R TR O RCE 48 B )
Journal of East China University of Science and Technology 335

Vol. 52 No. 3
2026-06

MEHS: 1006-3080(2026)03-0335-12 DOI: 10.14135/j.cnki.1006-3080.20250705002

AT TCA RIMEH KT EF A ZEB S K
(R)-3-BETEBRHMAR

oMy, IMia4e!, FiZdp!, X 4V
(1. AR I RFAHITAFR, LiF 200237; 2. KER I AXFAYTHEFR,
HRADFHERFTRETLLRE, LT K& 116024)

WE: CRAFTAVEBERRZ —, EAKRAK. KE S F4H .5, TCA(Tricarboxylic
Acid) A & TR K MAF A L LR AR AR (R)-3-AA TR (R-3HB) W £ &z ez, &2
I TCAVER R BIRH R-3HB M R E, KR MET —Fr it 48 3 40 2 38 3% F Rk
R-3HB R 69 Z 2 06 ik 7 3%, JF48 0 4% 47 AL R Fl crRNA ) CRISPRi £ %, T TCA #E 3R 34T
FRZREGIE, Hidth SARIHBMHEZS ZAtk, EHEMKFRTABEIE, P,
SX11 A EEMEN T4 AT 212 g/L#¥ R-3HB, MR TABAIREH31.7%; LiZH#kE
64 h B 8973 %4 0.41 g/g, #AER FTAT B FH 115.8%., £ T SX11 H4F o9 crRNA 5o M AT
2t 5 49 CRISPRI JT 4 # AT ©1 AN 3E , K W4T BW25113(pTrcAB7, pPBADP2, pSC101-gltd) #
R-3HB = 2413 & 5 ] 4 2.04 g/L#A= 0.37 g/g, A5t /R % # #k (pTrcAB7, pPBADP2) 4 %] 4% &
13.3% #7 94.7%., %% R4ER T 4 A gltAcrRNA2"# CRISPRI % %t % A 242 TCA /5 5R, 12

HEAF A LB AR R-3HB, KX A EHVALEE-CoA A aiiktg =4 = 54242 T 37 & 3%
KER: KMAHA; Ti; (R)-3-FAATHR; Za0fik; CRISPRI

FE5KS:Q815

LRI — Rl i W) — Bk — oA HLER, wI AR
AR BB IR, AR TR SRR, £ B AR
FRG AR A LR IR A il T A
PRI P R R SR 25 )T, 2 TR 4 A MR R L R A A
LR AR W T A TR ) LR 2D 32 B T 5 A% (R E 5 3 1Y
TR RERAA RE CIRART BRI R
AR, (B A JSORHER I . A1 il AR IR AT
FHEGEIR, AR T IRk B, HAT, B SR M
A, ZRRELRE IR R 4E R | Sl B KA
AU A5 JRAN W) s A A el e, AR TR
LFYEZ N OB 7 TR EAT AR B S
WA A 7 A0 AT & R BN AT LUTE AR 7 TR
I A2 L E CO,, fie BE XU H AR 1K AL, A B8

W75 B #3: 2025-07-05
BEE&WE: ERHESV AT (2021YFC2103500)

MERFRERD: A

RACA FEGHIE R SR Y 2 A 77 k%0, B,
K HGAE Y K B R R © ] R SRR A= 7= 2 Fh i) o
0 3-%% 3£ 4 |2 (3-hydroxypropionic acid, 3-HP) [0
A FERRU, FERRUY, R LIRIY, RNEE BT
PO A U R (3323 T IR ) 1S 45
(R)-3-¥2% T2 (R-3HB) & —F B A F M iy
FEAYITE S5 EY, BB IENPUER . 4 E R
FRR S Z Y BT ATAR2, R-3HB J&H LAY
ST R SRR (32 5L T MRl ) (PHB) 1Y B, gl
AT 45 1L PHB B H ALY o Ak, R-3HB 2 L 5l
Wy = DI A S R v i — R, AT LA Ry ik A
i E PR AL AR &, B TR T R 2 A 2 o g 28,
H T, SR AE Y K A 7 R-3HB MR E 4K N
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JRE 940 : Chen 2520 3 ok 8458 A4 P AR WG VE | Bl
il AR A 2 AR R AR 3 MOy A TR R
TR (E. coli) , 232 Rk LUHE % B8 0y B L, 38 i
Ot RRE & AR 7 75.7 ¢/L 1Y R-3HB.,

