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Effects of overexpression of global transcription factors of carbon
metabolism on L-serine production by Corynebacterium glutamicum

ZHANG Wei'?, ZHANG Xiaomei'2, SHI Jinsong!?, XU Zhenghong?

1 School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China
2 Jiangsujitri Institute of Future Food Technology, Wuxi 214122, Jiangsu, China

Abstract: [Background] Corynebacterium glutamicum is widely used for amino acid
production and it is one of the major L-serine-producing strains. Global transcription factors
play an essential role in the regulation of intracellular metabolite synthesis, and the regulation of
transcription factors with specific functions can effectively increase the synthesis of target
amino acids. [Objective] To systematically investigate the effects of overexpressing the global
transcription factors (GIxR, RamA, RamB, LIdR, GntR1, SigB, and SigH) of C. glutamicum
carbon metabolismon on the growth of C. glutamicum A36-AC and L-serine titer. [Methods]
With C. glutamicum A36-AC capable of producing L-serine as the starting strain, recombinant
strains with individual overexpression of the transcription factor genes gIXR, ramA, ramB, IIdR,
gntR1, sigB, and sigH were constructed. The growth and L-serine titer of the recombinant strains
were examined by fermentation and the experimental results were analyzed. [Results] The
overexpression of RamB and GIxR in C. glutamicum A36-AC promoted the synthesis of
L-serine and did not affect the growth of C. glutamicum A36-AC, whereas the overexpression of
RamA, LIdR, GntR1, SigB, and SigH had no significant effects on the growth of C. glutamicum
A36-AC or the L-serine titer. RamB and GIxR were overexpressed in A36-AC, and the
recombinant strain AC-pZM1-ramB-gIxR was obtained. The fermentation profiles indicated that
the maximum ODse2 of AC-pZMI1-ramB-gIxR was 30.3, while that of C. glutamicum A36-AC
was 34.1. The L-serine titer and productivity of the recombinant strain AC-pZM1-ramB-gIxR
reached 43.10 g/L and 0.36 g/(L-h), respectively, which were 15.9% and 16.1% higher than those of
C. glutamicum A36-AC. [Conclusion] The overexpression of RamB and GIxR in C. glutamicum
promotes the synthesis of L-serine. The findings lay a foundation for further improving the
production of L-serine by microbial fermentation.

Keywords: global transcription factor of carbon metabolism; L-serine; Corynebacterium
glutamicum; productivity
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Figure 1 L-serine metabolic pathway and binding sites of related global transcription factors of carbon
metabolism in Corynebacterium glutamicum. Metabolic pathways are indicated by short thick purple arrows.
Genes constituting the metabolic pathways are indicated by italicized letters with boxes added. Sugars and
metabolites are indicated by bold letters. Transcriptional regulators are indicated by ovals. Arrows from the
ovals indicate transcriptional activation, whereas T-bars indicate repression. Lines ended with squares
indicate the in vivo or in vitro binding of transcriptional regulators with unknown function. G6P:
6-phosphogluconate; F1P: Fructose 1-phosphate; 6PGL: 6-phosphate glucose; F1,6BP: 1,6-diphosphate fructose;
DHAP: Dihydroxyacetone phosphate; GA3P: 3-phosphoglyceraldehyde; 1,3-BGP: 1,3-diphosphoglycerate;
3-GP: 3-phosphoglycerate; 2-GP: 2-phosphoglyceric acid; PEP: Phosphoenolpyruvate; 3PHP: 3-hydroxypyruvic
acid phosphate; 3PSer: 3-phosphoserine. ptsl encoding cytoplasmic phosphotransferase; ptsH encoding
histidine phosphate carrier protein; ptsS encoding sucrose specific enzyme II; zwf and OpcA encoding
glucose-6-phosphate  dehydrogenase; pgi  encoding phosphohexose isomerase; pfk encoding
6-phosphofructokinase; fba encoding fructose-1,6-bisphosphatase; tpi encoding phosphoglucose isomerase;
gapA and gapB encoding glyceraldehyde-3-phosphate dehydrogenase; pgk encoding phosphoglycerate kinase;
gpm encoding phosphoglycerate mutase; eno encoding enolase; pyk encoding pyruvate kinase; |dhA encoding

L-lactate dehydrogenase;

IdhD encoding D-lactate dehydrogenase;

serA  encoding phosphoglycerate

dehydrogenase; serC encoding phosphoserine aminotransferase; serB encoding phosphoserine phosphatase.

