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AQPs. NO T /kiEFfhFif & 1T TR e M PEMBITR

FRE, BEMK, BRAE

WG BRI 570228

& . KW (Oryzasatival.) j&—FEZAREIEY, HA 709 BT 5 AR AE K &, Frig ks
FFAF XK BRI, 1T o 4 M P38 A 4 M B 7K sr s i, AZ7K3EIE & 1 (aquaporins, AQPs ) 1 B ik £
T . RARMFTE SR, WIRERGER ST o-JEM TS KMREER DA N, IR0 2 e M Rl o %
TRVER /N T, AT R R SRR, R o-TEM A 58 58 oK R R VE 83 1 A . — %L A ( nitric oxide,
NO) B—ME54F, WIERSMEEAY I, HS 5B FIRIRG S 4 SO, NO bk nl 3 i 42 & 3E # BE v
{RHFF IR . MR AQPs. NO XJ/KAgFA ¥ A W52, ABF5E I IR 767 Bk FEZ s fh 7 s # 8}, 2R NO
A AN 57 N-fil 3 -L-K5 % 2 B lE [N(G)-nitro-L-arginine methyl ester, L-NAME]., /%4 ( sodium tungstate, ST ) 5 NO
AMBE ARGS9 ( sodium nitroprusside, SNP ), AQPs {fi P4 F| bR (HgCl, ) X KFER T 1T A3, FFAE B2
S3HT R R AT A I 45 T B A KRR R & A R AR OK BE T . E A B MR R A R AR ARk, PR SR AR
2 90 mg/L HgCl, TAL S K b+, FLIROKRE ST . JEMBRIE A RR I T R, & B R AKE, IR AR
19 A A 32 B 5 10 NO SR (A SNP U AT 385 5 HgCl, Y0 , HL NO A 13 i) 71 L-NAME( 15 mmol/L )H1 ST( 80 pmol/L )
XK FE R 8H & O AE RN 5 HeCl BIAHAL . 25 3R M, FE/KFEAh R 8 R BL, AQPs FIiE T NO A3/ K Fh 11
WOK Ay, SR TEREE, IBIER A, WME SR FRIBI A . K AQPs 5 NO AW /KM FH L d BRI XR,
X4 S A VR o 24 SR A

k4B : AQPs; NO; o-JEM; FhFHiL; FIFMAK
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Regulation of Starch Degradation by AQPs and NO During the Ger-
mination of Rice Seeds

LU Zhixia, TAN Chunlin, CHEN Huiping"

College of Life Science, Hainan University, Haikou, Hainan 570228, China

Abstract: Rice (Oryza sativa L.) is an important food crop, and the normal germination of rice seeds is related to the
growth and yield of the plant in the later period. The germination begins with water absorption by dry seeds and ends
with cotyl elongation. Water transport within and between cells is highly selectively regulated by aquaporins (AQPs).
The seeds of cereal are rich in starch. And the endogenous gibberellin can induce the synthesis of hydrolase such as
a-amylase in the embryo and secrete them into the starchy endosperm to degrade starch into small molecules for seed
germination. Studies have shown that only o-amylase can complete the degradation of starch in rice seeds. Nitric oxide
(NO) is a signaling molecule that forms a variety of active nitrogen substances. It also participated in the signaling
process of seed dormancy removal. NO donor plays a role in seed germination by enhancing amylase activity. NO donor
can promote seed germination by improving the activity of amylase. Rice hybrid seeds of ‘Bo Il you 767’ were used as
experimental materials to investigate the effects of aquaporins (AQPs) and nitric oxide (NO) on the germination of rice
seeds. In this study, NO synthesis inhibitors N-(G)-nitro-L-arginine methyl ester (L-NAME) and sodium tungstate (ST),
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sodium nitroprusside (SNP), an exogenous donor of NO, and mercury chloride (HgCl,), an activity inhibitor of AQPs,

were used to treat rice seeds. The changes of water absorption capacity, amylase activity and starch degradation rate
during germination of rice seeds were determined in virtue of apparent analysis and index detection. The results showed
that the water absorption capacity, amylase activity and germination rate decreased in the rice seeds treated with 90

