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Abstract: Corynebacterium glutamicum SYPS-062 was an L-serine producing strain stored at our lab and could produce
L-serine directly from sugar. We studied the effects of cofactors in one carbon unit metabolism-folate and VB, on the cell
growth, sucrose consumption and L-serine production by SYPS-062. In the same time, the metabolic flux distribution was
determined in different conditions. The supplementation of folate or VB, enhanced the cell growth, energy synthesis, and
finally increased the flux of pentose phosphate pathway (HMP), whereas the carbon flux to L-serine was decreased. The
addition of VB, not only increased the ratio of L-serine synthesis pathway on G3P joint, but also caused the insufficiency of
tricarboxylic acid cycle (TCA ) flux, which needed more anaplerotic reaction flux to replenish TCA cycle, that was an

important limiting factor for the further increasing of the L-serine productivity.
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1.1 B

C. glutamicum SYPS-062 "N AHF 5% % 73 25 PREK
AE A FHBE TR L A L L-22 3R
1.2 ExEE

PO SR (g/L): FNE 10, EANK 10, B
B8y 5, NaCl 3, g 20,

P ¥R (g/L): FOKHK 20, GHIKMEI 20,
HEBE 30, KH,PO, 1, JRE 1.5, MgS0, 0.5,
(NH,),S04 20, pH 7.0,

KBRS (g/L): HEHE 60, (NH4),SO, 30,
KH,PO, 0.3, MgS0,0.5, MnSO, 0.02, FeSO,0.02,
CaCO0; 20, pH7.0, VB,. VB,. VB, VB, E# %
A PR R A S B R AN
1.3 EFFHE

M R — AR R AR
(30 mL/250 mL #EJE ), 7E 30°CH; 3 110 r/min (£
AR PR 24 him, V5% (VV) Bt
ARG HE o BRI A I W 5y 20 mL/250 mL 4
TR, 7€ 30°CHE 110 r/min (FEENHEIR) T A B
96 h.,

1.4 SthiaE
1.4.1 W@ iME

KT 0.25 mol/L £k R A B 2538 M A5 4K,
WIE 562 nm 4L 1YIGHERE ¥ 1 OD=0.27 g/L DCW,
S AR T
1.4.2  L-ZZ 53/ Al FERE 2 1 0 G

L-22 G RV FE R (S 1 100 YRAR €8 3% {3
Eo {Oi%H: HypersilODS-C18 4 mmx125 mm; #
fi: 40°C; MBURE: 1.0 mL/min; RE . 26K
WIS ORI : 340 nm; KHHEK: 450 nm; sl
#H: 20 mmol/L BSFR%N ©: 21 : ZME=1:2:2(VIV).
TRE ARV B R FH ) 2 — ki a2,

1.4.3  FHLRF A WE

HPLC 4 #Hrik(HP1100), (43 4514 : ZORBAX SB
C18, Uizt 0.1 mol/L BER-HE IR — S P22 vhil , i
FEE S uL, MG K 210 nm,

Fz P i R R I 25 AR 43 0 D S B A RO Y
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o T o e A T R T e 1 1) S 17 S TC A 34 1Y)
FERIFN N . FET I, 1EEFEWE C. glutamicum
SYPS-062 FACH 2% B 2R 7% 18 SRR AR 5 LA
BN R AR AN P AR & B ED sl
IEA AR 26 K % 18 ED iR 42,

2) M THHHE R SYPS-062 /L7 L-2 A RE T
IR T 7, DRI B L-22 2 R TR B W
B AESR AT, AR B B M [R) e R G R, Rt A=
Py ik i B BRI AR ] 220 11 5 4l i 4 R ] Vallino and
Stephanopoulos Ml 75 % : C 47.6%; H 6.46%;
031.0%; N11.8%; K4 3.02%.

