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Progress in Structures, Functions and Interactions of Starch Synthesis Related

Enzymes in Rice Endosperm
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Abstract: Starch is the predominant rice seed reserves. Rice yield and eating quality are influenced by the process of
starch biosynthesis. In endosperm amyloplast, starch biosynthesis is a result of complex network of many enzymes.
This report summarized the structures, functions and interactions of ADP-glucose pyrophosphorylase ( AGPase),
starch synthases (SSs), starch branching enzymes (BEs) and starch debranching enzymes (DBEs). It will provide
helpful information to breed high yield and good quality rice.
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Fig. 1. Schematic representation of the starch biosynthetic pathway and

the related metabolism in photosynthetic and non-photosynthetic

tissues'’,
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Table 1. Function and expression pattern of starch synthesis genes in rice endosperm,
R BV S G I it
Enzyme Gene Chromosome Highest expression Mutant Function
stage(DAF)
AGPase AGPLSU 5,1,3,7 6~15 osag pl2 it i 8 4% HP 0 Regulation center of the enzyme
AGPSSU 9,8 6 osagps2 Jiff (19 7% 4 0y Activity center of the enzyme
SSs GBSS 1 6 6,15 wazy L TE A ST R K
Synthesis of amylose or formation of extra-long chain
Ss 1 6 10 ss | SEAf DP 6 —7 KYHEIL K DP 8 —12 Yy 5E
Formation of the DP 8 — 12 chain through elongated the
DP 6—7 chain
SSHa/SSI -3 6 oW B Rk g Most japonica  FEAH DP<C10 R4 K DP 12— 24 Bk
No obvious peaks Formation of the DP 12— 24 chain through elongated the
DP<C10 short chain
SSMla/SSI-2 8 TG 3 3k flod JE R DP>30 Ay 4% Formation of DP>>30 long chain
No obvious peak
SSNa 1 T B W 2R 3K e 0 - W T E by WUREL (9 T B K% 37 il JUME 5 ik
No obvious peak Involve formation of starch granules and control the
number of starch granules
SSNb 5 10 ssdb W5 T W3 TR B4 T 8 A7 ] OR S5t
Involve formation of starch granules and control the
number of starch granules
BEs BE 1 6 10 sbel 5y X L RAE W EE L AL B R AR S5 1
Branch glucose chain and form the cluster structure of b
chain
BE 6 2 10 ae Oy RAEINEE P A B
Branch glucose chain and form A chain
DBEs ISA1 8 10 sugaryl IR R A S W KR 253
Cleavage improper branch through homologous complexes
of ISA1
ISA2 5 10 - 5 ISAL B IR 51
Form the heterogeneous complexes with ISA1
PUL 4 10 pul M ISA ifiE Compensate the function of ISA

LSs HA 194 R#EF 15 14 « 12JE.SSs BA 18 4
BHEFN 15 /1> o WRJE ., X KK M & IR o KA
FH e SRR FE T, A BE R B #E 22 A1 19 A4 2
128 ANEKATFiERE, I A BER D & 2 [ {LAT 4
AR 15 A B K 3 i AR B SR C 6
Z A 10 AN EEEF 19 AN Bk F#EH:,CH# M D
BEZ A B SR B K o i 2, o Al o 27 FR 38
A 2-A)

A% 7K A IR L 28 A48 44 9 WF 58, LSs Fl SSs (1)
DIe B A B . SSs 2 Bl 1936 P b, 5K W 4
G S 5 MARRUAE R RS 5 T LSs 2 Y
P, TRV SSs W3- iR H I R A1 G WL
T2 114 72 ) 254 7 ok 4 T VE by B L. AE AR Ll
T SSs B9 N R XA PR 57 Cys' 2 1R 1 4 Ak ik

JEUSE ST T B B Ok R AT AGPase 128 #4450,
TEKFEIEL A, 40 e 5 P AGPase 9 LSs il SSs 43
M OsAGPS2b Hl OsAGPL2 F[H 4t 5 {H 2 Os-
AGPS2b 41y S2b MV FA AL G /0728 45 38 55 1) P <7 2
HFR Cys"™", Tuncel " X /KRG FLAY LSs
17055878 B B, A F LSs 1 N A3y Cys'” Fl Cys™ #
il AGPase 141k 38 57 5 I, 28 B 7K & R 3L P i
AGPase il 1 3 B i RO H 30 1o 48 1k 3 Jit 9 45570
WAL ) P aE . Tang S50 ) FH 1 1 XU 2% 28 AR XF
TR W 45 5B w24 TG KB OsAGPS2b
M OSAGPL 2 f#7E 4 B 5 09 A8 T A 4% 1 5E ¥ 1)
A P, A7 F 20 M 5T Y OsAGPSH Fil OsAG-
PL2 %t FIE#H KRR FL 1 AGPase 1% 1 FE #r &
B 7 O A
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A—JKTE AGPase MiR/Nr T3 J7 45 . B G0 a E —LS; SREAM o B —LS; LRGN b HE—SS; ZLEM d 5 —SS. B—/KA GBSS L 1
AR AR Ry o SRR RO B R R AN NG . C— HARRE M 93-11 9 SST =425 . 15 & i A 1k X 38 #
AR R R X . D—/KHE BE T 254557, 56 NoR G IR E 60 CBMA8 X I, Wi 4k 60 o JE K B X I, 8 6100 CoR .

