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In a previous paper (1) the results of a preliminary investigation of the 
assimilation and breakdown of glucose during the course of its fermenta- 
tion by living yeast cells were given. Early in the course of the fermenta- 
tion, the formation of usual products was much slower than the 
disappearance of the glucose. In other words the products that were 
determined failed to account for all the glucose used by the cells. There- 
fore, some of the glucose was in an unanalyzed form. However, as the 
fermentation progressed toward completion, the quantity of glucose in an 
unanalyzed form diminished. This failure of the usual products of fer- 
mentation to account for all the glucose utilized in the initial stage of 
fermentation has been noted by other investigators, but there is little 
agreement as to the reason for the discrepancy. WillstZtter and Rohde- 
wald (2) claimed that the sugar was quickly converted to glycogen, which 
fermented at a slower rate. Kruyk and Klingmiiller (3) investigated the 
phenomenon but were unable to account for the disappearance of the 
sugar on the basis of glycogen formation. Fales and Baumberger (1) 
tentatively assume t,hat intermediary products accumulated during the 
initial stage of fermentation. Wertheimer (4) reported in 1929 that a 
large fraction (one-seventh to one-half) of the sugar, not accounted for 
otherwise during the initial period of fermentation, could be recovered in 
the alkali-insoluble carbohydrate fraction of the yeast cell. This report 
was completely overlooked by later investigators of the problem. 

The purpose of this paper is to report the results of a study of the syn- 
thesis and degradation of yeast carbohydrat,es during exogenous metabo- 
lism in the presence and absence of oxygen and during starvation. The 
total, the alkali-stable, the alkali-soluble, and the alkali-insoluble, car- 
bohydrate fractions were determined during the course of the reactions. 

* This paper is a part of the thesis material submitted by the author in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy. The author 
wishes to express his appreciation to Dr. J. Percy Baumberger for his advice and 
encouragement. 
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Also, information regarding the carbohydrate reserves within the yeast 
cells was obtained by determinations of the endogenous fermentation and 
respiration rates of the yeast cells washed free from substrate. These 
experiments confirmed Wertheimer’s report that a large fraction of the 
glucose that disappeared during the initial phase of fermentation was syn- 
thesized into a carbohydrate insoluble in a hot alkaline solution (therefore 
not glycogen). The alkali-insoluble carbohydrate fraction rapidly in- 
creased in concentration during the initial stage of the fermentation, 
reached a maximum, and then decreased during the final stage. This 
carbohydrate which is a constituent of the alkali-insoluble fraction is ap- 
parently identical to the “transient” carbohydrate that is both oxidized 
and fermented endogenously at a rapid rate by the yeast cells (Baumberger 
and Fales (5)). It is of interest that its behavior is similar to that of the 
trichloroacetic acid-soluble fraction of liver and muscle glycogen recently 
reported by Bloom et al. (6) ; i.e., it is formed and broken down at a faster 
rate than the alkali-soluble reserve carbohydrate. 

EXPERIMENTAL 

Methods 

Fresh bakers’ yeast (Saccharomyces cerevisiae) containing no binding ma- 
terial was used. In order to reduce bacterial contamination to a mini- 
mum, the following procedure for the preparation of the yeast suspension 
was adopted. A fresh pound of bakers’ yeast was broken open and yeast 
from the newly exposed surfaces was selected with a spatula. The yeast 
was weighed, mixed with freshly prepared 0.1 M NaHzPOd solution, and 
washed by centrifugation. The washed cells were then suspended in a 
volume of the freshly prepared phosphate solution to bring the final con- 
centration of the yeast to 0.5 per cent (weight per volume). The micro- 
scopic examination of the suspension that was always carried out at the 
conclusion of an experiment rarely showed gross bacterial contamination. 
In the few instances in which the yeast was found to be contaminated by 
mold or bacteria, the experimental data were discarded. 

In all the experiments to be described, no nitrogen source was available 
and the cells were in the ‘(resting” state; i.e., there was no cell proliferation. 

