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Enhanced Expression of PEPC Promotes the Synthesis of 4-Hydroxyisoleucine by

Corynebacterium glutamicum

HU Chuhan SHI Feng’
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Abstract: [Objective] This study aims to achieve the efficient biosynthesis of 4-hydroxyisoleucine (4-HIL) in
Corynebacterium glutamicum (C. glutamicum). [Method] The isoleucine (Ile) inducible promoters (P,,zN) of
varying strengths were used to dynamically upregulate the expression of the isoleucine dioxygenase (IDO) gene ido
and the Vitreoscilla hemoglobin (VHb) gene vgb. On this basis, constitutive promoters of different strengths were
employed to enhance the expression of the phosphoenolpyruvate carboxylase (PEPC) gene ppc and the pyruvate
carboxylase gene pyc. [Result] Among the recombinant strains harboring different P,...N promoters, strain
C. glutamicum SN-I,V, (SN-I,V,) was selected. After 144 h of fermentation with this strain, the concentration of
4-HIL reached (109.14+£1.03) mmol/L, representing a 46.69% increase compared with the control strain
C. glutamicum SNO02 (SNO02). Subsequently, overexpression of ppc with the strong promoter P, led to the
development of strain C. glutamicum RS-MP (RS-MP), an elite 4-HIL producer. This strain achieved a 4-HIL
concentration of (145.76+£6.04) mmol/L, a 33.55% improvement over the control strain SN-I,V,. [Conclusion] The
screened P,..-N combinations and the ppc overexpression strategy provide a theoretical basis for the efficient
biosynthesis of 4-HIL in C. glutamicum.
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Gene regulatory sites and expression plasmids involved in the production of 4-HIL by C. glutamicum in this study
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Table 1 Plasmids used in this study
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Table 2 Primers used in this study

514 5'—3'F 4
P, s-F ACAAGGAGACCAAGTAAGGCGCTAAGCTCCGCAATA
P,..--R CTAATAACCCTCCTTCTCTCCAGGCTTGAATGAATC
ido-F AGAAGGAGGGTTATTAGATGTTAGACCAGCAAACC
ido-R AGCTCGAATTCGTCGACTTATTCAACCGCTTGAGCG
PPC-P, ., -F AGAAGTGCGGTTTTGATGAGTGAGCTGTTGACAATTAATC
PPC-P,,,-R TCATCTAATAACCCTCCTTCTAATTGTTATCCGCTCACAAT
PPC-P,-F AGAAGTGCGGTTTTGATGAGTAAGTGGGGTAGCGGCTTGT
PPC-P,-R TCATCTAATAACCCTCCTTCTAATTGGTTTTGCTTTCACTG
PPC-P,,,-F AGAAGTGCGGTTTTGATGAGCACGCCCAAAAAGTTTTACC
PPC-P,,,-R TCATCTAATAACCCTCCTTCTTGTTTTGAAATCGTAGCGGT
PPC-P,,,-F AGAAGTGCGGTTTTGATGAGCGATCACGAGGGGGCACATT
PPC-P,,,-R TCATCTAATAACCCTCCTTCTTTAAACTTCCTCCGTGTCGA
PYC-P,,,-F AGTCGTGCAGGTCAGGGGACACGCCCAAAAAGTTTTACC
PYC-P,,,-R ACACCTAATAACCCTCCTTCTTGTTTTGAAATCGTAGCGGT
ppc-U-F GTACCCGGGGATCCTCTAGACTCCCACATCTCCACCGG
ppe-U-R CTCATCAAAACCGCACTTCT
ppe-D-F AGAAGGAGGGTTATTAGATGACTGATTTTTTACGCGATGAC
ppe-D-R CCAAGCTTGCATGCCTGCAGGGAGATGCGTATGGAGTAAAG
pyc-U-F GTACCCGGGGATCCTCTAGATGAACTCGGCGTCAAAGTC
pye-U-R TCCCCTGACCTGCACGACT
pye-D-F AGAAGGAGGGTTATTAGGTGTCGACTCACACATCTTC
pye-D-R CAAGCTTGCATGCCTGCAGGGGGCGGAAGCCGTTGTTTG
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Table 3  Strains used in this study
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D-RS P,z -ppc D-RS P, Py AW

