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Abstract  TCA acetone precipitating methods was employed to extract root proteins, stem proteins and leaf proteins
of soybean, and two-dimensional electrophoresis based on IPG (Immobilized pH Gradient, pH 4~7) was performed.
The results suggested that stem proteins amounted to the highest percentage (35%) of acid proteins, in which their pl
(isoelectric points) were ranging from 4 to 5; Leaf proteins amounted to the highest percentage (52%) of weakly acid
proteins, in which their pl (isoelectric points) were ranging from 5 to 6; Root proteins amounted to the highest
percentage (34%) of weakly alkaline proteins, in which their pl (isoelectric points) were ranging from 6 to 7. However,
the percentage of protein with the smallest molecular weight less than 18.4 kD and the largest molecular weight greater
than 75 kD were the root proteins, which indicated the molecular basic of the significant difference of structure and
function in these organs.

Keywords  Soybean; Root proteins; Stem proteins; Leaf
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Ffr: — 2 3 A FUAN A AR RS BOR B L T
JOR P 22 S AR KA L, 3 T 6 7 4 T A= 40 3 A R
A AR BRI BECIRAS HERE L A ALHIEE, [F)
IR S e oCt tE H R EE A E s R
FH ey 388 1) B 1 DU BAH OG5 A ) B 6 R S A4
f. HE, BB NRTRZMEB R T
fift H. % B E(Hakeem et al., 2012; Colmsee et al.,
2012; Que et al., 2011; X¥#, 2009). [Kit, HH
Ji 20 2 4R 2 H ORI BT AL L A b e (R AR AR
A= W) B TR AR G S AE N R 5 8 ) 1) 23 B
A 71T H(Yangetal.,, 2011 b).

KA RAREBAR, NI NSRS F7
% BB R IT AN A 2, () INF 30 ] e A ik A A= 4
Ae VR, A2 ZL 0ROl Sl O AR 9 (Thelen and
Ohlrogge, 2002; Bhushan et al., 2007) . #Rifij, —&&4:
Yl ig sCAE A BB SO R R, W R B R
gy, PARKHE . T 5OR1 R AL 55 (Ohyanagi et al.,
2012 ). JIEH M. T W ER AU AL,
HE A F LA R AN E 12 5 R e A
W2 o R I 25 Bl 22 S 2R OK B T N BE AT AR
(Ohyanagi et al., 2012).

1 Yang &5 NG 83132 G4 1K RIS 42
P RG M IT ZE R E A, SRER: 8
IFEER 25 MREALM R FIEFRIENED FE
W K E A 7 B fi# (degradation) < [7 10 15 5 & 12
(defense signal pathway) . 3 % % #& % (reactive
oxygen). 4 ffLEE 1 = (reinforcement), DL J% g AR
W A1 A 5 (metabolism  regulation)(Yang et al.,
2011a). Oehrle &5 FI| FH X jm) HL K % K 5 1) i 9 sk
TEEHS N, SRER, EEINEBRIZD)
RE 7> E 2 VYR B — K2 Bk AL (carbon
metabolism) #H 5¢ 2 H ;28 — 38 & & AKX #f (nitrogen
metabolism) #H o¢ & H 5 2 = 2 i 1 A A
(reactive oxygen metabolism)fHREH; 25 VUK 2K
iz % (vesicular trafficking) #HoCEE A . JEIHSE B
IBHAHRE M ZA . KERETURE KT
12 B RN I 2 1 58 0 B AE AR Al I R 3R AT
% (Oehrle et al., 2008).

Ahsan AJF 5T/ 6 AN [F) 5 E I K SR
MR A AT A 5E, 193] 26 A A [F] ) - &5
HRHE R AR BEE R TIESERER, T
P4 60 LR T 70 A ATP A AE 4L b R 48
Rik; WHERRFRIEN 20 2AE O SIZ IR
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T B S 2 b Ak B (1 1) 32 A G (transport: and
assembly). &A= (secondary metabolism) £
1K1 K B (pollen-tube growth)#H <45 1 (Ahsan et
al, 2009). Ahsan i&HF5E | RAMNE FH S EA
A SRR A, i B PR AR T A
EGR IR RAMNETE S N E A RE TR AL
PR B /T XA IR 55 o 4 e F 1)
0N ERKIAEAFEW OCAIER, B RS
IV OERS | MR FECAHSCE B T REE. ©h
SR TEMERESE L, TR REpE s s
VE i A2 v =R IR A 1 ik 73 IiE 1) 2422 (Ahsan et
al., 2010).