The fermentation was carried out anaerobically by the method pre- 
viously described (1). The suspension was stirred very rapidly with a 
motor-driven magnetic stirrer. This insured a homogeneous yeast sus- 
pension; hence the various determinations could be made on a volume 
basis, thereby making unnecessary the tedious determinations of dry 
weights. The carbohydrate content of the yeast cells was determined 
with a modified anthrone reagent. Morris (7) demonstrated that Drey- 
wood’s (8) anthrone reagent could be used for the quantitative determina- 
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tion of carbohydrates. The original anthrone reagent was modified so 
that a more convenient range of carbohydrate concentrations could be 
determined. Ethyl alcohol was also incorporated,into the reagent, since 
it was found that the colored product was thereby st,abilized. The modi- 
fied anthrone reagent was prepared aa follows: 0.4 gm. of anthrone was 
dissolved in 200 ml. of c.p. sulfuric acid. The acid solution was then 
slowly and carefully added to a flask containing 60 ml. of distilled water 
and 15 ml. of 95 per cent ethyl alcohol. The solution was cooled and 

TABLE I 

Absorption Data Showing Wide Range of Wave-Lengths over Which Beer’s Law Is 
Followed with Modijkd Anthrone Reagent 

Wave-length 

mP 

450 
475 
500 
525 
550 
575 
600 
610 
620 
630 
640 
650 
675 
700 
740 

- 

Optical density 

Glucose* 0.1 mg. (A) Glucose* 0.05 mg. (B) 

(A) Theoretical m = 2.0 

0.240 0.131 1.83 
0.248 0.134 1.85 
0.262 0.136 1.93 
0.303 0.156 1.94 
0.392 0.180 2.18 
0.504 0.254 1.98 
0.614 0.309 1.98 
0.644 0.322 2.00 
0.648 0.3m 1.99 
0.629 0.316 1.99 
0.576 0.288 2.00 
0.508 0.256 1.98 
0.332 0.166 2.00 
0.220 0.122 1.80 
0.152 0.084 1.81 

* All densities are the average of readings on duplicate glucose standards. 

mixed during the addition. 10 ml. of the modified anthrone reagent were 
added to 1 ml. of the sample. The color was developed in a boiling water 
bath by the method of Seifter et al. (9). The optical densities of the 
colored product formed by the modified anthrone reagent with &andard 
glucose solutions are shown in Table I. The maximum absorption 
occurred at 620 rnp and this wave-length was usually used for the deter- 
minations. However, it was advantageous to use a wave-length somewhat 
removed from 620 rnp when carbohydrates at a greater concentration than 
expected were encountered. A wave-length of the desired sensitivity 
could be chosen from 575 to 675 rnp, since Beer’s law holds over this range 
(see Table I). A Coleman model 11A spectrophotometer was used for 
the determinations. It is felt that the anthrone method is ideal for the 
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determination of yeast carbohydrates because it is quite specific and all 
the carbohydrate reacts with the reagent. No comparison was made with 
the results obtained by other carbohydrate methods, since it was felt that 
they are all unreliable. Hydrolysates of yeast cells always contain re- 
ducing material other than reducing sugars. Also there is the danger of 
the destruction of a portion of the reducing sugar during the prolonged 
acid treatment required for the inversion of trehalose and acid-insoluble 
carbohydrate. Gottschalk (10) found that 4 hours hydrolysis with N 

HCl at 100” was necessary for the trehalose present in compressed yeast. 
In control experiments with a similar concentration of pure glucose he 
found that heat,ing for 4 hours with N HCl caused 7 per cent of the sugar 
to be lost. Hassid, Joslyn, and McCready (11) found that a 24 hour 
treatment with fuming HCI at 0’ and a 1 hour treatment with 14 per cent 
HCl at 100’ were necessary to hydrolyze an insoluble carbohydrate of 
yeast. It is obvious that a large fraction of the reducing sugar present 
would be destroyed by this drastic treatment. Alcohol-soluble trehalose 
would be undetected if the separation of t,he carbohydrate from other ma- 
terials were attempted by any modification of the Pfliiger method. 

The determination of the total carbohydrate of the yeast cells was car- 
ried out as follows: Duplicate 10 ml. samples were pipetted into 15 ml. 
centrifuge tubes cont,aining 1 ml. of saturated mercuric chloride. It was 
found that t,his concentration of mercuric chloride completely inhibited 
any further glucose utilization by the yeast cells. The suspensions were 
centrifuged at 3500 r.p.m. for 15 minutes. The supernatant fluid was 
decanted and the tubes were allowed t.o drain. Care was taken not, t,o 
lose any of the yeast in the process. The cells were then washed into 50 
ml. volumetric flasks. After making to volume and thoroughly mixing 
by vigorous shaking, 1 ml. aliquots of the yeast cells, diluted five times, 
were withdrawn for the carbohydrate determinations with the modified 
anthrone reagent. After color development, the solutions were always 
crystal-clear, with no trace of undissolved substances. 

