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Purification and biological activity of polyclonal antibodies against Deinagkistrodon

acutus venoms
Cao Yuliangl'2 , Zhang Lei' , Liu Minghua1 (' Department of Emergency, Southwest Hospital, Third Military Medical University,
Chongqing, 400038 ; *Department of Emergency, No. 98 Hospital of PLA, Huzhou, Zhejiang Province, 313000, China)

[ Abstract | Objective  To purify specific polyclonal antibodies against Deinagkistrodon acutus venoms
for new antivenom research. Methods  New Zealand white rabbits were immunized with Deinagkistrodon
acutus venom. The IgG fraction was purified by affinity chromatography with the Econo-Pac Protein A Kit.
Specific antibodies were purified by immuno-affinity chromatography with CNBr activated sepharose 4B. Then
the polyclonal antibodies were tested by ELISA and Western blotting to evaluate its immunocompetence.
Antibody biological activity of the polyclonal antibodies was evaluated by lethality neutralization assay and
neutralization of venom hemorrhagic activity. Results  Through this way, we successfully prepared specific
polyclonal antibodies against Deinagkistrodon acutus venoms. ELISA showed the antibody titers higher than
3 200. Western blotting indicated that the polyclonal antibodies specifically recognized the most protein of
Deinagkistrodon acutus venoms. Neutralization of venom hemorrhagic activity demonstrated the polyclonal
antibodies effectively neutralized subcutaneous hemorrhage induced by Deinagkistrodon acutus venoms. In the
lethality neutralization assay, the polyclone antibodies provided 100% and 54% protection against 21Dy, and
41Dy, dose Deinagkisirodon acutus venoms respectively. Conclusion  The specific polyclonal antibodies
against Deinagkistrodon acutus are purified successfully with good specificity and bio-activity.
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XMW uE ¢ ( Deinagkistridon acutus) , 3843 A 76
FE AR T HIX, SRR+ R R A e — . RW)
Wi EEON kR, B EE R 2R 2 AR
R B IWEIR RS A2 (phospholipase A2) %K
5, E AT R TR A ERE . hEER
FE IR R I H LR AE K IRFE S i AEESS . H
HARMY B I 1 (8 5 AR YT T2 SR SEPUE B 10 , 1
R RERERC A R RS W, TR A BIR T R 3 1 OC B
YERL B2 e Y7 R, B 25 ™ ER A B
L, S PR R B R SE SRR AL I i I
PERIIK A %, KRR KAEAE 20% o 3R S R T AU AR
AR AL TR R TR AR SR X
AN R N A DR < 0 A i A A
TG J&—Fd BEWH AL Y e BR A 1, B o Bl
T3HN, S ILYE P ) B A BT M B LA 7Y 5k B
PR PR 22— HUBe BE IV Y 26 FE A st R B IR AR
TR

AR B 20K B 22 4 B B R IV H AR SR Y
Wi (scfv fragments) BIBFFE", 22470 J5L 6 007 Ik B 40 938 i
BEIE B DNA Gag'® | S e pF 5 AT X e 2 v g e —
FhaE R o AT e 2 o, A — W R R, H i
T i P B — B R N A ST AT P
PUABEIR 2 Ay ] 8 —FhoRe S v i) EE X g i
e e B A5 PR R LA 1 22 SO REBUAAR, [ N T SOk
B ARSI AE i sl ) S K 2 D BR AL, SRR
PEPIIRW) IS i e 7 22 5 BE DR, IZPUIAR REA R0t i )
W RE P A T2 BERE 2R R, AT DAy 4 THI i 146 2 W) 6 s s
BEDUI R R B A, S B B BT e B 1LV 04 IF 9 B A
AIRE

