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Advances of polymer-monomer production by cyanobacterial
cell factory

Meiwen Qian, Chunlin Tan, Jun Ni, Fei Tao, and Ping Xu

School of Life Sciences & Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: Cyanobacteria is one of the promising microbial chassis in synthetic biology, which serves as a typical host for
light-driven production. With the gradual depletion of fossil resources and intensification of global warming, the research on
cyanobacterial cell factory using CO, as carbon resource is ushering in a new wave. For a long time, research focus on
cyanobacterial cell factory has mainly been the production of energy products, such as liquid fuels and hydrogen. One of the
critical bottlenecks occurring in cyanobacterial cell factory is the poor economic performance, which is mainly caused by the
inherent inefficiency of cyanobacteria. The problem is particularly prominent for these extremely cost-sensitive energy
products. As an indispensable basis for modern industry, polymer monomers belong to the bulk chemicals with high added
value. Therefore, increasing attention has been focused on polymer monomers which are superior in overcoming the economic
barrier in commercialization of cyanobacterial cell factories. Here, we systematically review the progress on the production of
polymer monomers using cyanobacteria, including the strategies for improving production, and the related technologies for the
application of this important microbial cell factory. Finally, we summarize several issues in cyanobacterial synthetic biology

and proposed future developing trends in this field.
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Xk 3 287 A AE Y AT s (1) K HR
MFIE I SR HEA T2 | IR JR R 45 Sk )2 % e o
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Table 1 The classification of polymer monomers

Subject Classification Monomer
Ethylene
Alkene Is_oprene
Limonene
Phellandrene
Butanol
Polymer Alcohol 1,2-propanedio|
monomers 1,3-propanediol
2,3-butanediol
Succinic acid
Carboxylic Lactate
acid 3-hydroxypropionic acid

3-hydroxybutanoic acid

% : 010-64807509

HHiY kA LR (Ethylene-forming enzyme,
efe) MNP T AR H =G L. Carbonell
s J 5 ek ML Y efe BB TS M8 10
TR U s 2017 4F, Veetil 2 M2 g T RS
M BRIEAB R (AglgC), #4512 Ptre Ji B T4l
1) efe JEIAIVEMZBEIRZE G A8 SD JF4
(5-AGGAGG-3) ffi & # ™ & 4& i T Wi A%
Claudia M0y sk B3 ™ 1 H 16, 7655 40 5 PO it
P&, SRR IR 5 I T A B R s e A i
FRACHE , HE9R T —ORIRIGIMIRRALN , $2m T O
s AN, TEREANE A E T, A E A
(Nitrogen control A, NtcA) J&—Z&hx &S i
Hh S A R R SRR, NteA X efe &
KW 8T PepeB 2 i P A/E FH , NtcA 35543k 2
Il 2K 2B B HE N 23%, Huilin 2604 5af 3 43
B NtcA K uE Dl efe SRASEHE AWK, (20 L0
A BOE R E (2 463+219) puL/(L-h-OD73g).

S IR R S — B TR, WA
B KRG R4, WAl TR AL R
SEAYF-, 2016 4, Gao SISl i 2 T R
FREERE SRR %12 (Methylerythritol phosphate,
MEP) DIME™ S "M, TEIZEEhs | A miEtEm
FEWICIR I S — M A& (1soprene synthase, 1spS),
1 FR R AR (Isopentenyl pyrophosphate,
IPP) S A% T LA i S 130 — M iy 1A — FH MG 7 ik £
fi% (Dimethylallyl-diphosphate, DMAPP) ()7~ ,
AT A S 8 A 7 B R BE 4 T 5 2017 4
Chaves ZF1°0h T Ui IspS 53 ik 2 11 1 /80 S %
LAY B WEIE (cpeB FE1) RS S BYFRIKRERT, i
& T RFEE) cpeB*1IspS fill A # ik, mRIEM
cpeB AT ¥ A 14 Fil A5 1A R fofT R R 3R GA KO- 4
i 61-275 15, {HHT T cpeB il &8 1 2 KR AL,
IspS 1Y HeIs MRl & e Ak 7 20, B ik
T AR R S TR A A AR R T A
LM 0.2 mg/g 4T E LS £ 5.4 mglg 4T
#Hy N T REFR WA EE, %t
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R, S0 = BRAIG, KU B 19 NaCl i
HR T Im R
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HAR B W R AN . W e e B Tl A 1 A TR v S
IRk, WEANTRIRENE D& AT . IR b
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OptForce W AR BHHE, W RIBWEIR M A+
HSE (R W -5-T IR S AL B A B B -5- R 3-22
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W2 il BE K IR 32 A0 AL R 4 1 2B 4 i 1) 5 I
F, b IR AR TR IR A U S sIr0739 F
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F1 T Ui ffk 3 2 38 0 1 BT A M ) A A 1
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A 5 ) il 4 A AR ) 9 B B

