillon. -The nitrate is reduced to nitrite. 
The affinities of this organism are with Bact. Fairmontensis, 

Wright, Bac. aquatilis communis, and Bact. No. 46, Conn. From 
the first named it differs in the appearance of the gelatine colonies 
and the growth in gelatine stab culture as well as in the growth 
upon potato. Bac. aquatilis communis is considered by Kruse to 
be a Bact. fluorescens liquefaciens which has lost its power of pro- 
ducing fluorescence. It therefore differs from this organism in the 
reaction of the milk when coagulated. Bac. aquatilis communis 
forms a yellowish -brown or reddish layer on potato and is never 
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mesenteric. The liquefied gelatine in stab culture is at first 
turbid but soon clears, and further it is a medium -sized rod, 
0.6 : 1.2 -2.5 p, and very motile. Bact. No. 46, Conn, measures 
0.4 : 0.8 p, and forms a yellowish or brownish (presumably flat) 
layer on potato; its colour upon agar and gelatine is yellowish - 
white and it coagulates milk, the reaction being alkaline. 

BACTERIUM AEROFACIENS, n.sp. 

Sharpe, etc. -This is an oval bacterium measuring 0.4 : 0.8 -1 p. 

It is motile and is not stained by Gram's method. It grows well 
at 37° C. and at 22° C. No spores were observed. 

Agar plate. -There are formed translucent white, was -like, 
circular, raised colonies, which when magnified are seen to be 
homogeneous, circular and smooth -edged. The deep colonies are 
irregular and rough. 

Agar stroke. -The growth is raised, moist glistening, grey- white, 
and spreads irregularly from the inoculating line. 

Gelatine plate.- -The colonies are at first translucent white and 
slightly irregular, later they become amceboid and iridescent. 
When magnified the surface colonies are seen to be yellowish - 
brown and finely granular with a lacerate -erose margin; the deep 
colonies are brown or opaque and rounded with a smooth edge. 

Gelatine stab. -The line of inoculation becomes filiform, with 
a translucent white nail -head, which spreads out and becomes 
somewhat depressed. Gas bubbles appear in the depth of the 
medium. 

Glucose- gelatine. -Gas is produced in quantity. 
Bouillon. -The medium becomes turbid, a precipitate is formed, 

but no film appears. No indol reaction was obtained. 
Nitrate- bouillon.- Nitrate is strongly reduced to nitrite. 
Milk. -The medium is not coagulated. 
Potato. -A white, moist glistening, flat growth, which covers 

the surface of the medium, is formed, and eventually it becomes 
the same colour as the potato. 

The characters of this organism show that it has its closest 
allies in the hog -cholera (Bact. suipestifer) class of bacteria. The 
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production of gas in ordinary nutrient gelatine marks it as being 
new. Its closest ally appears to be Bact. sinuosum. 

BACTERIUM MINUTUM, n.sp. 

Shape, etc. -A small cocco-bacterium measuring 0.4 : 0.5 -0.7 µ. 

It is actively motile and is not stained by Gram's method. No 
spores were observed. It grows well at 37 °. 

Agar plate. -A translucent white, amoeboid colony quickly 
grows over the surface. The ameeboid processes are narrow and 
radiate from a central point. The. structure is homogeneous and 
the margin smooth. 

Agar stroke. -A white, moist glistening, raised growth becomes 
ameeboid at the base. It may produce gas bubbles in the 
medium. 

Gelatine plate. -The colonies are white and of the B. coli type. 
When magnified the deep colonies are irregular or rounded and 
either dark brown or opaque. The surface colonies are trans- 
parent yellowish, grained or contoured, and with an erose, rounded 
margin. 

Gelatine stab. -The stab becomes filiform and there is formed 
a flat, irregularly spreading nail -head. The surface growth 
becomes glistening, slightly depressed and contoured. Some 
specimens produce gas bubbles in the medium. 

Glucose- gelatine. -There is a considerable development of gas. 
Bouillon. -The medium becomes turbid and there is formed a 

filamentous precipitate but no film. There is no indol produced. 
Nitrate-bouillon. -Nitrate is strongly reduced to nitrite. 
Milk. -The medium is not coagulated in the cold. The reac- 

tion is acid and coagulation occurs on warming. 
Potato. -There is formed an irregular, canary- coloured growths 

sharply raised from the medium, which becomes dark and bluish 
in colour. 

The organism was frequently found in the water. It has its 
allies in the B. coli and suipestifer groups. The potato growth is 
characteristic. 
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BACTERIUM CROCEUM, n.sp. 

Shape, etc. -An actively motile rod with rounded ends, measuring 
0.5 -0.6 : 2 -3 p,; it occurs singly, in pairs, chains and threads. It 
is stained by Gram's method. The organism grows best at 22° C. 

No spores were observed. It grows well at 37 °. 

Agar plate. -The colonies are circular, raised, moist glistening 
and buff-coloured. When magnified they are seen to have a 

smooth, sinuous edge and a folded or grained internal structure. 
The deep colonies are irregular, moruloid and slightly ciliate. 

Agar stroke. -There is formed a deep yellow, moist ,glistening, 
luxuriant, spreading and slightly raised layer. The edge is at 
first lacerate, but becomes smooth and the colour deepens to a 

light orange. 
Gelatine plate. -The colonies are pale buff and rounded within 

a zone of softened gelatine. The surface colonies when magnified 
(60 times) are seen to have a brownish centre and a colourless, 
irregularly lobed margin, within which the colony appears 
crumpled. The deep colonies are zonate, the zones being coloured 
different shades of brown; the marginal zone appears greenish. 

Gelatine stab. -The growth in the deep is very slight. The 
surface growth is deep yellow, depressed and restricted ; the 
medium in the neighbourhood of the film is softened. The upper 
part of the stab becomes, after 14 days, faintly tuberculate. 

Glucose - gelatine. -No gas is produced. 
Bouillon. -The medium becomes turbid with floating floccules 

and there is formed a scanty, white, filamentous precipitate. 
There is no film produced and no indol formed. 

Nitrate-bouillon. -There is no growth in this medium. 
ifilk. -The medium is unaffected. 
Potato. -There is no growth either at 15 °, 22° or 30° C. 

The absence of growth upon potato, the brilliant deep yellow 
colour upon agar and the slOw liquefaction of gelatine media 
separate this organism from all others that have been previously 
described. The nearest ally is perhaps the non -motile Bac. fuscus 
liquefaeiens, Dyar. 
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BACTERIUM PALAEFORMANS, n.sp. 

Shape, etc. -A rod -shaped bacterium with rounded ends, 
measures 0.5 -0.6 :1.5 -2 µ and occurs singly, in chains and threads. 
It is actively motile and is stained by Gram's method. It does 
not form spores. There is little growth at 37 °. 

Agar plate. -The colonies are circular, pale buff, raised and 
moist glistening. When magnified the structure appears finely 
granular and the margin erose. The deep colonies are irregular, 
brownish and rough. 

Agar stroke. -A narrow, primrose -coloured, moist glistening, 
raised stroke spreads out sharply at the base, when the condensed 
water has been reached, until the sides of the tube are touched, 
thus giving the culture the appearance of a spade. The colour 
slowly deepens to buff. The consistency is found to be thin when 
the culture is touched with a needle. 

Gelatine plate. -The colonies are zonate, pale buff in colour, 
and have sunk into the gelatine, which is slightly liquefied. 
When magnified sixty -fold, the deep colonies are seen to be 
circular, brownish and annular; the surface colonies are either 
circular with a corrugated dark border or lacerate -erose with a 
coarsely granular centre. 

Gelatine stab. -There is no growth in the depth of the medium. 
The gelatine is liquefied in a crateriform and afterwards in a 
stratiform manner. The scanty deposit is deep yellow and like 
a crumpled film. 

Glucose - gelatine. -There is no gas produced. 
Milk -The medium is not coagulated. 
Bouillon. -The medium becomes slowly turbid and there is 

formed a thin, pale yellow film and a scanty, filamentous precipi- 
tate. Thé indol reaction was not obtained. 

Nitrate- bouillon.- Nitrate is not reduced. 
Potato. -No growth was obtained either at 22° or 30° C. 
This appears to be a motile form of Bact. dormitator, Wright, 

but perhaps its closest ally is Bact. croceum, from which it differs 
in colour, luxuriance of growth, and character of the gelatine 
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colonies. It can withstand limited amounts of alkali, since it 
was obtained upon agar containing 0.5 % sodium carbonate. 

BACTERIUM SUBFLAVUM TERES, n.subsp. 

Shape, etc. -The organisms measure 0.6 : 1.5 µ. Shorter and 
longer forms occur. The cells are oval and are actively motile. 
They are not stained by Gram's method. No spores were observed. 
It grows well at 37 °. 

Agar plate. -The colonies are circular, raised, moist glistening 
and buff coloured. When magnified, the structure appears 
granular and the edge smooth. The deep colonies are opaque, 
irregular and rough. 

Agar slope. -The growth is moist glistening, buff -coloured, 
raised and viscous; it spreads out at the base and the colour 

becomes deep yellow. 
Gelatine plate. -The cerogenes -like colonies are cream -coloured 

and circular, moist glistening and slightly raised. When magni- 

fied, the deep colonies are seen to be circular and zonate; the 

surface colonies are circular, finely granular and brownish -yellow 

in colour. 
Gelatine stab. -A scanty filiform growth is crowned by a raised 

nail -head, which spreads regularly. The convex growth is light 
buff and moist glistening. 

Glucose- gelatine. -No gas is developed. 
Bouillon. --The medium becomes slightly turbid, and there is 

formed a filamentous precipitate and slight film. A slight inch)! 

reaction was obtained. 
Nitrate- bouillon.- Nitrate is not reduced. 
Milk. -The reaction becomes alkaline and there is no coagu- 

lation even upon warming. 
Potato. -A canary- coloured, moist glistening, spreading, flat 

layer is formed. 
The organism grows moderately quickly, and in this respect 

differs from its near allies Bac. aureus, Adametz, and Bac. auraw 
tiacus, Frankland. The cerogenes type of the gelatine colonies 
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separates it from the coli type of Bac. aureus and Bac. subfavus, 
Zimmermann. Its nearest ally appears to be Zimmermann's 
organism, of which it is probably a variety. 

BACTERIUM ARBORESCENS AMETHYSTINUM, n.subsp. 

Shape, etc. -It is a very thin rod with rounded ends, and 
measures 0.2 -0.3 : 1.5 -2.3 µ. It is not motile and is not stained 
by Gram's method. Threads are formed in bouillon. No spores 
were observed. It grows best at 22° and 30 °; there is little 
growth at 370. 

Agar plate. -The colonies are thin and diffused, of a blue-white 
colour and translucent. When magnified sixty -fold, the centre 
is seen to be granular and the margin indefinite with watery 
transparent processes extending outwards. The deep colonies are 
rounded or oval, and slightly moruloid. 

Agar slope. -A translucent, moist glistening, white growth, 
with a decided violet tinge. The margin is indefinite and sends 
off watery irregular processes which have a greenish colour. The 
growth is luxuriant and soon spreads to the sides of the tube. 
The condensed water becomes pinkish -cream coloured. 

Gelatine plate. -The colonies appear like delicate moulds. 
When magnified the structure is seen to be mycelioid or root -like. 
There are prominent thick main trunks, and between these 
delicate radial threads fill up the spaces and give the colonies a 
circular shape. 

Gelatine stab. -The growth is fusiform and a cloudiness radiates 
from the top of the canal into the medium; when magnified 10 
times, delicate hairs are suggested. The cloudiness hangs down- 
wards as a veil from the margin of the buff-coloured sunken 
nail -head. Liquefaction slowly takes place at first in a strati - 
form, then a funicular manner. There is formed an orange - 
coloured film and a precipitate which changes from white to 
orange. 

Glucose- gelatine. -There is no gas produced. 
Bouillon. -The medium becomes uniformly turbid and there is 

formed a whitish precipitate. The indol reaction is decided. 
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Potato. -There is formed a moist glistening, old -gold expansion. 
Milk. -The casein is not coagulated and the reaction is 

unaltered. 
The organism appears to be a subspecies of Bac. arborescens, 

Frankland, from which it differs in the appearance and colour on 

agar stroke. Compared with the organism which I have described 
under that name, the colonies on gelatine are white and the 
processes forming the mycelioid structure are more delicate and 
straight. 

BACILLUS STELLATUS, n.sp. 

Shape, etc. -A stout rod of variable length and breadth, 
measures generally 0.8 -1.0 : 2 -3, tz; the ends are rounded. It is 

non -motile and is stained by Gram's method. It forms oval 

central spores quickly upon potato but slowly upon agar. 
Agar plate. -The colonies are dull white, circular, raised and 

contoured. When magnified the structure appears folded and 

filamentous, the margin lobed and the edge smooth. The deep 

colonies are irregular, opaque and warty. 
stroke. -The growth is dry, glistening, luxuriant, greyish - 

white and longitudinally ribbed or terraced, the edge is straight 
and rough. 

Gelatine plate. -The colonies at first are white and stellate, that 
is, straight processes radiate from a central point. When mag- 

nified, the surface and deep colonies are seen to have an irregular 
centre from which thin and thick straight processes radiate. The 

gelatine soon begins to liquefy and the processes become coarser 
and flocose. When the liquefaction has become circular, the 

contents are seen to be flocose and tufted, while from the margin 
radiating flocose strands penetrate into the softening gelatine. 

Gelatine stab. -The filiform growth gives place to a funicular 
liquefaction which is very turbid. There is a precipitate of 

white floccules, but no film. 
Glucose- gelatine. -No gas is produced. 
Bouillon. -The mediuín becomes turbid; there is no film, the 

precipitate is white, flocose and filamentous. A slight indol 

reaction was obtained. 
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Nitrate -bouillon. -Nitrates are not reduced. 
Milk -The casein and the reaction are unaltered. 
Potato. -The growth is white, dry, greasy, irregularly spreading 

and slightly pitted. The colour changes to a light stone or light 
drab. 

This appears to be an ally of Bac. verticillatus, Ray., from 
which it appears to differ in the mycelioid or stellate appearance 
of young colonies in gelatine, the rapidity with which it forms 
spores on potato (2 days), the absence of a film on bouillon, and 
of a pellicle on the gelatine colonies, as well as in not changing 
the reaction of milk and in not affecting the colour of the medium 
in agar culture. 

Two yeasts were separated, one of them pink with round to 
oval cells, the other a non -sporulating torula which forms in 
glucose- yeast -water a clear medium, with a white sediment and 
strong, thick pitted film. It may be Torula ii., Hansen. With 
the exception of Bact. cerofaciens and Bact. gasoformans, no 
gas was produced in lactose -gelatine by the organisms which have 
been described. Since these would have produced gas in gelatine 
in the absence of lactose, it may be said that none of these 
organisms produce gas from lactose. 

Many of the bacteria in the Sydney water have points wherein 
they differ from what are probably the same organisms found in 
other parts of the world. Whether these differences are sufficient 
to warrant the formation of a new species is a matter of opinion. 
I consider the characters in which they differ to be practically 
fixed, since the cultures were made from about the fourth crop, 
and when the organism was diagnosed any difference from the 
described type was verified by a culture taken from what would 
be the sixth crop. For all practical purposes the types may be 
taken as fixed, since any work with Sydney water, sewage, etc., 
would be made upon cultures which had been grown in a similar 
manner and for no longer a time. The bacteriologist generally 
does not keep an unknown organism growing for several months 
before making a diagnosis. The characters may alter slowly after 
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a year's artificial culture, but that is only to be expected. Any 
rapid change- in cultural character would have occurred before 
the fourth crop. This was noted in a previous paper to be the 
case with Bac. piscicidus bipolaris, the colonies of which in 
gelatine differed greatly in the second and fourth crops. From 
the fourth onwards, the type was fixed. Whether the differences 
between the types of other authors and these organisms are 
sufficient to warrant the formation df a new species, a new sub- 

species, or merely to note the difference, is a matter of opinion, 
and I leave it to other bacteriologists to accept my ruling or 

otherwise as they think fit. I believe the formation of sub- 

species is to be recommended, but for this the differences must 
not be vital, nor yet must they be insignificant so far as the 

diagnostic characters are concerned. In this a hard and fast 
line cannot be drawn, since a character which helps the diagnosis 
of one class of organism may be useless for another class. As an 

example,, the liquefaction of gelatine may be cited. This action 
is of immense help to the bacteriologist and is used to distinguish 
classes of bacteria, yet it is too well known that the power may 

be gained or lost under laboratory conditions, and if this is the 

case a similar change may be expected to occur under natural 
conditions. 

The organisms which have been described were isolated upon 

Abba's gelatine or dextrin -meat -agar. There are other media, 

however, less commonly émployed in bacteriology and used for 

the purpose of suppressing such as have been obtained and per. 

mitting the growth of others. In a future paper I hope to 

describe the less commonly occurring bacteria isolated by the 

employment of selective methods. 
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Many pathogenic bacteria have been separated from water or 
from mud lying beneath well and river waters by inoculating the 
water, either before or after concentration, or the mud, directly 
into the tissues of animals in which the non -pathogenic organisms 
disappear whilst the pathogenic bacteria multiply and produce 
their characteristic lesions. Several pathogenic bacteria have 
been discovered in this way, as for example, Bac. cuniculicida 
and Bac. hydrophilus fuscus. This method, however, is only 
applicable in the separation of organisms pathogenic to animals, 
and is of' no use for organisms such as Bact. typhi and Vibrio 

cholerce, which are parasitic in man only. The former organism 
is perhaps the most to be feared in the water of this country. 
The latter is fortunately still a stranger. Before going further, it 
may be said that the separation of Bact. typhi is extremely diffi- 

cult, so much so, that except in cases where there is gross 
pollution with typhoid dejecta the organism cannot be separated. 
The difficulty is due perhaps to our methods, or perhaps to the 

fact that by the time the water is suspected the contami- 
nation has passed away after having produced the harm, and 

consequently the bacteriologist cannot find the causative organism 
in the water. 

The methods that have been suggested for isolating the 

organism depend upon the inability of the commonly occurring 
water bacteria to grow upon certain media in which the typhoid 
and intestinal bacteria grow pretty freely. To this latter group 

of bacteria belong Bact. coli commune and its allies, which, un- 

fortunately, are more resistant to chemical agents than Bact. 
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typhi itself. On this account the most that can be done is to 

eliminate as far as possible the harmless bacteria and investigate 
the others. Many processes have been recommended for this 
purpose, and of these some have been shown to be worthless, 

whilst others are apparently of some value. The methods depend 
upon the inability of the water bacteria to grow upon special 
media or ordinary media with the addition of (1) phenol, (2) 

acids, (3) alkalies, or. (4) salts. 

The addition of phenol or carbolic acid to ordinary media or to 
special media has been most frequently advised, and in enum- 
erating the various methods a beginning may be made with it 
Dunbar has shown that the growth of the typhoid bacterium is 
interfered 'with by the presence of 0.116% of phenol in water or 
nutrient media, while 0.144 checks the growth entirely. , In 
publishing these facts he showed the uselessness of some methods 
in which percentages of phenol greater than 0.116 were employed 
for the separation of Bact. typhi. A method devised by Vincent 
is not open to Dunbar's objection. 

Vincent's method. -Five drops of a 5% solution of phenol are 
added to tubes containing 10 c.c. of nutrient bouillon, and into 
these small increasing quantities of the water under examination 
are introduced. The tubes are incubated at 42° C., and any 
that show a growth are used for the preparation of plates of solid 
media. The colonies that grow in the plates are examined and 
tilt: bacteria determined by the appearances and reactions of sub- 
cultures. Bandi* also advises the employment of phenol, but at 
a comparatively high temperature. 

Bandi's method. -200 c.c. of bouillon are added to 2 litres of 
water and the mixture is incubated for 5 hours at 45° C. Twelve 
drops of the mixture are then added to 10 c.c. of peptone -free 
bouillon, together with 5 drops of 5% phenol. From the culture 
twelve successive transfers are made into the carbolised medium, 
the cultures being maintained at 45° C. The twelfth subculture 

* Bandi, Centralblatt für Bakt. 1 Abt. xxiv., 585, Ref. 
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is inoculated into peptone -free bouillon without phenol, and after 
growing at 45° is used to inoculate ordinary gelatine in which 

the typhi colonies grow slowly. A method very similar, but at a 

lower temperature, is employed by Jordan* for the separation of 

Bact. coli and the elimination of other glucose fermenting bacteria, 
e.g., Bast. cloacce. 

Jordan's method. -A quantity of the suspected water is incu- 

bated with acid meat extract and with phenol in the proportion 
of 1 to 1000 of fluid. The incubation is continued for 12 to 18 

hours at 38° to 40° C., when the culture is used to infect plates of 

litmus- lactose -agar. The colonies that redden the medium are 

picked out and the bacteria proved by their faculty for coagu- 

lating milk, producing indol in bouillon, fermenting glucose and 
not peptonising gelatine. The employment of litmus- lactose- 

agar considerably lightens the work of separation. The use of 

phenol by itself has not found so much favour among bacteriolo- 
gists as a mixture of phenol and hydrochloric acid ,which was in- 

troduced by Parietti. 
Parietti's method. -A solution is prepared containing 5 grm. 

phenol, 4 grm. hydrochloric acid, and 100 grm. distilled water. 

Tubes containing 10 c.c. nutrient bouillon are treated with 3, 6, 

and 9 drops of the prepared solution and are then .incubated for 

24 hours at 37° C. to make sure that no organisms have gained 

access during the addition. Into the sterile tubes which are 

placed in sets of three, a varying number of drops of the water 

are added, and after shaking, they are placed in the incubator at 

37° C. for 24 hours. Some of the tubes become turbid, and those 

that contain the greatest number of drops of solution and gener- 

ally the smallest quantity of water are taken and subcultures 
made in order to diagnose the vegetating microbes. Franklandt 
has pointed ont that the incubation period should be prolonged 
for from 48 to 72 hours. Hankin uses Parietti's solution, but 

' Jordan, Centralblatt für Bakt. 1 Abt. xxvii., 679, Ref. 
t Frankland, Micro -organisme in Water. 

T. Hankin, Centralblatt für Bakt. 1 Abt. xvii., 544. 
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he has modified the method to ensure the growth of Bact. typhi. 

Instead of taking for further examination the turbid bouillon 
'containing the greatest number of drops of phenol solution, he 
takes the tube next lower in order; on the other hand, to obtain 
Bact. coli com7niune he uses the tube containing most disinfectant. 
The details of the method ace here given briefly. 

Hankin's modification. -To five tubes each containing 10 c.c. 

-of ordinary nutrient bouillon are added 0, 1, 2, 3 and 4 drops of 
Parietti's solution and a few drops of the suspicious water. A 
water which contains comparatively few bacteria is filtered 
through a procelain candle and the microbes upon the porcelain 
surface brushed into a few c.c: of sterile water, which is used for 
infecting the bouillon. The tubes are incubated for 24 hours at 
37'; at the end of this time an observation is made and one of 
the series is taken for further cultivation. The turbid tube con- 
taining the greatest number of drops of disinfectant is discarded, 
excepting when Bact. coli commune is sought for. Generally the 
turbid tube next in order is taken unless it has a thick scum 
upon the surface, or it has a growth visible only in the deeper 
layers of the liquid, or when bubbles of gas are apparent in the 
medium. In the latter cases the choice should fall upon a tube 
which is uniformly turbid. The tube that is taken is used to 
start a fresh series of bouillon cultures, the lowest member of 
which has the same number of drops of Parietti's solution as the 
tube taken. The process of selection is repeated upon these 
tubes after a 24 hours' incubation. A third series may be pre 
pared, but usually one of the second series is used for making a 
smear culture on a fairly dry agar slope. Any suspicious colonies 
that grow on the sloped surface are inoculated into litmus -agar 
tubes and further examined. 

Hilbert*e criticised Hankin's method unfavourably, so far as it 
relates to the separation of Bact. typhi. He found that drops of 
a typhi suspension prepared by diluting a 24 hours' bouillon 

*.Hilbert, Centralblatt fuir Bakt. 1 Abt. xxvii., 526. 
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culture 100,000,000 times, produced cultures of the organism in 
tubes containing 3 drops of Parietti's solution. In the presence 
of Bact. coli commune, however, Bact. typhi could not be 

found even in suspensions diluted only 100 times. It is apparent, 
that in diluted Parietti's fluid, coli prevents the growth of typhi. 

Wittlin* in testing the effect of 3.to 7 drops of Parietti's solu- 
tion in 10 c.c. of fluid found that the ordinary water bacteria, 
whose presence in water is unimportant, either do not develop or 

grow very feebly. The latter fact was made evident by the 
motile bacteria becoming non -motile. On the other hand, the 
pathogenic bacteria, as well as those which normally inhabit the 
animal intestine, are quite unaffected by the acid phenol solution. 
The coli group are indifferent to 7 drops of solution per 10 c.c. 

Similarly the bacteria of the excrement, e.y., Staphylococcus 
aureus, Streptococcus erysipelatis, Bact. pyocyaneum and Bact. 

ochraceum, are unrestricted in their development. After standing 
in the acid medium, motile bacteria gradually lose their motility,, 
the saprophytes becoming motionless much sooner than the 
pathogenic organisms with the exception of Bact. pyocyaneum. 
Wittlin grew many bacteria in pure culture in carbolised bouillon 
and noted the growth on the first or second day. Development 
always occurred with those bacteria which are not influenced by 

the reagent, however small the number of cells originally taken. 
This was especially the case with Staphylococcus albus and 
aureus, Streptococcus, Proteus immobilis, Bact. pyocyaneum, typhi, 

coli comm., and its varieties as well as the . thrush fungus. 
Parietti's solution, however, is useless for isolating Bact. typhi, 

because in its presence many other bacteria grow more luxuri- 
antly, that is to to say, typhi is more susceptible to the disinfect- 
ing action of the solution than many other bacteria as, for 

example, the various species of coli. Wittlin arrived at the 

conclusion that Parietti's solution, though useless for separating 
Bact. typhi from water, was yet of great service for separating . 
other pathogenic bacteria. 

* Wittlin, Çentralblatt für Bakt. 1. Abt. ma., 710. 
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Potassium iodide appears to be most serviceable in aiding the 
growth of Bact. typhi, or what is . practically the same thing, 
checking concomitant bacteria-to such an extent as to render the 
isolation of colonies of typhi an easier matter than would obtain 
in media devoid of this salt. It is used in conjunction with a 
potato medium which was introduced into bacteriology by Holz. 
The preparation of the potato medium, however, as recommended 
by Elsner, tó whom we are indebted for the employment of 
potassium iodide, differs slightly from that recommended by Holz. 

Elsner's method.- Potatoes are washed, pared, and finally 
grated; a litre of water is added for every 500 grams of the 
pared potatoes and the suspension is pressed through a cloth. 
The strained fluid is allowed to stand overnight and then it is 
filtered. The filtrate is boiled and again filtered. Ordinary 
gelatine is dissolved in the extract, when it will be found that 
every 10 c.c. of the potato -gelatine requires from 2.5 to 3 c.c. of 
tenth normal alkali to neutralise (using phenolphthalein as the 
indicator); 10 c.c. portions of the gelatine are put into tubes 
and sterilised. When required, 1 c.c. of sterile, 10% potassium 
iodide is added to the molten gelatine and plates are made after 
infection. On the plates, Bact. coli commune grows to the 
exclusion of other bacteria, as large colonies in 24 hours, while 
Bact. typhi produces small, clear colonies like drops of water in 48 
hours. The latter are finely granular, while the former are 
brownish and coarsely granular. 

Elsner used potassium iodide as a result of experiments con- 
ducted with various chemicals, salts, resins, alkaloids and amido- 
bodies. Of those which he tried -in number they came to many 
hundreds -potassium iodide together with an acid medium was 
found to be the best for differentiating between the typhoid and 
colon varieties of bacteria and for excluding others. This method 
is used chiefly for detecting typhi in faeces, but Remlinger and 
Schneidert have used it in testing waters and soils. Kübler and 

Elsner, Centralblatt für Bakt. 1 Abt. avii., 591, Ref. 
t Remlinger und Schneider, Centralblatt für Bakt. 1 Abt. xis., 244, Ref. 

48 
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Neufeld* were able by this method to separate Bact. typhi from a 

polluted water. Bact. coli was not present, from which they 
concluded that the pollution had been caused by the access of 

the urine of typhoid patients. 
Other writers have experimented with the selective action of 

salts, acids, and alkalies in separating typhi and coli from water. 
Uffelmannt found that the former could withstand, considerable 
quantities of citric acid, acetic acid or alum. He advised the 
addition of 10% citric acid and 0.25% methylviolet to ordinary 
nutrient gelatine. Dunbar, however, objected to his method, 
as it did not distinguish between coli and typhi. RRiedal$ pro- 

posed the use of iodine trichloride. Köhler§ showed the action 
of various organic and inorganic acids, alum, phenol, the alkaline 
hydrates and stains upon the growth of typhi. Fermi!' has 

recorded the resistance of various bacteria to increasing doses of 

certain chemicals. The bacteria are chiefly pathogenic,' and 

although the table can be used for separating the bacteria of 

certain groups, yet there is no indication of the usefulness in 

isolating noxious from innocuous water bacteria that might have 

been expected from a paper which entailed a vast amount of 

work. There are some points, however, that may be noted, The 

micrococci (including the pyogenic varieties) may be separated 
from other bacteria by growth upon agar containing up to 10 

drops' of potassium hydrate in every 5 c.c. of medium. Bact 
typhi has little power of resistance towards most chemicals. The 

varieties of Bact. coli commune and the fluorescent bacteria can 

withstand up to 10 drops of 5% (presumably by weight), of 

hydrochloric acid per 5 c.c. agar. Bact. coli commune begins to 

be affected when 10 -16 drops of 5% potassium iodide are added to 

5 c.c. agar, while Bact. typhi is affected when 5 -6 drops are 

$übler und Neufeld, Zeit. für Hygiene, xxxi., 133. 
t Uffelmann, Centralblatt für Bakt. 1 Abt. xi., 218, Ref. 

$ Riedal, see Holz, Centralblatt für Bakt. 1 Abt. ix., 293, Ref. 
§ Köhler, Centralblatt fair Bakt. 1 Abt. xiv., 89, Ref. 

Il Fermi, Centralblatt für Bakt. 1 Abt. xxiii., 208, 266. 
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added. Billings and Peckham* found that Bact. typhi and coli 

commune were more resistant to the antiseptic action of light 
than water bacteria. 

MVlarpmannt has described à method which he employs for 
separating three noxious classes of bacteria from water. To the 
water is added an equal quantity of neutral bouillon, and the 
mixture is incubated at 30° C. for 24 hours in order to increase 
the numbers of the bacteria. At the end of this incubation 
period, a portion of the mixed culture is inoculated into nutrient 
gelatine containing 0.2% citric acid and maintained at 20 ° -22' C. 

The colonies that grow are examined for Bact. typhi. Another 
portion is inoculated into gelatine containing 2% sodium carbo- 
nate and kept. at 10 ° -18° C. The colonies are examined for 
cholera vibrions as well as the cloaca bacteria, which include the 
putrefactive microbes commonly found in the animal intestine, 
the representative organism being Bact. coli commune. Another 
portion is inoculated into nutrient agar containing 2% sodium 
carbonate, kept at 30 ° -37° and examined for cadaver bacteria. 
The last two groups are really subdivisions of one which includes 
all intestinal (sewage, excrement, etc.) bacteria. They induce a 
foul or putrefactive fermentation of albuminoids and carbo- 
hydrates. 

Theobald Smiths separates Bact. 'coli commune by adding 
quantities of the water varying from 0.1 to 1 c.c. to 10 fermen- 
tation tubes containing 1% glucose bouillon. In the presence of 
coli 40 to 60% of the volume of the tube contains gas in from -3 
to 4 days. The reaction of the medium becomes strongly acid 
(5 c.c. tenth normal alkali are required to neutralise 10 c.c.). 
Plates are prepared from the most probable tubes before the end 
of a week. It is to be noted that a production of gas and acid, 
very similar to Bact. coli commune, is produced by varieties of 
Proteus, Bact. cloacce and the Bact. lactis aerogenes group of 
bacteria. 

* Billings and Peckham, Centralblatt für Bakt. 1 Abt. xix., 244, Ref. 
idarpmann, Centralblatt für Bakt. 1 Abt. xvii., 362. 

$ Theobald Smith, Centralblatt für Bakt. 1 Abt. xviii., 494, Ref. 
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Pakes* adds the suspected water to Kitasato's sodium formate- 
glucose-bouillon. This is prepared by adding 2% glucose and 
0.4% sodium formate to ordinary bouillon, and after neutralising 
adding 2 c.c. normal sodium hydrate (presumably to every 
100 c.c. medium). The medium is boiled, filtered, placed in test 
tubes and sterilised. After adding a certain quantity of water 
or a bacterial suspension representing a quantity of the water, 
the bouillon tubes are placed in Buchner's tubes and incubated 
under anaerobic conditions at 42° C. until the medium becomes. 

turbid. If no growth is apparent after 72 hours the tubes are 
thrown away. Those which show a growth are used for making 
further cultures on ordinary gelatine and agar. By this method 
Bact. coli comet. is generally found in nearly pure culture. 
With regard to the value of the separation he considers that 
when coli is found in quantities of water up to 20 c.c. the water 
should be condemned ; in from 20 -50 c.c. the water is suspicious; 
between 50 and 100 c.c. it is slightly suspicious; and in quantities 
greater than 100 c.c. it is probably safe. When none can be 

discovered in two litres the water is absolutely safe. The 
presence of coli in water from a deep well is enough to condemn. 

Although most of the methods suggested for the selective 
examination of water have for their object the separation of 

Bact. typhi, yet it is practically agreed that they fail in their 
object unless these organisms are present in overwhelming 
quantities. Most of the methods, however, are, to a certain 
extent, successful in aiding the separation of Bact. coli commune, 
which, when found in certain quantities of water, indicate pollu- 

tion, and therefore the possible presence of Bact. typhi, especially 
when cases of typhoid fever appear among those who have used 

the water. If typhoid bacteria are suspected to be in a water, 

and Bact. coli commune is found in a certain volume, it is probable 
that Bact. typhi is or has been present. As an instance, Clark 

and McGaget could not find Bact. typhi in the Merrimack River 

Pakes, Brit. Med. Journal, 1900, 188. 
Clark and McGage, Centralblatt für Bakt. 1 Abt. xxvii., 678, Ref. 
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water, but they showed that during the times that the Lawrence 
city filtets were undergoing repair, the mortality from typhoid 
fever rose, and this occurred simultaneouslf with a rise in the 
numbers of Bact. coli commune in the water. When this 
organism could no longer be found in 1 c.c. of the water the 
epidemic ceased. 

