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Study on Competing Reaction of Metallogroup Binding with Serum Albumin
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Abstract: The performance of competing binding reactions between metallogroup and bovine serum albumin was
investigated using affinity capillary electrophoresis(ACE) method. Based on the site binding model, a model about
the interaction between [Zn*, Cu*] as the ligand and BSA as the receptor was established, a theoretical equation
of competing binding reaction between multimetal-ions and macromolecule has been suggested, the binding
parameters and dynamic mechanism were also measured and analyzed. The result show that, the competitive
combined reactions of metallogroup [Zn**, Cu**] with BSA were reacted to form compounds Zn**-BSA and Cu*-
BSA. Based on the changes of the effective mobility, the mean apparent competition binding constant was
determined through established theoretical equation by using non-linear fitting method, and the average apparent

=4.01x10* L-mol™, K. ., =7.75x10* L-mol™. The binding reactions of Zn*/Cu**-BSA are

binding constant K-

fast equilibrium reactions, and that Cu®* had antagonism effect on Zn*. Dosage-dependent effect also exists among

the peak height of compounds with the ligand strength of binding reactions and stability of compounds.
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VoS S5 VA B S R R S T 1 (Zn2 - Cu) TR B VA T,
M.
1.2.2 B4 @52 v th BSA A R0 B 1Y I 2

L R B v BSA ARSI BE ) I E AR



%7 Y

WY A%, e Jm DU AR AL I 1 B0 S S A R R RE T 1551

J¥:2.07 kPa JE J1iE#E 3 s EFERTE 214 nm &2
Wt 25 KV 4y B LUK |25 CCHE IR SEERERERE 17 .
0.1 mol-L™" NaOH . ¥RIK J 75 142 whif 53 ) vh ok
3 min, FEih BSA HERE ) 435K S R BE 1Y Zn
Cu® WWAE R I2 47 2 v ik 5 min, W07 SE56 12
LA B (5 5 %2 thl 2 Zn® 5 Cu™ W IR, SEFERE 5o
BSA W, W E AR R FRIR A . BSA [+Zn**] . BSA[+
Cu®]), 73 IARAR AN GV B Zn® Cu® ¥ W 1 L K %
Bl ISR AN MR EE Zn® Cu™ W T BSA BV 347
S () ACE ¥ 55 42 M A B W s i B o 5
R 6 IR &5 B H(E),
123 & Cu® Zn* %% W ' Zn*-BSA .Cu*-BSA
B JEE 1

TE Cu> Zn* AR BT P AT, 43 5
PL Zn?+BSA . Cu*+BSA IR G A HE M EAE | KR
Zn>-BSA Cu*-BSA A il B (140 7 T2 ¥ (5 5c 2% v
W Cu> B Zo? W WL, HERERE 508 Zn>+BSA |
Cu*+BSA WM, M 78 1K 5 KRR N . Zn* +BSA[+Cu®*]
Cu*+BSA[+Zn*]): 25 HT H] 0.1 mol - L™ NaOH , —iK

K B 7S G2 ol 3 S 0Pk 3 min, 43 R AN [R] i
FEW) Zn® Co® W WAE W IZ AT vp B YE 5 min, HiAlh
AR Y [R] 1.2.2, 43300002 12 YA b 4R 45 A0 B i
FL UK 35 &1 I SR A5 R [F] Cu® Zn> W B 28 vl Zn®-
BSA .Cu®-BSA WA 0m . MUEE WG 6
WS RBCF 1),
1.2.4 & (Zo*+Cu®)Z P BSA A &0 BE 1 &
1E (Zn*+Cu®) WWAERIBATE PRI, LA
BSA VR R FE A HERE R R T Zn*-BSA [ Cu®™-BSA 1
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Table 1 Treatment process and representation symbol of experimental system to determination of effective mobility

No. Injection sample Running buffer Solution system The notation of experimental system
Measuring the effective mobility of BSA in the
1 BSA solution Zn™ solution ] ) BSA[+Zn*]
single metal ion buffer
Measuring the effective mobility of BSA in the
2 BSA solution Cu* solution ] ) BSA[+Cu*]
single metal ion buffer
Measuring the effective mobility of Zn*-BSA in
3 Zn*+BSA solution  Cu* solution Cu*+BSA[+Zn*]
the Cu** buffer
. . Measuring the effective mobility of Cu*-BSA in
4 Cu*+BSA solution  Zn* solution Zn*+BSA[+Cu?|
the Zn* buffer
. . Measuring the effective mobility of BSA in the
5 BSA solution Zn*+Cu* mixed solution BSA[+(Zn*+Cu®)]

