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ABSTRACT 

Saccharomyces cerevisiae strains IIB-12 (wild) and NG-46 (mutant) were compared 

on the basis of kinetics and thermo tolerance for invertase production. NG-46 

showed significantly higher (p≤0.05) values of Qp and Yp/s compared to other yeast 

strains. Thermodynamics revealed that cell system exerted protection against thermal 

inactivation during product formation. The enthalpy (∆H, KJ/mol) and entropy of 

activation (∆S, J/mol/K) for Invertase production substantially improved specificity 

constant activation energy, free energies for transition state formation and substrate 

binding for sucrose fermenting. The results highlighted an improvement in thermo 

stability (>40°C) of microbial endogenous metabolism for enzyme secretion. 

 

INTRODUCTION 

Invertase (EC 3.2.1.26) is an intra-

cellular as well as extracellular enzyme. 

Saccharomyces cerevisiae is the organism 

of choice for invertase production because 

of its characteristic high sucrose fermenting 

ability (Nakano et al., 2004). Appropriate 

incubation period is critical for invertase 

synthesis but longer incubation can cause 

feedback repression of enzyme. The 

activity of enzyme has enhanced by 

mutagenesis and extensive screening 

(Vrabel et al., 1997). Fermentation 

efficiency of S. cerevisiae at a high 

temperature (<35°C) is low because of 

increased fluidity in membranes, which 

changes the fatty acid composition. The 

increase in growth temperature usually 

results in the biosynthesis of heat-shock 

proteins that are implicated in conferring 

thermal cross-tolerance in various 

organisms. Catabolic repression by glucose 

and fructose does not permit formation of 

extracellular invertase, which is then 

sequentially consumed by the organism 

(Weber and Roitsch, 2003). There is a need 

to quantify the effect of cultivation 

conditions on the production of invertase 

activity in yeast, fermenting sucrose at 

40°C in commercial plants. In this 

manuscript, we report a comparison of 

kinetics and thermo tolerance of wild (IIB-

12) and mutant (NG-46) strains of S. 

cerevisiae for the production of invertase in 

shaking culture. The mutant was tested for 

enhanced substrate uptake and enzyme 

production rates. Activation enthalpy and 

entropy of invertase activity were 

determined to clarify the phenomenon 

involved in enzyme production and its 

thermal inactivation. 

MATERIALS AND METHODS 

The wild (IIB-12) and mutant (NG-46) 

strains of S. cerevisiae were obtained from 

the available culture collection of our Labs. 

The strains were maintained on the medium 

containing (g/l); sucrose 20.0, agar 20.0, 

peptone 5.0 and yeast extract 3.0 (SAPY 

medium) at pH 6.0 and stored at 4°C. 

Twenty-five millilitre of SAPY medium (-
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agar) was autoclaved at 15 psi (121°C) for 

15 min. After cooling, 1.0 ml yeast cell 

suspension was transferred aseptically and 

incubated in a rotary shaker (SANYO 

Gallenkamp PLC, UK) at 30°C for 24 h 

(160 rpm). Production of invertase was 

carried out in 250 ml Erlenmeyer flasks by 

shaking culture. Fifty millilitre of SAPY 

medium (-agar) was transferred to 

individual flasks. The cotton-plugged flasks 

were autoclaved and cooled. One millilitre 

of the inoculum was aseptically transferred 

and incubated in a rotary shaker at 30 °C 

for 48 h. The agitation rate was kept at 200 

rpm. 

Yeast dry cell mass was determined 

after drying harvested cells at 105°C for 1 

h. Sugar was estimated by DNS method 

(Miller 1959). The enzyme activity was 

determined after Akgol et al. (2001). One 

invertase unit was defined as the amount of 

enzyme, which released 1.0 mg of inverted 

sugar in 5 min at 35°C, pH 5.5. A UV/VIS 

double beam scanning spectrophotometer 

(Cecil CE 100-series, Aquarius Inc., 

London, UK) was used to determine colour 

intensity. Enzyme activity was estimated at 

different time intervals (8-72 h). All 

experiments were performed in triplicate. 