3) NADPH, NADH . ATP #t55 P4, HI S0
FHINFERY S EMP 812 . HMP i&1% | TCA f§3™
A 1 BB A5
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i

1.7 iR R R B A AN 5 5 12 LR AT K 7
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JfL A Al R R B E DR 5L 2) MERAS RR
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FHERA, RUHVREAMEHRN 0. 3) il i
HMCIE™ 4 B SRR R I B AR A, A
AR 2
X P AR I 2% i B AN AL Ay, AR A TR ST E
SEAE, RIVZH 73 i B 3R AR A T A 0 1 A s 2T
FEHAR, HACFRBAN .
ri(t)=Zox(t)-Zoyxi(t) ey
K, xi(t): 5 j 25 RO O R [mmol/(L-h)] ;
xe (O): 55 k2P ROV SN A [mmol/(L-h)]; ay: 2 )
RSB BB o BB kA ROBI R BT
T REG i) P RS @ 9 R [mmol/(L-h)].
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Fig. 1 The Metabolic network model of L-serine in C. glutamicum SYPS-062. Suc: sucrose; Suc-6-P: sucrose-6-phosphate; G-6-P:

glucose-6-phosphate;  F-6-P:  fructose-6-phosphate; GAP:

glyceradehyde-3-phosphate; G3P:

3-phosphoglycerate; PEP:

phosphoenolpyruvate; Pyr: pyruvate; AccoA: acetyl coenzyme A; IsoCit: isocitrate; a-KG: a-ketoglutarate; OAA: oxaloacetate; Asp:
L-aspartate; Met: L-methionine; Pro: L-proline; Val: valine; CHO: chorismic acid; Phe: L-phenylalanine; ser(i): L-serine(intracellular);
ser(e): L-serine(extracellular); Gly: glycine; THEF: tetrahydrofolic acid; METHF: methylenetetrahydrofolic acid; MYTHE:
methyltetrahydrofolic acid; ser(i): L-serine(intracellular); ser(e): L-serine(extracellular); Glu: glutamate; Pro: praline; NADPH:
nicotinamide adenine dinucleotide phosphate; NADH; nicotinamide adenine dinucleotide-re-duced; NADP: nicotinamide-adenine
dinucleotide phosphate; NAD: nicotinamide-adenine dinucleotide; ATP: adenosine triphosphate; ADP: adenosine diphosphate; E4P:
erythrose-4-phosphate; R5P: ribose-5-phosphate; X5P: xylulose-5-phosphate; Ribu5SP: ribulose-5-phosphate.
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2.1 C. glutamicum SYPS-062 fERRE &M kB
LR

PEH R A BT IAPE R R W], HERA VB, X
C. glutamicum SYPS-062 K& FE 0 i Jp bt 2%, Xf L-
22 SR T R R RS VE ST, PR o e B m i R
Jin 40 pg/L MER AN 0.4 pg/L VB ME NN T, %
SEILXT L-22 SR AR I 4% 52 e, TR AT 3K 79
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MRS SR, IR 2 W] LIE SRR FT VB,
X AE K S L- 22 R IR AR R A e AR T . o
0~48 h JIEFIY, TEX LR A0E T A KRR
e, WAEART D, 04 3 g/L Zifi; 48~96 h
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Fig. 2 The parametric curves in different fermentation condition.

AR o AL, AR 1 FTLUEH, X HFIEsh
YOS T AR P A AR R G o A, B PRAE T AR
O . AR XA 3 0o 28 oA VE LA 47
2.2.1 C. glutamicum SYPS-062 75474514 HMP
2E A i A

BERR IR (HMP i848) J& A s M4 5 i)
HEIRAE, X SYPS-062 R 5 M 45 45 A1 75, HMP
WREA 3 FEER: 1) &Ry, 5%
R, S-BRERRAZNE | 4-WEWR IR SR HAR 2 0] A 1y i LR
DUBRES KL 5 2) AR R Ty, DAAE4 i & i
Y, MBI 3) B R kR e i iy
FRCHE IR . 458 Won HMP(r13) 7E#)
UG S5 N A3 B N 2 A L 43T 2L, RIS
AT, M EFEANGER, AR, Xt
T RARK MG IS R0, R HIZIR N VB,
g AEHRE, HMP @R E R (r13=64), X
ANGE SR UG T R AN VB, Xk 4i it A Ky
T A R