(Zn*+Cu®) buffer
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cpn=10 pmol - L7 a. BSA [+Zn*]; b. BSA [+Cu®™]; c. Zn*+BSA[+
Cu*]; d. Cu**+BSA[+Zn**];e. BSA[+(Zn**+Cu?®*)]. Peaks: 1. DMF;
2. BSA or Zn*-BSA or Cu*-BSA
1 BSA B DMF 16 A [a 0K 2T i vk 4]
Fig.1 Electropherograms of BSA and DMF under

different systems
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(A) Zn*+BSA[+Cu™] (B) Cu™+BSA[+Zn™]. (A-a) ¢, »=c,»=10 wmol-L™; (A-b) ¢ »=c, »=60 pmol-L™; (A-c) ¢ »=c,»=0.20 mmol-L™; (B-a) ¢, » =c =

Cul

10 pmol - L (B-b) ¢, »=c »=60 pmol-L™; (B-c)c,, »=c »=0.20 mmol-L™". Peaks: 1. DMF; 2. BSA, Zn*-BSA or Cu™-BSA

&2 BSA & DMF 7€ Zn*+BSA[+Cu®],Cu®+BSA[+Zn> ]I F 11 A Jk [&]
Fig.2 Electropherograms of BSA and DMF under different systems of Zn**+BSA[+Cu*], Cu*+BSA[+Zn*]
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ESi by N i O SV N S B 0 T WL R AN - S )
Zn* Cu® TCWOC I | HEWT & Zn>-BSA W5 Cu>-BSA
W | LW 2 H i — SN TR — /N AT
KR PP ) Cu s A TIRE Y Zn>+BSA H 4
RO, T ANEL 2-A W 2 Hp i v (AR I TT
SEG e BRI AR B T S E AN T4 A Y
i

&l 2-B B Bl 28 b Zn® v S O 45 U
(AR i IR1 X 4 e, BB IG 2 AR 4 5 r iy F i
rya g, R SR e E 2-B thig 2 RS
B R] 3G 0, 2 B0 2 %3 09 4 IO o 4 #1194
BSA[+Zn> /K & BSA[+Cu |1k R ¥4 18/ [F i BSA
W 1 i 50 S BV A /N0 | [ RE A DB S Zn-BSA 1 5%
Cu®-BSA g, Hg 2 5 — /NG & TR — 1

ANUE D HEWT AT BE R G M T Y Zn> S S TR G W
Cu+BSA H ko i, [l 2-B U6 2 v i iy IR A
e g GBS ERE FSEARS T4 S
TV H R U

2.3.2  BSA[+(Zn>+Cu)|1A 3 A 50 B )

M 7E BSA[+(Zn>+Cu®) |1 & T (Zn*+Cu®) 5 BSA
AHEAE F S 1A 2800 B AR, ACE 1% WL 3,

Kl 3 W] Bl 22 0P (Zn®+Cu®) R BEE G K
KU IE AL I A 4 4 v, R I 2 ARFR AW BT T iy
HLff LIS I IRl SR 1 g B 3 P 2 1T
RO )0, R BT0g 2 X3 1 W 5T Fir s H A ) B 4K
BSA[+Zn* /R R  BSA[+Cu® ]Ik R B4 W8/, [F B BSA
U 1) J F I 2 S /NI HERT I Zn2-BSA I EL Cu®-
BSA W, FLUE 2 A2 111 /0N W 2 T R AT
Vg HEWT T RE R IL T AN S R B T AR IR T
FAN—Fp SR KRS B E AR A YR, B
WA, AR ()T EAS FR & Zn>-BSA Fl Cu®
-BSA MW PR R0 B G5 R Tk 2 %3 Kk 4,

B 2 0l UL 7E Zn>+BSA[+Cu> 1K & | Zn’*-
BSA A 8500 BE 73 I K -4.535%107 em?- V-5 24k
% -6.399x107 cm?- V"' -5 Cu®-BSA 943 R £ 53
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(a) ¢, »=c,»=10 pmol -L™; (b) ¢, »=c»=60 wmol -L; (¢) ¢, »=c »

