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Activity assay of grain starch synthesis key
enzymes in wild rice species of Yunnan

PENG Bo!'2, CHEN Rui?-3, SHI Dong-Yan!,
HUANG Xing-Qi?, LIU Xiao-Zhu! , CHENG Zai-Quan? *

( 1. College of Natural Resources, Southwest Forestry University, Kunming 650224, China; 2. The Key Laboratory
of Agricultural Biotechnology, Research Institute of Biotechnology & Genetic Germplasm, Yunnan Academy
of Agricultural Sciences, Kunming 650223, China; 3. School of Life Sciences, Yunnan University,
Kunming 650091, China; 4, Department of Life Sciences, Heze College, Heze 274015, China )

Abstract: In order to investigate the amylose synthesis mechanism of the three wild rice species originating from Yun-
nan so as to utilize the good quality trait of the low amylose content of these wild rice species, four key enzymes(AD-
PG pyrophosphorylase (ADPGP), soluble starch synthase (SSS), granule bound starch synthase (GBSS), starch
branching enzyme(Q-enzyme)) activities in three wild rice species and four cultivar rice varieties of Yunnan were as-
sayed during grain filling stages. The result indicated that four key enzymes had similar change trend, but had Lig
differences in the activity among the different wild rice species and the cultivars. It was found that GBSS activity as-
say in wild rice also had positive relation with amylose content, This indicted that in wild rice the seed amylsoe syn-
thesis is also controlled by granule bound starch synthase. It is also found that SSS and Q-enzyme showed opposition
change trend in terms of activity during the grain filling stage. It may suggest these two enzymes had some feedback
suppression effect on regulation of starch synthesis.
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KBEREENREBEYZ — HE LAF —
FPEWADLUREKRNER (RBF, 2006, W
ONHIKREFME IS REETH . FEFEANERE
KB RE, AT RBARSEH B REBRBE.
ER=R, BRREANFATREMN 60%~70%
BEHRA 506~60%, Ak, FKHERHERSTA
KERFEHEENXR., ZBHEEB (Oryd) B H T
T FEM KREWM MM R FMEHRFBEX, B
BIIARNE 22 1 F(Chang %,1985), ZEEM AL
INHEHREREFR SO R EBHERLH—F T,
FEEBENHEYARE,UFERREA 37,0
E B 4O, rufipogon) B A EFE B (O. of fi-
cinalis) IPERL £ G (O. granulata) . EIIHHE
H_RRPHEEY (B E%,1992), TEHEH
EREME IR ESLEBREYYLEZEGE
HE%,2000),

TEK REFFRL P VEH — R T BEOR B A 90 LL £,
HYE ¥ FESRBANEERRTKRB AT ER
(Han %:,2001) . WIf8K ¥E# i B 45 Ve 40 1 32 4% 0
B RR AR, R ES RS E. LA REXK
M REmRAR, Bit, BEEHHNSED REN
KEREHEERIFRZ — (Tan %,2002; Lim %,
1995), MERPERE—TTHERNIR.FE
EHBHNSS, EERXPERERAHBELREF
ADPG 8% B 1k B§ (ADPGP) | T ¥ 1 & ¥ & BL S

(SSS) UL ¥ 45 B JE iy A& BLER (GBSS) FyEM 43X
BQE)EIEAM. DTN HRERYS, ADPG £
BEER LB AT IR M A BLES R B SS RIE & B
.M T HEREEHKBFRER S RS B
i GEA R B JLA 68 B8 (Nakamura %,1992), B
M1z IBAB(Li 4,2001; ZF K%, 2005; Ahmadi %,
2001;Cheng %, 2005), /N (Kumar %,1980), %
kK (Doehlert,1993) , Ty 44 38 (Van %, 1987) &£ 4
FRMEBL BELERBP LR 4 HEHERS R
RBEHFOERLRE.

FHRACE 3 HHFERM 4 A TRERN
MR SR EFARERER T MKEH,. 4
F 8 (ADPGP,SSS.GBSS.Q B§) 5 & B *
FAEREEBERETENXR. HABFELE
HAEBFEHERRHSERETE EE & GBSS B
iR ENENTELF P

1 M#ET %

L1 gt # 4

HEMNEZE 3 HEARM 4 HMEERR S
BERSMITRIER, EMI0R L FRRMITR.
FIAEMBYRTFaREE TLERBAABREA, &
FERIE B R R T R 3 OK R 3% ROR B H i A
FPHSKIRA 26.4~28.6 C), ERMAHET K

®1 ZmHERTBSREBEEENSR

Table 1 Amylose content in seeds of different wild rice species and cultivars in Yunnan