Of the microbes found in various waters some are pathogenic, 
others are not. In the Thames River water, Marshall Ward* 
separated a number of organisms which were more or less patho- 
genic to guinea -pigs. The most strongly pathogenic forms were 
those that resembled B. coli commune so closely as to suggest to 
that author that they had been derived at some time from that 
organism and had been modified in their cultural characters, etc., 
by environment, i.e., by their having been immersed in water for 
a more or less prolonged time. More recently, Weissenfeldt has 
shown that varieties of coli can be obtained from many waters 
that are undoubtedly pure, and that these varieties are more or 
less pathogenic when inoculated into the tissues of guinea -pigs. 
From this it would appear that the reaction of a bacterium when 
innoculated into animals is no criterion as to the purity of the 
water containing the organism, that is to say, that the patho- 
genicity of the coli -like and other forms tells us nothing about 
the value of the water for dietetic purposes. 

The usual method employed for getting the micro-organisms 
which are suspended in á large quantity of water into a smaller 
and workable volume consists in filtering 2, 3 or 5 litres through 
a porcelain filter, and in brushing the organisms from the surface 
of the filter into a small quantity, say 10 c.c. of sterile water. 
Aliquot portions of the 10 c.c. represent parts of the original 
quantity taken. An alternative method has been recommended 
by Zikes $ The bacteria are entangled in a precipitate of 
aluminium hydrate, formed by the addition of sterilised solutions 

* Marshall Ward, Proc. Royal Society, No. 376, p. 417 (1897). 
h Weissenfeld, Zeitschrift für Hygiene, xxxv., 78. 
Zikes, Jour. Soc. Chem. Industry, sis., 364, Abs. 
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of alum and sodium carbonate to the water. The suspension is 

centrifuged and the precipitate dissolved in a small quantity of 

1.5/ potassium hydrate; this does not affect the vitality of the 
bacteria which are then cultivated. From 96 to 100% of the 
micro -organisms present in the water can be obtained by this 
method. 

The Sydney city water was tested by the various methods, and 
the organisms that were brought into prominence by the in- 
dividual schemes were studied in detail. Taken as a whole, the 
bacterial flora that survives treatment with disinfectants is 

limited. In the tests the water, as a rule, was passed through a 

porcelain filter, and the bacteria brushed from the surface of the 
candle with a sterile stiff brush into 10 c.c. of sterile water. 
Various quantities of the suspension were used. 

The three methods of Vincent, Bandi, and Jordan are very 
similar, and as the two latter are the more recent and improvements 
upon the former, they alone were tried. By Bandi's method 
the first tube of carbolised meat extract only became turbid, 
succeeding tubes failed to show a growth. There was, only one 

kind of organism in the turbid tube. The temperature of 45° C. 

appears to be too high for the growth of species of Bact. coli, 

especially under such unfavourable circu'msta,nces as obtain in 

carbolised media. As we shall see later, Bact. culi would be 

present in the quantity of water employed, viz., 2000 c.c. In 
using . Jordan's method the plates containing the equivalent of 

20 c.c. of water and upwards became turbid, and plates infected 
with the growth from 20 c.c. and 200 c.c. grew similar colonies. 
From these two suspicious kinds of colony were picked out. 
They were suspicious because they appeared to produce acid in 

the litmus- lactose medium. In the one case this appearance was 

caused by the red colour produced by the organism itself, which 

proved to be Bact. miniaceum. The other was a micrococcus 
which appears to be Mic. pyogenes y albus. By raising the 
incubation temperature to 42° C. no growth was obtained in the 

tubes even with the equivalent of 800 c.c. of water. A repetition 
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at a later date with the equivalent of 2000 c.c. of water was like- 
wise found to be sterile. This fact is rather curious, because a 
culture of Bact. coli commune isolated from faeces grew to a 
considerable extent in the medium at 42 °. It probably indicates 
that the varieties of Bact. coli that are present in the water (and 
a variety was found in 800 c.c. on the same date as the repetition) 
are considerably weakened, so much so as to be unable to grow 
in Jordan's medium at 42° C. 

With a water temperature of 13° C. (end of August) no 
growth was obtained in tubes containing 7 drops of Parietti's 
solution to every 10 c.c. of a mixture of bouillon and bacterial 
suspension, even when the equivalent of a litre of water was 
employed. Growth was obtained later in the year (middle of 
October) when the temperature of the water had risen to 17° C. 

To tubes containing 10 c.c. of bouillon were added 1.5 c.c. 
portions of bacterial suspension (representing 300 c.c. of water) 
and. from 1 to 6 drops of Parietti's solution. The tubes were 
incubated at 37° C: A turbidity and surface film appeared in 
each, and as time went on the film became black. Plates which 
were infected with the 4 and the 6 drop growth produced colonies 
which appeared like drops of gum. This organism was proved to 
be Bac. mesentericus niger, Lunt, a recently discovered potato 
bacillus. Using the same quantities of bouillon and bacterial 
suspension growth occurred in the presence of 9 drops of Parietti's 
solution, but 9 drops appeared to be the limit for the quantity of 
suspension employed, as the tube with 10 drops remained clear. 
With regard to the ratio between Parietti's solution and the 
infected medium, the dropping pipette delivered 36 drops to the 
c.c. (grm.) and the bouillon mixture measured 11.5 c.c The 
plates that were prepared with the cultures in the 7 and 9 drop 
tubes produced what appeared in each case to be a pure culture 
of Bacterium I. This organism appears to be Bac. aquatilis 
communis. In a test made at a later date, when the temperature 
of the water had risen to 22° C., colonies of Bact. coli commune 
were found in plates which had been prepared from a 24 and a 
48 hours' culture in 8 drops of Parietti's solution per 10 c.c. of 
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bouillon and suspension. The organism was found in 800 c.c. and 
upwards of water. Owing to there being so few organisms in 

the water that can withstand the action of Parietti's solution, 
transfers from the primary tubes, as advised by Hankin, were 
found to be unnecessary. Bact. coli commune grew quite freely. 

In Elsner's potato gelatine, colonies were obtained on the 
plates infected with the equivalents of 20 c.c. of water and 
upwards, and on the potato medium the colonies appeared to 

consist of two kinds. They were found to contain the same 
organism, the difference in appearance having been induced by 

surface and sub -surface growth. The separated organism, 
Bacterium II., which appears to be an ally of Bac. pinnatus, 
grows sparing at 37° C., and, probably, would not have been 
separated by any method that necessitated the employment of 

this temperature. 
Marpmann's citric acid gelatine entirely excluded the bacteria 

and in their place there was obtained a luxuriant culture of 

moulds, among which were Mucor racemosus and Penicillivm 
glaucum. There were also many pink colonies of the common 
pink yeast. The action of 2% sodium carbonate in an agar 
medium at 37° C. was not tried because agar with 0.75% sodium 
carbonate proved to be too alkaline a medium for the organisms 
of the water. The latter amount of carbonate was, I believe, 
recommended by Burri some years ago, and was employed in 

Stutzer's laboratory to indicate roughly the pollution of a water. 
Alkalised gelatine remained sterile, a circumstance that was to 

be expected from the behaviour of the alkaline agar. 
In the application of Theobald Smith's method gas developed 

with a minimum quantity of 100 c.c. of water. The evolution was 

slow ; but when the fermenting fluid was inoculated into fresh 
glucose bouillon, gas was given off vigorously. From the tube 
with the minimum water infection, several organisms which 

reddened litmus- lactose -agar were separated. Some of these lost 

their red colour, the bacteria producing first acid and then alkali. 
Bact. miniaceum was separated owing to the reddish colour of the 

colonies. Bact. sinuosum reddened litmus and produced gas 
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from lactose in an agar medium. Hie. pyogenes 7 albus and 
Bacterium III., both of which reddened litmus, were also separ- 
ated. 

In preparing the medium for Pake's method sodium formate is 

employed. This salt could not be obtained in Sydney, so it was 
prepared by distilling glycerine with oxalic acid, neutralising 
with sodium hydrate and recrystallising. Fermentation took 
place in all the tubes which contained the equivalent of amounts 
of water varying from 80 to 1600 c.c. Plates prepared from all 
the tubes showed the constant presence of a gelatine -liquefying 
bacterium, Bact. cloacae, while a second non -liquefying organism, 
which proved to be Bact. coli commune, occurred only in the 
largest quantity. 

In reviewing the various methods for the separation of Bact. 
coli commune, the most serviceable appear to be Pake's and 
Parietti's. The easier method is undoubtedly the latter, and a 
ratio of 8 drops (equivalent to 0.22 c.c.) to 10 c.c. of bouillon and 
suspension appears to be the best for the purpose. Bact. coli com- 
mune was found in the Sydney water when quantities of 800 c.c. 
and upwards were employed, and when the water had a tem- 
perature of 22° C. It is to be noted, however, that the 
organisms have a low vitality, since they cannot withstand over 
9 drops of Parietti's solution per 10 c.c., and also they succumb 
to carbolised meat -extract at 42 °. I have separated Bact. coli 
commune from faeces with 12 drops per 10 c.c., and . the 
separated organisms grew in carbolised meat -extract at 42 °. The 
low vitality of the water coli is undoubtedly due to a prolonged 
existence in the water. 

The cultural characters of the organisms which were isolated 
and which have not already been described in the first paper 
are described in the following paragraphs. 

MICROCOCCUS PYOGENES y ALBUS, Rosenbach. 

A non -motile coccus occurs in groups; the individuals measure 
0.6 -0.7p and are not decolorised when treated by the Gram method. 
On the gelatine plate the colonies grow as white points, which, 
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when magnified, appear circular and opaque. In seven days the 
colonies, which remain punctiform, are surrounded by a zone of 

softened gelatine, and microscopically they are seen to have a 

rough outline and a margin like a yeast colony. The gelatine - 
stab becomes filiform and faintly tuberculate. On agar the 
stroke is porcelain -white and remains narrow ; the margin is 

lobular, and the growth spreads irregularly at the base. There 
is a good growth upon potato, but it is indistinguishable from the 
medium. Bouillon becomes turbid and forms a coherent sediment, 
but no film. Milk is coagulated and the reaction becomes acid. 
The culture on litmus- lactose -agar reddens the litmus, but does 

not produce gas in the medium. Nitrate is reduced to nitrite, 
indol is formed in bouillon, and gas is not produced from glucose. 

The organism was separated by Jordan's method on account of . 

its reddening litmus. It appears to be Mie. pyogenes y albus, 
Rosenbach. 

BACILLUS MESENTERICUS NIGER, Lunt. 

This member of the potato bacilli is a motile rod, with rounded 
ends, and measures 0.6 : 1.7 -3 µ. It forms oval central spores, 
and is stained by Gram's method. The growth upon potato is 

very much folded and dry; it soon covers the entire surface, and 
becomes black in colour. The potato is also blackened. The 

stroke on agar is at first translucent -white and gummy; it is 

irregularly raised, but has a practically straight margin and 
smooth edge. The condensed water becomes covered with a 

tough film. The upper smooth and shining part of the agar 
growth gravitates into the dry and rough lower portion. The 

medium slowly becomes black, and the growth grey- black. 
Litmus -lactose -agar is not reddened. Gelatine is liquefied; the 
colonies have a white centre and margin, and as they grow older 
white rays stretch out beyond the liquid margin. The stab in 

gelatine is filiform below a tubular liquefied area; there are no 

lateral processes. The liquefaction becomes stratiform, and 

a strong film forms on the surface. No gas is produced from 

glucose. The lower layers of the bouillon culture remain clear, 
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while the upper layers become turbid and a white wrinkled film. 

forms on the surface. The film darkens, and a black pigment is 
diffused into the upper layers. A strong indol reaction was 

obtained. No nitrite is formed from nitrate. Milk is first 
thickened, then the casein is peptonised. The colouring matter 
is not quinone, since no blue colour is obtained with potassium 
iodide and starch in acid solution. The black pigment is not 
formed in gelatine or milk. 

The organism was separated by means of Parietti's solution, 

BACTERIUM I. 

The organism is an actively motile cocco- bacterium measuring- 
0.4 0.6 µ; it does not stain by the Gram method. When free 
to grow upon agar, the colonies become amoeboid and translucent 
or iridescent white. The processes when magnified are seen to 
have a semilunar shaded tip like a finger -nail. The stroke on 
agar is porcelain- white, raised and glistening; the base is spread- 
ing, the margin irregular, and the edge smooth. In old cultures. 
a brownish colour diffuses into the medium. Litmus- lactose -agar 
is unaffected. In gelatine the liquefying colonies are circular 
and crateriform with a white centre. Microscopically the centre 
is coarsely granular and the margin indefinite. The stab in 
gelatine becomes saccate, and the liquefied medium turbid, 
without film or precipitate. Gas is not produced from glucose_ 
Bouillon becomes turbid and forms a sediment, but no film; the 
indol, reaction was obtained. Nitrates are reduced to nitrites. 
Milk is coagulated at 37° with a neutral reaction. On potato a 
raised, irregular, dry, yellowish -white layer is formed; the colour 
becomes ivory -white and moist glistening. 

This bacterium apparently differs in size only from Bac. 
aquatilia communia, Zimm. It was found in the tube containing 
7 drops of Parietti's solution per 1F5 c.c. of suspension and. 
bouillon (300 c.c. water). If the organism is the same as 
Zimmermann's, it seems peculiar that the disinfectant should, 
have permitted the growth of what is described as the commonest, 
water bacterium. 
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BACTERIUM II. 

The organism is a short motile rod with rounded ends and 
measures 0.4:0.8 -1.2 µ; it is decolorised by Gram's method of 

staining. On gelatine plate the colonies are round, white, and 
moist glistening. When magnified they appear rounded, light 
brown, granular, and smooth -edged. 

The gelatine -stab is filiform with a restricted, lobular, flat nail - 
head. No as is produced from glucose. The stroke on agar is 

white, moist glistening and slightly iridescent; it slowly widens 
laterally and spreads out at the base; the condensed water has 

no film. Litmus- lactose -agar is not affected. Bouillon becomes 

turbid and forms a sediment and a slight film. A slight indol 

reaction was obtained; nitrates were not reduced. Milk is not 

.coagulated, and the reaction is unaltered. On potato the growth 
is irregular, slightly raised, pale buff in colour and with a fatty 
appearance; the growth becomes buff and moist glistening. The 

organism grows slowly at 37° C. 

This bacterium was separated by Elsner's method. Its in- 

difference to milk and glucose places it among the typhoid group 

of bacteria. Its nearest ally appears to be Bac. pinnatus, 
Ravenal. It has many points of difference from Bact. typhi. 

BACTERIUM III. 

A small, oval, actively motile bacterium measures 0.3 : 0.61A, 

and is not stained by the Gram method. The colonies on gelatine 
are circular, white, and moist glistening. When magnified the 

surface colonies are seen to be rounded, brownish, and flocose in 

structure; 24 hours later flocose wisps are seen extending radially 
from an irregular dark centre into the finely granular marginal 
portion; in another 24 hours the flocose wisps have become club - 
shaped processes. The deep colonies are rounded or lenticular, 
granular and opaque; the sub -surface colonies moruloid. The 

stab in gelatine is filiform and tuberculate, with an irregular 
lacerate raised and terraced nail -head. Gas is given off from 

glucose. The colonies on agar are thin, spreading and almost 
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transparent white with an irregular or amoeboid margin; they 
may also be rounded, thicker and translucent white. Micro- 
scopically they are finely granular. The deep colonies are un- 
characteristic. The stroke on agar is thin, moist glistening, white 
and iridescent; the growth rapidly spreads over the agar surface 
and gas bubbles form in the medium. Litmus- lactose -agar be- 

comes red excepting at the surface, which remains a persistent 
blue; the red colour becomes bleached and gas bubbles are formed 
in the medium. Bouillon becomes turbid and forms a white 
sediment; a slight indol reaction was obtained. Nitrates are 
reduced to nitrites. Milk is coagulated with a faint acid reaction. 
On potato a brownish raised layer is formed and the . medium 
slowly becomes of the same colour as the growth. 

As the gelatine in stab culture was found to be fluid after a 
month's growth, the organism may be Bact. Kralii, Dyar. The 
gelatine- liquefying property of the organism is indicated also by 
the bleaching action upon litmus. 

BACTERIUM CLOAC /E, Jordan. 

The bacterium is an actively motile rod with rounded ends; it 
varies in length and breadth, measuring 0.6 -0.7 : 0.8-1-4p; longer 
forms. also occur. It is not stained by Gram's method. On 
gelatine the colonies are punctiform and microscopically coli -like, 
but they soon become shallow liquefied depressions. The stab in 
gelatine is napiform and becomes saccate; the upper layers of the 
liquefied medium are turbid, the lower layers clear with floating 
floccules. No film is formed. Gas is produced in glucose -gelatine. 
The colonies on agar are indefinite, white and watery, and 
surrounded by a cluster of small transparent islet colonies. 
Microscopically the structure appears homogeneous. The deep 
colonies are uncharacteristic. The stroke on agar is narrow, raised 
and translucent white; the agar surface is covered with a watery 
growth like a film of condensed water. The litmus in litmus - 
lactose -agar culture is bleached in the deep parts of the medium 
and deep blue at the surface. Bouillon becomes turbid and 
forms a slight precipitate and film ; a slight indol reaction was 



'758 BACTERIAL FLORA OF THE SYDNEY WATER SUPPLY, 

obtained. Nitrates were strongly reduced to nitrites. On potato 
the growth was light brownish -yellow scarcely distinguishable from 

the potato, but afterwards it became darker, raised and spread 
over the surface. Milk was coagulated at 37° with a neutral 
reaction. 

This organism was separated by Pake's method as well as by 

those of Bandi and Parietti. The first colonies on gelatine by 

Pake's method were like those of Protests mirabilis, but the 
formation of cochleate strands from the margin of the colonies 

had ceased by the third transfer in ordinary media and the type 

became stable. It appears to be.Bact. cldacce, Jordan, a gelatine - 
liquefying form of Baci. coli. 

BACT. COLI COMMUNE, Escherich. 

The bacterium is a short, stout motile rod with rounded ends; 
it measures 0.55 -0.6 : 0.9 -F8 µ, and is not stained by Gram's 
method. The flagella are long and generally 5 to 9 in number, 
arising from places around the organism. The colonies on gelatine 
are punctiform, but . became flat, spreading, white, and moist 

glistening with a raised centre. Microscopically the deep colonies 

are yellowish -brown, circular and finely granular with a smooth 
edge; when crowded upon the plate they appear zonate. The 

surface colonies appear lacerate -erose and grained (the type of 

coli). The stab in gelatine is filiform with a flat, thin, translucent 
white, irregularly spreading nail -head. Gas is given off copiously 
in glucose- gelatine; the gas collected in the fermentation tube 
contained 1 part carbon dioxide and 2 parts hydrogen. The 

colonies on agar are translucent white, round, moist glistening 
and raised centrally. Microscopically the colonies are rounded, 
finely granular and smooth -edged. The older colonies have a zone 

of large granules near the margin. The stroke on agar is white, 
moist glistening and broad, the margin smooth. Litmus- lactose- 
agar is permanently reddened and gas bubbles are distributed 
throughout the medium. Bouillon becomes turbid and forms a 
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white sediment and a film. The indol reaction was obtained, and 
nitrates were reduced to nitrites. Milk is coagulated with an 
acid reaction. On potato the growth is spreading, raised, moist 
glistening and yellowish- brown. 

This organism, which is undoubtedly B. coli commune, was 
separated from 1600 c.c. of water by Pake's method, and also 
from 800 c.c. of water by 8 drops of Parietti's solution per 10 c.c. 
of bouillon and bacterial suspension. 



[From the Proceedings of the Linnean Society of New South Wales, 

1900, Part 3, August 29th.] 

THE MEASUREMENT OF BACTERIA. 

BY R. GREIG SMITH, M.SC., MACLEAY BACTERIOLOGIST TO THE 

SOCIETY. 

Bacteria are generally measured by means of the micrometer 
eyepiece, which contains a scale graduated into divisions. The 
values of these divisions are actually determined for the various 
objectives used by ,the microscopist by focussing the scale of a 
stage -micrometer and noting the number of ocular divisions 
included in a certain number of i ó o millimetre divisions of the 
stage- micrometer scale. The value of a single division is then 
calculated, and is thus a known constant for the objective with a 
certain tube length. 

In measuring bacteria it is usual to employ the micrometer 
eyepiece and the 1 oil- immersion objective, with a tube length 
advised by the maker of the objective. On no account should 
the value of a micrometer division be assumed or accepted without 
personal confirmation. For instance, the values of the divisions 
with a Leitz oil- immersion, micrometer eyepiece ii. and tube 
length 170 mm., by actual determination was found to be equal 
to 1.5 µ; according to Leitz's price list, it is 1 -â µ. 

With a micrometer eyepiece the unit of measurement of which 
equals say 1.5 µ, the measurement of bacteria is uncertain unless 
the boundaries of the organisms coincide, with the divisional lines. 
Fractions of the unit (1.5 µ) necessitate an estimation, and it is 
here that the uncertainty occurs, for the eye cannot divide a 
small space into 10 or 15 equal parts. Errors of measurement 
frequently happen. As far as the length is concerned, this is of 
little consequence, because on a film the bacteria are found in 
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lengths varying between the normal length of a mature cell and 
twice that length when the cell is about to divide into two 

individuals. Small bacteria may even appear less than the 
normal when they are lying in the film at an angle with the 
coverglass. It is of greater consequence to have a correct 
estimation of the breadth of bacteria, and especially the breadth 
in relation to the normal length, for then we can have a true 
picture of the organism. Small differences in breadth influence 
the general appearance of the cells to a greater degree than small 
differences in length. This can be clearly seen by comparing the 
two figures, in one of which (fig. 1) the diagrammatic bacteria 
have a constant breadth and varying length, and in the other 
(fig. 2) they have a constant length and varying breadth. 

FIG. 1. Flo. 2. 

Since, owing to the method of reproduction of the fission fungi, 
the breadth is more constant than the length, all suggestions for 

arriving at a truer approximation of the breadth than can be 

made by estimating it directly with the micrometer eyepiece, 
should be welcomed. Means other than the convenient micro- 
meter eyepiece have been advised. Wright* proposed to project 
the image of a scale or of a system of squares upon the plane 
upon which the microscopic objects are disposed'. - Wilson and 

Randolpht photograph the bacteria at a magnification of 1000 

diameters. They also photograph a ruled system of squares so 

that the rulings are exactly one millimetre apart. Then by 

* Journ. Roy. Microscop. Soc., 1897, 182. 
fi Journ. Applied Microscopy, 1899, 598. 
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double printing they obtain an image of the bacteria upon a 

network of squares. This method is good for recording the 
measurements in a pictorial manner, and for actually measuring 
the breadth it is better than the micrometer eyepiece, inasmuch 
as the unit of size becomes 1 µ instead of 1.5 or 1.8 p. For exact 
measurement, it would be easy, once the bacteria were photo- 
graphed, to place the negative under a low power objective and 
measure the breadth with the micrometer eyepiece, or to project 
the image upon a screen by means of the projection lantern and 
measure with a centimetre or millimetre rule. This of necessity 
involves photographing the organism, a process which is not 
always desired. 

The method I employ in determining the breadth of an 
organism is to fix upon a bacterium in the microscopic field and 
measure its length. Then I compare the organism with a series 
of diagrams representing bacteria, the breadths of which have 
been accurately measured in terms of the length. From this 
series one group that appears identical with the organism fixed 
upon is noted, and the number of this group is multiplie'd by the 
length of the organism. The result is the breadth. The breadth 
of another organism in the same film may be calculated in a 
similar manner, and the second result will generally be identical 
with the first. For example, the organism is a short rod measur- 
ing 1.5 µ, and on comparison with the diagrammatic table it 
appears identical with the group whose type number { inch) is 
0.4. On multiplying 1.5 µ by 0.4, the breadth 0.6 µ is obtained. 
This result will be more exact than that obtained by estimating 
the breadth with the micrometer eyepiece. Since this estimation 
of the breadth when done from a longer and a shorter form in 
the same film necessitates two different calculations, these, when 
they agree, are more likely to be correct than when several are 
estimated by a similar mental estimation as obtains when the 
eyepiece micrometer alone is used. It, however, goes without 
saying that it is advisable to check the one method against the 
other. 
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A large diagram of types may be employed, but perhaps a 
better idea is obtained when the types are reduced to sizes 

approximating those observed with the 

f,,N `" ` oil- immersion. These are given in the 
o 02S 07 accompanying figure (fig. 3), where the 

long rods measure three millimetres 
f and the shorter rods 1.2 mm. 

The diameters of micrococei, strepto- 
thrix and -other forms might be con- 

firmed after micrometer measurement 
Fro. S. by comparing the coccus, etc., relative 

to the micrometric .scale division lines, with lines ruled at 
intervals of 1.2 mm. (the length of the smaller diagrammatic 
organisms) upon a coverglass which is superposed over the 
shorter diameter of the diagrammatic types. If the coccus 
or streptothrix occupies a space in the divisions of the eye- 

piece similar to that occupied by one of the types when viewed 
under such a ruled coverglass, it is obvious that the diameter of 

the coccus, etc., will be the type number multiplied by the value 
of the micrometer divisions. Such rulings can be made upon a 

coverglass by dipping the latter into a dilute solution of gelatine 
(0.5 %) and ruling the lines with Indian ink upon the thin dry 
gelatine film. 

: ,. 
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[From the Proceedings of the Linnean Society of New South Wales, 
1900, Part 4, September d6th.1 

A FISH DISEASE FROM GEORGE'S RIVER. 

BY R. GREIG SMITH, M.SC., MACLEAY BACTERIOLOGIST TO THE 

SOCIETY. 

In the middle of August there was received from the Fisheries 
Department the carcase of a bream which had been found float- 
ing, in a dying condition, on the surface of George's River, a few 
miles south -west of Sydney. The epidermis showed several 
slightly hæmorrhagic patches. The lateral blood vessels and 
adjacent portions of the muscles were congested; the liver was 
mottled and pulpy; the peritoneal cavity contained cheesy masses. 
The stomach was much congested and contained a reddish viscid 
fluid. The intestine was slightly congested near the anus, and 
contained a dark bile- coloured fluid. The other organs were 
apparently normal, and the muscles and alimentary canal were 
found to be free from parasites. 

In the bacteriological investigation, plate cultures were made 
with media which had been inoculated with the several parts of 
the carcase. The muscles were proved to be sterile, while the 
heart blood, the spleen, and the liver contained three organisms. 
The first of these was a gelatine -liquefying fluorescent bacterium 
(Bact. jli orescens), which was not investigated further. The 
second was a rather large bacterium, which slowly liquefied 
gelatine and exhibited bipolar staining. A pure culture of this 
organism was distributed in normal saline, and a few drops of the 
suspension was injected into the muscles of two carp. Beyond 
showing a scar at the point of inoculation, these were unaffected 
and were apparently healthy after a month's observation. The 
organism was not investigated further. 

The third organism was a smaller bacterium which rapidly 
peptonised gelatine and stained bipolarly. It occurred in 
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practically pure culture in the intestine, and with the other two 

bacteria in the organs. When suspended in normal saline and 
inoculated into the muscles of a carp, it strongly affected the 
experimental fish. In 24 hours its movements were slow; in 40 

hours (the morning of the second day) it was found floating upon 
its side near the surface of the water of the aquarium, respiring 
rapidly and swallowing and ejecting air. It was apparently in a 

dying condition. Four hours later it had sunk to the bottom of 

the water and was respiring very slowly, still lying upon its side. 

On the morning of the third day it was found dead, floating upon 

the surface of the water. Death had probably taken place in 52 

hours after inoculation. 

No lesions were observed on the epidermis with the exception 
of a hmmorrhagic streak between the rays of the caudal fin. 

The muscles were very hmmorrhagic on the side upon which the 

carp had been inoculated, and which had been downwards for 

practically 24 hours. The muscle at the site of inoculation 
(midway between the anal fin and the posterior end of the dorsal 
fin) was a shade less hcemorrhagic than the surrounding muscle. 

The organs, with the exception of the kidneys, were apparently 
normal; these were pulpy and swarmed with the inoculated 
bacteria. A plate culture from this organ showed the bacteria 
in pure culture. Cultures which were apparently pure were 

obtained by stroke cultivation upon agar from the muscles on 

both sides, from the spleen, the liver, and the heart blood. 

Since the organism, when inoculated into the experimental 
fish, caused it to float upon the surface of the water (a somewhat 
unusual symptom), and brought about death with a similar 
hmmorrhagic appearance of the muscles as occurred with the 

original fish, there is no reason to doubt that it also produced the 

death of the original bream. There are some differences in the 

lesions, but these may be accounted for by a difference in the 

species of fish or in the method of inoculation. To test the effect 

of feeding, a carp was given infected vermicelli, but no symptoms 
followed, and it is therefore probable that the original bream was 
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not infected by way of the alimentary canal, but by an accidental 
wound or a bite from another fish. 

The organism was cultivated upon the usual media with the 
view of determining its name or its allies, and the actual appear- 
ances, etc., are here recorded for future guidance. 

DESCRIPTION OF THE BACTERIUM. 

Shape, etc. -It is a short rod with rounded ends. The size is 
variable, ranging from 0.45 to 0.7 µ in breadth, and from 1.2 
to 1.5 µ in length. Longer forms may occur. In the animal 
tissues it has a distinct capsule. The organism stains feebly with 
methylene -blue, better with thionin -blue, and str ongly with carbol- 
violet or carbol- fuchsin. With the latter stains many of the forms 
appear more or less bent and vibrion -like. When stained with 
thionin -blue, with dilute fuchsin, or with carbol- fuchsin, followed 
by washing in alcohol, the younger organisms exhibit bipolar 
staining; the older and longer organisms stain in three places, at 
the poles and centrally. This latter appearance is probably 
caused by two organisms whose ends are close together while 
enclosed within a thin capsule. The cells are actively motile, the 
motion being produced by a single terminal flagellum, whose length 
varies from 1. to 3 times the length of the cell. The organism 
does not appear to form spores. 

Gelatine plate. -In 24 hours, at 22° C., the organism forms in 
the medium circular liquefied areas about 1.5 mm. in diameter. 
The colony shows a white central point and a white marginal 
ring. When magnified sixty -fold, there is seen an irregular 
brownish -black granular centre, then a clear portion containing 
large floating granular clumps, and finally similar large granules 
clustered around the margins. The appearance is like a colony 
of Vibrio cholerce. The edge of the colony is smooth. In 48 
hours the colony widens to 5 mm., rind the contents appear uni- 
formly turbid. 

Gelatine stab. -The medium is liquefied along the line of 
inoculation in 24 hours in a tubular manner, and an air -bubble 
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appears at the top. The liquefied medium is turbid, and there is 
a white deposit but no film. In 48 hours the medium is almost 
completely liquefied, the fluid is turbid, and there is a slight film. 

After a time (7 days) a turbidity extends from the surface to 
about 0.5 cm. downwards, the lower portion of the liquefied 
medium is clear, and there is a white granular deposit; no film is 

apparent. 
Glucose- gelatine or lactose- gelatine. -No gas is produced in 

either of these media. 
Agar plate. -The surface colonies are circular, translucent white, 

raised, and moist glistening. When magnified they are seen to 
be circular, finely granular, with isolated coarse granules in the 

centre; the margin is homogeneous and the edge smooth. The 

deep colonies when magnified are seen to be yellowish brown, 
coarsely granular, and irregularly shaped, an arrow -head pattern 
being most usually seen. 

Agar slope. -At 22° the growth is translucent white and raised, 
with a slightly lobed, or straight margin and smooth edge. It is 

spread out and irregular at the base when in contact with the 

condensed water. The latter is turbid and contains a sediment. 
At 37° the organism refuses to grow unless a considerable quantity 
of material is used for sowing. The growth is, however, never 

so luxuriant as at.22 °. 

Bouillon. -The medium becomes turbid, especially near the 

surface, upon which a slight film forms; there is a precipitate. 

The turbidity persists, and at the end of seven days a slight indol 

reaction can be obtained. 
Anaerobic culture. -The organism grows in bouillon when placed 

in Buchner's tubes, but not so freely as in the presence of air. 

Nitrate -bouillon. -The nitrate is strongly reduced in 4 days to 

nitrite. 
Litmus- milk. -The casein partly dissolves and partly precipi- 

tates, while the litmus is first reddened and finally (7 days) 

bleached. 
Potato. -There is a flat growth barely perceptible, being just 

sufficient to obscure the glistening surface of the medium. 
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The white colour of the colonies, the liquefaction of the gelatine, and the motility of the organisms, show that the bacterium has its closest allies in a group which consists chiefly of harmless water bacteria. The tendency to produce slightly curved or vibrion forms is characteristic of the phosphorescent bacteria which form a subdivision of this group. The organism, however, does not produce phosphorescence when grown in sea water, in sea water with 1% peptone, in sea water gelatine or upon sterile fish muscle. Excluding the phosphorescence, the other characters show an affinity with the subdivision and, as far as the rapid liquefaction of the gelatine is concerned, with one of the members Bacillus luminosos, Beijerinck, which is identical with an organism described by Katz as Bacillus argenteo- 

phosphorescens liquefaciens and renamed Vibrio luminosus by Lehmann and Neumann. As the organism does not appear to have been previously described, I propose the name, following the 
nomenclature' of Lehmann and Neumann, Vibrio bre i zde (low Latin -Bresmia, the bream). 



 J 

[From the Proceedings of the Linnean Society of New South Wales, 
1900, Part 4, October 31st.] 

THE CLOUDING OF WHITE WINE. 

BY R. GREIG SMITH, MSC., MACLEAY BACTERIOLOGIST TO THE 

SOCIETY. 
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Under the name of Chablis there is made in South Australia 
a variety of white wine which has a great tendency to develop a 

turbidity or cloudiness soon after it is bottled. It is a soft wine, 

and in consequence of the low acidity the fermentation is pro- 
longed while a trace of sugar is left unfermented. In the 750 

gallon storage casks, and in the smaller 100 gallon casks 
from which it is bottled the wine is absolutely brilliant. 
It is also perfectly bright immediately after bottling, but 
after an interval of some days or weeks -depending upon the 
air -temperature -the brilliancy disappears and the wine slowly 

becomes dull and then clouded. When undisturbed a deposit 
collects at the bottom of the bottle, and the wine becomes less 

clouded; a shake is, however, sufficient to disturb the sediment 
and distribute it throughout the wine. The change seems to 

have no effect upon the composition of the wine, for the flavour 
and bouquet remain unaltered. The trouble is of considerable 
importance to the wine industry, as many thousands of bottles 
may be annually rendered commercially useless, since the public 
will not buy a turbid wine, even although the wine is otherwise 
excellent. 