1.2 EFE

AT LB 55550 | Fhraigedt . RS
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1.3 FEAFIFUEE

RNA GRG0 & . R ARBOAR &,
T MEE A R A BR A F] 5 RNA 33 5% 5]
& 2Ot i PCRAHIG . FURLE U B w e
Jig e vk [T £ . 2xRapid Tag Master Mix ., [
VR AN, B YR A R AR MRE
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AL AU A BR A F] 5 B0 R W, BD 24 H]
OB AR g A DGR, R AR e
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INRUESIAL . R U 250 HL, Eppendorf
oAl BN, iRk A AR A R
25Fls PCRAY, RO RL# A R A Al
MR UK ES, B RAEERI AR ARl 2
LRI 7 PCR ¢, Bio-Rad A rl; A1k
WA, iR A R ] AR VR B

FEAL, FEER R R B A A 5 SRR 354X,
L FHA R A A .
1.4 ARV E

i HR DR 2 B BGAR) 60 A 100 B 4 s 2
MR FEFF TR A36-AC HYJEN A, 55 M bk
A36-AC JE[HA h ya it g % 5[5 GIxR |
RamA . RamB, LIdR, GntR1, SigB I SigH i}
FLA gIxR, ramA, ramB, IIdR, gntR1. sigB Fl
sigH. 20l R 51 # gIxR-F/R. ramA-F/R .
ramB-F/R . IIdR-F/R. gntR1-F/R . sigB-F/R Fl
sigH-F/R ¥ 14 gIxR. ramA. ramB. lIdR. gntR1.
sigB Al sigH FBt. PCR WA £ (50 uL):
Pk A36-AC LB 1 pL, . THEsIWY
(10 umol/L)%% 1 uL, 2xTransStart FastPfu Fly
PCR SuperMix 25 pL, ddH,O 22 pL., PCR %
I &5 : 98 °C 1 min; 98°C 10s, 55°C5s,
72 °C 20's, 34 MME¥R; 72 °C 5 min, K5I
Y] pZMI1-F/R X ik pZM1-J2 k47 2t Ak Ab
B, OJF R AW U E 4L kM E O TR
pZM1-J2-gIXR, pZM1-J2-ramA . pZM1-J2-ramB,
pZM1-J2-ldR, pZM1-I2-gntR1. pZM1-J2-sigB
Ml pZM1-12-sigH
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*1 RATERETFMERIEARNAESSIFRLEE PCR HN5IHRFT

Table 1  Primers for plasmid construction for overexpression of transcription factors and RT-qPCR

Primers Sequence (5'—3") Use
ramA-F CTAGAAAAGGAGGACAACCATGTGGATACCCAGCGGATTAAAGAT Amplification of ramA
ramA-R TCTGCAGCGGCCGCGGATCCTTAAGGCAGTGCGCCGATCC Amplification of ramA
ramB-F TCTAGAAAAGGAGGACAACCATATGGGAAAGACATATGTGGGGTCC Amplification of ramB
ramB-R TCTGCAGCGGCCGCGGATCCCTAGTAAGGCGCAATCGTGGAT Amplification of ramB
gIXR-F CTCTAGAAAAGGAGGACAACCATGTGGAAGGTGTACAGGAGATCCTG  Amplification of gIXR
gIXR-R TCTGCAGCGGCCGCGGATCCTTAGCGAGCGCGACGTGC Amplification of gIXR
gntR1-F CTCTAGAAAAGGAGGACAACCATATGACCCCAGCAAACGAAAGT Amplification of gntR1
gntR1-R TCTGCAGCGGCCGCGGATCCTTAGTTCAGCGTGCCCAGCG Amplification of gntR1
I1dR-F CTCTAGAAAAGGAGGACAACCATATGAGTGTGAAAGCACATGAATCTG Amplification of [IdR
TC
IldR-R TCTGCAGCGGCCGCGGATCCTTATGCCTCGGCAGCAGCG Amplification of IldR
SigB-F TCTAGAAAAGGAGGACAACCATATGACAGCACCGTCCACG Amplification of sigB
sigB-R TCTGCAGCGGCCGCGGATCCTTACTGGGCGTACTCACGAAGAC Amplification of sigB
sigH-F CTCTAGAAAAGGAGGACAACCATATGGCTGAAAACCGAACCGG Amplification of sigH
sigH-R TCTGCAGCGGCCGCGGATCCTTATGCCTCCGAATTTTTCTTCATGTCG Amplification of sigH
gIXR-F AGAGATGAAGGAGAAAAGCAGTGGAAGGTGTACAGGAGATCCTG Amplification of gIXR
gIXR-R TCTGCAGCGGCCGCGGATCCTTAGCGAGCGCGACGTG Amplification of gIXR
PZM1-F GGATCCGCGGCCGCTG Linearization of pZM1-J2
pPZM1-R ATGGTTGTCCTCCTTTTCTAGAGTGTGACAAC Linearization of pZM1-J2
pZM1-cx-F CAGGTCGTAAATCACTGCATAA Sequencing of pZM1-J2
pZM1-cx-R CATGAGCGGATACATATTTGAA Sequencing of pZM1-J2
pZM1-ramB-F TGGCACGTCGCGCTCGCTAAGGATCCGCGGCCGCTG Linearization of

pZM1-J2-ramB
pZM1-ramB-R CACTGCTTTTCTCCTTCATCTCTAGTAAGGCGCAATCGTGGATTCGTG Linearization of
pZM1-J2-ramB