TE A ) E AR #2 o, TCA(Tricarboxylic
Acid) T ZIHFE R L WE-CoA. I, fEALFE R-
3HB 7E N 1Y LA £ BE-CoA g BT A (Y 7 9 A 7= ik i v
TCA A & F Rtz —. HEWMEHER
TR, TCA & PR J& 78 4 S8 A5 18 T 4 15 B A A A7 A
A G iR A, AR F4E BT TCA JB3F, 2™ B i il
BHRAE R, 2 HESBOARIE T . T4k, it
PR P4 TCA 18 B i B W 4% 2= A F T W) 5 B
(7K, 2o A TR S Y A S B . B
Zhao “5FPT AR FF R P 4 B AR R A4 9F 5
i, ffi FH CRISPRi $L[6] 3 (K icd, pykA Fl sucCD ¥
TCA TEFRIRE, IRAA IR 1 ™ = T 23%, 5%
T 3.93 g/L; Lobs 428 38 i:f CRISPR ##77 TCA 1/ 26
FNH AL B AR DCHER 13K, FH45 6 HALSR M s
I o 1 70 B 4 R (KTuyveromyces marxianus) B £ TR

LR 3.8 .

W58 /I © & ) 78 R I FF 7 BW25113 th
T N R E) R-3HB (R #, SCHLLL LR N
RIS R-3HBR30 ASCLAZ NI, #2467 R-3HB
1) TR R o BT B v, R T — i B A0 o A X
P BE F e R-3HB e B 1 e S50 18 T 0k, 45 Bk
T CRISPRif I IR 4% S, D i th B HG M
BEHI ] TCA T34 crRNAJFH, #2570 TFR i
PR 1R 4 i R-3HB (1= FIfgR

| RS

1.1 E#R AN BTRL

AW 5% AR PR R-3HB AP FH AY 3 5 T B 2
BW25113, 1fij 5T K7 A4 £ 55 43 55 50 76 K W AT &
DHS5a HV AT o AR 9 SO R 04 B R R BORE 3 40 47 0
LR 1 HIER 20 BUAb, AR SO R EE TR R P A 514
Jah T & RBS W3 3.

1 ARSI bR

Table 1 ~ Strains used in this paper

Strain Genotype Source
DH5a F—, supE44, lacU169, (¢80 lacZ 15) , hsdR17, recAl, endAl, gyrA96, thi-1, reldl Laboratory collection
BW25113 F-, DE(araD-araB)567, lacZ4787(del).:rrnB-3, LAM-, rph-1, DE(rhaD-rhaB)568, hsdR514 Laboratory collection
FP26 BW25113 P53,¢,-glt4 This study
FP27 BW25113 Py3,05-gltA This study
FP28 BW25113 Pp3;;,-gltA This study
FP29 BW25113 Py3;;3-gltA This study
FP30 BW25113 Py3;,4-gltA This study
FP31 BW25113 P3;;9-gltA This study
SX01—SX39 BW25113(pTrcAB7-HPR, pBADP2) transformed by the random CRISPRi plasmid This study
2 ARSCHE IR Bk
Table 2 Plasmids used in this paper
Plasmid Description Source
pTrcAB7 phaA (F219Y) and phaB (Q47L/ T173S) genes from Cupriavidus Necator in pTrc99a Laboratory collection
pBADP2 pcty sy3 gene from Clostridium beijerinckii 8052 in pBAD33-tre Literature [29]
pTed-HPR Pipdr-hpdR, Pppap-mrfp1, Kan®, pSC101** ori This study
pET28a-HPR Pipdr-hpdR, Pppqp-mrfpl, Kan®, pBR322 ori, F1 ori This study
pTrcAB7-HPR Phde—hde and Phde—m;ﬁ)I was add to pTrcAB7 This study

JBEI-18703
pSC101-smr

pSC101-gltd

DHI1, Ppq-eng-dCas9-P 3, ,9-poxB-ackA-pta, pSC101**, Kan®
DHI, Pre-eng-dCas9-P ;»3; g-poxB-ackA-pta, pSC101%*, Spe®

