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SNRHERE-EREBEEEFERIEHAR
Medaka R KA ERESEB

B OB TER

C ERR 2 B AR S PRI PO FRIR A e 5 A S B R SR L AT 100085)

W E RSB A B R G 5B TS R X DB A K 2 B8 )5 1Y Medaka JHIE iR 26
LU K P B AT RIS LR R HE BELAT: SR 9 AH 43 BS A L S B AH D 0.15 mol/L NH, Ac, % 25 0.5 mL/ min,
FH FEL BRI B 4 B MR BT X Medaka M JUE 0N 20 4048 OB P 4 VBE R SR 89 & B EAT T . A th BR Sh 0.01~
0. 05 pg/L, JCZE M INAR FCR N 93.1% ~97.0% . i 5545 (4L %F b & BH, 5K 7% 88 J5 119 Medaka {4 JH I 0 i 21
ZURE KA A SR — s T B 2 R RDE AR B # )5 - 76 Medaka JFFIUE UK 2 23 b 9 20 A BH S A W), O HLAR 25
E— B b AR Medaka I I 20 23 P ) 55 2 1) & it R F il — 2D RS2 R A 2E DA 9 R PR AL

KR FHHORAOIE; BERMAEE RS RE6EA
1 51 §

7R PR H AR R ) W BRA A PR BT, — B 2 W . E R AT e B A W L A 8 R R U R
PN, [ 20 2D 50 AR H A KB B & 5 % TR R RS 4 52 G0 R 15 G B 0N — D AR
5G] A SR Y FE AR AU B BOR L TEHLUOR FIA HLOR . S [F]JE 285 09 R 76 20 58 o A A= ) 44 v el LA
A FG AL, I ELS AR W) R A 3 M o AN A ) 3R 058 v 8 5K 175 G W) i sl A8 00 W WU 7 28 ) i b 08 W e 4R
1 3 FEA AR FE B N AR N 38 WS B AR AENT O I 2 ZUAE AR AL, X R R 2 3 A L R A TR
AL, HET X TR B A5 3 AR v Ak PR B R AR A b SR 5 I e T, DL R/ Gy 1A BIL oK A
PR BT 2543 BT 10 H I SR TE A= WA IR W 8 5 A AR IS A 2 42 LA K5 AR W0 vk 43 1 45 6 5 X 2R
Yy 1 5 e B FLBE AN i R

Bl 4 Ja 2 2 A i B 8 AT T 42 R A BF 9 A 2 28 DR U 2 AN A3 7 B R 28 03 A e 7 B
SREEY R FIMEAERY, FERBESGEAMUIR S LB EAES SRR Ed -+
Iy I . RO (6 5 R RO A 45 S TR T % (HPLC-ICP-MS) B6 FH A B A HL AT 32 1R 20, R 40 3
FAUE AL PR AR S T N T AR R R h S B A S A

B 2% 8 S I RSN MR B S R A A R T B, R A S WA ORI E ORI, KA
TR R T S A ) S A B AR W AR AR R R A A T TR AT SR e I SR AU S WF S R A
Py TR ML 0 7 B SO 286 3h ) . H A Medaka (Oryzias latipes) F 20 20 80 454X 4 [ b v £k 41 22 51
R B S 2 IR 2 — B A AT /N e 3R 07 5 BT SR | BEAEBE B Rk 2 e ) R AR O S T AR
Ul T 22 Bl PR S e W 0 A S b AR — i [ B R 2R AR I A

ARSI AN R 25 189 R X Medaka £ 47 % &% , Al Ff HPLC-ICP-MS H¥ FH 4 A X FE 35 5k A T LK %4 58 Je
f) Medaka JHJIE 1 25 21 rpoK MR 45 G 485 11 EATWF 5 o () IR s XoF IR R i 4 28048 11 488 B0 v 41 L B oK
) i EAT 1IN A B Tk — D WA [FE SR AR A A rp WS 7% L R AR AR W e Ak S AR A AL
2 ZWHES
2.1 UEE5RA

1200 24 w55 ZCHAH (15 45 . 7500ce B L JEHE 7 45 B T R BB A (SE[H Agilent 22 D)
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624 o Btk 2 o539 3%

