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Ak B A FHEAR % R A % 4k NOTA 2 Mn® ™ \Ph*" G \Zn® " S o B B F R XA B RZE&T 2% ,5
Mg RSB RN TF 8% , £ £ HAk G8 s+ E 4R Cu' AR BGB T, RATHERG AR, ZS N BE
% ELISA #94m] & 405 % 29.8 ng/mL, % FR 34 2.4 ng/mL, 204 58 B 4 4.5~196.7 ng/ml; & 455 % ELISA Al ik 69 4
M R AE H 12.89 ng/mL, & m PR A 0.88 ng/mL, 78 B A 1.72~96.58 ng/mL, 4t mA M &R R ELBRE FTH
B A VAR, S ST A 4% 4 ELISA e L 325% 4 ELISA,
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Preparation of monoclonal antibody against copper
and establishment of immunological detection methods

HAO Dai-ling, HUANG Jian-fang, YANG Hao,FENG Pei-ran,ZHANG Yu, WANG Hong, XIANG Jun-jian"

(‘Antibody Engineering Research Center, Jinan University , Guangdong Province Key Laboratory of
Molecular Immunology and Antibody Engineering, Guangzhou 510632, China)

Abstract ; Objective ;: Prepare monoclonal antibodies ( McAbs ) against copper, and establish indirect and direct competitive
enzyme—linked immunoassay for detection of copper.Finally rapid quantitative determination of Cu’” was achieved. Methods
Using double functional chelating agent p—SCN-Bn—NOTA to connect Cu** with carrier protein BSA and OVA ,Immune Balb/c
mice. After cell fusion, positive cells that stability secrete McAbs against Cu’* were selected through indirect and indirect
competitive ELISA. Preparation and identification of McAbs. Established indirect and direct competitive ELISA detection
method. Results :4 hybridoma cell lines that stability secreting McAbs against Cu’" were prepared successfully, the titer of G8
was 5 x 10°.The subtype and type of light chain were IgG, and k,specific detection showed that the cross—reactivity of McAb
with Mn®* | Pb** |, Cd** , Zn’* and NOTA were less than 2% , except for Mg’ which was less than 8% , this showed high
specificity of this antibody. The detection sensitivity of established indirect competitive ELISA was 29.8 ng/mL, Detection of
limit was 2.4 ng/mL and the detection rang was from 4.5 to 196.7 ng/mL. The detection sensitivity of established direct
competitive ELISA was 12.89 ng/mL, detection of limit was 0.88 ng/mL and the detection rang was from 1.72 to 96.58 ng/mlL.

Conclusion ; Successfully prepared McAbs against Cu’* and established indirect competitive ELISA and direct competitive

ELISA.
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FRGEIN HE 4 Jm A Jr 5 22 R 9 PR AL 2 5 2,
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G5 45 B T AOGIE L (ICP) (v B8O (35 72 M
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(GB5009.13-2017) " HLsE T Ex ity v 4 & B0 11 4
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W Wiley D E 25 S e FHA B H k- He 42 &9
PE/NEUH A T X Hg (1) A 45 5 M 1 S S BE TR
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il e 4 Jm B R PR S

ARSI 25 W X 5 4 e g5 A P AR T B
AR PEATIRAME ST, I £ BT X T4 R A 0
SRR, N T B AESE A ELISA, SC LX) H 4 R 4%
) PR Tk e 2k T P S e A I

ARBFFE I W A T A R AR BT, IR ST T R
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1.1 M5

CuS0,-5H,0 KU K TEAL A~ p—SCN
—Bn—NOTA ( S—2— (4 —isothiocyanato—benzyl ) — 1,4,
7 —triazacyclononane—1 ,4 , 7 — triacetic acid ) XL IJj G &
G TELYUH AR A IR A F] 5 Sp2/0 /N BUE#E
SN R PR TR TP OB AR AT 56~ 8 JH il
SPF 2 Balb/c MEVE/NEL B Or BRI A S P
Freund 5¢ 4245 | Freund AN 5¢ 424/ 57 IR 85 LIS — 44
FL n4 — ity AR 195 E 4% 1 ( hypoxanthine — aminopterin —
thymidine, HAT ) | ¥k #{ B 0 — Jig IR W& 0E A% 1
( hypoxanthine - thymidine, HT ). £ 2 — @
( polyethyleneglycol ,PEG)  Sigma /7] ; RPMI1640 £%
FEFR G A4 W Gibco 4\ 7] ; ProteinG 2 Fll |2 ¥
£ GEA W] 5 mL FUEAE; SE8 K milli-Q A8
alizK,

