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Abstract

This study is aimed at to develop a technology platform for fermentative
production of succinic acid in Escherichia coli. To achieve this goal,
two main strategies were proposed consisting of the producer strain
development and the fermentation technique. The former strategy was
approached by metabolic engineering of Escherichia coli, including (1)
generation of reductive TCA cycle and (2) redirection of carbon flux in
the reductive TCA cycle. The second strategy was approached by
investigating the key factors in the succinate fermentation. By
combination of these two strategies, the engineered strain enabled

production of 10.63 g/L succinate with a molar conversion yield

reaching 120%.
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Unit/mlsup  Unit/mg protein
Bsuc-4ZPU 0.035 0.008
Bsuc-4ZPU-M#1 0.489 0.081
Bsuc-4ZPU-M#2 0.345 0.057
Bsuc-4ZPU-M#3 0.049 0.008
Bsuc-4ZPU-M#4 0.349 0.057
%2 FHFumCpd s

Unit/mlsup  Unit/mg protein
Bsuc-4 ZPUM 8.27 41.36
Bsuc-4 ZPUMF(SPL-FumC Km) #1  14.57 72.84
Bsuc-4 ZPUMF(SPL-FumC Km) #2  13.51 67.53
Bsuc-4 ZPUMF(SPL-FumC Km) #3  14.51 72.57
Bsuc-4 ZPUMF(SPL-FumC Km) #4  11.66 58.30
Bsuc-4 ZPUMF(SPL-FumC Km) #5  7.70 38.48

27



Glucose

Cglf2

ATP

FDP

y_ ATP

PGA —> Methylglyoxal
j Lac
HCO3
\ ATP q NADH
ppc ” ,
/ Pyruvate

(PYR)

aceE-Ipd (03) PfIB (tdcE)(-O2)
ATP NADH
HCO3 Formate

Acetyl-CoA EtOH

NADPH

NADH
NADH

1%'

glt4 NADH

<)
mdh
» Acetyl CoA

MAL <®ee llceB

SfumABC Gly == s, Is0-CIT

FUM
NADH dhABCD
M sdn.
M \ Lee" TCA cycle NADPH
BCD A

SrdA

Succinate
*, sucCD
¢ SUC-CoA

ATP NADH

g]'- AR%’}EF*E;].%#%T‘}%M #4 é_/}'{uinﬁ/}k—» ])N"ij—ﬁx'{w—rféx‘fg]oé{ﬁﬁgﬁa
p? @ FDP, fructose 1,6-biphosphate; PGA, 3-phosphoglyceraldehyde;

X5P, xylulose5-phosphate; PPP, pentose phosphate pathway; PEP,
phosphoenolpyruvate; Lac, lactate; Ace, acetate; OAA, oxaloacetate;
CIT, citrate; Iso-CIT, isocitrate; a-KG, alpha-ketoglutarate; SUC-CoA,
succinyl-CoA; FUM, fumarate; MAL, malate.

28



g 200 - 6O
2 || F 180
50
4 ol
- 160
40
- 140 %
E =
3 @ 2
(] 120 @ F30 ®
(o] o £
Q Q
2 4 = S
- 100 O 03,
L 20
L 80
1_
L 10
) ; - G0
U T T T T T T T T T T T T 4[] 'U

0D 4 8 12 16 20 24 28 32 36 40 44 48 &2
Time (hr)

B £ % Ftk BSuc-4ZPUM {r BSuc-4ZPU(#] )it (7 fEfs o 4
B o 2 ELIP ¢ Ftk BSuc-4ZPUM (A)fe BSuc-4ZPU (A) ¥ 5 #3)
# 3 F#x BSuc-4ZPUM (O)fr BSuc-4ZPU (@)im*¢ % A& ; BSuc-4ZPU
% 5 1k BSuc-4ZPUM (% = 41,4 )fr BSuc-4ZPU (§ = 41,8 )7L 34 fix
4 A o

29



180 - 70

_ F 160 - 60
R - 140 - 50
=
-120 E 40
Q
wn
o
- 100 5§ 30
]
- 80 - 20
- 60 - 10
U T T I T T T T T T T 4[] _D
0 4 B8 12 16 20 24 28 32 36 40 44 45 52