The empirical approach of Arrhenius was 

used to describe the relationship of 

temperature-dependent irreversible inacti-

vation of invertase production (Aiba et al., 

1973). Kinetic parameters for batch 

fermentation were determined following 

Pirt (1975) and treatment effects were 

compared after Snedecor and Cochran 

(1980).  

RESULTS AND DISCUSSION 

Invertase production starts after a lag 

phase of about 8-12 h and reaches maximal 

at late exponential phase; afterwards it 

declines due to decreased nutrients 

availability in the medium, or carbon 

catabolite repression (Myers et al., 1997). 

Figs (I, II & III) show the comparison rate 

of invertase production by S. cerevisiae 

IIB-12 (wild) and NG-46 (mutant). 

Maximum invertase production (78.96±2.0 

U/ml) was observed at 48 h of incubation 

by the mutant. Further increase in 

incubation period did not enhance invertase 

production. The mutant has lower rate of 

biomass formation while in contrary higher 

rate of sucrose fermenting ability compared 

to wild-culture. Among comparison of 

different kinetic parameters for invertase 

production, the maximum value for Yx/s 

(0.19±0.02 g cells/g) was recorded with the 

wild-culture of Saccharomyces cerevisiae. 

However, mutant NG-46 showed a higher 

value for Yp/s (i.e., 3.85±1.3 U/g substrate 

utilized) compared to the wild-culture and 

other mutant derivatives, which showed its 

ability of higher substrate consumption rate 

(Table 1). Similarly, the highest value for 

Yp/x (52.46±2.0 U/g cells formed) was 

noted with the mutant culture. This value 

was 6.76 fold higher as compared to the 

wild-culture. The product yield coefficients 

were improved over Pirt (1975) and Elorza 

et al., (1977). The lowest values of 

volumetric rates for sugar consumption 

were obtained with the wild-culture (Table 

2). The value for Qx with the mutant NG-46 

was recorded 0.036±0.01 g cells/l/h. The 

mutant showed highest value for Qp (i.e., 

1.57±0.2 U/ml/h), which was about 3.73 

fold higher than the wild-culture. For 

substrate consumption parameters, the 

mutant strain S. cerevisiae NG-46 revealed 

that it utilized sucrose not only for growth 

but for enzyme formation also. Its sugar 

conversion rate was the highest. The 

maximum value for Qp was several folds 

improved over the cultures studied by 

previous workers (Pirt 1975, Myers et al., 

1997, Silveira et al., 2000). 
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NG-46 (∆H = 38.26±3.0 kJ/mol) was 

1.2 fold more stable than IIB-12 

(∆H = 44.96±2.9 kJ/mol) as it required 

lower energy of activation for growth in the 

production medium (Table 3). The values 

of the thermodynamic parameters indicated 

that the activation enthalpy of invertase 

formation by mutant (∆H = 39.28±3.4 kJ 

/mol) was lower than that of its wild parent 

(Aiba et al., 1973), but compared favou-

rably with those estimated for many 

different whole-cell bioprocesses, such as 

cell growth (∆S = 49.62±5.1 kJ/mol). The 

activation entropy value of thermal 

inactivation by mutant cells (∆S= -36.50 ± 

6.5 J/mol/K) was very low and reflected 

that the inactivation phenomenon implied a 

little disorderness during growth and 

subsequent product formation at 

temperature up to 42°C. Practically this 

value was lower than those estimated for 

invertase production by other systems 

(Converti and Dominguez, 2001). This 

suggested more protection exerted by 

mutant cell system compared with wild 

cells against thermal inactivation. 

CONCLUSION 

The mutant-derived invertase required 

less free energy (∆G) for substrate binding. 