=0.20 mmol - L. Peaks: 1. DMF; 2. BSA, Zn*-BSA or Cu*-BSA

K13 BSA M DMF 7£ BSA[+(Zn>+Cu®)|#& % A yk [&]
Fig.3 Electropherograms of BSA and DMF under the
systems of BSA[+(Zn*+Cu*)]

5 I -4.976 x107 em? -V -s™ A 4L F —6.468 x10
em? V7'es 3R 3 AL FE Cu+BSA[+Zn* K &
Cu®*-BSA YA R £ 53 5 h—6.172x107° em?- V- 57!
AL 2 —4.625%107 cm?- V' -s7, Zn>-BSA 1A R

BE 43 5 =6.591x107 em?- V-5 24k % -4.985%107°
em? V7o 1R 4 0] WL 7E BSA[+(Zn>+Cu®)] K &
H, Zn*-BSA B A R0 B 3 5 D -5.366x107 cm?- V' -
s B E -4.675%107° em?- V' -s7 Cu®>-BSA B A 4K
i BE 73 N =5.960x107° em?- V-5~ 28 {6 2 -5.291 %
107 em?+ V7'es7 iX R Zn> FI Cu™5 BSA Z[AIHf 55
BT EA RN, HE AT Z 8 0 A L AE 2 i 5

Ph Zn® Cu® Zn®+Cu> Ve BE R RE AL R e AN AR
FREED #2 A (@) IELMERLE | 43015 2] Zn>+BSA[+
Cu®*] . Cu>+BSA[+Zn**] .BSA[+(Zn*+Cu>)|3 Bk & h
Cu™-BSA 5 Zn*-BSA &G4 (& 4), TR S S
SRR T £ S,

MNIEL 4 0] UL S5 BOE SR LA h 4k D 4 45
HA 2R, BEEH BT W Cul R B 3K
Zn**+BSA[+Cu> 1K F ' Zn?*-BSA Fl Cu’*-BSA 1)
B 300 B BE Z 80/ Zn®-BSA Fll Cu®-BSA WY iF
RIS | & KA BEE Zn*+BSA[+Cu® K &
W Cu> R B 3 R Zn>-BSA Fl Cu-BSA JUrafy B far

F 2 Zn*-BSA 1 Cu*-BSA 7& Zn*+BSA[+Cu*|H BB i &
Table 2 Effective mobility of Zn*-BSA and Cu*-BSA under the system of Zn*+BSA[+Cu*]

cor ! Effective mobility of Standard RSD / % Effective mobility Standard RSD / %
Sample Zn*-BSA g/ deviation / of Cu*-BSA ./ deviation /
(pmol - 1.7 (em?- Vs (em?- V57 (n=6) (em?- Vo5 (em?- V™57 (n=6)
0 -4.535x10° 9.523x107 2.1 -4.976x10° 1.144x10°° 2.3
10 -4.672x10° 1.075x10°° 2.3 -5.250x10"° 1.102x10°° 2.1
20 -4.838x10° 9.191x107 1.9 -5.332x10"° 9.598x1077 1.8
Zn*+BSA 30 -5.073x10° 1.015x10™° 2.0 -5.514x10° 1.213x10° 2.2
60 -5.848x10° 1.112x10° 1.8 -6.180x107° 1.112x10° 1.9
100 -6.123x107° 1.401x107 2.2 -6.366x107° 1.299x10° 2.1
200 -6.399x10° 1.343x10°° 2.1 -6.468x10° 1.294x10° 2.0
% 3 Zn*-BSA 1 Cu*-BSA 7£ Cu*+BSA[+Zn*|H K F& i B
Table 3 Effective mobility of Zn*-BSA and Cu*-BSA under the system of Cu*+BSA[+Zn*]
e/ Effective mobility of ~ Standard RSD/%  Effective mobility ~ Standard RSD / %
Sample Cu”-BSA p/ deviation / of Zn*-BSA p / deviation /
(mol - 1.7 (em®- V57 (em?- V™57 (n=6) (em?- V-7 (em®- V57 (n=6)
0 -6.172x107° 1.358x10°¢ 2.2 -6.591x107° 1.384x10°° 2.1
10 -5.690x107° 1.081x10°° 1.9 -6.057x107° 1.272x10°° 2.1
20 -5.421x107° 1.030x10°° 1.9 -5.621x107° 1.012x10°° 1.8
Cu*+BSA 30 -5.379x10° 1.076x10° 2.0 -5.401x107° 1.188x10°° 2.2
60 -4.934x10° 8.881x10~ 1.8 -5.234x10° 8.897x107 1.7
100 -4.736x10° 9.945%10~ 2.1 -5.073x10° 1.015x10° 2.0
200 -4.625x10° 9.713x10” 2.1 -4.985x10° 9.971x107 2.0
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Table 4 Effective mobility of Zn*-BSA and Cu*-BSA under the system of BSA[+(Zn**+Cu*)]
Comen ! Effective mobility of Standard RSD/ %  Effective mobility Standard RSD / %
Sample Zn*-BSA pg/ deviation / of Cu*-BSA u/ deviation /
(pmol - L™ (em?®- V57 (em?- V57 (n=6) (em?- V'™ (em?- V57 (n=6)
0 -5.366x10° 1.181x10° 2.2 -5.960x10° 1.252x10° 2.1
10 -5.227x107° 9.931x10~ 1.9 -5.875x10° 1.234x10°° 2.1
20 -5.026x10° 9.549%x10~ 1.9 -5.732x10° 1.032x10°° 1.8
BSA 30 -4.985x107° 9.970x10~ 2.0 -5.517x10° 1.214x10° 2.2
60 -4.877x10° 8.778x107 1.8 -5.405x10° 9.188x107 1.7
100 -4.715x10° 9.902x10” 2.1 -5.306x10° 1.061x10° 2.0
200 -4.675x10° 9.818x10” 2.1 -5.291x10° 1.058x10° 2.0
*5 Zn* Cu5 BSA HEEANIELEMEER
Table 5 Results of non-linear curve fitting about the interactions between Zn*, Cu** and BSA
System of Apparent binding Average Effective mobility Effective mobility
Sample effective constant K,/  apparent Binding  of free sample of combinations Correlation Sum squared
mobility (L+mol™) constant K, M/ (em® V7'es™) pg / (em?- Vs coefficient r eor