HgCl,(=99.5, b 54k T.) ) ; S4B 3R (=98% , f# [F Merck 2\ 7]); HNO, (GR, 65% ., [ Merck
AN s B (HPLC 46, 22 [H Baker A 7)) SR8 (GR. AL B AL T.) 7 ); Tris B4l %%, 2 H Solon A H)) .,
B4R A B AN, e R B o e dli . 228 7K (18.3 MQ em) € H #8 4li /K % 4t (Barnstead International,
Dubuque, 1A, USA),

B i HgCL A& AL F R 5K L 23 A T 5% (V/V) HNO;- I IR & 18 W L BiE i & 1000 mg/L Hg
AR HER A5 T, B 3 TAR A BT, T 4 CokA P IR A7 .

2.2 EHYREEFXR

S0 FH 0 35 FE AR 55 S50 FH K 7K T R RO IR — S I IR B K R G AR ETC I E IR,
B R PR F A AL 2 Wk, IR K N H R K &0 ik 2 )2 g gl b, Wi 20 24 h DL b, HOK R
BT :pH 6.9~ 7.9; ¥ fit F W E N 5~7 mg/L; fifi ¥}y CaCO, 200 mg/L; HL 53N 650 uS/cm; 7K iR AF 45
1 22.5~255 CHEEMN . [ KIBRIGHE & 12 h/12 h, FRFEBEREGTK | g o, SCoe FH o2 fik
I8 T 0 WL B A R R S

FAH EL oK F HgCL Yy 8 S 50 24 K 25 5 )X 8 A #® Medaka (Oryzias latipes) i fi , °F- 1
&K 3.59 cm, P IERE 0.52 g, BEVLS N2 F X AL HeCl, 2 28 4 fa 1L SR B 4, 14 20 7%, &
A He BEEVRE N 20 pg/L. R T BRIEG S W 7K BT RIS E 1) 2 B8 e 5 1 H OB 5 2 B8 VA A
2.3 H&E&E

Rz 1 G ) B I AN ki 2 2, B 0.05 mol/L TrissHAc 2 A (1: 50, w/w, pH 7.4) )3 7
4 °C X 12000 r/min 5.0 30 min, B35 W 0.45 pm (0 7K 24 38 5 08 47 3 08 . FH T 5256 007 .

2.4 HPLC-UV-ICP-MS & #f

HE B O = ROWORE B HE AT 43 B9 835 AT O Nanofilm SEC150 44 F2 HE BH £ 3 4 ( Sepax
Technologies) , Jit 2140 4 0.15 mol/L NH,Ac, i # 4 0.5 mL/min, #E4£ & 20 pL, 84N 3 K S 254 nm,
HPLC #¥i ¥ PEEK 45 H %3 A ICP-MS, #E 172 Hg 7EZE Wi . ICP-MS 2 5. £1 9 XU 16 55 =
L0 Z L% RF DI2R 1550 W, 0.85 L/min, 5 T Hi# 0.37 L/min, 25 2 B 2 °C L I 5 [A) 37 22
Hg.

2.5 RBEHPEERENNE

fic il ¥ £ A 1.0,5.0,10.0,20.0 A1 50.0 pg/L (¥ & 31 Cu, Zn F1 Hg IR & Fr e W, FH ICP-MS I & [A] 37
FOCu,“Zn FI*"Hg, il bl ih Ze . JH IR R G 20 2000 2 1 B O ) 5% HINO, 76 B 20 %, ICP-MS EL
P E R BOR S Cu, Zn I Hg f& &, L Ge Al In 9 bR B RE ST E 31K,

