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Lister has here outlined the first 
method for the isolation of a pure cul- 
ture. For its day, it was an elegant 
method, and one which is still used under 
certain circumstances. The principle 
which he used is the basis of the Most 
Probable Number method for estimating 
the number of bacteria in a liquid. For 
the isolation of a pure culture it is not 
as simple or direct as Koch’s method, 
and it is sufficiently sophisticated that 
not all people understand it the first 
time it is described. In its historical con- 
text, it is quite important. 

It can also be seen how this work is 
directly descended from all of the earlier 
work on the nature of fermentation and 
on spontaneous generation. It had im- 
portant implications for understanding 
the nature of infectious disease, as Lister 
realized. It showed that a specific or- 
ganism could cause a specific change in 
a liquid. If this was so, then a specific 
organism might cause a specific change 
in a human being, leading to disease and 
death. This point will be developed fur- 
ther in Koch’s papers on pages 96 and 
116. 

The simple calculation which Lister 
makes of the probability of seeing bac- 
teria under the microscope in ordinary 
tap water is one which could have been 
made much earlier. If it had been made 
workers would have realized that ap- 
parent sterility under the microscope is 
only a delusion. In fact, if there are 
fewer than 10s bacteria per ml., it is 
quite difficult to see their evidence by 
microscopic examination. Anyone would 
admit that 105 bacteria, or 100,000 cells, 
is quite a large number. 

The reader might be interested in 
speculating on how bacteriology would 
have developed if the microscope had 
not been able to resolve objects of the 
size of single bacterial cells. Would sci- 
entists have discovered that there were 
particulate objects present in various 
natural substances, ca 
ing and causing speci R 

able of multiply- 
c changes in these 

substances? The present work of Lister 
shows how these particulate objects 
could have been shown to exist, even if 
they could not be seen. One generation 
later, filterable viruses were shown to 
exist in an analogous way. 
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A SEPARATION OF THE FERMENTING 

power from living yeast cells has until 
1000 g. of pure brewer’s yeast cells, 

taken before the addition of potato 
now never been done. In the following 
a method is described which can be 

starch, is mixed carefully with 1000 g. 

used to this end. 
of quartz sand and 250 g. of Kiesel- 
guhr, and ground until the mass has 



become moist and plastic. 100 g. of 
water is added to the paste and the 
mixture wrapped up in a filter cloth 
and gradually placed under a pressure 
of 4-SO0 atmospheres. The result is 
300 cc. of expressed juice. The resid- 
ual material is ground again and fil- 
tered, and 100 g. of water added. This 
is then also pressed in the hydraulic 
press under the same pressure, to yield 
another lS0 cc. expressed juice. From 
one kg. of yeast can be obtained 500 
cc. of juice, which contains 300 cc. 
of cell contents. To remove a slight 
turbidity, the pressed juice is finally 
shaken with 4 g. of Kieselguhr and 
after several infusions, the first por- 
tion is filtered through filter paper. 

The expressed juice obtained in this 
way is a clear, opalescent, yellowish 
liquid, which has the pleasant smell of 
yeast. The specific gravity was found 
to be 1.0416 (17’C.). When it was 
boiled, an extensive coagulum sepa- 
rated out, so that the liquid almost 
completely solidified. The formation 
of insoluble flocks began to occur at 
35-40’. Even before this the forma- 
tion of gas bubbles could be noticed, 
which were proved to be carbon di- 
oxide. These were formed because 
the fluid was saturated with carbon 
dioxide. The juice contained about 10 
per cent dry material. In an earlier 
batch prepared by a 

B 
oorer technique, 

from 6.7 per cent ry material, 1.15 
per cent ash was present, and 3.7 per 
cent protein, as calculated from the 
nitrogen content. 

The most interesting property of 
this juice is that it is able to bring 
about the fermentation of carbohy- 
drates. When an equal volume of the 
juice is mixed with a concentrated 
solution of cane sugar, after only one- 
fourth to one hour the regular forma- 
tion of carbon dioxide bubbles begins, 
and this may last for days. Glucose, 
fructose and maltose show the same 
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phenomenon. However, no fermenta- 
tion occurs when saturated solutions 
of lactose and mannose are added. 
These two latter sugars are also not 
fermented by living beer yeast cells. 
After a number of days of fermenta- 
tion in the ice box, a mixture of yeast 
juice and sugar gradually becomes 
turbid, without any microscopic or- 
ganisms being visible. At 700 times 
magnification, a rather large coagulum 
of proteinaceous substances can be 
seen, which probably are formed by 
the acid developing during the fer- 
mentation. The saturation of the mix- 
ture of yeast juice and sucrose with 
chloroform has no effect on the fer- 
mentation, but causes an earlier for- 
mation of a small amount of protein- 
aceous coagulum. The fermentation is 
not prevented by the filtration of the 
yeast juice through a sterilized Berke- 
feldt-Kieselguhr filter, which is able 
to retain all of the yeast cells. The 
mixture of this completely clear fil- 
trate with sterilized cane sugar under- 
goes fermentation after perhaps a day, 
even in the ice box, although the 
beginning of fermentation is somewhat 
delayed with this sterile filtrate. When 
a parchme n t t b u e was filled with yeast 
juice and placed in a 37 per cent cane 
sugar solution, after several hours the 
surface of the tube was covered with 
a large number of tiny gas bubbles. 
Naturally there was also a lively de- 
velopment of gas within the tube, as 
the result of the inward diffusion of 
sugar. Further experiments will be 
necessary to decide if the agent caus- 
ing the fermentation is able to diffuse 
through parchment paper, as it seems 
from this experiment. The fermenting 
power of the yeast juice is gradually 
lost with time; after five days in ice 
water in a half-full flask, a yeast juice 
was inactive against sucrose. It is 
remarkable that as opposed to this, the 
fermentation of yeast juice with cane 
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sugar continues for at least two weeks 
in the ice box. Perhaps the unfer- 
menting juice is affected by oxygen 
from the air, which would not be 
present in the fermenting juice due to 
the formation of carbon dioxide. It 
could also be that the easily assimil- 
able sugar is able to maintain the 
fermenting agent. 

