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Thc anacroblc growth of the yeast Sacdmromyces cerevisige-on .six different
mono- and disaccharides was investigated calorimetrically. From the thermograms
thckmcucdamforthesugaruptakewcrcdctcrmmed Tbssmcthodsholdsfor
bnphas:cgrowth(dmuxy)onmlxedsugarstoo Do S

INTRODUCHON

Calonmetryofgmwmgorgamsmsxsusuallyveryunspeaﬁc,bmusethc
alomnctnc signa! represents the sum of the momentary héat production arising from
the anabolic and the catabolic processes in the organism. Owing to the complexity
and ‘multiplicity of ccllular metabolism, many ' different- thermograms are obtzined,
which can be only inadequately interpreted!. But nearly always the physiological and
outer parameters may be chosen in such a manner that a simpler, controllable
metabolism takes place. This condition holds if one of the components of the nutrient
~ medium is growth limiting.. With microorganisms, it is possible to follow calorimetri-

cally the utilization of an _energy substrate (c.g., carbohydrates), 1.c., thc rate of
dcgradatlon, turnover and energetic cﬁic:cncy. ’
If two different carbohydrates ars present in the medium dxanxy is possible,
ie., a stepwise uptake of the carbohydrates. Diauxy occurs if the organism possesses
_constitutive enzymes for the first carbohydrate but reqmm mduwd enzyme synthesis
g beforc it can use the second one.

: ‘MATERIALAND mons ‘i*f;

Adxplond wildstrmnofthey&stSacchammyaescerevmaewasnsedmaﬂ

‘ &penmcn&lhegrowthmedmmwasprcpamd&omy&stema,peptoneand
*'47;sugar ina conccntratxon of 4g 1" 'lhe saccha.nds were D-glucose, D-fructose,
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D-mannose, D-galactose: the disaccharides were sucrose and maltosc. For the dxauxy
expenments only two of the different sugars were mixed in the growth medium.

. -~ The heat production of the anaerobic batch cultures was determined in a Calvet
microcalorimeter (type MS 70 from Setaram/France with lwmlvmels) Thccultum
were kept at 30°C and stirred. The aerobic batch culture grew in a 11 fermentor
provided with oxygen by intensive stirring and air bubbling. A small portion of the
volume was continuously pumped through a flow microcalorimeter (Type 10700-1
from LKB/Sweden with a working voiume of 0.5 ml). A detailed dscnptxon is’ ngcnf
by Lamprecht? and Brettel3.

GROWTH ON ONE CARBOHYDRATE

If the anaerobic growth of micro-organisms in a liquid medium with sufficient
salts, vitamins and sugar as energy source is studied calorimetrically smooth, asym-
metric thermograms are obtained (Fig. 1). After an initial lag phase, due to adaptation
of the organisms to the medium, the heat production increases according to the
exponential growth of the culture. Since in this case the carbohydrate (glucose) is the
only primary energy source, its concentration decreases rapidly by degradation of the
glucose via glycolysis to ethanol. The maximum heat flux is reached at.a residual
glucose concentration of approximately 1g 1™ 1, independent of the initial concentra-
tion, and drops to zero when the glucose is exhausted. If the culture has a sufficient
supply of oxygen, the ethanol accumulated during giucose fermentation can be
respired in a second growth phase (Fig. 2). In our case, the diauxy results from the
presence of a second carbohydrate (ethanol), which is produced as a-metabolite of the
primary sugar, and can oniy be utilized in the presence of oxygen. »
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f Gxowm ON TWOCARBOHYDRATES . & ...~ i

‘f}' D:anxyalso occurs undcr anactoblc comhtxons 1f the mcdmm contams twc
dlﬁ'crcntmrbohydratﬁ whnchan:taken upanddegmdedbyd:ﬁ‘cmnt enzyme systenis.
With thc dxﬂ‘qent sngarsused xm&mccxpcmnents, dxauxy occurs whenevetoneof th¢
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’two sugars is galactosc, sucrosc ‘or maltose. Fgurc 3 shows some typlml thcrmograms;
of yeast growth on mixtures of different saccharides. Diauxy-is._ dxsnngmshable as-
double peaks in the thermograms and as a stcpwnse mcmse of bxomass.

