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Abstract: To investigate the effect of greenhouse gas emission mitigation practices on a double-rice paddy field on the
contents of amino acids in rice grains, sixteen amino acid derivatives under ten different treatments were analyzed. High-
performance liquid-chromatography with an Agilent Zorbax AAA column was used, and an online pre-column derivatization

method was adopted by using o-phthaldialdehyde ( OPA) and 9-Fluorenylmethyl chloroformate ( FMOC-CL) as the

ESTE . B H SRR IR 973 1521 (2011CB100506) ; E % E FrBHEAVE5 H (2011DFA30770)
rfE B H9.2012-12-22; [ £& H AR B A :2014-03-04
# WIRAER Corresponding author.E-mail ; jrwang@ isa.ac.cn

http ://www.ecologica.cn



4562 JAE = 34 %

derivatization regent. Results showed that the rice grains of the ten treatments all included sixteen amino acids and species.
When a combination of nitrogen fertilizer with addition of biochar at 48 t/hm” and intermittent irrigation ( NPK + HBC +
IF') was used as a treatment, the total amino acid contents were 6520.7 mg/100g, which was the highest in all treatments.
Application of intermittent irrigation with no fertilizer was used as a control and this achieved the lowest total amino acid
contents at 4338.0 mg/100g. The fraction of essential amino acids was highest at 36.8% in the control treatment. The
nitrogen fertilizer with continuous irrigation (NPK + CF) treatment method achieved the lowest fraction of essential amino
acids, at 33.1%. The contents of Aspartic Acid, Glutamic acid and Arginine in sixteen amino acids of rice grains were
higher, while Methionine was lower in ten treatments. Second, with a treatment of nitrogen fertilizer with continuous
irrigation, the total amino acid contents increased by 185.1 mg/100g and the fraction of non-essential amino acids increased
by 3% in rice grains compared with a nitrogen fertilizer ( the same amount) and intermittent irrigation treatment. The
contents of Glutamic acid, Histidine and Serine were increased, while the content of Leucine was significantly decreased
with the latter treatment. Third, the application of nitrogen fertilizer had a remarkable effect on the content of Histidine, and
enhanced the amino acid contents in rice grains, which was increased with the increasing of nitrogen fertilizer application
rates. Fourth, with the same amount of nitrogen fertilizer, the addition of pig manure resulted in an increase of 286.0 mg/
100g in total amino acid contents, which indicated that addition of pig manure was better for the improvement of total amino
acids contents in the condition of constant nitrogen fertilizer. Fifth, the rice straw incorporation treatment also increased the
content of total amino acids and essential amino acids. The contents of Aspartic Acid, Glutamic acid and Histidine were
increased, while the content of Methionine was decreased. The increase of returning crop straw obviously affected non-
essential amino acid contents and the total amino acid contents were higher at half crop straw return (3 t/hm”). The total
amino acid contents of total crop straw return with continuous irrigation (NPK + HRS + CF) was similar to that of the half
crop straw return with intermittent irrigation treatment (NPK + LRS + IF) , but the essential amino acid content was higher
for the former. This phenomenon indicated that rice straw incorporation along with the management of water and nitrogen
fertilizer might have an interaction effect on the content of amino acids. Finally, addition of biochar combined with nitrogen
fertilizer greatly improved the essential and non-essential amino acid contents in rice grains, and its performance was
positively correlated with its application rates. Based on these collective data, the addition of biochar in paddy fields
performed better than other treatments for improving the total amino acid contents in rice grains, and this practice was

beneficial for realistic production in rice fields and environment protection.