At my request a sample bottle of wine was sent to the laboratory. 
It arrived in perfectly bright condition, bnt during the course of 

a fortnight it became dull and finally turbid. An investigation 
was started to determine the cause of the phenomenon.. Obviously 
the first thing to be done was to grow any living organisms that 
might be in the wine, then having obtained them in pure condition 
to infect healthy wine, and so prove a particular organism as the 
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cause of the trouble or disease: Once the cause is obtained, 
experiment will soon suggest a cure. There is always the 
possibility, however, that the turbidity might not be due to the 
bodies of living organisms, but to the action of enzymes derived 
either from the original grapes or from the yeasts that played a 
part in the fermentation. But it is .unlikely that an enzyme 
would coagulate some of the soluble constituents at so late a stage 
in the history of the wine. 

Wortmann (Referat in Centralblatt für Bakt., ii. Abt., vi., 298) 
traced a turbidity of wine, which set in after the wine had been 
bottled, to the gradual disintegration of yeast cells. Sometimes, 
owing to a variety of causes, such as low acidity or too high a 
temperature during fermentation, wine may not be completely 
fermented. It is in such cases that slowly growing yeast cells 
may be present in greater amount than in the case of thoroughly 
fermented wines. Wortmann apparently came to his conclusion 
from a microscopical examination of the wine alone. Had I 
depended solely upon microscopical observations of the Chablis 
when the turbidity had made itself evident, I might have come 
to the same conclusion, for thin films of the wine showed nothing 
but what might be particles of organic matter in Brownian move- 
ment. However, to diagnose the exciting cause of any disease 
of food or animal from simple microscopical examination alone does 
not generally recommend itself to the zymo-technologist or the 
bacteriologist. 

In separating the living cells ordinary nutrient agar was first 
used, and a series of plates were prepared from infected tubes of 

the molten medium. Although this medium favours the growth 
of most bacteria, yet yeasts can obtain enough nutriment from it 
to grow as small colonies. It is, therefore, an excellent medium 
for finding out what micro- organisms are probably present in any 
substance. The plates in due course grew several kinds of colonies, 
among which were' a common mould, Penicillium glaucum, and 
two bacteria, Sarcina lutea and Bacillus subtilis. Besides these 
there were a number of yeast colonies, and to obtain more 
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vigorous cultures of these fresh plates of peptone -glucose -gelatine* 

were prepared. The examination of the colonies that developed 

upon these plates made it evident that there were two varieties of 

yeast. As passage through a solid medium tends to alter the 
characters of the yeast, the two kinds were isolated by the 
dilution method from a vigorous culture in Hansen's peptone- 
glucose fluid. 

Pure cultures of the two yeasts obtained in this way showed 

that they both belonged to the group which has for its type 

Saccharomyces membranifaciens. The first of these yeasts con- 

sisted of round, oval or sausage -shaped cells, containing one or 

two refractile granules. In wine must it formed a strong 
crumpled film and a slight flocculent precipitate. Many 
cells of the film contained two, and occasionally three, round or 
flattened spores. The second of the yeasts formed in wine must 
a slight transparent film and a bulky white sediment. The cells 

were chiefly oval, indistinctly vacuolated, and contained one or 

twb refractile granules. Only a few of the film cells contained 
Neither of the yeasts induced a visible fermentation. 

I was informed that the turbidity which arises in the wine 
would probably not be found to have a bacterial origin since 

the cloudiness is never so pronounced as when the wine 

is attacked by bacterial diseases. From this it was to be 

inferred that the exciting agents would be yeasts, and of the two 

yeasts separated, one would probably be found to bring about a 

turbidity in experimental wine. For the purposes of experiment 
I had sent to the laboratory a few bottles of wine siphoned 
directly from the 750 -gallon storage casks into sterilised bottles 
and closed with sterilised corks. The wine had been allowed to 

run for some time in order to clean the siphon. A portion of 

this wine was filled into small bottles and pasteurised at 75° C. 

for a quarter of an hour. These small experimental bottles were 

infected with the pure yeasts separately and together. At the 

* Gelatine 10% added to Hansen's peptone- glucose fluid and neutralised to 

faint acidity with potassium hydrate. 
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same time two small bottles of unpasteurised wine were placed 
under observation. All the bottles were incubated at 22° C. for 
three weeks, when it was found that the pure yeasts, although 
still alive, had not grown, and it was evident that they were not 
responsible for the trouble. The unpasteurised wine was turbid, 
and had a thin surface film and a slight precipitate. During the 
experiment it was noted that a growth occurred first upon the 
surface of the unpasteurised wine and then spread downwards. 
An examination of the film revealed a zooglcea mass of bacteria. 
The same kind of bacteria were obtained in the body of the- 
wine. On re- examining the original bottle of wine from which 
the yeast had been obtained, it was seen that a film had by this 
time formed, and it consisted entirely of bacteria similar to those 
found in the experimental bottles. The film had probably been 
present at an earlier stage, but it had been so slight as to be- 
obscured by the dark colour of the glass of the bottle. 

The investigation had so far advanced as to indicate the 
infecting organism, and in order to obtain it in pure culture,, 
plates of nutrient agar and peptone -glucose - gelatine were prepared, 
but no growth appeared in these. The fact that the organism 
does not grow upon these media explains how I did not obtain it 
in my earlier experiments. Neither did it grow on nutrient 
glucose -gelatine. Colonies were, however, obtained upon plates 
of nutrient agar to which about one -third of the volume of 
pasteurised wine had been added while the agar was fluid. The 
colonies appeared at the end of four days when grown at 22° C. 
as small white points. When magnified sixty-fold they appeared 
round, brownish- black, and finely granular; the edges were smooth 
and the colonies had each a dark central point (the starting point 
of the colony). Within a central zone of half the radius of 
the colony the granulation was darker than at the margin. The 
deep and subsurface colonies appeared irregular, rough and 
slightly moruloid. The colonies enlarged, becoming round, white 
and glistening like a drop of wax. The middle of the colony 
was raised. The bacterial colonies derived from the original 
bottle of wine and from the wine from the storage cask, were 
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identical in appearance and structure, while films showed the 
same organism. 

When taken from the surface of the wine and examined in the 
fresh and moist unstained condition, the organisms are seen to be 

of two kinds. One is thin and refractile, the other broader and 
non- refractile. The thinner cells are generally divided into two 
and rarely three parts, while the broader cells appear homo- 

geneous. The thinner cells are about 0.7 µ broad and vary from 
2 to 3 µ in length; the broader cells are from 0.8 to 1.0 µ broad 
and 0.9 to 1.5 µ long. The parts of the thinner cells showed up 
well with aqueous eosin, and when so stained appeared as spheres 
within a common capsule. Little protuberances that suggested 
buds appeared attached to the end of a few of the broader cells. 

This would indicate that the organism is a yeast, although at 
first sight the minute size makes it probable that it is a bacterium. 
If it is a yeast, then the endocellular eosin- staining spheres are 
probably spores. The appearances of the stained and balsam 
mounted films, however, indicate that the organism is a bacterium. 
Although little prominences could be occasionally seen on a few 

cells in stained films, yet they were so few and of so doubtful a 

nature that they could not be taken to prove the organism to be 

a yeast. In one case a distinct bud appeared on a cell at the 
margin of a colony grown upon a wine -gelatine film. When, 
however, the film was hardened and stained the bud had not 

taken up the stain and could not be seen.. Furthermore, no other 
bud -like appearances could be found. 

Films of the organisms prepared from the surface growth upon 

wine and stained after fixation in the ordinary way with thionin- 

blue exhibit cells that appear as rounded rods staining darker at 
the ends than in the middle. The middle portion varies in its 

capacity for fixing the stain and may be as deeply stained as the 

poles, lightly stained or colourless. In the first case the organism 
appears as a rod with rounded ends, in the second as a bipolar 
staining bacterium, and in the third as a double coccus. The 

cells when grown in wine vary from O.5 :1.0 µ to 0.6 :1.5/1 in 
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size, and may therefore be galled short stout rods. In fluids 
other than wine, as for example glucose- yeast -water, the organisms 
are thinner and show stained parts of unequal size. A rounder 
form is obtained when cultivations are made in nutrient gelatine, 
to which a little wine, say one -fourth of the volume of gelatine, 
is added. In this medium they appear as coccobacteria, varying 
in size from 0.5 : 0.6 µ to 0.6 : 0.9 µ. When stained with blue 
they appear like diplococci, the unstained central part being a 
narrow unstained line, on either side of which are hemispherical 
stained portions. 

The organism grows best in media which contain the products 
of yeast activity, such as wine or yeast -water. When floated 
upon the surface of wine it grows freely, though slowly; on the 
other hand, when submerged in the mass of the wine it grows 
very slowly indeed. In the latter case a slight surface film 
appears before growth occurs in the fluid. This is reversed when, 
instead of wine, yeast -water with or without glucose is employed. 
In this medium a delicate film appears after the medium has be= 

come turbid and a white sediment has collected at the bottom of 
the liquid. During the course of the experiments it became 
evident that the greater the air surface of the wine in the experi- 
mental bottles the quicker did the turbidity appear. The in- 
ference from this is that the bacterium in-wine oehaves as an 
aerobe, and it is probable that the slight aeration which the wine 
receives in the process of bottling stimulates the growth of the 
organism which has been restricted by the anaerobic condition of 
the wine in the large casks. The aerobic character was proved 
by placing the organism under the practically anaerobic conditions 
that obtain in Buchner's tubes (from which the oxygen is removed 
by alkaline pyrogallate). Yeast -water inoculated with the 
bacterium and placed under these conditions failed to produce a 
growth. 

The temperature best suited to its development would appear 
to be about 25° C., as growth was feeble at 17° and comparatively 
quick at 22 °. At 37° the organism refused to grow. 
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In endeavouring to discover the constituents of wine which 
favour the development of the bacterium I employed nutrient 
agar, to which various substances had been added. In the first 
place, alcohol obtained by distilling wine produced a slight growth. 
A similar growth was also obtained by the addition of levulose 
and of lactose. Maltose, dextrose and sucrose were without 
influence, while the addition of a small quantity of tartaric acid 
(to make 0.3 %) to the carbohydrates hindered the development of 
the organism. Dextrin, glycerol and succinic acid were likewise 
inoperative. No growth took place in Hansen's peptose -glucose 
with or without the addition of gelatine. From these experiments 
it would appear probable that the one particular constituent of 
wine that is active in stimulating the growth of the organism is 
alcohol. 

The obligate aerobic character of the bacterium, and the ten- 
dency that it has for forming films upon the surface of fluids, are 
suggestive of the acetic bacteria. With the object of determining 
the production of acid a culture was smeared over a plate of 
wine -litmus- lactose -agar and incubated at 22 °. The litmus in the 
vicinity of the culture was reddened. As this might be due to 
the formation of lactic acid from the lactose or acetic acid from 
the alcohol, a plate of nutrient agar, to which had been added 
alcohol (wine distillate) and chalk, was smeared with a culture of 

the organism. The chalk in the vicinity of the growth was 

dissolved, and the agar, when microscopically examined, was found 
to be transparent and to contain no crystals. A chalk plate 
without alcohol was unaffected. From these experiments the 
bacterium appears to belong to the group of acetic -acid -forming 
bacteria. 

My first impression was that the trouble might have originated 
in the corks with which the bottles were fastened, a view engen- 
dered by the observation that the cork of the first bottle 
contained a number of minute crevices in which the microscope 
revealed the greenish colour of fruiting Penicilliurn glaucwrn; 
while plate cultures from fragments of the cork produced the above 

mentioned hyphomyces and a variety of yeasts. This idea was, 
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however, negatived by obtaining the infecting organism from the 
later samples which had been carried in bottles sealed with 
sterilised corks. 

With regard to the remedy for the trouble, it is apparent that 
since the organism is in the bulk of the wine and does not obtain 
access during the process of bottling, the employment of sterile 
bottles, corks, etc., would be of no avail. The wine itself must 
be treated so as to kill off the organism, and the only legitimate 
method of doing this consists in the pasteurisation of the wine. 
According to an experiment conducted with infected yeast - water, 
the lethal temperature was found to be between 66° and 72° C. 
A further experiment showed that the organism was killed and 
the yeast -water remained bright after an exposure for 5 minutes 
to 66° C. But the organism may be killed at a lower temperature 
when it is present in wine, and in an experiment where the sur- 
face of wine was infected previous to pasteurisation a temperature 
of 43° C. when maintained for 5 minutes was found to be 
sufficient. 

In the experimental bottles of wine which I exhibit, both 
bottles were filled to the shoulder with wine, and then pasteurised 
for 15 minutes at 70° C. One was inoculated by floating a small 
loop taken from a wine film upon the surface. The other bottle 
was kept as a contrast to show the differences brought about by 
the organism. In five days, at 22° C., a strong film had 
spread over the surface. On shaking, the film broke up and 
settled to the bottom of the wine. On the seventh day the wine 
was decidedly turbid; on the fourteenth day it was very turbid, 
and had a strong sediment and surface film. The contrast bottle 
remained clear. 

NOTE. -The conditions under which the above pasteurisation 
experiments were performed are not precisely such as would obtain 
in ordinary practice where the bacteria are suspended throughout 
the body of the wine. A fresh sample was obtained for the 
purpose of ascertaining the temperature requisite to kill the 
organisms in naturally infected wine. The original wine (Chablis) 
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had, however, been blended and sent to the London market, 
but in its place another variety (Reisling, 1897) which undergoes 
a similar clouding, was forwarded to the laboratory. This wine 
was made at the same time and from grapes grown upon the same 

kind of soil as the Chablis, the only difference being in the 
variety of grape employed. On its arrival at the laboratory, the 
wine had begun to show a turbidity, but this did not affect the 
experiment, as a check unpasteurised flask was always kept for 

purposes of comparison. A preliminary experiment showed that 
the bacteria were killed when exposed to a temperature rising in 

five minutes from 40° to 45° C. In the second experiment, the 

temperature rose one degree in five minutes, and those flasks 

which were heated from 42° to 43° C. were subsequently found 

to have been sterilised. The flasks which had been heated at 
40 ° -41° C. showed a growth -turbidity four days later than those 
heated at a lower temperature ; at 41 ° -42° C. the turbidity 
appeared seven days later. In wine which had been 'heated 
below the lethal temperature, a surface film appeared as the 

original sediment deposited. The film increased, and the wine 

became turbid throughout its mass. Those flasks which were 

heated at and above the pasteurisation- temperature (43° C.) 

remained clear after depositing their sediment. It is, therefore, 
immaterial whether the bacteria are suspended in wine or floated 

upon the surface; the lethal temperature is the same in both 

cases. It is fortunate that this temperature is so low, since the 

brightness and bouquet of the wine are not likely to be influenced 

by the process of pasteurisation. -March 4th, 1901. 
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1901, Part 1, April 24th.] 

BACTERIA AND THE DISINTEGRATION OF CEMENT. 

BY R. GREIG SMITH, M.Sc., MACLEAY BACTERIOLOGIST 

TO THE SOCIETY. 

Occasionally the cement work of water canals and reservoirs 
disintegrates below the water level, and instead of showing a 
smooth and apparently hard face, the surface is seen t ' be more 
or less eroded. When struck with a pick, the cement easily 
comes away, and a porous internal structure is revealed. The 
cement matrix has disappeared, and the sand, grit and stones are 
practically all that remain. Above the water line the cement 
remains quite hard, and shows no sign of disintegration. 

Stutier and Hartleb* investigated such a case, and as a result 
of their work, they considered that the nitrous organisms -that 
is, bacteria which convert ammonia into nitrous acid -might 
assist in the decomposition of the cement, through the production 
of nitrous acid, which dissolves the lime forming the soluble 
calcium nitrite. They worked upon a sample of brownish coloured 
mud taken from the bottom of the Bonn water reservoir. Chemi- 

cally it proved to be disintegrated cement, and bacteriologically 
it was found capable of causing the nitrification of a solution of 
ammonium sulphate. 

Barth,j in publishing his experience with hydraulic cements, 
said that a destruction of the cement might take place in so 

relatively short a time as three years. In the case which came 
under his notice, the water did not contain an excess of free 

* Stutzer and Hartleb, Zeit. für angew. Chemie, 1899 (17) 402; Abstract 
in Jour. Soc. Chem. Industry, xviii. 495. 

t Barth, ibid., 1899 (21) 489; Abstract, ibid., xviii. 686. 
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carbonic acid and the decomposition of the cement seemed 
unaccountable. When the reservoir was faced with a cement 
containing a percentage of silica higher than the original cement, 
no further disintegration was observed. 

A disintegration of the cement canals used in conveying the 
Sydney water supply has been observed for some time by the 
engineers. Acting under instructions from the Council of this 
Society, and upon the invitation of Mr. Darley, Engineer -in -Chief 
for Public Works, I visited the faulty canals on September 8th, 
1900, under the guidance of Mr. Smail, Engineer to the Metro- 
politan Water Supply Board, and collected samples for laboratory 
examination. 

The cement above the water line was absolutely hard, while 
below the water it was soft, and the surface could be easily 
scraped off with a blunt nickel spatula to a depth varying from 

is to -1 inch. To get samples deeper into the cement a pick was 

used. The material easily broke away. The samples included 
the blackish sediment at the bottom of the canal, a scraping 
from the surface of the side, and the sandy débris at depths of 

one, four and six inches. 
So far as the history of the cement is concerned, the canal was 

made some 18 years ago, when, I am informed, cement was 

bought by the brand, whereas now all cements are tested physi- 
cally by the Board before purchase. This should be borne in 

mind, because the disintegration may be purely and primarily 
chemical and not at all the result of chemical action induced by 

living micro-organisms. 
In endeavouring to obtain organisms which might cause the 

disintegration, it would obviously be useless to separate all the 
bacteria that are present in the samples. Since the cement is 

impregnated with water, all the organisms that are in the water 
would be found. We ought rather to try to exclude bacteria 
which would not be expected to have an action upon the cement. 

This means the employment of methods of culture or media as 

permit the growth only of such organisms. To fix upon these 



BY R. GREIG SMITH. 109 

methods or media certain hypotheses regarding the behaviour of 
the bacteria must first be formulated. Stutzer and Hartleb would 
probably have first formed the hypothesis regarding the action of 
nitrifying organisms, and then have endeavoured to induce nitri- 
fication in a solution of ammonium sulphate. The dilute solution 
of ammonium sulphate employed in testing nitrification is a 
selective medium, since it favours the growth of the nitrous 
organisms and hinders the multiplication of others. Since nitri- 
fication has been suggested, one of the points of this investigation 
should be to test the idea, and see to what extent it is corrobo- 
rated. 

Another idea that gives the cue for a selective medium is based 
upon the disintegration of the cement through loss of lime. 
Whether it is removed as the hydrate, the bicarbonate, or other 
salt, e.g., nitrite, we cannot tell. It is probable, however, 
that the surfaces of the disintegrating cement particles are more 
or less alkaline, and if such is the case the bacteria that can 
withstand or grow only in the presence of alkali are more likely 
to be responsible for the disintegration than those which show an 
antipathy to alkaline media. The majority of bacteria prefer 
small amounts of alkali, say a medium containing 0.05 % sodium 
carbonate, but there are not so many that can grow in a medium 
as alkaline as lime water, which contains 0.28 % calcium oxide. 
It may be said in parenthesis that the bacteria which normally 
inhabit the intestinal tract of mammals can grow in media con- 
taining at least 0.75 % sodium carbonate, but as I have indicated 
in a former paper, the water which supplies Sydney is pure, and 
therefore the possible presence of these organisms may be dis- 
missed. There is, however, the question of what bacteria in the 
disintegrated cement can be separated by means of increasing 
amounts of alkali. Sodium carbonate is the most convenient 
alkali to use, since it is soluble and does not alter during the 
processes of sterilising the media and growing the organisms. 
Lime would be the ideal alkali to employ in this case, but its 
relative insolubility and its tendency to form the insoluble car- 
bonate precludes its use. 
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The fluid on the surfaces of the cement particles cannot contain 

much nitrogenous nutriment, and consequently those bacteria 

which can grow and therefore be isolated in media which contain 

minute quantities of nitrogenous material are more likely to be 

the cause of the cement disintegration (if it be bacterial) than 

organisms which cannot grow under such circumstances. 
There are accordingly three lines of research indicated, and of 

these I shall begin with the nitrification. Several 100 c.c. 

bottles were half filled with ammonium sulphate nutrient solution,* 

plugged with cotton wool and sterilised. Portions of the samples 

of the disintegrated cement were introduced and the bottles incu- 

bated at 22° C. No nitrification had set in when they were tested 

after 1,5, 13, and 39 days respectively. On the 65th day, when they 

were again tested, nitrites were found in quantity in two bottles, 

one of which had been infected with material taken from the 

surface of a cemented crack at the bottom of the canal, and the 

other with mud also taken from the bottom of the canal. On 

the 81st and on the 101st day the bottles were again tested, and 

the same fact observed. Two fresh bottles of ammonium sul- 

phate were inoculated with a small loop of the nitrifying solutions, 

and nitrites were found in these on the fourth day. 
It is seen that nitrification was obtained in the solutions of 

ammonium sulphate that were infected with the surface layer of 

the cement and with the mud at the bottom of the canal. It 

was not obtained in the cement at the depths of one, four, and 

six inches. This is important, because disintegration was in pro- 

gress at these depths in the cement wall, and if the nitrifying 

organisms contribute at all to the decomposition of the cement, 

they should have been found at these places, and not only on the 

surface where the material had become thoroughly disintegrated. 

Stutzer and Hartleb found the nitrifying organisms in the mud 

at the bottom of a cement reservoir. This is exactly what has 

* Ammonium sulphate 2 grms., sodium carbonate 1 grm., potassium 

dihydrogen phosphate 0.1 grm., tap water 1000 c.c. as recommended by 

Stutzer. 
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been found in these experiments, but furthermore they were not 
found in the disintegrating cement below the surface. This 
points to the nitrifying organisms coming upon the scene at a late 
period when disintegration is complete and when a considerable 
amount of organic matter derived from algæ, etc., is present in 
the brown and black débris. 

The next line of investigation was the separation of organisms 
that could multiply in the presence of an alkali such as sodium 

< carbonate. Taking the disintegrated cement obtained at a depth 
of six inches into the canal face as being the sample most likely 
to contain bacteria capable of causing disintegration, portions 
were introduced into tubes containing 10 c.c. of bouillon and 
quantities of alkali varying from 0.5 to 1.0 c.c. were added. 
The tubes became turbid and orange -coloured colonies of one type 
developed on plates inoculated with the growth of the tube con- 
taining the highest amount of alkali. Subcultures of the organism 
:showed it to be Bact. croceum,* a bacterium which had previously 
been isolated from the Sydney water. It grows well at 37° C., 
.and this temperature was employed in subsequent trials with 
further increasing amounts of alkali. These trials showed that a 
turbidity, the evidence of growth, took place in the presence of 
equal volumes of 10 % sodium carbonate solution and bouillon, 
that is, the bacterium developed in the presence of 5 ° by weight 
of sodium carbonate. A percentage greater than 5 prevented 
the growth entirely. Plate cultures from the 5 % bouillon culture 
showed the turbidity to have been caused by the growth of the 
organism, while plates infected from the clear tubes containing 
over 5 % remained sterile. It is needless to say that the bacterium 
grew in bouillon containing less than 5 % sodium carbonate 
(Na, COO. With the exception of Bact. croceum, all the bacteria 
in the deep cement were inhibited by 0.5 % sodium carbonate at 
a temperature of 37° C. 

This organism is remarkable in being able to withstand so 

much alkali. The records as to the limiting amount of sodium 

* These Proceedings, 1900, Part Hi., p. 456. 
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carbonate capable of permitting the growth of bacteria are few 

in number. Reinseht in experimenting with the Elbe water 

below Hamburg found that 2 % permitted the growth of some 

unidentified water bacteria, while 3 % did not. Fermi bas 

recorded the action of potassium hydrate upon many micro- 

organisms. Excluding the micrococci, which appear to be less 

influenced by the presence of this alkali in culture -media than 

rod -shaped bacteria, the organism that can withstand most 

potassium hydrate is Bact. luteum, a yellow bacterium which has 

some affinities with Bact. croceum. The growth of Bact. luteum 

is inhibited when 12 drops (= 0.6 c.c.) of normal potassium hydrate 

have been added to 5 c.c. of nutrient agar. This is equal to 0.67 

of potassium hydrate. Experiments with Bact. croceum showed 

that growth occurred in the presence of 1-6 ° potassium hydrate, 

but no growth took place when double that amount was used. 

The presence in the cement of an organism capable of growing 

with so much alkali is noteworthy. It is also significant that the 

same organism was found at depths of four and six inches in one 

place, but also at a depth of four inches into the disintegrating 

cement face in another portion of the canal below Prospect 

Reservoir, some miles distant from Kenny Hill, from where the 

first samples were obtained. The indifference of the organism to 

the alkali does not warrant the assumption that it is the cause of 

the disintegration, but there is the possibility that it may have 

something to do with it. To obtain some knowledge concerning 

its action, an experiment was made with cement blocks. These 

consisted of equal volumes of sand and old cement, and also of 

two volumes of sand to one of new cement. When they had 

hardened and had been sterilised, a culture of Bact. croceum was 

painted on the surface of the blocks with a platinum loop and 

the infected blocks were placed on a glass shelf in a desiccator 

which was filled up to the level of the blocks with boiled and 

cooled tap water. The whole vessel had been sterilised, and 

t Reinach, Centralblatt für Bakt. i. Abt., x. 415. 

I Fermi, ibid. xxiii, 20S. 
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the water, which was renewed weekly by way of a side tube, was 
boiled and cooled before being filled into the vessel. The 
desiccator was kept at 28° C. for five months. At the end of 
this time the surfaces of the blocks were scratched with a spatula, 
but no erosion or softening could be detected in the places where 
the culture had been placed. It is possible that the time was 
not long enough, and that years are necessary instead of months, 
while on the other hand the cements were not the same as that 
with which the canal was made. However, the experiment, such 
as it was, gave only negative information regarding the action of 
the bacterium. 

Another line of investigation was to discover any organism 
capable of growing in a poor medium and likely to cause cement 
disintegration. To isolate such, a solution of asparagin (0.1 %), 

cement (1 %) and tap water was prepared, and bottles containing 
this medium were infected with portions of the samples and 
incubated at 22° C. A mixed growth appeared in all the bottles, 
especially those infected with the cement from depths of four and 
six inches. From these other bottles were infected, and after 10 

days agar plates were prepared. The agar medium consisted of 

washed agar with cement and asparagin, the percentages being 
the same as those mentioned above. A third transference into 
asparagin- cement solution appeared to exhaust the bacteria, as no 

growth was microscopically visible after 30 days. The agar plates 
were infected with the cultures from the cements taken at a 
depth of four and of six inches. The former produced two kinds 
of colony and the latter one kind. Of the three, two were 
identical and sub -cultures which were made showed it to be 
Vibrio denitrificans, Sewerin. The other organism was a coccus 
of variable size, and when stained of irregular appearance. Sub- 
cultures showed it to be Hie. radiates. When these two 
organisms were grown upon cement blocks, as was done with 
Bact. croceum, no disintegration of the cement could be observed 
on the places where the culture had been placed. From this we 

must assume that although probably capable of growing in 
the fluid on the surfaces of the cement particles, these two 
organisms have no disintegrating action upon cement. 



114 BACTERIA AND THE DISINTEGRATION OF CEMENT, 

The presence of a denitrifying organism deep in the cement is 

neither an argument for nor against the action of the nitrite 

organisms upon the cement. Vibrio denitrificans reduces nitrate, 

but not nitrite, and in order to form the nitrate the lime of the 

cement must first be converted into calcium nitrate. The 

presence of Vibrio denitrificans, however, does not necessitate the 

presence of nitrates. They are not essential to its existence. It 

can grow freely in media devoid of them, so that the reduction 

is purely an accessory phenomenon: Moreover no nitrification 

was obtained on seeding solutions of ammonium sulphate with 

portions of the deep cement where disintegration was in active 

progress, and where the denitrifying organism was found. 

There are doubtless many bacteria in the decomposing cement 

that can form acid from carbohydrates, but in the water and the 

cement there are no carbohydrates, or if there are they are 

present in such minute traces that they may be ignored. There is a 

possibility that acid might be formed by bacteria in the absence 

of carbohydrates, and to test this point neutralised asparagin- 

cement -water was coloured with litmus and infected with the 

samples. No change of colour became evident after two mouths' 

culture, so that the possibility of acid formation by bacteria in 

the interstices of the cement may be dismissed. 
On the whole there is considerable room for doubt regarding 

the action of micro -organisms upon cement. There is more reason 

to believe that the action is purely chemical, and brought about 

by the decomposing and solvent action of the water alone upon 

the cement which probably has not been adapted for resisting the 

action. The débris had an alkaline reaction to litmus, and I 

noted that in the bottles in which I endeavoured to obtain nitrifi- 

cation of an ammonium sulphate solution there had formed upon 

the glass a considerable incrustation of crystals of calcium 

carbonate. It seemed peculiar that this should occur with a 

sample which, to all appearance, was reddish -yellow sand and 

grit. Curious to know the amount of free lime in the sample, I 

added 5 grms. of saccharose to 500 c c_ of boiled and cooled 

distilled water, and after adding a few drops of phenolphthalein 
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neutralised the solution with decinormal alkali. Two grms. of 
the unsifted débris (taken from a depth of four inches) were 
introduced into the flask containing the solution, and after being 
shaken at intervals during a day, the solution was filtered and 
titrated with decinormal acid. The determination showed that 
there was 1.4% of free lime (CaO) in the débris. 

With regard to the composition of hardened cement there are 
several theories. It is not a substance of constant composition, 
and as the percentages of the constituents differ in every brand 
only those that actively play a part in the hardening need be 
considered. According to Le Chatelier, hardened cement consists 
of hexagonal plates of crystallised calcium hydrate imbedded in 
a white mass of interlacing needle- shaped crystals of hydrated 
calcium monosilicate. Michaeli considers that the hardening is 
caused by the formation of a hydrated basic calcium silicate 
through the combination of free hydrated silicic acid with free 
calcium hydroxide. Of more recent date are the Newberrys' 
researches upon the essential constituents of Portland cement 
which they find to be such that form on the addition of water, 
tricalcium silicate and varying proportions of dicalcium aluminate. 

It is evident that lime in the hardened cement, capable of 
being dissolved, is a source of weakness, and it will sooner or 
later be dissolved by the water. It can, therefore, hardly be 
doubted that a cement which, after hardening, has become disin- 
tegrated and porous after exposure to water for a number of 
years, and which still contains 1.4% of free lime capable of being 
dissolved, was not of a nature likely to withstand the action of 
water. 

In a paper published three years before that already quoted, 
Stutzer* ascribed the disintegration of the cement to the solvent 
action of carbon dioxide dissolved in the water. Basing his 
opinions upon the observations of Michaeli, he considered that 
the addition of an active form of silica such as tress to the 

* Stutzer, Zeit. für angew. Chemie, 1896 (11) 317; Abstract íh Jour. Soc 
Chem. Industry, ay. 595. 
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cement would, on setting, bring about the formation of calcium 

silicate instead of free lime. Barth, by facing the disintegrating 

canals with a cement containing a higher percentage of silica, 

showed the importance of minimising the free lime in hardened 

cement subjected to the action of water. Schiffinerf concluded 

from the results of experiments conducted upon the Bonn reser- 

voir (the disintegrated cement of which Stutzer investigated) 

that no calcareous material is capable of permanently resisting 

the action of running water. " As regards protective coatings 

for cement -lined reservoirs, an experience of 33 months teaches 

that the fluorine preparations sold for this purpose give satisfac- 

tory results; and oxalic acid and ammonium oxalate (the latter 

being best) also considerably retard the corrosion. Similarly 

asphaltum varnish preserves the cement." 

POSTSCRIPT (added May 16th, 1901). -In the discussion that 

followed the reading of this paper, it was suggested that the 

lime had in the experiment been dissolved as a silicate, because 

it seemed incredible that there could be free lime in the exhibited 

sample of disintegrated cement. I was led to the conclusion that 

it was there as free lime by the relatively abundant formation of 

calcium carbonate crystals on the walls of the culture flasks. To 

test the matter thoroughly, however, I repeated the experiment, 

using 5 grms. of sample and 1 litre of boiled and cooled neutral 

distilled water. After three days the solution was filtered, 

neutralised with standard acid and evaporated to dryness. The 

silica was coagulated by repeated evaporation with concentrated 

hydrochloric acid, followed by heating at 130° C. The results 

showed that there had been dissolved in the water 39 mgrm. 

calcium oxide and 1 mgrm. silica, a ratio of CaO : Si02 :: 42:1. 

This is enough to confirm the supposition that the lime is dis- 

solved in the free state and not as silicate. On calculating the 

calcium oxide to percentage in the sample, 0.78% is obtained. I 

t Schiffner, Thonind. Zeit. 24 (100, Suppl.) 1320-1321; Abstract in Jour. 

Soc. Chem. Industry, mix. 1114. 
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attribute the difference between this result and the former one 

chiefly to the lime having become carbonated during the six 

months' storage in the sample bottle. 
The fluid in one of the culture flasks was filtered, and the 

dissolved silica found to be 1.5 mgrm. The sand in the bottle 
was washed away by a stream of water, and the grains adhering 
to the bottom scraped off. After everything excepting the incrus- 
tation of carbonate on the wall had been removed, standard 
acid was run in and allowed to decompose the carbonate. The 
carbon dioxide was removed and the residual acidity determined. 
The difference was found to be equal to 22 mgrms. calcium oxide. 

The small amount of silica in solution in the culture flasks corrobo- 

rates the conclusion that was arrived at from the observation of 
the incrustation. 
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NOTES ON VIBRIO DENITRIFICANS, SEWRRIy. 

BY R. GREIG SMITH, M.SC., MACLEAY BACTERIOLOGIST 

TO THE SOCIETY. 

(Plate xi.) 