A, Molecular dynamics minimized structure of the rice AGPase"®!. Blue chain a, LS; Green chain ¢, LS; Cyan chain b, SS; Red chain d, SS.
B, Homology model of GBSS | , alpha helices are in blue, beta plated sheets in orange and coils in brown. C, Computational models of the 3D
structure of SST of Nipponbare and 93-11. The blue color represents the starch synthase catalytic domain, and the yellow color represents the

glycosyl transferase group. D, Structure of BE [ from Oryza sativa 1.. The purple color represents N-domain; The nattier blue represents

CBM48; The blue-green color represents a-amylase; The orange represents C-domain.
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Fig. 2. 3D structure of starch synthesis related enzymes in rice.
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NS KRR BB TR A SSV 2

3.1 Fih4s & EEM & EE(GBSS)

GBSS i SEMm PRI LS. S5 HiE
FTER I A . KRS GBSS A 4 fl[7] T il , GBSS T Al
GBSSII s GBSS T 3= %2 45 il IR 371 %5 F 8 2% B b B 6%
FEM YA R LT GBSS T 3 Bt 48 L 25 b 45
T B R VE R B A R . B KR GBSS T Y&
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B 5 AN T/C AR Wa EEEH L 6 4
BT A/C AU f 10 4T C/T 5480,
X7 ASPIREAL AT B S5 R OK B VE R B i AR b
RO,

AL, GBSS A5 F 4 5E By A WA ¢, i H b
AT RE P B VE By UKL Hh 3 6 UE B R K BE (ELO) &
.. Hanashiro 2P0 GBSS T 3£ H S A wr K
RAMER, Z B ELC #m T 7.5 ~8.4% ., /K
SSMa B2k b, GBSS T i ¥ 1Y 38 fin £ bt %
K ELC & &) 3553 By = 49 . Teng 487
S A I, W 25 R Y 22 5 38 5% ) SSs . BEs
DL K PUL W T M 2 1 3 Bl S 5% V8 B 1 45 +4 i
B HAL R 22 5 . DT . GBSS T A 5 37 44k B 4
TE B G I X S VE R B S A A — R R
3.2 EMEEI(SSI)

I B 28 46 €485 43 17 2 L . D VEE 28 300 7K A Tl
FL b B2 IR AT M DE B G Tl A AE T R g, SS
T F0 SSIT; %0 SST F1 SSI A ARFL b Y SS
fitg, H SS T %M & % % T SSIT. 2 /5 B SS G MY
70905 X — G5 AL /N B KR FL A A3 3] T
WS, KFEH SS T AL 15 A F/ 14 NN
T T 6 Yetafk .5 Wa BEE{L S5 cM, Take-
moto-Kuno 255 & 8, SS T 1% M 76 il A FURE A5 & A
Hig i E 22 5%, Native-PAGE 38 78 Kl #F 56 A Kasal-
ath W' SS T 76 M HA RIS & Fh H RIS 1/6 2 &
/b, Chen Ml Bao™ | ] Native-PAGE #f 5% % ¥
SS I fEA R K F it Fb i B B 2 851, H SS 1 il
LA RE R T &SR K B i o & R B BT

SEC I X HU A H A A 93-11 /9 3D S544 M &
B, 3 — A AT AN AL T il ) b DX R 6 R £
X380 L 55 2 0 R 5 i 45 X A T[] — - 1 (P
2-0),

