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Abstract

The productivity of yeast biomass in molasses medium is limited by the maximum
specific growth rate and the maximum attainable biomass. Normally yeasts growing
at high rates in the presence of excessive sugars are affected by catabolite repression,
which results in the accumulation of ethanol and a lower yield coefficient. In this
communication a relationship between increased productivity and the repressive effect
of sugar has been studied during continuous culture of Candida utilis on a sugar beet
molasses medium. Sugar concentration in the culture medium was increased up to
100 grams per liter and the yeast was cultivated in a chemostat under aerobiosis (air
supplemented with oxygen at high biomass concentrations). With the increasing
sugar concentration in the medium, the washout point decreased and the ethanol
production increased, although the dissolved oxygen level was controlled near 50 per
cent of its saturation value. This caused a decrease in yield coeflicient and productivity.
The specific activities of alcohol dehydrogenase and pyruvate decarboxylase increased
as well, indicating that glucose effect may be functional in C. utilis, a yeast which has
normally been regarded insensitive to glucose effect.

Introduction

'The present investigations were undertaken because of the availability of surplus of
molasses in Iran. Sugar factories are located widely apart and the production capacity
of each factory is not very large. The utilization of molasses at the site of its production
1s therefore best to avoid transport cost. For this purpose high productivity of yeast bio-
mass becomes invitable in order to make a small scale production unit economically feasible.
Moreover, limited availability of agricultural land in Iran makes it imperative to utilize
agricultural residues and by-products, such as molasses, as fermentation raw materials.

In a continuous culture system high productivity (grams cells produced per liter of
culture per hour) of yeast biomass is limited by the maximum attainable specific growth
rate and the maximum biomass concentration of the culture. However, most yeasts are
reported to be sensitive to glucose repression in a manner similar to the Crabtree effect.)
High glucose concentration increases the rate of carbon dissimilation via glycolytic pathway
even under aerobic conditions.2:3) This aerobic fermentation process results in the rapid
metabolism of glucose to ethanol and carbon dioxide, and the subsequent high energy
produced results in higher specific growth rate® in Saccharomyces cerevisiae.  Although the
rate of energy production is high the gain of energy is low. This results in a sugar-carbon
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loss for products other than biomass. These metabolic regulations have been studied on
an enzymatic basis by several authors in S. cerevisiae.58)

C. utilis on the other hand, is reported to be insensitive to glucose effect!) with pre-
dominantly aerobic metabolic pathways.91® In a previous communication!l) we have
reported higher percentage participation of pentose phosphate cycle in the glucose me-
tabolized by C. utilis as compared with S. cerevisiae. From the metabolic view point C.
utilis has a better carbon balance towards biomass accumulation as compared with fer-
mentative yeast like S. cerevisiae.1?)

This paper reports the production of the biomass of C. ufilis on Iranian sugar beet
molasses which becomes limited due to the changes in metabolic functions of the yeast
caused by increasing the sugar concentration in the culture medium.

Materials and Methods

Organism The strain of G. utilis CCY 29-38-40 used in these studies was obtained from the culture
collection of the Institute of Microbiology, Prague. The yeast was maintained by a monthly subculture
on agar slants containing glucose 1%, yeast extract 19, peptone 1% and agar 2%.

Medium and growth conditions Sugar beet molasses medium of the following composition was
used (in grams per liter): sugar (from beet molasses), 20., (NHy)2SO4, 10., Ko2HPOy4, 7.5., MgS804.7H20,
0.5. In culture media containing different concentrations of sugar, the other components were changed
proportionately. For medium preparation the molasses was diluted with tap water and boiled for 10 to 15
minutes with phosphate and sulfuric acid, sufficient to make pH of the solution near 4.5. The molasses solu-
tion was filtered and supplemented with rest of the components. The final pH of the medium was 4.5.

Cultivation of the yeast was carried out in a 20! fermenter (Chemap AG., Mannedorf, Switzerland).
The fermenter was equipped with a draft tube with impeller at the bottom, which was operated at 1,000 to
2,000 rev/min. Generally 1 to 2 vvm of air was supplied and in some cases the air stream was supplemented
with oxygen in order to keep the dissolved oxygen level of the culture near 50 per cent of its saturation value.
The dissolved oxygen was monitored with an oxygen electrode. pH of the culture was regulated at 4.5 by
the automatic addition of 2N NaOH. Temperature during growth was 30 C. During continuous culture
experiments, the dilution rate (D) equals specific growth rate (u), was controlled by adjusting the flow rate
of the medium.