In a number of experiments, a partial fractionation of t’he yeast car- 
bohydrates was carried out as follows: (1) Three pairs of samples of the 
suspension were prepared and centrifuged as above. One pair of samples 
was used for duplicate determinations of the total carbohydrate content of 
the yeast cells. After removing the supernatant fluid, 1 ml. of 30 per 
cent KOH was added to each of the other four centrifuge tubes. A glass 
marble was placed on each to act as a condenser, and the samples were 
digested in a boiling water bath for 30 minut,es. Each tube was shaken at 
intervals during the digest’ion. (2) After being cooled, the contents of 
two of t,he tubes were washed int’o 50 ml. volumetric flasks for dup1icat.e 
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determinations of the alkali-stable carbohydrate content of the yeast. (3) 
Water was then added in a quantity of 10 ml. to both of the remaining 
tubes. After mixing by swirling, the insoluble material was centrifuged 
for 15 minutes. The supernatant fluids were decanted into 50 ml. volu- 
metric flasks. Water, together with 1 ml. of 30 per cent KOH, was again 
added to each tube, and the insoluble material again centrifuged. The 
supernatant fluids were decanted into the proper volumetric flasks for 
duplicate determinations of the alkali-soluble carbohydrate fraction. (4) 
Water and 1 ml. of 30 per cent KOH were then added to the residual ma- 
terial in the two centrifuge tubes. By means of a pointed nichrome 
spatula, the material was mixed until homogeneous and then washed with 
water into 50 ml. volumetric flasks. The KOH aided in the dispersion 
of the insoluble material. After making to volume and thorough mixing, 
1 ml. aliquots were withdrawn for the determination of the alkali-insoluble 
carbohydrate fraction. 

As a check on the accuracy of the methods employed, the recovery in 
the carbohydrate fractions was compared with the total carbohydrate 
determined. The total carbohydrate should equal the sum of the alkali- 
soluble, alkali-insoluble, and alkali-labile carbohydrate when the alkali- 
labile carbohydrate equals the total minus the alkali-stable carbohydrate. 

The endogenous respiration rate of the yeast cells at stages in the course 
of the fermentation of a given quantity of glucose WM determined as 
follows: (1) A yeast sample WM withdrawn from the fermentation vessel 
and quickly cooled by passing it through a long coil surrounded by ice 
water. (2) The yeast suspension was diluted with cold 0.1 M NaHzP04 
solution, and the cells were quickly centrifuged (2 minutes at 6000 r.p.m.) 
with an angle type centrifuge. (3) Th e cells were then washed free from 
substrate by mixing with cold phosphate solution and again removing the 
supernatant fluid after centrifugation. (4) The yeast sample was finally 
made to volume with warm (room temperature) phosphate solution and 
the oxygen consumption was determined polarographically by the method 
described by Baumberger (12). A drop of saturated caffeine solution was 
added to suppress the maximum. The polarographic record was started 
10 minutes after the sample was withdrawn. 

The endogenous fermentation rate of the yeast cells was determined by 
a similar procedure. Samples were withdrawn from the fermentation 
vessel and prepared as before, but the yeast was finally made up to volume 
with 0.1 M NaHzPOk solution at the temperature of the water bath used 
in the carbon dioxide determinations. The anaerobic carbon dioxide pro- 
duction was determined volumetrically by a method modified aft.er Wen- 
nesland (see Umbreit et al. (13)). 
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The carbohydrate fractions of the yeast cells were determined during 
the course of the fermentation of glucose by three different commercial 
brands of bakers’ yeast. The changes in the concentration of the total 
carbohydrate, alkali-soluble carbohydrate, and alkali-insoluble carbohy- 
drate are shown in Fig. 1. It can be seen that there is a carbohydrate 
insoluble in alkali in all three yeast strains that is synthesized at a rapid 
rate during the initial, rapid period of glucose utilization and accumulates 
within the cells. However, as the concentration of the substrate becomes 
limiting, its concentration decreases. Thus there is a “transient” car- 
bohydrate that is insoluble in alkali that is rapidly synthesized and utilized 
by yeast cells. 

There was a great variation from one strain of yeast to another in its 
capacity to synthesize cellular carbohydrate from glucose. In the experi- 
ment shown in Fig. 1, the low total carbohydrate synthesis by Consumer 
bakers’ yeast was chiefly due to a complete absence in the synthesis of 
alkali-soluble carbohydrates. Apparently, the only reserve carbohydrate 
synthesized during the anaerobic fermentation was the transient alkali- 
insoluble carbohydrate. Glycogen and trehalose are both constituents of 
the alkali-soluble fraction. 