D-RS P, z,-pye D-RS P, Py EN N

RS-MP D-RS P, P, 547 1,V, ENI

RS-FP D-RSP,, ::P, MLV, FN G

RS-OP D-RSP,,..:P,,, i LV, ENGI

RS-DP D-RSP,, Py T 1V, ENGIFA

RS-DY D-RS P, 1P, W LV, EN T
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Fig. 2 Growth and sugar consumption of strains SN-I,'V, after 144 h of fermentation
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F4 KB 144 hFEK SN-I,V, A9 4-HIL e ¥ Lys iR E
Table 4 Concentrations of 4-HIL, Ile, and Lys of strains SN-I,V, after 144 h of fermentation B {7 :mmol/L
B Fk 4-HIL K J¥ Tle ¥ % Lys i /%
SNO02 74.40+4.16 1.43+0.15 19.22+1.22
SN-I,V, 16.92+0.56 61.06+£6.28 22.83+1.11
SN-I,V, 39.47+3.82 59.92+3.17 16.53+0.64
SN-I,Vps 15.59+£2.61 56.83+11.30 25.66+1.38
SN-I,V, 35.50+1.53 58.53+4.10 16.79+0.52
SN-I,V, 99.35+£3.14 0.63+0.06 23.80+0.58
SN-I,V, 85.56+4.07 0.53+0.11 20.04+0.63
SN-I, Vs 73.25+1.91 0.74+0.02 26.96+1.02
SN-I,V, 90.02+8.77 0.57+0.10 22.00+1.59
SN-L,V, 106.49+3.67 12.85+1.35 11.284+0.58
SN-L,V, 64.24+5.51 3.08+0.18 23.05+1.73
SN-I,Vps 108.53+10.97 0.74+0.11 28.23+1.81
SN-L,V, 109.14£1.03 1.61£0.09 17.57+£2.20
SN-I,5V, 61.70£1.11 2.90+0.22 18.41+£0.71
SN-I,5V, 95.64+1.16 0.75+0.13 12.65+1.71
SN-I,5Vps 78.75+15.80 38.73£1.77 16.84+0.64
SN-I,5V; 55.18+6.59 59.62+10.76 13.74+8.58
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FIE JFRL S P Pogirs Pun 25K H C. glutamicum 1 #k
I ge ik . IR E I 3h T B ppe KK %94 %)
B A4 AR KR 4-HIL WK 2 16 52 ), i i tH b i ppe 2
K& & 8 s 1o thah, b— N (8 T8 5%,
T JE A BRI AT ORI R E RS, EEH M
J2 5 3% H I AR TR, (HL 12 iR U6 TR Ak 2 1 BE 2D &
Lys @l F=# = B G S AR EEF . JFER
Fi D-RS B bk 7B A G €0 44 JE R % 4 (1 H R 18 #k
D-RS Btk #& 7£ SNO1 & ¥k 1] dapAd 5 n N T — B
Lys-OFF # B8 2% i B, 5 SNO1 7E [A] S8 4% L~ 1
4-HIL ¥ £ £2 1 , {5 Lys # £ M 30.6 mmol/L F& ik
F 16.3 mmol/L'",
22,1 ERAppe ARG R XA KL KB
A

ppe it 23K B K KR B 144 h ) A KR RE B A
W 3Ca)~(b) . B LLFE HF A 5E )3 3 1 id R ik
ppe B G A LR 00 B PR I AR K L AL T 0 R
Pk SN-LV,, ] 41 , £ & 1% 144 h J5 , RS-MP ]
ODso, [HIE F T 118.8, AH L X B8 B bk 2 /1 7 25%.

il

Ay o T BRI B 2% OD s, 18 1 48 5 X 18 B ik 4%
WL, E 90 A o X U B 1 ppe B R R IE BT
R I IR B AR . AERERE T I, BT R PR 1) FE
A AR — T 7E 0~72 h N IR GEFEHE , 7F 96 h I #E
FeRE IR A . Rk, B ppe MR IE &R
B E A A K, IE B RS-MP B4 K 1% 0 fe I
222 LR ppc ik B8y & k3t 4-HIL K & 89 %R

W 58 K BEEA H 4-HIL e Lys B3R . anfd 3(c)
JT 7 5 4-HIL ¥ & 8¢ w5 19 B Bk 9 RS-MP, 34 5] |
(145.76+6.04) mmol/L; } {X /&2 RS-OP, 4-HIL K
FE ik %) 7 (113.70+8.68) mmol/L; iX 2 £k & £k 1
4-HIL ¥ B bboxf BB vk 2 0l 42 /& 1 33.55% A
4.17% ; Ho A T Rk 1 4-HIL 3 5 5 %0 B8 B Pk A 22 8¢
/N, BBAE 100 mmo/L A A . fEller=4 51, T A
I TR PR ) Tle ¥k FZ AR W] DA Z0BE AN T, B Tle f%
EERIE B T MR . A4, B FAEH T D-RS
B R BE bk, 28008 TR PR 9 Ly's 9 B #RARAIC , t T
PLABS AT . 28 EATIR il il Py i R & ppe %
DRI F E5 3 1 Pk AE 189 4-HIL (3K %, 9F B4 &)
W) Lys W J& FEAK , R e B A AR 7= 4-HIL 1938 77 .

E 3% BT 75 B Pk RS-MP #2 il & B% 1) 4-HIL WK
bt Shi 2527E 2016 4F # 38 1) 2 F 5 KL 1) ppe i &
15 T PR I 4-HIL WK B 32 5 1 (50.0444.52) mmol/L,
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