Preparation of cell-free extract Steady-state samples (5 to 10 generations of growth under un-
changed environmental conditions) were harvested at 4 C.  The cells were washed twice with ice cold 0.06 M
phosphate buffer of pH 6.5 and mixed with 10 ml of precooled glass beads of 0.4 to 0.5 mm diameter. The
mixture was violently agitated by a vibromix stirrer for 5 min, which resulted in 95 per cent cell disruption.
The temperature was kept at 2 to 5 C throughout the operation. The glass beads were sedimented out and
the cell debris and the unbroken cells were centrifuged at 2,000 xg for 15 minutes. The cell-free extract
was immediately used for the measurement of enzyme activities.

Estimation of enzyme activities Glucose-6-phosphate dehydrogenase was measured according
to the method of Kornbrg and Horecker,!® phosphofructokinase by the method of Racker,!4 glyceraldehyde-
3-phosphate dehydrogenase activity was determined according to Warburg and Christian,%) pyruvate decar-
boxylase according to Holzer and Goedde,'® isocitrate dehydrogenase according to Ochoa,l” and alcohol
dehydrogenase according to Racker.!®

Analytical methods Yeast dry matter was measured by filtering and drying the cells to constant
weight. Protein analysis was performed by using the method of Lowry et al.1) Ethanol was measured
according to modified method of Winnick,29 sugar by Schaffer and Somogyi’s method,?!) and gaseous ex-
change measurement was performed by manometric techniques.

Results and Discussion

Figure 1 indicates the pattern of specific activities of some of the enzymes involved in
glycolysis, pentose phosphate cycle, aerobic fermentation and tricarboxylic acid cycle.

It is clear that in C. utilis all the metabolic routes are operative irrespective of the dilution
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Fig. 1. Enzyme patterns of C. utilis grown at differ-
2 ent dilution rates under aerobiosis in a culture
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medium containing 20 g/! sugar. The specific
activities (micromoles per milligram protein per
minute) correspond to the steady-state samples,
(l—W) isocitrate dehydrogenase, ((]—[]) py-
ruvate decarboxylase, (x-—x) glucose-6-pho-
sphate dehydrogenase, (O—Q) glyceraldehyde-
3-phosphate dehydrogenase, (@—@) phospho-
fructokinase.
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rate studied during continuous culture of the yeast. There is no sudden repression or
derepression of the activity of any of the enzymes, rather they show steady and uniform
patterns. Under the experimental conditions used for growth of the yeast (2 per cent sugar
and chemostatic aerobic growth) aerobic metabolism prevails, even at high dilution rates.
Whereas, in other yeasts like S. cerevisiae respiratory and tricarboxylic acid cycle enzymes
get repressed.) These authors reported the onset of the Crabtree effect above dilution
rate value of 0.2 hr=1. The value of the glucose consumption rate, which increase with
dilution rate, is considered to be a measure of the rate of glycolysis and is informative
with respect to the concentration of intermediate metabolites. The repression of the
enzyme formation is a function of rate of glucose consumption and subsequent equilibrium
rates of metabolic routes.?2  The effect of growth rate on the enzymatic activity has been
depicted by other authors.23)

The high percentage participation of the pentose phosphate cycle in the glucose
metabolized by C. utilis indicates an obligatory aerobic metabolic route in the yeast.24)
These data, in addition to the gaseous exchange metabolism, show that for the purpose
of biomass production from sugary substrates like molasses, C. utilis is most suitable, because
of its better carbon balance towards biomass accumulation.

Table 1 shows the results of experiments performed to increase the biomass pro-
ductivity of C. utilis. Continuous cultures were run at different dilution rates and at different
sugar concentrations in the medium. The maximum productivity of 4.82 g/l/hr is achieved
in a culture medium containing 50 g/l of sugar and at the dilution rate of 0.25 hr-1.
Increasing sugar concentration to 100 g// does not result in the increase of the yeast biomass
productivity, although the culture has been running under aerobic conditions. Another
striking observation is that, when sugar concentration in the culture medium was increased
from 20 to 100 g//, the washout point gradually dropped. In other words, decrease in the
maximum specific growth rate and a lower actual biomass concentration in the culture
which resulted in a decreased productivity. Yield coefficient decreased as well.