The alkali-insoluble reserve carbohydrate must therefore be of prime 
importance to the economy of certain strains of yeast, and, at least from 
the evidence derived from the three strains tested, it may be important to 
all strains. 

The endogenous fermentation rate of yeast cells, withdrawn from the 
fermentation mixture 30 and 90 minutes after the glucose was added, and 
the endogenous fermentation rate before the sugar was added were deter- 
mined by measuring the carbon dioxide production of the washed cells. 
The results are shown in Fig. 2. The endogenous fermentation rates of 
the 30 and 90 minute samples were greatly increased over that of the con- 
trol. When the rate of carbon dioxide production was plotted against 
the amount produced, straight lines resulted, indicating that the rate was 
proportional to the substance being metabolized (first order reaction). 
Since the endogenous fermentation rate is proportional to the concentra- 
tion of the metabolite, it is a semiquantitative measure of the substance 
being fermented. With this in mind, it can be seen in Fig. 2 that the con- 
centration of the metabolite was greater in the 30 than in the 90 minute 
sample. The material being fermented endogenously, therefore, increased 
in concentration early in the fermentation and then decreased as the fer- 
mentation progressed toward completion, in an identical manner with the 
changes in concentration of the alkali-insoluble reserve carbohydrate. 

The endogenous respiration rate of yeast cells progresses as a first order 
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reaction, the rate apparently depending on the concentration of the car- 
bohydrate reserve that is being metabolized (Winzler and Baumberger 
(14), Stier and Stannard (Xi), and Spiegelman and Nozawa (16)). The 
oxygen consumption rate should therefore measure the concentration of 
the reserve carbohydrate being metabolized. Samples of the yeast were 
withdrawn and washed free from substrate at intervals during t,he course 
of the fermentation and the oxygen consumption rates of the washed cells 

30 60 90 120 
TIME MINUTES TIME MINUTES 

FIQ. 1 FIG. 2 

10 15 20 25 30 

FIG. 1. The increase in the concentration of the carbohydrates in yeast cells 
during the fermentation of 500 mg. of anhydrous glucose by 500 ml. of 0.5 per cent 
yeast at 27” f 0.05”. 0, Fleischmann; @, Peerless; and 0, Consumer bakers’ 
yeast. The alkali-soluble fraction equals that portion dissolved in 30 per cent 
potassium hydroxide in 3 hour of digestion at 100”. 

FIG. 2. The endogenous carbon dioxide production of washed cells withdrawn 
from a fermentation mixture containing Peerless yeast and glucose at the concen- 
trations given in Fig. 1. The samples were withdrawn at the times indicated after 
the sugar was added. 

were determined. The slopes of the polarographic oxygen consumption 
curves are plotted against the time of fermentation in Fig. 3. The en- 
dogenous respiration rates (polarographic slopes) of the cells withdrawn 
after 15, 30, and 60 minutes of fermentation were greatly increased over 
that of the control, indicating that some oxidizable reserve carbohydrate 
was synthesized within the cells during the initial stage of the fermenta- 
tion. However, the endogenous respiration rates of the samples with- 
drawn at 90 and 120 minutes showed decreasing oxygen consumpt’ion 
rates, indicating that the concentration of the reserve substance in ques- 
tion was decreasing in concentration. The similarity in the changes in 
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the concentration of the alkali-insoluble reserve carbohydrate and the 
oxygen consumption rate can be seen by comparing the changea in the 
concentration of the insoluble carbohydrate fraction of the Peerless yeast 

a 0 30 60 90 120 
TIME MINUTES 

FIG. 3 

‘0 30 60 90 120 
TIME MINUTES 

Fro. 4 

FIG. 3. The polarographic slopes (oxygen consumption rates) of the control and 
of the washed samples withdrawn from the fermentation mixture containing 500 
ml. of 0.5 per cent Peerless bakers’ yeast 15, 30, 60, 90, and 120 minutes after the 
addition of 500 mg. of anhydrous glucose. 0, no sodium azide; @ , O.CKlOl M sodium 
azide; 0, 0.001 M sodium azide. 

FIG. 4. The carbohydrate content of the yeast cells and the fermentation liquor 
during the course of the fermentation of 500 mg. of anhydrous glucose by 500 ml. 
of 0.5 per cent Peerless bakers’ yeast in the presence of 0.001 M NaNs. 0, total 
carbohydrat,e of the cells; l , carbohydrate in the suspension fluid. 