Zn*+BSA[+Cu*] Zn™-BSA 3.76x10" K sn -4.399x10° -6.399x10° 0.9923 2.300x10™
Cu*-BSA 7.86x10* =4.01x10* -4.969x10° -6.673x10° 0.9930 2.356x10™
Cu**+BSA[Zn*] Zn*-BSA 3.37x10" L-mol™ -6.593x10° -4.982x107° 0.9943 1.658x10™
Cu™-BSA 7.17x10* LOE -6.175x107 -4.610x10° 0.9901 2.233x10™
BSA[+(Zn*+Cu®)) Zn™-BSA 4.91x10* =7.75x10* -5.367x10° -4.674x10° 0.9930 2.397x10™
Cu*-BSA 8.23x10" L+mol™ -5.964x10° -5.284x107° 0.9974 1.233x10™

(1) 2 B 7 BSA[+Zn>"] BSA[+Cu> |1k & 1 36 2 11
e, AUA S B A H Zn >+ BSA[+Cu |1 & P (1 45
THEK, ., =3.76x10* L-mol™ K . =7.86x10* L
mol™, &l 4 4553 3 KW MEE BT il Zn> ik
JE 3 K, Cu+BSA [+Zn*] 1R &R H (%) Zn?*-BSA Hl
Cu?*-BSA V- 2 47 %0 B 2 39 K, Zn?*-BSA Fl
Cu>-BSA Wl T A I [H] 4 4 0 X SR BE A Cu®+
BSA[+Zn> /R F Y Zn> W FE A3 K, Zn*-BSA Fl Cu®-
BSA It HL faf (1) 5 57 BSA[+Zn*] . BSA[+Cu> ]k &
Hs /N SR, LA SR AR TR Cu®+BSA[+Zn*]
KRB G WK, =3.37%x10" L-mol™ K . =
7.17x10* L-mol™; ¥l 4 2553 4 KW FiH 5175 0h
WP (Zn2+ Cu™) VR B2 I S K BSA[+(Zn*+Cu®) 1K &
Zn**-BSA Fll Cu*-BSA 11 545 &4 i Ji2 Bl =2 34 K
Zn*-BSA Hl Cu*-BSA Wi A% I ] 241 4 S, X 2 P
HHEE BSA[+(Zn>+Cu®) |1 5 o1 (Zn> -+ Cu®) Ve BE 1 1
K, Zn*-BSA Fll Cu*-BSA Fral HL i 1 5t B AE BSA[+
Zn™] BSA[+Cu> /K & /N Sl 4006 55 55 00