In examining the bacteria contained in a sample of disinte- 

grating cement which was obtained from one of the canals used 

for conveying the Sydney Water Supply, an organism which had 

some curious features was isolated. It is identical in form 

with Rhizobium leguminosarum, the nodule organism of the 

Leguminosfe, but differs from it in the power of growing on 

ordinary media as well as in media "containing little nutriment, 

Although so like the nodule organism which is supposed to 

convert free nitrogen into combined forms or to assist the plant 

to do so, this organism does almost exactly the opposite and 

reduces nitrate to nitrogen gas. 
The investigation of the organism in subculture showed it to 

be Vibrio denitrifacans, Sewerin, but for some time it could not 

be identified with this organism, because a true vibrion form 

could not be observed. By using a low magnification and 

observing overstained films, bent forms can be seen, but by 

examining a properly stained film with the oil -immersion (No. 4 

-ocular and - oil objective, Leitz) the bent forms are clearly seen 

to be double organisms bent at the point of attachment. The 

individual cells are straight. 
Like Rhizobium leguminosarum, the organisms appear in a 

variety of forms, as the coccus (0.8 µ), oval cells (0.6 :1.0p), rods 

with rounded ends (0.6 : 2 µ), exclamation mark (!), conical cells, 

-y, Y and double cells bent at an angle. They stain readily with 
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carbol- violet, and show unstained portions which are not constant 
in location, being generally between the middle and end of the 
cell. In the Y- shaped forms the compound nature may be dis 
cerned, and it is seen to consist of three organisms enclosed in a 
branching capsule or tube. The y -forms are made up of a rod 
and one or two smaller cells; the latter may spring from the end 
of the rod perpendicular to the plane of the film, and become 
bent over at right angles, or nearly so, during the process 
of drying the coverglass. The various forms are most numerous 
in cultures upon solid media containing potassium phosphate. 
Such a medium can be prepared by adding 10% gelatine or 2% 

agar to the peptone -glucose solution recommended in a former 
paper.* In a two days' culture upon this gelatine medium all 
the variety of forms can been seen. The plate which accompanies 
this paper was prepared from a film of such a culture; the cells 
were stained with carbol- violet. 

The organisms as observed in the hanging drop are motile, 
spinning round and darting about the microscopic field. The 
flagella are generally two in number and located at one end of the 
simple cell, but they also occur singly at one end, and sometimes 
at both ends, of the organism. 

The optimum temperature is 28 -30° C., and although it grows 
at 37° on solid media the growth is restricted. In opposition to- 

Sewerin I find that there is practically no growth in nutrient or 
nitrate bouillon at 37 °. Under anaerobic conditions, it . forms a 
scanty growth on agar. On ordinary acid potato the growth is 
luxuriant, moist glistening, creamy -white and spreading ; the 
colour ultimately becomes brownish -yellow. Sewerint in his first 
paper said no growth occurred on potato, and in his second that 
there was formed a narrow, flat, yellow- brown, dry stroke. The 
other cultural characteristics agree with Sewerin's description. 
It may be well, however, to point out that there are many 
similarities in the growth of this organism with Bact. Hartlebii. 

These Proceedings, 1899, Part 4, P. 661. 

t Sewerin, Centralblatt für Bakt. ii. Abt. i., 162; iii., 510. 
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The main points of difference are that Bact. Hartlebii grows well 

in nitrate and ordinary bouillon at 37 °, gas production is more 

vigorous at 22 °, and it is a short rod without the vagaries of form 

which occur in Vibrio denitrificans. 
The swollen organisms as depicted by Sewerin are similar to 

those found in cultures of Rhizobium leguminosarum. As I have 

shown in my paper on the latter organism, the appearance is due 

to a swollen gelatinous capsule which gathers round the junctions 

of the organisms. 
It is unfortunate that Sewerin named the organism Vibrio. 

He apparently mistook the bent double cells for simple cells, and 

was influenced by Zettnow, who published drawings of Vibrio 

rugula, some of which are similar to the y- and y -forms of 

Sewerin's organism. I have already pointed out that Rhizobium 

leguminosarum is a budding fungus, and there is every reason to 

believe that Vibrio denitrificans is precisely of the same order, 

As it simulates a bacterium, the name Mycobacterium denitrificans 

would be more appropriate, while the species name is still main - 

tained. Mycobacterium, as a name for those organisms which in 

cultures may assume a more or less mycelial character, has been 

suggested by Lehmann and Neumann.* In this group of 

organisms are included the plague, glanders, diphtheria, tubercu 

losis, and nodule organisms, all of which have been shown to 

produce, under certain circumstances, branching or mycelial 

forms.t According to Migula's classification, the order Nyco 

bacteriacece develops Y- shaped forms with true branchings. Neither 

Rhizobium leguminosarum nor Vibrio (Mycobacterium) dmn.itri. 

icana forms true branching of the organisms, unless we agree to 

call everything within a single capsule an organism, and this 

Lehmann and Neumann, Diagnostik. Chester, Studies in Systematic 

Bacteriology; Eleventh Annual Report Delaware College Agricultural Experi- 

mental Station, 1898 -99. 

t Skschivan, (Plague) Centralblatt für Bakt., i. Abt., xxviii., 289. Mars, 

(Glanders) ibid. xxv., 274. Schulze, (Tuberculosis) Zeitsch. für Hygiene 

alai., 153. 
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would be unwise. The definition requires modification to enable 
it to include organisms such as these which develop branchi g 
capsules. That the branching is caused by the capsules, and not by 
the simple organisms, can be seen from the plates which accompany 

this paper as well as my paper on " The Nodule Organism of the 
Leguminosm." 

EXPLANATION OF PLATE. 

Vibrio (Mycobacterium) denitr ficans. 

Film from a 48 hours' culture in peptone -glucose- gelatine (x 1000; the 
enlarged marginal illustrations are diagrammatic). 
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THE NATURE OF THE BACTEROIDS OF THE LEGU- 

MINOUS NODULE AND THE CULTURE OF 

RHIZOBIUM LEGUMINOSARUM 

BY R. GREIG SMITH, M.SC., MACLEAY BACTERIOLOGIST TO 

THE SOCIETY. 
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In a recent publication* L. Hiltner discusses the views of 

Stutzer with regard to the nature of the bacteroids of the nodules 

of the Leguminosce. The generally accepted view is that the 

bacteroids of the nodule are degenerate or involution forms of 

Rhizobiuon legunninosarum. Stutzer considers that they represent 

a higher and not a lower type of growth, and to this Hiltner 

replies that he cannot see why they should be so considered. His 

own view is that the bacteroids are simply enlarged bacteria. 
In a former papert I showed that the branching forms were 

really simple cells contained in a branching capsule. This is the 

case both with the organisms in artificial culture and in the root 

nodules. One has only to extract the colouring matter 

from the capsule after staining a bacterial film to see the 

simple cells within. There is no reason to suppose that the y or 

the Y form is either degenerate or 'specialised; they are simply 

single cells contained in the bulky mother capsule from which the 

daughter cells are unable to escape until they have increased in 

size and become stronger or until the capsular envelope has 

become dissolved either partially or wholly by the fluids of the 

plant tissue. 

Hiltner, Centralblatt für Bakt. ii. Abt. vi. 273. 
t These Proceedings, 1899, Part 4, pp. 653 -673. 
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We have to remember that Prazmowski saw that the infecting 
thread contained rod -like cells, and that Maria Dawson while 
corroborating this noted that the gelatinous membrane (capsule) 
of the tube either became dissolved, whereby the rods were 
liberated, or the cells budded off Dematium -like. There is no 
reason to suppose that the same thing does not occur with the 
bacteroids; it is as unnecessary to suppose that the branching 
infecting thread is of a nature different to the branching bac- 
teroids as that the cells in a chain of bacilli differ from a single 
isolated cell of the same species. The y form of Rhhizobium differs 
from the y form only in the age of the daughter cells. In the y 

form one or both of the daughter cells are immature (buds), while 
in the Y form they are mature (rods) and ready to escape from 
the enclosing membrane. There should never have been any 
question of degeneration or of specialisation : they are simply 
normal cells. Beijerinck has shown that the nature of the capsule 
can be altered at will in artificial media, and that forms precisely 
similar to those seen in the nodule can be obtained in artificial 
culture. The condition necessary for this appears to be the 
presence in the faintly acid culture fluid of potassium phosphate 
and a thin layer of fluid in the culture flasks. 

They and Y bacteroidal forms are always observed in the young 
cultures in artificial media : in old cultures only the rod forms 
are present. This is the case not only with the nodule- former, 
but also, according to , Sewerin and corroborated by the writer, 
with Mycobacterium denitrificans, an organism that produces 
similar branching forms in young (24 hours) cultures. This is in 
itself enough to negative the idea that these are degeneration 
forms, and, as I have pointed out, the specialisation hypothesis is 
unnecessary. 

As for Hiltner's view that the bacteroids are large bacteria, it 
is quite possible, but it is not always so, as in working with the 
lupin bacteroids I have seen little difference in size between the 
cells contained within the bulky capsule and the cells obtained 
in artificial culture. Bacteria undoubtedly differ in size accord- 
ing to the media in which they are cultivated, and, as I have 
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shown, Bac. megatherium occurs in the acid fluid of the nodules 

similar in size to that originally observed by De Bary. 
In a Scandinavian publication abstracted in the Experimental 

Station Record, xi., 1013, L. Eiltner, after summarising previous 

investigations relative to the fixation of atmospheric nitrogen, 
says that the nodule organisms are true parasites and secrete 

peculiar substances that cause the root hairs to shrivel up. "The 
injurious influence of the secretory products disappears when the 
tubercles attain their final development, but since these products 
continue to form inside the mature tubercle the supposition is 

that they are immediately converted into substances harmless to 

the plant. Such a conversion takes place with the co- operation 
of the host plant by supplying the organism with a part of the 

nutritive substances produced by the plant. This is further 
corroborated by the fact that from legumes and alders bacteria 
can be grown only in nutrient media containing extracts from 

the roots of leguminous or alder plants. The exclusive preference 
which is shown by Bacillus radicicola to leguminous plants tends 

to prove that the Leguminosce alone are capable of producing the 
substances necessary for bacteria, the nature of which is being 

investigated." . Although infusions of leguminous plants are 

commonly employed for the culture of the organisms that frequent 
the root nodules, it must not be assumed from this that the plant 
extract is absolutely necessary for the growth. The bacteriologist 
employs media which he considers will be best suited to the 

growth of the particular organism. For this reason extract of 

meat is used for the bacteria that are parasitic in animals, whey 

is used for milk bacteria, beer or yeast extract for the saccharo- 
mycetes, and so on. But most of the bacteria parasitic in animals 
will grow in media devoid of meat extract, and milk bacteria in 

media containing no milk. It is true that the nodule -formers 
are not found in plants other than the Leguminosce, but we are 

no more entitled to assume from this that leguminous plants 
contain substances absolutely necessary for the growth of Rhizo- 
bium than that the tissues of man alone contain substances that 
are absolutely necessary for the growth of Bad. typhi, Vibrio 
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cholerae, &c. In fact, as . I pointed out in the paper already 
quoted, " Extract of lupins or other leguminous plant does not 
seem a necessity for the culture media. Grass will do quite as 
well, and for that matter the plant extract might be left out 
entirely." Fairly luxuriant cultures were obtained upon a 
gelatine medium containing glucose and inorganic salts, and 
since that time I have cultivated the organism upon a medium 
containing faintly acid agar (2 7e), glucose (2 %) and inorganic 
salts (CaC12 and KFt PO4) nearly neutralised with BOH.* 
On the latter medium there is no nitrogen except that which may 
be present as impurity in the washed agar, the glucose or the tap 
water. I have also grown the organism in an agar -free fluid 
medium prepared exactly as the agar medium. Such a fluid 
after inoculation becomes turbid and forms a slight sediment of 
organisms together with a bulky zooglcea cloud or sedimentary 
film. 

The apparent growth in this very poor medium led to the belief 
that fixation of nitrogen might have occurred, but this was dis- 
pelled when the experimental flasks holding 250 c.c. of culture 
fluid were found to contain exactly the same amount of nitrogen 
(0.6 milligrm.) as was contained ih control flasks. 

The method of preparing the faintly acid medium is described in these 
Proceedings, 1899, Part 4, p. 663. 
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THE GUM FERMENTATION OF SUGAR CANE JUICE. 

BY R. GREIG SMITH, M.Sc., MACLEAY BACTERIOLOGIST 

TO THE SOCIETY. 

(Plate xxx.) 

During the process of manufacturing sugar in the cane -mills, 

the juice frequently becomes more or less viscous or "gummy," 

and when this takes place the crystallisation of the sugar is con- 

siderably hindered. The " gumming" may occur in the cane 

juice -the immediate product of the crushed cane --or it may 

develop at any stage in the manufacture of the raw sugar, 
especially if the juice or syrup is allowed to cool, or to stand for 
any length of time. Experience has shown that way to 

minimise the trouble is to complete the crystallisation of the 
sugar as quickly as possible. The cause of the formation of the 
gum is not definitely known, although the prevailing idea is that 
it is developed from something which is contained in the juice. 

I received two samples of gummed cane juice from Mr. T. Steel 
of the Colonial Sugar Company, and was at the same time 

informed that any information regarding the properties of micro- 

organisms, which might induce the gummy fermentation of sugar, 
would be of the greatest economic importance to the sugar 
manufacturers. Each of the samples consisted of about 5 c.c. of 

roller cane juice, which had not been treated in any way. One 

of the samples was viscid ; the other appeared limpid, but I was 

informed that, as compared with normal cane juice, it was 

decidedly gummy. 

THE SEPARATION OF THE GUM -FORMING ORGANISM. 

From the samples several organisms were separated, but none 

of them produced any apparent viscosity in solutions containing 
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10 % saccharose, that is to say, the solutions did not become 

ropy and capable of being drawn into threads as in the 

case of fluid cultures of many slime- forming organisms. The 

bacteria were further cultivated in nutrient agar with 20 

saccharose. One of the organisms formed raised transparent 

mucilaginous colonies, which made it appear probable that it was 

the most likely organism to produce gum." This became more 

probable when short viscous threads were formed on raising the 

cover from a Petri dish, in which a pure culture had covered the 

surface of the agar and grown up the rather low side of the dish. 

A gummy substance had apparently been formed by the bacterium, 

but since no apparent viscosity had been produced in saccharose 

fluid media, it was desirable to test the fluid cultures more 

rigorously for viscosity. 

VISCOSITY PRODUCED IN SOLUTIONS OF SACCHAROSE. 

With this object in view, an infusion was prepared from 1,000 

gyms. of grass and 1,000 c c. of tap water, and to this 200 grms.of 

cane sugar were added. A 500 c.c. sterile portion was inoculated 

with the organism and incubated at 28° C., with a check 500 

c.c. test. On the third day a viscous film was observed floating 

upon the surface of the infected medium, and partly adhering to 

the glass of the culture flask. On the fifth day the culture, with 

its floating zooglcea films, was boiled, and during the process it 

was observed to foam very much, as if the solution contained 

carbon dioxide, while the control test, on being similarly treated, 

boiled quietly. Both fluids were then filtered through paper; 

the culture filtered slowly, and the zoogleea films were retained 

on the filter. The fluids were brought to a uniform temperature 

(24° C., the air temperature being 22° C.), and allowed to ran 

from a 100 c.c. pipette, provided with a narrow outlets and 

having two marks on the stem, one above and the other below 

the bulb. The time taken by the surface of the fluids in passing 

from the upper to the lower mark was noted. For purposes of 

comparison, the viscosity of other solutions was determined in 

the same apparatus and at the same temperature. 
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VISCOSITY OF THE CULTURE COMPARED wrrH OTHER SOLUTIONS. 

Time in 
Seconds. 

viscosity ratio. 
Water= 10d. 

Culture in grass infusion with 20 % sugar, 
filtered ... ... ... .. 675 293 

Grass infusion with 20 % sugar, filtered... . 290 126 
Grass infusion with 20 % sugar and 2 % dextrin 310 135 
Grass infusion with 20 % sugar and 1 % starch, 

filtered .. .. 355 154 
Grass infusion with 20 % sugar and 2 % starch, 

not filtered , ... ... 625 271 
Distilled water 230 100 

It is at once evident that the organism has produced a decided 
viscosity in the liquid medium, and had the culture not been 
filtered, the viscosity would have been greater. The organism is, 

therefore, capable of producing a viscous substance in nutrient 
solutions containing cane sugar. 

The bacterium was subsequently grown in a saline medium 
containing 10 % saccharose and 0.1 % peptone. The viscosity 
of a three weeks' culture was determined, but the temperature 
was lower (18,° C.), and the apparatus was probably different 
from that used before, although the volume was about the same, 
viz., 100 c.c. 

Time in 
Seconds. 

Viscosity 
Ratio. 

Three weeks' culture at 370 C. ... 530 189 
Culture medium 303 108 
Distilled water 280 100 

THE NATURE OF THE VISCOUS SUBSTANCE. 

To obtain some idea of the nature of the viscous substance, a. 

portion of the filtered culture was treated with alcohol, when 
amorphous flakes were precipitated. These adhered tenaciously 
to the glass vessel in which the precipitation was conducted, and 
were easily washed with fresh alcohol. When treated with water 
the flakes appeared to partly dissolve and partly swell up ; on 
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boiling, an apparent solution was obtained. The gum was pre- 

cipitated by alcohol, and redissolved in water several times until 

a comparatively white precipitate, free from sugar, was obtained. 

The aqueous solution was easily precipitated by alcohol. 

On warming with dilute tartaric acid, a reducible sugar was 

formed (saccharose treated similarly was not inverted). These 

tests show that the viscous substance is of the nature of dextran 

or fermentation gum, but the identification was deferred until a 

greater quantity had been prepared from a medium containing a 

more definite substance than grass infusion, some of the carbo- 

hydrates of which would be precipitated with the gum. 

THR FF-RMENTATION OF SACCHAROSE. 

The action of the organism, which had by this time been found 

to be a sporulating rod or bacillus, is of considerable importance, 

for it appears to be an undoubted fact that the gum is formed 

from the sugar. There may, also, be a further loss of saccharose 

from the formation of hexoses,if the organism secretes invertase. 

To test these points, a culture medium containing the following 

constituents was prepared. 

Saccharose ... ... ... 100 grm. 

Potassium chloride 
Sodium phosphate... 2 

Peptone ... ... 1 

Tap water ... ... 1000 c.c. 

Sterile litre portions of this medium were infected with large 

loops of an agar culture of the bacillus, and incubated at 22°,28° 

and 37° C. respectively. The cultures soon became white and 

opalescent like dilute separated milk. A thin film formed on the 

surface, and when the flasks were allowed to stand without 

shaking, a layer about a centimetre thick of a mucilaginous or 

starch paste -like substance formed at the bottom of the liquid. 

When this was removed by continued shaking, it remained 

suspended in the milky medium. The layer, when undisturbed, 

disappeared on continued incubation. The culture fluid contained 
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gum, unaltered saccharose, aiid a reducing sugar or mixture of 

sugars. A small quantity of acid was also formed. In esti- 
mating the sugars, it is necessary to remove the gum, and to do 
this various precipitants or coagulants were tried. Basic acetate 
of lead was found to be useless, as a diffuse emulsion was formed 
which refused to coagulate. The addition of milk of lime to the lead 
emulsion produced coagulation, but an equally good coagulation 
was obtained by the use of milk of lime alone. Lime is not an 
ideal coagulant on account of the possible formation of difficultly 
soluble compounds with the sugars, especially with levulose. 
The percentages of saccharose inverted and not inverted might 
not, therefore, be a true index of the rate of change when lime 
is employed, and a number of analyses bore out this contention. 
A coagulation of the gum was also attempted with anhydrous 
magnesium sulphate and with calcined magnesia, but these 
magnesium compounds were found to be quite inert -no coagu- 
lation was obtained, and the filtrate appeared similar to the 
solution before the addition. Acid mercuric nitrate, like basic 
lead acetate, formed a diffuse emulsion which passed slowly and 
without retention through filter paper. The neutralisation of the 
acid with sodium hydrate, until the emulsion became yellowish, 
was also without effect. 

The only safe coagulant appears to be alcohol, and in the 
following work upon the action of the bacillus this was used. 
After many trials the following method was adopted. Twenty 
c.c. of the culture is slowly dropped into 60 c.c. of strong alcohol 
(methylated spirit distilling at 77.5 78-5° C.) while the latter is 
being vigorously stirred. A drop of phenolphthalein solution is 
next added, and the acidity neutralised with dilute sodium 
hydrate. Finally 20 to 40 c.c. of alcohol are added to make 
certain that coagulation has been complete. After standing for 
two or three hours, the gum is filtered off upon a dry and tared 
filter and scraped from the beaker, to which it adheres somewhat 
firmly. If necessary, the adhering particles are treated with a 
small quantity of hot water, the gum precipitated with excess 
of alcohol and filtered. The gum is dried at 100° C. until. of 
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constant weight, and finally the ash is determined. On subtract- 

ing the ash from the dried gum, the amount of crude gum in the 

portion taken is obtained. The alcohol is distilled off from the 

sugars, which are estimated volumetrically before and after 

inversion with hydrochloric acid at 70° C. 

The following table shows the progressive formation of gum 

and mixed reducing sugars in the dilute peptone solution. The 

percentages are given to the nearest whole number. 

THE FERMENTATION OF SACCHAROSE AT 37° C. IN A SOLUTION CONTAINICG 

100 OHMS. SACCHAROSE, 1 ONM. PEPTONE AND SALTS PER LITRE. 

Time in days ... ... 0 2 3 4 5 7 12 

Saccharose ... .. 100 67 44 31 21 9 6 

Mixed reducing sugars .. - 19 36 44 52 60 62 

Crude gum ... ... - 11 18 23 27 31 31 

e 

CURVES SHOWING THE LOSS OF SACCHAROSE AND FORMATION OF Gus AND 

INVERT SUGAR 
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The formation of gum and the inversion of the sugar are seen 
to go on steadily from the second day until a balance is practically 
established between the constituents on the seventh day. The 
saccharose is not entirely inverted, nor is this to be expected. 
Marshall Ward and Reynolds Green* found a complete inversion 
of saccharose with their sugar bacteria, but it is just possible that 
this was brought about by the acid fluids (their organism produced 
in the culture fluid 0.7 7 acetic and 0.057 % succinic acids) during 
the chemical manipulation and not by the invertase secreted by 
the organism. Even with the small amount of acid in my cultures 
I noted in my preliminary experiments an increase in the invert 
sugar when the acids were not neutralised. The acids formed by 
the bacillus have also a solvent action upon the gum. In one 
case I obtained 31 grms. per litre of crude gum as against 29 grms. 
when the acidity was not neutralised during the precipitation 
with alcohol. 

THE INFLUENCE OF VARYING AMOUNTS OF PEPTONE. 

The bacillus can grow with marked action upon saccharose in 
exceedingly poor nutrient solutions. The solutions in which the 
action has been already shown contained only % of peptone. 
With smaller amounts the formation of gum is evident from the 
appearance of the cultures, although the action is naturally not 
so rapid. With the object of determining the influence of pep- 
tone on the fermentation, a series of cultures containing varying 
amounts of peptone, but with the other constituents as before, 
were made and analysed upon the same, viz., the fifth, day. 
The results expressed in terms of 100 parts of original saccharose, 
i.e., in parts per litre of culture fluid, are given in the table, and 
are also plotted upon the curves that follow. 

Ward and Green, Proc. Roy. Soc. lxv., No. 414, 79. 
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THE FERMENTATION OF SACCHAROSE WITH VARYING PERCENTAGES OF PEPTONE. 

Percentage of peptone in culture fluid. 

None. 0.001 0.01 0.1" 1.0 

Saccharose ... ... ... 991 97 71 21 4 
Mixed Reducing Sugars ... ... ... 0 5* 2 23 52 58 
Crude Gum ... ... ... ... 0.4 1 6 27 37 
Acidity as lactic acid in 100 c.c. of culture None 0.002 0.03 0.08g 018 

C11414 Ow. 

44[4 41111a 

PEPTONE Iv MILLIGRAMS PER CENT 

.000 

It is evident from these results that the fermentative activity 

is considerably influenced by the presence of peptone. But 

although an increase of growth was expected from an increase of 

peptone the relative formation of gum and mixed reducing sugars 

could not have heen foretold. With increasing amounts of 

peptone there is proportionately more gum than reducing sugars 

formed, there is more saccharose fermented and more acid formed. 

With no peptone and with 0.001 % peptone the changes are too 

small to enable any deduction to be made. The influence of the 

"This column is taken from the previous results. + Estimated by 

difference. + Estimated in the culture directly without previous precipi- 

tation of the gum. § Taken from the notes on page 604. 
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peptone on the formation of gum is better seen on comparing the 
amounts formed in 0.01 % and F0 % solutions; in the former the 
ratio of gum to reducing sugars is 1 : 3.8, while in the latter it is 
1 :1.6. But since it is probable that the gum is formed from the 
sugar inverted, we might calculate the ratio between the gum and 
the sugar wholly inverted, i.e., the saccharose which has dis- 
appeared calculated to hexose. With 0.01 % peptone this ratio 
is 1 : 5.1, and with F0 % it is 1 : 2.7. So that in whatever way 
we look at these two columns we find that an increase of peptone 
gives an increase of gum and a relative decrease of hexoses, and 
conversely, with decreasing amounts of nitrogenous material, there 
is a decrease of gum and relative increase of reducing sugars. 

It is to be noted that the original composition of thè culture 
fluid as regards peptone is excellent for the purpose. The best 

, amount would probably be 0.3 or 0-4%. It was also found inciden- 
tally that 10 % of saccharose is about the optimum quantity. 
With 20 % (and even in the presence of 1 % peptone) the fermen- 
tation was far from complete. 

THE ACTION UPON OTHER SUGARS. 

In testing the action of the bacillus upon other sugars, solutions 
similar to those already employed, but containing other sugars in 
placè of saccharose, were used. Dextrose was first tested, and 
media containing commercial starch glucose were infected and 
cultivated at 37° and 22° respectively. The organisms grew well 
in the media and produced a turbidity and a flocculent precipitate. 
The dextrose was estimated from time to time, and the following 
numbers were obtained :- 

PERCENTAGE OF DEXTROSE IN CULTURES OF THE BACILLUS. 

Incubation period. At 37°. At 22°. 

At start 7'5 9.5 
1 day 7'4 
2 days 7.4 
4 7.4 
6 7'3 9.4 

15 9'2 
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It is apparent that no dextrose has been utilised in the forma- 
tion of gum, and indeed this was to be expected from the absence 
of the opalescent appearance which is so marked in the saccharose 
cultures. A portion of the 15 days' culture at 22° was treated 
with alcohol when a slight flocculent non -adhesive precipitate was 
thrown down. This was estimated and found équal to 0.046 %. 

Cultures were also made in solutions containing lactose, levulose 
and maltose respectively. Alcohol did not throw down a pre - 
cipitate from the lactose culture, but slight loose, flocculent, non- 
adhesive precipitates similar to that obtained in the glucose 
culture were precipitated from the media containing levulose and 
maltose. 

From these tests it is apparent that gum is not formed in 
solutions of the commonly occurring sugars, and this has been 
the experience of all who have investigated the action of similar 
saccharose -gum fermenting bacteria. 

THE GUM IS PROBABLY THE SWOLLEN OR DIFFLUENT CAPSULE 

OF THE BACILLUS. 

Whether the gum is formed from the sugar by an enzyme 
extracellularly, or whether it is the diffluent sheath or capsule of 

the organism, is difficult to prove absolutely. Happ and also, 

according to Lehmann and Neumann, Ritsert believed that 
the gum was formed extracellularly, and did not arise from the 
swelling of the cell membrane, because the swollen capsule could 

not be demonstrated microscopically. Marshall Ward and 

Reynolds Green believed that the gum formed by their bacterium 
was nothing more than the extremely diffluent walls of the cell. 

My own observations upon this bacillus lead me to think that 
the latter hypothesis is probably correct. The gum is the capsule 
which has dilated so much that it has ceased to be a capsule, and 

has become a part of the culture fluid. The dilation or swelling 
is hastened by the excreted acid, which is thus a protection, or 

rather assistance, to the organism, inasmuch as the growth is 

accelerated by the removal of what would otherwise be a 

hindrance to the free movement of the organism. The gum is 

easily soluble in dilute mineral acids, and slowly soluble in 
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organic-acids, such as acetic, and I have already shown that it is. 
partly soluble in the acids excreted by the cell. An indication 
of the diffusive action of the excreted acid is seen in the dis- 
appearance of the gummy layer at the bottom of resting fluid 
cultures already mentioned on page 592. 

The addition of peptone to a culture fluid, as a rule, causes a 
numerical increase of the bacteria. If the gum is the diffluent 
capsule, then the greater the number of bacteria the more gum 
will probably be formed compared with the other products. As. 
an increase of peptone does increase the percentage of gum 
actually and relatively, one is justified in concluding that the 
most probable source of the gum is the capsule. 

On staining the cells by the night-blue method, as used for 
demonstrating flagella, a structure similar to a capsule is. 
manifest. It is possible that the appearance might result from 
the method of staining, but it is more than probable that the 
structure is the capsule. 

THE CHEMICAL NATURE OF THE Gum. 

The gum was precipitated from peptone -saccharose culture by 
alcohol, and dissolved in water and again precipitated. This was. 

repeated several times, and finally it was allowed to stand under 
dilute spirit for a week. The gum was then freed from alcohol 
and tested for reducing sugars. No reduction of Fehling's 
solution was obtained, and the gum was, therefore, taken as. 

being practically pure. When dried it appears as a pale yellow, 
partly transparent mass. It forms with water an opalescent 
semi -solution, and apparently swells up rather than dissolves_ 
From the semi -solution the gum does not separate when allowed 
to stand for lengthened periods, nor when centrifuged. It does 
not reduce Fehling's solution, and does not form an osazone with 
phenylhydrazine. When warmed with dilute sulphuric acid, or 
with dilute hydrochloric acid, a sugar is produced, which reduces 
Fehling's solution, and which forms an osazone, having the 
solubility, appearance and melting point (205') of glucosazone. 
The sugar is, therefore, either dextrose, levulose, or a mixture of 
both these sugars. 



600 THE GUM FERMENTATION OF SUGAR CANE JUICE, 

Basic lead acetate makes the solution more opaque, but does 
net coagulate the gum. Lime water gives sae precipitate. It 
has been already shown that it is coagulated by milk of lime, but 
not by mercuric nitrate, magnesium oxide, or magnesium sulphate. 
Barium hydrate forms a curdy precipitate, which is decomposed 
by carbon dioxide. A precipitate is also obtained on adding 
ammoniacal lead acetate. Dilute sodium hydrate is apparently 
without effect, but the strong hydrate (10 %) slowly makes the 
solution clear and limpid. Neither iodine, tannic acid, nor ferric 
chloride react with solutions of medium strength. When heated 
in steam for a few hours with dilute nitric acid (2 -1), oxalic and 
tartaric acids are obtained in quantity. Mucic acid is not pro. 
duced, even when oxidation is effected at lower temperatures. 

On heating the dry and powdered gum in capillary tubes, it 
begins to darken in colour at 160° C. At 183° it shows signs of 

melting; at 193° the fragments have become soft and adherent, 
and begin to rise in the capillary tube, apparently the result of 

decomposition and evolution of water. At 198° the steam 
bubbles are well marked, and at 200° the gum melts to a trans- 
parent brown frothy mass. The brown pyrosubstance dissolves 
readily in water, forming a brown solution like the colour of 

neutral ferric chloride. It is not precipitated from solution by 

alcohol at once, although in time a slight sediment settles out. 
Neither is it precipitated by barium hydrate nor basic lead 

acetate. It does not reduce Fehling's solution, but reduction is 

obtained on hydrolysing the body with dilute acids. 
The natural gums are substances allied to the carbohydrates; 

they are of a faintly acid nature and occur combined with alkaline 
and earthy bases. For example, O'Sullivan has shown that a 

Gedda gum consists of the calcium, magnesium and potassium 
salts of four geddic acids.* The gum acids combine with bases 

to form well defined compounds, the barium one being the most 

easily prepared. 
Following the method recommended by O'Sullivan for the 

preparation of the gum acid, the bacterial gum was dissolved in 

* O'Sullivan, Trans. Chem. Soc. 1891, 1071. 
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water and dialysed until free from phosphoric acid after which 
the faintly acid solution was neutralised with baryta water. A 
very small quantity (less than 1 c.c.) was required, and the 
solution appeared to be unaltered and when treated with dilute 
alcohol did not flocculate. A better result . was obtained on 
adding an excess of baryta water, when there formed a bulky 
curdy precipitate which rapidly settled. From this behaviour it 
would appear that the bacterial gum is more nearly related to the 
starches than to the true gums, such as gum arabic. When no 
further precipitate was formed the compound was rapidly filtered 
and washed with water, then with alcohol, until the washings 
were free from barium. The precipitate was dried in vacuo over 
sulphuric acid, then powdered and finally dried at 100° in a 
current of dry, CO2 -free air under 100 -120 mm. pressure. This 
method differs from O'Sullivan's in the addition of an excess of 
baryta water, and it seemed possible that a definite compound 
might not be formed. To test the matter a sample of gum was 
divided unequally and each portion was acidified, dialysed, pre- 
cipitated with excess of baryta water, filtered, washed and dried 
as described above. The barium in a part of each portion was 
estimated by precipitation with sulphuric acid and the following 
results were obtained :- 
1st portion -1.4915 grins. gave 0.4505 grm. BaSO4 = 19.84% BaO. 
2nd portion -1.5765 firms. gave 0.4766 grm. BaSO4 =19.86 % BaO. 

These results are very close and undoubtedly prove that when 
baryta is added in the manner indicated a definite compound is 
formed. It would also appear that the barium oxide is present 
in the same proportion as in the compound formed by adding 
baryta water to starch. Asbóth* found that the starch compound 
contained 19.97 % BaO, and he considered that this agreed fairly 
well with the formula C24 H40 02U BaO, which theoretically 
requires 19.10 % BaO. 

THE ORIGIN OF THE Gum. 

Marshall Ward and Reynolds Green in discussing the action 
of a gum bacterium isolated by them considered it possible that 

* Asbdth, Analyst, xii., 138. 
40 
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the gum, which consisted of a mixture of a dextro- rotatory with 
an inactive body, might have been derived from the levulose of 

the inverted saccharose. Boekhout* in investigating the action of 

Streptococcus hornensis found a lmvo-rotatory sugar in the residue 
from the bacterial fermentation and the gum (dextran) produced 
a dextro- rotatory sugar on hydrolysis. From these facts he con- 

cluded that dextrose was the origin of the gum. 
In determining the origin of the gum it is necessary to test 

the optical activity of the gum and the amount of the residual 
sugars after the fermentation. This necessitates the use of a 

polarimeter, and as I had not that instrument in the laboratory 
I asked Mr. Steel and he consented to do the necessary deter- 
minations from material which I supplied. Mr. Steel was so 

interested with the gum that he investigated it very fully in the 
endeavour to identify it, and his results, which confirm and 

amplify my work upon the gum, are embodied in a paper which 

is published simultaneously with this. From it I extract a few 

notes bearing upon the question of the origin of the &um. 