DHI, Pre-eng-dCas9-P 3, 79-gltAcrRNA2*, pSC101%**, Spe®

Literature [31]
This study

This study
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Table 3  Primers, promoters and RBS used in this paper

Ttem Name Sequence (5’ to 3”)

Primer F-Pgj14-sgRNA GATTAACTTATGTAACAGTGGTTTTAGAGCTAGAAATA
R-P;4-sgRNA CACTGTTACATAAGTTAATCACTAGTATTATACCTAGGAC
F-gltA-yan GCGGTAAGGATGCCCCACAT
R-J231xx-yan CTAGTATTTCTCCTCTTTCTCTAGAGCTAGC
F-gltAup CGAAGAAGCTGCCCATAATCGC
R-gltAdown TTTTCGACAGCAGGCGGAAC
F-gltAdown101 AGGTATTATGCTAGCTCTAGAGAAAGAGGAGAAATACTAGATGGCTGATACAAAAGCAAAACTCAC
R-glt4up101 TCTAGAGCTAGCATAATACCTAGGACTGAGCTAGCTGTAAAGGATCACTGTTCAGGATAAAACCCG
F-gltAdown108 AGGTATAATGCTAGCTCTAGAGAAAGAGGAGAAATACTAGATGGCTGATACAAAAGCAAAACTCAC
R-gltAup108 TCTAGAGCTAGCATTATACCTAGGACTGAGCTAGCTGTCAGGGATCACTGTTCAGGATAAAACCCG
F-gltAdown112 AGGGATTATGCTAGCTCTAGAGAAAGAGGAGAAATACTAGATGGCTGATACAAAAGCAAAACTCAC
R-gltAupl12 CTAGAGCTAGCATAATCCCTAGGACTGAGCTAGCTATCAGGGATCACTGTTCAGGATAAAACCCG
F-gltAdown113 AGGGATTATGCTAGCTCTAGAGAAAGAGGAGAAATACTAGATGGCTGATACAAAAGCAAAACTCAC
R-gltAupl13 TCTAGAGCTAGCATAATCCCTAGGACTGAGCTAGCCATCAGGGATCACTGTTCAGGATAAAACCCG
F-gltAdownl114 AGGTACAATGCTAGCTCTAGAGAAAGAGGAGAAATACTAGATGGCTGATACAAAAGCAAAACTCAC
R-gltAupl14 TCTAGAGCTAGCATTGTACCTAGGACTGAGCTAGCCATAAAGGATCACTGTTCAGGATAAAACCCG
F-gltAdown119 AGGTATAATGCTAGCTCTAGAGAAAGAGGAGAAATACTAGATGGCTGATACAAAAGCAAAACTCAC
R-gltAup119 TCTAGAGCTAGCATTATACCTAGGACTGAGCTAGCTGTCAAGGATCACTGTTCAGGATAAAACCCG
F-crRNA-yan CACGCATTGATTTGAGTCAGCT
R-crRNA-yan TCCCAGAGCCTGATAAAAACGAG
F-gltA-crRNA1 AGCAAAACTCACNNTCAACGGTTTTAGAGCTATGCTGTTTTGAATGGTCCCAAAACTTCAGCACACTGAGACTT
R-gltA-crRNAL1 CGTTGANNGTGAGTTTTGCTGTTTTGGGACCATTCAAAACAGCATAGCTCTAAAACCTCGTAGACTATTTTTGT
F-gltA-crRNA2 CTGTGGGGACCTNNGCACGGGTTTTAGAGCTATGCTGTTTTGAATGGTCCCAAAACTTCAGCACACTGAGACTT
R-gltA-crRNA2 CCGTGCNNAGGTCCCCACAGGTTTTGGGACCATTCAAAACAGCATAGCTCTAAAACCTCGTAGACTATTTTTGT
F-icdA-crRNA1 GCGCTCGAAGGANNGGTGAAGTTTTAGAGCTATGCTGTTTTGAATGGTCCCAAAACTTCAGCACACTGAGACTT
R-icdA-crRNA1 TTCACCNNTCCTTCGAGCGCGTTTTGGGACCATTCAAAACAGCATAGCTCTAAAACCTCGTAGACTATTTTTGT
F-icdA-crRNA2 GAAGGAGCGTTTNNAGACTGGTTTTAGAGCTATGCTGTTTTGAATGGTCCCAAAACTTCAGCACACTGAGACTT
R-icdA-crRNA2 CAGTCTNNAAACGCTCCTTCGTTTTGGGACCATTCAAAACAGCATAGCTCTAAAACCTCGTAGACTATTTTTGT
F-gltA-crRNA2" CTGTGGGGACCTCAGCACGGGTTTTAGAGCTATGCTGTTTTGAATGGTCCCAAAACTTCAGCACACTGAGACTT
R-gltd- ctRNA2"  CCGTGCTGAGGTCCCCACAGGTTTTGGGACCATTCAAAACAGCATAGCTCTAAAACCTCGTAGACTATTTTTGT
F-16sRNAq AACTGGAGGAAGGTGGGGATGAC
R-16sRNAq CGGACTACGACGCACTTTATGAGG
F-gltAq GATGACCTGCTGGAAGTGGCTATG
R-gitAq GACGGAATACCCATCGCTTTCAGG