B 10 r —— Control
9 | —&— Folate ﬁ——A
8 A ‘V’B]z
-~ 7 i
)
B 6
2 st
=
2 4 r
= 5
2 L
1 L
0& ——— !
20 40 60 80 100 120
t(h)
D 16 1 —— Control
Lk £ Folate
—4A— VB,
12 + /

10

Transformation rate (%)
]

20 40 60 80 100 120
t(h)

Journals.im.ac.cn



1368 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

October 25, 2010 Vol.26 No.10

F1 FREEHEX C glutamicum SYPS-062 F iR =
kA1)

Table 1 Effect of different condition on the distribution of
carbon flux in C. glutamicum SYPS-062

Original condition Folate VB,
rl 100.0 100.0 100.0
2 100.0 100.0 100.0
r3 143.1 138.3 132.7
r4 170.8 166.4 163.4
15 3545 345.7 332.1
6 304.4 276.7 237.7
r7 241.4 193.3 140.7
r8 237.5 184.9 132.6
r9 208.1 150.3 96.4
rl0 208.1 150.3 96.4
rll 151.7 80.9 14.4
rl2 58.5 77 90.5
rl3 55.0 59.1 64.7
rl4 55.0 59.1 64.7
rl5 47.0 48.1 53.2
rl6 28.2 29.0 31.6
rl7 14.1 14.5 15.8
rl8 39.0 49.7 75.6
rl9 39.0 49.7 75.6
20 39.0 49.7 75.6
r21 34.5 42.9 69.1
22 55.4 69.4 82.0
123 10.4 7.2 9.0
24 1.2 4.7 4.4
25 3.1 7.9 8.5
26 2.4 6.9 7.5
27 1.4 0.2 1.5
r28 1.4 0.2 1.5
R29 4.4 6.8 6.5
30 4.4 6.8 6.5
r31 4.4 6.8 6.5
32 1155.1 885.4 633.4
33 2361.3 1580.1 921.2
r34 65.4 90.3 922

222 GERAFEEECINEE (PEP) 1547 0 70T

PEP 1 i s B SN B B B2 L g (PPC) i
L FHAL R ER 2R (OAA) (r12), XAFMWAE C.
glutamicum AR A v 7 A B B B A A
PRI Ry B s 12 2 A T T ATl e iy 3 7 i AR K
F Y ME — — % B MR M I 2N IR R R Ak N
(Anaplerotic reaction, r12), RIAR /s k) i — —
ZRIEAN TCA PEER AN &S, 18 3 RO &M T
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PEP 5 s Ui 5 43 A Al 3 i

FERIARAPE T, PEP [N Z MG ERD, i
WIN VB IR, XA SRR T izl Ou
JE VBy) fR#E L-2Z MR, e EYENG R,
TGS ECT BRI AEE A TCA EER 2 i g R 433,
TCA TEIBRIEA K , 5 B A8 Ao [ RS AR 4D FE
Tio XAEEFA T TCA R r11 B R
K, FEWIN VB WITEOLT, 225 RO i AR
14.4, MW RN 151.7, W sE—8 kg
P BB, PR R, W2 33 TCA TRFR
FEEAE, FREIEW ARG, Mk, TCA f§¥F
RIS & W Ry i — 2D 4 e P e R SR R

A B C
G3P G3P G3P
l 304.4 l 276.7 l 237.7
PEP PEP PEP
58.5 l241.4 77 l 193.9 90.5 l 140.7
OAA Pyr OAA Pyr OAA Pyr

