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Abstract: As an important platform compound, 3-hydroxypropionic acid (3-HP) can be used as a substrate to synthesize a
variety of biological products with commercial potential. The titer of 3-HP by wild-type bacteria is low, which severely limits
the large-scale application and production of 3-HP. By modifying the genes related to the metabolic pathway, engineered
bacteria using cheap substrates as carbon sources are constructed, the aim of reducing production cost and increasing output is
realized. In this paper, the recent progress in the synthesis of 3-HP by metabolic engineering at home and abroad is reviewed.
The advantages and disadvantages of glycerol pathway, malonyl-CoA pathway and beta-alanine pathway for synthesis of 3-HP
are also summarized and analyzed, and the future development of 3-HP is prospected.
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Table 1 Synthesis of 3-HP by glycerol pathway

Engineering strategy Strain Reactor  Titer (g/L) References
Expressing of dhaB, ald4 gene E. coli Shake flask  0.17 [4]
Expressing of dhaB, aldH gene E. coli Shake flask  0.58 [5]
Expressing of dhaB, aldH gene and medium optimization E. coli Fed-batch 31.00 [6]
Introducing the activation factor gdrAB, expressing dhaB and KGSADH E. coli Fed-batch 38.70 [7]
gene

Screening for different acid-tolerant recombinant strains E. coli Fed-batch 41.50 [8]
Introducing a new synthetic selection device and screening for highly  E. coli 96-well plates 5.08 [9]
reactive aldehyde dehydrogenase

Expressing of 5 untranslated regions to optimize expression levels E. coli Fed-batch 40.51 [10]
Fine-tuning expression between genes using a synthetic regulatory E. coli Fed-batch 56.40 [11]
cassette consisting of RBS

Deleting the glycerol inhibitors glpR and ackA-pta and the yghD gene E. coli Bioreactor 42.10 [12]
Expressing of the dhaB-dhaR and PSALDH genes deleting glpK and E. coli Bioreactor 57.30 [13]
yghD genes

Screening for the gabD4 gene, using site-directed mutagenesis to E. coli Fed-batch 71.90 [14]
increase activity, knocking out ackA-pta, yghD genes

Expressing of the puuC gene, deleting of the dhaT gene K. pneumoniae Fed-batch 16.00 [16]
Studying on nitrate as electron acceptor K. pneumoniae Fed-batch 22.50 [17]
Using two-stage fed-batch fermentation technology,deleting of the IdhA K. pneumoniae Fed-batch 61.90 [18]
and gdrAB genes

Expressing of dhaB and gdrAB genes, deleting of byproduct synthesis K. pneumoniae Fed-batch 43.00 [19]
genes and optimization of culture conditions

Natural promoter drives heterologous expressing of the ald4 gene K. pneumoniae Shake flask  4.23 [20]
Using kanamycin-resistant Pkan promoter and expressing of aldH gene K. pneumoniae Shake flask  15.28 [21]
Using the IPTG-inducible tac promoter to block the synthesis of K. pneumoniae Fed-batch 83.80 [22]
by-products

Overexpressing of PuuC gene, using tandem repeat tac promoter K. pneumoniae Bioreactor 102.61 [23]
andsupplement yeast extract

Introducing of ALDH pathway to express dhaB, gdrAB and puuC genes P. denitrificans Shake flask  4.92 [24]
Heterologous expressing of the ALDH pathway and deleting of the glpK B. subtilis Shake flask  10.00 [25]
gene
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Table 2 Synthesis of 3-HP using the malonyl-CoA pathway