mg/L HgCl,, while the starch content remained high, and the growth of radicle and germ was inhibited. However, NO
exogenous donor SNP could reverse the effect of HgCl,. And the effect of NO synthesis inhibitors L-NAME (15 mmol/L)
and ST (80 umol/L) on the germination of rice seeds was similar to that of HgCl,. The results indicated that AQPs could

induce water uptake, stimulate amylase, accelerate starch degradation and promote seed germination in the early ger-

minating stage of rice seeds through NO. The study would lay a theoretical foundation for improving rice yield.
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Tl AR AE RIS, 2 — D2 N
T A5 DS 2K B e s 4 R e A A AR,
TEGEE K, ARRFIRWOK Sy, FIk, ok
T foh S T P A it AR

TEYI/KiE B (aquaporins, AQPs ) A fig it
FE R FR X K 43 WS, 17T I 3 ek 2500 7K B % 38 1
o AR E T, JFH AQPs AT AR AN i T K
SR T K B Az 4 T, AE A Pl A AQPs i
WAL ik, B o F B MOKARE ), DA T Mg 1 AE
Ut 75 AQPs TR PEMI IS HeCL ALBE T, %
TP K BE ) RE AR, T AQPs i Kb
AR TR SACRAEE R, WY RS
38T ISR T R R Bk R

— %A A (nitric oxide, NO ) J&—Ff /N K 7%
PEFIRIA AR, Y H B BN
FEEMES T, AT AR P IR
M, EdER T A, S S8 TRURK
4 SRR T & i e A UL SR
BT, AME NO 4454/ ( sodium nitroprusside,
SNP ) AI DL S48 mK A . 508 RSt 1 &
AR, ARAER T R S A E AR, T NO
A M7 N-fil 5L -L-K5 28 H B [N(G)-nitro-L-
arginine methyl ester, L-NAME|FI4 /244 ( sodium
tungstate, ST ) W\ 3 FRAKAP 71935 01, BHAEFRT
s 120,

IKFESERA TN W A0, BT a& ) BT fE &
SRR T RRFL P R B /N Y SER
Rfi nl i a-DE B . B-TE Ry B o 4 N
(L RIVEFSCEE, Horp o-JE M i B 28 g T
A A T BRI A i TR R OC B, RS — R
TEVE M ORL T, AT DURSTOCR R, i — 2D R
Y, WETPRREEEERD R, K28
IKFE a-VER I R TR LB R IR RIS, FRAER

TR RSP,

SN NO R i £ B i — B AE R T 1 5
MG, NSV VAR, R R R Y,
1115 SNIP 1] 22 figp £ iy 60 410 ) B 22 14 7 o v 9 Ay il
T A K i R R 2,

BT I i 2 LA ST I 45 A W A A4
PRI AEF B, R5T AQPs, NO X /KA1 A
RS2, DAl AR 7 S A B LR

1 MHBEFE

1.1 ##

111 Bekad SRS AR IO 767 K
% (Oryza sativa L. ) f 1, W [ 7 R Ao A 13k .
PEHUR/INE — | AR K AR F AL, R A5T,
AT HIFTFH 0.1%ME 4R A7 10 min.

1.12 &% &+ 294 90 mg/L HeCl, .
15 mmol/L L-NAME £ 80 umol/L ST i&Fh /K F&i
F12h )5, HREDT 8 M (1)H,0(CK);
(2) 90 mg/L HgCl, ( HgCl, ); (3 ) 15 mmol/L
L-NAME (L-NAME ); (4) 80 umol/L ST ( ST );
(5) 200 pmol/L SNP ( SNP ); (6) HgCl,+SNP
(90 mg/L HgCl, WALFE 12 h J5, A0 FHB
200 pmol/L SNP ); ( 7 ) L-NAME+SNP ( 15 mmol/L
L-NAME i &k B 12h J5, B &b B ¥ i
200 pmol/L SNP); (8) ST+SNP (80 pumol/L ST
TR 12 h )5, FFAb B AL 200 pmol/L SNP ),
1.2 A&