Key Words: rice; greenhouse gas emission reduction practice; amino acid; high performance liquid chromatography; pre-

column derivatization
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1 #MRERHE

1.1 AR ]

Agilent 1260 N @ R YRR L T .
GI311C fERH =L, A SIHEFERR , G4226A (40
pL B IR RREALE S PIAL-P2F2 A1 A A B
4 1—10 5 i ; DAD A& 4%, G4212A; 73 #r A
Agilent Zorbax AAA 4.6 mmx 150 mm, K T N B 1%
(i. d.)3.5 pm; L-PFE : Agilent Zorbax AAA 4.6 mmX
20 mm, R TN EA (i d.),5 wm; Aglient B. 04. 03
Ab2f T AR Je R (Z5Efe A F, FL42 0.22 pm) ; H
SERTRESCHL; OPA AiTAE 7] FMOC-CL 320 AR 22
W .25 pmol/plL, 100 pmol/plL,250 pmol/pL, 1000
pmol/ pL 1Y 17 M BEPRIE & ALY T Agilent 23
Al 17 F A B RIE A AR ARG RITTA &R
(Aspartic Acid,Asp) , 772 /& ( Threonine , Thr) , 22 &
P ( Serine , Ser) , 2+ 22 ( Glutamic acid, Glu) , H & &
( Glycine, Gly ), Jifi & 2 ( Proline, Pro ), TN % &
(Alanine, Ala) , %l & /2 ( Valine, Val) , 2 Bt & iR
(Cysteine, Cys) , #5 Z 2 ( Methionine , Met ) , 542 & ik
(Isoleucine, Ile ) , 7= % l# ( Leucine, Leu) , & & 2
(Tyrosine, Tyr) , KN & iR ( Phenylalanine , Phe ) , §i &

2 ( Lysine, Lys ) , ZH % /2 ( Histidine, His ) , 4 % 2
(Arginine, Arg) ; TR IR H I/ K 70 49 2012 4FH
Ferier FH (4—7 H b)) ASTa] b BEAS H b s s 1y
FFRL,

1.2 5Tt

INXBEH /MK 5 mx7 m, FHEESE 0.2 m, I
0.5 m,/KIATEEE 0.2 m, IS O BEKAHEK T,
% E 10 Mb PR, AP 2,3,4,5,6,9,10 S H
X, FEHAERSF 60.3 mx30.2 m, & FE % &5 47,
LENBRAPAT R 10 m, AR ATH 1.0 m, B LR
17X 3.8 mo KT R ZE 10 47

FIE H A TR A 0 5T e (K RS A ) %43
T E KW AL F IR E 0. 46% , i B R 45
0.12% , FALER 0. 6% , Wi TR £F 1. 00% ; ¥ 25 & 7K 41
4.26% , & AR 3.88% ,P,0, 4.56% ,K,0 2.55% ; K
FEIKAY 0.22% , Kk (TC) 405. 1 g/kg, BA& (TN)
10. 14 g/kg; = W) 5 5 K 43 0.34% , Btk 418. 33
g/kg, M A 13.4 ¢/kg, pH (H,0) {f 9.84, NO;-N
88. 15 mg/kg, K43 20. 8%, FH[H] 5255 + 3 rh & n]
WPEA HLIK (SOC) 25.0 g/kg, WA 3.2 g/kg, &5 hE
1.20 g/cem’,pH (H,0) {8 5.1, 8% 51. 9%, ¥y ki
30. 9% Kk 17. 2%

10 AN B30y  AEFE 1 (X BB, ATt AU
TCAE A | B kv 0% 5 A B 2 ) TG A [ ) Bk
BE(NPK + 1F) ;403 3, R H it 3 v/hm?, (] BR
HEWE(NPK + LRS + IF) ;403 4 FE 2 EIAH 6 v/
hm? | [A]BAHETE ( NPK + HRS + IF) ; 4b38 5 oG #ib
H, KK (NPK + CF) ; 4b# 6, FFH A H & 6 t/
hm* | KIW# K (NPK + HRS + CF) ; 4b3 7 fb2F AR
WK RIERHEE (1/2 NPK + IF) ; 4b 3 8 ,50% fh2# A
JE BCHAR T 50% HEA G RS (M) |, ] akoE ik
(1/2 NPK + M + IF) ; 4b B 9 AW JFi 7% 24 +/hm” , [f]
HRHEE (NPK + LBC + IF) ; kb3 10, 4= 9 i ¢ 48
t/hm? , [ BRI ( NPK + HBC + IF) . - Ab B %
3ANELR , Ho T E AR A S TR A A
T BB R B H 24351 R 6 ¢/hm® Fl 3 vVhm? . 5
2 O SCHR G T2 4 J3T e 5 I e ) 4 S8 34 43
V5 B8 S5 2L RS i T AR g T R AR R R S
AL 1% M2% BB, 505128 24 ¢/hm® Fl
48 t/hm?,