H#BIsE, Yamaguchi 1 Komatsu P3N 78/
AR AE R TN 2 7K R Fly R S A 5 2R R T R LA
7t Yamaguchi X i (8 7R A K 2 ) R EWIAER &
FZHLAIE 7038 B, 7K 38 (water stress, flooding stress,
8¢ waterlogging stress) AR 52 40 il {1 Ji ] 32 22
R EE R AR LR s, shERAMER LA
ik (up-regulated) DL ORI AR S0 52 AR 477, (HR R
FR R H PN H] T {8 K A K (Yamaguchi et al.,
2010); 1M Komatsu & Xfif & 2 d F/KMEALEE 2 d
Je B K S AR R 7 Tl 4 i B R 5T A AT )
Mr, R FKH: JEHE 55 (lipoxygenases). i K &
(germin-like protein) F1 4 25 1 (glycoprotein) [ {1 {4
(precursors), LA K —Fitit S8 A6 4 7 AL B (superoxide
dismutase [Cu-Zn])#) 2 FIAFRIERE . BTG R
FUSREFT L FF I 1) T W 3R 0A 3 80T K 4 AR R )
KR T ik (downregulation), LAME K S HE4LZH
Yo, 52 7KV 11 173 % (Komatsu et al., 2010).

B R BAR TR E T AR 32 B s MR (HL
FH L ) B R 4H 2 A I 25 A R e v R 2 XL
Iri) B YK 8 J P B 1 B 2L 2 G T D e 28 R YRR 1
AT 5> BRI 2-D BRI, il o1
A A E AR ESE A, IR 2 EL
2 fi5 22 S AR AU 25 SR W] e 2 2 RE T A
WE M o L, 4y SRR EF 1Y) 2-DE HEi B3R L2
AL FUI 0 R A AR AN A £
JORSE, SN 7B AR IFIR TR XL A
W AR UK T, IR AR OR 22 e R A 2
WFFLBEE 7 Bl o [FI T2 04 7 ARS8 2 1 K
O 2 HEARRE A, BEES TR
AHRHE o
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1R 55t
LIKEMR. Z. HEEXNEHEKE

R [F) FEL Y 5 P 3R L A ARG, Y3049 T o B AR
U, EREMEFHIRKEMR. 2. HHE A BN HE K E
(B, mELIATEn, KO, 2. M E R AE
2-DEEF A EHEZSR, MEAKS (K
1A LTRSS AMERBANRE b, 5 —m Hik
(IER)Z5 S 5, PG 2% 1R Ui (pH 4) 2188 (pH 7)
H#A HE A, A ) FLUk(SDS-PAGE) J5 — &
NS TEER A (B Marker ff) /N7 14.4 kD)3
TR JERS, RO A (EILA, HEL), Bl

HEAKRE S,

LA RL(EILB) 2 o A AR IR B I A v 4
IEFZE R G, 4370 B s A AE T IPGI B R Uiy
(pH 4~6), BDHIEHE B AAEPH 74b; WEE KK
/Ny H(<14.4 kD) H 5 2 F K43 E(>66.2 kD)
(1) 25 o R B SIS 2 (1B, HE2), 1k BH
SR E A REEZR MR L,

M2 5 a5 (P 1C) 32 B 45 v o3 A 7E B IR ] 1
(LK 4y T 5 (25~116 KDIE) X &), JoH R4 T &
1£45~66.5 KD 2 [H] 12 [ mi 22 SR, R B s
ERER Ny FREEASAZ.

pH4 pH7 pH4 pH7 pH4 pH7
—— ’ |
L L 116.0 kD B e | 1160KD
e =i 1160kD L 66.3 kD S e L 669 1D
5 | \—66.2kD . e S
L 45.0 kD : 45.0kD
L ey -|
9 35.0kD B 45.0kD g b= L 35.0kD
= = ~35.0kD = ; |
& —25.0kD 5 = {| 2501 = T —250kD
2 ~184kD 3 ' a 2
@ : @ @ | —184kD
— 144 kD : - 184kD ‘
2f 144D
\j ¥ ~14.4 kD =

K1 KEM(A). Z(B). HH(C)E A BT ALk K

Figure 1 2-DE pattern of the proteins of soybean roots (A), stems (B) and leaves (C)