1.2.1 AFHRFanE AN R
50 KiAKFEFP -, s3lidsk 20, 24, 36 h NPT
& EEH . B & =Xt R %) 28 R0
T B %< 100%.

122 #-FRkEegml e BGKRERFIEREH
ZERKE T, #A T 5 Bh 8 AN F )
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Brggmoh, HArH4E 0, 8, 16, 24 h W TFh 13
Ky, FRECEEASGER A T E R, T
BEAS A0 BRI ] B Fh P OK T R SR L
HCE 50 RiFh T, MALEEE 7 mL.
1.2.3 JEARkAefEsF kagml e BEVLN A AL BE
BT & 4 d B9 10 BERP T, DRI AR AR K
KR ZER, B,
1.2.4 REWHEA o-7m B R EEN T 2
TE M R ULTE PR %2 . B 200 mL Z8IB /K B T
PPN 2 min, A 4 g BUIEK M 2 g Al
¥y, TR REMLBOR RIS & 4 d BIK
FEFRTF 3 ok, BHEINE, BT EA AR/
PRrp P ER, EE 20 min, B EJEEBR 20 uL, E
B B RO SR L, i E 15 min, A 10 mL
(% 0.01 mol/L Ml-RLfb BF VAV , W5 U #9359
ST B R BE A /N K e B, i iRiE % .

o-JE K3 R WL TG PR 5 O 4 ¢ BEIR M A 0.5 g
R PETER T T 198 mL 2808k, FEOME )T
I3 SIMA 0.06 g B CaCly, 2 mL 10 mmol/L pH 5.3
LR 2% th i A 4 mL 0.1 mol/L (i Ai—fl{k 20 %5
W, AR BIAREFEMAR . BEPLEEE 10 R0 &
4 d W/KREF T HEATREDD , B A0 R — 2P Fh T4
FhYE FiRSEFEIE b, 25 CTFHCE 12 h, WEF T
JE Bl B S ELAR RN B2 B, IR IRIE 5%,
12,5 ®hdsane KB TFIHEES 4
K, FREL 0.4 g IREL, A A TAFES , B T 25 mL
wEH, IMA 10mL 1 mol/L FEiMR, WK
20 min. €SS, BCEIEW 0.5 mL E A ZE 50 mL,
FHRAE TPINA 2 mL RS 1.5 mL 3,5-fif 3
KGRRIRF], WK 5 min, EAZE 20mL, T
540 nm P E WO EE , ARAEAR I 203 L E Ky
i,
1.3 HIEAIE

A S 3 WER KB M- F4E, M
Microsoft Excle # {4 x5l 1741t S b3, SR
JH SPSS 23.0 353t 22 57 W 2 1 (P<0.05 )

2 HERE59H

2.1 AQPs 1 NO X3 7k 78l F IR 7k 2 IS i
HIPE 1 AT, B A BN ] A TG, 4% b B

(g K B 35 B TR % . 7E 8 h, HgCl, AP

T LR K S Lo BRI T 11.89% ;403 16 h,

HgClL+SNP 454 40 B A F 1M /K £ e Hpl HgCl,

AR T 12.56%; AbFE 24 h, SXTHRAHLL,

Ul HgCly Zb B AT K SRR T 16.86%, i
B SNP J5 1% HgClL+SNP b3 1% /K A0 R B
T 7.61%, ULEHIE] AQPs ihtE, AKFERN T (1T
IKAESI5Z B, T SNP W W] 3 %% HgCl, X K Ag
W 7K ) A

