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Decrease in Respiratory Capacity by Deficiency of myo-Inositol in Saccharomyces cerevisiae. Kyung-
Hwan Jung' and Joon-Shik Rhee*. Department of Biological Sciences, Korea Advanced Institute of Science
and Technology. Tagjon 305-701, Korea, 'Research Institute of Mokam Biotechnology. 341, Bojungri Yongin,
Kyung Ki Do 449-970, Korea — myo-Inositol, a growth factor for Saccharomyces cerevisiae (S. cerevisige), has
been known to be incorporated into phosphatidylinesitol (PI), which is a kind of phospholipid in the cell
membrane, by a membrane-associated Pl-synthesizing enzyme. The deficiency of myo-inositol in S. cerevisiae
adversely affected the membrane structure and function. On the basis of biochemical functions of myo-inositol,
the effect of deficiency of myo-inositol on the aerobic glucose metabolism was investigated by measuring
specific oxygen uptake rate (Qu.) used as an indicator representing the respiratory capacity of S. cerevisiae
in batch and continuous cultures. The respiratory capacity of aerobic glucose metabolism in S. cerevisiae was
also monitored after giucose pulse-addition in a continuous culture (D=0.2, 1/hr), in which glucose was utilized
through respiratory metabolism. The deficiency of myo-inositol was found to lead to both the decrease of
the maximum specific oxygen uptake rate (Quum.) observed from the batch as well as in the continuous
culture experiment and the decrease of the respiratory capacity of aerobic glucose metabolism of S. cerevisiae
determined from the glucose pulse-addition experiment, in which the glucose flux into respiratory and fermen-

tative metabolism was quantitatively analyzed.
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Fig. 1. Growth profiles of Saccharomyces cerevisiae ATCC
32167 at various myo-inositol concentrations (flask culture,
So=2 g/L)
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Fig. 2. Dry cell weight at the steady state according to the
change in the glucose concentration in reservoir,

open circle: The glucose concentration n reservoir was va-
ried from 5 to 60 (g/L), with the concentration of the other
ingredients i the culture medium being fixed.

closed circle: The glucose concentration in reservoir was
varied from 5 to 60 (g/L), with the concentration of the
other ingredients in the culture medium being proportiona-
lly increased with the glucose concentration in reservoir.
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Fig. 3. Specific oxygen uptake rates (Qq:) by Saccharomyces
cerevisiae during growth on glucose.

{(A) Batch culture

(B) Continuous culture

This figure was referred to Kappeli's data (reference no.

19).
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Fig. 4. Specific oxygen uptake rates (Qu:) by Saccharomyces
cerevisiae ATCC 32167

(A) Batch culture (5,=14 g/L)

(B) Continuous culture (S,=17 g¢/L)

open circle: myo-mnositol-deficient culture (myo-inositol-not-
supplement)

closed circle: myo-inositol-sufficient culture (myo-inositol-
supplement)
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Fig. 5. Time-course of ethanol (A), glucose (B), and cell
{C) concentration after glucose pulse-addition (D=0.2, 1/

hr).

open symbol: myo-inositol-deficient culture (myo-inositol-

not-supplement)

closed symbol: myo-inositol-sufficient culture (myo-inositol-

supplement)

F 32| uptake rate(Qs,.)& 2tz

mentatlon ......... %%}04 0]%51%2]% :_ﬁ
6, 7). X5 pulse-addition o] Hel=

A 4F&Eed  pulse-
addition¥! EXxr}o] oW R EE respirationi} fer-

Abste] HgIcH(Fig,

myo-inositol 2]

g3 FHAgle] ethanol Aol abE]r] orolom
Xl HF respirations 3l o] 43 lf{.}(Qsz

QSyespy Qp=0), 252 pulse-additionZ o)) =
mositole] ZAH = 2ol myo-inositol¢]

Hry, Qsgho] Addixo g atgow

"% L ?jw?“‘ji; O][LHQ’} QS;{ez'mE]' stesp‘"%"

- myo-
A7tE A
w73k, 2 Qpgt
A ksl B



14
TR
= B4 Qs ferm
E B Osresp
E 10
o
&
g
o
od
6
£
&
S 4
&
-
o 2
0 .
0

1 2

Fig. 6. Changes of specific ethanol production rate (Qp)
and specific glucose uptake rate (Q., Qs fems Qs esp) before
and after glucose pulse-addition.

1: myo-inositol-deficient*® culture before glucose pulse-addi-
tion

2: myo-inositol-deficient® culture after glucose pulse-addi-
tion

*myo-inositol-not-supplemented
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Fig. 7. Changes of specific ethanol production rate (Qy)
and specific glucose uptake rate (Q., Qs forms Qsuesp) before
and after glucose pulse-addition.

1: myo-inositol-deficient® culture before glucose pulse-addi-
tion

2: myo-inositol-deficient® culture after glucese pulse-addi-
tion

*myo-inositol-not-supplemented
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Fig. 8. Distribution between respiratory and fermentative

metabolism after glucose pulse-addition.

1: myo-inositol-deficient™ culture after glucose pulse-addi-

tion

2: myo-inositol-deficient®* culture after glucose pulse-addi-

tion
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Dy - dilution rate where glucose metabolism cha-
nges from respiratory to respiro-termentative
type (1/hr)

Fx - molar flow rate of nitrogen (mmol/hr)

Ko . saturation constant for oxygen (mmol/L)

N.., . partial pressure of nitrogen in air (atm)

N... . partial pressure of nitrogen in exhaust gas
(atm)

O . dissolved oxygen concentration (mmol/L)

OUR : volumetric oxygen uptake rate (mmol/L/hr)

.., . partial pressure of oxygen in air (atm)

O,.. . partial pressure of oxygen in exhaust gas
(atm)

P . ethanol concentration (g/L.)

P,. . average ethanol concentration during At
(g/L)

Qo, : specific oxygen uptake rate (mmol/g/hr)

Qou.e - maximum  specific  oxygen uptake rate
(mmol/g/hr)

Qr . specific ethanol production rate (mmol/g/hr)

Q.. . instantaneous specific ethanol production rate
(mmol/g/hr)

Qs . specific glucose uptake rate (mmol/g/hr)

Quin - specific glucose uptake rate used for fermen-
tative metabolism (mmol/g/hr)

Q.. . instantaneous specific glucose uptake rate
(mmol/g/hr)

Qs - specific glucose uptake rate used for respira-
tory metabolism (mmol/g/hr)

S . glucose concentration (g/L)

S, . average glucose concentration during At

(g/L)
So - mitial glucose concentration in batch culture
(g/L)
Sk . glucose concentration in reservoir (g/L)
Vv . culture volume (L)
X . cell concentration (g/L)
X... . average cell concentration during At (g/L)
Yoo - yield coeflicient (g-glucose/mmol-oxygen)
AX change of cell concentration during At (g/L)
AP [ change of glucose concentration during At
(g/1.)
At . time Interval of sampling (hr)
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