12 KEM. ZE, HEARS FENSFHA AR A

KB EFTEN T A4 48, F B R B B ) 1EF
T 10K pH 4~7 K FE S 4y R 2R, SRS AR pH 4.
pH 5. pH 6. pH 7; 7 FH BLR iS5k B #) SDS-PAGE

J7 1] 3R BB H 4 T Marker [£)4%1#5(116 kD, 66.2 kD,

45 kD, 35 kD, 25 kD, 18.4 kD, 14.4 kD), 1% Marker
() 2 AL B2, SR 5 AR 2 RN B 4 28 XAl
Frid b A A o TR A I . AR
DA E 2% 22 mUA B B IR 43 1 A AR L R E B
PDQuest By &Efe B 1, BEAT o 3R A5t B
HEH AR TR S IR AE), FRE Ry
Frarin: ARSLFAE R SRR G, 2, it
A FSHRTE 1 000~1 300 ANz [/, Ho1a s
HL s o AR IR (BT 2; 1] 3)

B 2. & 3 n A, SFHLRE 6~7 Z aE A
fi: MREAHE>HEAREZEEARE: FHA
1 5~6 Z I A HEASH>ZHEEHH >R

EABH: S A 45 ZPEAR: Z2EAR
H>REAKE>HEAKE. iz, KEYHR
EE WSS, EEA ISR, WA K
HB 74 L S TE 5~6 2 [H].

M SBR[ 2-DE EI1E (&l 1)F1 PDQuest # A4 45
Wreg & EE m o TS SR EE ST 455k
(K 2; B3), MKGHIMR. 2. mREANY
TEMER RS MERBEER. NEWT: (D
KEMBEAMIGIE. pl £ 6~7 ZHHEA &L
Hok s A 13 BLE; MW<18.4 kD /N
HEH, M MW>75 kD 1) K45 & & HER
SEHETE. W (2) KEZREAMIFRE.
pl 7 4~5 Z ¥ Ex H s ok B A5 13 BA Lk
25<MW<45 [N EE EEZ T RS EY S
T My (3 K&, EHE(pl 5-6)H & &
e REARM 62%), HEARZEREST
2 25~75 kD [f],
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m [ S B
700 r 7 Root Stem Leaf

600 F 553 548
500 |
400 +
300
200 | 154 151 173

100 | [lso 60

280

No. of proteins

HA R

&
iy
Molecular mass

K2 KEMR. 2=, HEEAFGSSTEN G

Figure 2 Tendency of Mr distribution of protein from root, stem and leaf of soybean identified by 2-DE

A B

B3 REMR. 25, R EAR AR AR AEEE

A REE S A, B EEAS A, C R A S A
Figure 3 Tendency of pl distribution of protein from root, stem and leaf of soybean identified by 2-DE

Note: A: pl of root proteins; B: pl of stem proteins; C: pl of leaf proteins

2 WHig

KGOS BA G IR 220 H 2
AR FHEL; HFEATOCEEN, —%H
B A A DG B 1 R TR R T8 SR R 1 S 3 A g
b, ZHREREARSGE. HTHIIEEA—, R, 2.
1 e e S T A7 7 N <7 e s L A 1 =)
HIRFF A ER U .

FE ) FH 25 T 3 J 14D 2 1 Joi R ) LYK 9 0 A
YN P38 1 B o 2R AT AR AT, A TRIRR AR SO0
FHIEAA L FEAT A [R] A 32 5 AN [F] 1 45 5 (Yamaguchi
et al., 2010; Komatsu et al., 2010), #ZE[[—s2ikh
IRl —2RE AR 2] ER AN RRE, BE R
HAHFIDhREAN 515 (18 E B AE 2-DE iR B 404
A7 B R AH AR BE (B 10T 55 L A — B0 (B B AR AR,
2013), ASAEmE—HE I VR LA A A2 I 3 A 15 s 2 e
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w2 . BUONE B IIEAGIE R — R R e T
A, WAE mRNA ——XF R A B 7 51 e e
THEARFY, (HEERERIT IR L AT fE 32 3
MRNA [ 5K . B3RP R 2 ME i 5 1E
MRS S (4R 8, 2011). DA RIS 1B 1 N
%, FAZAEYH AT REAEAE 20 FRUL R RBIRR A,

PLies W sk . ZBb . 2 ZAFBERR (L%
(Taylor et al., 2011; Theillet et al., 2012) . H:H, #2(E
SN ERMNBRAENE, Eais &
JUPASAE, (B pH EHSH S, BHEORSEH
MU MIAE B ()7 B 2% ) A (BRI 4 B2 31
DRI, YAl 281 Ty BE R0 7 270 AH [R] 0 2 1T s 7 B
W AT AL B A — R (G R R I, ASER S
FRRBSEES R ZE, RS2 BB 2. 1)
REZ PRI R 2 — (FE S5, 2013).