KB AR BT B 16.7 cmX20 cm, 7K M Fh
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IR 45 5, o2 B Al AL R E 120 kg N
hm? 33 B FR 45 40 kg P,0,hm*, 504640 100 kg K, 0
hm?  BRER%E 5 kg ZnSO, - 7TH,0 hm®, e K5k . 8%
PP AR — PR, B EEE o 505,380
Fie oy EEA ] AR I 43000 R 3:2, VEWE T X [ R
TE (PP IbE A A% 53 BRE I S 00 O B 2 0 40
AE2.0 Wi, 2R, 2 5 28T 1 R R
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1.3 ZpAriAsi 5 505k

T8 FEE A B SR I H S R A R
AR I ™) e A v 3 AR 4 S SR SR
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FA W BRER (FMOC-CL) A AR A AT R AT A 25
B BRI 8 I A R K 16 PP IR Y & i
1.3.1 MR v i i A

HEFIFRBUGREEZ) 0.15 ¢ T 25 mL ZEHUR , E
B 6 mol/L HCL 5 mL, FHIE RS WEkT W5 22 3
F5 BT 110 CHEE TR HIHL 24 b 5 BUt 2
HURAR A R, T, 23 D8 T, ) R
I 500 wL 96 T 1.5 mL B0 d 18 65°C KB
LFZETUIBR L HCL, 3875 T )5, 1 mL WEZEKE
fFESD ARG AREELE 65 CoKI 26T %R E 3
W, FJE M1 mL 0.02 mol/L )£k 2 %5 W % e vk 28
Y, 7E 15000 r/min B.0> 15 min, BT 0.22 wm
FLAR A T S8 TR HERE SR HT
1.3.2  5p#r40F HPLC AR

40 °C ;3 1.0 mL/min; WS A R 1.36 ¢
T 3 A RIK I STRER, A 500 mL = 7&K, {fi
HSE VM, RGN 100 wL =28, FH 1%—2%
B EERRJE pH {f = 7.20+0.05 , FEANA 2.5 mL P&k
g, IR~ , 1 0.45 pm VRS VRBAE B W . FRE 1.36 g
TA 3 AR CTREN, N 100 mL (Y = 780K, fif
Hog v, 19%—2% W BE iR 8 pH = 7.20 =
0.05, #HIIA 200 mL HIEEAT 200 mL i, 18 2), o
0.45 wm JEMK, HEFER 2 pL; DAD K455 A K
P 338 nm, 45 % 4 nm; 2 K 390 nm, 45 5% 16
nm; {55 B I K 262 nm, 4558 10 nm; S LUK
324 nm, 45 % 20 nm; B B YELFE ST : 0—17 min, 0.5
B%—40 B% ;17—18.1 min,40 B%—100 B% ;18.1—
24 min, 100 B% ;24—25 min, 100 A% ; 5 a4 7] Ky
5 min, FEFEATAERRT . BN 1 SIS pL

TR 2% P 1245 DORE SO IR 2 L B 5 767
PRIRA 5 WK %1 0.2 min; 285 M 2 S Hp g
1 wL OPA &5 B P TR A 5 WG FEM 3 S
WHL 1 WL FMOC-CL %5 W ; 7635 U6 H DL 200 pl/min
RA S WGitke,
1.3.3  TAEMhZm2H

PHRAPRFESEAT HPLC 4347, DA &R A 4
T IR U TR R N Al A, 220 TR JBE I R 32 A A8 A A AR
A B AR A TAE N R PE T 5 R LR 1,
16 F SRR IR A 1 T TR IR KR i o S 1R B T
FEREE WL 1, vl UL, e AT, AR IR
AHRUEf (25—1000 pmol/ L) FIEE § b B9 24 KL R
(HH Pro 7F 262 nm K3 HH) 1538 T FLRSHAR G 40 5