Engineering strategy Strain Carbon source  Reactor  Titer (g/L) References
Expressing of acc, pntAB, mcr genes E. coli Glucose Shake flask 0.19 [26]
Dissecting MCR into two fragments and improved E. coli Glucose Shake flask 0.15 [27]
enzyme activity
Tuning activity level to achieve E. coli Glucose Fed-batch ~ 40.60 [28]
functional balance between enzymes
Expressing heterologous acc gene and optimize media  E. coli Glucose Fed-batch 10.08 [29]
Using acetate as a substrate and deleting byproduct E. coli Acetate Shake flask 3.00 [30]
synthesis genes
Increasing reducing equivalent S. cerevisiae Glucose Shake flask 0.46 [31]
Expressing pdcl,ald6,acsL641P genes and enhancing the S. cerevisiae Glucose Fed-batch 9.80 [32]
supply of cofactors
Using site-directed mutagenesis to increaseing acc gene S. cerevisiae Glucose Bioreactor  0.28 [33]
activity
Development of a novel sensor that introducing theS. cerevisiae Glucose Bioreactor  0.80 [34]
promoter TEF1 and expressing the fasl gene
Expressing two independent enzymes S. elongatus CO, Shake flask 0.67 [35]
Expressing heterologous biotin protein ligase without P. furiosus  Maltose Bioreactor  0.37 [36]
carbonic anhydrase
Optimizing mcr gene expression Synechocystis CO, Shake flask 0.84 [37]
Increasing promoter strength and mcr gene copy number M. extorquens Glucose Shake flask 0.07 [38]
Using high expression of the hsp9 promoter andS. pombe Glucose Shake flask 7.60 [39]

optimizing medium
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22 EREBEBEEABEENK

5 E. coli I, BRIPHEEE S. cerevisiae [A]FE 2
HEMZRBAER, KNS A OB A I©
BN R F R A 1Y ace R, 1 FRIK)EF]
FHN R Bt 4 A 3125 mer ZEHG A% 3-HP.
AR SR AT DAAERR PR S5 S A ™ H R T 18 £
Xy 2 e, S5 FR IS )RR o R i 1Y)
3-HP, FE Tk A v a] 4548 T Ui s S HU 2%

% : 010-64807509

FEA BGRRH, BR T B 13 H Rk Mgl =4
B LR R BR LSS, DR e I AN AT
/>, Chen Z£BULY S, cerevisiae RiE Bk, 7E
ik acc,mer FEFEFLAE I, [FIEd Fik adh2 | ald6
LK acsSE FEIH, Ff wr A LRI 7490 G i o 77 2R
R AT misL LR, S5 fa A H- I - 3 R i &
fitt GAPNsm, fifi 3-HP (%™ i 4 = 2 5ok i 3 4%,
5% 0.46 g/L, {H)=2{L >~ 0.006 g/(L-h).Kildegaard
32l 2 7 R A HOERE, K pdcl. ald6 .
acsL641P SN —igid ik, i NADP #K
FPE T s -3- B AR I S gapdh JEIA, $2& mer
YEF BT NADPH, 3548 B 7 1k, i
S. cerevisiae & /% 9.80 g/L 14 3-HP, F=&HiETI =
0.1 g/(L-h)o R4 mLHE 5 ) ric Bk DA K B 1
RE AL AT AT SR B 3-HP [ i, (HP IR
TC R BN Tl A 7= 2R, AT 38 o o S B e ) i 25 LA
K B - RGBSy b ek, LAKGS]
NG B2 E AR S TR

Sy A TR G B G P A 1) B, shi 4 BRI
S. cerevisiae NFFEXIS, XTI accl KA Ser659
1 Ser1157 WML E AT E R4S, i accl LA
WA, W EYE 3-HP A AL, f# 3-HP
Pk 0.28 g/L. David®P) Liu Di %319 FapR
W RS B, #E S, cerevisiae & —FlHT
IR RS, SIARERER 3+ TEFL #%46] mer JE[H
F23K L) Je it ik PHXTL J33h T8 F i3 4 51
fasl JLPR, PHANJLPRLE FapR 3l SHE R T,
25 h 77 4E 25 0.80 g/L Y 3-HP, P i EARAE, H
FEJT AR 2 A 2R T T 8 ik o
B, ZJEMRIETERT Lot R Hent, DA At B Hh i 2
H T T ) S e LA 3 i i TR A B R R
Fr

TR % B S. cerevisiae VE M B E ), A
HERIERIERAMT , RUCTRAR AN R [ ), {H ™
AR R IZ IR AR 1) SR ) R, i 2852 0 i e LA O 1y
EPER CBERTRE A TN —ER P LRI A, FEXTREE
22 B S i [ SR A TRIF S
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23 HftEE®