CThe gum is huvorotalory (AD = - 40 °) and the amount of the 
residual sugars and of the gum show that the latter is formed 

from the nascent levulose and also from "something else," because 
the amount of levulose which- has disappeared does not equal the 

gum that is formed. From this we can only conclude that the 

" ° something else " must be dextrose. The fact that the gum is 

laevorotatory and on hydrolysis yields pure levulose does not con- 

flict with the levulose- dextrose origin of the gum. Much more 

levulose than dextrose is utilised in its formation, and it is quite 
conceivable that the optical activity of the major constituent may 

influence the rotatory power of the derived gum. We can convert 
dextrose to levulose by forming phenyl -glucosazone, which upon 

reduction and subsequent treatment with nitrous acid yields 

levulose. Since this change can be accomplished in the laboratory 
by the formation of intermediate compounds, there is no reason 
why a gum which yields pure levulose on hydrolysis should not 

have been derived in part (or entirely) from dextrose. 

* Boekhout, Cent, f. Bakt., 2te Abt., vi., 161. 
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THE AFFINITIES OF THE Gum. 

From the reactions and the lwvo- rotatory power both of the 
gum and the sugar resulting from its hydrolysis, the gum appears 
to be most nearly related to levulan and to inulin, but there 
are many characters which distinguish it from these. It is also 
different from the derivatives of inulin, viz., pyro-inulin, met - 
inulin and levulin, as well as from sinistrin, triticin, secalose, and 
myco- inulin. 

From a review of the levo- rotatory gummy substances that are 
hydrolysed to levulose, it appears that this bacterial gum has not 
hitherto been described. I therefore propose for it the name 
levan, which was suggested by the polariscopic nature of the gum 
and derived glucose, and also from the fact that another bacterial 
gum, which is derived from dextrose, and which yields dextrose 
on hydrolysis, is known as dextran. 

THE PRODUCTION OF CARBON DIOXIDE. 

During the evaporation of the cultures, a number of small bells 
formed upon the surface as if a gas were evolved during the 
process. The most probable gas is carbon dioxide, and to test 
for it a flask fitted with a rubber cork and lead -away tube was 
completely filled with a culture, inverted and heated in boiling 
water. The culture driven from the flask by its expansion, and 
by the liberation of the dissolved gases, passed through the tube 
in the cork and was led away into a vessel. The gases which 
collected in the flask were transferred to a tube and roughly 
measured before and after absorption with caustic soda. From 
300 c.c. of culture fluid, 7.5 c.c. of gas were obtained, and of this 
5 c.c., were absorbed by the alkali. It is evident that carbon 
dioxide is evolved during the growth of the organism. As, how- 
ever, the test as described above was merely qualitative, and as 
the gas might be formed in quantity, a quantitative test was 

made. For this purpose 100 c.c. of culture fluid containing the 
usual amounts of saccharose and salts, but with 1 % of peptone, 
were placed in a small Erlenmeyer flask and connected with three 
other similar flasks, each containing 100 c.c. of clear baryta 
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water. The inlet tube the culture flask was fastened with a 

clip, and to the outlet tube of the third baryta flask a tube con- 

taining soda lime was attached to prevent the inward passage of 

atmospheric carbon dioxide. A current of air was sucked 
through the apparatus daily after attaching a soda lime tube to 

the inlet tube of the culture flask. The evolved gas was thus 
daily removed from the culture. On the fifth day the baryta 
solutions were added together and rapidly filtered, the barium 
carbonate was washed and then suspended in water. After 
adding phenolphthalein, 20 c.c. of standard acid were run in, 

and the solution boiled to expel the displaced carbon dioxide. 
The excess of acid was then determined, and by difference the 
carbon dioxide equivalent obtained. 

11.6 c.c. N/2 acid used to decompose the barium carbonate 
= 0.1276 grim CO, from 10 grms. sugar 
= 1.28 grms. CO, from 100 grms. sugar. 

From the determination it is seen that a considerable quantity 
of carbon dioxide is formed during the fermentation. 

THE PRODUCTION OF ACID. 

When the cultures were tested with litmus they were found 

to be distinctly acid, and when small cultures (10 c.c.) were 

titrated, quantities of N1, alkali varying from 0.3 to 0.6 c.c. were 

required to neutralise the acidity to phenolphthalein. It was 

also noted that old cultures contained less acid than compara- 
tively young ones, a circumstance which pointed to the volatili- 

sation of a volatile acid. In connection with this it may be 

mentioned that the cultures, and also the air of the incubator 
containing the cultures, had a faint not unpleasant cheesy smell. 

During the cultivation at 22° of a two -litre culture, 10 c.c. 

portions were abstracted and tested. By the second day the 

acidity was equal to 0.4 c.c. N/, alkali, and it slowly rose to 0.45 

c.c. on the tenth day. This is equivalent to from 0.07 to 0.08 

lactic acid. 
A number of 50 c.c. portions of saccharose media were infected 

with several races of the bacillus, and tested after incubation for 

a week at 37°, with the following results. 
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PRODUCTION OF ACID BY DACES GROWN FOR SEVEN DAYS AT 37Q. 

Source. 1 Race. 
C.c. N/5 alkali 

required to 
neutralise 50 c.c. 

Lactic 
acid %. 

Roller cane juice... ... O, 1st transfer ,. 2 9 0.10 
0, 21st transfer P95 0.07 

Inverting sugar ... I, 1st transfer ... 1.8 0.06 
I, 23rd transfer 2.0 0'07 
14, ... 3.7 0.13 
23, 2.05 0'07 

Acid sugar ... 30, 1st transfer 1.8 0.06 
30, 21st transfer. 1.75 0.06 

It is evident from these results that the production of acid by 
the races is variable, and beyond the acidity being equal to 
between 0.06 and 0.13 % lactic acid, there is little to be inferred. 
Repeated cultivation of the races in the laboratory has no definite 
effect upon the acid -forming faculty, since in one case the culti 
vation has lessened the production, and in two others there is 
little difference. The amount of peptone in the nutrient fluid 
has a considerable influence upon the formation of acid, as was 
found in the experiments noted on page 596. With 0.01 % of 

peptone, the acidity on the fifth day was equal to 0.03 % lactic 
acid, while with 1 % of peptone the acidity was 0.18 %. 

THE NATURE OF THE ACIDS. 

In determining the nature of the acids a considerable number 
of cultures were made and tested. These were chiefly tentative 
or preliminary, and served to indicate the kinds of acids present 
and also the method which appeared to be best for their separa- 
tion. Ultimately the following method was adopted :- 

Two litres of the ordinary 10 % saccharose medium containing 
100 grms. of chalk was infected with a mass culture (about 50 c.c.) 
of the organism and incubated at 37 °. The culture was vigor- 
ously shaken every morning and the incubation was continued 
for a month, when it was noted that the evolution of gas bubbles 
had ceased. The culture was then treated in the manner 
described in the following table. 



T
R

E
A

T
M

E
N

T
 

O
F 

T
H

E
 

C
H

A
L

K
 

C
U

L
T

U
R

E
. 

T
w

o 
lit

re
s 

of
 c

ul
tu

re
 i

nc
ub

at
ed

 f
or

 3
0 

da
ys

 w
ith

 c
ha

lk
 ; 

he
at

ed
 t

o 
90

 °,
 f

ilt
er

ed
, 

w
as

he
d.

 

Fi
ltr

at
e 

ev
ap

or
at

ed
 to

 }
 v

ol
um

e,
 a

llo
w

ed
 t

o 
cr

ys
ta

lli
se

 o
ve

rn
ig

ht
, 

st
ra

in
ed

 a
nd

 
pr

es
se

d.
 

R
es

id
ue

, c
hi

ef
ly

 C
aC

O
3,

 d
ec

om
- 

po
se

d 
w

ith
 H

2S
O

4;
 f

ilt
er

ed
, 

w
as

he
d.

 

R
es

id
ue

 A
. 

R
es

id
ue

s 
A

, D
 d

ec
om

po
se

d 
w

ith
 

H
2S

O
 

; 
af

te
r 

st
an

di
ng

 o
ve

r-
 

ni
gh

t f
ilt

er
ed

 a
nd

 w
as

he
d.

 

R
es

id
ue

 F
 

Fi
ltr

at
e 

G
 
ha

d 
C

 
ad

de
d 

an
d 

th
e 

w
ho

le
 

w
as

 
ex

- 
tr

ac
te

d 
w

ith
 e

th
er

 
fr

om
 

w
hi

ch
 

th
e 

ac
id

s 
w

er
e 

se
pa

- 
ra

te
d.

 

L
iq

uo
r 

ev
ap

or
at

ed
 to

 i
s 

vo
lu

m
e,

 a
llo

w
ed

 t
o 

cr
ys

ta
lli

se
 

ov
er

ni
gh

t, 
st

ra
in

ed
 a

nd
 p

re
ss

ed
. 

R
es

id
ue

 D
 

L
iq

uo
r 

ac
id

if
ie

d 
w

ith
 H

 S
O

4;
 

af
te

r 
so

m
e 

tim
e 

fi
lte

re
d 

an
d 

w
as

he
d 

: 

R
es

id
ue

 E
 

Fi
ltr

at
e 

di
st

ill
ed

 u
nt

il 
A

 p
as

se
d 

ov
er

. 

D
is

til
la

te
 c

on
- 

ta
in

ed
 A

ce
tic

 
an

d 
Fo

rm
ic

 
ac

id
s.

 

R
es

id
ua

l 
liq

uo
r 

ex
tr

ac
te

d 
w

ith
 

et
he

r 
ch

ie
fl

y 
la

ct
ic

 a
ci

d.
 

R
es

id
ue

 B
 

Fi
ltr

at
e 

C
, 

ad
de

d 
to

 G
. 

R
es

id
ue

s 
B

, 
E

, 
F 

w
er

e 
dr

ie
d 

on
 p

or
ou

s 
til

e,
 p

ow
de

re
d 

an
d 

sa
tu

ra
te

d 
w

ith
 e

th
er

. 
A

ft
er

 
se

ve
ra

l 
da

ys
 

th
e 

et
he

r 
w

as
 

su
ck

ed
 

of
f,

 
ev

ap
or

at
ed

, 
an

d 
w

at
er

 a
dd

ed
 t

o 
se

pa
ra

te
 i

n-
 

so
lu

bl
e 

ac
id

 w
hi

ch
 p

ro
ve

d 
to

 
be

 C
ap

ri
c 

ac
id

. 



BY R. GREIG SMITH. 607 

Before proceeding to describe the separation of the acids from 
the ethereal extracts a few notes may be made upon the organic 
acids mentioned in the table. The distillate from the mother 
liquor had a strong odour of acetic acid and was neutralised with 
soda. To a portion of the neutral solution silver nitrate was 
added, whereupon a pasty, white precipitate was thrown down. 
This was filtered, washed and dried on a porous tile, then in 
vacuo over sulphuric acid and finally in the oven at 80° until 
there was a loss of only 0.5 mgrm. in 30 minutes. A portion was 
dissolved in water and the silver estimated as chloride in the 
usual manner. 

0.3645 grm. gave 0.3115 grm. AgCl = 64.33 % Ag. 

Silver acetate contains 64.68 ° Ag. 

It is evident from the analysis of the silver salt that the acid 
is acetic. 

The filtrate from the silver acetate rapidly darkened, which 
made it appear probable that formic acid was also present. 
Accordingly the neutralised distillate was tested and was found 
to reduce alkaline permanganate to the brown hydrated binoxide 
and also to produce a copious precipitate of calomel when treated 
with excess of mercuric chloride. The latter test is characteristic 
of formic acid. 

From the calcium sulphate residues a few droplets of an 
insoluble fatty acid were obtained. The melting point was 
determined by a method which I devised some ten years ago. 
Two small particles of the dry solid acid are placed near one 
another on a coverglass, another coverglass is put on the top and 
very lightly pressed. The space between the particles after the 
second coverglass is in place should be from one to two millimetres. 
The preparation is then floated on mercury and covered with a 
small watch glass. The bulb of a delicate thermometer is inserted 
in the mercury and the temperature slowly raised. At the 
melting point the two particles of melting fat run together, the 
space between them disappears, and almost instantly the molten 
fat spreads out between the coverglasses. The melting point of 
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the separated fatty acid was 30.8° which is sufficiently near the 
melting point of capric acid (31.3 °) to identify it with this acid. 

The organic acids were, extracted from the acid fluids by per- 
colation with ether. The extraction was generally continued for 
12 hours; sometimes with a large quantity of fluid the time 
occupied was 24 hours. After the extraction the ether was dis- 
tilled off and the acids separated by a combination of the methods- 
recommended by Schneider* and Harden.t 

ANALYSIS OF THE ETHEREAL RESIDUE. 

Ethereal residue diluted with water and distilled in a current 
the distillate had a constant acidity. 

of steam until 

Residual liquor divided into portions. 

Portion digested with ZnO, filtered 
while hot and ' the zinc lactate 
proved by its solubility and also 
microscopically. 

Portion digested with CaCO3 on water 
bath for several hours, filtered. 

Residue dis- 
solved in 
acetic acid 
and tested 
for oxalic 
acid: none 
found. 

Filtrate evaporated to 
dryness, extracted with 
90 % alcohol. 

No residue Extract 
of contained 

succinate lactate. 

Portion of solution of calcium salt 
crystallised, dried and the calcium 
estimated. 

Distillate evaporated with excess of 
CaCO , treated with absolute alcohol, 
filtered. 

Residue extracted 
with water and so- 
lution tested for 
acetic and formic 
acids. 
Acetic and formic 
acids found. 

Filtrate. 
Portion tested 

with Zn(NO2) 2 for 
valeric acid; none 
found. 

Remainder eva- 
porated and resi- 
due tested for 
butyric acid. 
Butyric acid found 

Lactic acid was proved by the microscopical appearance of its 

barium, calcium and zinc salts, by its comparatively non -volatile 

* Schneider, Journ. Chem. Soc. 1900, Abs. ii., 177. 

Harden, ibid. 1901, 614 -5. 
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character (with steam), its action upon alkaline permanganate, 
its behaviour on dry distillation, Windisch's reaction and the 
analysis of the calcium salt. In the analysis the residue remain- 
ing after distilling off the volatile acids was heated on the water 
bath for several hours with excess of calcium carbonate, filtered, 
evaporated, and allowed to crystallise overnight. A solid mass 
of crystals was obtained which, after drying in vacuo over 
sulphuric acid, was dried in the water oven till nearly of constant 
weight. In one, portion the calcium was estilLated, and in 
another the water (by drying in water oven till of constant 
weight). 

2.493 grins. contained 0.36 % of water and gave 1.1185 grins. 
CaCO3 =18.01 % Ca. 

Calcium lactate contains 18.35 % Ca. 

The butyric acid was separated as calcium butyrate by taking 
advantage of its comparative solubility in absolute alcohol. It 
was, however, never pure, being associated with formic and 
acetic acids. It was identified by the solubility of the calcium 
salt in absolute alcohol, by the pine -apple or rum odour of the 
ethyl ester, by the odour of the moist barium salt, and of the 
same salt when warmed with sulphuric acid. Finally the analysis 
of the silver compound prepared by the addition of silver nitrate 
to the mixture of substances obtained by dissolving the calcium 
salts in absolute alcohol while not absolutely agreeing with silver 
butyrate, is sufficiently distinctive (i.e., low in silver) to show 
that butyric acid was contained therein. This silver compound, 
after precipitation and washing, was dried on a porous tile, and 
then at 80 °, at which temperature there was no loss of water. 

0.0548 grm. gave 0.0438 grm. Ag. Cl. =60.16 % Ag. 

Silver butyrate contains 55.38 70 Ag. 

Silver butyracetate contains 59.67 % Ag. 

Silver acetate contains 64.68 % Ag. 
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With regard to the relative amounts of acids formed in 
saccharose solutions, a determination was made as follows. The 
acids separated from a fourteen days' chalk culture measured 
about 20 c.c. This was diluted with an equal volume of water, 
and distilled in a current of steam. When 141 c.c. had passed 
over the distillation was stopped, and a 10 c.c. portion was found 
to contain a quantiy of acid equivalent to 0.35 c.c. N/ acid which 
for the whole 141 c.c. equals 4.9 c.c. The remaining 131 c.c. were 
evaporated down with chalk to dryness, and extracted with hot 
absolute alcohol. The calcium salt which dissolved weighed 054 
grm., and on the assumption that this consisted entirely of 

calcium butyrate, is equivalent to 0.048 grm. butyric acid in the 
whole distillate. The remaining acids (= 2.2 c.c. NJ,), if taken as 

a mixture of equal parts of formic and acetic, would weigh 0.023 
grm. This gives a total of 0.071 grm. of acids in the distillate. 
It must be borne in mind that lactic acid occurs in the distillate, 
and is calculated with the other acids, so that for this reason 
alone these figures must not be considered too narrowly. The 
main object in quoting them is to show how small is the quantity 
of the volatile acids when compared with the lactic acid. The 
residual fluid in the distilling flask was made up to 50 c.c., and 
10 c.c. was boiled with zinc oxide and filtered. The filtrate, 
when evaporated and dried at 160 °, yielded 1.076 grms. of a zinc 

salt. Another . 10 c.c. was titratcd with standard alkali by 
Kunz's method.* It contained - 

Lactic acid ... ... 0.673 grm. 
Dilactic acid as lactic acid ... 0.139 grm. 

Total lactic acid ... ... 0.812 grm. 

The zinc salts of these acids would have yielded 1.0745 grms., 
which agrees closely with 1.076 grms. found. In the total 
residual liquor there were, therefore, present 0.812 x 5 = 4.06 

grms. lactic acid. Comparing this with the volatile acids, there 

* Kunz, Journ. Chem. Soc., 1901, Abs. ii., 428. 
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is a ratio of 4.06 : 0.071 :: 57 : 1, and if some allowance is made 
for the lactic acid included in the volatile acids, it is evident 
that the bacillus forms about 60 times more lactic acid than 
volatile acids. 

MANNITE IS NOT A BYPRODUCT IN THE GUM FERMENTATION. 

In the mutinous fermentation of beet juice by some bacteria, 
as, for example, Leuconostoc mesenterioides, the sugar is fermented 
partly to dextran, or fermentation-gum, of which there are two 
kinds, one a soluble form, the other an insoluble modification, and 
partly to mannite. In order to see if mannite was a by-product 
in the fermentation of sugar by this bacillus, several culture 
solutions were freed from gum, and after evaporation to a syrupy 
consistency, were extracted with strong hot alcohol. No mannite 
crystals could be obtained from any of the cultures. The syrupy 
residue of one, however, after standing for a week, contained a 
number of feathery tufts of needle -shaped crystals which might 
have been mannite. The whole syrup was dissolved in water 
and the sugars fermented out with a pure culture of S"acclzaro- 

anyces cerevisice I. The yeasts were then filtered off with the aid of 
aluminium hydrate. Mr. Steel kindly tested the rotation of the 
solution before and after the addition of borax. A very slight 
lævorotation was observed; the mannite, if present, was apparently 
in so small. áan amount that it could not be definitely determined. 
He subsequently tested a solution obtained from a culture con- 
taining 46 grms. of saccharose, and could find no evidence of 
mannite. It is, therefore, apparent that the bacillus does not 
form mannite from sugar. The crystals observed in the syrup 
were probably dextrose. Mannite was carefully tested for, 
because a gum- producing organism, Bac. gunzmosus, Happ, forms 
this hexatomic alcohol in sugar solutions. 

Ordinary alcohol is likewise not a product of the fermentation. 
A litre culture was distilled with chalk, and in the first 50 c.c. 

of distillate, which had a sp.g. of 1.0006, no iodoform reaction 
could be obtained. 
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THE VITALITY OF THE SPORES. 

The spores of bacilli resist the action of moist heat at 100° C. 

for some time, and the gum bacillus is no exception to this rule. 
In testing how long they could withstand the action of boiling 
water, several tubes of saccharose media were infected with 
spores, and after attaching aerial condensers, the tubes were 
immersed in brine, which was kept slowly boiling. The media 
in the tubes boiled briskly. At intervals of ¿, ¡, 1, 1, 2¡ and 
5 hours, tubes were taken out, cooled, and thereafter incubated 
at 37 °. In all cases growth occurred and gum was formed. The 
spores can, therefore, withstand the action of boiling water for 

at least five hours. 

According to Lafar, the potato bacillus can resist the influence 
of a current of steam for six hours, which marks it as being the 
most powerfully resistant of all organisms hitherto observed. 
The spores of the gum bacillus resist destruction as vigorously 
as the potato bacilli, and, as we shall see, this is not to be 

wondered at, for they have many points in common. 

THE VARIETIES OF THE ORGANISM. 

So far, with one exception, the action of a bacillus which was 

separated from roller cane juice has been considered. In the 
examination, however, of a number of raw and refined sugars, 
many races of the same organism were isolated. A few of these 
grew slowly, but otherwise they were identical with bacteria of 

quicker growth. From the more or less extended examination 
of some sixty bacteria, it became manifest that the races fell into 

one, two, or three groups, according to the value placed upon 

their growth characteristics. If they are divided into three 
groups, the third of these (ßß of table) must be considered as 

being derived from the second (ß), since upon repeated cultiva- 
tion the characters alter and become identical with those of ß 

group. The ß group differs from the a group chiefly in its 

' method of grov th in gelatine. 
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GENERAL CHARACTERS OF THE GROUPS 

a ß ßß 

Agar stroke ... 

Gelatine stab ... 

Potato ... 

Bouillon 

Milk ... 

Shape ... 

Translucent white, 
amceboid layer, 
irregularly fur- 
rowed, dry or 
slightly moist, 
adhering firmly 
to the medium : 

often with glis- 
tening convex 
margin: the con- 
densed water has 
a strong film. 

Medium is liquefied 
very slowly as a 
small crateriform 
depression with 
white wrinkled 
film : stab at first 
fíliform, then be- 
comes arbores- 
cent (4 -5 days). 

Reddish- white, dry, 
finely wrinkled 
growth on red- 
dish ground: 
of ten with raised, 
apparently ex- 
uded, drops of 
watery fluid. 

Turbid, with strong 
wrinkled film. 

Curdled,then partly 
peptonised with 
faint acid re- 
action. 

Thin rods, 0.4 -0.6 s 
broad. 

White, amceboid, 
and sometimes 
terraced layer, 
dry and generally 
dull, adhering 
loosely to the 
medium, often 
with glistening, 
convex margin : 

condensed water 
with strong film. 

Medium is liquefied 
quickly as a cra- 
teriform area. 
Then becoming 
saccate in 2 -3 
days, forms a 
loose surface 
film. 

Pale yellow, deep 
yellow or yellow - 
brown raised un- 
dulating fatty 
growth, becoming 
dry and coarsely 
wrinkled. 

As a 

As a, but with al- 
kaline reaction. 

As a 

Broad, glistening, 
yellow to buff, 
raised lobular 
growth : con- 
densed water 
has no film. 

As 13. 

As ß. 

Turbid, but no 
film. 

As a, with ampho- 
terie or alkaline 
reaction. 

Thick vacuolated 
rods over 1 µ 
broad. 

The differences between $$ and $ are very striking, and it 
would almost seem impossible that they could both be of the 
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same kind. Fortunately the alteration or reversion to the 

normal type occurred in. the course of a few crops or transfers 
(erroneously called generations) with one of the races which was 

considered as being typical of group ßß, and the identity of the 

groups was made evident. While with this race the change 

occurred by the 8th transfer, two other similar ßß races had 

not changed by the 40th transfer. From a glistening lobular 
yellow raised stroke, it altered to a dull white amoeboid 

expansion spreading over the greater portion of the agar 

surface. Concomitant with this alteration, the granular or 

spongy structure of the bacterial protoplasm changed, and when 

stained the rods appeared narrow and homogeneous. The nature 
of the growth in bouillon, and on potato, also changed. In 
short, the race had become identical with those of group ß. The 

reversion is shown in a somewhat diagrammatic form in the 

plate which accompanies this paper. 
Why ßß should be so different from ß can only be explained 

by assuming that it has been caused by the physical conditions 

that have obtained during the process of manufacture of the 

sugar. In the various samples of sugar the three groups of 

bacteria were generally found in varying proportions. This 

might point to the sugar having been infected at different periods 

of the manufacturing process, for if it were otherwise, only one 

group of bacteria would be found in each lot of sugar. As a 

rule, however, the prevailing bacteria were of the ß kind. 
The cultural variation of the race does not have much effect 

upon the production of gum. With one race of the ti,3 type, 

which maintained its character through 24 transfers, the amount 

of gum formed in 12 days at 37° was found to be 26.7 grms. for 

100 grms. saccharose originally taken, the culture medium being 

identical with that already described. 

BACILLUS LEVANIFORMANS, n.sp. 

Shape, &c.-The films prepared from cultures on nutrient agar 

show the organism as a rod with rounded ends; the individuals 
occur singly and in chains. The dimensions of the rod vary con- 
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siderably, but, generally speaking, those races which produce 
white growths on nutrient agar (a and ß) consist of cells measuring 
0.4 -0.6 : 2 -3 F. Occasionally a race of this normal type will 
have broader rods mixed with cells of that breadth. Those races 
which produce a buff colour on nutrient agar (ßß) consist of a 
mixture_ of short, stout and of long rods varying from 1.3 : 2 to 
1.0 : 6 µ. All cells stain readily, and are not decolorised by the 
Gram method. The broader cells appear to have a spongy 
structure, while the narrower cells stain uniformly. The rod 
forms a small oval and generally central endospore, readily with 
the white, but slowly with the buff races. Indeed, with the 
white races, the film on a 24 hours' bouillon culture at 37° consists 
chiefly of spores. Germination is lateral. The rods are motile, 
and in bouillon move about with a wriggling motion. In films 
of fluid saccharose media, the newly germinated rods have an 
active, darting motion. When films are prepared from a young 
agar culture, and stained by the night -blue mordant, as advised 
by Morton (Trans. Jenner Inst. ii.), the majority of the cells are 
seen to be capsulated, and to have many peritrichous flagella. 

Sketches of a few typical cells drawn with the camera lucida 
accompany this paper. The early cultures of the organism in 
fluid and sometimes in solid media, frequently show coccoid and 
streptococcoid swollen cells. These, however, have ceased to 
form in the second, third, or fourth transfer. 

Relation to Oxygen. -There is practically no growth under 
anaerobic conditions. In Buchner's tubes, the stroke on agar is 
faint and amceboid, whilst bouillon becomes slightly turbid. In 
the fermentation tube, no growth occurs in the closed limb. 

Agar plate. -Groups a and ß : The colonies appear white, or 
grey -white, and are either flat and dry or raised and fatty. In 
some races the flat, dull colonies become amceboid and form a 
raised, moist, glistening margin, and the centre of the colony may 
become covered with watery globules. In other races the amceboid 

colony becomes wrinkled. Microscopically the deep colonies are 
ragged, woolly, or fibrous, the surface flat colonies are marbled or 
wrinkled, with a very irregular filamentous margin. The amceboid 



Ú1Ú THE GUM FERMENTATION OF SUGAR CANE JUICE, 

processes are clouded and finely granular, with a clear central 
canal. Group ßß : the colonies vary from dirty white to buff - 
white, and have a fatty or dull appearance. When magnified, 
the deep colonies are seen as irregular clumps ; the surface 
colonies appear dark grey and marbled, with either a stippled or 

a filamentous margin, and a smooth or a rough edge. 
Saccharose(10 %)-peptone(?-0- %) -agar plate. - The colonies of 

the a and $ types appear like raised drops of whey upon an 
amoeboid base. When magnified, the deep colonies are lenticular 
and clouded ; the surface colonies being clouded and hatched. 
The amoeboid processes of the surface colonies have a hatched 
centre, a finely granular intermediate portion, and a clear margin. 
The colonies of the fiß type are circular and yellowish, or dirty 
white. The agar below the surface may swell into a dome- shaped 
prominence bearing the colony. Subsurface colonies cause the 
agar to swell locally and split. 

Agar stroke. -Group a : The races form a translucent white 
amoeboid growth of 
surface. The growth becomes irregularly furrowed or indented, 
and appears either dry or slightly moist. Sometimes the surface 
is covered with minute drops of fluid, which gives the culture a 

shagreen appearance. The upper margin of the stroke is fre- 

quently raised and glistenint. The central portions adhere so 

firmly to the agar that it is impossible to remove portions with 

the ordinary thin platinum needle. The condensed water is 

covered with a strong, white, wrinkled film. Group ß : The 

cultures are whiter than the a races, and show a greater diversity 
of appearance. The growths are amoeboid, and either fiat or 

terraced. They may be dry or glistening. A white central 
portion may have a narrow or broad raised translucent margin. 
Some races differ from those of the a group only in having a fatty 

,consistence, so that portions of the culture can be easily removed 
with the needle. Like the a group, the cultures form a strong, 
white, wrinkled film on the condensed water. Group pß : The 

growth is broad, raised, luxuriant, and varies in colour from 

primrose through stone to buff. It is lobular and spreading, but 
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never amceboid. It appears either moist, glistening, or fatty, 
and the consistency is soft. like that of butter. The condensed 
water generally has a flocculent yellowish sediment, but never 
has a film. 

Saccharose -peptone -agar stroke. -With all groups, there is 
formed a broad convex ridge, undulating as if containing gela- 
tinous lumps. The growth is translucent and indistinguishable 
from the medium.. The consistency is gelatinous. 

Gelatine plate. -Group a: The colonies grow slowly; on the 
third day they are white and punctiform. When magnified, the 
deep colonies are seen to be round, moruloid or like woolly tufts, 
with outstretching fibres interspersed with cellular clavate pro- 
cesses. The surface colonies are rounded erose, with a granular 
centre and clouded, margin. On the fourth day the surface 
colonies appear depressed and are seen, microscopically, to be 
deeply pitted and wrinkled, and to have a rough margin. On 
the sixth day the surface colonies consist of a dry, wrinkled film, 
with a central white point. There is a slight softening of the 
gelatine, and in crowded plates the medium becomes slimy. 
Groups ß and ßß : White circular crateriform liquefied areas con- 
taining a white sediment are formed in two days. Microscopi- 
cally the sediment consists of coarse granules, and the margin of 
the colony (liquefied area) is ciliate. The deep colonies appear 
circular and either opaque or coarsely granular, with a ciliate 
edge. 

Gelatine stab. -The stab is primarily filiform, with a slight 
depressed surface growth. In from four to six days, the needle 
track is beset with coarse white arborescent outgrowths, and the 
gelatine at the surface is slightly liquefied and consumed. The 
liquefied medium is covered with a deeply wrinkled film. Groups 
ß and ßß : The growth is at first white and filiform, but the 
medium is sooner or later (1 -2 days) liquefied, the top of the stab 
becoming funicular ; finally the entire stab becomes saccate. 
There is formed a thin surface -film. 

Bouillon.- Groups a and ß: The medium becomes faintly turbid 
and covered with a strong but easily detachable wrinkled white 
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film. Group ßß : The bouillon becomes turbid and forms a white 
sediment and a very slight surface -ring. Indol is formed by all 

the groups, and nitrate may be slightly reduced to nitrite. 
Milk. -All groups coagulate and then slowly peptonise the 

casein, but group a is much slower in its action. The reaction of 

the supernatant liquid may be faintly acid (a), amphoteric (ßß), 

or alkaline (ß). 
Peptone- saccharose fluid. -The white, milk-like ' appearance is 

very characteristic. 
Potato. -Group a : There is formed a reddish -white thin layer 

upon a reddish ground. The thin layer becomes folded into small 

delicate wrinkles. Sometimes in place of wrinkles drops of a 

white watery fluid exude from spots scattered over the apparently 
red surface of the potato. Group ß : The cultures are of various 
shades of stone, yellow or yellowish -brown. They are raised and 

undulating and soon (3 -4 days) become coarsely wrinkled. Group 
ßß : The growths are similar to ß, but in addition the medium is 

frequently darkened in the vicinity of the culture. 
Temperature. -The organism grows at 15 °, 22 °, 30 °, and most 

quickly at 37 °; above 37° the growth rapidly diminishes; with 
the exception of the cultures in gelatine, which were made at 22 °, 

the descriptions of the growth characters apply to cultures at 371 

THG GUM -FORMING BACILLI PREVIOUSLY DESCRIBED. 

From the literature at my disposal upon this subject I have 

found notes upon a number of sporeless bacteria capable of con- 

verting saccharose into gummy substances when natural media, 

such as slices of beet, were infected. As, however, the organism 
separated by me is a spore -forming bacillus, mention of other 
spore -bearing organisms which are known to form gum from 

saccharose need only be made. 
Fritz Glaser* separated an actively motile short rod -shaped 

bacterium, Bact. gelatinosuna betce, from beet juice that had 

undergone a mutinous fermentation. It rapidly liquefies gelatine, 
produces gas when grown in beet juice at 40 -45° C., and is not 

* Fritz Glaser, Cent, f. Bakt., 2te Abt., i. 879. 
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killed when heated to 100° C. This fact would indicate the 

presence of spores, but the author apparently never observed 

spore formation. The organism also inverts saccharose, forming 

a quantity of alcohol but no lactic acid. According to Lafar* 

the alcohol is amyl alcohol. From but a few tests, Glaser con- 

sidered the gum to be probably identical with Scheibler's dextran 

or beet gum. 
Ritsertt separated from a slimy digitalis infusion an organism, 

Bact. gumrosum, which formed gum in saccharose solutions con- 

taining nutrient salts such as potassium acetate and ammonium 

phosphate. Similar solutions of grape sugar or of milk sugar did 

not produce gum after infection. In the saccharose cultures 

nearly half of the sugar was converted into gum, which was esti- 

mated by precipitation with alcohol and weighing. Besides the 

gum, which he named gummose, an acid and a dextro-rotatory 

body capable of reducing Fehling's solution were formed. The 

organism was an anthrax -like rod which formed threads, chains 

of rods, streptococcus, diplococcus or coccoid forms according to 

the medium in which it was growing. It formed endogenous oval 

spores and the rods were not stained when treated by the Gram 

method. The growth on agar was lobular and glistening white; 

after a few days it showed two zones -the inner wrinkled, raised, 

dry and white; the outer glistening and bluish - white. In boui- 

llon the rod was feebly motile. Alkaline gelatine was liquefied. 

