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Abstract: Cyanobacteria are important photosynthetic autotrophic microorganisms and are considered as
one of the most promising microbial chassises for photosynthetic cell factories. Glycogen is the most
important natural carbon sink of cyanobacteria, playing important roles in regulating its intracellular
carbon distributions. In order to optimize the performances of cyanobacterial photosynthetic cell factories
and drive more photosynthetic carbon flow toward the synthesis of desired metabolites, many strategies
and approaches have been developed to manipulate the glycogen metabolism in cyanobacteria. However,
the disturbances on glycogen metabolism usually cause complex effects on the physiology and metabolism
of cyanobacterial cells. Moreover, the effects on synthesis efficiencies of different photosynthetic cell
factories usually differ. In this manuscript, we summarized the recent progress on engineering
cyanobacterial glycogen metabolism, analyzed and compared the physiological and metabolism effects
caused by engineering glycogen metabolism in different cyanobacteria species, and prospected the future
trends of this strategy on optimizing cyanobacterial photosynthetic cell factories.

Keywords: cyanobacteria; photosynthetic cell factory; glycogen; metabolic engineering; photosynthesis

BT 35 AR RITAY 5 40 P2 Bk A 2SR
B EE S E NS5 . A iRl 0 R
i AFRMAY, WA R A AU R IK
2 T I ER ORI O A B A SR R AR 1 A
HRBAE, oA T, Rt Rk
F AR PR AN T, V5 IR DK T BRI
M 20%Zc 4 R B, AR . R R
TEFRR AL T A AT A i G 7 3, W A
M A G A 1 P 1] 5 B A BB B3k L4 T 4 M A
KA LERE SN, AR — B 70K 18 3 AL AL 7
MENREAE, AORIERE | DUERSE T RERS 4115 72
JR I SN R ik LR IE 5 O AR AR A7

. 010-64807509

W S e AR | R i B Y A TR R AR
ALY, VER—Fh 28 o- B M Kor7, H
TESNY) . LT A fth 240 T 440 B ot A Sk B A i
BRI Z A WA, RS R
B Z Rt IR N R gm, 5404y
T B LBITE 5%-20%M70 Fl, 17 e Ay
TR B B SRR IR B BB 5 R R A IR F] 50%
PL RS

br T EEMFMMMESELZIN,
20 Ak, WEANEIEAE N — MR BB ROt
YA GMER 2 XkE. 5SSy . '
B RG4S A S A MR R A

Bd: cjb@im.ac.cn

593




594

ISSN 1000-3061 CN 11-1998/Q =4 T #2%#4.  Chin J Biotech

2 TR Z AL R X AR AR R R e A
ERGE AR ETFRELRIENREEY
TR B BE VAR LA AR AR,
AL WA R . AR B AU B SRR
PEATRE BT MO, 22 T AR A
AW BRI T RNIR 85 18 0 S5 AN TR) 3 s b A O 45 T
Bk RAEREE R A O R R AR
I Bl AT, DA A B O T DL
SUIM T, IKsh AR AR R E ) A A
PrRRRHRIAE Dy Al o dl, © 9000 il R 4Bk
RER AT IR fE AL . SE LRk (0 ] 52 R R I B 2
FEAR BT S R A A T D' K Bk £
Ji s HAZ A T S BN A 45 B O BE Fik A
FOE ] 4, AR 2R A 0 T A A 0 i i ) e 28
RO LA Sy 8 A0 7 v e o R
SRBBATAIL] , X A 7 N T o8 A 8] 42 TG B o
JCE A T A BREALAL . X B TR K [ e S
I R ) AR A T R (P,

UTAEAR, Bl 20 R R A R A )
AT, SR A& RN A P AR TR
AR I RV I i AT E A ks B &
IR BLSE, A i A PO SR A i A0 TR DL K
RE S Ay o A i A o AR A LA 21 0 50 B g
B ARSCNELAG . g, ROREZTH RSB 4
W A O A R R SRR R, vl T
XA S HIE 3 ) 20 T P B AN S TR AR
JeE R BRI ORI, PRI T IR I TE AR R
RO A AT MDA A i BRI kil
R A P 5

1 BHERRAHALR AR
R

1.1 HEREHEERERAGERE
FUAT, 20 el p i e i e B 215 213

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

DT (B )P W L, TN R
— PRI IR o- SR, A
UG T A 0 - 1 - R IR T 55 2 (glucose-1-
phosphate adenylyltransferase, GlgC) 4k il
K S5 4 29 M- 1-BE R (glucose-1-phosphate,
G-1-P) Fl ATP AW #i%#i-ADP (ADP-glucose,
ADP-G); MG M (glycogen synthase,
GlgA) fifb¥s ADP-G HAREIETS 20 L o-1,4-4
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Figure 1

Glycogen metabolism in cyanobacteria. CBB cycle: Calvin-Benson-Bassham cycle; ATP:

adenosine triphosphate; G-1-P: glucose-1-phosphate; ADP-G: ADP-glucose; PPi: pyrophosphate; Pi:
inorganic phosphate; ADP: adenosine diphosphate; GlgC: glucose-1-phosphate adenylyltransferase; GIgA:
glycogen synthase; GlgB: 1,4-alpha-glucan branching enzyme; GlgP: glycogen phosphorylase; GlgX:

glycogen debranching enzyme.
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Table 1 Effects of engineering glycogen metabolism on cyanobacterial photosynthetic biosynthesis

Hosts Products Strategies & Genotypes Effects References

PCC 7002 Mannitol  Blocking glycogen synthesis; Glycogen contents in biomass were reduced [45]
AglgAI-AglgAIl from 14% to undetected levels, mannitol

contents were increased from 9.5% to 31.8%

PCC 7002 Ethanol Blocking glycogen synthesis coupled Ethanol production was increased from 0.4 g/L [46]
with enhancing ethanol synthesis; to 2.2 g/L
AglgAl:PrbcL-pdcZM-sir1192-AglgAl
I- PrbcL-pdcZM-slr1192

PCC 6803  Ethanol Blocking glycogen synthesis; Ethanol production was increased from [47]
AglgC 210 mg/L and 47.7 mg/(g DCW-d) to

297 mg/L and 70.5 mg/(g DCW-d)

PCC 7942 Isobutanol Blocking glycogen synthesis; Intracellular carbon partitioning ratio to [48]
AglgC isobutanol was increased by 2.5-fold (to 52%)

PCC 7942  Sucrose Enhancing glycogen synthesis to Glycogen contents were increased from 300 to [43]
enlarge the “carbon pool” for sucrose 500 mg/g DCW, and sucrose production was
production; NS2::PcpcB-glgC increased from 400 to 500 mg/g DCW

PCC 7942 Trehalose Enhancing glycogen synthesis to Glycogen contents were not significantly [53]
provide more precusor for trehalose  influenced and trehalose production was
synthesis; NS2::PcpcB-glgC increased by 15%
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Figure 2 Engineering glycogen metabolism to optimize cyanobacterial photosynthetic cell factories. (A)
Blocking or weakening glycogen synthesis to drive more carbon flow toward production of the desired
metabolites. (B) A two-step mode including the enhancement of synthesis and storage of glycogen and the
mobilization of the stored glycogen. (C) Enhancing glycogen synthesis to facilitate the production of desired
metabolites which use glycogen as a precursor.
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