ELx808™ [iff 1 {X  BioTek; 991 #8 it #& vK
4  Thermo; ECO #¥# T A/EH  Thermo;311 4H 55
F24  Thermo; CKX41 {#] & . 8%  OLYMPUS;
Synergy H1 &K AfFRI{Y  BioTek ; 5810R LI 5.0
#L  Eppendorf; 5804R i Ik I &5 .C> Hl. Eppendorf;
5804 R K Wik &5 .0 L Eppendorf; TS — 2 Jit (4 £
PR M) AR DT R A A i 3 A BR 2 ] 5 Delta 320
pH i1#Hii+ Mettler—Toledo ; BSA224S J3 47 K- i [F]
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Sartorius; HL-2 fHZE BV PEALE T ; HD-3000
MR IR g5 D B 7 BR 2N 7] 5 X — Series
2 B GAFE T IR R SHCE BT EETEEK
HIRBHE A BRA A S
1.2 EERPREERENSS
12,1 BHCPE 28 M bk 0 0% 28 38 o AT B EE A A
p—SCN-Bn-NOTA¥ Cu’" 54k 4A % 11 BSA F1 OVA
SR B 6~8 JEIS Y Balb/c /N BLEFTFH G
PEIFREAT G BE , BERR R e — IR, B = IR UE , /D
B 1 DK BB 1M1 Y000 2 1L ¥ 250 A, 3 B A v 14 /)N BRL a3
ARG EE 3 d J5 AU @l A, 8 o A4 A (] 4 e
ELISA §i 188 H Faae 43w &1 % 25 4 4 A9 307K % BH
Ea11i oy SN
1.2.2  JEIKB gLl ae BEECAL T X B AR K
b b B 4 i AR G BHAPE AR U RR G8 , L 5 x 107 cells/ Ui
Jias 2 B S P A TR AR Bl 5 1 Balb/e /NER, P LS 72
T /N B FR I R B, BN BRI K, EAT 0,
2233 Protein— G & MENTaifb P54 F o
1.3 [E# ELISA EEBHYMN

PRSI [T LA 5 3 R R B T AR AR 2 AR R R
5 LA R G8 JE K BRPTIN A BliAR AR ,37 CHZEE 1h;
PBS-T $E# 3 ¥R (3 min/IR) , FEAILA 1: 8000 Fi B 11y
HRP #7ic £ 50/ R 1gG, &L 100 pL,37 CHFH
40 min; [AIHTHES S WK, T4 3 100 wl. TMB Ji&#)
AW, ) 10 min J5 H 50 pL H,S0, (2 M) £ 1| i
10, S 5 465 OD 50,
1.4 BEKERBRUETE

SR IE] 42 5% 4 ELISA il 22 8 42 J@ sidi 5 Mn®" |
Pb** (Cd*" Zn*" Mg’ % 4@ B T FnEE 577 NOTA f1)
ZEXJZ N : oy il A& a5 TR B T S5 BT ae A A
NOTA (HYZE-EH) 5 41 A5 By A0 0 985 T BURS , 5% Jit
REWEy AT ; ] 45 55 4 ELISA $34E)5 , M %E ODyg o
1.5 Cu’' [E#EE% ELISA I¥$Esr

411 £ ARSI B Cu® " — p— SCN—-Bn—NOTA—-OVA
Ml 2 TAEU)E , L 100 pL Gk THIK,37 CIE
HIEE 3 h J5FH PBST Z2 il ik 3 ¥k FH 5% )i Ag
ik Ry A1 37 CCAagRETE] 1 h, PBST 28 il i e 4k 3
PRI 50 WL =28 7K AE g X BEFLFNAS [R] v B #i
PRI TE 4o W) b 7 2 3,125 .25 50,100 F1 200 ng/mL
TE T Tl , B TAEMR R BRI G8 HpL 50 nl,
WRAIE,37 CAEIRAA SN 1 h; PBST BEk =R )5 , 14
FLAF S A 100 L 36 B B B 18 I BB 26 P L
1,37 C AW 40 min; PBST S5 Mg B 5 I, &
FLAFHIIMA 100 pL TMB {2 £ 3% , #% ' 2 4 10 min;
HALINA 50 pl H,SO, (2M) 2% 1k S W7, M 7E OD.s
{8, THEAHI 2R, AR 3 4474, LIS &
SR BB AR 45 2%
1.6 [E#EFES ELISA AR

