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Function, structure and catalytic mechanism of sucrose
phosphate synthase: a review

Jiyong Su*, Yuan Yao?, Yuhan Liu®, Qiuyu Han', and Wenlu Zhang*
1 Engineering Research Center of Glycoconjugates, Ministry of Education, School of Life Sciences, Northeast Normal University,

Changchun 130024, Jilin, China
2 Media Academy, Jilin Engineering Normal University, Changchun 130052, Jilin, China

Abstract: Sucrose is a natural product occurs widely in nature. In living organisms such as plants, sucrose phosphate
synthase (SPS) is the key rate-limiting enzyme for sucrose synthesis. SPS catalyzes the synthesis of sucrose-6-phosphate,
which is further hydrolyzed by sucrose phosphatase to form sucrose. Researches on SPS in recent decades have been focused
on the determination of enzymatic activity of SPS, the identification of the inhibitors and activators of SPS, the covalent
modification of SPS, the carbohydrate distribution in plants regulated by SPS, the mechanism for promoting plant growth by
SPS, the sweetness of fruit controlled by SPS, and many others. A systematic review of these aspects as well as the crystal

structure and catalytic mechanism of SPS are presented.

Keywords: sucrose phosphate synthase, carbohydrate distribution in plant, plant growth, catalytic mechanism, crystal structure
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PCC7120 (4 SPS HAT Fe/ NI IE MM P %
YN B H Y SPS i BB AN A LR P YY), X R
JNIX e SPS (g MR REAS Z LB s, AT
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6-WEIR, B 45 HIBA 455 UDP-#i 2, BLICHE
WER L AR T A arik, BIARE X
TR L F iR R (A v A SPS AL AL . 5B 4,
H. orenii SPS ff Ak 1t WA 15 5 4 78 .

W AN R AN SR Y R AR R AR S, R,
WEZH TR SPS 1 i IR S5 A6 3 R 38 T REAE ) SPS 1Y
PEACAIL . 4 20 R o S SPS JEH, fa i e
J& W4T Anabaena sp. PCC7120 st & A /MY
SPSP®! 4 K iE # B BR 3 Thermosynechococcus
elongatus & —FBERETE 57 CAAEM 4N,
RXCFR S A LRl o — AR (3 ] g
#&: t111590; UniProt % 5% % : Q8DIJ5), NCBI CDD
I %A AT RE S SPS. X ANk IR 4 5 1) 2 1
P LA 452 N EIER , ik sE SPS /MR Z
WA BR G BA s, S0 %, CAZY
(www.cazy.org) Fiillll TeSPS J& Tl SLAL R 5 1k 4
(YRS DL o FEFAA TR A B 1 — IR I R s, WA AT
(A TCRLIN A 1, B IS 8 15T b AR 25 A8 A

TeSPS AEfgfit b4 R REME-6- R 12, (R,
HEWE-6-BE IR AR LK, AEHZZHT (Thin
layer chromatography, TLC) FMELAEIF, A
SPPYOILIJE , AT LK Wi iR M HE M -6- B AR L /K i T
ok, TR EERE AT TLC A, fZX, TeSPS
PAE I 24 15 Pk 1 SPS. TeSPS 5 UDP I BEHi-6-
IR T B B3k Fh A, TeSPS 5 UDP Fl 4 -6- i
LIRSS 2 T b (B 1),

Ar AR ZE AL 7R TeSPS 11 A S5 F4 38R B 25 44 35k
SRR, 4T LMIRE (Close conformation).
HEAL O T A LSRR B 45 Ry ek A 58 ST AR
AR EHL, If H A 5SS S T REBE-6-H5R, B
SERYI LA T UDP, TeSPS dhik 4k 14y 1-3h /1
PR R TeSPS SG4h4 UPD-ij4ghl, M&ia
Rbh-6-0EIR , Wt ALy e SN HL

TeSPS dhIARZE R Z K 2 T4k
T R (18] 2), i 2 B R AR REA-6- T R I
IBEERHRL ; 249K, 7F TeSPS 254 R bE-6-wf R,
XN S Rt T B S S -6-RE R I ME AT A

&: 010-64807509

A BB AR 2l i 5 X S s A BAE T, =
Mol il 235 5 SR W -6- W R, DRl L Bl R AR J2: SPS 11310 il
. TeSPS I — &5 Hhid & A “GPG TP itk "4,
AR AETEAR S TeSPS J& T {4 54 750 i S i

B-domain

A-domain

1 TeSPS 5 UDP FNjE#E-6-EER AL RIKLE
(PDB %S 6KIH)™

Fig. 1 The co-crystal structure of TeSPS with UDP and
sucrose-6-phosphate (PDB code: 6KIH)®%,

GIns1 p His158
"ol
Argl78 |

Sucrose-6-phosphate|

XCUBS

Glu339

UDP

B2 TeSPS KL EY
Fig. 2 The catalytic center of TeSPS?l,
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MG, PO B R HE M L B I ) i A R AN
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SPS AL A TS UDP- 254 201 b # 2
5 UDP myt s R A= b %E, a4 C1 5 A00%-
6-lRN) OH2 LA FIE LN, Lee 2505 1R
H X RO A R RDL RS AL AT 525 SN ik
MLl AT SEIREE SRUFSE, A R A A 1 T 5%
BBcti, JFHE AR (UDP-#Z4E) Ao
(FI%IWE-6-B51R) RBIEIE BL— 2SN %% . BJ12# (]
BRI F AT AP AE — 1m0 B B i 24
BRENES THERLIERS (181 3)™, (HERss s T
AT B AR AN AR R0

7 TeSPS Hifb AL (K 2), 5 331 &R
(Glu331) i T“GPGTPfik, Glu33l HRMMIEEN]
DUFIERE-6- T IR 0 A A B AR 5L i — 1N 3E (OHB)
TER G, T RZERITTE B, XM B IR
AR (WEIRSHE RAAR) X Tk 2 CH
B, AR S S SR O A AR, AR AR
SRS 5 158 (4R (Hisl58) 76
WA R SRR S B0 A —A4 3L (OH6) &
B FRATHE His158 828 UM 2R LA , TeSPS
WHRETIHHD, Bz sh, #aEskit a3
ANEEHE (OHL. OH2 il OH4) AU UDP FiY 2 4>
BARRARIY i U

A& TeSPS 5 UDP FIEHE-6-ff iR (1) 3L A 1A

IIOT\\‘/O

. *\Oxocarbenium ion
o+

A}

Ay

hY

A
Y
A
Y

_ HO— G6P

&5—
UDP/

3 “REEEAEBHBECIENFENLER
BEFTESREERET

Fig. 3 A dissociative oxocarbenium ion-like transition
state and a hydrogen-bond network present in the
catalytic process of the retaining-type glycosyltransferase
(PDB code: 6KIH)™.
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6 SESRE

SPS JEAHYIRENE A B PR B . Bl T
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A IR A T RCIE B S (A&, 8T
IR AR SPS R REAE FALE, 5 ZARAE
SPS Wy = 4EZfMy, SR B AT A& WAHY SPS 1 i
IREE/IIE . HAT, RAWAIERY) SPS 1 Sk
SERAR RN T RN, e NTOUA A 25 R R e
SMWTEYE TS, ASBE I BAAE Y SPS Al 37 #) 4 A
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