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StableBondCig 28°C 0.1 mL 1 mmol/L 0.2 mL. 1 mg/mL
UV 210 nm 0.1% H,PO, 1.0 0.1 mL 6 mmol/L 2- -3-
ml/min 10 pL INT 0.4 mL. 0.1 mg/L 0.1 mL
1.3.3 0.5 mL 30 C 10
67 30°C 24 h min 0.2 mL 5 mmol/L
3 pH 7.5 60 s 0.5mL 1 mol/. H,S0,
0.1 mol/L 4°C 30C 500 nm
5 min 4°C INT 1 1 min
2 min 30% Is 0.5s
4°C 10000 r/min 3 min 1.3.4 DCW
3 8
PC 2
pH 7.8 PBS 0.56 ml 1.7
mL 0.5 mol/L. NaHCO; 0.4 mL 0.1 mol/L MgCl, 2.1
0.2 mL. 1.0 mmol/L A 0.4
mL 0.1 mol/L 5 5- 30 mL 500 mL
0.1 mL. 1000 u/mL 0.02 mLL 0.1
mol/L. ATP 0.2 mL 0.2 mL 1
30C 10 min 0.2 mL 0.1 pH
mol/L 60 s 0.3 mL CaCO,
1 mol/l.  KOH
415 nm 6.8 g/L a-KG
1 NaOH pH a-KG
1 min CaCO, pH a-KG
PDH NaOH pH 8
pH 7.8 1.0 mL. 2.5 mmol/ CaCo, pH Cow/ Cxo
L. NAD 0.2 mL 0.2 mmol/L 0.2 mL CaCO, a-KG
0.1 mmol/L A 0.4 mL 0.3 mmol/L
1
Table 1 Fermentation of pyruvate and a-KG and Cpyy/Cgg in fermentor and flask cultures
T v B o R A
Flask No CaCO; 2.8 5.6 2.3 0 ®©
Flask CaCO; 10.9 84.8 37.8 6.8 6.96
Fermentor pH not controlled 4.9 14.3 5.1 0 ®©
Fermentor pH controlled by NaOH 14.8 90.7 69.4 1.3 67.2
Fermentor pH controlled by CaCO; 16.7 89.7 62.3 11.5 6.84
a  Cpyr/ Cxg represents the ratio of carbon molecules in pyruvate and a-ketoglutarate .
2.2 CaCO, o-KG CaCO, a-KG
CaCO; a-KG Civr/ Cyg 1 CaCO;
CaCO, a-KG a-KG 2 CaCO,
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TCA 2.3 Ca* COy”  o-KG
CaCoO; a-KG
L 1o} ~ Ca’" CO,*" a-
S 8 E
S et S KG 5
S 5 7L 4 1,
(2)' L N pH 1 5mol/.  NaOH 2 2.5 mol/L
0 4 8 1216 20 24 28 0 4 8 12 16 20 24 28
o/ +/h Na,CO; 3 CaCo, 150 g CaCO5/100
mL 4 40%  CaCl,
1 CaCO; 40 g/L a-KG
25 mL/h 8 h
Fig. 1 Effect of feeding time of CaCO;
. CaCl, 20 ¢/L 5 mol/L
40 g/ on pyruvate production
NaOH 5 40%  CaCl,
2 CaCoO, 4 2.5 mol/L
Table 2 Effects of CaCO; concentrations on pyruvate Na, CO, pH 5 2
production in different fermentation
30 mL 50 mL
Volume 2 A NaOH pH
CaC0s/ g/L 0 20 40 20 40
Covi! Coxc 50 ~ 60
Final pH 2.1 3.9 5.1 3.9 5.0
NaCO, pH Covi/ Coxc
DCW/ g/ 3.8 12.1 17.3 13.4 15.3
20 ~ 30 CaCO, pH
Pyruvate/ g/L 1.2 27.2 37.9 25.9 31.2
) CaCl, NaOH  NaCO, pH
a-KG/ ¢/LL 0 3.6 15.8 3.2 9.9
Residual glucose/ g/l 95.7 31.3 9.7 19.8 8.5 Con/ Core 10 2
2+ 2
Crv/ Coxe o 9.78 3.1  10.48  4.08 B Ca CO; a-KG
80 15 70
L 60
60 ~ = 4050
g 40F 2 27 % i
< “M? § 6l g 30
O o] 5 20
20 | -
3 10
% 90 20 30 40 50 60 0 %0 10 20 30 40 50 60
t/h t/h t/h
2 pH a-KG
Fig. 2 Effects of different pH buffers on a-KG production
@ Na,CO; M CaCO; A CaCl, + Na,CO; O CaCly + NaOH <> NaOH
2 C NaOH pH 2.4 o-KG
Ca’* T. glabrata CCTCC M202019  PDH
PC TCA
Ca’* ’ 3 TCA
Ca™* a-KG B,
Bio PDH PC
pH B, Bio
2D a-KG
2+
Ca CaCo, 40 g/L. B,
a-KG Bio o-KG
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B, o«-KG Cow/ 2.5 pH PDC PDH
Core 4A Bio
a-KG Covi/ Coxe
4B Bio  PC 20 h
«-KG PC pH PC PDH
2+
Glucose 5 Ca PC
N} 40%  PDH
PEP Ca™* PC
P TCA a-KG
yruvate
B, B, B, «KG
Bio—>» PC PDH /
A o-KG
C 2+
Aceyal-CoA a
10 PC
Oxalacetate
CaZ+ CaZ+
/' Citrate
Succinate TCA Cyle E‘ 14
2 PC EPDH
(="
Ef
=
£
&
=
3 Torulopsis glabrata E
Fig. 3 Pyruvate metabolism in T'. glabrata E
B, . Thiamin NA. Nicotine acid Bio. Biotin g . L
PC. Pyruvate carboxylase PDH. Pyruvate dehydrogenase complex
5 pH PC  PDH
40 6
o A Fig. 5 Effects of different pH buffers on the activities
Z 32 9
&;’ f of PC and PDH in T. glabrata
43
i 24 :@ A. NaOH B. NaOH + CaCl, C. Na,COs
= &)
216 % D. Na,CO; + CaCl, E. CaCO;
E 23
5 1
§ 8 £ £
g . . . REFERENCES
% 0.01 0.2 003
Concentration of thiamin/(mg/L) 1 Miyata R Yonehara T. Improvement of fermentative production of