B & W A B FEFAERE EREFARE )5 736/KM670 B’6 6 FFR 41
Samples O.rufipogon O.officinalis O. granulata Hou736/KM670 Zhan 6 Dianchao 6 Hexi 41
HERNT R 11,990, 3 9.740.2 11.2840.2 15.540.1  18,040.2 16.940.3 19.2340.2
Amylose content (%)
M ] B MRSV, ARG HEAT 4 MEM S MR BB EENE.
1.2 MEH* EREN HEREENR 2 K, 04K 4 FhoeHEE 3

TEZFT 3 FhEFAERSAN 4 Fhsth J7 3k 45 5 10 TF 7640
H 2 BlHE AR AR, FHFAEE 10.20,30 d 78 1< £
—E W FR ISR P EE YL B 5 AR, 7 S bk R 4 B
B LR ES B 20~25 8L, BA
B, 4 AEFET-70 Cokfl, EM R & H1TH
&M E
L3IMWEF*

MZEFE 3 FHEFAERGAN 4 M R IZRE 9 51 k8
VIEREER B GFHRE 10 ) PHEGFHE 20
MBI GFIEE 30 d) BIFFRLE 20 RiJ5 4 BIHR B

A 37 B 35 1, T 45 BB A T RO R A B 3 IRBEE .
B4R B B A B[R] — I ST L R AR 9 N EUE S
FI EXCEL {4 v B oA o 4 22 B A0 P 39 fE 9F 4
B, B SPSS 13. 0 A4 FATH KM .

1.3.1 o852 5 3R B  # Nakamura % (1989)
B EFEARE, N 5 mL #BUK (& 100 mmol » L7
Tricine-NaOH (pH = 7. 5), 8 mmol « L' MgCl;, 2
mmol » L' EDTA, 12, 5% (V/V) Glycerol; 1% (w/v)
PVP-40,50 mmol » L! 2-Mercap-toethanol) B B35 3% ,
30 000X g B> 10 min, R EHERB K, EIHM
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BREH. MERAS nL RRBEFEZUEER
REh A TR A BRI E .

1.3.2 ey ml & W& 5 ¥k #% Nekamura %
(1989 g7 . ADPG BERRALEREHER I 2 , IR 20
pL BRI A 110 pL 5B A R RL W& 2 WK B
100 mmol « L' Hepes-NaOH(pH=7. 5),1. 2 mmol -
L' ADPG, 3 mmol « L' PPi,5 mmol « L' MgCl,,4
mmol » L' DTT),30°C LK 20min, Bi7K A4 1k AL
30 5,10 000X g,10 min; Bt _E#E# 100 pL h3 5. 2 pL
H 8 % (5. 76 mmol « L' NADP, 0. 08 unit P-guco-
mutase, 0. 07 unit G6P-dehydrogenase) , 30 ‘C ¥ 10
min, ] & 340 nm OD {4,

T VE By A AR BE (SSS) T AW &2, B 20 pL
HEEB A 36 pL KB (R B &K WE R 50
mmol « L'* Hepes-NaOH(pH=17. 5),1. 6 mmol + L
ADPG,0. 7 mg amylopectin, 15 mmol + L'! DTT), 30
"C R 20 min, Pk 48 1L KT 30 s, IKIB¥E0;m 20
pL BB (& 50 mmol « L Hepes-NaOH (pH =
7.5),4 mmol « L' PEP, 200 mmol - L' KCL, 10
mmol « L' MgCl,,1. 2 unit Pyruvate Kinase),30 ‘CJK
JB 20 min, #7K & 1E RBE, 10 000 X g B4 10 min,
WMEB® 60 uL 5 43 pL K W # (50 mmol » L?
Hepes-NaOH(pH=7. 5), 10 mmol * L' Glucose, 20
mmol + L' MgCl,,2 mmol » L' NADP, 1. 4 unit Hex-
oki-nase,0. 35 unit G6P-dehydrogenase) ,30 ‘C 7 10
min, il E 340 nm OD {H K24k,
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Fig.1 ADPG enzyme ability in seeds of different
species of wild rice and cultivars
1LY REFAR; 2. ABAR,; 3. SEREFAR: 4.8 6,
5. #6; 6. 4% 41 7. )5 736/KM670. T,

1. O. rufipogon; 2. O. of ficinalisy 3. O. granulata; 4. Zhan
6; 5. Dianchao 6; 6. Hexi 41; 7. Hou 736/KM 670.

IR BE 45 R VE B & LB (GBSS) &t #9  52 , B

20 L LB B W, KA S RE I Bk & LB
BHENUE. QEBEENNEERERREAIDF
BT EFRTHER 0.1 g A 2.5 mL 0.05 mol «
LU REmK (pH7. O KB PHES R . RE
7E 18 000X g FE.L> 20 min, & 15 ¥k B W BE¥ , 2
ATEEEYE 150 pL, i 150 pL 0. 2 mol » LR 8
#¥ (pH7.0).75 pL 0.1 mol » L* EDTA.40 uL
7.5 g/L WM TER, 1 37 CAB P I 40 min,
Hin 24 pL B B 2 10 min, 7 660 nm 4§ OD
B, LA R %) B, Q B§ & M LA OD 660nm T B Y
B9 RFE R : AODggo = (ODggo Z B -ODggo t) / ODggo
ZHFX100%,