Time (hr)

B= £ %tk BSuc-4ZPUMF fr BSuc-4ZPUM(d 41 )it {7 it ik o
S o BELEP ¢ Ftk BSuc-4ZPUMF (A)fr BSuc-4ZPUM (A)F §
¥ 4% 5 Ek BSuc-4ZPUMF (O)fr BSuc-4ZPUM (@)% % & ;
BSuc-4ZPU % ; ik BSuc-4ZPUMF (% ' 41 )fe BSuc-4ZPUM (%
cHR) IR A o o

30

Succinate {mM)



6 180 - 60
i .
|| F 160
5 - 50
j L 140
4 - 40
F120 o
. E
a 3 L 100 8 30
o g
=
Ls0 O
2 - 20
L 60
1- 1 L 10
L 40
I:: |
U T T I T T T T T T T T 2[] _U

0 4 8 12 16 20 24 28 32 36 40 44 45 &2
Time (hr)

B £ % Ftk BSuc-4ZPUMF/pTH-Cpyc = BSuc-4ZPUMF/
pTH-Lpyc i& {7 fEfs 4 SB - % 5L30F  F1k BSuc-4ZPUMF/
pTH-Lpyc (A)fr BSuc-4ZPUMF/pTH-Cpyc (A)# F #i 4 5 Fk
BSuc-4ZPUMF/ pTH-Lpyc (O)f= BSuc-4ZPUMF/pTH-Cpyc (@) m*z
% B 5 BSuc-4ZPUMF/pTH-Lpyc (% =+ )4
BSuc-4ZPUMF/pTH-Cpyc (F = {L}k) Lz & o

31

Succinate (mM)



9 . 200 r 70

8 - 180
% _EU
- - 160
- 140 50
E_
- 120 =
% 5 - é - 40
a =100 2
o 55 O
47 EREN
- a0 0]
3_
- 60 - 20
27 - 40
L 10
11 - el 20
S
D I I I I 1 LI L) I I I I I .U _U
0 4 8 12 16 20 24 28 32 36 40 44 48 52

Time (h)
Bl 7 g_;,a]: e ek R EES B 0E T £ 2 1k BSuc-4ZPUMF i §7 [
2 SR o B TREAEY KB o FELEP 1 0.5% (@) ~ 0.25%(% F)
0.125% (O)F F #1425 0.5% (A) ~ 0.25%(% = & 25) ~ 0.125% ()
e R 0.5% (F e t) ~ 0.25%(F ) ~ 0.125% (A arde) 7had
fat A o

32

Succinate (mh)



ZZA pH 7.0 Suc
—1pH62 Suc
—#— Time (hr) vs

—— Time (hr)vs pH 6.2 Glu

pH 7.0 Glu

120 — 100
100 - L [ ]
- 80
80 -
= - 60
=
5 60 \i \ =
2
G ] 2/; - 40
40 7
’
d % 7 1 [ 20
20 %
-]
’
0 ! i 0
0 24 48 72 9
Time (hr)

33

Succinate (mM)



180 7 100
160 - 6 _
] - a0
140
5 .
s d
= 120 ) o
= i
¥
@ 100 %
3 ] 40
& L
80 .
2 .
60
\ - 20
4[] 1 1 | {l\
i*
20 - 0+ I , | | 0
0 1 2 3 4
Time (Day)

Bl- £ 2 Fik BSuc-4ZPUMF »t & + A FEAEH & (T ik o 5L o 12
B L i R AEO); wie R k(@) a2 & (fRk) e

34

SLecinate(mm)



180 - 12

160

140

120

100

Glucose(mM)
DDEED

40 -

20

100
- 80
- 60
- 40
- 20
]
1 T T T ey U
0.0 0.4 1.0 15 2.0 25
Time (Day)
iRl ~ 1,./,] hpEARIEET R 1?]’}% BSuc-4ZPUMF =+ & + ]ﬁ’mﬁjuﬁ;

e S SR - R

s & () o

35

CHEREFEQO); wme R

Succinate{m)