Promoter J23101 TTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGC
J23108 CTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC
J23112 CTGATAGCTAGCTCAGTCCTAGGGATTATGCTAGC
J23113 CTGATGGCTAGCTCAGTCCTAGGGATTATGCTAGC
J23114 TTTATGGCTAGCTCAGTCCTAGGTACAATGCTAGC
J23119 TTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC

RBS B0034 TCTAGAGAAAGAGGAGAAATACTAG
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12 EHFE

Luria-Bertani(LB) £ ## 3 (g/L): & 1% 10, NaCl
10, FERHEIY) 5.

K BER SR 5L (g/L) - KH,PO, 3.0, Na,HPO, 15.12,
NH,CI 1.0, NaCl 0.5, CH,COONa 10, MgSO,-7H,0
0.49. CaCl, 11.1, B EEZIY) 2. i JC R B (TE)
0.000 1., VB, 0.002.

Pz BT A AN BT AE R, S P E R R AL
H R 28 I VR S (mg/L) : 24K A AR (Amp) 100, 52 %5
E(Cm)34, KM%E 2 (Spe) 100,

1.3 XEWAHZE

1.3.1 #ARKEE —RFF: 5 EPRE 3~6 45
B V5 R FP R 5 4 mL LB ¥ = A, T 37 C.
220 r/min 254 TR KGR . R DL 2% B L
o422 B, o — SR T4 A0 )& 50 mL LB 85 37 5L 1)
250 mL = AT, T 37 €. 220 v/min 48 T 5553
10 he BB FE: LA 2% H G52, g — G Fp 4
) 50 mL & BERE S, 737 €L 220 v/min 54 F
Ri g% 3.5 h, IIAZHKE 0.1 mmol/LIK) 5 15 3 -4-D-fi
FEZUBE T (IPTG) #4755, W55 5 & I Tt B2 1K
£ 25 C. B 8 h AR, JF HAHH 3 mol/L H,SO, ¥ %
o & BE Y pH PR 2 7 2247, U BORE S —34
T ODyggp, 73— 43 B O HL L T-20 °C {77
1.3.2 CRISPR-Cas9 X H%4i# K fdif] CRISPR-Cas9
NGB HEAR SR BOERGR T, ZREHM
AR H A : pRedCas9 Fl pGRB, H:H pRedCas9 171
ik Cas9 5 H, pGRB 11 57 £ ik sgRNA. sgRNA J¥
511 {d F Benchling 3l i 7E 2% sgRNA T Hixit., —
REIE LT, DNA A7 51 by 1 Vi ] U5 - 46 )5
B F-RBHR S5 A0 5 (RBS) - F i [ U, an S0 A
FEER LI, A SCrh d A9 RBS #5824 B0034.