®1 16 MREBRAEEFSTER

Table 1 Regression analysis of 16 kinds of amino acids

FILTR LT &
Amino acids Linear equation

KA Asp Y=0.4521xX+9.9937 0.997
BHATR Glu Y=0.4015xX+2.9269 0.999
225K Ser Y=0.5438%xX+5.5465 0.998
MR His ¥=0.0984xX+0.0000 1.000
H&m Cly Y=0.5964xX+1.7281 0.999
R Thr Y=0.4001xX+9.7113 0.995
AR Ala Y=0.5858xX+2.7260 0.999
Y5 AR Arg Y=0.5531xX+5.7784 0.998
Ji% 512 Tyr Y=0.5050xX +3.8466 0.998
iR Val Y=0.5516xX+3.2996 0.999
HAMR Met Y=0.5696xX-0.6123 0.999
KNSR Phe Y=0.5232xX+4.8007 0.998
SRR e Y=0.5198%X+5.5334 0.998
SELER Leu Y=0.6097xX~1.1248 0.998
AR Lys Y =0.5819xX +2.9884 0.999
%82 Pro Y =0.8345xX+4.5163 0.999

1.3.4 K%

FHEERRIE G AR HES A 5 UOPATIEe, 45 R
His 1 Pro A9 2258 K, RSD 435K 4.6% ,6.6% , iX
AT Be5 AT AR Ak S AR B BORT AR W i AR AT G
HAbZ IR RSD #< 1%,
1.3.5 ORI

R FH BRI K 25 S SR R Am E T W A
R, AT, 45 R A P B R 1Y [m] iR
JEFE A 95.1%—114.1%
1.4 BdEotr

IR EE R Excel 2010 FE472 8 SPSS 17.0

http ; //www.ecologica.cn



16 1 VRO T 45 . 6 R 2 SR UHER G ) R oK S S5 & 19 52w 4565
N — “hi S N — ) e
WA AT B M, 2 AR A Duncan [G3%,  P<0.05 FRERERE,
DADI A, Sig=338,10 Ref=390,20
10
2 16 A
] 9 1 1314 15
=)
<
=)
17
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5
DADI1 A, Sig=338,10 Ref=390,20
2
70 - 8 B
60 - 15
1
o 50 f s 11
< 7
g 40 [ 3
20 L 134 | 16
27 i 9 12
N
or ° 17 7
4 3
O b
I I I I I I I I 1
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5

I} ] Time/min

E1 SEBESHERRK 1000 pmol/pL(A) FIFEKEER(B) B HPLC Eit
Fig.1 HPLC chromatograms of amino acids mixed standard solution (A) and rice samples ( B)
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2 HRE5S

10 Mb PR 16 FhEERR S ILE 2, k2
AT UL 10 /A 3 v (0 7 DK 3% 2 Jb 20 A im0 5] A6
W2 Ah T A BE TR AR b T Z SE R Al 2 55 4 LA
SLIR St (mg/100g) 43 9l LA 6520.7 F1 4338.0 by i
e AR AT, BDAR 3 10 CAS A= 9 0t 7k 48 +/hm”, [B] &K
JHEE ) FNALFE 1 O UIE , JORE R0 L [a] BROBERE )
TR IETR E 4y & L) 36.8% F133.1%, B AbH 1
FAL3 5 (TC R B A W, K IR K ) R o i Rl e A,
10 b B P RRR SRS E R, &
HZFERRH Asp (Glu Fll Arg, & B AR AN Met, X 5
H AR P AU R & i B e R AR — 3,
2.1 AN[EIK SR8 PR % (0 R oK S R 5 1 (1) 5 i)

TCREHLIA S R RREE (AbBE 2) Leu 75 it i 3%
(P<0.05) = Tf FH AU AWK (Ab3 5) 4b 3 i
Glu His 1 Ser & 1 B W 81K, (H %2 A5 15 3] 2 3 K

