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Development of a Monoclonal Antibody-Based Sensor for Environmental Pyrene

and Benzo( a) pyrene Detection

LI Xin, QIAO Yan, ZHONG Guo-zhen
(Faculty of Materials and Energy, Southwest University, Chongqing 430062, China)

Abstract: Polycyclic aromatic hydrocarbons (PAHs) are common environmental pollutants which are concerned because several of its
members have been known to be carcinogenic and mutagenic. Pyrene, as a kind of PAHs, was covalently linked to carrier protein
bovine serum albumin by active ester method and immunized to mice. A sensitive mAb 6A6 was developed by a three-step screening
procedure. The 1C,, of 6A6 against pyrene and benzo(a) pyrene were 8. 1 wg-L™'and 6.8 pg-L ™", respectively. The cross-reactivity
values (CR) with other PAHs were less than 5% . An immunosensor was developed based on 6A6 for pyrene and benzo( a) pyrene
detection with a linear range of 0.2-10. 0 pg-L™". The assessment of spiked water samples by the sensor demonstrated faster and more
sensitive than ELISA method. We believe that this sensor can be used to rapidly assess pyrene and benzo( a) pyrene in environmental
samples.
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L1 SEian S

b L 1M # &5 E (keyhole limpet hemocyanin,
KLH) . 21 % H £ H ( bovine serum albumen,
BSA )., N,N- T W3k W@ B (N,N-
dimethylformamide, DMF ) | — 3 & 3£ 8% b — W Iz
( dicylochexylcarbodiimide, DCC) DL M % #5358 ¥
Fi2 ( nhydroxysuccinimide, NHS) #J0l4 H 3¢ [ Pierce
AT BT IRERME M A TIEEE (benzo () pyrene) |
EE (pyrene) | B ( chrysene) . JE ( phenanthrene) | %%
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PENY IR £ B Invitrogen A ) ; HAY I
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Y4 N BENT4%,0.01 mol-L™" PBS 4°CiEHT 72 h.
[FIRE 712143 PBA 5 KLH RS, IV B 4 o
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BT RIRY) , B — & W B AR T, PBA L) HT i
h#E L, BSA FE G W DLW R 2% vh Wl b 25 1, TR
250 ~450 nm PFASE A PEAT S SMA, 20 P
Rl

1.2.2 /N S ARl &

4 PBA-BSA MEXHU A T o2 vhi 5
GBI RS 2RI G5 )G, T2 S0 4
H BALB/c /NA R, B H/NBRTES 2 50 pg PBA-
BSA. 6 JilJm , Wi Rl , (]2 ELISA 3250 % 47T 1L
RO SRR R e /N R R B 3 d T
PEATINGR 5% FHZ9 20 wg PBA-BSA % T 0. 3 mL B
R 2% M R AT R ik . Al A 2 K, A /R
A, 5 SP2/0 B BEE A M 8: 1 LR &, 7F
PEG fEH Fal&"7" . @G 5 40 E T 96 FL40
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1) = B0 28 TR D H B A AR SRy 0o 3R 7 38 AR XA
) 22 31 07 ) (R k ELAT EUIN RE ) Y 2 3 TR Al L vk, A
FRAR L S b 3 YK LAS , B Protein A 68 3 Al
HEXF L e B AR UEf T 4l
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SEZ IR IF IR AR R | AU I B K R Ty vk DL Sk
[22]. faBiskid, B 5] PBA-KLH U8 58 R 4
1 FE i /ool ofl A 1 Ak 4 i, ) B ol FH 28 5t G okt
AlexaFlour647 fRiC £ 3 5 J2 B e e i iR ™. W E
H L BEREFE R . BidA 400 WL, #E 4 400 pL, B4
BI5))a IR A W 400 pL PR i [ E kB, 670
nm A6 I 6 78 AL BT R IRAR AR DO LA
1.2.6 FuillbrdEdhZeny g s

R LGB A AT Sk A 1k 5 B) 2 58 4+ ELISA %, 47
S ST PR P AS ) R 7 vk A v i 2. LA PBA-
KLH (564 AT i, 43 ) 6k 2R FRY 56 1 0 i
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YEVA TR, MR PR 22 ) e 1R A BB ol vk 3 DA B ik
TAEUREE , 5350 A F A% 8 15 F 0] 42 35 4+ ELISA 7
25, RIS ) e B 22 IR 5 b v (ot Vs Y P L AL/ T
AR B DA o oy e 5 11 P AL/ W G AL, -3 L
100% , A% BB AR KT AS [ 45 o 5 i 40 1 E 43 . DA
PAH FRUES RS (gL~ ) BIXHECIE A A b, 3761
H 4y Ee AR, 2 hil Al £
1.2.7 RSN SE S

R T YA AR I 22 20 55k ) v 1 7E
ZENTE AN Z2 IR D5 &1 F K b 2 S IS [R) v 32
AT EE R BOFRIERS (5.0, 2.0 FT0.5 pg-L™").
[ S 37 J11 4% J s o 1 ELISA 5 X5 I A KR 5 32 47
FE , WBRIE LR LR RERGRE T 9 Z TS kv i AR
P AT FE AN A (3R = S0k 2/ 4%
T x100% ).