3 TRAEBEGTPEP HARBRESHIER
Fig 3 Metabolic flux distribution of PEP node in different
fermentation condition.

223 3-BERHEE (G3P) 1450k r

G3P i L-Z2 &R G BUR R 5 — A R0
Y, 0 R O AEAR R R B AR T SR
L-22 SR AR . M 4 50, FEMIR AT,
ser/G3P MY b (r18/r5) N 11% , #Hn iR
VB, BITEILR , 43 508 14% H1 22% , 3% A4>45 Bk i
H VB X G3P 5 a5 G 14 5B A e Al A L mi v
PR A LA ssg A/ R, iEER AT VB, AL
SRABIR I L-22 2R W, AR LR AR Y

A B C
GAP GAP GAP

l331.2
39 75.6

49.
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Fig. 4 Metabolic flux distribution of G3P node in different
fermentation condition.
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2.2.4 C. glutamicum SYPS-062 7EAAF1F T 54k
FE 7 7 P7

C. glutamicum SYPS-062 fXiff 2% i J ij 33
[ ATP g 4 vh IE 5 R4 T I BT 22 53 A6 i LA AR
FEANM A BRI ATP, R 2 0L, ATP @5
L-22Z RN R Z ARG, ATP M S, L-2%
MR HGE AR ; K2, ATP @EAGH, L-Z%8ME
JUCH D R o XA R A BL T AR IS LT
JEHIZ AN VB X RE A A fEdEMERT, REAHIEA
B A, PR " Y) L-22 28, I Bl ik
W H S E TR ZEER, LRI R R
0 A BRACIH 3l , S BUR T 5 A E U BE D
*2 TEAKZHTL-LEREHNBEES ATP BENXFR

Table 2 Relationship between L-serine production and
biomass flux and ATP generation under different conditions

Original condition Folate VB,
NADH (NADPH) (r32) 1155 885 633
ATP (133) 2361 1580 921
L-Serine 345 42.9 69.1
Biomass 65.4 90.3 92.24

2.2.5 C. glutamicum SYPS-062 A/al4$1F & HT
YR L

H1Z 3 AT, Ll 2R 5 i A Ry R
Yy, L-EREIRIRZ, WNAE M5 1% A B2 oA I 45 1 5
TS 7 26 )i /b , AT LASK BRI e R 1 5 Y
MG R AR ) L-22 R R o X ILAP R4
H, HEARYS L-22Z R CRED, HEmRE L-
2 Z RN T —FAEH" Y, HEE L-Z2ER G
iy BRI NI N R AT TR 7 BN {1 I (2R 1 L o e
IR L-22 R & W B B B oAl (HH &R
8 IH AR B R (B, 3R PR A I R 1 S 1Y
RN, WP RAA —E R R s

R3 TRIKEFHME~YE RN

Table 3  Synthesis rate of byproducts under different
conditions

Byproduts Gly L-Met L-Pro L-Phe L-Val
Original condition 4.4 2.4 10.4 1.4 1.2
Folate 6.8 6.9 7.2 0.2 4.7
VB, 6.5 7.5 9.0 1.5 4.4

2.2.6 C. glutamicum SYPS-062 7441 T —#
TEHHIER TS

— WG ED RN HE, 25524
LR . TR . BRI A A, kA AR AT SR R e AR
R, AR, | T HbR™ W) L-22 3R 2 —k
FAITTIETA , A W R P B — Bk R OT I R I
LA T — B BRIT YRR G PR AR, RIE T 29,
L- 22 Z PR Wiy H 2 B A — Bk BT, P H I AR
(THF) 1ER#E AN T (130), 4B U A
M2 (METHF) (r31), J& & #4010k B 3k o &t 7R
(MYTHF) J5 Bl — ik o0, AR i —14
HEENTE—RO RN, B 24 RRITXAR
(Asp) AHHH AR (Met), BIRH THINEA —E
M, ANRERERE T A ke 5N, Hf
At H R AR RN FE BRI R NRF, AR
A —E WA BIERIGR AT, AR B — B PR
JCH R (30) WAL, Wmdishs, AR —
(0 o G e R, R AROR BE G AR I A R 1) I i
(r27) H1 MYTHF Bl — i 1) i A2 AE 2 10 ¢ R 4
W, BTSN Sl [FAE (0 P AR 2R 5 B A e 4
o JUHHESI VB, I, ik KM, XEH T VB,
NP AR R R b P R R B T, &
i —BR B IT A% SR
3 itk

