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Optimizing carbon/ener gy metabolism to enhance monellin
production by Pichia pastoris

Qianggiang Huai, Lugiang Jia, Jian Ding, Shanshan Chen, Jiaowen Sun, and Zhongping Shi

School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: In heterologous protein productions by Pichia pastoris, methanol induction is generally initiated when cell density
reaches very high level. However, this traditional strategy suffers with the problems of difficulty in DO control, toxic
by-metabolites accumulation and low targeted protein titer. Therefore, initiating methanol induction at lower cell
concentration is considered as an alternative strategy to overcome those problems. However, the methanol/energy regulation
mechanisms of initiating induction at lower concentration are not clear and seldom reported. In this article, with monellin
production as a prototype, we analyzed the methanol/energy metabolism in protein expression process using the strategies of
initiating induction at both higher/lower cells concentrations. We attempted to interpret the advantages of the “alternative’
strategy, via online measurements of methanol consumption, CO, production and O, uptake rates. When adopting this
“alternative” strategy and maintaining temperature at 30 °C, carbon flux ratio directing into monellin precursors synthesis
reached the highest level of 65%. In addition, monellin synthesis was completely associated with cell growth.

Keywords: carbon metabolism ratios, induction, monellin, NADH utilization efficienty, Pichia pastoris

Monellin Dioscoreophyllum
cumminsii
3000 M (
pentadin thaumatin ) monellin el
(100-130 g DCWIL)
2 Monellin (1014 ! "
(34 Monellin 1)
Sigma 95%  monellin / (DO)
$100/100 mg (http://www.zhenghe.cn/Ji ShuTong/CG_ 2)
Technologylnfo_T.aspx?key=24ccc46229984a0190 [12]
28ee1a95034ac3) Monellin 3) (20 C)
Chen AOX
sacB
monellin  monellin 029g/L® Liu ;13 4)
monellin  monellin (NADH) /
0.675 g/L'® Leone [9.14]
monellin 0.18 g/L"
Wang
(&l 56.7 g DCWI/L

(Qv)

& 010-64807509 < cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q

http://journals.im.ac.cn/cjbcn

Chin J Biotech
83.39 124.9 g DCWIL Qv 3 vwm
11.6% 18.4%™ Jia 700 r/min DO 10%
60 g DCW/L DO-Stat!*d
22 C ( ) DO
DO (5%-20%) [ 10% 5% (VIV)
/ pH 6.0 / ( )
/
/ 30°C 20°C pH
(50 100gDCWIL) A/D-D/A (
(20 30 C) PCL-812PG)
monellin / ( FC-2002) DO
(
monellin BT00-50M) /
ON-OFF 57 g/L
1 #71' *:I'—Li jJ—/f [12]
DO
1.1 &k ( Lokas
Pichia pastoris LKM2000A) ( ) 0,
KM71 co, 0, (OUR) CO,
pPICZaA pPICZaA-Mon (CER) (17
12 & 1.4 N2 4HpR/EREZ/monellin 3K B FN4E R A9
(g/L) YPD KIEFEIERIEE
( 20 10 20) 600 nm (ODegno)
20 (NH,4)2S0, (DCWIL) ODe0o
5 H3PO42 (% VIV) MgSO;1 CaS0,0.1 K,SO4 (DCW/L=0.25%x0Dg0)
1 PTM; 10 (mL/L) pH 6.0 DCW/L (
500 (NH4)2S040.5 KH,PO,0.5 MgSO, GCl112A FID
0.03 PTM;10(mL/L) pH 6.0 Alpha-Col AC20 SGE
PTM; 10 (mL/L) pH 6.0 )
13 7 5 L REB@RHHIEREREERE ( ZORBAX SB
monellin C18 254 nm )
5L ( 20 mmol/L NaxPO4 (99%)
BLBIO-5GJ-3-H) 1 (1%) 10 uL 28 C
/ 2 5L Marker 20 uL
20L 14% (VIV) (12% )



1iEE FELAERARRETRHREES. MAREEERGRI(RiE REERIX Monellin 285

G:Box
( SynGene )

moenllin
10g/L
( JA1102)
RS232
(9/L)
X) () monellin
(P) ¢ )
t (dX/dt dYdt
dP/dt) / /monellin
15 WROECLEERITE
1 () 4
monellin
[18-20]
1
v= 1 M+m (D]

ﬂz(X(k)—X(k—l))/AT+(F(k)/V)§(k/k—1)

X(k/k—1) (2
L (F®/IV)S
X(k/k-1)
X S F
\Y; S k k1
AT
X (kik-1)
5 g/lL
(dS/dt~0) S5 S
(800 g/L) 100%

& 010-64807509

\Y/
nov
V. o Hu
(Yxrs) [15.21]
50%
Yx;s 50%
( )
(m)(E) 1
(M)
7, my,
V Yyjs == = Yys — My (3
3 1
(Yxss) (Mxe)
Uv v
Mxe
Mxe
— X AT
Mg = M (4)
T
( )
1
«C ) A
(NADH) CO,
/ (¢)
monellin & m
5
1,
" CER(t)dt
; JoT_() )
A\/IEOH
CER tf ATMeoH COZ
monellin
(¢ ) » 6
=1-Yye—¢
V4 XIS (6)
E=ép+Mye
X cjb@im.ac.cn



286

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech
Energy metabolism
Fhteon /—\
CH,OH 1—5 CH,OH — \
(MeOH) ) Cytosol
40X GSH
0, > H,0,<Y"%
OUR 4( HCHO —>HCHO S-CH,0H HCOOH
010 | Ve
" XySP U NADS
DIfA  GAP ;  NADH CER
L CO,—>(0,
| _NADI : 2
I-[(')
ADP =<<------ Nl !}
( QTP 0,
DHA D . Functional ——3> Cells growth (p)
—G3P / cell
N
G

\ Pathway B

HAP
L_) FBP ~>F6P
AP ;‘
Pi

]-]:I-t(

) /
NADHr'

I-[I

<\ Precursors, ...

amino acids

*)
NADH

E 1 HEEFRBEFREBEERIL mondlin BEKEIERE
Fig.1 Simplified methanol metabolic pathways by P. pastoris for monellin production.
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Fig. 3 Monellin concentrations and SDS analysis results with different induction strategies.
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Tablel Fermentation performance of monellin synthesis by Pichia pastoris using different induction strategies

Induction Max monellin Average MeOH Average DO Yoo

Run#  temperature Initial DCW* Induction time concentration concentration (aoz) (;OS)
(°C) (9/L) (h) (g/L) (g/L)

1 30 97.5 70 0.54 ~5.0 ~0 0.11

2 20 106.0 70 1.04 ~5.0 ~0 0.29

3 30 55.6 89 2.62 ~5.0 0~10 0.75

4 20 53.4 89 1.87 ~5.0 ~0 0.33

1) DCW: dry cells weight; MeOH: methanol; 2) *: cell concentration when methanol induction was initiated; 3) *: monellin
yield on methanol. monellin concentrations and methanol consumption data at induction time 70 h were used for unified
purpose.
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Table2 Major secondary parametersin monellin fermentation by Pichia pastoris using different induction strategies

Carbon distribution ratios (%) g;;i;g;y(rﬂgi)s U disz(r);)l;ution
RuUN# Cells growth Maintenance Energy Precursors . 5 508 0=7=08
Yx/s Mxe &p %
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4 16.5 10.1 290.2 44.2 1590 0 62.8 37.2
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