2 HEREAN

2.1 RBISHEEENE

2.1.1 ADPG £ 58 iL8 5 T4 ADPG EBR
LB (ADPGP)7E 3 HEF AR BB HE 5 4 7
BERTELHAMELEMLEL. BKER 4
4h,ADPG BRI B EHEE X PR L B &
B REZHTH. EHRATFEB/MENEERSD,
ADPG BB ESERENL 41 MR EBHER.
B RAED BTN, ADPG R RILEFE 4L
FEXRBTRIFBN L.5~218LH. MAELHHE
ERF,BNERY R ADPG £ BB 1L B I 1 AR 4R
RFEB KT, JOR B AL R e SR K W ADPG £
BRABIEETRER. BRI EAEFERS 4
MR ADPG B ILEEE M JLFE R — K
VL, EMZENERAHAR(E D, XARERRS
FEAEBMENFERNERERERS, ATHX
7 o BF A RS e 4 B[R] N SR AR B R R K .

2.1.2 THEMRREHERESSS) FREL THEHE
WA REEEER L 285 ADPG £ R RILES
EHETAMERFENENAR. BRER 41 MEE
AP HS, HR M A TR ER & BT
HMURAERH R HRBH TR, ER6 HEX
MM HMEEF . £E 3 HEFEARES, THE
HIER A REE RSB S 4 o R
R, 3FMEFAER P, TFEEEN S REEEREGL
BERTHRER MEEEFABMARAFERRA
TARREE 2, EEFEREEREHN 4R
BREMATEEES SRR EEMY, B AEER
PHIH TR SRR EFERMAAFAERYKE.
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KW PG, MEFEROTRERER &
B BART 4 PR . XX LR KR AT
TR & REE NN E, BERATHEER &
Rl 5 H A R & BT,

2.3 QEBERTA QMEZR 3 MEFAERM4
P ITRE R PRI R MAMBREARIER . %58
EHEEXBRRBREGRTHRTERMRE 6 SR
BRI TEERR PR S E SR TR,
e % B gstihsk. SABFERBEEREHA P
QEMEEMESERR K. RERETH. FH
BT TR PORLEF A R eV AR P AT, Q BB R
RERTREBM TS ETAR AHATERKY
QEEL AR, WXt 3 FmEEF LR 4 FRIF
B QEEENINE . BEAR QS HEEN S
BEFEMRHE(E 3,
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Fig. 2 SSS enzyme ability in seeds of different
wild rice species and cultivars
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Fig.3 Q enzyme ability in seeds of different
wild rice species and cultivars
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Fig. 4 GBSS enzyme ability in seeds of different
species of wild rice and cultivars

AR EHEEEFRTRE. £ZF 3 HEFLERD
BRREREReRBOEEHBRTRIERE, M
P RSR IR W . A SPSS 13. 0 Kk 4%t
PR RERA RS EERR S BHRTHESE
SrEY . R 3 E AR 4 HRERSHX R
MESERNSEBEEMS KPP LHAFERE
BEMAKG=0.947 38), & 3 MEFERF, TILYE
BEABHSEERSEES RN TERKZ A H
B ARG, X 3 M EFAERR AN BURLEES MIEH S I
B RS R /MR . TV B B A BRI 4
RV A RS SRR R FERKRZ, A
BEE(E ., SRALEZHE I HHFAERFEHER
i BMEH GBSS 24 .
2.2 AR SR EE(SSS) 1 Q EiEHR LK
M 3MEFARBM 4B TRERT. K
SSS il Q EE7E R 3K B 3. B A TS M AT E
B, RESSSHM QEEHEHEMNTHELETIE
fhiaE . % SSS WG R, Q B E R EMKE Q
BB I5 YE TR, U SSS RITEEBLEK. BP SSS 1 Q B
MEEEHER BB ES5~7). 255 LR
SSS 1 Q B E M HEAT KRS T, BRIMERE,
HEABAEARAFEREAOEFERRERGE D, H
AR PR, SSS M Q R RAEX, R
BARBEEREYENRE F RAEX 0. 963 01),
ERPHBRTEEFETIMBEEERMER, 7
A A R E B A RS AR 736/KM670 B B
A2, T P L P A RS AR B 3 51 AH 2% (-0. 967 425),
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FERIBPEMENE NBEENEL. ADPG
ERRICEELERN TN ERNE—F A,
B o 2 VE M A 4 A LA PR 3% B (Cathie %,1995).
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Fig.5 Comparison of SSS and Q enzyme
activities through the early filling stage
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Fig. 6 Comparison of SSS and Q enzyme
activities through the middle filling stage
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Fig. 7 Comparison of SSS and Q enzyme
activities through the late filling stage