VT SOAR | AR i — 2E H A e AN R
PATHERTG A B2 E Y 3-HP, Lan 2B - 26 1%
HrFL IR ER T Synechococcus elongatus PCC 7942 i
76 E W, Wi ¥ msrMs. merSt JEH H 4 #| Y ok
b, JEAK 0.67 g/l 1) 3-HP, F B FH 5 4
4 CO AL 3-HP 11, R CO UE:
TREN BRI, oA B AR A, Lian 250
DL sl k3R Pyrococcus furiosus 15 F i, i3
ik acc, mer, mrs FEFAE Y 3-HP, fE LR A
>k B B éx 4 43R Metallosphaera sedula Bk FR BT
fitk CA FIAW) 2 8 1 EHRG BPL 43 VSN 2 i%0&
&, 3-HP j= &3k 0.12 g/L 1 0.37 g/L. SZ5 B4
B2 1 B AEA G TR hox S R R A EE

Je Bl % H pr Ak R A 4 R A 52 B 1
Kk, Wang B2 4w Synechocystis sp. b1
F, It RIE ace K FNA: 1) FR BG4 N %
MG A MHENL, S Bh TR SR AR I mer
LRI, HHHiT %k NAD(P) % &It Rk ek
3% NADPH fit)i7 , 6 d J5 4= 0.84 g/L 1 3-HP. Yang
2 B s F1Y T FR AL LG Y SE AT Methylobacterium
extorquens AM1, i 52 B S 25 5 A1 mer #% D1
¥R . Suyama 25 BODL 4 g W B
S. pombe AfEF, TEmEERIEN hsp9 i s +F1EH
T, 4ifi% Cutép Fll CaMCR JE[H, 7E4MFEZFRERAY
R 3ep 535 31 h, 3-HP F= &k 7.60 g/L. i X
A FEMS ER, i 3-HP 1= 815 LIkaE .

R HAE EE AW 3-HP (e 5N
B, FEEIGE R AR Tk A =S, 2
Je B 5T 0 A A AR R 1R i ELAR A3 BT A
I P 1A 2 A ARG R DG R R A 7 4 il Fn 2 5K
&7

DAY R ARG A SRR G 3-HP FZ L)
E. coli #1 S. cerevisia iy 3= , E. coli Fis & 75 5 7 b
H 55 A ReK CERIG A Ak o iR R
fiti A B9 CERETE A FRILEE ACC, fEREFR R,
A5 ace BEDR L 3K, o AIMIE I R A S T i

http://journals.im.ac.cn/cjbcn

BCACI T FH L A 1) 2 J ) ] 5 |3 s il I8+
FapR, #iifil acc [t Rk k. 5 E. coli
AL, S. cerevisiae [FAf & H 2 (1) L U
AR AT DAAERR M 25 T A5 38R 1 1 1A
X sz, BEIR S R 4 R o R i S 1
3-HP, & Tl A=l 15448 T e o B $2 U 2R A
B ™ R ARA 207 Ui E 2 R, 4 J N TR
KBl 1 [P b A ARG o

3 p-RARRRE

B-TN 2 MR 2 T A AR N T I AEAE AR 4
A3 3 22 i g BE R e A= B 2 AR FH LA B I PR 5 Ak
B, AR ARG 3-HP, BFFEa i AL
DRI A AR AP TR 2 BRI AR U T R AR B A &
REAGHEEMERER, HATC &7 E. coli Al
S. cerevisiae H R B-N 2 MRIRTE, FFARIFEL
1 7

Liao 2V k7E E. coli Wiy B-NEmi%
7, BTSN AR 2,3- BN (AAM)
W ZNE TR a-INZTREE A B-INZERR, FHidLd
B- PN 2 R PN A R e 2 i (BAPAT) HEABIE il —
fR P, feJaFIH - RN AN (HPDH) 1Y
EIEAE B 3-HP, 7EIMIERE |, Song 2517E
E. coli Ik —FBin) B-MaAmiktis, (A%
H&E DR R HAIR, Mkt R L 2 R 1Y ik
RHAE SR, #idRiAKA E. coli [ ydfG
FLH A B P. aeruginosa f{) pa0132 JL[H, -3k
PRI 2H 95 i 2 7 tac AR sdhC 3k R Y K AR 8h
¥, GRS HRMeHE SR 407 A 3.69 gL
1 31.10 g/L () 3-HP, f#ij=2iA%] 0.63 g/(L-h).