TABLE II 

Correlation between Increase of Alkali-Insoluble Carbohydrate and Endogenous 
Respiration Rate 

Time Insoluble carbohydrate,* increase 0: consumption rate.t increase 
(negative slope) 

min. mg.  per ml. 

30 0.100 3.60 
60 0.116 3.95 
90 0.073 3.00 

120 0.043 2.10 

Correlation coefficient = 0.997. With null hypothesis, P < 0.01. 
* Data on Peerless yeast shown in Fig. 1. 
t From data shown in Fig. 3. 

in Fig. 1 with the slopes of the oxygen consumption curves in the absence 
of sodium azide in Fig. 3. It seems likely that the increased respiration 
rate of the cells can be attributed to the oxidation of t’his alkali-insoluble 
carbohydrate. The excellent correlation between the increase in the con- 
centration of the alkali-insoluble carbohydrnt e and the increase in the 
endogenous oxygen consumpt,ion rate is shown in Table II. 
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The endogenous respiration experiments indicated that the synthesis of 
the readily oxidizable transient carbohydrate was almost completely 
blocked by 0.001 M sodium azide and was partially blocked by 0.0001 M 

sodium azide (see Fig. 3). Winder (17) concluded that 0.001 M sodium 
azide blocked the anaerobic assimilation of glucose, since t,he total carbon 
dioxide production equaled that expected from the Gay-Lussac equation 
for alcoholic fermentation, while in the absence of azide only 67 per cent 
of the theoretical quant.it.y was produced. Determinations of the total 
carbohydrate of the yeast cells during fermentation in the presence of 
0.001 M sodium azide verified Winder’s conclusion, since there was no 

s! 
(1: 0.5 
a” 
60.4 
5 
PO.3 
u 
!%02 
% 
$0.1 

% 
00 

60 120 
MINUTES MINUTES 

Fro. 5. The carbohydrates of yeast cells determiued at the times indicated after 
the addition of 500 mg. of anhydrous glucose to 500 ml. of 0.5 per cent Fleischmann 
bakers’ yeast. l , tot,al carbohydrate; S, alkali-soluble carbohydrate; I, alkali- 
insoluble carbohydrate; L, alkali-labile carbohydrate. The recoveries in the frac- 
tions are based on the total carbohydrate determined. 

increase in the total carbohydrate. The results of this experiment are 
shown in Fig. 4. 

In one experiment, the anaerobic fermentation was allowed to continue 
for 30 days after all t,he substrate had been ut,ilized, in order to see what 
minimum concentration the alkali-soluble and insoluble carbohydrate frac- 
tions would reach. The results of this experiment are shown in Fig. 5. 
The alkali-insoluble carbohydrate fell to a level less than half of its original 
concentration and to about a quarter of the maximum concentrat.ion at- 
tained 60 minutes after the glucose was added. The alkali-soluble car- 
bohydrate fraction, on the other hand, fell to about three-quarters of its 
original concentration and to three-fifths of t,he maximum concentration 
attained after 120 minutes of fermentation. There was litt.le change in 
the alkali-labile fraction. 

Microscopic examination of the yeast suspension at the conclusion of 
the experiment revealed no gross bacterial contamination. It can be con- 
cluded, therefore, that the reduction in t-he concentrat.ion of the carbohy- 
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dratea was due to the utilization of the stored reserves by the yeast cells. 
The experiment indicates that the alkali-insoluble reserve carbohydrate 
plays a much more important rSle in the economy of the cells than either 
glycogen or trehalose (alkali-soluble), at least in the absence of oxygen. 
Giycogen or trehalose can be utilized anaerobically, however, since the 
alkali-soluble fraction definitely attained a lower level after the extended 
period of starvation. It is even possible that all the glycogen and tre- 
halose were utilized, since yeast-gum is also a constituent of the alkali- 
soluble carbohydrate fraction. Hashitani (18) concluded that yeast-gum 
cannot be used as a reserve material and its concentration remains con- 
stant during the starvation of yeast cells. 

It is concluded that the alkali-insoluble reserve carbohydrate is the 
most important. source of energy for the yeast cells during endogenous 
fermentation. Hashitani (18) has shown that the concentration of fats 
and proteins may remain constant, during the starvation of yeast cells. 