2 HBRESH

2.1 N THUSRE= 50 B

PBA-BSA BEEF=¥) 22 4°C PBS IEHENT 3d )5,
422 R S B9 PBA, 250 ~450 nm 4844 315918
P 25 S ERE ([ 1) . 7T I, PBA 7E 305 nm Fil
347 nm A0 WIS | BSA 1 278 nm AbA —
Wl | B IBE = M) 7E 300 nm F1 355 nm 40 T 4R
TEMZ . PBA-BSA 5 HFT A HA AN R 1) 54k
WCRERIE , 260 PBA 5 BSA {HER ALY

2.80

PBA
PBA-BSA {15 4

0
. 450.
250.0 #4/nm 50.0

El1 PBA, BSA 5 PBA-BSA fBEAF=#155M A%
Fig. 1 UV spectrum of PBA, BSA and PBA-BSA conjugate

2.2 /NPT I R I

DL PBA-KLH S0 Ji A BEAG B ez 6 JR IS 1Y
/NPT , (8] 32% ELISA J5 3500 22 PU i s 4. ik
B I 975 XoF 5 9 D e MR G A ) — > (8 s A SR B i s
R (FE2). 2 ol LIE 4 R fE i/
Xt PAB-KLH Y145 AN [R] 4 35531, i 78 s o 38938 3 T
10° DL b %45 AR T A TH R A R &
. BEHT LV S e /N D, 8 8.3 x 10,

VRS S8/ N BRsEA T i S ) A R 5

400
+ /hELA

= 300 - m hRB
= A NEC
}_j 200 - x JRD
B o0 -

0 ]

0.000 01 0.001 0.1 10

s L

B2 [E4& ELISA JUE M R S/ R A I iE R
Fig. 2 Titer curves of 4 mice anti-sera by indirect ELISA

2.3 HriEbUARKE

4 SP2/0 R AAE S /N D IR A B G VR AR B
FRHEILTRE AL G 5 224N, 12 ~ 15 d J5 348
FRATTE ML 563 Bk 45— AETE 4 ELISA ik
J5, L3k oD {0 1.8 DL ERYBHYETERE 36 Bk, E
— Al it 54 ELISA Tk RIS x 25 R AA R
YR RE T BHPE B bR 4 bk, dEid =40 Ta ke, &
LB —BRRERRE S W PR (9, IF HoXF 200 2 3505
J [l If AT U BE T i A R A R 58 0 G2 004 7 3
—BUE. IZA RS R 6A6.

3 TR R AL S A iR &, IS 6A6 4>
WA RN 19G2a Y. [A]3% 554 ELISA J7 4%
6A6 R VLSS PEH AT . R 1 Al UL, 6A6
AE R BOFNEE AT 28, H R AU (1C,, 1) 2090 K
8.1 pg-L7'H16.8 pg-L~". F4oh, PEHULA
T E AT AR R SR T A, 4
FH 6 A6 [N E R IF 6 HAT R S 1k, W
ELA R ZR M2 RN R/ NT 5% .

F1 6A6 HibEEIEAE A RRE"

Table 1 ~ Characterization of monoclonal antibody 6A6

ES7S 7 | R/ pg- L~ XLRH/ %
FIFE OQ‘Q‘ 6.8 119
i QgQ 1 100
Iy C(SD 228.3 3.5
£ 446.0 1.8
s ~ _

1) “—" FRF NI AR B4 38

2.4  ZIIFTRRAG I BRAE Hh 2
6A6 2 Protein A Huif s FIAEAAL | AlexaFlour647
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PENAZ G MR SCHR 7 [ 12 ] #4 2 KinExA far il %
Ve S 1 N [ 7 - o B A et (o I O i I 2
il 6A6 XFEEFATFEEAT I bR N (& 3). AL 3
HIRTHT,6A6 X EE R I 28 B AR R I B LR 0.2 ~
10.0 wg-L~". T H., 1T 6A6 XF i F1E 3 1 AR 51
RPUEAR B, ] UIAE A DAL s h AR 2 HE w
TR PSR E M 2. X Bk R A , 76 SEPR r A 3k
R, R — AL & W EbRME N 4R, T4
2SS TG PR R