1 #M#57T%

L1 M

I3 Wy I e e B R TR VL Y g Y. 58 44k 7
(CFA) FIR 58 424k 37 (IFA) (HRP #5310 41 % 1¢G/HRP-Goat
Anti-Rabbit IgG (H + L) g B Sigma 2\ 5], TMB ( PU I BL ik 2%
JHe ) IS W) HE VR W B R R OR A ) H R PR A B . Econo-Pac
Protein A kit ) H 35 [E Bio-Rad A&, R4S G AL EEHR (CNBr
Activated Sepharose 4B) i) H 3€ [E Pharmacia /], 96 L7 7 i
Pty B3 [E Costar 24 ], DAB (430 & A 4= TAEY) T
FEABRA R o BvE 2 G (HErE 4 2,4 I AT 2.5 ~3 kg)
Je BALB/ ¢ /NEL(60 H, iR 22,8 Jil i , (& BT i 18 ~20 g )
ARSI Pt . ARSI BT AT R 2 A A At
1.2 7%
12,1 GBimgsfeiessbs P BER K R R A W) U s s 75
BT A 50 pg/mL, L UEAS (0.22 wm) IR, 0.5 mL

(25 pg) Mg RE 5 SRR 58 4 0 IR A7) ( CFA) FUAK, B2 T4
VG 2L R s S ) o A E] R 2 S, 1 mL (50 ug) i
9 RPN A SE 90 AR (TFA) FLAL BT TE S S, Mt
JE3WLH L USR] CFA, J5 2 YR T TFA, R I e 7 5 92 )5
7l E BRI R

1.2.2  [H]4% ELISA 300 E S S i b RWig e
R HUR A BOK (0. 1 mol/L B PR ER 5% 1, pH = 9. 6) Hi
B2 0.2 pg/mlL, BEAR R FLIMA 100 pL,4 CH R, YE IR
(PBS,pH =7.4, 0.05% Tween-20) Pt . FFLINA LA (PBS
pH=7.4,2% BSA, 0.05% Tween-20)150 wL,37 CI¥&H 1 h,f{
VRV TR o K SRl 7 BTG B (PBS, pH =7.4,1% BSA
0.05% Tween-20) Ffi B 38 24 i He B, B3 9L 100 L, it 5] g b
WAL, LA RIS 0038 1 S 30X B, DABT AR BRI A O =5
FIXHE,37 CHER 30 min J5UEAR, BEFLAIA TMB JIEPIE 100 ul.,
O 15 min J5, S FLINA 50 L £ 113 (2 mol/L H,S0, )
21k AN, BEFR Y 450 nm LS FLOG R BE 1

1.2.3  AifiF leG 2lifk @i ELISA A, 248 5357 7G4
L35 PO R0 A B2 3R 2 =32 000 IR, 4700 I 3R I, 1ML 9%
4 C 33,083 . 1eG #lifk i i Econo-Pac Protein A kit
17 AT FARAE T W HEAT ) , fT R AR - 20 mL 555 W T3 w5
AR ARE A 1 10 R REAY SR 105 (1 PBS A %) 3 mL, A
4 mL Z5E 08T 4, 6 R AL 38 10, A 10 mL &5 5 T A
Protein A A1, LA TALBR ML 2 mL, £5-5 W bk A A1, 1 10 mL
B 9% (elution buffer) PR 454 1G5 ] 20 mL PBS 34 i 25
M A A KM 85 , B PBS A Y, 5 U H B v A
JBERFITE 4 buffer, B4 [P IR 2T MIGHEMALFESEEE
1.2.4  Z g BEHUAA 552 55 FZ b 4l ik ik ] CNBr-
activated sepharose 4B beads % 35 FZ M09 5 15, 2255 1eG
SRR A B, AR TR 5 T hEAT, LB
I : CNBr-activated sepharose 4B %5 1.0 mmol/L HCI (pH =
3.0) R 258N K, 2R Wy i e R T 43 ¥ T HE5 WR ( coupling
buffer) 1 (0.1 mol/L NaHCO, ,pH =8.3) , B 5E K 5 I B 1A R
4 CORABIPE R Mt FE R 5 BEI Fe o 45, TR W
PRSI, BHWE(1. 0 mol/L tris-HCI, pH =8.0)4 °C }4]
A%, 0.1 mol/L ESER 4 (pH =4.0) 1 0. 1 mol/L tris-HCL
(0.5 mol/L NaCl,pH =8. 0) 22 & nh e BE i J5 248 . ¥ Econo-
Pac Protein A kit Zlifb Ay IgG JEAE, PBS itk & 1eG, S EER
45489 1gG H 0. 1 mol/L H 4R (pH = 2. 8) #r ihi, Hr th i H
1.0 mol/L tris-HCI(pH = 8. 0) Hr AT, FI 2 1 48 8 48 0 Uk vl 4
B PBS PR, - 70 CIRTAA .

