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- ~ - T h e anaea'obic g r o w t h o f the yeas t Snccharomyces c e r ~ o n - s i x different
m o n o - and disaccharides was investigated calorimetrically. From the'thermogr~ms
the kinetic data~ for the s u g a r uptake were determined. This m e t h o d s h o l d s fo~
b i p h a s i c g r o ~ . h ( d i a u x y ) o n m l x e d sug'ars too. : . ----. ~ ~ - :- ~ : -~
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. - - - . ~ C e l ~ of growing or~-~--~ is usually-very: ~ because the
calorimetric signal represents ~h~_ snm o f the momentary ~ a t product ion ~ f r o m

t h e a n a b o l i c a n d the c a t a b o l i c p r o c e s s e s in t l ~ o ~rs-a~dsm. O w i n g t o t h e c o m p l e x i t y

and ~multiplicity of cellular metabolism,-many differentt h e r m ~ are obtained,
w h i c h can be only inadequate~ interpretedx. But nearly a lways the p h y s i o l o g i c ~ and
outer par~met,-rs may be c h o s e n in such a manner that a simpler, controllable
metabol i sm takes place. Thi~ condi t ion h o l d s i f one o f the components o f the nutrient
medium is growth limlting..W~da microorganisms, i t i s p o x ' h i e to f o l l o w calofimetri-
ca l ly the util;~-~t~on o f an, ~ s u ~ (e.g. , carbohydrates), i . e . , the rate Of
degradation, turnover and energetic efficiency.

I f two different carbohydrates are present in the m e d i u m diauxy is p 0 ~ - b l e ,
L e . a stepwis¢ uptake o f the carbohydrates. D i a u x y occurs if_the 0r~ni_~m possesses
constitutive enzymes for the first carbohydrate but requires induced e n z y m e synthesis
before it can use the ~:coz/d one- " - - "

- ~ A L AND/~aTHODS?_ ~%1~ _ _ - -. :-~ -

._ -- A - d i p l o i d wild strain o f - t h e y e a s t ~ W C h a r o m y c e . y ~ c e r ~ . ~ Used in all
e x ~ : The g r o w t h imedinm was prepared f r o m y e a s t ~ - - p e p t o n e and

': : S u ~ r in -a c o n m ~ a t i o n -'-_of 4g !--- - The .~_1",:~ndeS !were-D-glucose, D - f r u r t ~ .



D-mannose, ISgdactose; the disaccharides T sucrose and maltose. For the diaux$ 
experiments, only two of the different sugars were mixed in-the growth-medi’uml. 

- Theheat production of the anaerobic batch cultures was determinedin a &hret 
iicrocalorimeter (type MS 70 from Setaram/France with lOOml+&ls), YiYJ&uitures 
were kept at 30°C and stined_ The aerobic batch culture grew in a 11 &me& 
provided with oxygen by intensive stirring and air bubbling_ A &all portion of the 
volume was continuously pumped through a flow microcalorimetii Crype 10704 
from LKB/S&en with a working vohrme of OS ml). A detailed $scri@ion isgiven - 
by L.amprc.cht= and Brettc13. 

GR0UTi-i OX Oh2 CAREOHYDRATE 

If the anaerobic growth of microorganisms in a liquid medium with sufficient 
salts, vitamins and sugar as energy source is studied caIorimetricaUy smooth, asym- 
xrletric tllezmo_- are obtained (Fig_ 1). After an initial fag phas& due to adaptation 
of the organisms to the medium, the hat production increases according to the 
exponential growth of the cultu re Since in this case the carbohydrate (gh~cosc) is the 
only primary energy source, its concentration decreases rapidly by degradation of the 
ghrcosc via glycolysis to ethanol, The maximum heat flux is reached ata residual 
giucosc concentration of approximately Ig I-‘, incicpendent of the initial conccntra- 
tion, and drops to zero when the glucose is exhausted_ If the culture has a sufficient 
supply of oxygen, the ethanoI accumulated during glucose fermentation can be 
respired in a second growth phase (Fig. Z)_ In our case, the diauxy results from the 
prescncc of a second carbohydrate (ethanol), which is produced as a-metabolitc of the 
primary~~~andcanonfybeutilizedintheprestnceofo~~~ --. _ 
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it was shown pn%iousiy that Michaelian k&tics for sugar uptake -at&g 
growth can be obtained from one calorimetric Fperiment, providing the sugar is-the 
energy limiting fxtor for growth, and the grow+:yield Y [g dfy_weight.of +.ls/g 
sugar consumed) and the enthalgy change K [J/g S&U] are constant throug$ut the 
culture~-6 

_ -.= .’ 
w 

uil&r these assumptions t&e evolved heat quantity Q at any time t is ptopor- 
tional to the consumed sugar (SO - s): 

_. 

Q(t) = K-(&J - q--v- .-_ _. .:- ~_ _: .__ __ _: :’ : - - - w 
s = substrate f&I], So = initial concentration of-S, Y = volume of calorim&ic 
vessd, and tie heat flux is _ 

d& iK_dS,- ~. _.- - 
dt dt 

Because of the iocrczising biomass 

m(2) = Y-(S, - s) 

eqn (2) must be corrected to 

dC!= 
dt - 4) -- _. 

Putting the total heat quantity at the end of growth T 

QT=. K - v--s, 

we get from eqns (1) and (4): 

s= QT-Q_~ 
~Qr o 

and 
~ -_ 1 _.. 1 __. dQ’_. _ -.__ _ ~. _ 

w -?- _~. 
=dt=Y- QT -dt 
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F'~g. 4. ~ , ~ - ~ e n t ~ ~ (~. = , ~ . b ) ~ ~ v e z ' ~ plot . (c and d) for a s ~ g ~ e and a
mixed cazb~ydgaw_ S is given in 0g sugax/'l) and v in (rag sugar/m;n/g biomass)..
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maltose requires an induction time for t&sport ,and for hydrolysis into two 
ghIcose mokzcuks_ 

In the Iast case, the kinetics are not quite ckar, since the Michaelis plots are 

=bWed- 

ADVAXTAGE OF CA3BRIMETRY 

It was pointed otit above that 0nIy one thermogramis necessary for de&z-mining 
the kinetic data of sugar uptake_ Therefore, this simple me&od is useful for the rapid 
investigation of merent strains or mutants of an organkm_ 

Figure 5 demonstrates such a test with a yeast mutant constitutive for ma& 
utik%ion, it is compared with the wiId type which needs an induction Mod for the 

maitose system as shown by the second peak, 