S AbER 2 T A LR B AR S R 96. 1
mg/100g, {H /2 2 FE 2 & 2 LA B 5 1K 185.1 mg/
100g, Woifs Z MR A 77 & 5 3.0%, FF F ik H & A
[F]Es] T 7 0E (Kb B 4) 5RIWEK (A3 6) AH
e, B Thr 5 Glu &8 FLARFE 6 = 2 oh, Hop E i
FRERT AT 6; 4 FH 4 S KM B Hu AL 3 6 I
152.7 mg/100g, o B 5K B E AL 84.0 mg/100g, F
TR IR & HHIK 68.7 mg/100g, M LA b %4 %
B, KWK L 5] 8 B A R T S B R i R
AT R EEIR A o o N, R B ST
FERE P B AR 00 55 S BRI | 24 1R 1 A B it DA M
HAth A Z IR S B FREY ., KI5
SR P RE 2 (i - 1 v Aol K S v R 0T A
A5 FE R AL T 2 R o A 0 T B2 R IR i
¥f BT,
2.2 RESEMFRE IR & R0

TCRE R BB ANl AE (403 1) His F1 Ala
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Tt E (P<0.05) IR T AN (KB 2) 5 Leu &
i E (P < 0.05) m T AN KWK (bEES)
{HZ: Ser B E (P<0.05) K FALFE 5, 4B 1
Thr Leu ,Glu Fl Pro & & M =y T8 H 2 E & =2 k2
(AbER 7)) HHARS SRR & 38 I WA, (H R R
2 FIKF, 4P 2 His & i 0% (P<0.05) = T4b
70 H RS IR & =3 A I B, /It
iR B 5 684.0 mg/100g, 075 & KR B 4R
262.5 mg/100g, {H /23X P 5 W0 75 28 B W8 AH X 35 it L
PR, ALEE 2 54 8 (AR AR A R, RN
Y TR 50% 196 35) AH b, R B 7 i
A% T 286.0 mg/100g, I 4% 5 3% W8 {1 R0 i A ] B9
TEOLT il P 28T A TR R 2 R & e 3R
AT RE I H T4 3100 FH o8 753t A %o = 398 0 20 1) 5% T
TN L LA RUME 5 AS 0 P 4008 i) 4k
PRI, HA LR B A AN AR B Y 2 5, 156 I e
HRNEResE m AR T i &L m & . Bl 2L
SR, £ G BE R 1 it B 2 3, E R e
NE I WA SR (5 B SR & Y A LIRS
it FHZUIE (9 b 2 U WA FH RIS % Sl i T 8 R
H O R X 455 O Gk A A
gﬁl[ﬂ] .
2.3 T ELIA 0 AR OK 2 R 1 Y 5
Hee b B 2 (JCAE RS H (A BREEE ) 5 ab BE 3
(FERLAH & 3 v/hm”, (B BREEME) 4 (RERAEHE 6
v/hm?®, [A] 6K BE ) & B0 A A8 B B, Asp, Glu
His f) & BN £, Met &5 FE AT T [, Ho Ay & Sk
R o AT O E LR | R R (B
T E R A SRR S A BT, R 3 (HE
A M 3 v/hm? ) [A] B EE ) 5 40 BR 4 (FF 50 H
6 t/hm”, [B]BRJENE ) & L, AL BE 3 1 Asp . Glu ,Pro Ser
SR HLALEE 4 4351300 35.5 mg/100g .25.1mg/100g
22.4 mg/100g F1 25.6 mg/100g, Fo 4> 5 SL MR & & 4
I, WA R S R, HEERA SRS T
155. 7 mg/100g, %45 R R B, A FF 7340 H B, B Met
FrE A RSN, 06T S R B N A R B
P L IO I T A 8 i, AR A 55 20 1R B 1 1S
B G B R A FH R R 3, X R T A
AN B, AR R RS —
SERBE BOTE, R S RS AT BRI
T - 498 0 25 B RN IR SRR AR, LB AR B A AL