SS 1 BE 41 & £ K R 3L 1 3 B 4k K o A6
Mr i SST FE A 57 SZ W e M Ji a CRB N 6~
IS A . Bk IRFL A SS T i ) F LA 4 52
$E N IIC W B R W 1 0 A SR R BE R, SS T Y
TG A 2 R B BRI 5 ADPG 5 #9 fi £k 1
TREE<10 M, JiW] SS T FZ G A 5
B1 4 (i 3E M7 e KRG, Fujita 2099 @3t Tosl7
T B A B R O 1R AR AT SS T ik Ok B AR AR ssT
15 ssT WIRFL, SCHEVE M R & B 8~ 12 MY BERE
RRA R 6~7 H 16~ 19 FH4ERE i, i K 5% 5
B EEAR/NT 21 1 L AR AR, R B SS T AE fif
GHERN6~TH ARENE BEIENREGE R 8~12
B4E, HE— L BFST &I, SS T I M iy 58 4 B 2k f A
S R U oy MUK (1) R /N TR U A i R R e E
o3 SR i 1A 45 4 1 JE i, U B HL G oAb SS B A% #b
£ SS T Ty RE i Bk 2 B R AT
3.3 EMEEI(SST)

KA EA 34 SSI A T/, B SS1Ta.SS1 b
FSSI e, 20 A FAKFERIEE 6.2 Fi1 10 Jefafhk I,
SSHa WHkM SSI-3 8 ALK, 78 7K & R L i 45 5
PEFIL;SSTT b WA N SST -2, 6 M A ik 5 vk %
ik, P RE S BRI SEM A BAH DG SS T e AR SSI -
L, FEAEMFL PR F B R BDY 3 KA SSIT
T AH L 22 ) 1 2 e R R Rk 5196 ~64 %, 5
flkt¥y SSI & A 52 % ~73 % Byl k=

Umemoto E"WF 5T 2 W], SS 11 a Y 55 40 3 A

SRS HOEAR H AN FAIRT Kasalath W FL 35
VEMYBE R A0 A 22 R i B . Nakamura 5559
WEFEUE B % 35 et S BE € by 45 A ] 43y LA S-
R LAY S BEAEAE TR S AR b R 22 B0RE A Ry
S-# ; S-HU S EESE N HAT 3 £ 1) S 4 (DP 6-10) R4
AR TR EE(DP 12-24) LT K 8 B2 F1 B3 4 A %
BAWENZES  FEEAKFE L ARER SSITa i
TR BV TE G T PUR 2 SN N % [T
fih IR36 A SS [la By cDNA S AR5 Fp i, B4
JE<11 WBE /D, RA N 13~25 4ESE N, 3 4k
VEM N S- T4 pl L -1

R B R FER IR R, SS T a il i



FER SZHREVE M AR R B <10 AT EER G R
12~248" % Fujita 00 @i M0 RIS SS T a
cDNA F A isal RARS, B SS a'/isal ek
R RA FERT 30 iEER N, H SSII a BEAE i o
HIRMESE . Wang S X HA AE SS 1 a &5 5
PRI 7K R 7 R 2R M) SR AT T M 45+ O Ak TR 43
Br. &8 SSTla gl KaE (REER 16~21),
T 52 W0 VE By R0 AR B L X S ST 45 SRR B SS
lai@id K A S Bl 854G K88 B B2
i ol T B L LB R R E R 1 B A R

3.4 EMEEI(SST)

FEKFERFL H, SSTIT I PR AR T SS T RS —
KRWH AW, KFEPE R 2 4 SSITH SS
Ma #1SS 6,535 F5 3 FI5E 8 Yefafk I, Hrh
SSla EEfAFAFHIAS,SSI o 0t R &
KUY Fujita 808 POK RS IR 7L 4 2 4 Ak 3515 SS
Il a Ff . LA B 250 T RE 6% LIOBE IR 51 9, % i 4
KAREGE <11 BEEE MK, XFKFE SSlla
Bege AR 55 Ma BF5E K BR L G A J0URE 45 A4 428 150
S R TR FL AT B A TR A A s
a WAL ZEEERM R AR 6~9.16~19 F1 33~55
B /D B A BE S 10~ 15 F 20 ~ 25 F) 4k 184
fntt, Li ZEMIRE K ss3a RAEK Camol ) IRFL 3
HEVEM EER A A F S R AR A B 9~ 10
A RAE N 15~24 W SESE N, K B LA R A AR
1. xeegs B yi i SSTTa (3 fig 5 22 A A b K
WA MM R EEREGE>30 MKEE., Mk,
SSIla {4 A il 2 25 T BON IR SS T I M i 34 i, i
MAE SR AR 9~15 Fl 22~29 BEES L. * %
K SSIla A dull BIWFFE A BN IR SS T 76T &
TP A A, 5K RSS2, SR % KR R
TR (RS BRI K B, SS Ma HEHN KA R B
ERE TOKREMREL R PO VE N A VE R IR H
HETE M-I A AR i DL SO AL IR s E— 2 F 5T
B LSSIa X RS MM T Waa 1Y 5KV
IR DR, AT LA IR SS R 2 A 77 AE AR, T LA
X AN B D) RE S D) BEAS /2 1) SS A 147 Ty BE Ab
(=3
3.5 EMEEN(SSV)