TE 8 h, HXTIARY K AR, SNP b3 Ay Fh
FWKEHE T 3.53%, iii L-NAME 5 ST 4b#
() 7K e A1 0 W K o U 4 5 R B T 8.59% FiI
4.61% (P<0.05); 4T 16 h, 5xXF MK K EAH
Ft, L-NAME 5 ST &b 1) /K fgfh 10 W K 24
SFFET 13.07%H1 9.45%, 1fif L-NAME+SNP 4b
PRA ST+SNP Ab PR WK AL BIFEAR T 4.65%
F12.73%; AbFHE 24 h, 5 L-NAME AbB 4K &=
HHEE, L-NAME+SNP 4545 A0 H# /) i /K e 42 8 17
10.51%, ST+SNP 254 4b 2 (1) W /K &b L 5 ST
WEERAEREE T 9.17%. LA EZERUEH, kA1
1 AQPs MM, FhTIWKEE JIREAK, MR
NO W] Lg% HeCly, A28 o [RIFE, #i
NO HYG X Fh—F WK BE 1 3 B — 2 I 52

ZE L ATHEN, fEKREAh T REIROK B B, NO
Al IR FEFP - AQPs 2 K 47

EHCK & HgCl, L-NAME A ST 3 SNP

030 F  EHeCL+SNP [ L-NAME+SNP [ ST+SNP

0.25

o

0.20

e
=
(7

e
—_
o

0.05

%7k B Water absorption quantity/g

[ RN RN RN NN nnnnnny
P T T Tl T T T T T Tl i Ty ST
[HHAHAHHAHHHHHHHRe

16 24
ALPR ] Treatment time/h
AR ING g R b B ) 25 5 2 (P<0.05 ),
Different lowercase letters indicate significant difference among
different treatments (P<0.05).
E1 AEAGETKEMRFRKENNTN
Fig. 1 Changes of water absorption capacity in rice seeds
after different treatments

o]

2.2 AQPs #1 NO /K FEMFHHEZ R F M
Hi & 2 AT%0, 7E 20 h, HgCL+SNP £54 Ab3
f BT B & AL HeCl, B AR PR 16.66%
(P<0.05), HiX 2 4~Ab B Fl 7 AR 2 Ho R
MK s 76 24 h, 58h HgCl, ZbFR 5 & R 1,
HgCl+SNP AbH A1 & 42 5 T 20.00%; 1F
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36 h, HgCl, 2 HgCl,+SNP W™k 3 i) Ff 7 %
RE XTI —2, BIHAME NO & SNP 1A
Al i HgCly XK AR A7 8 & B9 il . . 78
20 h, SXFREMYFP I & AL, Bl SNP b3
M & R T 10.66%, 1 NO #4il5] L-NAME
K ST Kb B85 & R 0] 23 B BRI T 28.00% FiI
18.00%. MIA SNP J5# L-NAME+SNP %5 & 4b#f
B Fh 71 B R L L-NAME AbFRAGHE & T
12.00%, ST+SNP ALHAGFIF 7 & K LL Al ST 4b
R T 14.66%; 1F 24 h, L-NAME+SNP 4b H
MR R sk L-NAME 2Bt T
12.00%, 55l ST AbBEF B & R AH L, ST+SNP
WEHHE R T 6.66%, LT, ST+SNP AbHE [l &
LN —3; 7E 36 h, #&AbFR K% R 1 Fh 7
YIEAMERE & E, L ESSRU, SME NO
AR K TR F IO &, ISk AQPs TG PR
F 2 NO & R 700 X5 A1~ 15 & B4 30 46 350 o

F{ CK EdHgCl, BEAL-NAME [<IST [ SNP

120F 1 HgCl+SNP [ L-NAME+SNP [ ST+SNP

§100 bba aaaaaaaa
L 68
g SHn
g 80 I E
£ i
E 60 .|
o} H (- ;

H!~
£ W
= 1 ;
M 20 M Y
i ..,'\-\ !

0 it
24
AbFHSHA] Treatment time/h

ARRNE FREFORAE B 22 57 B (P<0.05 ),
Different lowercase letters indicate significant difference among
different treatments (P<0.05).