In addition, the putative enzyme released a 

higher amount of transition state formation 

(∆GE-T), signifying that high enzyme 

catalytic efficiency was due to transition 

state stabilization.  

ACKNOWLEDGEMENTS 

HEC is gratefully acknowledged for 

financial assistance.  

 

 

 

0

0.5

1

1.5

2

2.5

3

3.5

0 8 16 24 32 40 48 56 64 72 80

Time course (h)

D
ry

 c
e

ll
 m

a
s
s
 (

g
/l
)

IIB-12

NG-46

 
Fig-1: Rate of dry cell mass formation by wild and mutant S. cerevisiae 

Sucrose concentration 30.0 g/l, temperature 28
o
C, initial pH 6.5, agitation rate 200 rpm.  

Y-error bars indicate standard deviation among the three parallel replicates. 
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Fig-2: Rate of sugar consumption by wild and mutant S. cerevisiae 

Sucrose concentration 30.0 g/l, temperature 28
o
C, initial pH 6.5, agitation rate 200 rpm. Y-

error bars indicate standard deviation among the three parallel replicates. 
 

0

10

20

30

40

50

60

70

80

90

0 8 16 24 32 40 48 56 64 72 80

Time course (h)

β
-D

-f
ru

c
to

fu
ra

n
o
s
id

a
s
e
 f

ru
c
to

h
y
d
ro

la
s
e
 (

U
/m

l)
  

 

.

IIB-12

NG-46

 
Fig-3: Rate of invertase production by wild and mutant S. cerevisiae 

Sucrose concentration 30.0 g/l, temperature 28
o
C, initial pH 6.5, agitation rate 200 rpm.  

Y-error bars indicate standard deviation among the three parallel replicates. 
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Table-1:  Comparison of yield coefficients for invertase production by wild and mutant  

                cultures of  S. cerevisiae in batch culture 

Yield coefficients 

Product yield coefficients Growth yield coefficients 

Yp/x (Enzyme units/g 

cells formed) 

Yp/s (Enzyme units/g 

substrate utilized) 

Yx/s (g cells formed/g 

substrate utilized) 

 

Cultivation 

conditions 

IIB-12 NG-46 IIB-12 NG-46 IIB-12 NG-46 

Sugar conc. (g/l)       

25 7.98±1.2 46.31±2.5 1.56±0.4 3.34±1.1 0.19±0.02 0.07±0.01 

30 5.60±1.0 40.75±2.8 0.70±0.02 2.97±1.0 0.12±0.02 0.07±0.01 

35 4.02±0.6 38.59±3.4 0.41±0.02 1.87±0.3 0.13±0.01 0.05±0.02 

Incubation temperature (°C) 

24 2.28±0.2 19.22±1.3 0.98±0.02 1.98±0.2 0.09±0.03 0.06±0.02 

26 5.80±1.10 31.45±2.3 1.12±0.03 2.06±0.06 0.10±0.02 0.06±0.02 

28 9.16±2.1 43.94±2.5 1.40±0.5 2.79±0.4 0.15±0.01 0.06±0.02 

30 8.20±1.4 38.31±2.0 1.00±0.3 2.99±0.9 0.12±0.01 0.08±0.01 

32 8.12±1.0 37.07±3.12 0.98±0.1 2.78±0.3 0.12±0.02 0.09±0.03 

34 8.07±1.1 34.56±3.76 0.91±0.07 2.69±0.4 0.12±0.02 0.09±0.03 

36 8.00±0.08 32.29±4.18 0.90±0.03 2.66±0.3 0.11±0.01 0.10±0.02 

38 7.86±1.28 31.48±2.14 0.86±0.2 2.61±0.07 0.09±0.03 0.11±0.03 

40 7.49±0.8 29.95±1.5 0.85±0.11 2.60±0.2 0.09±0.03 0.09±0.01 

42 6.78±1.12 24.62±2.1 0.68±0.02 1.97±0.3 0.05±0.01 0.06±0.02 

Initial pH       

6.0 11.67±2.2 44.36±1.8 1.63±0.6 2.82±1.0 0.14±0.02 0.06±0.02 

6.5 8.19±2.5 44.96±2.0 1.04±0.2 3.41±1.0 0.13±0.02 0.08±0.01 

7.0 7.76±1.0 52.46±2.0 0.91±0.02 3.85±1.3 0.11±0.02 0.07±0.02 

Yp/s = U of invertase produced/g substrate consumed, Yp/x = U of invertase produced/g cells formed, 