1.2.5  ZRWIG I RE 2 st BEDUIADEAN

1.2.5.1  [aJ4% ELISA @ BT &g il e 2
SERETURDTIA BE , L) S 8 11 S 035 7 g B X BR, DASTIR R
FRRAE s X IR, 37 CHiE R 30 min, YedR )5, 45 fL M A TMB
SRV 100 pL, 806 A4 15 min J5, GALAA 50 pL 2k
(2 mol/L H,S0, ) ¢ - st A4 S 7, BEARAY 450 nm P 32 04 L
JEH EAE

1.2.5.2 Western blot 7347 HURMSEIEIE T4 9T I kA 7
12% SDS-PAGE, 155 % 0. 22 pm fiff B2 2T 4k 2 IE ( nitrocellulose
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membrane ) , F & 47 (TBS, 0. 1% Tween-20,5% Biflg4-45) =
TEP 1 b, AT TBS-T Ve 3 36, 15 10 500 i BE 1Y £ o8 BT 14
4 °C WFE R, TBS-T PEAR 3 3, 5 1: 10 000 e — 4T (HRP
PRICFEPR —H0) FUFEF 1 h, TBS-T LK 6 3, il A DAB i
E A 30 s,

1.2.5.3 (AR5 il o A S 56 FH PBS i g 5 T A 7]
B2, 43 B N TES 2 BALB/c /DT, B H 0.1 mL,24 h 5,
ARBE/INEL, IR T B Bk, 0 ek g PR PR 0 e L RE AR, B AR N
10 mm H L BE 59 4 7 5 & SN /D IR i ( minimum
hemorrhagic dose, MHD ) , 4 Wy i i it 25 1) B /0y WS 1 35 42 A
4 pgo ¥ 10 MHD i 8g 55 AR F 1 2 se BEHTIARBC AL 100 WL %
IR SIS A 37 CIRARNIFE 30 min, X5 K 15T BALB/ ¢
AN BB R R (523040 ) |, PR X R4 3 5 10 MHD g5, [Pk
XF HRZH 5T PBS, A2 4 1,24 h S ARBE /N B, I 6 e JEk P 00 i
MEEER

1.2.5.4  Z5oBEHUAR /NP RIORY SEg JRIJIGIE LD;,
52 KA Bliss fii (L AE R B 0r k", R AR R 30 4 A 0 2 % T
TEST BALB/c /R, 24 b J5 W%/ BRUPE T4, THO Hh AR W) 0 g
WEFE Y LDs o H5 £ 3@ BE PU AR (50 mg/kg) | B f e 1ML T
(100 pL/g) 73355 2 AE Bl 4 £ LDs, 19 2R Wy S g g 2 A TR 45,
37 °C W 30 min, 7 i PBS =5 [ X MR (4% PBS 5 i 3 7
H) G418 H BALB/c /N, MEMER o A2/ BB B T T
SRPARNE AR, LR 24 h )5 Bt AETs

2 HR

2.1 M HF L R ik Hsk ELISA 4

BVE 22 ARR S 1A, ELISA 53k 5 I i i S 9L
AT BE A 00 25 2R DL I 1 v B M A il %] BR D (450 ) {6 R
0.201, %5 UG IR 0. 122, BAM: 40 5 b vl Ay 1375 F & D (450)
{B >0.4, HAES D(450) EH/BAYEM TS =2. 1, EFI L, 25 1
YR GIRE I LT e T AR R KO I, R T 28, 56 2 .3 Ik
o J5 I3 AP R PLAOK G R 5 5 3 R SE 1 R B
22 A LT M BEDL AR BEE) 10 128 000 A, D(450) {E K 0. 642, %
M3 LA B > 128 000,

ST R
512 Yl
2.0 — 55 3 R

16 32 48 64 80 96 112 128
NI B8 (x10°)