16S tRNA-F  TCGATGCAACGCGAAGAAC RT-qPCR
16S tRNA-F  GAACCGACCACAAGGGAAAAC RT-qPCR
ptsS-F CCTACACCGCAACAACAACG RT-qPCR
ptsS-R CGCTAGGAAGAACACTGCCA RT-qPCR
pfk-F ACCATGGAGCTTCGTGAAGG RT-qPCR
pfk-R ACACCATAACGAGTGGCCAG RT-qPCR
gapA-F CCTACACCGCAACAACAACG RT-qPCR
gapA-R TCGATCGATGCGGTACCAAG RT-qPCR
pok-F CTCCGTCTACGACATCGCAA RT-qPCR
pok-R AGGAAGGTGTAGCACATGCC RT-qPCR
T AR XSk A R TR

Underlined portions are homology arms.

DI FE A36-AC JEN41U MM, REIY  pZMI-ramB-F/R X5k pZM1-J2-ramB iEF74k
OIXR-F/gIXR-R #1753 gIxR F B, JFikArde PRI, RIE S BRI Bl A7 W B 2
Joe L Pk S B M e Wl s fe . FESE R 51 Y EEE, W E YR pZM1-J2-ramB-gIxR. FRKf
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ER YA ek EE fk 2 Escherichia coli
IM109 B84, PRl If 514
pZM1-cx-F/R #177&7% PCR il PCR W4
A0 pL): W 1 uL, . THE519(10 pmol/L)
%% 1 uL, 2xRapid Taq Master Mix 15 uL, ddH,O
12 uL. PCR JZ I 45fF: 95 °C 10 min; 95°C 30s,
55°C30s, 72°C30s, 29 MEH; 72 °C 5 min,
B UE B I B ) 2 PCR 743k 28 7 ) 4 MER 2
PR AT BR 2 /1T .
1.5 FHHEHRNEE

BB pZM1-12-gIXR. pZM1-J2-ramA .
pZM1-J2-ramB. pZM1-J2-lldR, pZM1-]J2-gntR1,
pZM1-J2-sigB . pZM1-J2-sigH Fl1 pZM1-J2-
ramB-gIxR 5 #Etk A36-AC JEZSMMIRS, T
VK FCE 10 min, SRJG7E 1.8 kV. 5ms 5&{F T
B 40 2 Yk B 1 mL iR O TR A2 B 3R Rk
WIRA G 46 CEBRIRI 6 min, ST
30 °C. 120 r/min AR XFEIR R 2 he Hil
1 200 r/min .0 2 min J5 HEEK, B4 T 5
50 pg/mL Kan FJHLFE A AR FR 5 1, 30 °CHs
It 4 d, PRECREVRHE T PCR A PS5, 15
P EHF M AC-pZM1-gIxR., AC-pZMI-ramA,
AC-pZMI1-ramB, AC-pZM1-lldR, AC-pZM1-gntR1
AC-pZM1-sigB . AC-pZM1-sigH Fl AC-pZMI-
ramB-gIxR,
1.6 %B2757%

¥ Hkk A36-AC, AC-pZMI-gIxR, AC-pZM1-
ramA, AC-pZM1-ramB, AC-pZM1-lldR, AC-pZMI-
gntR1.AC-pZM1-sigB HI AC-pZM1-sigH F1) # ik
Bl Bk Eadl, sronBUb R T S IX R,
30 CCHEFRAATEAL 3 d, SRJE PRI R V& 2 A X
&, PRI 3 d, RIS 115850 .
FATCH AR AR — IR T 20 mL Fh 11555
i 30°C, 120 r/min 33 12 ho HIEF T
ODsep 7153 A BERE 77 3 (2 b i, 1 R eI i
ODsex A 1, BABE 3 1~F47,30 °C. 120 r/min
KEERE SR 120 h, WE KB A Y5 ODse,

L-22 R ht .
1.7 SFE*E
1.71 EHIEHNE

MR AR, BT 1 mol/L s £h 2 v Vi i
EIE MR, ERERAMEEE T 562 nm
A0 TP G
1.7.2 L-ZEERANE