Yx/s = g cells/g substrate utilized. ± Indicates standard deviation among the three parallel replicates. 
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Table 2: Comparison of volumetric rates for invertase production by wild and mutant 

               cultures of S. cerevisiae in batch culture 
 

Volumetric rates 

Qp (Enzyme units/ml/h) Qs (g substrate 

consumed/l/h) 

Qx (g cells formed/l/h) 

 

Cultivation 

conditions 

IIB-12 NG-46 IIB-12 NG-46 IIB-12 NG-46 

Sugar conc. (g/l) 

25 0.33±0.02 1.56±0.3 0.21±0.02 0.35±0.02 0.042±0.01 0.025±0.01 

30 0.25±0.02 1.43±0.3 0.36±0.03 0.48±0.01 0.045±0.02 0.035±0.02 

35 0.19±0.01 1.23±0.2 0.46±0.02 0.66±0.01 0.059±0.02 0.032±0.01 

Incubation temperature (°C) 

24 0.15±0.01 0.46±0.02 0.28±0.02 0.42±0.02 0.025±0.01 0.012±0.01 

26 0.28±0.04 0.79±0.01 0.31±0.03 0.48±0.02 0.031±0.02 0.023±0.01 

28 0.45±0.02 1.48±0.2 0.32±0.02 0.53±0.01 0.049±0.02 0.034±0.02 

30 0.36±0.02 1.40±0.4 0.36±0.01 0.47±0.01 0.044±0.02 0.036±0.02 

32 0.35±0.01 1.38±0.01 0.37±0.08 0.46±0.02 0.043±0.01 0.038±0.01 

34 0.32±0.07 1.29±0.02 0.41±0.02 0.42±0.02 0.041±0.01 0.039±0.01 

36 0.31±0.02 1.26±0.02 0.40±0.02 0.40±0.13 0.038±0.02 0.042±0.02 

38 0.31±0.02 1.25±0.05 0.35±0.02 0.38±0.01 0.036±0.02 0.045±0.02 

40 0.27±0.02 1.17±0.02 0.29±0.02 0.35±0.05 0.035±0.02 0.046±0.02 

42 0.18±0.02 0.94±0.06 0.23±0.11 0.29±0.02 0.026±0.02 0.041±0.01 

Initial pH 

6.0 0.56±0.01 1.44±0.6 0.34±0.02 0.51±0.01 0.047±0.02 0.032±0.01 

6.5 0.42±0.02 1.57±0.2 0.39±0.03 0.46±0.03 0.051±0.01 0.035±0.02 

Qp = U of invertase produced/ml/h, Qs = g substrate consumed/l/h, Qx = g cells formed/litre/h.  

± Indicates standard deviation among the three parallel replicates. 
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Table-3: Thermodynamics of invertase production by S. cerevisiae in batch culture 

 
Thermodynamic parameters Enzyme formation Thermal inactivation 

∆H (kJ/mol)   

IIB-12 44.96±2.9 49.62±5.1 

NG-46 38.26±3.0 39.28±3.4 

∆S (J/mol/K)   

IIB-12 56.15±2.8 (-) 218.21±11 

NG-46 (-) 36.50±6.5 (-) 279.36±15 

± Indicates standard deviation among three parallel replicates. The values in each set differ 

significantly from each other at p≤0.05. ∆H (kJ/mol) = Activation enthalpy, ∆S (J/mol/K) = Activation 

entropy. 
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