El1 ELISA ERE s HHEEE

2.2 %4k IgG SDS-PAGE w3k
M 1gG LR 1 REE shR AL 3RS L 7 50 x 10° 14 {7 & 1] L,

WA AR, R B (dit) AR BR AR HE 1 A% A T
29150 x 10° 4k, 55 TgG 8 11 1 bk 4l fr B AR 4, AL 1 R
UL F AR B, DA A AR s (181 2) o

M 1 2 3

170x10°—
130x10°—

100x10*—

«—150x10°

70x10>—
55%10—

45x10*—

35x10—
M. B G 1:15 L 45 % R buffer 4 72,2, 10 pl # &% & R
buffer 4t 22 ;3 . £ 5% £2 4E 3% J& buffer 4t 22
2 kg imiE IgG 12%SDS-PAGE Bk F

2.3 % % &F4k SDS-PAGE #, 7k & Western blot 5#7

% Econo-Pac Protein A kit ZifkAY 1eG Piikig , 8 i s 35
FZHTHE— P8l , KBRS AN GRS & BT ER 43, RIS
JIT i R S R AR W) I e 22 e R B AR, X &2 sl BE B IR AT 12%
SDS-PAGE HL3k 4 (18] 3) , 7 55 x 10° v & H BUHA (5 A 26 1 4%
W LTE 25 x 10° 0, B A IR B B IR (R R I, 5
IgG VKA ARM) & o Western blot 4347 WLIET 4, 2 g BT A
22 TRV (DTT) AL BE, 22 se BETIARE 55 SR W) I ig g 75 K
TR E ML A Y2 DTT LB, ) AR 55 % 10 (7 B H 3L
ERST 257 , 2 si BB MARRE REI 5 ME T 00 1 55 x 10° K/
=R

170x10°
130x10°—
100x10°—

70x10*—|
55%10*—

45%10*—|
35x10°—
25%10*—|

«55%10°

«25x10°

15x10*—
10x10*—

M: & @ARf;1 .2 3 LR
3 kMiEkEiEE SR EHK 12% SDS-PAGE EHRIKER

«—170x10°

«55x10°
«35x10°

J
|
c‘l' '" =

1242 %408 2 3E 5 7 buffer 28323 4, #3438 £ % 8 buffer 2
2 M EGAE
4 RMEhEiEE SR IEHIE Western blot 4347
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2.4 JARE AN

2.4.1 HUMREGCATEEENE SRl ELISA i R0
ISR RE 2 SO REDTIRTE LA R IL I 5o Hrh AR XS I8 D (450)
fE47 0. 108 5 ,Z5 X B A 0.072 5, G4t 14 A B 28 113 200

i}, D(450) {H 4y 0.409 5, 0] WLHLIARTR B >3 200,
2.51

2.0

D(450){i

by
(=)
T

L

A\‘;
16 32 48 64 80 9
LR B (x10%)

<
in

112 128

Bl 5 ELISA JEERMEE e S & SEEFIREE

2.4.2 RWIEIEIETE L e REDUAAOMR L Th LS A
SREST IR U SRR G, 24 hJE BRI P9
LB/, 45 R AN 6 Frzs TRV BEZH, H 1 B B AR ik 3
2 em, M BEAEARGE, RS, HIMLBE AR KLY H 0.6 em,
R I BRE AR R , AT L2 A R 28011 Hh AN R e 7 BT B0
MOV o FEBAPEXT BRAL R DL s 1 35E

2.4.3 HULtETH AR SiE SR Bliss R fLBEAR AL,
FHB RV IERERER) LD, Jy 4. 67 o/kg, 5 2 eBEHT L /N R
PRBTEE 50 wg/g 7309l 21D, 1 4LDs AW IR ME I R0 B ), T
5t BALB/ ¢ /N, 15 G ERE 0 21D, I, 2 FE TR XS /N B
AIPRAP A E 100% |, 24 dig 3 3Kk 5] 41D, I, AP IK 2] 54% .
TS 7 ) B R L 375 26 8 £ 47 1 D0 43531 o 100% \38% o AE X
AL (PBS 5 2LDs, 4LDy, MR ) BE/NREER .