Happ also separated from digitalis infusion a bacillus, Bac. 

gummosus, capable of producing a gummy fermentation in 

vegetable infusions. It appeared as a large thick rod with 

rounded corners, measuring 0.6 -2 : 5 -7.5 µ.' It was weakly motile; 

flagella and spores were observed. The colonies on gelatine were 

at first circular, then processes were sent out into the medium 

which quickly liquefied. In stab culture the liquefaction of the 

gelatine was funicular. On agar, the stroke became a moist 

glistening and characteristically lobular (4 amoeboid) growth. On 

* Lafar, Technical Mycology. 

t Ritsert, Cent. f. Bakt. lte Abt., xi. 730, Ref. 

$ Happ, Cent. f. Bakt., lte Abt., xiv., 175, Ref. 
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potato, coccoid involution forms were noted on the second day. 
On this medium the growth is at first moist glistening, but after 
some weeks it became a whitish folded skin adhering firmly to 
the medium. The optimum temperature lay between 25° and 30 °. 

The presence of saccharose is absolutely necessary for the forma- 
tion of gum; no other sugars induce the mucoid fermentation. 
Saline substances are favourable to the fermentation, but these 
are not absolutely essential, since in their absence sugar solutions 
can form gum. Albuminoids are likewise not absolutely neces- 

sary in the fermentation. The by- products are mannite, lactic 
acid, butyric acid and carbonic acid. Only a small part of the 
saccharose is converted to dextrose. 

THE AFFINITIES OF THE BACILLUS. 

Fritz Glaser has not described his bacterium at all fully, and 
he did not investigate his gum with any detail, but from the fact 
that it forms (amyl ?) alcohol and no lactic acid it is evidently 
different from that which I have investigated. 

Both Ritsert's and Happ's organisms are like one another. 
They were separated from the same kind of infusion, they show 
a similar variability of form according to the medium; they pro- 

duce acids and they invert saccharose. With regard to the 
inversion, Ritsert has not described the product of inversion 
otherwise than as a dextro -rotatory body capable of reducing 
Fehling's solution, while Rapp said that only a small part of the 
saccharose was inverted. The byproducts in the fermentation of 

Happ's bacillus are mannite, lactic acid, butyric acid and carbonic 
acid. Ritsert did not' identify his acid, and does not mention 
mannite. I can find no mention of the nature of Happ's gum 
beyond its being soluble in water, insoluble in alcohol and ether, 
and having the composition (C8H1oOs)n. Ritsert's was optically 
inactive. 

Although one cannot identify these two organisms by their 
enzymic activities, it is possible from their cultural characters 
that they are varieties of one common type, and that is possibly 
Bac. vulgates, to which my organism is probably also related. 
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There are, however, many points of difference between the 
chemical products of my bacillus and those of Ritsert and Happ. 
Since it is the products which mark the importance of the organ- 
ism, and since these are different to the products of bacteria 
already described, I have thought it advisable to give the organism 
the distinctive name of Bacillus levaniformans. At the same 
time it must be borne in mind that it is probably a variety of 
Bac. vulgates which, together with several other allies, constitute 
the potato group of bacteria. The members of this group of 
bacteria have many points in common; in fact there are so many 
common characters that what are at present called species are 
undoubtedly only races. To show this I shall enumerate shortly 
the characters of these species as described by Lehmann and 
Neumann, and it will be seen that Bac. levaniformans has affini- 
ties with all the members of the group. 

THE MESENTERICCS GROUP OF BACILLI. 

Bacillus (mesentericus) vulgates occurs as a thin rod, with 
slightly rounded ends, measuring 0.8 :1.6 -5 µ. It frequently' 
forms threads, and easily produces plump oval spores. The rods 
are motile and are studded with flagella. The bacilli are stained 
by Gram's method. On gelatine plates there are formed crateri- 
form liquefied areas covered with a delicate whitish folded film. 

In gelatine stab culture there is a crateriform liquefaction over a 
filiform growth. On agar plate, there appear whitish, moist 
glistening, raised, smooth or rough -edged colonies. When magni- 
fied the centre of the colony appears homogeneous without mark- 
ings, and the margin is often filamentous; the deep colonies are 
homogeneous and frequently ciliate. The agar stroke is raised, 
lobular, fatty and grey- white; after some time it becomes folded 
and the condensed water is covered with a strong film. Bouillon 
is made turbid and forms a strong grey -white film; no indol is 

formed. Milk is curdled and has a slimy consistency ; the 
reaction is strongly alkaline. The potato cultures are most 
variable. The typical growth is raised and irregularly swollen 
like the mesentery, whence its general name, Bac. mesentericus 
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vulgatus. The colour is partly whitish -grey, partly yellowish or 

yellow or even reddish -brown. The culture finally covers the 

potato as a slimy mass. 
Bacillus mesentericus (fuscus) differs from vulgatus chiefly in 

colour and in not liquefying gelatine so quickly. The liquefied 

gelatine in stab culture has a surface film. The stroke on agar 
is yellow- brown. On potato the growth is raised, moist glisten- 

ing, greyish -yellow and slimy, afterwards becoming a dull raised 
network. Traces of indol are formed in bouillon. 

Bacillus liodermos differs from vulgatus in forming on potato a 

smooth glistening yellowish -white syrupy growth which is soluble 
in water and precipitated from solution by alcohol. 

Bacillus mesentericus ruber is very similar to vulgatus. It 
forms colonies of various shape on gelatine which is slowly 

liquefied. The agar- stroke is translucent, grey -white, moist 
glistening, and eventually becomes like a network. The growth 
on potato is mesentery -like and of a rose -red colour which ulti- 
mately becomes reddish -brown. 

It is quite probable that the four members of the potato group 
are all varieties of one typical bacterium, which we may assumé 

to be that most commonly occurring, viz., vulgatus. The others 
differ but slightly from it. Examples of a similar variation are 

not wanting among the bacteria. Among the yeasts the varieties 
of Sacch. cerevisice appear to be limited only by the number of 

breweries. Conn noted the occurrence in nature of a white 

coccus, varieties of which did or did not liquefy gelatine. 
Schierbeck* separated from one sample of milk races of lactic 
bacteria which differed in their fermentative power, and moreover 

the difference was apparently fixed so far as the race was con- 

cerned. 
But coming to the vulgatus group itself, there are instances 

where one or other of the members have developed the power of 

causing bread to become slimy. Uffelmann f ascribed the 

* Schierbeck, Cent, f. Bakt. lte Abt., vii. 239, Ref. 
t Uffelmann, Cent, f. Bakt. lte Abt., viii.. 481. 
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exciting cause of slimy rye-bread to Bac. vulgatus, after separat- 
ing from the bread that organism and Bac. liodermos. Juckenack* 
separated Bac. mesentericus in pure culture from a batch of ropy 
rye -bread. Ecclest found the slimy fermentation quite com- 
monly in the bread of certain localities when it had been kept 
warm for some time after baking. He traced the fermentation 
to Bac. vulgatus and Bac. liodermos, the latter producing a greater 
degree of sliminess than the former. We thus have cases of a 
particular kind of fermentation -the alteration of the crumb of 
bread into a gummy or ropy mass -induced by vulgatus, mesen- 
tericus and liodermos. This assumption of a common function 
by these so-called species when considered with the fact that their 
cultural characters are not very distinctive is enough to indicate 
the probability of the species being really races of one bacillus. 

Ritsert's Bac. gummosus and Happ's Bact. gummosum do not 
apparently differ greatly from Bac. vulgatus, and may well be 
races. Lehmann and Neumann consider that they are allied to 
that bacillus. 

With regard to the races which were separated in this research, 
they appear to be allied not to any particular member but to the 
group as a whole. The race which was separated from cane juice 
and which I have called the a type, appears, if the growth 
on potato is an index, to be related to Bac. mesentericus ruber as 
well as to Bac. vulgatuo. The arborescent growth in gelatine 
stab culture is peculiar to that race, and does not occur among 
races which are identical in every other respect. The races of 
the derived type are closely related to Bac. mesentericus so long 
as the cell protoplasm remains granular or spongy. Once the 
protoplasm condenses, as it may do by repeated cultivation in 
artificial media, the colour, the appearance and the consistence of 
the growth upon agar also change, and the race becomes related 
to Bac. vulgatus, but still differs from it by reason of the spread- 
ing, amoeboid nature of the agar culture. The races when grown 

Juckenack, ibid. 2 te Abt., vii., 109, Ref. 

t Eccles, Jour. App. Microscopy, iv. (3), 1222, Abs, 
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on agar show practically every variation from a slight; almost 
transparent, watery smear to the luxuriant, corrugated, amceboid, 

tough layer over most of the agar surface. 

THE SOURCE OF THE BACILLUS. 

It must not be presumed that the organism is derived from the 
gum of "gummy cane," i.e., plants affected with gummosis. It 
can be affirmed without a shadow of doubt that it does not, for 

the reason that the gum which is found in gummed canes is 

absolutely different from the gum formed by the bacillus. At 
one time I thought it just possible that a different medium might 
produce a different gum, and grew the bacillus in plant infusions 
(e.g., hay, turnip) with sugar, but the gum produced in such 

infusions was found to be identical with that formed in the pep- 

tone solution. We can, therefore, say that the bacillus produces 
only one kind of gum, viz., levan, which is absolutely different 
from cane gum. 

The microbe has been separated from cane juice and from 
refined sugars, and since it occurs in these two .places -the 
beginning and the end of the manufacturing process -it will 

certainly be found in all positions in the factory and the refinery. 
It undoubtedly obtains access to the factory with the cane,* 
most probably on the outer surface of the plant. And having 
once got into the manufactory, and being in congenial surround- 
ings, it will thrive luxuriantly unless means are adopted to check 
its growth. Experience has taught the manufacturer that the 
best preventative for gumming is to push on the crystallisation 
of the sugar as quickly and at as high a temperature as possible. 

* The bacillus was obtained from the interior of a portion of gummy cane 

from Fiji, but as the portion had been lying about the benches in the labora- 
tory of the Colonial Sugar Refining Co. before it came into my possession, 
there is the possibility that the organism obtained access to the centre of the 

cane during that time. I sought for the bacillus in five samples of gummy 
cane from New South Wales, and found it in the tissues of one of the 

samples. 
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To this may be added the hackneyed suggestion of disinfecting 
the premises and plant whenever possible. 

If the manufacturer desired to produce gum, he would use 
such a saccharine fluid as cane juice, and after clarification infect 
it with the bacillus. Then he would keep the juice as near 37° 

C. as possible, but not much over that temperature, and certainly 
not over 44° C. The juice would also be well aerated by tossing 
or spraying, and finally the fermentation would be allowed to go 

on until the maximum amount of gum had been formed. 
Repeated infection during the process, as by running the juice 
into dirty vessels, &c., would greatly assist the production. 
With this knowledge of how to best produce gum, it is easy to 
see how the formation can best be prevented. 

To the intelligent manufacturer the knowledge of the cause is 

enough to give the cue for its attempted elimination. Whether 
this is possible, experience alone can show. Were it not for the 
constant infection from without by the introduction of infected 
material, the trouble might be overcome. Probably all the 
manufacturer can hope for is a diminution of the gumming. The 
microbe is exceedingly hard to kill. The vegetating forms must 
be, to a certain extent, protected, during a part of their life at least, 

by the gum capsules, and the spores can resist the action of 

boiling water for at least five hours. But difficult as the task is, 

it must be attempted so that the manifold changes which the 
microbe induces may be minimised or prevented. 

EXPLANATION OF PLATE. 

The figures illustrate diagrammatically stages in the conversion of the 
derived type of Bacillus Zevaniformans (right figures) to the normal type (left 
figures). The medium, the number of the transfer or crop, and all colours 
except white are noted. Shading indicates a dull appearance, absence of 

shading shows that the culture had a glistening appearance when examined. 
The two types were inoculated, incubated, and observed side by side. One- 

half natural size. 
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Through the kindness of Messrs. Steel and Walton, of the 
Colonial Sugar Refining Co., I was furnished with several samples 
-of cane sugar which were undergoing a slow process of inversion, 
that is, the cane sugar was being altered into invert sugar. The 
samples included various grades of the best class of refined sugars, 
and to all appearance consisted entirely of saccharose. 

The first sample was taken from a laboratory sample bottle 
which had been opened many times to test the progress of the 
inversion. It was a small- grained moist refined sugar, and during 
storage in a loosely corked bottle, had shown the following per- 

centages of reducing sugar. For the figures I am indebted to 

Mr. Walton. 
Date. Storage. Reducing Sugar %. 

12 -3 -01 0 days 0.21 
19 -4-01 38 days 0.61 
25 -5 -01 74 days 0.83 
25-6-01 105 days 1.01 

The bacteriological examination of two portions gave the 

following relative numbers of microscopic fungi. 
i. 

Bac. levaniforrnans, normal type ... 4 t 
derived type ... 1 

Inert bacteria ... 4 

Streptotlarix sp. ... ... 7 

Aspergillus glaucus ... ... 5 

2 

5 - 
4 
6 

7 

21 17 

With larger quantities of the sample, greater numbers of 

colonies were obtained, but they did not differ in any great degree, 
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nor did they include any other active organism than in the tests 
tabulated above. The method employed for separating the 
bacteria was the ordinary one of infecting molten agar with a 
few crystals of the sugar and pouring the agar into a Petri dish 
after the sugar had dissolved. From several plates thus prepared, . 

one containing from 15 to 30 colonies was taken, and every 
colony was infected into nutrient agar and into saccharose peptone, 
prepared as described in a preceding paper (antes, p. 592). When 
in about three or four days, the saccharose peptone in some of 
the tubes had become white and opaque, all the saccharose peptone 
cultures were tested for gum by precipitation with alcohol, and for 
reducing sugar with Fehling's solution. The active bacteria 
were thus indicated, and the further identification of the bacteria 
was made from the agar culture. 

With regard to the bacillus, both were types of the organism 
already described as the gum bacillus, Bac. levanifornusns, which 
has been shown to rapidly cause the inversion of saccharose in 

solution. The inert bacteria had no action upon sugar, and were 
not investigated farther. The streptothrix slowly inverted 
saccharose. The aspergillus was a race of Aspergillus glaucus, 
which readily formed aerial ascospores. The inverting action of 
Aspergillus is well known. 

The second sample was a soft -grained refined but not quite 
white sugar. The colonies that developed on the infected agar 
plates were found to consist of the gum bacillus alone. One 
portion contained the derived type, another contained a majority 
of the derived type, with a few colonies of the normal bacillus. 

The third sample was similar to the second, but of a slightly 
darker shade. Compared with the second sample, it was nearly 
sterile, but the few colonies that developed consisted of the 
derived and the normal type of Bac. levaniformans in the ratio of 
about 1 to 6. 

A fourth sample of white crystalline refined sugar contained 
the normal bacillus ; only one colony of the derived type was 

obtained from one of the portions. 
A sample of raw sugar solution of the consistency and appear- 

ance of thin molasses was, when received, slowly fermenting, that 
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is to say, bubbles of gas were being given off. A film of the 

solution showed the presence of a yeast, and the gum bacillus of 

the normal type was isolated by plate culture. 
A moist raw sugar had been tested in the laboratory of the 

Colonial Sugar Refining Co., and had shown the following percent- 
ages of reducing sugar 

10 -5 -01 ... ... 1.43 
25 -5 -01 ... ... 2.90 
25 -6 -01 ... ' ... ... 4.46 

From an agar plate infected with the sample, there were 

obtained 30 colonies of the normal type, 3 of the derived type, 

and 1 inert bacterium. 
A soft yellow refined sugar which contained 2.5 % reducing 

sugar, and which had undergone no change during a storage 

period of 3¡ months, contained, for every 12 inert bacteria, 2 of 

the normal and 1 of the derived type. 
Another similar sugar which contained the same percentage of 

reducing sugar, and which had shown no further inversion in 

three months, contained, for every 30 inert bacteria, 15 bacilli of 

normal type. 
A raw, sugar which had been damaged by water in November, 

1895, showed a very heavy inversion. The water content, after 

the damage had been done, was 6.97 %. The analyses which 

were made in the Sugar Company's laboratory from time to time, 

are as follows. 

Date of Analysis. Reducing Sugar %. 

Nov. 22, 1895 0.9 

,, 

,, 

25, 
27, 

3) 

,, ... 

31 
4.3 

Dec. 11, 

24, 

9.6 
11.6 

Feb. 20, 1896 15.6 
Nov. 1, 1898 20.8 
June 20, 1901 26.3 

Nov. 13, 1901 32.7 
l 

dextrose 18.9 
levulose 13.8 
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The bacteriological examination of this interesting sample 
showed that it contained the bacilli of the normal type in practi- 
cally pure culture, there being one inert bacterium to every 
ninety -nine active bacilli. 

It is apparent from the bacteriological examination of these 
samples that the inversion is the direct result of the growth of 
the bacillus which I have described in the previous paper and to 
which the name, of Bac. levaniformans has been given. Indeed 
it was from these samples that the numerous races of the bacillus 
were obtained. The organism has been already shown to be 
capable of growing in solutions of cane sugar containing but a 
trace of nitrogenous food, as for example in solutions containing 
one -thousandth of a per cent. of peptone. When growing in this 
poor medium it alters the sugar so much as to produce a visible 
formation of gum in a few days. In view of this faculty of 
growing in poor media and of the fact that an inversion of sugar 
accompanies the growth, there can be no doubt that it is alone 
responsible for the inversion of the crystals in bulk, and that the 
chief condition for its growth is a more or less moist state of the 
sugar and a warm temperature. 

It has been already noted that the relative formation of gam 
levan is less and the inversion of sugar greater in poor nitrogenous 
than in more nitrogenous solutions. In refined sugar crystals 
the amount of nitrogenous matter is infinitesimal, and it may be 
that the gum- forming faculty is entirely in abeyance, since no 
gum is found in such sugars.* 

But although this hypothesis may partially explain the absence 
of gum in bulk sugar, there is another property of the gum 
cultures that must be taken into account. During the prolonged 
cultivation of the bacillus, the solutions of sugar which during 
the height of the fermentation are white and opaque, gradually, 
as time goes on, become more and more translucent. The gum 

* For example, the sample which had heavily inverted and which con- 
tained 26.3 % reducing sugar had only 0.19 % of gum and insoluble organic 
matter precipitable by alcohol. 



678 DETERIORATION OF SUGAR CRYSTALS IN BULK, 

precipitable by alcohol.becomes less, and at the same time the invert 
sugar increases. This is proved by the analysis of a 50 days' 

culture which in the following table is compared with the analysis 

during the height of the fermentation. As in the previous paper, 

the figures are expressed in parts (grms.) from 100 of the original 
saccharose. 

GUM AND REDUCING SUGARS IN OLD CULTURES. 

12 days. 50 days. 
Mixed reducing sugars ... 62 .. 71 

Crude gum 31 22. 

The slow hydrolysis of the gum is probably the result of the 
action of the acids secreted by the organism and contained in the 
culture fluid. In a previous paper (antea, p.595) the solvent action 
of the acid upon the gum was noted, and it was seen that when the 
acidity of the culture was not neutralised the gum was incom- 

pletely precipitated, and during the process of eliminating the 
alcohol it was partly (or entirely) converted into reducing sugar. 
But to place the hydrolytic action of the acid, which is chiefly 
lactic, beyond doubt, the following test was made. A fragment 
of pure gum was dissolved in water and a portion of the solution 
tested with Fehling's solution. There was no reduction of the 
copper hydrate. Another portion was boiled for 30 seconds with 
an equal volume of normal lactic acid, neutralised and tested, 
when a copious precipitate of the red suboxide was obtained. 
This test places the action of the acid beyond doubt. 

The action was also tested quantitatively. The acidity of the 
50 days' culture was first tested and found to be equal to 0.9 c.c. 

normal lactic acid in every 100 c.c. of culture fluid. Then 1.388 

grms. of gum, free from reducing sugars and dried at 100° C. for 

several days, were dissolved in 100 c.c. of water to which 0.9 c.c. 

normal lactic acid was added. The solution was heated at 80° C. 

for three hours, and after being cooled was made up to volume. 
The sugar was estimated and found to be equal to 1.21 grms. of 

reducing sugar. Assuming the gum to have been 96 ° pure and 

to have the formula CaHlcOb, the determination showed that 
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80 % was converted into sugar by heating for three hours at 
80° C. with an amount of lactic acid equal to that found in the 
cultures. 

The deterioration of Hawaiian raw cane sugar was investigated 
by Shorey* about three years ago. In the paper he mentions that 
one of the reasons put forward to account for the inversion of 
the sugar is a fermentation caused by bacteria, prominent among 
which are those producing lactic and butyric acids. At another 
place he writes :- 

It is generally accepted that the butyric ferments are without 
the power of inverting cane sugar, while the lactic ferments some- 
times seem to have this power. It seemed to me, however, very 
unlikely that the inversion could be brought about by bacteria. 
The sugar was quite dry, the crystals separate and distinct, and 
in appearance was like so much air -dried sand. ' Even in Decem- 
ber, when the deterioration had reached 4.0°, although the sugar 
was moist, each crystal was still separate and distinct, being 
simply coated with a thin syrupy film. Bacteria can only reach 
development in a liquid or semi -liquid continuous medium, and 
sugar, so long as it continued so dry that the crystals remained 
distinct and separated by air spaces, would necessarily prove a 
medium ill- adapted for the growth of such bacteria as produce 
lactic or butyric acid. Moreover, all the sugars examined showed 
as the result of deterioration a very small amount of acid and a 
comparatively large amount of invert sugar. Now if lactic acid 
ferments were the invertive agents, the processes of inversion and 
production of acid would undoubtedly go on together or so closely 
that they would seem simultaneous. I was led to conclude then 
that the inversion was not produced by lactic or butyric ferments, 
but by some other agent." 

Shorey did not search for bacteria, but he discovered the 
mycelia of Penicillium glaucum distributed among the crystals, 
and concluded that this ubiquitous mould was the active inverting 
agent in the particular samples. 

* Shorey, Journ. Soc. Chem. Industry, xvii., 555. 
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With regard to the inverting action of the ordinary lactic 
bacteria, it may be said that any invertive power which they 
have must result from the hydrolytic activity of lactic acid, for 
according to Reynolds Green, and also Lafar, there are but few 

bacteria known which secrete invertase, and these do not include 
the lactic bacteria. Lactic acid undoubtedly causes the inversion 
of saccharose, and there is no reason why a comparatively small 
amount of acid should not in an indefinite time produce a com- 

paratively large inversion. I have quoted Shorey chiefly to show 
how one might be led astray by a priori reasoning, for his remarks 
about the Hawaiian sugars would apply equally to these Austra 
lian samples. Bacillus levaniformans is an organism that plays 
many parts. It is at once a lactic and a butyric acid ferment, 
and it is capable of inverting a comparatively large amount of 

sugar, probably through the action of invertase, for the heavy 
inversion points to the presence of this enzyme.* Furthermore, . 
it cannot be doubted that its spore- forming faculty and its gum 

capsule enable it to survive and vegetate under conditions which 
would be adverse to most other forms of bacterial life. 

And now a word about the distribution of the organism. ' The 

habitat of Bac. levaniformaus is not restricted to one set of mills 

and one refinery, but it is widely distributed. It may be the 
cause of the deterioration of the Hawaiian sugars, and it certainly 
occurs in the Australian mills. I have examined a set of samples 

of raw and refined sugars from various parts of the world. These 

I received from the Colonial Sugar Refining Co., with the infor- 

mation that the sugars had been kept in tightly stoppered bottles 
and had been opened only to send me smaller samples. The 

* A sterile culture solution with 0.08% lactic acid ( =the acidity of a culture) 
was planed in the incubator for four days at 37 °. At the end of this time 

2.8 % reducing sugars were found. As the acidity in a culture of the bacillus 
does not reach 0.08 % for 24 hours, we should allow a day and compare the 

four days' inversion by acid with a five days' inversion by bacteria. The 

great difference in the amount of reducing sugars, between 2.8 (a four days' 

acid inversion) and 50 (the reducing sugars in a five days' culture) shows 

that a strong inverting, agent is secreted by the bacilli. 



BY R. GREIG SMITH. 681 

result of the investigation was as follows. The qualification - 
few, many, or very many- indicates in a rough manner the 
number of colonies obtained from about 1 grm. of sample. 

Source and quality of sugars. Bac. levanifornzans. 

1. Demerara, ordinary pale, absent. 

2. ordinary yellow few present. 

3. Mauritius, ordinary white many present. 
4. Peruvian, good quality crystal very many present. 

5. Egyptian, good quality raw sugar many present. 

6. ,, many present. 

7. Java, ordinary good very many present. 

8. strobps, very low moist raw sugar..... many present. 

9. German, low beet sugar very many present. 

10. many present. 

11. granulated refined sterile. 

12. Russian, refined beet few present. 

13. French many present. 

14. Fiji, raw crystals very many present. 

Since the organism is contained in sugars from such distant 
places, it is safe to say that its distribution is universal. 

Perhaps it would not be out of place to indicate how the sugar 
technicist should test for the organism. In a litre of tap water 
there are dissolved 100 grms. saccharose, 1 grin. peptone, 5 grms. 
potassium chloride, and 2 grins. common sodium phosphate. The 
solution is filtered, if necessary, and about 100 c.c. are filled into 
clear glass bottles, which are plugged with cotton wool. The 
bottles are placed in a steamer (a potato steamer would do) and 
steamed for twenty minutes on three successive days. They are 
then kept as near 37° C. as possible for 10 -12 hours and again 
steamed. This is followed by keeping at 37° for two days, and 
those bottles which remain bright are sterile. 11 this procedure 
is necessary, because of the possible presence of Bac. levaniformans 
in the sugar. Into the sterile solutions about two grins. of the 
suspected sample are introduced by means of a small spoon or 
spatula, which has just cooled after having been sterilised by 
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heating in a flame. The infected bottles are maintained at 37 °. 

In from two to four days the presence of Bac. levaniformans is 

shown by the fluid becoming milky. A turbidity of the solution 
must not be confounded with the opaque milkiness which is 

characteristic of levaniformans. At the same time it must be 

borne in mind that some races produce but a faint opalescence 
that might easily be mistaken for a turbidity of the solution. In 
all cases it is advisable to extract a small loop or a tiny drop by 
means of a sterile looped platinum wire, or a sterile dropping 
pipette, and infect a fresh bottle. In from 5 to 7 days, when 
the formation of levan is at a maximum, the second culture could 
be tested for reducing sugars and also for levan by precipitation 
with alcohol and subsequent solution in water. 

Of course, the bacteriologist would also test the sugar straight 
away by preparing plates from saccharose -agar or even ordinary 
nutrient agar, infected with about 1 grm. of the sample. Any 
suspicious colony that developed would be picked out, infected 
into the saccharose fluid medium, and from this, as a starting point, 
he would proceed to identify the organism. The primary plate 
method is much more satisfactory than fluid cultures, because 
foreign organisms, in some cases, appear to hinder the develop- 
ment of Bac. levaniformans. 

So far as the economic importance is concerned, it is, perhaps, 
impossible to estimate the loss entailed directly or indirectly 
through the activity of the organism. In many cases raw sugar 
has been known to have deteriorated during storage at the mill, 
in transit to and in storage at the refinery. A t one refinery in 

Sydney the loss through inversion during the storage of the raw 
sugar has at times been considerable. During the last three 
years, however, the Colonial Sugar Refining Company, suspecting 
the loss to have been due to the activity of micro -organisms, have 
altered their methods of manufacture, and the sugar is now less . 

subject to change. In three years the average loss through 
deterioration has been reduced from 0.5 % to 0.1 % on the whole 
stocks. This means that the loss of pure sugar on an annual 
stock of say 50,000 tons, which three years ago was 250 tons, 
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has now been reduced to 50 tons. And as the sugar destroyed 
is transformed into objectionable substances, the removal of 
which in the process of refining entails á further loss of a similar 
quantity of pure sugar, there is thus a double loss, the money 
value of which was about £5,000 three years ago, while now it is 

£1,000. I have these figures from Mr. T. U. Walton, the chief 
chemist to the Colonial Sugar.Refining Company. The degrada- 
tion might have been caused by many agents, but one is probably- 

justified in ascribing over 95 % of it to the action of Bac. levani- 

formans. 
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During the storage of raw sugar crystals in bags, an acid 

fermentation occasionally sets in. The sugar becomes decidedly 
warm to the hand, and a strongly acid odour, suggestive of a 

mixture of acetic and butyric acids, is evolved. 
Two samples of sugar undergoing this fermentation were 

investigated for microscopic fungi after the manner already 
.described in the preceding paper. The first sample, which had an 

acidity to phenolphthalein equivalent to 0,36 % lactic acid, con- 

tained both kinds of Bac. levaniformans, the gum bacillus, and 

no other bacteria, yeasts or moulds. The second sample had an 

acidity equivalent to 0.31 % lactic acid, and contained the derived 

type of Bac. levaniformans in pure culture. 
From the presence of this bacillus in the sugar, it cannot be 

doubted that it is alone responsible for the acid fermentation. 
It has been already shown that the acids secreted during the 

growth of the organism consist of capric, carbonic, lactic, butyric, 

acetic and formic. The odour of the sugar is suggestive of 

butyric and acetic acids, but formic acid might easily be contained 

among the volatile acids. The latter is readily detectable by 

mercuric chloride, and in order to test if it were present, about 

25 grms. of sugar were acidified with dilute sulphuric acid and 

distilled. On heating the distillate with mercuric chloride, a 

white precipitate of calomel was obtained. This test is sufficient 

to indicate formic acid, and the presence of this acid, which is 

one of the byproducts of the gum bacillus, confirms the fact 

that this organism is the cause of the acid fermentation. 
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THE GÚMMOSIS OF THE SUGAR- CANE. 

(Bact. vascularuni, Cobb). 

BY R. GREIG SMITH, M.SC., MACLEAY BACTERIOLOGIST TO THE 

SOCIETY. 

(Plates iv. -v.) 

Gummosis is a disease pretty widely distributed among plants, 
and is recognised by an unhealthy appearance of the plant as a 
whole, by the leaves dying or rotting, and especially by the 
presence of a yellowish gummy matter in the vessels. On cutting 
aclross the vessels of a badly diseased plant, such as the sugar- 
cane, small yellow viscid drops of gum quickly gather on the cut 
ends of the vascular bundles. In slightly diseased plants the 
microscope may be necessary to demonstrate the gum plugging 
the vessel.. The disease has been specially noted in the sugar- 
cane, the sugar -beet and the vine chiefly on account of the 
economic importance of these plants, but it is not unknown 
among other members of the vegetable kingdom, as for example 
the fig, olive, mulberry, potato, carrot, and tomato. 

The gummosis of the vine has been ascribed to the activity of 
a bacterium by Prillieux et Delacroix,* but Mangin,f and and 
Rathay,: consider that the formation of gum in the o-e cus E 

bacteria is very problematical. Indeed, Mangin goes further and 
says that the bacteria live upon the gum. 

* Milieux et De lacroix, Cent. f. Bakt., 2 Att., í., :14 1130. Bet 

$Miattgia, oyr. dt. and also ibid. ií., 621, Bef. 

:Bathay, y7,v1. IL, 62©, Bef. 
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The gummosis of the sugar -beet has been investigated by many. 
Among others, Arthur and Golden separated a bacterium which, 
when inoculated into sound beets, produced the disease in some 
cases. Busse* also investigated the disease, and concluded from 
his own experiments and from those of others that there is a group 
of bacteria which cause the gummosis of the beet. He experi- 
mented upon sound beets with pure cultures, and found that after 
a period of growth the infected roots had developed a greater or 
less gummosis. The bacteria that are claimed as being the 
'exciting cause of gummosis of the beet are all capsulated, non - 
sporulating organisms, and it would appear that the gum is the 
capsular envelope. 

THE GUMMOSIS OF THE CANE. 

The bacteriology of the gumming of the sugar -cane has been 
investigated by Cobb,t who invariably found microbes in the gum 
of diseased stalks. He inoculated the gum into tubes of agar and 
gelatine and obtained bacterial growths. The cultural characters 
of the organism are described as follows :-" Cultures on agar - 
.agar gave at first roundish colonies on the surface having to the 
unaided eye no structure, either radiated or concentric. In the 
course of a few weeks the yellowish white and somewhat opal- 
escent growth had extended several inches along the edge of the 
tube on the surface of the agar -agar and between the tube and 
the agar -agar without causing any liquefaction. On gelatine the . 

growth was much slower, and remained circular and almost im- 

perceptibly concentric. Its colour, &c., were as on agar -agar." 
The italics are in the original. 

It is unfortunate that the only information regarding the 
growth characters which enables the organism to be identified is 

so limited. The description would apply to at least eleven 
described non -liquefying species of bacteria. The characters, 

"Busse, Cent. f. Bakt., 2 Abt., iii., 680, Ref. 

t Cobb, Agric. Gazette of N.S. Wales, 1893. 
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however, enabled Cobb to recognise it as a new spei#ies, to which 
he gave the name Bac. vascularum. 

In an investigation into the pathogenicity of the organism 
Cobb* inoculated five apparently healthy canes with the gum 
and retained one as a control. Unfortunately the control cane 
was lost, and of the others four were gummed and one died. In 
the four stalks that were gummed, the gummosis was most marked 
in the neighbourhood of the point of inoculation. But as all the 
canes in the stools developed gummosis there is the probability 
that the inoculated canes would also have become affected inde- 
pendently of the inoculation. The fact that gummosis was most 
marked in the neighbourhood of the site of inoculation indicates 
that the gum probably set up gummosis; but like the majority of 
plant infection experiments the result of Cobb's experiment is not. 
decisive. Even if the experiment had been most satisfactory it 
would only have shown that cane -gum could produce gummosis, 
and thus the pathogenicity of the bacterium itself would remain 
doubtful. In all infection experiments the recognised and legiti- 
mate method is to purify the bacterium by growth in plates of 
artificial media, and after it has been proved that the bacteria 
are undoubtedly pure by their constant appearances of growth, 
etc., upon one medium, to employ the pure culture for purposes 
of inoculation. 

THE METHOD OF RESEARCH. 

The cause of the gummosis of the cane, therefore, appeared to 
be sufficiently undecided to warrant a thorough investigation, 
and I decided to attack the problem from the side of the gum 
rather than the plant -a method that has not been previously 
tried, and one which promised to give more conclusive results 
than could be hoped for with infection experiments. If a gum 
could be produced in the laboratory from a bacterium isolated 
from the cane, and if it were identical with the gum obtained 
from diseased canes, then the bacterial origin of the gum and the 

* Cobb, Agric. Gazette of N.S. Wales, 1894. 