1.3.3 Aty il E ot v E R AR BB R AT
PR 2 w] (i K Fe 5% 75 ME#E ) Y ClonExpress Ultra One
Step Cloning Kit V2 C116 i1 Ui #4) 5t . 4 i i 72
WG LA BRTE R AF I DHSa Wit 17,

134 At k5 AN 2 PRHU L pTed-HPR Bk
pET28a-HPR () BW25113 FARE %, M 2]& 4 mL &
P 1 % 3 (KR A 75 R B/ S A )k B R-3HB) 14
1,37 °C., 220 t/min F ;5% 12 he WL 200 pL &K
R 96 FLAR T, B 3 AT, K 96 FLk
CEIEEFR Y, 37 C PR HESR, & 6 h il f—1K ODggo
H1%¢ Y6 {8 (RFU, Relative Fluorescence Units), ¢ Y {E
M 25 18 & I 585 nm, KT 620 nm, 5¢ G
T 100%. e, HEMXHEER B (RFU/ODgy,)
1.3.5 CRISPRi # R ¥4, i 1 Benchling ¥ 3 ()
TE4R sgRNA T B %3 orRNA, FER 53 19 crRNA

(crRNA 1 7 (i Fl 8 (i B4 A LIRSS ) 111514, i
iof Al X R N (PCR) 474 pSC101-smr AR15-4: 14
o R B S B8 1 5 Ao et e Bt AR AT
7 DHS5a HifEAT 3046, 8 6] —F-H b 0% Bir Bk 47
) [E] — AN, FEELE A AR orRNA BIR A R
B 5, B B R IR A R EE A BW25113(pTrcAB7,
pBADP2) 1, 7E A LB V- EIR ARSI T4 . Pk
BB T 75 23 MR 2 4 mL LB B 5 5L rp, 78 37 €.
220 r/min 54 R 12 he FH23I1Z59% % 10 nmol/L 19
JI 7K PUFR ZZ 1 0.1 mmol/L IPTG 1 4 mL & B 73 it
b, JERER S 10%, 78 37 °C. 220 r/min 25 F 3535 32 h,
B B R R B 96 FLAR P, B FLER N 200 uL
B, TEBEAR AU 37 CIR% 1537 6 h, Il & ODg, Al
FOGCAA, FFTHEARXS DGR

1.3.6 #FAKFAE  FPERG I (gltd) 15 5%
TRPAd FH 2¢O B PCR & . BRI & 8% 16 h B (1)
KWW B B A 38 W B S, in A i (DE103-01,
P LU PEE R A A ) A R AT R R AR i . SR (T
FastPure Cell/Tissue Total RNA Isolation Kit V2(7§ &l
WMEE S F]) BEHL RNA L il B2 AR W R (1)
e A PR &) (R PR 2 2 4B %) A9 Hifair® 1 1st Strand
cDNA Synthesis SuperMix for qPCR (gDNA digester
plus) ¥ RNA % 55k cDNA, E$% 16sRNA 1E I
Z %N, fdi B Hieff UNICON® ColorGPS qPCR SYBR
Green Master Mix(No Rox) (XA Y)) # i1 6 E &
PCR.

1.4 DA%

141 BARKEM ] V1800 AT W43 ot EE it
N2 BT OD g, 38 3 i R Al I 122 (L FE 0.2~0.8 Z [
1.42 T A= R-3HB F 40 R 69k M = FHE 5L
W AH (0385 (LC20A AY, 5y HEZS W] ) I Wy Bavik B2, ik
TR FH AT 67 22460 0 25 F1 €8 154 Aminex® HPX-87H
Column 300 mmx7.8 mm(Bio-Rad 2% &), & H ), ¥t
S AHE 5 mmol/L i 2, A L A8 I & 65 °C, It
0.6 mL/min, it 2l AH A FH A7 A 2025 il e 8 2ok g (D
FEFLAE 0.45 pm), JFHE A BR AL . X HRE O A7 1
FE LI 0.22 pm ZKAH RS 8, D030 g 0 1T AR
AR v it 2 Gt o s o ot 10 D00 i 295 SR g AT 2 41 )
TR Y R E .