40

— [\ [
> S 1]
o-KG/(g/L)

Pyruvate/(g/L),Cpyt/Cxg
o0

0.04
Concentration of biotin/(mg/L)

0 0.02

4 a-KG
Fig. 4 Effects of biotin and thiamin concentrations
on o-KG production
The biotin and thiamine concentrations were fixed
at 0.04 mg/L and 0.015 mg/L  respectively

in the experiments shown in Fig. 4A and Fig. 4B
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CaCO; Stimulates a-ketoglutarate Accumulation During Pyruvate

Fermentation by Torulopsis glabrata

LIU Li-Ming' > LIYin'? DU Guo-Cheng' CHEN Jian' **

' Key Lab of Industrial Biotechnolog o f Ministry of Education Southern Yangtze University ~Wuxi 214036 ~ China

% Environmental Biotechnology lab ~ School of Biotechnology — Southern Yangtze University Wuxi 214036  China

Abstract A large amount of a-ketoglutarate o-KG 6.8 ¢/L. was accumulated in flask culture when CaCO; was used as a
buffering agent in the production of pyruvate by multi-vitamin auxotrophic yeast Torulopsis glabrata CCTCC M202019. Ina5 L
jar-fermentor less o-KG 1.3 g/I. was produced when NaOH was used to adjust the pH = while more a-KG 11.5 /L. detected
when CaCO; was used as the buffer. In the latter case the molar carbon ratio of pyruvate to a-KG =~ Cpyp/ C,xc was similar to
that obtained in flask culture suggesting the accumulation of a-ketoglutarate was related to the addition of CaCO; . Furthermore

it was found that 1 delaying the addition time of CaCO; decreased the a-ketoglutarate formation but increased Cpyg/ C,.g

and 2 under vitamin limitation conditions increasing the concentration of CaCOj led to an increased a-KG accumulation at the
expenses of pyruvate. To study which ions in CaCO; was responsible for the accumulation of o-KG  the effects of different pH
buffers on the o-KG accumulation were studied. The level of o-KG was found to correlate with the levels of both Ca®* and
CO;%~  with Ca’* played a dominant role and CO;*~ played a minor role. To find out which pathway was responsible for the ac-
cumulation of a-KG the effects of biotin and thiamine on a-KG accumulation was investigated. The increase in biotin concentra-
tion led to an increase in a-KG accumulation and a decrease in Cpyr/C.x; while the levels of a-KG and Cpyr/ C,.x¢ were not
affected by thiamine concentration. The activity of pyruvate carboxylase was increased as much as 40% when the medium was
supplemented with Ca>* . On the other hand the activity of the pyruvate dehydrogenase complex was unaffected by the presence
of Ca®* . To conclude the higher level of a-KG was caused by higher activity of pyruvate carboxylase stimulated by Ca’*  with

€042~ served as the substrate of the reaction.

Key words  Torulopsis glabrata o-ketoglutarate CaCO; pyruvate carboxylase pyruvate production
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