BB T, Rt —E R AR T e EURIE AL
BRAY S aD AR pH A | SRACHE | A0 B A8 A5
MBI LR A LR & R YA E,
FLESAE AR 4t 10 5 2 8 H G2 3 v A ML
HOFAR- S 1 P N T AR . Y S N )
NERE 2 B2 K R 0 R W U s Ak B8 ) AN R AR
KRB RBKO RO R P R A —
IR Y AR R RN 3 v/ hm B, AR A
SIS B, AT AR TR TR AR B
YERISE, Rt ia FH ol - et WV 5k
DREMRCR o W s> LA A B 3 (R HEIR
M3t 3 t/hm®, [AIOERE) 5403 6 (FRFIA M 6 v/
hm? KK ) & B, LA 5L/ S i AR 230 (R
WhAF LR 1 & L AL P 6 [%AIX 38.2 mg/100g, AT
REJE T /K R A 2y VB A R it A 2% 12 X e
B FE )6 S TR 5 R R e S8 AR s>
2.4 AW Aol X R K R e ) R )
AbPE 2 (JCRE REIE AR G ) His 7 i 2
(P<0.05) fI& T 4bPH 9 (A=) i 5k 24 v/hm*, [A] Bk HE
W) SACFE 10( A=W E A% 48 /hm®, [A] BRIERE) ; Val |
Leu lle ¥ & 5403 9 LR E 25 (P > 0.05) ,{H&
B (P < 0.05) K TALFE 10; H A48 A& 2R 5 Ak
B O FAbHEE 10 Z [RITC W25 (P > 0.05) . Wk
ARG A KB T TR A BEEEFRITR, B
PR, AW BTk it | GRS A 1 A R B, 14+
e 2 BREE N AR K BE T R HF 355 0 A 56 $2
FE AR T 55 35 43 08 R R R M AR 4 44 o8 R AR
KT 3 i, DT 2 5 A KRR rh 9 2 R 1 i
FLEALEE 9 FIALFE 10, b B 9 Z HE PR B AL T
482.5 mg/100g, B Met ¥ i HLASEEIT , Glu & i 46 5y
T 34.8 mg/100g Z Ak, HAp A2 HE R & i 4 BIK,
ERRA B B E KT, R RER, W& RnE
YIRS Z | W ile 2 IR S i F 2 e B
Bl 38, %o A T 2 SRR B i R AR, VT g2
T AN T, @ A ok i 35 AR A I CH,
FIN, O IR i1 2= SARHER P 25 A IR = 300 FUK R A
PR B TR
2.5 N[RIPIRHS VS X A K R 7 1) R M)
FLicAb B 3 abEf 8 FIabEE 10, AT LAE Hh, A&
i s i P AP = G Ay < b B 8 <Ab B 3<Ab B 10, b
S AbBE 3 AL 10 T A R A& N
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34. 4% 35.3%F1 36.4% ; 4P 3 ' Leu His 1 Arg %
3 (P<0.05) IR TALEE 10, DL g5, ATRE 2 H
T 5 e ELAT v B G FL R 45 4, &5 & OB it FE T
DARENS 8 5 ok - HE P AL I, 8 4 1) 2 B
FRKBETT B A, A REYAR R AR 5
A AW 5 e 3 R DASE S -1 0N, A KRR
B [ 52 AE R e R T LA AR, AR W R
CIRG R AWy T NTOE X =Y 2P N A SN E =
SRR e WBURE PR IR B fEX 3 FhA AL
Ab P AR g S5 e T N B A R T AR R R
B,
2.6 JLAIEE SR BHE B A R 5 ASAHE S AR