Only a few experiments have been 
carried out so far on the nature of 
the active material in the yeast juice. 
When the juice is heated to 40-SO’, 
there is first the development of car- 
bon dioxide, and then gradually the 
separation of coagulated protein. After 
an hour this was filtered. The clear 
filtrate had only weak activity against 
cane sugar in one experiment, while in 
another it had none. The active sub- 
stance seems therefore either to lose its 
activity at this surprisingly low tem- 
perature, or to coagulate and precipi- 
tate. In another experiment, 20 cc. of 
the juice was added to three times this 
amount of absolute alcohol, and the 
precipitate which formed was removed 
under vacuum and dried over sulfuric 
acid. This yielded 2 g. of dry material 
which was only very slightly soluble 
in water. The filtrate from this had 
no activity against cane sugar. This 
experiment must be repeated. Espe- 
cially, it must be attempted to isolate 
the active substance by the use of 
ammonium sulfate. 

The following conclusions can be 
drawn concerning the theory of fer- 
mentation. First it has been shown that 
for the introduction of the fermenta- 
tion process, no apparatus so compli- 
cated as the yeast cell is necessary. The 
bearer of the fermentative power of 
the expressed juice is more on the 
contrary a soluble substance, and more 
than likely it is a protein. This same 
will be called zymase. 

The view that a special proteina- 
ceous substance derived from the yeast 

cell caused the fermentation, was first 
announced as the enzyme or ferment 
theory as early as 18S8 by M. Traube, 
and was later especially defended by 
F. Hoppe-Seyler. The separation of 
this kind of an enzyme from the yeast 
cell had been until now unsuccessful. 

The question still remains if zymase 
can be identified directly with the 
already known enzymes. As C. v. 
Nigeli has alread 
are important di fly 

emphasized, there 
erences between the 

action of fermentation and the action 
of the ordinary enzymes. The latter 
action is merely hydrolytic, and this 
action can be reproduced by the sim- 
plest chemical agents . . . but the 
breakdown of sugar into alcohol and 
carbon dioxide is one of the most 
complicated of reactions. Carbon-to- 
carbon bonds are broken in such a 
way that has not been obtained with 
other methods. There are also signifi- 
cant differences in the heat stability. 

Invertase can be separated from 
yeast killed by dry heat (one hour at 
1 TO’), by water, and can be precipi- 
tated with alcohol to obtain a powder 
easily soluble in water. In the same 
manner, the fermenting substance can- 
not be obtained. . . . Therefore it 
seems reasonable that zymase belongs 
to the true protein substances, but is 
more closely related to the living 
protoplasm of the yeast cell than 
invertase. . . . 

The fermentation of sugar by zy- 
mase can take place within the cell, 
but it is more probable that the pro- 
tein substances are excreted into the 
sugar solution, and the fermentation 
occurs there. The process is then per- 
haps a physiological act only in so far 
as it is the living yeast cell which 
excretes the zymase. . . . It seems evi- 
dent, as the above observations have 
shown, that the zymase can diffuse 
through parchment paper. 

In one experiment the gas which 
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developed was allowed to pass into 
lime-water, and in this way identified 
as carbon dioxide. In two other ex- 
periments, after three days’ fermenta- 
tion at ice box temperature, the alcohol 
formed was determined. In one ex- 
periment with 50 cc. sucrose solution 
and 50 cc. of yeast juice, I.5 g. ethyl 
alcohol was formed. In another experi- 
ment with 150 cc. of sugar solution 
and I50 cc. 

ty 
east juice, 3.3 g. ethyl 

alcohol was ormed. . . . In all cases 
the alcohol was identified by the iodo- 
form reaction and was finally salted 

out of the aqueous solution with po- 
tassium carbonate. The material col- 
lected in this way in the latter experi- 
ment showed a boiling point between 
79-81’ (734 mm.), The distillate was 
colorless, combustible, and possessed 
the odor of ethyl alcohol. . . . 

It has been shown that the above 
described method for the expression 
of yeast juice is also suitable for ob- 
taining the contents of bacterial cells, 
and experiments on this are in progress, 
especially with pathogenic bacteria, 
at the Hygienische Institut in Munich. 

Comment 

This paper by Buchner is a fitting It is obvious that Buchner’s work marked 
close to this section on the nature of 
fermentation and spontaneous generation. 

the beginnings of biochemistry and has 

The early opinion that fermentation was 
led directly to our current vast store of 

not a vital process gave way to the opin- 
information about enzymes and enzyme 
reactions. Those workers who believed 

ion that fermentation only occurred 
when a microorganism developed. Now 

that all of the properties of a living 

we see that the whole cell is not neces- 
organism could be explained in terms of 

sary for this process, but that a protein- 
chemistry and physics could begin to 
find their ideas justified by the work 

aceous material can be extracted from of Buchner. 
the cell which carries out the process. 