RS MDA OTEYID IR EAR . 2= R E A

S AR P =R Y i S D A L S
R DR e B BB AR . R AR T
A 2REIER A D RS R 4B R A iy v sh R AN AR
FRPER 7 FALRI B8 G hFB. 46K 1.
B2 FlE 3 s A HT AT R0, KREAR. 2. A
AWM TRANE RSO AERRKER, Bk
MRS 2B, W8 O RAE R S A AE Y EEE A
o 36 1) 3 BT BE 2 AN R 119 £ B AR 78 R K
PUHER - FALE], R, ATk e R K=
MR Z5. AR AL AT R S N AR B FR 43 T RL
FIRIRTIR . RBORIER . T H, kAT R R
st Aghaei %5£(2009) A 73 55 1045 1 4(300 £1)
%, WURBEFUS HE— 0 B R A T RGN
FoR 3 I RE DG 23 T WL BE 5 T R A

3 MRl S ik
JUEYMEKRETE . DM R P #

RE S AOR9525(Th ), #1316 it
PIFER(EAR24 cm), BRK12 htlE(25°C)/12 hiBR
(oCytEFEAK, KREKBEWIHM LR
I+, &

Hbt, KE 8y T8RS, 2P BT iZ)1~2 cm
K, Mg E T80 CUKFAIRA7 4 s ARG 4 K HIAR
MEERT N O, RERREE, T HKK T
R T, )5 I KT, FET-80CIK
TR

32 KEMR. . M-I K

B2 LKEMR. 25, MR EFE & i & SR FE N 2
AT KGR 25, AR AR S Ay

ORERE B (W) B A DLTE i N TCAY N

(B HUER) LT 8, 2011), BARWTF .
LTSGR —20°C A HIWFERE Tok b, &

W i M AH R L g 1R, 2815 g)ll

BT fS, #A\50 mLK R LEY, BEMA

®1 AR R

Table 1 Reagents needed by stand curve of protein

20 mL 10% TCA /INEH(FHATILIN DTT 0.1% Jii&:
AL 0.1g/100 mL); JREiR S, JREERE S -
BHT-20CHivEd % (14~18 h).

HUHtiE, F4°C, 20 000 rpm, E50220 min,
I L iEUCERDTTE; —20°C TV 11980% A B (B INDTT
0.1%FIPMSF 100 pL/10 mL) 20~25 mL/4%, g
HEVIEWEHAGERER), BT-20CUliEl~2 h;
4°C, 20000 rpm, 50220 min, & _EiE, WEDTE,
wbE B E E3R, EREAROOUUE, 7 R,
A K BT EZ TR AR, BAKER 2 mLEOF
W, F-80°CUKFETRAT 44 H -

R _ERERT L ATNE FEEAERE . M-80CHUH
EEFRTH, 2BIFRE30 mg/E (L5 mL), HIA450 L
B HKAE (15 pL/mg) 78 73 ¥ B A8 K, Bradford
(1976)¥2: M e B 1 VR EE, DA I B i 1 R
FFRRIR I 99% L E. an5R1, %A F 7
IMO@@F R, 73l 2 AR &1, 2. 3. 4.
5. 68 4 IMiEHE HWKE N0, 0.1, 0.2, 0.4. 0.6.
0.8. 1.0, HAIZHLEIS% L I A 15 B L 2 (A bR 2k il 1E
IEH e T R B R E

WL E R (W2 2), =I5 9] 17110 mL
KB BRI ING250 KA AN A R, e
IR,

IR 8 i 0 e A b B 7R B IR R R W
FEL0f5 5 IR EE, (R, B [ 0 S b ik FE A2 1 )
10f%. WA EAFEMPIKEE, %817 cm
FR 2% 1) b A N B R B I 22600 ng/300 pls
3.2.2 IPGIR A K S i 1 it — m] FRLUK (IEF)

¥ AP AR AW 300 pl (A 600 pg)
T35, 20000 rpm, 250020 min, HU_EiEEE KL
B (D IR H R BRI AR, B
IPGI %, T-20°CKA(EMK)IE R o ¥ K 78 4 I IR 2%
B NZ5 1 B B/ (PROTEAN IEF Cell, BIO-RAD),
BEAT HRAE(3R3).