K IR & B R

TCAEFA H A A A 1 i K b ) R R
St HER R =52 90% , [ HRHEME N, O HEBCK FK W1
TE {12 ) BV 5 R A1 0 o T = AR I HE
A FEERLA S B BEHECE I, BRI K g
Rk 7.7 v/hm® AV T it e R A T
ik 5.1 vhm® Y BN, FE e HE I I 2 R i T o 1
BTG, AN B e HE R AN
220 i R B AR G CHL R AN it 0 e A
BN (H 25 SR B2 RE R Gt 45008 Ak PR R
3973 1) R el b i B AU P RUIE A 3 A
B A RERH 4 = CO, Mk, Himm CO, Mk JE FF
TR ER EIEA DG o £ G SCHR IR & 3R, JC A
B FE A R 2 SRR e o R S - b 28
5> 4bPE 2 > Ahd 1, HAFEER B B AR T A I
FRfr i AbFE 5 > RhFR 2 > AbFR 1, 44 R E T H
A, 3R 2 A A HE R R = BRI . Ab B 6 > Ab
4 > QhFE 3 SAhPE 2, AR B i v B A
FERAb TR 6 > AbFH3 > AbPE 4 > 4bFH 2, FEHLIE HfE
B0 A A AR , B LR (1 2 XL £k % bl 75
TR S (7 38 0 9 2. 25 A 4 [ AN e HE
F4) e EE v , A0 P 201 Ach 8 0 A RO I 3
FEA 5 HOK Rg A= W B Al B2 30, L ANt P 2201 A 3834
T 158.3% "), FEE A H e 0S4 = A R A &R B
IRREAE R Z TV A T it A 2% 124 X6} e o 38 FH Y
B RONAFAE R BAER . RS EA 45 G oK R4S #R)
FHREFTAS B 04 BB AN (A 9 6 4 FH R i A )
AR T IR 7 2R B AR AR N 0 R A,
M AR A B P SRR B i RIS

it FH A 45 140, A [R) i 2R 0 5 )+ 3
CH, HE T fi 2 52, v FH et A2 40 0 i 25 oA P R
CH, FI N, 0 JE f il = SARHE U 276 1 = 2500 Ak
FEAE P IOBRGRE T L MES A R S = ]k
Hefc i b s BTy Ab3E 2 > AbEE 9 > 4bFE 10,
HAEImR R & i T IR 0 & 8 MR DT /I
1% 5 £ p s B AT Ry ab 3 10 > 4b3H 9 > kb
2, MEENEAAETS, A 0 ) it FH g 4 584 LA |
SRR pH, [FIETREAL AT, A=) Tl i
T — 0 RN KPR K Hp i [ G A - e
S A BRI T 2 (R JRAL I X S R R SR AR
FH AR P 1 9 R A QK ST B8 5, DA 42 1 A KT
B Y = R i

ARV LRG0 4% 100a SETTAS I CH, Al
N,O By G IR (GWP) K, BAf =R Ay GWP
K E /N A S B (RS) > B (BC) > LR
(CF) . WIRTRA MU, Hi = SR HE i
FIRIF A AEFE 3 > 0B 2 > 4bFE 8 > 4bBF 10, H
GBETR B Fr ik e o B0 Sy Kb BE 10 > KbFE 3 >
LhFE 8 > AbFH 2, LR B ULEH AW RS I TR
FEMEHE, BA — S, HRE
FEK B L IR A B i 0 7 2 3 R A IR 6 75 L 1R
T,

IR 285 5 v R B, ek 2 AR B HE A e g 1
FEORAE AT S BE TR A 43 F i, (X 06 75 & R B )
A TR, KRR E R K AR A
TR SR B H AR 25 B E AR R, 5]
KRERE B Rk R & 1Y s &
WY, AR A D7 3, e ) i RN i ) Rt P 38
il 0 5 M REOR SR 1 1 s AE B AR 1, AR R
W E IR RA AR (Asp) \HZEA®R (Gly) A
AR (Arg) JHAEFR (Pro) MIESERR (Tyr) B9 &
5 3 N R TERE R B0 2500 T, FFRL b i) 25 Fh b 757
FRR AR T Z FE R Y 7 B 2 e R S R AR
UTAERA T 2 B . KR CO, e 38 4 1363 5 Al kS
Kb e B IR 7 R FEFR R A 4 b W R,
VTR FEIR 5 E FE IR S o He B E R R (H X R
Kb Ts MAE LT & LR A X & & B #
mit MWEIERRA T E , KA CO, e S 38 i 4 {1k
A ARR R 7 R T SRR 8 FhAELATE E LR 1Y)
i I I 3 B T B L COL AL B 5 G RG K
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