K HACHE 4 o B ik X Co glutamicum
SYPS-062 #ATHFR KN, HhIEFHERF VB, %
Wi HMP @42 700, B 2 B A HMP 1848
PR 2 R RE T AL T, BT AN A R
BB , [RGB ) L2 SR 1 43 s
o A 7 AU R A SRR T R A 7 A ) L R
REA-11 PRI 0 5 A 700 54738 4307, 25 51 S5 A
F—3,

X G3P T S VB, iDL B E e -4
SR A BRI T FEG, TTR X A L
PEEEUN, UL SR X A R A T LR L-22
QIR BHGEA T . (HiE X PEP 37 50 Loy
ek Bk, o VB, I, i T RER LA L-22 2R
B R, FEAEYEBRER R, H TCA 15

=}
=]
At
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IR L, 11 Ry 144, FFZE KRR, B
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Mix: HFEHEFHEX
Glucose transport
(1) Suc+ATP=Suc-6-P+ADP

EMP pathway

(2) Suc-6-P+ATP=2G-6-P+ADP

(3) G-6-P=F-6-P

(4) F-6-P+ATP=2GAP+ADP

(5) GAP+ADP+NAD=NADH+G3P+ATP
(6) G3P=PEP

(7) PEP+ADP=ATP+Pyr

TCA cycle

(8) Pyr+CoA+NAD=ACCOA+CO,+NADH

(9) ACCOA+OAA+H,0=ISOCIT+COA

(10) ISOCIT+NADP=AKG+NADPH+CO,

(11) a-KG+2NAD+ADP+Pi=OAA+2NADH+ATP+CO,

Anaplerotic reaction
(12) PEP+ATP+H,0+CO,=0OAA+ADP

Pentose phosphate pathway

(13) G6P+2 NADP+H,0=RU5P+2 NADPH+CO,
(14) RUSP=RS5P

(15) RU5SP=X5P

(16) R5P+X5P=F6P+E4P

(17) X5P+E4P=F6P+GAP
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Serine synthesis or utilization

(18) G3P+NAD=3-P-hydropyruvate+NADH,
(19) 3-P-hydropyruvate+Glu=P-sertAKG
(20) P-ser=ser

(21) Ser=pyr

(22) Ser=Ser(excellular)

Byproducts formation or utilization

(23) AKG+NH4+NADPH=GLU+NADP+H,0

(24) GLU+ATP+2NADPH = PRO+ADP+2NADP

(25) Pyr+NADPH+Glu = NADP+Val+AKG

(26) OAA+Glu+ATP+NADPH=AKG+ADP+NADP+Asp
(27) Asp+ATP+2NADPH+Cys+MYTHE=Met+pyr+2NADP+
ADP+THF

(28) E4P+2PEP+NADPH+ATP=CHO+NADP+ADP

(29) CHO+Glu=Phe+AKG

(30) Ser+THF=Gly+METHF

(31) THF+C-1= METHF

(32) METHF+2NAD=MYTHF+2NADH

Oxidative phosphorylation
(33)NADH (NADPH)+0.5 O,+2 ADP=H,0+NAD(NADP)+
2 ATP

ATP consumption for maintenance and futile cycles
(34) ATP+H,0=ADP+Pi

Biomass formation

(35) 0.021G-6-P+0.007F-6-P+0.09R5P+0.036E4P+

0.013 GAP+0.15 G3P+0.052 PEP+0.03 Pyr+0.332 ACCOA+
0.08 Asp+3.82 ATP+0.164 NADH = Biomass+3.82 ADP+
0.364 AKG+0.164 NAD
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