3 GR5H®

3.1 AERSKREEE Medaka BFAFIRELK B9 HPLC-ICP-MS 4 #7

] HPLC-ICP-MS X} Medaka i £ BO# #4720, Qi) 1 s . ik 5 23 0 LAl D, 805 Te L
R FI R R 2 8 J5 1 Medaka Rt 34 — 2 BSR4 . % b HPLC %84 BIFT ICP-MS i i 51 1)
T 88 B ) 2 B, oK % 5% 41 Medaka IFIIE42 BUR 1 ¥ 541 3 AR5 6 B /2 K (R BB E 5300y 4.5,5.4 F1
6.7 min, i & F5 2 IS R X Y 4 5 43 5 199,70 A1 14 kDa, 7E WM Hg 69 8] B, 3 X
Medaka I ES2IBCRK H1 (9 Cu A1 Zn AT T W20, 45 R A, B AESS & 1 He W FIBT 8256 17 K
Cu Ml Zn*" . &JRMAENRMD E—FE ST EMEAMRN SRS EN . Tk 6~7 kDa, fi 4 fll 544
& MT-T ,MT-11 , MT-TT #1 MT-1IV , Hoir MT- T F1 MT- 1T 32 % 250 A5 76 JF 08 LS rh 0 R 408 4 7 i HE
W, PR BRI 6.7 min (ORES G HEAMRRESBHREANREY . AXESBMEN S HEEAME
EREIE R A Z G . 02X T Medaka AT IE$& OB oK 25 6 88 F1 0 B 45 48 19 B 22 i A Fr R A

X b TG HIL oK % 8 21 R P 3 OR 22 @8 4 Medaka T HIE$2 B i) ICP-MS J5it i3 &1 38 AT DL & B, K ) JE 25 5K
B, RTE Medaka FFHEH ) A BN —E 25, WIHORB RS, Hg 3 2454 176 O/ B i) A
6.7 min 85 H A B b T JEHLOR 28 82 41 0 Ok £ 2EE5 A AE R B R E] 4.5 min B A B B L
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Fig. 1 HPLC-ICP-MS spectra of liver extract

A. %5 14 4] (Control group); B. H1 3 5% % 5% #H (Exposure group of MeHgCD); C. TLHLKR F#Z 40 (Exposure group of HgCly) .
3.2 AEEEKREEE Medaka i H LR IE K HPLC-ICP-MS 43 #7

Medaka Jlixi 2 212 HUR /) HPLC-ICP-MS A &5 R an &l 2 s . A [FJE 50K % 88 J5 Medaka i 2 21
MEEET —EENRIFE &R 3N REAEA/Z KA B AR 53508 4.4,5.5 F1 7.1 min, AH XS R
[ 53 F 5 A 209,70 F1 6 kDa, i XF Cu 1 Zn 19 W5 % B, Medaka i 20 21 32 BUR H 0K 25 A B H A B
FRAEAKER Cu Ml Zn, SREBE R 6.7 min BIRES G & A5 486 A0 T8 K/MERE , #E B H
Al BE R 4 IR AR 11 . Aschner SEPORF 98 & B, B 350K £ 61 4 B2 J0 0 0 400 M v, O FLG & B2 TR M o 4 i 5
B4 R B AR

TCHLoR A B 2 5% 21 v Y Medaka fii 20 2148 O 1 OR TG R 0 73 M AEFERCR 25 5 . TCHLOK 2 #8 41
Medaka i 2 2142 O HH oK 32 4045 2 AR B I ) 9 4.4 min 5985 11 H B b L i B L R B 82 41 Medaka Jig
ZH AR IO Y ok A AR R B ] Dy 5.5 min B9 AR LR B b
3.3 AEEESKREERE Medaka FFREFIRNA LA H Cu, Zn F1 Hg R ENE

N F ICP-MS =& Medaka JHIE Al 41 ZUE2 B 1 19 Cu, Zn Fi1 Hg 19 T4 5 2R IE T % 48 & A=
YIRE B AR BN, o AR S0 38 o DA AR 25 A B A L AR IE AR UE A S T B BR T . IR AR
S I i AR ARSI 1 mg/L Ge Fll In INARIE IR AT LA R05 BRASC 28 I A% o P Ik 52 30 0 5 174 o ff 2k

Cu, Zn F1 Hg BFRHE TAE il 28 2 PEAH ¢ R A KT 0.9995; Kt FR 43 51 0.02,0.05 F1 0.01 pg/L, H
Tk /> Medaka A= ¥ 2H 248 UM (0 45 E 2 5 W) o, A 52 55 SR SO AR [0 08T 32k 3960 90 5 V& B HERfR R . 1l &5
41 Medaka JIFE 2R SO PN A 1 mg/L 19 3 P 4 & (19 TR & A HEVE W I 2 JInAR MY R . Cu, Zn I Hg
() B 23 5910 A 95.2% . 93.1% FlT 97.0%