B2 AELETHFHERENTL
Fig. 2 Changes of germination rate in rice seeds after
different treatments

2.3 AQPs #1 NO Xt & 7K f&# F AR MR < AN AR
N ob-A

X% E 3A FE 3B #E T E L, A
SNP J&5 Y HgCl,+SNP Ab B it Fl 1~ AR KR 25 8 K
JFE b sl HgCly AP % 43 534 i 1 2.50 451 0.31
¥, UL AQPs IEPEHNIF HeCl, &b 3K Feifh+
Jei, Bt AR IR ZE i AR KR B T A EIE T,
AR NO fEfA SNP W ZZf#% T HgCly XA K I 2
(AR o e Al , 550 R A B %) 7 R AR
FHEE, Al L-NAME Rl ST P~ b 2 0 IR AR

KA BRI T 59.52%F11 92.86% ( P< 0.05), ifi5
Xof HE DB R ZE K AR H, SNP S b Ji A% i 2 4
T 6.39% (P<0.05), #jl L-NAME K &0 ST

50-A
g
i 4.5—_:[3_
T 4.0
g b
2 350 +
Q
= 30¢ c
S 25¢ e 4
20t
o5t
=
= 1.0+
0.5} h
0 s
N &
ow S S S S
c}”y &
\»
A3 Treatment
40B
é3.5— b _211_
g 301 [ e d d ¢
g i A [
2251
f
E
o 20
%1.5- g
1f&fl.o-
05t
0 & &
o S

C\'\' §)X %&X
\)

AbF Treatment

ANFE/ING FBE RN A0 B ] 22 57 % (P<0.05 ), 1: CK; 2: HgCly;
3: L-NAME; 4: ST; 5: SNP; 6: HgC,-SNP; 7: L-NAME+SNP;
8: ST+SNP.

Different lowercase letters indicate significant difference among
different treatments (P<0.05). 1: CK; 2: HgCl,; 3: L-NAME;

4: ST; 5: SNP; 6: HgC1,+SNP; 7: L-NAME+SNP; 8: ST+SNP.
B3 AELETKBEHFRRKMEFROEN
Fig. 3 Changes of radicle length and germ length in rice
seeds after different treatments
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P BRI ZE A 5 R B T 56.55% (P<0.05)
F111.82% (P<0.05)). #HME NO 43515 NO &
BAMHIF L-NAME #1 ST 414 ) L-NAME+SNP
o STHSNP /™ 4 B ) FRAR 4 5 % R Frg AR 4 A
F A AL AR T 42.86%F1 35.71% (P<0.05), H.
L-NAME+SNP 43 K2 ST+SNP A F i IR 4 K L
X B IR ZE AR A3 MU T R T 8.63%F1 5.43%
( P<0.05 ),

Mg &R T A8 (B 3C) A, HegCl,.
L-NAME £l ST =/~4b ¥ IR K FIIR 25 K 14 1
BETFRE, Hod, ST AR KA Fh T IEAR A K
(R 00 0 S A R . AR EL T B3R 3 AN BR A FP TR
A, IASMNE NO i1k SNP Ji i1 20 A Ab B 14 22 fige
AR S R 25 A IR SR B0 o BRI AQPs 1)
WP X N EYE NO Y& Bl 2s BELAS K A A1 IR AR B
IRZER A, TSN NO fiti& SNP I 27 fif i F 717
il

D b 45 AT HEM , AQPs FI NO 4 A {57 /K A
Tl 78 & FE AR M IR 2E R A, H AQPs 1]
figid it NO K H1EH .

2.4 AQPs 1 NO X8 & 7K 5 Fh F i # B i 1%
A

R T 0 A L T P A R T e, R Rk
RBER SRR, SR Rk S R,
U, B BE A BH g ] A3 BT il T M (SR S . i
B 4A A, Bah SNP Kb ) 5 B2 3 2 A Ak
PR e, 1 HegCly . L-NAME A1 ST =4~4b
PP [ B A2 AR L Xt BRI o 43 Bl AL SNP
£ HgCly . L-NAME H1 ST ) 3 b H 4 5 T [7
BEM) 52