HREBEFEMAE %,2001), @dxt/hEKu
mar & Simgh, 1980) #l E % (Doehlert & Kuo,
1990 ; Doehlert & Lambert,1991) B BF 5N %, AD-
PGEMRABEHESERFRRERDEMEX, M
MEHRRIHERTELX. REAZIROHRYE
BOEFARBRWRRIN ADPG EBRABERES
HEEMEBMKR., K SSS KITAE, SSS K 1E
Pebg (B B BB B N 8 ADPG WE e B, AT
REPIRE AR SSS WIEHBE AL ENE
FHEE S REGUEMINSE,2002), lWEEH T
FE. FEZEXR % (2005) HBF 7 #, #1 # IR72 ¥ SSS
FHEEOCREHAEF LSS dIER WERET
ADPG, 7E Ahmadi(2001) % B9 BF 5% 5 SSS #9 3 H:
W {H B Y B []] B B F GBSS, 4 i 3% (2003) 4 4)%
L& SSS # B F ADPG., 7E/MN%E w1 SSS B9 1
WHEF LRI EBEE, 5 —E T HEXie %,

£2 SSSHOBmEFMHZAMNEXER

Table 2 The correlation coeficients between SSS and Q activity

AT B A L AR SSS

YBEFAER HMFER  MREFER  F736/KMET0 E6
O. rufipogon O.of ficinalis O. granulata Hou736/KM670 Zhan 6

HHE 6
Dianchao 6

aFR 4
Hexi 41

Qs 3% BB Early stage -0.6214 -0. 85632
Q enzyme #EIK P Middle stage  -0. 12306 -0.85242
R 3 Late stage -0, 9332 -0. 86846

-0. 96301 -0. 566638 -0.342446 -0.384244 -0,36131
-0. 89201 -0. 871005 -0.857387 -0.87491 -0.86182
-0. 967425 -0. 879356 -0.63827 0.537323 0.49337

2003), WABR LN SSS FHEELNEFER
15d £% {88 F ADPG £Bi21LE , th 2 F GBSS
(Cheng %,2005), EFEHNHRFPHLER SSSH
EMWR T ADPG £ BRI GBSS(EF %,
2004), TEAZEHAP,BRTEFK 41 Z4h,SSS BiE
WIREREREERES, WEEEFR TR, &
SHEERFT, THEMERERBEHEEERT

BER MARASFEBNAHBTERRIALS S
B, EERGFHMGEH,3 MEARRTEER
A BB B AR T 4 FEERS.

GBSS 5 SSS {fE A TRl ¢ K ¥ ADPG, (B
GBSS WEH B E LN EEXTH HEEL LS
ADPG £BRALBHERE (£ %,2004), XHHE
Uil SSS ARER R A H UM EEN S RN E
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PEAETAR, EREB(EARS, 2003 EX
(Sprague £, 1943; Tsai, 1965) . B & ¥ (Van %,
1987 P EIBFS HR R GBSS B S HE M & B
BIEME. ALBXT GBSS BN ERE, 4
BEHHAER A RME TR, M GBSS WiEH R
BB TR, T EAE 3 AP AR Z A BRI
] B85 T M & B WO H 55 ¥ , GBSS [F) B 2 BF A /8
EHHRTEHEN S ENBREENE XM NE
MBFR MM A AR P EEEN O BEEIHRET
¥ EHEE,

RELWP QEEFABMREFPEMRFH
S AR AFENY QBN ELBEERE
MEEE. QFFS SSSHRF, MEHE R B X8R
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MR SSS I Q BB —BHFT BT L AR E
Al — B SSS MVE S Q BEfFFEM R L % (B
S~ FEAFENTFABHEREHMbH, K
SSSHQEMERBERMX, MAFEFAFULE
TEEAMRK(E 2. BRI RS Q0D . bt E
£ (2003) EF QOO FHHRERFEITHE , 1F
KB, 7E Cheng(2005) WIREF, H R
T SSSH QEMEMMBESEALIRLEREXYES.
BEX LR ISR SSS TTRE A4 B4 sThes, 75
EMAERNIPEIEEMER. MAXERE Q
FETE X S5 Ve 0 A O 7B P T REFR AR B AP RIS A
FIBLE SRR S S B, XEBRIH
— R,
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EHEE TSN GBSS WEHESHEERY S
BEEME, (3T 3 MEFAME—ERY, R
FHH SSS 1 Q B R AR 1k £ Bk v, HE I 5X T i
ZIE T RB AR AE R A R TATALAI
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