3 
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identity of tit) organism would be placed beyond all doubt. The 
question, then, as to the gum being a pathogenic secretion of the 
plant itself would be answered conclusively in the negative. 

THE ISOLATION OF THE ORGANISM. 

To facilitate the investigation the Colonial Sugar Refining Co. 

offered me a portion of their small supply of cane -gum which had 
been collected some years ago. Furthermore; one of their officers, 
Mr. Morison, inoculated tubes of media in the cane fields with 
gum exuded from diseased canes. As, however, I received several 
specimens of gummed cane, the tube cultures which did not con- 

tain the desired organism need not be further noticed. The 
specimens of diseased cane-were the variety known as R.appoe, 
and, on being cut across, small yellow viscid drops exuded from 
the ends of the cut vessels. By using a lens of low power (x 10) 

minute portions from the centre of exuded drops of gum were 
abstracted and inoculated into various media, which were placed 
under different conditions of culture. It need scarcely be said 
that the cane was cut and the infections made with the usual 
precautions as regards sterilising the outer surface of the cane, 
knives, etc. 

Under anaërobic conditions there was no growth either in fluid 

or on solid media. On slices of cane and in acid fluids such as 

wort and cane -juice no bacteria developed. In other neutral 
fluids the bacteria grew scantily. On agar and gelatine in the 
presence of cane or fruit sugar bacteria grew slowly at tempera- 
tures of 30° C. and under; at 37° and over no growth could be 

obtained under any condition 'whatsoever. What appeared to 

be the most suitable medium for the growth of the gum bacteria 
was neutral cane juice gelatine. The next best media were 
ordinary glucose gelatine and slices of potato. From the growth 
on cane gelatine a bacterium was separated in the pure state by 

repeated cultivation upon plates of cane gelatine, and its cultural 
characters were studied upon other media. The appearances of 

the cultures are given at the end of this paper, and they will 

serve to identify the organism. 
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Compared with other bacteria the organism is of slow growth. 
On suitable solid media it forms raised yellowish patches, which 
have the appearance and consistency of softened yellow bees' -wax, 
and when treated with water the culture slowly mixes, forming 
what appears to he a partial suspension and partial solution. 
In stroke culture on cane- gelatine the growth collects in places 
along the stroke, and forms characteristic hanging drops (" tear- 
drops "). The gelatine is very slowly liquefied, the liquefaction 
being best seen by the disappearance of the gelatine under the 
slime, which gradually collects as the culture grows, and gravitates 
to the bottom of the sloping gelatine. 

THE BACTERIAL Gun OR SLIME. 

When a pure culture of the bacterium is smeared over tire 
surface of neutral cane -gelatine or agar in a suitable vessel, and 
incubated, a luxuriant growth is obtained after the lapse of about 
a week-. The culture is precisely similar in appearance and con- 

sistency to can gum. Both have the same soft, buttery appear- 
ance and gummy consistency, and both slowly mix with water w 
form a pale yellow opalescent solution. The opalescence is due 
to the suspended bacteria, from which it is rather difficult to 
separate without at the same time removing the gum.. The 
separation cannot be effected by filtering through paper, and the 
usual coagulating agents coagulate both gum and bacteria.. 
Aluminium hydrate, for example, forms an insoluble compound 
with the gum. An attempt was made to clarify the surqsension 

by heating it up to three atmospheres in the autoclave,, a gm- 
ceeding which was successful with another gum-forming basteriuru, 
but the suspension was unaltered. Eventually the bacteria were 

separated by filtration through porous porcelain. A clear solu- 

tion of the gum was thus obtained, but at the same time it was 

noted that a considerable amount of the gum remained on the 
porcelain, adhering to the bacteria, even after the suspension had 

been boiled for some time to diffuse the gum. The pitertd ;ninth 

clear solution was tested simultaneously with an opoll,waut2Yt 

suspension, and it, was found that the two behaved similarly on 

the addition of the various reagents, from which we must rssuu- 



36 THE GUMMOSIS OF THE SUGAR -CANE, 

elude that in the suspension the bacteria are inert, and for 
purposes of identification of the gum it is unnecessary to 
separate them. 

In testing the bacterial slime and the cane -gum a number of 
reagents suggested themselves, and the results of the numerous 
tests which identify the two are shown in the following table. 
In considering the tests it must be borne in mind that the cane - 
gum at my disposal was very limited, and the solutions con- 
sequently were weak, which accounts for the absence of perceptible 
precipitates on the addition of dilute 'acetic acid and a mixture 
of acetic and tannic acids. 

THE CIIEMICAL REACTIONS OF THE Gum FROM CANE AND OF THE BACTERIAL 

SLIHE FORMED IN LABORATORY CULTURES. 

Cane -Gum. Bacterial Slime. 

Lead acetate 
Basic lead acetate 

_ Ammoniacal lead acetate 
Barium hydrate 
Calcium hydrate 
Copper sulphate 
Ferric chloride ... 
Hydrochloric acid 
Alcohol .. 

Aluminium hydrate ... 
Dilute acetic acid 
Glacial 
Acid mercuric nitrate ... 

Xanthoproteio reaction 
Sulphuric and phosphotungstio 

acids . 

Acetic and tannic acids 
Acetic acid and potas. ferro- 

cyanide 
Hydrochloric acid and potas. 

mercuric iodide . 

Sodium hydrate and copper 
sulphate ... 

Precipitate. 

Opalescence. 
Slimy voluminous 

ppt. in presence of 
salts. 

Coagulation. 
No precipitate. 
Precipitate. 
Ppt. soluble in ex- 

cess ; no colour re- 
action. 

Colour reaction. 

Precipitate. 
Opalescence. 

Opalescence. 

Ppt. on standing, 

No biuret reaction, 
but ppt. 

No réactions were obtained with KI3, AgNO3, KOH, BaCI NaOH, conc. 
HC1, picric acid, Adamkiewicz reagent. 

Precipitate. 
It 

If 

ft 
If 

Opalescence. 
Slimy voluminous 

ppt. in presence of 
salts. 

Coagulation. 
Opalescence. 
Precipitate. 
Ppt. soluble in excess; 

no colour reaction. 

Colour reaction. 

Precipitate. 
Opalescence and pre- 

cipitate. 
Opalescence. 

Precipitate. 

No biuret reaction, 
but ppt. 
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The precipitate obtained on the addition of alcohol to a 
suspension of the gum or slime in water is exceedingly 
voluminous; a precipitate which occupies a volume of about 50 
c.c. becomes, after squeezing out the dilute alcohol in a calico 
strainer, a small pellet measuring about a quarter of a c.c. On 
precipitating the aqueous suspension three or four times with 
alcohol an opalescent alcoholic solution is obtained, from which 
the gum can be precipitated by small quantities of neutral salts, 
such as sodium chloride. This fact, together with the reactions 
obtained with some of the albuminoid reagents, suggested the 
similarity of the gum to the mucins. That the zoogleea slime of 
bacteria consists of mucin, or a substance nearly allied to it, has 
already been suggested, but there are many points of difference 
between the bacterial slime and the mucins. The crude gum 
obtained by precipitating the cultures with alcohol contains 6.1 
of ash and 3.08 nitrogen in the ash -free, dry substance. Repeated 
precipitation with alcohol, and also filtration of the gum from the 
accompanying bacteria, would undoubtedly lower this percentage. 
It is, therefore, apparent that the nitrogen content alone is 
sufficient to distinguish the slime from mucin or the allied 
mucinoids. 

The identity of the bacterial slime with cane -gum proves con- 

clusively that the isolated bacterium is the direct cause of the 
gummosis of the plant, and also that the gum is no secretion of the 
plant upon which the bacteria live saprophytically. Since this 
applies to the gummosis of the sugar -cane, it probably also applies 

to the gummosis of the vine and other plants, in which case 

Mangin and Rathay are wrong in considering that the action of the 
bacteria in causing gummosis of the vine is very problematical. 
Cane -gum is nitrogenous, and when a clear filtered solution is 

exposed to the air it speedily produces a luxuriant growth of 

foreign organisms. These undoubtedly feed upon the gum, and 

it is possible that this observation gave rise to the idea that the 

bacteria in the vessels of the plant live Upon the gum. 
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THE CONDITIONS OF GUM-FORMATION. 

Having proved the relationship of the gum to the bacterium, 
there remained the determination of the conditions under which 
the gum is formed. The slime had been first obtained in 
quantity by growing the bacteria upon cane juice agar, i.e., a 
solution of 4% of agar added to an equal volume of neutralised 
cane- juice; and although the growth was very good, yet there 
appeared to be room for improvement. The best medium is 

undoubtedly very faintly acid cane juice gelatine, but, unfor- 
tunately, this cannot be employed when the slime is wanted for 
chemical investigation, because the medium is slowly liquefied. 
The first experiment was made upon cane -juice agar, and had for 
its object the question of the improvement of the agar by peptone 
and, incidentally, the effect of a temperature of 30° as against 
22° C. Previous tests had shown that no growth occurred at 
37 °. In this and the following experiments the numbers 
indicate the order of merit of the cultures at the time of observa- 
tion ; 1 being the most luxuriant growth, 2 the next best, and 
so on. 

THE EFFECT OF 1% PEPTONE ON CANE -AGAR CULTURES AT 22° AND 30° C. 

1% peptone at 22° 

2 days. 4 days. 

2 9 

30° 1 1 

No 22° 3 3 

>> 30° 3 4 

This experiment showed that more slime was formed when the 
cane -agar contained 1% of peptone, and when the culture was 
incubated at 30 °. There, however, is the doubt that 1% peptone 
is toe much, and to test this point various quantities of a 10% 

peptone solution were added to 10 c.c. portions of a faintly acid 
medium containing glucose 10 %, sodium phosphate 0.2 %, 

potassium chloride 0.5 %, agar 2 %, and the bacteria were inocu- 
lated upon the sloped surface of the portions. Cane -agar was not 
used on account of the unknown nature of the constituents. 
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THE INFLUENCE OF PEPTONE. 

Temperature = 30° C 2 days. 4 days. 6 days. 8 days. 

No peptone ... ... ... ... 5 3 4 6 
01 c.c. 10% solution = 0.1% .. 4 2 1 1 

0.2 0.2% ... -4 2 1 1 

0.5 ,> 0'47% 2 1 1 1 
0.7 ,, 0.65% ... 2 1 1 1 
1.0 ,> 0.91% ... 3 1 9 
2.0 166% ... 1 2 3 

It appears from these results that about 0.5% of peptone in the 
medium is a good quantity to employ. With a greater percen- 
tage the growth starts sooner, but as time goes on it becomes 
slower, and is ultimately surpassed by the lower percentages. 

The reaction of the medium best suited to the bacterium was 
also investigated, and for this purpose various quantities of 10% 
tartaric acid and 10% sodium carbonate solutions were added to 
10 c.c. portions of neutral medium, containing saccharose 5 %, 

peptone 0.5 %, potassium phosphate 0.5 %, agar 2 %. 

THE REACTION OF THE MEDIUM, 

Temperature = 300C. 2 days. 4 days. 6 days. 8 days. 10 days. 

Tartaric acid 0.01% .. 1 1 1 1 1 

,, ,, 0.02% ... 2 2 2 2 1 

0.03% ... - 3 3 3 2 
0.05% ... - - - - - 
0.08 

5odiumcarbonate0.01% - ' 4 6 7 8 
0.02% - 5 7. 8 - 

>> ,> 0.03% - - - - - 
>, 0'05% 

o 08% 
- - - - - 

Neutral control tube ... - 4 5 6 5 

,, ... - 4 5 6 5 

The effect of slight differences of acid or of alkali in the culture 
media is very pronounced. In an absolutely neutral medium the 
bacteria grow very slowly, while, when the reaction is faintly 
acid, the growth is quick and luxurious. Alkalies prohibit the 
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multiplication of the microbe. With 0.02 the stroke was 

slow to, show itself, was always very scanty, and finally, after 
ten days' incubation, it dried up. 

THE LOCATION OF THE BACTERIA. 

Cane -juice has an acidity equal to an amount of tartaric acid 
varying from 0.2 to 0.3 %, and as the juice is derived from the 
tissue we can understand why the bacteria avoid these strongly 
acid tissues and inhabit the slightly acid or neutral fluids of the 
vascular system. 

In view of the fact that in many bacterial diseases of plants, 
the microbes are found only in the vessels, and that the bacteria 
are very sensitive to the reaction of the contents of the vessels, 
it would appear that the immunity of plants disease -proof to 
bacterial infection may depend upon a relatively greater acidity 
or alkalinity of the vascular contents as compared with susceptible 
varieties. 

A peptonised medium similar to that used in testing the 
influence of peptone was employed in a small test to corroborate 
the general conclusion that had been drawn during the work upon 
the bacterium with regard to the temperature, and from the 
growths upon the agar it was manifest that a temperature of 

30° C. was best suited to the organism. 

THE OPTIMUM TEMPERATURE. 

2 days. 4 days. 6 days. 

22° ... ... ... 2 2 . 2 
25° .. 3 2 2 
30° ... ... ... 1 1 1 

That the bacterium grows rapidly at 30° C. (86° F.) and not 
at all at 37 °, serves to explain in part at least why the disease 
occurs more frequently in cold, wet seasons. Such seasons check 
the growth of the plant, the vitality is lowered, and at the same 
time the bacteria, being under favourable conditions of tempera- 
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ture, grow rapidly, and clog the vessels, on account of which the 
plant is unable to obtain its food supplies, and soon succumbs. 

One point to be decided was the influence of salts upon the 
growth of the bacterium, and to test this matter a faintly acid 
medium containing peptone 0.5 %, dextrose 10 %, agar 2 %, was 
prepared, and about one -quarter of a gramme of salt was added to 
each 10 c.c. 

Tim INFLUENCE OF SALTS. 

2 days. 4 days. 6 days. 8 days. 

Potassium nitrate ... ... ... 3 1 2 2 
If monohydrogen phosphate 2 1 1 1 

dihydrogen phosphate 5 - - - 
sulphate .. ... '... 2 1 2 2 
chloride ... ... .. 3 1 2 2 
citrate ... ... ... 1 1 2 2 
sodium tartrate ...... 4 2 4 3 

sodium chloride... ... ... ... 5 4 6 6 
!ammonium chloride ... ... ... 3 1 2 2 
Jalcium chloride ... ... ... 2 1 2 3 
magnesium sulphate ... ... 3 1 . 2 2 
Check (no salts).:. 2 2 4 3 

This experiment shows that (1) the bacterium has a preference 
for phosphate and is indifferent to the other acid radicles ; (2) 

the acid potassium phosphate, on account of its acidity, checked 
the growth; (3) potassium may be replaced by calcium, magnesium 

or ammonium ; (4) sodium is a distinct poison. 

THE POISONOUS ACTION OF COMMON SALT. 

After noting the poisonous action of sodium salts, the idea 

naturally suggests itself that common salt might be advantageous 
in checking the gummosis of the cane. Common salt, however, 

is a poison for most of the higher plants, and might injure the 

sugar -cane if used in doses sufficiently great to inhibit the 
growth of the bacterium. On enquiry, I find that healthy crops 

of cane are grown in Fiji upon soil containing anything under 
1% of common salt, although when this amount is exceeded th 
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crops are not so healthy. This would lead one to expect favour- 
able results with salt when applied to fields containing canes 

liable to the disease. 
I have enquired if canes grown on the coast, and within reach 

of the salt spray become diseased to the same extent as plants 
grown inland, and have been informed by Mr. T. II. Walton, 
B.Sc., of the Colonial Sugar Refining Co., who made the necessary 
enquiries, that the majority of the managers of the different mills 

consider that canes grown upon soils which are known to be 

pretty well impregnated with salt through being subject to the 
influence of tidal waters, are not less liable to be affected with 

gummosis than crops upon other soils. The opinion is that they 
are more prone to develop the disease, but with regard to this it 
must be borne in mind that such soils are generally badly drained, 
and it is to the defective drainage that the prevalence of the 

disease is ascribed. Cases can be quoted in which gummosis has 

been remedied by the improvement of the land by draining and 

the planting of new seed cane. 

In direct contradiction to the other officers, one of the managers 
thinks that it may be safely said that on lands adjacent to the 

sea beach, where the soil is contaminated with salt, gummosis has 

not been nearly so bad as in districts distant from the sea. He 
instanced the case of a man, whose farm was on one of the 

islands in the Lakes, Clarence River, being able to grow a com- 

paratively sound crop of Mauritius Ribbon long after this variety 
of cane had been abandoned by everyone else on account of its 
tendency to develop gummosis. A large portion of his farm was 

submerged by King tides. 
The Colonial Sugar Refining Co. in the following season intend 

to test the action of common salt upon perfectly drained soils. 

The presence of salt in the cane is preferable to gum, inasmuch 

as the former collects in the molasses and does not otherwise 

make its presence evident, while the gum, besides diminishing the 

crop, interferes with the crystallisation of sugar. 
Although one might by experiment find -a substance that 

would inhibit the disease, the best practice is, undoubtedly; to 
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grow disease- resisting varieties, as has been previously recom- 
mended, not only for gummosis, but for other diseases. In this 
relation it may be mentioned that there are one or two well 
known varieties which have never been known to develop gum - 
mosis. The best known of these sound varieties is Tanna, a stout 
heavy cane, hard in the rind and containing a high percentage of 
fibre. The sugar content is, however, not so high as it is in some 
of the varieties which are liable to gummosis. Fields which have 
yielded badly diseased crops, have, when planted with' Tanna, 
produced perfectly sound canes. 

In order to form a gum as it undoubtedly does, the bacterium 
probably requires a carbohydrate, and although saccharose has. 
been employed and found exceedingly useful, yet it does not follow 
that it is necessary, or that saccharose is the best carbohydrate. 
Other sugars might give a better yield of gum. To test this 
question, about half a gramme of various substances was added to 
10 c.c. portions of a faintly acid medium containing peptone 
0.5 %, sodium phosphate 0.2 %, potassium chloride 0.5 %, agar 2 %, 

and after sterilisation of the tubes, the sloped surfaces were 
inoculated and then incubated. 

THE INFLUENCE OF CARBOHYDRATES ETC. 

Temperature = 30° 2 days. 4 days. 6 days. 

Glycerine ... ... - ... ... - - 
Starch ... ... - - - 
Dextrin... ... ... - - - 
Dextrose ... ... ... ... 1 2 3 
Levulose .. .. ... 1 1 1 

Saccharose ... ... ... ... 1 1 1 

Maltose ... ... - - - 
Lactose .. ... ... .. - - - 
Blank test ... ... ... - - 

This experiment showed that either dextrose, levulose, or 
saccharose are absolutely necessary for the free growth of the 
organism and the production of gum. The bacteria did not 
grow in the presence of the other sugars and carbonaceous 
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matters, from which we infer that these cannot be utilised. Of 

the three sugars, levulose and saccharose are. more easily assimi- 

lated than dextrose. 

The organism does not secrete invertase. This was shown by 

the practical absence of invert sugar in the agar cultures. In 
testing inversion fluid cultures are preferable, but as this bacteria 
does not grow to any extent in saccharose fluid media, an agar 
culture had to be taken. The agar was melted and dissolved in 
water, after which the solution was treated with basic léad 
acetate, etc., as is customary in sugar determinations. Of the 
saccharose in the tube originally, only 3% had been inverted to 

fruit sugar, a quantity which might easily have been produced 
through the hydrolytic action of the small quantity of acid in the 
medium. 

THE MOST SUITABLE MEDIUM. 

From these experiments we conclude that an excellent medium 
for the growth of the bacterium and the production of gum would 
have the following composition :- 

Peptone ... ... 0.5 
Saccharose or levulose 5.0 
Potassium phosphate 0.5 
Agar ... ... 2.0 
Tap water ... ... ... 100 

Acidity of 10 c.c. = 0.14 c.c. tenth -normal acid. 

On this saccharose medium the bacteria grew most luxuriantly 
at the optimum temperature (30 °), and since the organisms 
grow so well, we cannot doubt that similar conditions as regards 
nutrition, acidity, and temperature favour the development in 

.diseased canes. 

BACTERIUM VASCULARUM, Cobb. 

Shape, &c. -The organism appears as an actively motile, short 
rod, and when stained and imbedded in balsam has an average 
measurement of 0.4 : 1 µ. Carbol violet followed by dilute 
.alcohol produces the best films ; fuchsin stains the gum, which 
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usually adheres more or less to the cells ; the blues stain but 
. feebly. By using the night -blue method with the scanty 
growth obtained on ordinary agar the flagella can be easily 
stained. They are single and terminal. The bacteria are not 
coloured by the Gram method of staining. Spores were not 
obtained and are probably never formed. 

Relations to oxygen and temperature. -It is a strong aerobe,. 
and grows best at 30° ; at 37° there is no growth. 

Ordinary glucose gelatine plate. -The colonies develop slowly. 
In 7 days at 22' they are 1 mm. in diameter, and appear as 
small, raised, viscid drops. When magnified 60 -fold they appear 
round and Uniformly granular, like a thin yeast colony; the deep 
colonies are like those upon the surface. In 20 days the colonies 
reach a diameter of 4-8 mm., and look like drops of yellow bees' - 
wax. The medium shows no sign of liquefaction, but when the 
colony is scraped or washed off a pit is revealed. 

Ordinary gelatine plate. -The colonies grow as in the presence 
of glucose, but much more slowly. 

Ordinary gelatine stroke. -The growth is scanty, narrow, flat, 
and ivory -white in colour. It slowly gravitates to ferm a 

yellowish -white mass. The medium under the stroke is depressed. 
Neutral cane- gelatine stroke. -There is formed a characteristic 

convex, deep yellow stroke, with waxy drops at intervals, and at 
the hase. The gelatine in contact with the culture is slightly 
liquefied in three weeks. The colour, bloom, and general appear- 
ance is that of yellow wax, or of a mixture of yellow vaseline and 
paraffin. The " tear-drop" appearance of the stroke is character- 
istic. 

Neutral cane- gelatine stab. -The growth forms in the upper 
portion of the stab only in a filiform manner, and forms a hemi- 
spherical, deep yellow nail -head. No gas bubbles are produced. 

Ordinary glucose - gelatine stab. -As cane -gelatine, but neither 
so luxuriant nor so deeply coloured. No gas formation was 

observed. 
Ordinary gelatine stab. -Filiform growth in upper portion of 

stab, with small, raised, white, glistening nail -head. 
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Ordinary nutrient -agar stroke.- A. slow- growing thin, yellowish 
white glistening stroke. 

Glycerine nutrient -agar stroke. -A thin, broad, translucent 
white, moist, glistening growth, with turbid condensed water. 
The colour deepens to a primose -yellow. 

Saccharose (10 %) -peptone (0.1 %)- agar. -A thin white fluid 
growth, which gravitates into the condensed water, in which 
there is a yellow sediment. 

Potato. -A primrose -yellow, moist, glistening growth, some- 

times raised and restricted, at other times flat, watery, and 
spreading over the surface. Compared with agar or gelatine, 
the growth is rapid. 

Carrot. -A raised, slimy, yellow growth, at first restricted, but 
eventually covers the surface and gravitates. 

Turnip. -As on carrot. 
Sugar- cane. -No visible growth. 
Nutrient bouillon. -Slightly turbid fluid, with faint indol re- 

action. 
Nitrate bouillon. -There is n o reduction of the nitrate. 
Sweet wort. -No growth. 
Cane-juice.-No growth. 
Milk- Unaltered ; neutral reaction. 

THE AFFINITIES OF THE BACTERIUM.. 

Since the organism does not form colonies on gelatine which 
throw out processes from the margin, it is not Bact. gummis to 

which Comes ascribes the gummosis of the'vine. Bact. apii, said 
to produce a disease in celery, is larger, and grows more slowly 
upon potato, but otherwise there are points of similarity in the 
appearance of the colonies on gelatine, which, however, are 
white as against the yellowish colour of . Bact. vascularum. 
Busse's bacteria produce gas in glucose media, and otherwise 
differ. (tact. tracheiphilus, a bacterium which causes the wilting 
of some of the Cucurbitacece by plugging the vessels, differs in 

colour (white), and by forming very ropy cultures in fluid media, 

especially when old. Arthur and Golden have described Bact. 
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bette, which possibly causes gummosis of the sugar beet, with so 
little detail, that it cannot be compared. The same remark 
Applies to Bact. mori, said by Boyer and Lambert to produce a 
disease (gummosis ?) of the mulberry. Of the other bacteria not 
associated with diseases of plants, there appear to be none 
described which have the general characters of this,bacterium, and 
although Cobb's description is meagre, there is no doubt that he 
intended the name of Bac. vascularum for this organism, which 
he found constantly associated with the gum of affected plants. 

DESCRIPTION OF PLATES. 

Plate iv. 

Fig. 1. Margin of an impression taken from the gum exuded from the cut 
vascular bnhdle, stained with fuchsin, and partly deeolorised with alcohol 
(x 1000). . 

Fig. 2. Film from growth on cane -gelatine, stained with violet (x 1000). 

Fig. 3. Film of growth on nutrient agar, stained by the night -blue method 
for flagella (x 1000), 

Fig. 4. Colony on glucose -gelatine (x SOi. 

Fig. 5. Characteristic " tear- drop " growth on cane gelatine (x }). 

Plate v. 

Fig. 1. Section of sugar -cane affected with gummosis, showing bacteria in 

large vessel, stained with dilute carbol- fuchsin (x 500). 

Fig. 2. Another section showing bacteria at the margin of the contracted 

slime in large vessel (x 750). 



P.L
.S.N

.S.W
.. 

1002. 

. 
'. 

4i 

, 

PL
. 

I
V
.
 

! 
i . 

t.. 

.1. 
.. 

B
A

C
T

E
R

IU
M

 
V

A
SC

U
L

A
R

U
M

. 



P.IL.S.N.S.W., 1802: 

®,aCsEROsuM wcSECwdmIMa., é'rodtiE 



[From the Proceedings of the Linnean Society of New South Wales, 

1902, Part 1, April 30th.] 

FURTHER REMARKS UPON THE MECHANISM OF 
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Two years ago, at the April meeting of this Society, I read a 

paper* upon the mechanism of agglutination, in which I reviewed 
the theories regarding the phenomenon which had been published 
up to that time. I also gave, as the result of my work and 
experience, the hypothesis that the agglutination of bacteria is 

due to the formation of a chemical precipitate upon the bacteria 
through the interaction of the agglutinating substance of the 
active serum with the agglutinable substance secreted by the 
bacteria. The chemical precipitate upon the bacteria is flocculated 
by the salts of the serum or of the bouillon, and the bacteria are 
carried with the precipitate mechanically. My hypothesis differed 
from that of Nicolle and of Paltauf by taking into account the 
function of the salts and the mechanical part played by the 
organisms. 

Since the publication of my paper two authors have published 
papers detailing experiments which show the function of salts in 

promoting agglutination, but they miss the point that it is the 

precipitate on the bacteria that is agglutinated, clumped. or 

flocculated by the salts. 
I was the first to emphasise the necessary rôle of the salts in 

explaining the mechanism of the process; and although Bordet 

* Proc. Linn. Soc. N.S.W. xxv., 75. Referat in Cent. f. Bakt. 1 Abt. xxx., 
209. 
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had published an experiment showing how common salt was 
necessary in causing an agglutination, he failed to accentuate the 
part played by salts. Although most writers upon the subject 
agree in considering agglutination as a chemical phenomenon, 
they do not understand, or at least fail to indicate, the steps in 
the process. Were it otherwise, the recently published papers 
upon the rôle of salts in agglutination would probably not have 
been written. 

The first of these papers is by Joos,* who, after enumerating 
his experiments, concluded that 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

No agglutination takes place when the agglutinating sub- 
stance acts upon the agglutinable substance in the absence 
of common salt. 

Agglutination always occurs when the three substances are 
together, viz., the agglutinating substance, the agglutin- 
able substance and salt. 

In the absence of salt the agglutinating substance is quickly 
combined with the agglutinable substance of the bacteria.. 
This combination alters their vitality in no way. 

There is a close relation between the relative amounts of 

substances which together bring about the phenomenon of 
agglutination and of the obtained quantity of agglutinated 
substance. 

Salt plays an active rôle in the phenomenon. 
Salt enters into the combination of the agglutinating and 

agglutinable substance.. 
Agglutination can occur in a salt -free medium if the bacteria 

contain salt: 
The '° physical theory " of Bordet is untenable. 

These conclusions of Joos simply bear out the contention that 
agglutination depends upon the flocculating action of a particular 
salt, viz., common salt, for the reason that this was the only salt 
with which he experimented. 

* Joos, Zeit, f. Hygiene, xxxvi., 422 
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A year afterwards Friedberger* published a paper in Which he 
showed that other salts were as useful as common salt in causing 
agglutination. He concluded that :- 

1. Agglutination does not occur in the complete absence of 
crystalline substances. 

2. Of these substances the inorganic salts are the most active 
and they differ among themselves in their activity. 

3. The rapidity of the onset of the agglutination of dialysed 
cultures depends upon the salt content of the bacterial 
suspension. 

4. The rapidity of the onset of the agglutination of a bacterial 
emulsion depends upon its salt content. 

5. The action of salts in agglutination is not chemical. 

Thus the function of salts in general in causing agglutination 
is emphasised. Exception must, however, be taken to the 5th 
item, which is rather startling. Friedberger does not attempt to 
explain the mechanism of the process, and that he cannot under- 
stand the part played by the salts is made evident by his sweeping 
assertion. By chemical, he means that the salts do not chemically 
combine with the albumen of the cell, an idea which has never 
been advanced with any positiveness. Bordet, perhaps by con- 
sidering that Kraus' precipitate did not play a part in agglutina- 
tion, suggested the idea of an enzyme altering an albuminoid 
constituent of the microbic cell; but beyond this inference there 
is 'nothing to justify the assumption that coagulation of the cell 
albuminoids may occur. That the bacteria simply become immo- 

bilised is well known. Were a portion of their albuminoid matter 
coagulated, probably something more than immobilisation would 
ensue. Joos confirmed the fact that agglutination does not alter 
the vitality of the bacteria. 

In a later paper Joos,-1- after pointing out that Friedberger's 
researches strengthened his own former conclusions, finally pro- 

* Friedberger, Cent. f. Bakt. xxx., 336. 
t Joos, Cent. f. Bakt. i Abt xxx., 833. 
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pounded the following as an explanation of the mechanism :- 
The phenomenon of agglutination is made up of two quite 

distinct phases. In the first the specific substances combine 
with the salts. The second is that in which the microbes 
modified by this combination unite into floccules. 

The first phase depends upon a chemical combination 
analogous to the formation of double salts, or of certain 
additive compounds. It does not depend upon a molecular 
attraction [Juxtapposition] as in dyeing or porosity pheno- 
mena. 

The second phase is entirely similar to a chemical precipi- 
tate, and does not depend exclusively upon a disturbance 
of the molecular equilibrium of the mixture, which is 
produced by the solution of the salt. 

These statements are vague, and we do not gather from them 
whether the individual specific substances (agglutinating and 
agglutinable) unite with the salts and then combine, or combine 
and then unite -an important point. Nor do we see how the 
microbes are modified by this combination of salt and specific 
substance. Nor is the relation between the microbes and the 
combined specific substance defined. Although this is an attempt 
to explain the mechanism by bringing the phenomenon into line 
with the formation of chemical precipitates, the mechanism itself 
is still unexplained. That the phenomenon is different from that 
which occurs in staining fibres, etc., may be open to doubt, for 
Knecht (B ¿r. 1902, 35, 1022) has shown that dyeing depends 
upon the formation of lakes between the colour and certain con- 

stituents of wool and silk. 
On the whole there is a tendency in these papers to consider 

the phenomenon in a manner that is too narrow and too indefinite 
to be scientific. That agglutination is similar to coagulation and 

precipitation appears to be admitted by most writers, e.g., Bordet, 
Duclaux, Nicolle, Paltauf, Köhler and Joos; but the mechanism 

of coagulation does not appear to be understood, or Joos would 

probably not have emphasised the râle of common salt in agglu- 

tination, and Bordet would have mentioned the function of calcium 
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salts in the coagulation of casein, to which he likened agglutina- 
tion. 

I have already* explained the mechanism of flocculation, coagu- 
lation or precipitation by the hydrate theory of solution, and 
although I understand that it has also been explained by the 
ionisation theory, yet I was, and still am, not satisfied with the 
latter theory as being a good one for the purpose. 

The mechanism of agglutination is explained in the following 
manner by the hydrate theory of solution. The unknown agglu- 
tinating substance of the serum and the obscure agglutinable 
product of microbic metabolism are each dissolved in their 
respective fluids by reason of the " residual affinities " which they 
possess for loose water molecules. (In explanation of these terms 
it may be said that residual affinity is a chemical affinity of a 
weak kind, and that a water solution consists of molecular 
aggregates and loose water molecules.) Each molecule of the 
active substances is the centre of a system, and is surrounded by a 
zone of water molecules. The solutions are in equilibrium until 
they are mixed, when the active substances combine, the result 
of chemical affinity. Whether or not a decomposition also takes 
place we are linable to say, and at present this question may be 
ignored. The combined or double molecule now beomes the centre 
of a new water system, but its residual affinity for the loose water 
molecules is weaker than the residual affinity of the saline matter 
in the fluid. The origin of the saline matter is immaterial. The 
salts attract the water molecules, and withdraw them from the 
influence of the double molecule. The residual affinities of the 
double molecules are thus free, and a kind of molecular tension 
is produced. The double molecules are then attracted to one 
another and become molecular aggregates, which gradually increase 
in complexity, while the equilibriums between aggregate and solu- 
tion are constantly altering. Eventually the aggregates grow so 
massive that they become visible as a precipitate. This is Kraus' 
precipitate. When substances separate out from solution they 

* Jour. Soo. Chem. Ind. xvii., 117. 
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tend to form upon small solid particles just as rain -drops gather 
around dust particles, crystals form around string, and even 
precipitates adhere to glass. Thus Kraus' precipitate forms upon 
the flagella and upon the bacterial cell. It forms upon the 
bacteria the more readily since the capsule is saturated with the 
agglutinable substance which slowly oozes through the membrane. 
But the building up of the molecular aggregates still proceeds, 
and the precipitated films surrounding the bacteria are attracted 
to one another, so that small clumps are formed and agglutination 
is made manifest, because we can see the comparatively large 
bacteria. The thin precipitated films elude our observation. 