2 FERE5TR
21 BEEEHHBEBEZHFIET TCA BEIREEN R3HB

AR
S ZE B SE UG, FE R BW25113 A
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DAL T N 22 5 R-3HB 1YL =g 22, 78
A= 7 R-3HB 9 T #2 K % AT 18 N, TCA 76 35 I R-
3HB & AR 12 #0075 B 2L L BE-CoA M TR . TCA 1
i fb A O SO AT R 5 Tl (GItA) J& TCA T3
1) BR T3 A BR B30 B X gled B K, 1E A W] 58 2 Y
2H Y S B B R SRS B, TR TCA 76
ARy 5RO, B AE UE R-3HB A N . A SCrP il
123100 & 9 9 )5 3 F Poosiors Poosioss Poosiies Prosiiss
P oz K1 Pposypg B BW25113 glt4 )RR E 30+,
4y % 45 2 i ¥k FP26. FP27. FP28. FP29. FP30 Al
FP31. it H A 3 ¥ %% M\ 55 2 5% /9 0T 5 HE 51
P.123112\ PJ23113\ PJZ3114\ P./23108\ PJ231()1 7Fﬂ P.123119[34-36]0 E
WA 3 ¥ 5, gltA WG oK R 5 R 3l 70 B 52
A&, I HL oo i bR gled 5 S KT S50 1 B A A
PRCEL 1)) o & 1(b)~(d) s, AH AT 5 b6 T Ak
BW25113(pTrcAB7, pBADP2), fif &5 ¥ i gitd J3 51 T
Je B R RR A A A A d AR 2, TR R Y R N

P 23101
Pasi0s
Prasiz
P33

123114

Jf H R-3HB 77 5 R BEREAR . Hor, (i FH #5915
& T ) FP28(pTrcAB7, pBADP2) il FP29(pTrcAB7,
pBADP2), if5 3 /5 JL P AN REAE K, AR BEFIH £ R 2E
77 R-3HB. AT DA 33X AT R B 46 glid SR 3h 15
FHTCA 58 BRI, AN 2 AR R AR R WG 97
MIAEAF . A 4 ATRPE, BAR R-3HB 145 S AHEL
TR 44 T tk BW25113(pTrcAB7, pBADP2) 42 7} B i
(B 1(e)), A T LR IEFE L 12, ;% R-3HB )™ &
RO TR F k. Horb, FP31(pTrcAB7, pBADP2)
7E 64 h A3 R 5 5, 4 0.47 g/g, {H R-3HB =AU N
0.79 g/L. SRRUE, BIRIE B gled 195 3+ i
e T3, {3 R-3HB A7 &2 IH B F&AI%, 5 gltd 1Y
TR 72 Ry 123100 R 55 307 I B4 45 18 Bk
) TCA TEA PR W38 & R-3HB A=) 158 2 .
2.2 #E R-3HB B HKM B RIH LS %
T HE % R3HB W7 &, @ B — LA 1S
1) TCA JE SR E, BT e 75 2 K i TAE M 24K,

Terminator

J23119

gltAd

(a) Schematic diagram

A—BW25113(pTrcAB7, pBADP2)

A—BW25113(pTrcAB7, pBADP2)

A—BW25113(pTrcAB7, pBADP2)

ey
=]

S5 [ m—FP26(pTicABT, pBADP2)

o—FP27(pTrcAB7, pBADP2)
*—FP28(pTrcAB7, pBADP2)

I Y—FP29(pTrcAB7, pPBADP2)

0—FP30(pTrcAB7, pBADP2)

0—FP31(pTrcAB7, pBADP2)

Fig. 1

oo

[m—FP26(pTrcAB7, pBADP2)
o—FP27(pTrcAB7, pBADP2)
*—FP28(pTrcAB7, pBADP2)
v—FP29(pTrcAB7, pBADP2)

0—FP30(pTrcAB7, pBADP2)
Fo— FP31(pTrcAB7, pBADP2)

N
[

g
=

[ m— FP26(pTrcAB7, pBADP2)

o—FP27(pTrcAB7, pBADP2)

| — FP28(pTrcAB7, pBADP2)

v—FP29(pTrcAB7, pBADP2)

0—FP30(pTrcAB7, pBADP2)

F 0—FP31(pTrcAB7, pBADP2)