it M 2 0 B P A Il S VA 0 B
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PHLS), B L6 PEARAR, 5 KK i il vk 3 ]
PRANIX AN BIFE , DT 5 K -0 B 7= R R =
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HE R T KA R % cpeB*IspS il
HEASEM ARG A E W LRI 5
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FF51) nptl AT R emR i & n] LUER B K s G
A, nptl AERERFA, Rk T RIEA MR
WElR A5 U (Geranyl-diphosphate synthase, GPPS)
ik, cmR HTUKh 505 A 06 R DR B sy K
VA, AR LR TR RN ERE 4 .
1.2 EgBE
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LR PR AL S P i . Anfelt 2807 FE
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o TR A\ 5t A% RN B SRR T R E B 5 2016 48
Shingo 4 281F F i ki pEL256 %% 1L i bk EL9 44
R Pk BUOH-SE, i 1 X ik JL 4 il A 1€ i
SRS 124 B, I AE T AN N 2 B A
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R ARG T — ok v A R I U 1 B R R DCT
P TR A B R . O TAIH DCT
T A KT R4 R 2B 7= I T B, 4 A i Y
B I S A 5 [ 4 A B aldA L SR SEEL DCY
T AR LRI, A RCR IS F]
117 mg/(L-d). 2019 4, Higo 2Bk AR
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Fig. 1 The biosynthesis pathways for plastic monomers in cyanobacteria. There are 12 different pathways belong to
3 types of monomers have been reported. The pathways mainly start from Calvin cycle, tricarboxylic acid cycle (TCA)
cycle and the methylerythritol phosphate (MEP) pathway. The monomers are represented with their chemical structure.

SR 4y BRI T BB R AE R . REAEAL A A
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ff) CO,*%, R 1,2-PDO -4 Bk i Tt 4 5k

1,2-N % (1,2-propanediol, 1,2-PDO), — /%
AT R EA . A, FE A
AW A I 0 S R I D i 5 R
S 1,2-PDO WA, SR, 774 1,2-PDO

B 7] BF 2 72 A S D A B AR R L TN, N T e R RO IR AR, X TR R A 1,2-PDO 1Y)
fk 1,2-PDO HFLE | Li ZBUFIH NADPH k#fi  FemHAa R E Y.

I B R SE B H AR, fiff 1,2-PDO Y77 it ik 1,3-75§ % (1,3-propanediol, 1,3-PDO)/&

% 150 mg/L ;2018 4i:, Christian 2£ 2% 3§ 1,2-PDO
B4 77 A 5 0 B AR D ) e A I SR ARG, B APORE
(14 B 3 5t T S SRR AN R TR s A T 4T
fift 1,2-PDO A: =i B 5 Bl AL e i A i, R
SE IR Z R L R, FERRFLOG BN B RS
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— AR T, K R L SO AR
A AR 3 A AN I A, A ki — 0t
PIB A= B 1,3-PDO. SR, B0 AL 14 B8 Bk 78
1,3-PDO A= = 2 Hp B T K 1 o [R5 7= 4
. Hirokawa 25 B4R 40 350 5 1 65 43 A b
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SR, ZAETE A BAR ARG 87 Ptre B 55
Jazh¥ PLlacOl &1l RIATRME, 7618 B AYHEE R
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TR AR A A R, Kanno P8I0 T8
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() 2,3-BD; 1 H i1 by i 4 R etk 2 A 7 A Ak
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A K354 430 mo/L R3EEmR1Y; Sengupta
AUl PR T ELA R o O A 1 P R ] 2 R )
47 S. elongatus PCC 11801 1 J1E F bk, %
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3-F IR (3-hydroxypropionic acid, 3-HP)
AR B AEYERMER -REN®R
(Poly(3-hydroxypropionate), P3HP) )5 %11 F- &
fe2fdly, 3-HP J&adad T AR R 5, 1 i 40
A RARA BH B0 H L4k R 3-HP ik 12,
T SEMGZINAE, Lan 2B 7w R
TN G A ORI B-IN B IR R AR, 3 i
FIBN e A I AT TN R A i kL
P, (AT 38 A 3-HP [ 42501k 665 mglL .
186 mg/L; i1tk NAD(P) %5 g A sk ol 3%
NADPH FOER . K% PHA FIl Z BRI A4 W& i
T4 IR AR SR D7 R 2 il & 5 A
3-HP W4 i, 3-HP ek 5B AR
w4 A AR, Wang 25 POV b £ 4 43 B 2 1R
A AR 2 B R B, A A3 R R
Han® ATP il NADPH MOHERE . A fClf . 1
WRNAEARASRER, dRK 3 NMEiEE
R BhER . SR ABEIREL iz JE K (P s110385,
sI11598 #1 slI0679) REAM [ i 40 B 19 1 AR K
3-HP i [ = AR &

3-#ILTHR (3-hydroxybutanoic acid, 3-HB)
= A BT A W R AR OB R R g 7 R TR
(Polyhydroxyalkanoates, PHA) FI/F £ 41 1k 27 i
(InFiExR) WEENSr. MAEMEE PCC 6803 4
DR 4 FP o R JE R s1r1829 #11 sIr1830 (4if PHB %
GH), RiGsEgmanlfedt 3-HB 1" 4, 7TEA
THFE 21d J5, PRk 533.4 mg/LPY ) %y
HUUER T BRI FHJEREFI CO, 4™ 3-HB (7]
1iPks 78 3-HB MyEr- ., BT R U1E F AN R
B AR F KR fE £ H AT A AR KR AR
e B S5 im0, Ku 2028 BBk PCC 7942
5 AT LL ATP JKff R IR S, If A
il A T 0, 2R 3-HB R
1.2 g/L, ZWFFEBR TN T 3-HB 7= &4k, iR
SRR T AR AT M P RSP 3K s g AN e R R R R
) o S
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ZHAMME SAA BRI, W TEEZ . M
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A= ARV B R SR HL], e BB R s iR
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(02 F R A PR B A sl R A 2, (A it
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Fig. 2 The prospect of polymer production based on cyanobacterial cell factories. Photon energy drives water splitting to
producing ATP, NADPH, and O,. Carbon dioxide is assimilated and captured in the Calvin cycle with the cost of NADPH and
ATP. The fixed carbon is then directed to plastic monomers or directly to valuable polymers using synthetic gene clusters.

CRISPR-Cas & Z & —Fl i - & 1) RNA 4
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