Reduced biomass production may be caused by the repression of the aerobic metabolic
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Table 1. Relationship between the substrate concentration and
the productivity of C. ufilis during continuous cultivation.

Substrate Dilution rate Biomass Productivity
So (g/h) D (hr~t) X (gll) DX (g/l[hr)
20 0.1 10.2 1.02

0.2 10.2 2.04

0.3 9.8 2.94

0.4 3.0 1.20

50 0.08 23.8 1.90
0.15 22.9 3.43

0.25 19.3 4.82

0.35 2.3 0.80

100 0.08 39.5 3.16
0.15 30.0 4.50

0.20 19.2 3.84

0.25 7.0 1.75

pathways, which is coupled with the dimnished specific oxygen uptake by the organism.2%
To see whether similar effect is present in the yeast used in the present investigations
particularly at high sugar concentrations, experiments were performed with varying sugar
contents in the medium in a chemostat and specific oxygen uptake was measured (Table
2).  With increasing sugar contents in the medium the specific oxygen uptake near washout
decreased sharply, resulting in the repression in oxygen uptake by the yeast. During these
experiments the culture was running under aerobic conditions. However, the repression
is much lower than in S. cerevisiae,159 where 92 per cent repression was observed at 50 g/l
glucose in the medium, while in C. utilis 49 per cent repression occurs at a sugar concen-
tration of 100 g/l.

Figure 2 shows that accumulation of ethanol in the culture increases directly with the
increase in dilution rate, particularly in media containing a higher percentage of sugar.
The high content of ethanol in the culture may have caused earlier washout in cultures
with high sugar concentrations.

Table 2. Repression in terms of oxygen uptake near washout
(Dc) during continuous cultivation of C. utilis.

ul of Oz/hr/mg cells

So S L Repression
(g/l) Q 0, Q 0, (%)
10 182.8 175.5 4
20 192.3 186.4 3
30 159.9 145.5 9
50 110.0 82.5 25
100 95.3 48.8 49

So=Sugar concentration in the culture medium.
Q 0,% =Maximum specific oxygen uptake for respiration
(respiratory quotient, RQ=1).
De=Specific oxygen uptake near washout or critical dilution rate, Dc.
02 p Y8 P
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Fig. 2. Effect of dilution rate on the ethanol produc-
tion by C. atilis, grown under aerobic conditions
in media containing different concentrations of

sugar, (O—0) 20 g/l, (A—A) 50 g/, (@—@)
100 g/L.
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Specific activities of the enzymes leading to ethanol production from pyruvate, i.e.,
pyruvate decarboxylase and alcohol dehydrogenase were followed in cultures accumulating
higher ethanol contents. The results are shown in Figs. 3 and 4. Both the enzymes show
an increase in their activities with increasing concentration of sugar in the medium and
with dilution rate. However, pyruvate decarboxylase shows a greater increase, which
corresponds to earlier results.26) Three alcohol dehydrogenase isoenzymes have been
recognized in . cerevisiae?? which respond differently to the physiology of the yeast. NAD-
dependent alcohol dehydrogenase-1, responsible for ethanol production, increases in its
activity when the cells were deriving energy through the fermentative pathway. It is
shown in the results presented that the activity of alcohol dehydrogenase corresponds with
the ethanol production.

It is concluded that in C. utilis there is a threshold level beyond which the increase in
sugar concentration in the culture medium results in the fermentative pathway that may
be similar to Crabtree effect. Below this level aerobic metabolism predominates irrespective
of the dilution rate in a continuous culture system. Productivity of biomass above the
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o5k Fig. 3. Patterns of the activities of pyruvate decar-
’ boxylase (micromoles per milligram protein per
minute) during continuous aerobic growth of C.
| utilis, in response to sugar concentration in the
medium, (O—0) 20 g/l, (A—A) 50 g/, (@—
@) 100 g/l

0.1 0.2 0.3 04
DILUTION RATE (HR-1)

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

Vol. 54, 1976] Production of Yeast Biomass 81

olr

0057 Fig. 4. Patterns of the activities ol alcohol dehydro-

genase (micromoles per milligram protein per
minute) during continuous aerobic growth of C.
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threshold sugar level declines due to ethanol accumulation which causes earlier washout.