Although the residual affinity alone has been used to explain 
the phenomenon, yet the base of the flocculating salt over and 
above its attraction for the loose water molecules plays a part in 
combining with the molecular aggregates. The base partly 
attracts the water molecules, and partly replaces them. Even 
some of the acid radicles may in some instances be carried down 
(attracted) with the precipitate as in the coagulation of slimes 
and rimucin bodies by salts in alcoholic solution. 

Agglutination is a chemical phenomenon, and the natural laws 
which govern it are those which obtain in the precipitation of 

chemical compounds, the coagulation of precipitates, the floccula- 
tion of clay particles, and even the solution and diffusion of 
substances in water. The bodies of the bacteria have tended to 
obscure the mechanism of the process, a thing which should not 
have been done in view of what Nicolle did when he agglutinated 
particles of talc suspended in filtered typhoid cultures. 

A paper has recently been written by Harrison* upon the 
agglutinating substance of typhoid bacteria He took typhoid 
bacteria which agglutinated readily with active sera, and treated 
them with with pyocyanase, an enzyme which has the power of 

dissolving the outer membranes of bacteria. After washing the 
membraneless bacteria with water. he found that they were 

not now capable of being agglutinated From this he concluded 

*Harrison, Cent. f. Bukt. 1 Abt. sax., 115. 
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that the agglutinable substance existed " entirely in the outer 
layers of the bacilli." 

Jochmann,* in abstracting a paper by Köhler, remarked that 
Harrison had in a very clear manner proved Nicolle's assumption 
that the agglutinable substance is found in the outer membranes 
of the bacteria. With this I do not agree. The function of a 
cell membrane is to retáin the cell contents, and the membrane of 

the typhoid bacterium retains the agglutinable substance to a 
considerable extent. That it slowly diffuses through is admitted 
from the scanty formation of Kraus' precipitate in younger 
cultures, and the more copious precipitation in older cultures. 
But if we remove the capsule or membrane there is no restraint 
put upon the diffusion of the agglutinable substance from within 
the cell. Harrison's experiments simply show that by removing 
the membrane or capsule one of the slowly diffusible constituents 
of the cell can be quickly removed, a circumstance which no one 
would have doubted. They do not prove that the agglutinable 
substance is in the surface layers of the cell. One might remove 
the covering from a bee -hive, and with the same amount of reason 
say that the bees which swarm out were in the covering, or when 
an egg is broken that all the fluid contents were originally in the 
substance of the shell. No ! The agglutinable substance saturates 
the bacterium as a whole ; there is no evidence to show that it is 

otherwise. 

* Jochmann, Cent, f. Bakt. 1 Abt. asa. 5S5. 
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AN ASCOBACTERIUM FROM THE SUGAR -CANE, 
WITH NOTES UPON THE NATURE 

OF THE SLIME 

(BACTERIUM sACCHAßI, n.sp.) 

BY R. GREW, SMITH, M.SC., 1M+ ACLEAY BACTERIOL'GIST TO THE 

SOCIETY. 

(Plate vi.) 

During an investigation into the gummosis of the sugar-cane 
an organism was met with great frequency; in fact, so often was 
it found that I cannot but regard it as a normal inhabitant of 
the cane. In nine cases out of ten it was found in tubes of media . 
inoculated in the fields from the gum of diseased plants, and alp 
from the juice of healthy stalks. It was also separated in the 
laboratory, from the tissue of gummed Rappoe, and of healthy 
Malabar and Tanna canes. The organism was peculiar, inasmuch 
as under certain conditions it formed asci, which are well defined 
masses of capsulated bacteria. The conditions under which these 
were produced included growth upon a solid medium and the 
presence of a sugar. 

The asci were occasionally formed in fluid media, but only when 
the layer of fluid was shallow, and the bacteria grew as a ring 
around the junction of the surface with the glass. The solid 
medium which was most suited to the growth of the bacterium, 
and for the formation of asci was cane gelatine, which is prepared 
by dissolving 10 per cent. of gelatine in cane juice, or in strong 
diffusion liquor, and neutralising the medium to phenolphthalein 
with dilute potassium hydrate. 
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The bacterium was grown in the presence of various sugars, 
and it was found that either dextrose, levu lose maltose, or saccha- 
rose would serve equally well as a source from which the asci 
could be formed. Starch and lactose were useless for this purpose. 
In the presence of a suitable sugar, salts such as calcium chloride, 
magnesium sulphate, did not show any advantage over potassium 
phosphate in accelerating the growth in gelatine media. 

There are many races of the bacterium, and these may be 
classified into two groups. The bacteria of one of the groups 
form a pale yellow growth on gelatine and agar media; they 
liquefy gelatine slowly, and produce many asci. The organisms 
of the other group are deep yellow on agar and gelatine; they 
liquefy gelatine quickly, and produce few asci. The gummy 
substance of the asci from both groups is identical. On continued 
cultivation in the laboratory, the yellow rapidly liquefying races 
become paler yellow or cream -coloured, and, losing the greater 
part of their liquefying power, they become identical with the first 
or normal type whose specific characters are given at the end of 

this paper. 
When the growth was scraped from the surface of saccharose- 

agar and heated with water, a slimy emulsion, like unbeaten 
white of egg, was obtained; and as I was at that time searching 
for the gummosis bacterium, this organism seemed to be very 
promising. But as the slime had to be tested chemically, and its 
relation to the gum of the sugar -cane investigated, a considerable 
quantity of the culture with the accompanying asci was necessary. 

To obtain a sufficiency of material the bacteria were sown upon 

the surface of a neutral medium contained in large covered 
vessels. The medium contained peptone 10, saccharose 100, 

sodium phosphate 2, potassium chloride 5, agar 20, and tap -water 
1,000. grms. In about a week at 30° the growth seemed to have 

reached a maximum, and after soaking in water for about a 

quarter of an hour the culture, which had become considerably 

swollen, was easily separated from the agar. 
The swollen emulsion was of a deep yellow colour, and had the 

consistency of unbeaten white of egg. Numerous attempts were 
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made to break up the asci and obtain a solution of the slimy 
material. The most successful method was found to consist in 
heating the emulsion in the autoclave up to three atmospheres 
pressure. With this treatment the emulsion separated into a 
viscous solution and a yellow sediment. The slightly opalescent 
viscous solution was clarified by using small quantities of alu- 
minium hydrate, care being taken to avoid an excess of the 
hydrate, which coagulated the gummy material of the solution. 

The clear solution was viscous, but readily passed through filter 
paper. On the addition of alcohol a voluminous white curdy 
precipitate was thrown down. This readily swelled up in water 
to form a clear gelatinous unfilterable emulsion. On standing for 
some weeks the sterilised and clear emulsion became slightly 
turbid, a light flocculent portion separating out, leaving afilterable 
solution. From this behaviour it would appear that treatment 
with alcohol alters the outside surface of the &cooks to an 
insoluble modification, so that on subsequent treatment with 
water each particle of dissolved slime is enclosed in a thin mem- 
brane. The addition of alcohol to the gelatinous solution again 
gave a curdy precipitate, but on repeating the precipitation 
several times a stage was reached when the addition of alcohol 
produced no precipitate, and formed an opalescent solution. 
However, on adding traces of salts -such as common salt-the 
curdy precipitate was again formed. The aqueous solution was 

tested with a number of reagents, and the reactions obtained ;a r 

as follows :- 
Ba&enoxi8 of THE MtcIL&GEftors sLIXE or TEE AWL 

Iead acetate... opale cuee opaque sauriaut beadrig 
Basic lead acetate ... .... ... precipitate 
ammoniacal lead acetate ... ... precipitate 
Bsria i hydrate ... .. no precipitate 
Calcium hydrate ... ... ... precipitate 
Copper sulphate no precipitate 
Ferric chloride ... ... ... no ppt. dmigi.,, 

ppt, cot !': a t(OHh 

Hydrochloric acid, di]. 
Alcohol ... curdy precipitate i® iP'ro-`antor od mite 
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Aluminium hydrate coagulation 
Acetic acid, dil. no precipitate 

glacial.., precipitate 
Acid mercuric nitrate ppt. soluble in excess; ppt. reddens on 

heating 
Xanthoproteic reaction ... ... positive 
Sulphuric & phosphotungstic acids precipitate 
Acetic and tannic acids .. ... opalescence 
Acetic acid and pot. ferrocyanide... strong opalescence 
Hydrochloric acid and pot. mercuric 

iodide ... ... ... opalescence 
Sodium hydrate & copper sulphate purplish colour with slight precipitate 
Strong mineral acids ... ,.. reddish -brown colour on heating 

No reaction with BI3, AgNO3, KOH, NaOH, BaCI_, picric acid. 

These reactions indicate that the gummy matter which forms 
the substance of the asci has relations with the carbohydrates as 
well as the proteids, and at first sight might be taken as being a 
mucin body. The slimy capsule of some bacteria has been said 
to consist of a substance " related to mucin, or probably identical 
therewith. "* 

Lepierret claims to have obtained a true mucin from cultures 
of a fluorescent bacterium. Charrin and Desgrez4 obtained a 
mutinous body from bouillon cultures of Bact. pyocyaneuna. This 
body swelled up with water, and was filterable. It was precipi- 
tated by alcohol, acetic acid, the mineral acids, common salt and 
magnesium sulphate. The acetic acid precipitate was insoluble 
in excess, but was dissolved by dilute alkalies. According to the 
authors, these properties showed it to be a compound mucinoid, 
but as it contained phosphoric acid it was probably accompanied 
by a nucleoproteid. A nitrogen determination was apparently 
not made. 

Although the gummy substance of the asci forms a viscous 
solution, and behaves like mucin in some of its reactions, still 
differences can be found. The mucins are soluble in lime and 

* Lafar, Technical Mycology, 1898, 40. 
t Lepierre, Comptes Rendus, 1898 (126), 761. 

$ Charrin and Desgrez, ibid, 596. 
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baryta waters; this is insoluble in lime water. The colour re- 
actions of the albumens, which are generally decided in the case 
of the included mucins, are not so with this substance. Finally, 
the nitrogen percentage shows that it is neither a mucin nor an 
allied substance. 

In the estimation of the nitrogen the clear aqueous solution 
was precipitated with alcohol and redissolved in water several 
times until an opalescent alcoholic solution was obtained. This 
was divided into two parts, one of which was precipitated with 
common salt, the other with barium chloride. The precipitates 
were then washed with alcohol and dried until they ceased to 
lose weight. Portions were taken for the ash determination and 
for the nitrogen, which was estimated by the Kjeldahl process, 
due allowance being made for the nitrogen in the sulphuric acid, 
etc., by check tests with pure saccharose. 

Portion precipitated by common salt :-- 
0.1542 grin. gave 0-0126 grin. ash =8-30X. 

The ash consisted of carbonate, phosphate, sulphate, 
and chloride of soda. 

0.2164 grin. required 0.5 C.C. N;, acid to neutralise the 
ammonia =1.76% nitrogen in the ash-free su tasracke_ 

Portion precipitated by barium chloride 
0.1054 grin. gave 0.0184 grin. ash l7 4 

The ash consisted of carbonate, phospii,.,tc,sulphate, 

and chloride of barium. 
0.1820 grin. required 0-25 c.c,. sI acid to nentratiw the 

ammonia = 1.16 %, nitrogen in ash-free sul,+sitamme. 

The amount of dry gam in the matures is very sirnasll -a very 

viscous solution contains very little solid gum, and on this a e Mint 

. only a small quantity was available for the determination: But 

although these results differ from one another,. Still they are 

sufficient to show that the nitrogen in the dry and Hail -free &nom 

is lens than 2 %. This 'Mantes that it is for ten-ported ed from ! eini, 

wlni,h contains about 12%, from Issisdomatiein with alhant 

anal frvna colloid with about 7 %. The gyre rite a,aF hlnoaphottin aisiid 
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in the ash has no significance because the culture media contained 
0-2% of sodium phosphate. On the whole the albuminoid re- 
actions are rather undecided; the two which were undoubtedly 
obtained were the xanthoproteic and the phosphotungstic; but 
these tests alone do not give any definite information regarding 
the nature of the slime. 

If the slime were originally pectose, the method of separating 
it from bacteria by heating under pressure would have converted 
it to pectin, which gives a precipitate on the addition of barium 
hydrate; and as the purified slime does not precipitate with 
barium hydrate, it is evident that it cannot be pectose. Nor 
can it be any of the pectin bodies. That the slime contains 
a pentosan is shown by the production of furfural on dis- 
tillation with hydrochloric acid, sp.g. 1.16, and also on careful 
heating with strong sulphuric acid. On hydrolysis, with 
dilute sulphuric acid at three atmospheres pressure, a reducing 
substance is formed. This, upon prolonged heating on the water 
bath with phenylhydrazine, gives an osazone consisting of balls of 
short needle -shaped crystals, which, when recrystallised, have a 
melting point of 153° C. The product of acid hydrolysis is pro- 
bably a pentose, and appears to be similar to that obtained by 
Bendix* on hydrolysing tubercle and other bacteria. The pentose 
from tubercle bacteria reduced Fehling's solution, and formed an 
osazone which melted at 153 ° -155 °. 

The formation of a pentose shows that the bacterial slime is 

related to the vegetable gums. 

BACTERIUM SACCHARI, n.sp. 

Shape, etc. -A short rod, coli -like, with rounded ends measures 
0.6:1 -2µ, and occurs singly in pairs and threads. On solid media 
containing sugar, and sometimes on the surface of fluid sugary 
media,.it forms asci. The rods are motile, and the flagella when 
stained by the night -blue method were seen to vary from one 
(terminal) to nine (peritricial). With the blues the cells stain 

* Bendix, Jour. Chem. Soc. 1901, Abs. ii. 206. 
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feebly; fuchsin, and especially violet, stain well. Staining by 
Gram's method is negative. No spores are formed. 

_Relation to oxygen, etc. -The bacterium does not grow anaëro- 
bically, and the optimum temperature is 28° C. 

2% glucose - gelatine plate. -The colonies are white glistening, 
slightly raised and irregular. When magnified they are seen to 
have a dark clouded, convoluted or areolate centre, and a finely 
granular margin, with a crenate structure near the smooth edge. 

Nutrient gelatine plate.- Whitish or cream -coloured, round, 
raised, glistening colonies. When magnified the surface colonies 
are finely granular, the subsurface colonies are coarsely granular, 
and the deep colonies are rounded and opaque. 

Nutrient agar plate. -The colonies vary in colour from dirty 
white to buff- white; they are rounded, flat and glistening; the 
centre becomes depressed. When magnified the rounded colonies 
are finely granular, with large granules distributed chiefly 
round the centre. The older surface colonies are coarsely granular, 
with a puckered or wrinkled centre. In crowded plates the small, 
round, coarsely granular colonies may have a marginal ring (halo). 
The deep colonies are rounded or lenticular with large coarse 
granules. 

Nutrient agar stroke. -The growth is cream -coloured at 37 °, 

yellowish -white at 22°, slightly raised, glistening, and has a 
lobular margin. The condensed water carries a slight film. 

Neutral cane -agar stroke. -A luxuriant, almost transparent, 
yellowish- white, raised, spreading growth is formed. It has a 
gelatinous consistency, and the condensed water is slightly viscous. 

Neutral cane- gelatine stroke. -An ivory -white or yellowish -white 
glistening, irregularly raised growth, with an irrregular serrated 
margin, and gummy or gelatinous consistency is produced. The 
culture slowly gravitates, and forms a thick gummy mass at the 
base of the slope. Sometimes there is no apparent liquefaction 
of the medium until the gravitated gummy mass is removed and 

a pit revealed; at other times the site of the stroke becomes 

furrowed by a partial liquefaction of the medium. 
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Neutral cane- gelatine stab. -The needle track shows a filiform 
growth, with a hemispherical yellowish nail -head. Neither in 
this nor in a glucose- gelatine shake were gas bubbles produced. 

Nutrient gelatine stab. -The growth is filiform, with a thin, 
flat, white, glistening and spreading nailrhead. The nail -head is 
depressed, but there is no sign of liquefaction within a week with 
the normal races. After the seventh day the gelatine beneath 
the nail head either appears consumed or shows a slight crateri- 
form liquefaction. 

Potato. -The growth is thin, dry, deep yellow, flat and glisten- 
ing. 

Carrot and turnip. -A slimy, translucent, whitish growth 
rapidly spreads over the surface. 

Sugar -cane. -A yellow, glistening, gummy growth spreads over 
the surface, and growing down the vessels exudes at the lower 
ends as raised globules similar in appearance to the exuded gum 
of gummy cane. 
. Sweet wort. -The growth is luxuriant. 

Bouillon.- The medium becomes turbid, and forms a film and 
sediment. A faint indol reaction is sometimes obtained. 

Nitrate bouillon. Nitrate is reduced to nitrite. 
Milk. -The medium is coagulated about the tenth day at 

28° C., and the reaction is faintly acid. 
Thé ascobacteria which have been described are few in number. 

Bact. luteum (List.), Adametz,* is non -motile, and produces asci 
in the absence of sugar. The colour of the gelatine cultures is 
decidedly yellow, and it does, not appear to liquefy gelatine. 
Bac. citreus, Unna,* grows very slowly in gelatine, and produces 
.osci in sugar -free media. Ascobacillus aquatilis, Moreno,} is 

.stained by Gram's method, and grows quickly at 37 °. Like the 
others the asci are formed in sugar -free media. Since this 
organism forms asci only in the presence of sugar, and otherwise 
differs from the bacteria hitherto described, I have named it 
Bacterium sacchari. 

Migula, System der Bakt. 1900. 
t Moreno, Cent. f. Bakt. 1 Abt. 30, 111. 
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DESCRIPTION OF PLATE. 

1.- Balsam film from growth upon cane -gelatine. The asci are shrunken 
by the dehydration. The cellular structure of some of the asei can 
be made out from the ascus, which is slightly out of focus, at the 
bottom left -hand corner. Stained with dilute carbol fuchsin, and 
washed with alcohol. x 1000. 

2.- Flagella stained by the night -blue method. x 1000. 
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NOTE.- Members are reminded that the next Ordinary Monthly Meeting 
will be held on October 29th, 1901 (the last Wednesday in the 
month), at 8 o'clock p.m., in the Linnean Flall, Elizabeth Bay. 

Copy of manuscript sent 
to the "Centralblatt fur 
Eakteriologie 2te Abt" 
as Abstract from original 
paper. 
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Aitinoügïi a cone gig en to 
the Fungus -flora of Australia, a large number of species still 
remain to be considered, at least among the micro - fungi. The 
introduction and cultivation of economic plants are no doubt 
responsible for some additions. In the present paper twelve 
genera are represented, eleven species being described as new. 

(2) On a new species of Ardisia from New South Wales. By 
R. T. Baker, F.L.S., Curator, Technological Museum, Sydney. 

The species now described as new is a handsome glabrous shrub 
or small tree attaining a height of from 20 to 30 feet, and a stem- 
diameter of from 6 to 9 inches; bark smooth; flowers in axillary 
slender racemes. From the three known species of Ardisia 
recorded for Australia, and the two species found in New Guinea, 
it differs principally in the mode of inflorescence. Its nearest 
ally is A. brevipedata, F.v.M.; and in botanical sequence it may 
be placed between that species and A. pseudojambosa, F.v.M. 
The timber is light -coloured, close- grained and moderately hard, 
but on account of its size could only be used for turning tool 
handles, &c. It occurs in groves or clusters in the rich alluvial 
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NOTE.- Members are reminded that the next Ordinary Monthly Meeting 
will be held on October 29th, 1902 (the last Wednesday in the 
month), at 8 o'r'lock p.m., in the Linnean Hall, Elizabeth Bay. 

LI11lleNll Dt.IElp of fi..eiU $outh Males 

ABSTRACT OF PROCEEDINGS, SEPTEMBER 24th, 1902. 

The Ordinary Monthly Meeting of the Society was held in 
the Linnean Hall, Ithaca Road, Elizabeth Bay, on Wednesday 
evening, September 24th, 1902. 

Mr. J. H. Maiden, F.L.S., /cc., President, in the Chair. 

THE FOLLOWING PAPERS WERE READ :- 
(1) Australian Fungi, new or unrecorded. Decades i. ií. By 

D. McAlpine, Corresponding Member. 
Although a considerable amount of attention has been given to 

the Fungus -flora of Australia, a large number of species still 
remain to be considered, at least among the micro-fungi. The 
introduction and cultivation of economic plants are no doubt 
responsible for some additions. In the present paper twelve 
genera are represented, eleven species being described as new. 

(2) On a new species of Ardisia from New South Wales. By 
R. T. Baker, F.L.S., Curator, Technological Museum, Sydney. 

The species now described as new is a handsome glabrous shrub 
or small tree attaining a height of from 20 to 30 feet, and a stem- 
diameter of from 6 to 9 inches; bark smooth; flowers in axillary 
slender racemes. From the three known species of Ardisia 
recorded for Australia, and the two species found in New Guinea, 
it differs principally in the mode of inflorescence. Its nearest 
ally is A. brevipedata, F.v.M.; and in botanical sequence it may 
be placed between that species and A. pseuddagambotra, F.v.M. 
The timber is light- coloured, close- grained and moderately hard, 
but on account of its size could only be used for turning tool 
handles, be. It occurs in groves or clusters in the rich alluvial 
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gullies of the northern rivers district of New South Wales, where 
it is associated with other plants only recently recorded for this 
State. 

(3) Notes on Prosobranchiata. Part i. Lotorium. By H. 
Leighton Kesteven. 

The first portion of the paper is a discussion of the synonymy 
of the genus and family. The conclusions are in favour of the 
adoption of Montfort's name Lotorium for the genus, and Harris's 
Lotoriidce for the family. The second part deals with the arrange- 
ment of the species of the genus. The writer contends that it is 
unnatural, and only tending to confusion, to regard Tryon's 
subgenera as full genera; and he further seeks to prove that 
these subgenera are redundant and useless. In support of his 
argument, he draws up, whathe calls, lines of generic similiarity 
which connect completely the extreme forms of the genus. The 
form of the protoconch is also used in support of his argument. 
Representatives of twenty -six species, nine of which are from 
fossils, are figured, and descriptions of a few others from various 
sources are also given. It is by this means shown that if the 
group known of old as Triton is to be split up, forms utterly 
unlike must be grouped together, and others very similar must 
be separated. He proposes an arrangement of the species similar 
to that adopted by Pilsbry for the species of the various genera 
of Helices. The advantages claimed for this arrangement are, 
firstly, that as none of the sectional names are quotable, they are 
not additions to an already overburdened nomenclature ; and 
secondly, that the groups being small and composed of essentially 
similar species, their citation should at once convey to the reader 
a tangible type. On the evidence of the apex it is suggested 
that the genus is derived from the Fusidce. It is pointed out 
that as there exist very dissimilar species in the Australian Older 
Tertiary strata, the genus must have an earlier geologic horizon 
than the text -books admit. The affinities to recent species of 
the Tertiary species referred to are also dealt with. 

(4) The Bacterial Origin of the Gums of the Arabiñ Group. 
By R. Greig Smith, M.Sc., Macleay Bacteriologist to the Society. 

i. The soluble (Arabin) Wattle Gums. 

A bacterium (Bact. acacice, n.sp.) was found in pure culture in 
the tissues of Acacia binervata from which gum was exuding. 
In the laboratory it produced a gum which behaved to reagents, 
gave the same oxidation products and contained the same con- 
stituents, viz., arabinan and galactan, as the natural gum. This 
soluble gum, and probably all others of a similar nature, are 



therefore of bacterial origin, a circumstance which had been 
,suggested by the irregular distribution of gum- bearing trees. 

ii. The insoluble (Jletarabin) Wattle Gums. 
In company with Bact. acacice, a bacterium (Bast. metarabinunn, 

n.sp.) was separated from the bast of Acacia penninervis affected 
with gumming. In artificial culture it formed a gum which 
swelled with water like the metarabin gums. The gum gives the 
same reactions and contains the same arabinan- galactan complex 
as the natural gum. The metarabin is, therefore, the product of 
this organism. 

(5) Revision of the Australian Curculioaidee belonging to the 
Subfamily Csyptorlaynchides. By Arthur M. Lea, F.E:S. Part v. 

This part deals with the genus Cryptorhynchus and some of the 
allied genera; of these thirty -nine genera and ninety -three species 
have been described, and tabulations of the genera and species 
have been prepared ; but as the whole is too lengthy for publica- 
tion in one paper, only a portion of the genera and species are 
now described, and the tabulation of the genera is withheld till 
the whole of the section is completed. 

(6) Descriptions of some new Araneúla of New South Wales, 
No. 10. By W. J. Rainbow, F.L.S., Entomologist to the Aus- 
tralian Museum. 

Three new species, referable to the genera Storm; Am ores 
and Stephaiwpsis are described and figured. A species of Celte xia 
(probably distincte, O. P. Camb.) is also described and figured. 
Cambridge described his species from an old and dried sspecirmn. 
in the Hope Collection, at the University Museum, Oxford. 
Owing to its being so small, dried, and distorted, that author was 
unable. to determine whether the form studied by him was 
mature or immature. The writer of the present paper thinks it 
probable that the form described by him is a mature example of 
Cambridge's species. The Hope Museum specimen was vaguely 
labelled " New Holland " ; the present example was collected at 
Prospect, near Sydney. 

(7) Notes on some New South Wales Hepatíes. By Rev. W. 
Walter Watt& 

Twenty -three species are recorded, the majority of them 
collected on the Richmond and Brunswick Rivers. 

NOTES AND sxttrBim. 

Mr. W. S. Dun exhibited specimens of Cr rs.xclerie í omuatcr, 

Dana, C. levigata, Dana, and C. tasnrrartiensis, Johnston @`pestai'rbly 

an acute form of inornata) from the Lower Marine Beds (PeQmoior- 
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Carboniferous) of Ravensfield and Harper's Hill, N.S.W. An 
imperfect specimen of C. inornata 21 cm. in length was shown; 
a smaller specimen of the same species showed the inbent and 
triangular apex of the sides very clearly. The genus is but 
seldom met with in the Upper Marine, but is not rare in the 
Lower Series. 

Mr. Medley exhibited' a series-of mollusca lately dredged in 
100 fathoms off Wollongong by Mr. Halligan and himself, 
including Lotorium nodocostatum, hitherto only known from 
Tasmania, Chlamys fenesirata, Hedley, doubtfully distinct from 
a Tertiary fossil, and a species of Dymia lately described by himself 
in the " Thetis " Report. 

Mr. Stead showed a preparation of the first and only English 
Lobster (Homarus vulgaris) to reach Australian shores alive. It 
arrived with the shipment of English Plaice recently introduced, 
but it did not rally from the effects of the voyage, and died a few 
hours after removal to Port Hacking. As it wa,,s an ovigerous 
female this was to be regretted. 

Mr. R. Greig Smith exhibited a young specimen of the Sock - 
eyed Salmon affected with Saprolegnia ferax, forwarded to him 
from Tasmania. Also various cultures, chemical products, and 
microscopic preparations in illustration of his paper on Wattle 
gums. 

Mr. Baker exhibited a specimen of Ardisia raceinosa, n.sp., in 
illustration of his paper. He also offered some observations on the 
desirability of collecting data relating to the effects of the present 
drought on the flora; and he stated that he was moving in the 
matter through the Department of Public Instruction. He had 
received information that one of the plants which was suffering 
most severely in some districts was the Currawong (Acacia 
doratoxylon), a useful fodder plant in time of drought. 

The President emphasised the importance of the subject, and 
intimated that he too had already taken some steps, in conjunction 
with the officers of the Forestry Branch, to obtain and record 
information. 

Mr. Carne also spoke from recent personal experience of the 
destructive effects of the drought in several districts; and he was 
able to testify to the value of Acacia doratoxylon for dairy cattle 
as a stand -by during drought. 

F. ('nnninrhanu & Co., Printers, 146 Pitt Street Sydney 
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SOCIETY OF NEW SOUTH WALES. 

By R. GREIG SMITH, Sydney. 

940904A96 7570X74 

THE BACTERIAL ORIGIN OF THE GU'S OF THE ARABIN 
(1) 

GROUP. 

I. THE SOLUBLE (ARMIN) CUf1iS . 

My previous work upon bacterial gums and slimes led 

me to the belief that many gums which are supposed to be 

secretions of the higher plants, might really have a 

bacterial origin. Gum acacia, for example, occurs on 

trees in certain localities and not in others and asso- 

ciated with it, is generally a history of insect puncture 

or wound. Furthermore, the gum'is nitrogenous. An ex- 

amination of recently gathered Acacia gum showed granules 

which were not evident in older samples. These might have 

been plasmolysed bacteria. 

(1) Proceedings of the Society, 1902 part 3. 



Prom the neighbourhood of the bast and beneath a 

drop of gum on a specimen of Acacia binervata a bacterium 

was separated on glucose gelatine. The colonies had a 

yellowish gummy appearance and the bacteria were in pure 

culture. On a suitable medium the bacteria produced a 

slime which after the removal of the dead organisms yielded 

a gum. 

The medium, which produced the slime in greatest amount 

consisted of filtered and boiled potato juice 500 c.c., 

water 500 c.c., saccharose 50 gm., tannic acid 3 grm. 

After sterilisation in the autoclave, the Medium was pour- 

ed into large covered dishes and finally infected with a 

suspension of the bacteria. in normal saline. The slime 

which formed readily at 15° was removed with a rubber spade 

after the 3rd, 5th and 7th day. After acidification with 

hydrochloric acid and precipitation with alcohol followed 

by treating with water and reprecipitation with alcohol 

.,., in the presence of potassium chloride, the product was 

free from saccharose and reducing sugars. The curd was 

treated with water then further acidified with a few drops 

of dilute sulphuric acid and heated in the autoclave for 

. 



15 minutes at 3 atmospheric pressure. A saintly opal- 

escent solution of gum acids was thus obtained which was 

readily separated by filtration from the coagulated bac- 

teria. The gum acids were precipitated with alcohol and 

then dissolved in water when a mucilage was formed. 

The solution gave the reactions for gum;cacia. 

Neutral lead acetate, the salts of silver and mercury, the 

hydrates of calcium and barium gave no precipitate; basic 

lead acetate and a moniacal lead acetates gave precipitates; 

copper sulphate followed by potassium hydrate gave a pre- 

cipitate which coagulated without darkening on boiling. 

Fehlings solution gave no precipitate and no reduction. 

The mucilage thickened slit ='htly with borax and coagulated 

with basic lead acetate and with ferric chloride but not 

with tannic acid. 

On oxidation with nitric acid, the gum yielded mucic 

and oxalic acids. On distillation with dilute hydro- 

chloric acid and on heating with concentrated sulphuric 

acid, furfural was obtained. Lastly by boiling with 5% 

sulphuric acid for several hours, reducing sugars were 

formed. These gave a mixed osazon.e from which a black, 

tarry substance was extracted with ether. The constituents 

3. 



of the mixture were separated, by taking advantage of the 

easy solubility of arcbinosazone in hot water and the 

comparative insolubility of galactosazone, into arabin- 

osazone m.p. 1530 - 1590 and galactosazone m.p. 1920. 

The natural gum of Acacia binervata when treated in 

the same manner gave identical results. It therefore 

cannot be doubted that gum acacia as represented by the 

soluble gum of Acacia binerv.ta has a bacterial origin. 

The same bacterium was obtained though not in pure culture 

from Acacia penuinery is. 

The organism which I he named Bacterium $caciae is 
generally rod shaped: it measures 0.5 - 0.6: 0.5 - 2 t4 

it is not stained by Gram's method and has one (terminal) 

to many peritrichotta flagella. .10 spores are formed. 

It is aerobic and while it grows at 370, the most slime 

is produced at 150 - 220. The colonies on glucose gela- 

tine and agar are at first cream- coloured, then become 

ye? lowish. or huff. The eolonins show scattered granules 

which can be shown to be well -defined masses of slime con- 

taining bacteria (asci). Gelatine is very slowly lique- 

fiecì. The growths upon the various media are not very 

4. 



characteristic, the appearance being greatly influenced 

by the temperature of incubation. The production of 

slime on tannin- saccharose- potato agar at 220 or under¡ and 

the formation of asci on sugar media, 

are the most character- 

istic points. 

II. TH E I.IISOLUELENETARABIN) GUMS. 

From Acacia penninervia which yields a gum containing 

arabin and metarabin, two bacteria were isolated; one of 

these was Fact. 3Caciae. The other formed firm, warty or 

puckered colonies on nutritive media. A slime was produc- 

ed on tannin- saccharose- potato agar which after being freed 

from sacch rose and reducing: sugars was carefully heated 

in the autoclave. The gum acids thus obtained were pre- 

cipitated with alcohol. When treated with water, the pre- 

cipitate swelled up to an unfilterable gum. The hydrolysed 

constituents proved to be arabinose and galactose; these 

were also found in the hydrolysed natural gum. When the 

5. 



autoclave treatment is not carefully done, as for example 

by heating for too long a time or by having the solution 

too acid, the gum acids which are obtained are soluble in 

water in which they form a gum jn icila °e. The mum acids 

can be again converted to metarabin by heating at 1000 in 

the steam bath; the arabin of Bact. acaciae is not altered 

by the same treatment. 

A small quantity. of what seems to be a pectin body 

is also formed by the bacterium. it only differs from 

the gum acids in giving a precipitate with barium hydrate 

(not with barium chloride) . It was not obtained from the 

natural gum but this was probably because I had a very 

small quantity of natural gmm at my disposal at the time 

of testing. 

The solubility of the gum acids and the consistency 

of the bacterial colonies show when taken in conjunction 

with the arabi nan- galactan constitution, that the bacterium 

is the producer of the metarabin gums as exemplified by 

the gum of Acacia,penninervis. 

The bacterium which I have named Bacterium metarabinum 

is stouter than Fact. acaciae and similarly 

Grames stain is negative and spores are not 

. 

flaf*ella.ted.. 

formed. On 



ordinary media, the colonies are white or yellowish accord- 

inf.!. to the time and the temperature of incubation. They 

are puckered and very cohesive. In nutritive fluids a 

pronounced film is formed and in saccharose -potato fluid, 

the film aggregates give the medium a viscous consistency. 

Gelatine is very slowly liquefied. Like Tact acaciae, 

asci are formed in sugar media. The most characteristic 

points are the puckered colonies, the asci and the slime 

on tannin -saccharose- potato agar. 

Since the production of these varieties or ,gun acacia 

have been traced to two bacteria, there can .e little doubt 

that other gums of the aratin group are also of bacterial 

origin. These are being investigated together with cer- 

tain points in the physiology of Pact. acaciae and tact. 

r e tarab inum. 
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