FHi BSA[+(Zn*+Cu) R R &5 G W H K, 4.91x

10* Lemol™ K ., 8.23x10* L-mol ™, & A7 2 ik £
AR ALY BB AL IESE T Zn®, Cu™ 5 BSA Z I &
AT SER A RN, S HHR AR A X (8) AR 2t AL
B L3k 3 R AN E A R P A Y Zn®-BSA,
Cu**-BSA 1Y~V H R WM E5 48 8 K, 539018 4.01x10°
L-mol™! 775xur1,nm11(tﬁk#lBSA/\”Uf‘zﬁ+
Cu* B T2 il M AT B IR LR K, . =8.2X
10* L-mol™;K -, =8.73x10" L-mol ™2 R S5 45 R
HZEARRE  UHIA I BT AT S5 R A1) s &
W25 ﬁﬁKH&Mkﬂéﬁﬁ SMFF,Zn*-BSA,
Cu?*-BSA Z [0 & A 0 25 G 52 I 359 Ay PRSP A 52 I (AR
I K, 8, TSR RS U6 (K, BUE 9l
10*~10° L-mol ™) F1 1 - (K, L & 2% 4 10° L-mol ™)
PR R PO Y — A SRS R A
MEEEYHEMELL I EATR A — A Rl % 78

LK P LR B — A SEUE) 5 BT o 1A R TR
LR TR o B A A A A G AR I, B A LK
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(a) Zn*-BSA binding curve(Zn**+BSA[+Cu**]); (b) Cu**-BSA binding curve(Zn**+BSA[+Cu**]); (c) Cu**-BSA binding curve(Cu**+BSA[+Zn**]); (d) Zn**-
BSA binding curve(Cu*+BSA[+Zn*]); () Zn**-BSA binding curve(BSA[+(Zn*+Cu*)]); (f) Cu*-BSA binding curve(BSA[+(Zn*+Cu*)])

Bl 4 Zn* Cu*5 BSA WAELPERLA il £

Fig.4 Nonlinear fitting curve of affinity interaction between zinc ion or copper ion and BSA

i BE g H A 32 R 2 TR E P (1) 43 BT ) 431 i ek
B i HA A2 W) T 5 (2) A BT o 7 I/ BT G
M8 T4 5 R X /N A R AR R A A AR
FHES G559 00 e DK i B2 & 2B A8 Ak S 22 R Ry 43 A
Yy BT Kb 355 v Ak 2 AR Ak A0 L F g R AR T AR
77 A1 Ay L Joit A 4% Ak S S0H O B 1) 0 T L) 22
WA T ApTIE 1 R 2 BB 3 e L Zn®/Cu i T
BSA 456 I 1 FL UK 35 PRI E i DA Ak 1 B — e — 11K 2
AN B Zn®/Co® 8 5 IRl —BC AR (BSA) 45 5 E
BCEL G T 456 RN AT 25 S (T 45 &), M 2
5 B4 A R BRI LA Cu™ B 75 BSA
W45 G e IR T Zn>5 BSA WEZS B RET)  Cu™ B T
5 BSA Z AN AR EE KT 28 TS

BSA Zi BRI &), % 2 3R 3 I3k 4 PORTRIK
F I Cu®-BSA/Zn*-BSA FWEE A # BUEH % 6,

ST 6 BRI, BEE Zn B T Cu’-
BSA 1RG5 A8 O/ | ATE Zn?*+BSA[+Cu®]
M 2 /N BE A AE Cu+BSA[+Zn> 1R & R /N R
FER, [RE B Cu® B THIZ  Cu®-BSA R ULLS
G E BN AR TE Cu>+BSA[+Zn> |1 5 s /N e
JERAE Zn®+BSA[+Cu® |4 F sl /N B K F e e
1% Zo*Hl Cu7E BSA Al REAEAE — N IL [ (s 45 &
s, 24 Zn Al Cu> B 1 5 40 W] i BC A BLEC & 9
W, Cu B FRISS G REN T 2o 7, WIL# XM
il 43 J8 B 1 7E BSA WA AE— A LRI 5 45 5 B AL
HIJE 1Y Cu> B FAFTER, B ] BB i Ut Zn 5
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Table 6 Results of Cu*/Zn* ions binding with BSA under the solution condition of Zn*/Cu* ions

System Cu*+BSA

Cu”+BSA[+Zn*]

Zn*+BSA[+Cu®]  Zn*+BSA  Zn*+BSA[+Cu®]  Cu+BSA[+7Zn*]