K HPLC 5 i L-22 2 /R,
1.7.3 ERF%FRKESH

WA K B XTEUAE K BI60 h) 1A AR BT
F T 4°C. 4000 r/min &.0> 10 min £ FiE,
BUE SR EAIA 900 pL Trizol il 7] 78/ 24
20 6 G R TR PN 70 00 B A R
iz B8 RNA FEHGF & 58I B AR B B AT i
B RNA, FEEHRU 8 RNA ST 55 R .
T S RUWAAR Z2(20 uL): RNA 15 pL, 4xHifair I11
SuperMix plus 5 pL. M 254 : 25 °C 5 min,
55 °C 15 min, 85 °C 5 min. 3% %1531
cDNA FEA R F9¢ 62 7 PCR KL 8 & 80 °C
PRI, Pt PCR I+ BRI £ i B 45
i

2 ERS594

21 HREFMEREEHRPIWER
A EEMERETTEMN

2.1.1 B —3 R EF IN5E5RIA Bk F1 B Bk
pEiAkE:

J T M EE I T GIxR. RamA ., RamB.,
LIdR . GntR1, SigB HI SigH X itk A36-AC 4
KM L-22 2R S 52, e 1.4 fy
4 R pZMI-12-gIXR . pZMI-J2-ramA .
pZM1-J2-ramB. pZM1-J2-1ldR. pZM1-J2-gntR1.
pZM1-12-sigB Fll pZM1-12-sigH, ¥kHE: 1L 1k
I8 7% PCR B00iE, % M P A wl S Ty, %
IE 4 TRy AR AL )

W F 2H 0K 20 ) L A36-AC JEAZ 25 4N
TRAT AR BRI fb T 2E 1T 75 PCR ik, &
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AE, HHEK AC-pZMI-gIXR, AC-pZMI-
ramA., AC-pZM1-ramB, AC-pZM1-lldR. AC-pZM1-
gntR1, AC-pZM1-sigB 1 AC-pZM1-sigH 44
Rz
212 B—H#FEFMERENSRKRE
HEAE K2

B —TnsR s 7 SR INFEARAERK
LA 2 Firs , & BN Rk 7 ¢ I F GIxR )5,
2 R ODsex M 36 h TFEABS I T H & Btk
TE R W2 5 ODser N 36.54, R R RE(39.24)
FEAIK 6.9% (& 2A); w2 iK% 5% [HF RamA |

B2 #RETFINRFEEREE K

RamB Fll GntR1 )5, =4 R MTE & B FEH Y
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Figure 2 Growth curves of strains with overexpression of transcription factors. A: Strain AC-pZM1-gIXR;
B: Strain AC-pZM1-ramA; C: Strain AC-pZM1-ramB; D: Strain AC-pZM1-lIdR; E: Strain AC-pZM1-gntR1,

F: Strain AC-pZM1-sigB; G: Strain AC-pZM1-sigH.
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Figure 3 L-serine titer (A) and productivity (B) of strains with overexpression of different transcription

factors.
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4 EEAMBREEZEFRAMBEOBE A HAE5NRFKEFE TRREERER. B: &
#L pZM1-ramB-gIxR [ 7% PCR 455 (M: DL5000 DNA marker; 1. 2: pZM1-ramB-gIxR A4 1L T 3.
pZM1-ramB-gIxR FHPE#E 4L T). C: Bk AC-pZM1-ramB-gIxR & ¥4 PCR ¥:iE(M: DL5000 DNA marker;
1. 2: AC-pZMI1-ramB-gIxR FHPEE: 4L,

Figure 4 Construction of plasmids and strains with overexpression of combined transcription factors. A:
Schematic diagram of the plasmid construction for combined overexpression of transcription factors. B: PCR
results of plasmid pZM1-ramB-gIXR colonies; (M: DL5000 DNA marker; 1 and 2: pZM1-ramB-gIXR negative
transformants; 3: pZMI-ramB-gIxR positive transformants). C: Strain AC-pZMI-ramB-gIxR colony PCR
validation (M: DL5000 DNA marker; 1 and 2: AC-pZM1-ramB-gIxR positive transformants).

5 B®#k AC-pZM1-ramB-gIxR B4 K B2k (A)FNEL & KR R 12 (B)
Figure 5 Growth curve (A) and specific growth rate curve (B) of strain AC-pZM1-ramB-gIxR.
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Figure 6 L-serine titer (A) and productivity (B) of
strain AC-pZM1-ramB-gIxR.
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Figure 7 Changes in transcription levels of genes
related to strain AC-pZM1-ramB-gIxR.
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