KINETICS OF SUGAR UFTAKE

It was shown previousiy that Michaelian kinetics for sugar uptake during
growth can be obtained from one calorimetric experiment, providing the sugar is the
encrgy limiting factor for growth, and the growth yield Y [g dry weight of cells/g
sugar consumed | and the enthalpy change X [J/g sugar] are constant throughont the
culture®—6.

Under these assumptions the evolved heat quantnty Q at any time ¢ is propor-
tional to the consumed sugar (So S):

0W=K-(So—S-V . . : ) o

S = substrate [g/l], So = initial concentrahon of S, V = volume of mlonmetnc
vessel, and the beat flux is A

dQ . ds__ ST o - on

a K&V : : @
Because of the increasing biomass A
m(®) = Y- (So — S) 3)
eqn (2) must be corrected to

L X e

Putting the total heat quantity at the end of growth T
Oy =K-V-S, : T : S (5)
we get from eqns (1) and (4): 7 o
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For theevaluat:on of eqns (6a) and (6b), onlythelastpartof thethermogram w:th the.
decrease of the heat production from its maximum to thc zero line is necessary,
'bemusansoﬂydmmgmnphascmattheglumscmmmuondmagmﬁ-f
,mﬂyandrcprsensthe:mt:alpartofthchncues.F‘gure4showsthchneucsand *
the Lineweaver-Burk: plot fora: monophas:., and ; a blphasxc sugaruptake, from whx:h
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Fig 4. Mu:badxs—Menmhneuc(z.and b) and Lineweaver-Burk plot (c and d) for asmgiea.nda
m:xedarbohydmte.Slsgwmm(gmgarll)andvm(mgsxmrlmmlgblonnss).

TABLE 1

Kiax AND Umax. FOR THE TRANSPORT SYSTEMS OF DIFFERENT SUGARS IN YEAST CELLS

K . Trax
- L . [gFY] . i - [ngnmr‘lg"lbwmass]
glocose - 032 4
fructose - 076 50
mannose 0.62 32
galactose o . 26
sucrose 0.59 40
maltose 138 36

tth_and vm,pammetersmthemodd oft.thichaehs—Mentmhncncsforthc

txansx)ortsystemm be deduced. . - - -
Tablelshowssomeprdxmmarymdtsdetermxmdbythlsmethod. .
These values are derived from the monophasnc and’ dlaunc curves and confirm

the following: f&turs of sugar npca.ke, almdy known from gencnc and bxochcmxal

mvsuganom; U ot ’

. thchcxoscsglucosc,fmctoscandmannoscnscthcmcoonsﬁtuﬁvcuansport

- systcm, L

A galactose metabohm mvolm an mduu'ble ttansport in addmon to mducible

' enzymes:for dcgradanon, and it requires time for the induction; - :

- sucroscxshydrolysedbymvataseontsdcthecdl I
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maltose medium.

The resulting g Jucose and fructose are then taken up by thc constxtnnve trans-
port system,

maltose requires an induction time for transport and for hydrolyrns mto two
glucose molecules.

In the last case, the kinetics are not quite clear, since the Michaelis plots are
S-shaped.

ADVANTAGE OF CALORIMETRY

It was pointed out above that only one thermogram is necessary for determining
the kinetic data of sugar uptake. Therefore, this simple method is useful for the rapid
investigation of different strains or mutants of an organism._

Figure 5 demonstrates such a test with a yeast mutant constitutive for ma]tosc

utilization, it is compared with the wild type which needs an induction period for the
maltose system as shown by the second peak.
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