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Redirection and Analysis of the Carbon Flux to the Biosynthetic Pathway
of Lysine in Brevibacterium lactofermentum
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School of Biotechnology ~Southern Yangtze University Wuxi 214036 China

Abstract In this paper the biosynthesis of lysine and the theoretical distribution of its metabolic flux were
analyzed and the theoretical yield of lysine in Brevibacterium lactofermentum was calculated to be 0. 76.
Based on the pathway analysis and the knowledge of its metabolic regulation a lysine producer was obtained by
mutagenesis with N-methyl-N-nitronitrosoguanidine of strain 1230 with four genetic markers FP° AECT MA"
and Leu~ . After optimization of the fermentation conditions the lysine production was increased to above 54.
6 ¢/I. however the emphasis of this work was put on the analysis of the effects of these genetic markers on
the redirection of metabolic flux.
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1

1.1
Brevibacterium lactofermentum
1230.
1.2
1.2.1 CM
1 g/dL NaCl 0.5 g/dL
pH7.2~7.4 0.1 MPa
1.2.2 MM 2 g/dL
NH; ,504 1 g/dL 0. 25 g/dL. K,HPO,
0.1 gZ/dL. MgSO,- 7H,0 0. 04 g/dL FeSO,- 7H,0

0.3 g/dL
2 g/L
30 min.

1 mg/dL. MnSO; H,0 2 mg/dL 5 pg/dL VB,
10 pg/dL 1.5 g/dL pH7.0 0.1 MPa 15
min.

1.2.3 14 g/dl.  NH; ,S04 4

g/dL K,HPO, 0.1 g/dL. MgSO; 7H,0 0.04 g/dl. FeS-
of TH0 1 mg/dL MnSO; H,0 0.8 mg/dL 5
pg/dL VB 20 pg/dL 5 g/dL. CaCO; 2
g/dL pH 7.0 0.07 MPa 7 min.
1.3
1.3.1 30 C 36 h
1.3.2 90 r/min 30 C
8~12h
1.3.3
72 h 5 g/dL

50 mL. 500 mL .
110 r/min 30 °C
30 mL 500 mL

1.4

1.4.1 3 5- DNS
! DNS 520 nm

1.4.2 0.5 pL

. 100 °C 3

min 100 °C 5 min

=5:2

0.5 g/dL

1.4.3 r,

1.4.4 0.5 mL

0.25 mol/L 620 nm

1.4.5 pH

1.5

10 mL

5 mL
10 min

5 mlL pH 6. 98

3 000 r/min

Naz HPO4 -KH2 P 04 2

10° mL™" .
NTG
10:1 3 pH 6.98
I mg/ml.  NTG
NTG
NTG 0.25 mg/ml..30 °C
15 30 45 min
3
1.6
AEC 2 mg/
mL 5 mg/mL o-KG  o-MA
0.2 mg/mL
AECT MA'
FP MM + Leu
0.2 mg/mL FP 100 20 4 0.8
pmol/LL CM
FP 30
C .24 h 0.8 4 pmol/L
20 pmol/L
100 pmol/L . 12 h
20 pmol/L 100 pmol/L
0.8 pmol/L
2
1 ~5
.J Shvinka ~ *
PEP
0.51 1 PEP
0.86 3

0.51 4 0.85 5 2

0.68.
2CsHy20 + 2NHs + 50, —> CeHyu 05N, + 8H,0 -+ 600, I
3CgHpp0% + 4NHy +40,  —2CeH1,05Ns + 10H,0+ 600 2
1.18CH1,06 + 2NH; +0.080, —>CgH;40,N, +3.08H,0 + 1.08CO, 3
20gH;506 + 2NH; + 50,  —>CgHy40,N, + 60, + 8H,0 4
6CgH,, 0+ 10NHy + 05 —>5CeH,405N, + 6005 + 16H,0 5
J Shvinka