Cu*-BSA/Zn*-BSA apparent
8.23x10* 7.86x10"

binding constant K, / (L-mol™)

7.17x10* 4.91x10* 3.76x10* 3.37x10"

T — MR Cu B F7E BSA T 1A — A imgs 53
P, BT HE A T e N-d = KB L H k]
VIHEWT BSA 0 %) N-3ii = IKBE Y Zn>F1 Cu® B+
LRl SR 255 AL % A A AR W] Cu> X Zn> 8
THEEA PR MFEPER, XWUulB 7 BSA F
Zn2 1 Cu B 2L, EEJE N-JR TR,
24 WERBA-ZEARZSEES KNGS EEXK

WETUMEMES
2.4.1  ZhE TR R

FEAX S S0 25 G R B0 TR R AL far /o
Lo GEAT28 MR BT S A A I B AT 9% v )
pH H | WWAIRTEE | BB aE ) AL Sl
Zn** Cu® FIAR VG H 4 A TE [A] — Z2 ol 551 F iz
75 FR AL Zn>  Cu® W AR T 25 1122 vh il iy Wk B O
fifi Zn? Cu> WK EEAE 0~10 K, YE B 224720 A48 52 5%
KA K, 8, THR AT Zn  Cu® W BEYE [ 0~4.01
mmol - L™ 0~7.75 mmol - L™, TMiSE4 41 Zn* Cu ¥ &
O FETEZ R BEYE N, N Zn™  Cu> ¥k B X5 17 2%
ORI RGBS TR B R AR CAE AL B S Zn?-BSA-
Cu* = JCIR & 1 Zn?*-BSA .Cu>-BSA 14 &L it B A8
fEJE Zn®> Cu*5 BSA 22185 4 45 4 S A 25
3.3.2  Zn*-BSA-Cu*—=JCik & 4 J& a4 B4R H

1E R Zn?-BSA-Cu* = JCiR G R R Zn® Cu®
FIRFAEER R, ] BSA /- F & E e 456100
RA MR Hd o TR Zn? B 7455, 1 Cu®
BT 2o B T A A W RS UER- , HEmT
Z, MM, FM, &8 B RCAR S R — 8 Az R A
AR A M, 5ZZ RS S8R T M, [F i X #
Fh 4 B AR B A B2 AR EAEAE — A SRR 1R EE 5
AL, Y M, B AR BT LU M,
B UL M, XM, B R4 A IR RSP

4 & it

ASCRHACE IR & JEITR A [Zn>Fl Cu®
Mg AEANERLS G RN, fdySmA 5%
R Ko T RS RN E AW 5o, il

ACE ¥ BL A W) Zn*>-BSA .Cu>-BSA 43 B JF oK | [
FE LUK B Zn>-BSA I Cu>-BSA WA L4k T,
WAF TR A Y Zn*-BSA .Cu>-BSA 1454 % 8
Ko Zn? Ml Co? 5 8 R F RIS S Re 1 RN,
Zn* Cu*5 BSA &5 G881 R/ANARTE | HAE BSA -
45 G A B WE— 2545 31 Zn® Cu® 5 BSA 1
G54 SN AN SR [F) 20 56 TN I 2 MU 235 SN, 1
HHis e S BEERS S, BEAY Zn-
BSA Cu®-BSA M V¥4 & H B K -, =7.75x10* L-
mol™,K .. =4.01x10* L-mol™, #EWF Cu>5 BSA #Y
i Aae It Zn> K B AR SO SR ZE R T DA
HEFN A5 Zn2 F Cu™45 & BSA IR o220, W45 &
JE B A MELA ACE 143 85, JCik A5 L4545 SO
PERES S, LY AR & B T RA 5 A FE AR
NFRAEGERN, REESEETSEARK
TR RENAAE 2, BZ5A NP 456
JRE RIS L ACE 15 BB 45 L & W 41 43 25, sl vl
DI S AR SC % 7 v RO I 7 BRI 9 45 6 I S e &
Yk e S50, B A F UK U= — Rl bl A 8% 43 B
F-B AEASRE A 2 453 ARG 1, BT AT AR AR ik — )
B, U AR R A0 A VKA S T I ok B
VK3 B 0 S 6 20 43 4 1 N B3 R AT A5 R 43 AT
REME R METN AT R S B SR B L R &R B T
H[Zn*,Cu*]5 BSA S F 4 A& w544,
X BTE 5 2L TAE R — D R R TAE
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