Frs o Bl S| 1 2 3 4 5 6

No. Reagent Blank control

® G250 (mL) 5 5 5 5 5 5 5

@ Lysis buffer (uL) 100 90 80 60 40 20 0

® BSA ¥ (uL) 0 10 20 40 60 80 100
BSA concentrationug (uL) 0 0.1 0.2 0.4 0.6 0.8 1.0
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%2 M. . HEARKEEIE
Table 2 Concentration of the proteins extracted from roots, stems and leaves of soybean

ZAL Z A2 Z A3 i Bl i B2 " B3 R T1 R T2 R T3

StemAl  StemA2  StemA3 LeafBl LeafB2 LeafB3 RootTl RootT2 RootT3
FEAARE(UL) 10 10 10 10 10 10 10 10 10
Volume (puL)
IKAIE(L) 90 90 90 20 20 90 90 ely) 9
Lysis buffer(uL)
G250 5 5 5 5 5 5 5 5 5
AR (ng/uL) 0.3 0.8 0.6 1.2 0.4 1.2 0.3 0.5 0.8
Reading concentration
(ng/uL)
KPR 3 8 6 12 4 12 3 5 8
Real concentration
K3 FHRERETR W IR % AIRAT £ E 2 1 5 Marker [F1 I8 48 F #%
Table 3 Steps of IEF N2 47 BISDS R NI BRI BE S . — ) RLIK AR P
IR HiL TKEPIRAS i 1] 40 mATE LTk . B BRI TR 2 BTkt ),
Step Voltage Condition Time T FE R 1 2530 mAVAR B2 FEL K 45 R
s1 50 V Slow 10 min 3.2.475 T it e W VBRI e 16, I 41
S2 250 V Rapid 30 min FVKEE IR, X dt i b i 8 1 ot s R AT [
s3 1000 V Rapid 30 min 6 52 e 7 @Bk M 2400 mL, L2100 ml,

ddH,0 500 mL, JE%J(1 000 mL), FFHeffE A500 mL

S 000V Hine ANISIIN e, 53 h AR K AR R e L
S5 9000 V Rapid 65000 VH . ek 28R YR TT . ddH,0 200 mL,

HAh 2% GELS:2; Limit:50; Temp:20°C.
3.2.3% A iiSDS-PAGE

SPHETHT, $E28 (17 em R 2%) (150 mL)
1112.5%[")SDS-PAGE & 1 T : MWddH,0 62.7 mL;
(2)30% 1K 45 Tk e i3 9% Acr/Bis 83.3 mL; 31.5 mol/L
Tris (pH 8.8) 50 mL; @10% SDS2 mL; [ 10% APS
T HiRZ %2 mL; IITEMED 35.6~40 uL. % hn
ANRFIOE@@D, F B #2145 #1:7E £115~30 mim,
TN T RFIL, R R R,
SR E R FRRCRERE S5, MR AR, o
ddHO PRl , FHOREERRE 55, #H .

PR, 17 em R 4 7 P AT IS mL /ARIIK .
B IPLM(DTT, 1% SR FLL), 2184 %P
15 min; “PATRNBUINIAA, 5% EARFR L), P
15 min. “PAFHAN], #E%E E 9T & Marker (f# FH AT
/K75 min).
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#2100 mL, ARE2 44100 g, G250%%HX1.2 g, ddH,O
SEZE 4800 mL (Hi4E30 min) , &5 0 EFFE¥200 mL,
SVAFAL 000 mLo Hetaid i, T2 A B I AT R
PR it . 2B AT T R BRERERTS ¢
FHddH, 0% fif 5 2 245 21 350 mL, FE I E%150 mL
Z S AARFH1 500 mL. H A1 000 mLA T2 — ki
20~30 min; #4500 mLBE % 1, Fn500 mL
ddH,0, JE24J(1 000 mL), EPfiem 1. 55—k, i
B I) 12~16 h, BULR, B2 5 HUEIE I I
ST 5 P . T GE Image Scanner ITIHA##4% 47
i, PR S —1% N300 dpi.
3.2.5%% 1 14 )PDQuest 7.4k 43 #t
PDQuest# 14 15z BL 2-DE 1%,  F .41 1k (Spot
segmentation) ) 77 2k WA e AR B AL, F
B BEARIANE . BERIUCEL. AHXT 4> 1 2 A0
SEH R E . RS A
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