i Image J FRANEAS ) Ak 34 (B B0 52 B e
R BUELHIFEIE R ([ 4B), DUEE H i
EAS [R] Ak 34 114 S i A0 Tl A X 36 1 o 55 ) HRAH L
ol HgCly 23R A & KR8 Rh 1 Y B TE M5 AR o
TEPEREAR T 24.77% , 1M A SNP J5 ) HgCl+SNP
AL PR AR T 8.18%, UiPH T AQPs I& 124
S, B & KRR R R R A A T R, A
U8 NO WU FHZE HeCly 51 b 3 #9310 T
PRl SNP AL B ) i & K R - L U 93 TR X T
P H T BB R 7.50%, T M L-NAME 4b U1 5
M ST AbFH 8 & A RS Bl 19 5D #9363 P
4350 FE X B A ARG 22.50%F1 16.36%. il A SNP J&5,
L-NAME+SNP Zb3H Kz ST+SNP &b FH () S 3E #5 il
FEXTH I P23 ] LU X R RRAIR T 5.45% 1 3.41%.

ULEAME NO W] i 548 = BVE M Bl s 1, IF R AR
AQPs IHHEAMEIF K NO & I 4 1) B AR 7K e il
T 6T 93 TR T 3 A 8 300 o

FRYE o- T8 BTG P AT 58 T e, REFRdE
IS RN B BE AT AR - VE R Bl T 1Y
SRS, 1O BESR R S B o- TR Il M R
H & 4C AT, TERTA RYAREE T, Ll SNP 4b 3
(A K RE AP T O R 9 A B B AR R, e i
55, YOI, Bl HgCl, b PR F BE B %
/)N, HAEE RS, 1 HgCl,+SNP AbBR Y A 5 &
L HeCl, PR R HE, UiBH AQPs
TR, oY A AT P A 0 S B, sk e
AT B AR IR NO b SNP FIFZZfi# . NO & pid

HgCl, L-NAME

& ® ©

HgCL+SNP L-NAME+SNP ST+SNP

w
B @ oo
S o o
T T
[{=2
=
[
[1Y
o
jen
jo

g

BT
Amylase relative activity
O
[

0
FEF S S S S

F §®'°

Kb Treatment

ST

0

SNP HgCl,+SNP L-NAME+SNP ST+SNP

0 0 0

A E/NE TR IR AL B ] 22 57 3 (P<0.05 ),
Different lowercase letters indicate significant difference among
different treatments (P<0.05).

B4 FELEBTKEMHFRENERUELE (A) X8
XiEE (B) 1 a-EHEERWFEM (C)
Fig. 4 Apparent activities (A) and relative activities (B) of
total amylase and apparent a-amylase activities (C) in rice
seeds after different treatments
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3§ L-NAME A ST 43 5| Bt b B i) (1 5 B4 L
XFHRAY/N HLKE, mim A SNP J5 ) L-NAME+SNP
AbEEFN ST+SNP AL L Hpl L-NAME, Bl ST
WEM AR EA K HS, W AQPs TiE & NO
BAZIT, B A KRR T o-JE A Bl 1R
FEREAR, T HAME NO #0038 M f#ER AQPs I 1
I FIFN NO A B0 i 76 0 &K FEdp 7o o-3E
3 T P A o

R g FEIH , AQPs TiF M X AN NO ¥4 Bl
FHE =0 & KRRl P A TE R & oY M BRI
o H Rl EZERAEN, NO it S AQPs 1
5 B R 7K R AN i S E R I B - DE A I P O
2.5 AQPs #1 NO XM EFE/KFEMFEMSEMN
A

K5 s, Bl HeCly Zb B HE & K Fa fb 7
FLVE Ry B & LU X RR 3 = 0.99 1%, 2 A Ab#
TR SRR, WA SNP J5f%) HgClL+SNP
b3 2 Bl UE AR B A O RS S T 0.39
£, ULEHAME] AQPs 1936 M2 i 2 0l 55 L R ik v
Ky (R RE T, KRR BE 700 R Tt AMJE NO ¥ %
Hifl L-NAME AbPRAIE ST A0 B 1 b 3 by
S X IR 0.74 £5 A 0.59 f%; T
L-NAME+SNP b3 Kz ST+SNP &b ()l 7t e
BB BN A3 W b Boph L-NAME &b BRI &ph ST 4b
FRRIFEAR T 25.41%H1 23.90%. BiBAME AQPs
(A PE B R NO 19 & L 23 Ik b K R b 7 v e

1000 -

? a
o0 rh
g 800} b
=4 o c
g H d
§ 600t B
S
§ 400} b
i
a
R 200f
=3
0 < <
Ny
F & éy & & x%@&x%,é‘
Y & S
o )
\)'
KbFH Treatment

ARG SF )RR Ab PR E) 22 5 .2 (P<0.05 ).
Different lowercase letters indicate significant difference among
different treatments (P<0.05).