TEA]$E235 4 ELISA (M Py, Bedlan T~ 4
ASAS[E] e B P AR AEE - 5 .20 .50 (100 ng/mL; >R I
R A% 354 ELISA {2 OD {H , Bk ik s =&
L, 30 bR v R e SR B 5 0 i B b T TRORS: D 1Y
G 485 B RN BT, 2 A I 7325 R HE B 14 o
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1.7 Cu*" E#%E% ELISA B¥I$ s

Foz BEBUR 1o S Ak Wy A 12 3R & X G8 ik ik
IThRiC, 25 2P 5 HRP (E &, F b Bk BE
100 ng/mL ¥ 5¢ & $Hi )5 Cu®* —p—SCN—-Bn— NOTA -
OVA 8% TBEFRARS , IF B P BEU s A 50 pL Efpr
PUAT 50 L AS [R] v B2 475 B B AR THE 58 420 £ 1.5625 |
3.125 .6.25 12.5 .25 .50 100 ng/mlL,37 °C {6 5 W &
30 min; PBST ZZ Py 4 5 ¥R, FFL43 3 in A 100 nL
TMB g A #%, o' i 4 10 min; &3 FL N A 50 pL
H,S0, (2M) Z& 1k ) W, M52 OD,s ,, » T A I
1.8 Hi#ZE=ES ELISA fyEmE

JriklE] 1.6, 7E H 4255 9 ELISA (£ M9 Bl Py, Iid
Ha 4 AR EE PIBRAEWL :5 .20 .40 .80 ng/mL; %
FH L3R 1.7 B E B4 ELISA Jy ikl OD {H , i
FrUE R T35 AR VR s v B 5 i o A P TR o R T 1
G B R [l WS 3R 25 BEAG I J  1 AR A
2 HERE5HW
2.1 PEMEAREERRITEIE

i A4 ELISA Flfa]$2 564 ELISA Xt Rl-& )5 0
AR AT I I5E , dae 26 T 6 1 4 AR X EE 4 Jm A 09 B
TEREPTAR CANE 1) , 208535k G8:2500,F12:6000,
B6:2500,B12:1000 .,

3 -

10% 10° 10* 10°
s MR R
E 1) O SR E RN

Fig.1  Titer detection of the supernatant antibodies
22 MKBBHIERE
221 JEUKBAPUHT BOINAE R ARSI I LGS e R
PEAT AL B, BRI A G LU BE Y G8 alifk BT A, a] 22
ELISA f45 5 (UnfEl 2) SR G8 JE /K AL b Hag A ik
5 x10° fi%,

2.5+

2.0+

0.0 T T 1
10 10° 10° 107
DU
K2 KSRGS
Fig.2 Titer detection of the ascites
222 JEUKBAPUIIISESE  RHEHE ELISA REAS I
VAR AR R BEAT G100, A DS R R R A R Y /)
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BUBK , BRI B 5000 1% 19 HRP FRic iy 54T/ B
PUARW IS — e, 45 R N3 1 iR, A3 ELISA 4521
TR 4 ARPUAIE I Oy TgGl Y FR 2y w A,

®1 PUAERYEE

Table 1 ~ Subtype of the McAb
PR R B6 BI12 G8 F12

IgA - - - -

IgM - - - -

IgG1 + + + +

IgG2a - - - -

IgG2b - - -

IgG3 - - - -

K + + + +

)\ — _ —_ —

Ig-HRP + + + +
223 JEKPPIRERMEAE R NER2 R, A
Pk G8 X NOTA M Mn®" \Pb*" Cd*" . Zn’" 454> @ 85

FAREL LR NT 2% , 5 Mg“ A2 XTI FRINT 8%
LU AT e HUIR G8 X H 4 @ Cu’t B AT AR 4T 1
S,

%2 k54 RE RN %

Table 2 Cross—reactivity of the antibody with other ion metals

G8
SRET/NOTA 0 Cml) R RR(%)

Cu’* 29 100

Mn®* > 5000 <1.00
Ph** > 100000 <0.05
Mg >400 <8.00
Zn** >2000 <1.50
(ol > 10000 <0.50
NOTA > 10000 <0.50