HRTA Ik AT SSIV 78 258 4 v sk 4 75 4 6t <
BRI 0 2 b, Hirose Al Terao™" 78 /K # o &
LSSV A —FhfE T/ SSSIVa F1 SSSIV b, H &1l
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FEK AR A K I A By BE 3 A AR R R W LR IR
FLIER & Bt B B — M AE . Roldan 4847
ARG IF 3k A5 SSIV 28 AR M, H R L 1 % e 4 5 2
HETE R A LRI R AR, HL S A T R BE 1 o A R
Je M AR AR (ER AU R T IR L v Y A R 2R R R
Bt kL K /NN L B B SSIV AT BE B K T R 50RE 1Y
T B B 7 i € 3 UKL £ i . Toyosawa %57 &
SSNa 8i# SSIV b He PR 5 248 % 7K e Wk 3, v 3 #y 4t
LR SR KL TE ss4b / ss30 WSS AR A vh YE H URE
{18 50 RV - mP A R A R K R U A KL
T 25 R 1 Z2 30 B A8 1 T BRJE , W SSIV 75 b
3 ORL I 1 b BT AR

L VR

VE N 43 Sl (BE) & 1 S Bl VE M 10 G B g L 2
BAE SR VI -1, 4 B 5RO 422 00 40 R0 SR 5 5%
% W7 24 1) K HC O DK iy i 422 1) C6 Ak BB N o
1.6 BEF 8 DT 7 2 SRS TE B (0 4 S 2 H . AR A UE
Ky o B A Ik 2E vk KR P Y BE 45 BE T AN
BEII BiFh W7 (5% 1),

4.1 EMHZEE] (BET)

BT F Kk BET Ml BE [T R4 E.coli FikLK:
KIL,BE 1 il 17 T B G BE KT 16 By K&k, i
BEIl P2 AR AEE/NT 12 094 855, %K BE [
FRAFK sbe 1 BF5E e B, LR FL b S B 08wy B 3R
HERT 37 MEBEE N 12~21) 8 F F, 1 & 4
(REBE/NT 10 M K4 RGN 24~30D 8 m,
FWIKAE BE 1 nTRE =2 H T Bl 8 A W, JE K B
BERFREAR G5 M0, Ak, sbe T 2878 A IR L 3 #5 AH
A0 1 A A LA A ) S T Rk TR X — 25 R
F5 S HEE By H A s BB K R 2 1 1R 1
JERT Y Nakamura 269% BF98 & 8, BE 1 38 1 43 %
P2 T A )2 4 G WE T8 B B e R G AN /N T 40
1 K

WEY BE T & A 755 MR LM LA N . 8
T GHI13 HZEEH;BE [ 5%k 3 R4 nl, 43
SRR KA S W 254 X B 48 (CBMAS)  Ht i 4k X
B (GHI13).C R¥ii o-JEH M X I, BE T b B2 )
SFHY R SRR AR HE Tyr235, Asp270, His275, Arg342,
Asp344 ,Glu399 Fl Hisd67 MR E i Ak 36 Pk &
MR ik 5L s U HUE Asp344 Al Glu399 JE# 2L T B
St E— 2D B FOR TR G (B 2-D)
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4.2 M XZEI (BEI)

KFEEHHAPF BEI [ T.4,BEIl a #1 BE I
b,BE Il a 7EA R H 2 ¥4 f£ 76 . BE Il b AU TE IR FL
gk, KA BEIl a # 2k € AZBAK be2a M. H, X
B JE A B o A AR T AR R W s .
I HED , BE [T a 7] BB X H A BE [8] T %4 B A H B &
Al . Nishi %504 73 8§ %@ 4R 15 K R BE Il b 28 48 &
Amylose-Extender (ae AR , L EEVE My K i R &
JE=35(B2 Fl B3 55 MK CRG N 156~30,A
BEA B1 £ B E WO, MEE(CRAIE R 6~12) B
/b, Nakamura 2552 BF 58 % B BE Il b £ — il 5%
BREE 6 MEBAE 7 /4. A A RNA THH
ARLCULEBRKFE BE 116 3N, 5 8058 00 5 65 3E & &
93 I, ERE VE Y R R AT B 47,6106,
TEIKFE ae/wa AR FL P, AALTE B 5 & #
MM EEZMKEE. PENRAEART ITH
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