E5 AELGETKEMFEHSENTL
Fig. 5 Changes of starch content in rice seeds after
different treatments

By B RS, 1T SNP B vt 25 38 oK R b3 v e b
REAR, BPTZEM AQPs I TSR & NO A AL
AT A 30X 2 A I i 4 BELAS: R0

3 itig

FEYIH AQPs HATizkisK /W Thge, it
DR AR K o3P, A A A, HE PR Az 3
HeCl, FyMm I P2 fiF5e 08, SRAL S W1 AQPs
Uit iS5 NPA 37 A9 D & R sk L 1 -SH 3
Wz 4, Blie AQPs fLBA¥EZE, MMisZm AQPs
TEPEPS S AR BRI A R, R T & AR R R
K2 2000 Wb, W AQPs 5 LR Rk K it
Fik R TR Y WA T SZ M, BT RoR R,
MRACAS BB ol 3250 FEAR iR g, R AQPs
EPEI G HeCl, ABLKFEM T 5, FhF oK E
koL, W KRR, AR ROV 2 A A K 52 B
VANDER Z5B2 i 55 t5 3] 5 1H 2 Y 25 58 T o
BUES0T (LM NO ) ] 15 Az AR
IKRERP T AQPs 545K, A Soksrisiit Y,
ARWFFELE LY, 76 AQPs 3% P32 B3 1 i,
AR NO HE{A& SNP 7] #2157 HgClo Ab#H 5 1) M /K
I T K R o X6 7K o B WL, 4 s P B R
M XTI e s, NO Al figlR HgCl, %t
P & a e, SAMRE R -5, BT
HE— AR AQPs 5 NO 7E/KFEFh il & 4
(0~24 h)AYKF , R NO & A7 L-NAME
FI ST K NO fiL{& SNP 4351 4b B 8 % K R b7,
SEFR I, Foph SNP b3 K RS R T I K K
W & 85 B G b BRI =, A NO A,
T ¥ W K e 152 B, W & R IRREZ T B . BRI,
P 78 KRG Fh T R OK BB, NO Al E A S
AQPs If 1, & KAEF T OK Sy, fESEF T
K2

TE Ry T 2 VE A P - 1 R A AR R FE B K i
Mg, FEALE o-TEMEER B-IEMEE . HA o-UE
Ty A eSS KRR T b i A0, Hom e 5
IKAEI % 258 RS A KR P AR R T8, SRR
NO 1] 3455 = 35 S /N2 Fp 7 R 3 1 oo A o 1)
WM YE, ETE T IRRE S, AR T I IRAR K
JUR 25 B A AR L R RE D ARBFSE KB, B
Il SNP AbHEKAEF T Ie , HRTE R o-TE K
(NG PEY B3 T, e PR, KRR T
IRZEIS BB A2 K . HAJIHASHEMI 261Ny iF
4B, SNP nl g 4 3 M T -8 K 1)
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W, T BRARER M0 ) s PR a2, TR A
P ¥ B A BERE . ABETEE R 7R, W A K R A
T AQPs {HMESZINT , - Ml A S Ve R Y 15
PEXY R TR, ek o 5 W AR Ry 7 55000 K F-

AR B R 24 ) A A AR I S A ], AN NO
A I X SRR . 5 AQPs T PEZ AL,

NO H B J5 , 0 A KRR S T84 il
Lo o-TE R A TG P XT3 L P IS B i 2
PRI | AR IR 2R A A A2 B, X 2B R NO
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