References
1) De Deken, H.: J. Gen. Microbiol., 44, 149 p- 311, (1964).
(1966). 15) Warburg, O., Christian, U. W.: Hoppe-Seyler
2) Holzer, H., Holzer, E., Schultz, G.: Bioch. Z., Thierfelder, Handbuch der Physiol. und Pathologisch
326, 385 (1955). Chemischen Analyse, 10 Aufl. Bd. VI/A, (Bucher,
3) Horecker, B.L., Rosen, O.M., Kowal, J., Rosen, T., Luh, W, Pette, D.) p. 315, (1964).
S., Scher, B., Lai, C. Y., Hoffe, P., Cremona, T.: 16) Holzer, H., Goedde, HW.: Biochem. Z., 329,
Aspects of Yeast Metabolism, (Mills, A. K. Krebs, 175 (1957).
H.) 71, Blackwell Scientific Publications, (1968). 17) Ochoa, S.: Hoppe-Seyler Thierfelder, Handbuch der
4) Meyenburg, H. K. Von., Fiechter, A.: Proc. Physiol. und Pathologisch Chemischen Analyse, 10
Internat. Symp. on Yeast, 2 nd, Bratislava, P. 96, Aufl. Bd. VI|A, (Bucher, T., Luh, W., Pette, D.)
(1968). p. 311, (1964).
5) Gorts, C. P. M.: Antonie Van Leeuwenhock J. 18) Racker, E.:  Methods in Enzymology, (Colowick,
Microbiol. Serol. 33, 451 (1967). S. P., Kaplan, N. O.) Academic Press, p. 500,
6) Polakis, E.S., Bartley, W.:  Biochem. J., 97, 284 (1955).
(1965). 19) Lowry, O. H., Rosebrough, N. J., Farr, A. L.,
7) Plakis, E.S., Bartley, W., Meek, G.A.:  Biochem. Randall, R.J.: J. Biol. Chem., 193, 265 (1951).
J., 97, 298 (1965). 20) Winnick, T. H.:  Methods in Enzymology, (Colo-
8) Beck, C., Meyenburg, H.K. Von.: J. Bacteriol., wick, S P., Kaplan, N. O.) Academic Press, p.
96, 479 (1968). 257, (1957).
9) Tempest, D. W., Herbert, D.: J. Gen. Micro- 21) Schaffer, P. A., Somogyi, M.: J. Biol. Chem.,
biol., 41, 143 (1965). 100, 695 (1933).
10) Chakraverty, M., Veiga, L. A., Bacila, M., 22) Witt, 1., Kronau, R., Holzer, H.:  Biochim. Bio-
Horecker, B. L.: J. Biol. Chem., 237, 1014 phys. Acta, 118, 522 (1966).
(1962). 23) Dean, A. C.R.: J. Appl. Chem. Biotechnol., 22,
11) Mian, F.A., Fencl, Z., Prokop, A.: Folia Micro- 245 (1972).
biol., 16, 249 (1971). 24) Mian, F.A,, Fencl, Z., Prokop, A., Mohagheghi,
12) Divjak, S., Mor, J.R.:  Arch. Mikrobiol., 94, 191 A., Fazeli, A.: Folia Microbiol., 19, 191 (1974).
(1973). 25) Fiechter, A., Mian, F. A., Ris, H., Halvorson,
13) Kornberg, A., Horecker, B. L.: Hoppe-Seyler H. O.: J. Bacteriol., 109, 855 (1972).
Thierfelder, Handbuch der Physiol. und Pathologisch 26) Hommes, F. A.:  Arch. Biochem. Biophys., 114,
Chemischen Analyse, 10 Aufl. Bd. VI|A, (Bucher, 231 (1966).
T., Luh, W., Pette, D.) p. 303, (1964). 27) Heick, H. M. C.: Can. J. Microbiol., 118, 23
14) Racker, E.: Hoppe-Seyler Thierfelder, Handbuch (1972).

der Physiol. und Pathologisch Chemischen Analyse, 10
Aufl. Bd. VI|4, (Bucher, T., Luh, W.; Pette, D.)

(Received August 26, 1975)

NI | -El ectronic Library Service