Jessen 2512153 S, cerevisiae H1 ) y-E L TR
AW (GABT) [RIFERT LI B-IN AR L AN —
R | INTE S. cerevisiae FPAEE B-TN & IRIZT
VAR Z RSB AEA [l AE 321 v &k B2l Rt
B-TN AR A N R () = B AA I, IR
T 1 Borodina ZF I B-TN A RIE
HIAAR, FEUERZFAFF A Bacillus cereus g B-
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VR R TN A TR s Bl yhxA JE[R 55k B E. coli Y
ydfG FEIKFE S. cerevisiae Hid ik, g RA
TR AN 5 R 4 iR A I s B Tl aat2 6 DK RN 7
N RTR ¥R AL pycl . pyc2 B[Rk 35 L-RAHA MR
PIRER , fe e et AN EHE SR R k1S 13.70 /L 19
3-HP, 2% 0.17 g/(L-h). Kildegaard %7
S. cerevisiae H1 LN IR FLIEHTEG A B2 B-TN
BRI AR = 3-HP (e 1, 455050,
TEoT AN SR vh B-IN A RIB 1S W] 4145 6.09 g/l 1Y
3-HP, TN —RREMEAEE A R{URT 2.30 g/L.

E. coli 1 S. cerevisiae A 575 BLii T, J2 4t
RIS R R, %848 AR AS [R) Fb 2 1 e SE IR %
bk B-INEER, 7638 2 N [R]6 2 4 5 2 Tk
AR IR, MR JE A 3-HP. B-INAE R %
Bl 3-HP, HHEA BGRE TrE 24,
ARG A o 1 AR T, Bk, B-IN A
R i A i ol P o DL AR rh A IR, TR
et B h SRR Z R R A, T A
BT WME, RN B-N AR IBRESE— 1
AF 5 5t At 5 05 SR A RO %, R O 32 s T 42
F14) 2 S I DL B 40 B A A 7 i o B R R

4 Hthg#

Luo ZCUH| FIN LG A 127%, EE 4] E. coli
WOl Sk B 4R IR 22 B BF Candida rugosa 179 ik k-
CoA Jii & i PACD H1k B &R K E A Bk §
Megasphaera elsdenii [ pct, hped KRk, fif
PRk 0.72 g/, Jn XEBRiE R TP IRIHIR CoA #e
TN yofH HE R FIFT IR TR U prpC A,
FIRRERRIRSLIG TP P2 A 2.17 /L 1Y 3-HP, &2
TR IREL, FBUE = AR, AFT
TolkfbA =,

Holo %5 ¢ k& 3-HP ERIEIF &S, HF5E &
P 3-HP J& C. aurantiacus [HR% 4% & H a4
Yo WIS, BRI G R E AE EE, [HE
RIRAE A T IC AR A 7 1) R AR AL
fIe)E, [At Fuchs 2842 i 3-HP & — R AUJE P

% : 010-64807509

B AR, IR i S0 A T 2 BB QI AL Hh R A
PR () R DA R T RRAE WA T 204k . S0, SR T
3-HP WEFMB IR RN %R 2 F ] COy MY,
ALY A T A TR PR AR R W ORI R A KR
B A LRSI, MRS Y nl i, fEAR R
AT TR Tl A

Yu 218G B — R LA T R TS TR 2 P
KA, Hurf 3-FRILNEE (3-HPN) 1k
3-HP. B 55 1M 7K A T 5 DR 1% 5 2 K AT A
o Y6 4 T S 1L ) 2 S T 11 2 A 1) O ol e
2 [ R T RS b, 3 e N W b R A R DA R
AES . Ak, FRZ 30 HEH RS 184.7 g/L 3-HP,
AL R Ik 36.9 g/(L-h)o I 40 [ 28 Jr ik em
TENTHEY R Z 0% . fase ik . B
fewm i, H 3-HPN A St e —Fh i g ez, H
VERRYITSIMER = T A= eAs, ANFIF ol