2.3 [E#ZEF S ELISA trifE &R B9 SL 5 1F

2.3.1 [A]3ESE4r ELISA prufE gy sdisr LU
RGN AERR , LA Cu®* e S5 114 b B8R A A A L 25 il s
HERRZR KM 25 R an & 3 BT, (A 3238 4 ELISA #50
B EOhR o LR LR PR [P 7 B y = 36.599x-3.95, R?
=0.9979 , K i R 4% (1C5,) v 29.8 ng/mL, A& il FR
(LOD,IC,) 7 2.4 ng/mL, 40X} F ICP Jy % 46 I (19
Lppm A&7 FRA5 AR B b (9 $2 755 , A 0003 [l (1C,, ~ 1Cy, )

100
80 y=36.599x-3.95
< 6 R=0.9979
F o1
=
= 404
20
0 T T
10° 101 10

Cu* ¥ JiF (ng/mL)

B3 584 ELISA Rifkfh £k

Fig.3 Standard curve of indirect competitive ELISA
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%5 4.5~196.7 ng/mL, T i 51 A5 7 Ak FH K T2 BRI
(GB5749-2006) 1%} Cu* 1ppm G ER 1

232 [4EEES ELISA WMERPEEM 762 v
PATEHR 4 0 S ] W 10 B 7 9 AR I8 1 A 4 1 20 AT
14535 4 ELISA AT , 2542 77 v 10 o 0 1, 205 SR 4 3
3, KE TR0 AL 0 3O B (8 93.7% , A5 B R BN
0.49% , REE I J Xof T 4 J 5% B A0 HF 1 — JBE s

3 AETE S ELISA IOHERIPE S5
Table 3 The accuracies of indirect competitive ELISA

IbRHE  ARIME BDCR fREE ARRM
(ng/mL)  (ng/mL) (%) (ng/mL) (%)
5 4.56 91.2 0.07 L5
20 17.3 86.5 0.05 0.3
50 45.95 91.9 0.06 0.13
100 105.25 105.25 0.03 0.03

2.4 EETS ELISA fREH&EMNEL 5N
2.4.1 EiEsE4 ELISA fruERRZmyg~r  aniE 4 B
7N, FLETE A ELISA R v B4 v ph £& 26 vk [B1 )3 5 2
Ay =34.302 x +11.915 ,R* =0.9923 , #6:i 5 4350 3 (1Cy, )
k7 12.89 ng/mL, £ R ( LOD , IC10) 350.88 ng/mL,
TS B (1C,, —1Cy ) 2K 1.72~96.58 ng/ml., AH X F [a] 322
T4 ELISA , 354 ELISA AN 465 17 ) M A [E],
T ELAG I R ARt g vy T A%, B BN L
100+

804 y=34.302x+11.915

2|
604 R=0.9923
[

40+

IR (%)

204

1 IIO l(l)O
Cu? ¥ J&# (ng/mL)
K4 HHTE4 ELISA prifi £
Fig4 Standard curve of direct competitive ELISA
242 HESES ELISA fEMETES  JrikE B,
EAETE A ELISA ZeMEJa Bl N BC | 4 FhAS [ B2 B9 b5
WEWR , AT B 354 ELISA K, 25 520 0y 125 1) v Aff
P, SR 4, B 54 30 LIS 327 (2 88.08%
AR SRR 1.71% , BEAS 96 e X T <5 Jm 5% B S0
B ) — K
4 BT ELISA MOUERRIESLE

Table 4 The accuracies of direct competitive ELISA

bR AEIME BICR fRfEE ERARM
(ng/mL)  (ng/mL) (%) (ng/mL) (%)
5 32 64 0.136 4.25
20 16.83 84.15 0.28 1.71
40 37.16 92.9 0.253 0.68
80 91.4 114.25 0.16 0.18

3 WieSHi
il 25 v e S P B DA B G T e S B

248 017z m10m
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Cu®* VER /NGy TP, AL LB PR R Ak 5 L
A G PE SN, ASRE S RS e e 4 M s Ak B 5 L 1k,
PRI TE v 7 A oA, FRATT 38 ik XD e & DI H S
AR P R LS A PR, HAE, £Fxd In® U
Cd*" Fil Pb*" f b AP s s B ik e i s o AT
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EREG LGRS T 5E SN, K5 H &Pt
A E /N R, A5 2 B0 BP0 2L A v R AN s SR A Y
fop s, PO 57 19 [0] 426 55 4 ELISA F1 B #5258
“r ELISA RS &y KIS [, AR AL Ge s J7
TR, RGN ) D1 6, HE T O A, X T BR S Ar
R B AT 2 X, 3 R ok e g — B A R N A5
2 RSN 5 1%, S 2 R B AR Rtk 5 i S Ak K
SRS T A KPS il R DR TR A I AR A
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