Effect of replacing the gitA promoter on R-3HB production
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S A DFAILORFESES
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Y (e) Yield at 64 h ) (f) Transcriptional level of gltA
1 B gltd JR 87 %F R-3HB A2 7= (W51
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PR b A e — o e A A R AR R A MY . AR
O B R, Sk B BB A B (Pseudomonas putida
KT2440d) B Py, (5 ZE R385 HpdR) , 76 R HTFi#
I FH A8 3 B 3-HP (W BIF5E Hh B IR0, 3-HP A9 ¥k
JE, 76— 2 VW Bl P 3-HP A9 ¥ 8 55 12 Bl o 3
5, I ELAE DA A0 A AR TS LR, i%0a 87 X R-
3HB VW HA — BV AE S . Bk, ASHIE S
XA R G TR TR KA FF R N R-3HB 1A 71
o ERGEN, TE Py o HE LT AT EE IS
mrfpl, ¥ I3 8 F 58 B A R 2B E (] 2), DA XS 5
SR B (0 = AR KT R-3HB A P25, A B E 12 v R
TE 5 9 78 LA 20 W8 A RS W I I R AT 1, AE v L
pET28a FI{#% U1 ) IBEI-18 703 i ki |- #4) X 46
M 258, 4394 4% 4 pET28a-HPR #il pTed-HPR .
J T RINX R G AR IR B R AL,

# pET28a-HPR Fll pTed-HPR 4} 5| % A K i ¥F @i
BW25113 1, I 480 2] & A AR it it Wk B R-3HB 1Y
4 mL & W8 95 B T B R 12 h, R TR 5 3 5
96 FL AR 7 B AR AN HR 3% B2 85 357 1 2 WG I 2¢ Y6 (A
Ml ODgyo FZ, BW25113(pET28a-HPR) il BW25113
(pTed-HPR) Ml 1045 5 43 AN K] 3 FEl 4 fR o 155+
6 h ZJ5, 4 R-3HBNa Jit it ¥ & 5 T 0.5 g/LOH 4 T
R-3HB j=H- KT 0.41 g/L)Bf, BW25113(pET28a-HPR)
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Fig. 3 Relative fluorescence intensity of E. coli containing pET28a-HPR in acetate medium
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Table 4 Designed crRNA sequence
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Fig. 6 Screening results of TCA cycle via CRISPRi inhibiting
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Adjusting the TCA Cycle for Promoting the Production of
(R)-3-Hydroxybutyric Acid from Acetate in Escherichia coli

FEI Peng', SUN Junru', LUO Yuanchan', WU Hui'*
(1. School of Biotechnology, East China University of Science and Technology, Shanghai 200237, China;
2. MOE Key Laboratory of Bio-Intelligent Manufacturing, School of Bioengineering,
Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: Acetate is a common non-carbohydrate carbon source with the advantages of low cost and abundant
supply. When engineered Escherichia coli is used to synthesize (R)-3-hydroxybutyric acid (R-3HB) with acetate as the
sole carbon source, the TCA cycle acts as the major competitive metabolic pathway. Appropriately regulating the TCA
cycle is therefore an effective strategy to improve the titer and yield of R-3HB. In this study, an efficient screening
method was established, which could reflect the relative abundance of R-3HB via fluorescence intensity. A CRISPRi
library containing random crRNA sequences was further applied to inhibit the TCA cycle at varying intensities.
Combining the efficient screening method with the CRISPRi system, five candidate strains with potential high R-3HB
production capacity were obtained and subsequently verified by shake-flask fermentation. Among them, strain SX11
produced 2.12 g/LL R-3HB, representing a 31.7% increase compared with the control strain. At 64 h of fermentation, the
yield of R-3HB in SX11 reached 0.41 g/g, which was 115.8% higher than that of the control group. Based on the
crRNA sequence identified from strain SX11, a corresponding CRISPRi plasmid was constructed for validation. The
recombinant strain BW25113(pTrcAB7, pBADP2, pSC101-gitA4) achieved an R-3HB titer of 2.04 g/L and a yield of
0.37 g/g, which were 13.3% and 94.7% higher than those of the control, respectively. These results confirm that the
CRISPRI system carrying gltActRNA2" can effectively modulate the TCA cycle, thereby enhancing R-3HB titer and
yield from acetate. This work provides a novel strategy for improving the production of acetyl-CoA-derived
biochemicals.

Key words: Escherichia coli; acetate; (R)-3-hydroxybutyric acid; efficient screening; CRISPRi
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