TERCHHINFFE R, Liu 25 iR FAS 50
B, A ZRER RGN RS, 7€ E. coli
B AE B BRI A AR, I ad 20 A T AR A
REEFMRIIAL, RRERSR)E A 52.00 g/L 1
3-HP, 73Ny 1.56 g/(L-h). FIFNGIEER M E R A
77 3-HP, HRREIRIS KW, (ENE i RAS Bt
ViR —Fh B2 0 AL ] R Akt L TRREL BRI
FRER AR, FHILAE OB 23 A 7 iLAS , ASF T
Tl AE ™, T S5 I 4 LR BN P A R
fii 5K AE 7 3-HP,
5 ®REAMHE

HMAE A = LR S R 5, AR AT
SRRz, AR B o S i R A SRR R
M AHIZARAA E G —LE A, AN P RS
PR A2 PR | 3-HPA B 7= A= 1354 | E. coli
rhAHEE B12 A5 2L K. pneumoniae 28 445
Je SERESE AT e VAR pH AR E Wb T &
2 H Vv R O S A A i K T
SR it 2 ) %) A B A PR T T 2 TR P AN
i B12 B H b K ke il T B12 fH 0 i el
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FEFI AN IR PRSI A 125 A 3-HP 2k
Pt AR AT R PR A . AR R
RIEY, FHAERE SR TR 1 A PR TG 225 B12
FIRERE , MR 1A iAs . Hoazass AR A Qi i
AT H, T SRMNZRRIR LS B 1A
AR A TR RN A2 1 L) K ace JEDR 3o B AR B A
SERE, MR R Rl AR HP ) SRR L A
WA I RE SRR PRI AR Th b R R I B AR SS b iR
T B R R R B AR S T A, e iR ik 3-HP
1) TR 52 35 PR Bl R AR il > T 2 PR R Tl 283
FIAE A BA 32 il @ A2 b ace BN mer 25 (K 22 ]S
ik, SIAGA FapR JE¥E N FRIAYIME RS,
AR Rk ace DR ) B AR ) A i R [l

B-TN 2 BRI R AE R A AR N T A AR ™
Y, AifOkRIETZ, FFE IS AL 3-HP [ AT
TN RABLAEE A Bt BHS MR
A%, TEREFRA R PR D AR TR, ARk B
ST R At TR S A B, O R TS R Y
B ST DA R AR WA R 7 A S R R 4R
3-HP 17 it .

FEXT HAh R A A5 & B, E. coli AT AN
K, I [ A RS R R Y 3-HP,
(RIACI AR T AN I, BT T = BN
i SCHR T AR A HA R AR A [R) R RS S
e B RTRYI T, AFITF ol b Az 7=, A
FEMLHIIE—2 00T . PR, FFUS IR M B A4 o

VERBRIE A B 3-HP

6 RELERZ

TR, 3-HP MR LM EaY, %
B EE RO, A5 L 3-HP I )5
BRI, AR A, XPPREER BN . (HEF
AT 3-HP IR R s, TolkA™ s
Jit R, R1 b s ) AR AR AR XA AR
FIFSE, A JLARDRSE 32 20 AN R i 1 3 L iR
Wy AR AR LR R P05 RN, P
[ PO 8 , 36T AR B A1 7 A 0y 2 D7 ok 4

http://journals.im.ac.cn/cjbcn

& 3-HP 1y it IHFAEF R h 5 AG A=K,
FER T 0] ShAS e SR 7 1 A AL R o (HE S
HARABFEAELL R RIS . 1) B B12 AL 3 2k
FEA; 2) FRYIRLER AR R 3) R RE
X7 T A2 AR, 7 R TR R .

KA 3-HP BYA By M B LA 2 . B 3
&, FIUFHBES AT AR O AR IR . Xk R]
L, PR ARRB LR W 1) Xt B KRR
DL R BT B, AT BRI AR R B AT
RGORBEINEEG B12 AL, nPE g Ak
DA B2 AOMLRIRIRE . 2) ik g v 1 i) e ek
it %o} il 2 (] (P A EA TR L, AT 0D AR
Ry A Bt 3) ik B S 2 R e
. 4) TERR A GG AW 2= b A L Es R
K1) J2 CRISPR-Cas R4t , 3-HP = &A1 2k
—A R, R E T R AL A s T, R
TR A DL R 7 i P A ) TS BT R T
BORSRIL, 25 E2= B 801 FIIE AR, M5
3-HP Tl Ak ™ ay i 5o 2 H 25k ik -
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