J ICP-MS X§ Medaka JiT i F1 i 20 2 42 BU P (19 Cu, Zn Al Hg S EVEATINE 45 R MF LR, 5
25 LA AR FL , TEHL R 2 55 4 FAT ML oK 2 85 41 Medaka T JIE 2 B3 A1 20 245 BUE 89 % 90 K Cu Ml Zn
()2 S #A T N BE . 456 HPLC-ICP-MS 195 #7745 5, T Ik 42 BBOR AN i 2 L2 O h i) He 45/ & b
W [F B 5 A Cu Al Zn, AT LAHEWT He 30 B B8 ARG . 5 Cu Il Zn G5 SIS H s s 8 1 B i s v
S B AR TSR S A G A BUR T ISR S B Cu A Zn, B B T AR WK 4 1 I IE AR T RE
AT T AR X Cu Fl Zn B9, 530 Medaka [ 20 20 AT EZH 217 Cu A1 Zn 9 3 12 F [,
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Fig. 2 Analysis of brain extraction by HPLC-ICP-MS
A. Z5 1] (control group) ; B. I FE R FE A (Exposure group of MeHgCD; C. JHLR ##E 40 (Exposure group of HgCly) .

Xt HE Y R OR 5 5 LRI JCHILoK %% 2 20 1T DL, FY i OR %% Bk 4 Medaka T JUE $1 JBC TR R 2H 21042 B H 1Y

Hg /95 & W] 2 & T ALK

=

Je PR R TEHILR T AL T8 PN B IR 3R/ T 10% T HT 2k i 1) I A 5

KF 90% M,
2 1 Medaka JiFIE i 20 23 BOR T Cu, Zn A1 Hg B9k B
Table 1 Copper, zinc and mercury concentrations in liver and brain extraction of Medaka
=T Cu Zn Hg
Sample (pg/L, n=13) (ng/L, n=3) (pg/L, n=3)
. %5 14 Control group 13149+ 421 13751£992 Not Detected
HS f’f% )i%fft 3L 5R R #% 41 Exposure group of MeHgCl 7864+ 35 104834273 8746473
Ak K 5 7 4 Exposure group of HgCl, 8689425 12196+ 436 27534199
N . %5 141 Control group 2470+ 79 82214605 Not detected
B’i‘ﬁi%fi(tﬁct FH LR 2 #5 41 Exposure group of MeHgCl 1300+ 31 5505+ 196 4395+7.7
Sk R B FE 4 Exposure group of HgCl, 1805+23 77034361 1480+ 58
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Analysis of Hydrophilic Mercury-Binding Proteins in Medaka (Oryzias
latipes) Using High Performance Liquid Chromatography Coupled
with Inductively Coupled Plasma-Mass Spectrometry

LI Lu, HE Bin" , JIANG Gui-Bin
(Key Laboratory of Environmental Chemistry and Ecotoxicology s Research Center for

Eco-Environmental Sciences s Chinese Academy of Sciences, Beijing 100085)

Abstract The hydrophilic mercury-binding proteins in the brain and liver extractions of Medaka after
methylmercury and inorganic mercury exposure were analyzed by high performance liquid chromato-
graphy coupled with inductively coupled plasma mass spectrometry. Size exclusion chromatography
was selected in the experiment with a mobile phase of 0. 15 mol/L NH, Ac, running at a 0. 5 mL/min
flow rate. Concentrations of total copper, zinc and mercury in the brain and liver extracts of Medaka
were determined by ICP-MS. Detection limits for these three elements were in the range of 0. 01 pg/L
to 0. 05 pg/L, and the spike recoveries ranged from 93. 1% — 97. 0%. Compared with the control
group, high level of mercury is accumulated in the brain and liver of exposure groups. The distribu-
tion patterns of mercury-containing proteins in the brain and liver extracts of Medaka between methyl-
mercury and inorganic mercury exposure group were different. The concentrations of copper and zinc
in the brain and liver extractions of both exposure groups were decreased. The studies of the mercury-
containing protein fractions in Medaka are helpful for the understanding of the mechanisms of mercury
toxicity.

Keywords High performance liquid chromatography; Inductively coupled plasma mass spectrometry;

Mercury-containing proteins
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