h T 6 A6 TEAS[R] G5 A W ik v A A
SR, RIS E T 6A6 FE A4 355 4 ELISA {R &
FIRRAERZE (- 4). IR 4 TmT RLE 2 A
e 11 2 55 2 I 2 10 A T A o 1l 2 TR RE 1 5 AR AL,
R PRI (1C,, ~ 1Cq, ) HIEBS A 225, 73 3 K
2.5~30 pg-L7"F12.7 ~24 pg L' AT A
AN 73k ARG IS L, T LA T A s i o R A
ALK S AR ARG ER (0. 2 pg-L7"). XM IE /i
BHZE Gk X B g B P AR 25 S i R E . 3

1.2

# 2 36 &
1.00 Z
075 |-
=
% 050 |-
L
=
025 |-
——FIFE
—- ik
0 | Ll N
0.1 1 10 100
EZ2 55t/ TR

El4 ZIHFREETS ELISA iR &
Fig. 4 Calibration curves of PAHs on indirect competitive ELISA

FERTIN 75 B b A% R ) B KR T vk B LA 10
e L7 YRR B R vk B e, T LS AR
AT REAL P,
2.5 KFEAS I EDSCI 2

WS B R K AR 2 I AR I B B
(BRI 5 W, TAC ) Bk B2 43 00 5.0, 2.0 F1 0.5
g« L AR i, DAB SERE T IA 6 A6 A B Al 43
S FHAL R A8 L 5 ELISA 36 5E AR FE & b A
EZ1S 3 <Yl il at vty /| E <O g o = S E8 =R
FE 3 WHCEYE (K 2). B2 vl %0, PRI
B A ARGF AR TS0 2 7 1E 8 i1 33 [
ZW. IR E N 5.0 wg L7 A12.0 pg-L7!
BF, ARSI 7 ik Il 2 JE B W 25 5% 39 #E 95% ~
110% Z 8], AHJ2&, S hAn e ik R 0.5 pg-L7'
i, TESE I T ELISA K 5264 7 Bl ELISA
25 TSR B S B ATG , Ah 80% Ze 4. IR, 2490 %E MG
W PE B AR I e AT, A A IR A A T B

2 fEREEREFN ELISA EiE £ 335 18 K AR E Bz

Table 2 Recoveries of PAHs in spiked water samples by sensor and ELISA

Sensor HRifEMRZE/ = SD

ELISA [l #/%  ELISA Frififi2%/ £ SD

=
%
o=
P
=
H
i
& PR U pe L
B3 ZWFREEYEREFEIRAEHLE
Fig. 3 Calibration curves of PAHs on sensor
EZ7S 5 JFRIREE/ g - L~ Sensor [HIK#/ %

L4 5.0 105. 4

[ 2.0 96.2

4 0.5 108.7

HIf ek 5.0 98.8

I 2.0 102. 6

#If ek 0.5 95.3

+2.6 96.5 +5.4
+4.5 110.3 +3.1
+4.3 83.3 +4.9
+6.7 103.5 +2.3
+3.8 104.7 +3.7
+2.1 81.6 +4.1

1) 145 3 Ul E 1P 2 1E

3 g

Z IR — R A AE R PR BT TS e W), dn i

PRE G 2 B 05 e R PR i 2 —. Diptieh
SR S e A AN T 1, RG] 0 PRt AR |
N HTF R A 1A 71 TR miE# R A 2
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RIHiiAZ rh, B so R TR IR O 1 B e e, R U
L AR T A S AR A T RRAE N
BB DI B 2 305 R BT 6A6 4T
PRET X R IFBE 10 RAEE X LU R 2R 23095 18 22 T e bt
TR 10 5254 IR Z IR 7 IR e Al
BRMETAH T A

AAFFE I L X 6A6 [ URIRE S EIE AT H A 4y
BT, Iz v TR R S M U SRR 2 i
X A 3 Bl 2R Z DU BR 2 3R 57 4 58 WO g HRAR A
W BOZ IR R R ] e Sk 2= 25 A OC. NS R
W2 H s UER (R 1), RIS
BAARE AU 2250, 52 M, S, JE . 28
IZEA 22 K. 2 S RIAIF 9% LAEE T FRAE R bt
J, PR ) T X R I 5 B R R Y s P
Puik. £ RS TAE T, N F & H Al 2 34 55
J B e ERLAAR ] DL 23t Ao 8 LA 25 44 1 22 3 05 ke
T YE R B HUR.

AW LA B e T IR 6A6 [ FH T KinExA
PRI  FENT T AR IR S T Y e RS T B
ik, 5 2 M EEER S S B (ELISA ) % TR
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