An experiment was performed in which the carbohydrate fractions of 
the yeast cells were determined during the course of the utilization of 
glucose in the presence and absence of oxygen. After the glucose was 
added to the yeast suspension, equal portions were placed in separate 
vessels. Air was continuously bubbled through one suspension and ni- 
trogen through the other. The gases were first saturated with water, 
then passed through the suspensions, and finally escaped through a water 
trap. The experiment was carried out at room temperature. 

The results of the experiment are shown in Fig. 6. Aft,er 2 hours, the 
alkali-insoluble carbohydrate concentration of the cells had almost trebled 
in both the &erobic and anaerobic suspensions. During this initial period, 
carbohydrates of the alkali-insoluble fraction were being synthesized at a 
faster rate than the carbohydrates of other fractions. Originally, only 
37.6 per cent of the total carbohydrate was insoluble in alkali. After 2 
hours, the insoluble carbohydrate accounted for 60.8 per cent and 50.8 
per cent in the anaerobic and aerobic cells respectively. This fraction 
was synthesized only to a slightly greater extent in the presence than in 
the absence of oxygen. However, the total oxidative assimilation was 
substantially greater than the fermentative assimilation in spite of the 
fact that only 76.8 per cent as much glucose was utilized during the 2 hour 
period. Therefore, oxidative assimilation is a much more efficient process 
than fermentative assimilation. The increased total carbohydrate content 
in the presence of oxygen was due to a slightly great,er synthesis of alkali- 
insoluble carbohydraDe, to a substantially greater synt,hesis of alkali-solu- 
ble carbohydrate, and to a considerable increase in the alkali-labile 
carbohydrates. The alkali-labile fraction increased 5-fold during the 2 
hour period in the aerobic cells. The increase may be due to an accumu- 
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lation of the reducing sugar phosphate derivatives. It is conceivable that 
such an accumulation would occur if the velocity of one of the reactions 
below the hexose phosphate level in the glycolytic chain were reduced 
(Pasteur effect). 

In the period between 2 and 48 hours after the sugar was added, the 
synthesis of the alkali-soluble carbohydrate continued both in the presence 
and absence of oxygen, but to a much greater extent in the aerobic cells. 
The total carbohydrat,e in the aerobic cells became considerably higher 
than in the anaerobic cells. The concentration of the alkali-insoluble car- 

0 TIME 2 HOURS 48 HOURS 

FIG. 6. The concentrations of the carbohydrate fractions in yeast cells during 
the anaerobic and aerobic utilization of glucose at an initial concentration of 2 
mg. per ml. by 0.5 per cent Fleischmann bakers’ yeast. 0, total carbohydrate; 
S, alkali-soluble carbohydrate; I, alkali-insoluble carbohydrate; L, alkali-labile 
carbohydrate. 

bohydrate decreased in both cases. The alkali-insoluble carbohydrate, 
therefore, is synthesized and degraded both in the presence and absence 
of oxygen. On the surface, it would appear that oxygen exerted little 
influence on the rate of its formation and degradation, since its concen- 
tration varied in a similar manner in the presence and absence of oxygen. 
However, it must be remembered that glucose was being utilized at a 
slower rate aerobically during the initial stage of the react,ion. The 
slightly greater oxidative synthesis during this period therefore indicates 
that a significantly larger fraction of t,he sugar utilized was synthesized 
into alkali-insoluble carbohydrate; i.e., the energy required for t’he aero- 
bic synthesis was obtained through the degradation of a smaller fraction 
of the glucose. 

The experiment demonstrated that there is a definite pattern of changes 
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in the concentrations of the various reserve carbohydrates during the 
course of the utilization of the glucose presented. The initial period is 
marked by a rapid synthesis of the alkali-insoluble reserve carbohydrate 
and a slow synthesis of the alkali-soluble reserve carbohydrates. The 
final period is marked by a continued synthesis of the alkali-soluble car- 
bohydrates and the conversion of the alkali-insoluble reserve carbohydrate 
to other products. 

SUMMARY 

There is a reserve carbohydrate, other than glycogen or trehalose, that 
is transiently formed during the course of the fermentation of a given 
quantity of glucose by yeast cells. This carbohydrate is found to have 
the following properties. 

1. It is insoluble in hot 30 per cent potassium hydroxide. 
2. It is fermented or oxidized endogenously at rates which are propor- 

tional to its concentration. 
3. Its synthesis is blocked by 0.001 M sodium azide and partially 

blocked by 0.0001 M sodium azide. 
4. It is synthesized and degraded at a more rapid rate than the alkali- 

soluble reserve carbohydrates. 
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