PEP
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0.86. . 1 mol
1 mol 2 mol
2 mol
1 mol
@ 1 mol 2 mol
1 mol
2 4-
2.1 1 mol
1 mol
ae— 1 mol .
1 @ 1 mol 2 mol
@ 1 mol
1 mol
@ 3 a 1 mol 1 mol
CoA b 1 3
PEPC
c 1 1
® mol 1 mol ATP.
. 2
ﬁﬁ;ﬁ 1
H Tab.1 Energetic balance of the motabolic pathways
IR H R
BRI 1 2 3
PK ADP/ATP
prc | FIRIER ~FDH 2 -1 -1
Clpey Z.BE CoA
/ }v Gle—>G6P -2 -1 -1
FTLER —EBZ F6P—>FDP -2 -1 -1
'\ﬁ,gﬁ& Z e #?ffﬁm 1 3-2P-GA>3-P-GA 4 2 2
PEP—~PYR 4 1 2
; .
HERR . PEP—>0AA 0 1 0
PYR—0AA 0 0 -1
1 ScCoA—ScA 1 0 0
Fig.1 Formation of intermediate metabolites Asp—>Asp-P -1 -1 -1
ScA—>ScCoA -1 -1 -1
1 -1 -2
3 NAD/NADH,
O @ GA-3-P>13-2P-GA 4 2 2
PDHFPC PYR—>AcCoA 3 0 0
W —> R ——— > ER I —— R4ER a— KG—>ScCoA 1 0 0
' > MIA—>0AA 30 0
B 11 2 2
©) FAD/FADH,
ScA—>FMA 2 0 0
W — BRENA TN — K2 — RSEB ) 0 0
' > FIgI > NADP,NADPH,
L ICA—>a - KG 1 0 0
2.2 3 Asp - P—>ASA -1 -1 -1
DDP—>H4D -1 -1 -1
NH; -2 -2 =2
3 -3 -4 -4
Gle G6P 6- - F6P 6- -
DO 2 mol 4 mol FDP 1 6- - GA-3-P 3- - 1 3-2P-GA
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1-3- - 3-P-GA 3- - PEP
PYR OAA ScCoA
A ScA Asp Asp-P
ICA o-KG a- FMA
ASA -B- DDP 2 3- H4D
AL 26
3
(D2C6H;06 + 2NH; + 2H,0 + ADP + 11NAD + 2FAD + 3NADPH, —
CsHi40oN; + 6CO, + ATP + 1INADH, + 2FADH, + 3NADP 6
@ CgHyp O + 2NHs + ATP + 2NAD + 4NADPH, — > CgHy, O,N, + 4H,0
+ ADP + 2NADH, + 4NADP 7
(DCsH 06 + 2NH; + 2ATP + 2NAD + 4NADPH, —> C4H,, O,N, + 4H,0
+2ADP + 2NADH, + 4NADP 8
2.3 NADPH,
6 ~ 8 3
NADPH,
1 mol
1 mol NADPH, NADPH,
HMP . HMP
NADPH,

CeHp06 + 6H,0 + ATP + 12NADP  —>6C0, + ADP + I2NADPH, 9
2.4

@) 1 mol 3 mol
NADPH, 9 1 mol 0.25 mol
HMP
NADH,
ATP
6 9 )
2.25CsH,;20 + 2NH; + 3.5H,0 + 0. 75ADP + 1INAD + 2FAD  —CgH,,
0,N, +7.5C0, +0.75ATP + 11NADH, + 2FADH, 10
7 9 8 9 @)
®)
1.33C¢H;,06 + 2NH; + 1.33ATP + 2NAD  —>CgH 4, OoN, +
2H,0 + 2C0O, + 1.33ADP + 2NADH, 11
1.33C¢H,, 06 + 2NH; + 2.33ATP + 2NAD—>C4H,, O, N, +
2H,0 + 2C0O, + 2.33ADP + 2NADH, 12
VIO
10 11 ©)
0.45 @ ©
0.76.
3
2 NTG
AEC

Leu FP° o — MA'

3.1 AEC
AK

.1 mmol 41% 1 mmol
45% 1 mmol
82% 7 .
Brevibacterium lactofermentum1230(H K 8. 0 gL}

NTGH3E

ADSE (AEC513.3 1) ALO3AEC,Leu;25.2 g/L)
NTGH %

FPOY4(AEC,Leu FP"40.3 g/L)

B IR

MADTT(AEC Lew FP MA'38.6 g/L)

2
Fig.2 Breeding procedure from strain 1230
2
Tab.2 Comparison of strains fermenting in shaking flasks
oD / /
620 nm /% g/L %

1230 5.22 2.88 - -

A058 5.20 3.6 13.30 20.5

AL039 5.25 3.5 25.74 24.5

FP094 1.36 2.74 41.46 36.8
MAO77 1.27 2.54 39.84 34.8

S- B-aminoethyl -L-Cys
AEC
AEC
. AO58
3.2 Leu~
DDP
DDP

DDP . AL039
AO058
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3.3 FP° 3.4 MAT
2.2 3 . a-
@ 2 mol 1 mol . 9,
@/3 1 mol 1 mol
@/
@ PDH/PC
TCA
PDH
. Fp*
PDH ® PDH/PC
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