3 iFig

e N E SN R YN AT R 7/ NIFES
NPT VRIS B 510, BB A B 2% o e Y
ERAEY RO B R FIHL Y, LS

v o TR

PxtF S e i i B A R A 4R
ity | 22 SR EE 1 T WP TG A2 DL R B R, K
Hh 4 T 2 T B0 IR A 5 , 3X L T B W
e e B I K ZHZR SR A

FURT, A 1 ARA5 i B e s, F e 3 e s
WIH) 5 A 2RI RRA ™, de-Abreu 251 B 3fi
FH 25 g B0 GREBT P4 22 SR A R B 2
TEABEFE R, B AR 58 42 96 /e 7] (CFA) L B
AR ISR SR I 58 A0 (TFA ), 1 RG22 , AR W)
WAL B ) B O 25 g, o R R AY SR R 0 O =
50 g, R EIR e Jr 58l A7 A e BE i i
2ok 3 YA BTV 2% SR LT rh BT BE BT ARG B 3k 2
T 128 000, — ik, &AM S e sh i, Koy
I RE AR O A S s U . SR g g
A /WL MR i A (10 ~30) x 107,
HEAMBA FERT 43 T B 97 x 107 AR T 10 x 10°
R R o T A B A b T T 4 4y
T, BB R S i

ML TeG FUARISRAL, BALGEM T5 2 R IR R
BEERRUIVEYS o TEA SR, fIr >R ] Econo-Pac Protein
A kit SEFNZE AT, 5 5 R B B FR T VE VA AH LU #R, 25
FZ M AT A AT Al U ST PR AR A
Xy protein-a HAT 5 AR SR BRE 45 5 45
P, 9 AR W] LI S7. 195 1eG Y Fe i BEgh &, hixt
I3 A AR 45 A RE AR . R T Tk &
RIATE AT LUE I, R FBR T 1gG S E 45051, TTH
BRIZRA

Z R MENT AL TG Uik S A2 S5
BEANRE SC BB, 3 3 598 2 F1Z A (Tmmunoaffinity
Chromatography ) J7 ¥, ¥ I 8 5 CNBr-activated sepha-
rose 4B BERAH G, 2EALAY TG I8 BE M TS RE 5 e
BEL AR S B B PTA L o3 2EAK R | B R BE Y B

e

ATy FRZE ;B e 2n;C. T IR
E6 S RS 10 MHD S BHA SR S P9 I A et 45
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T Z PR SRR OC PR, LR IE T 2
SEREHUA IR

J Wi i B T2 HEH IR BE , 42 I 2R 1 ( metallo-
proteinase ) S H: HY 14— Ff 81 2 1043, % B A U R AT
YA D AN LR, 5 | R A0 A R T B I R B
il LN R SR A BT 1, 2 R S W SE T Y
PRI A I R RS /I BURZ I H B A 8
SRy 4 e B BT, TS A, Rk Y i B ) T AR B
TN, PR E A ASTR , ] 2 s BEHUARREA R
HAIR L. FEBEPE T AR 37 5256 b, Y BT AR) Eh
50 we/g W}, REARLAY AT 21D, i B 55, 4 41Dyt
RESR M 54% PRI X2 se DU IR B RAFRY A9
it

USSR B R D e A i T il A s s
R S M PTARE ERE SC B0 BE R 3k L i FAE W)
REA AT EBR g T H. . H RS e 2 B R U
Tl AR U, AT e TR IR L , AR IX RIS BT
XFVESR , E Hy T L 1 52 2R PR AR VT 2 1Y R
P, PRI AE— 8 1 R PR o TR P 110 22 S B Bt 4
HAETZ 0 O™, fE B otk v, 30 4 1 T
SBT3 BCE ST BT AS BB B O ik
ik, Meinke 2510 Fil FH 22 Sa e B, DA i ] SEUHEAT 14
E AP 124 A, o R 3 T V28
Pt M4 aE s sh ¥, S R R AR IIE T £ 58
BT ThHU e BED TR 2 R, ASBIT 5 i 41t 1)y
ML FEREDUA , i3 Western blot {IE52, GE1R i 7%
REFED A TiIeE i FERERR, X R 2
Tl 28 G A e FE BT I O eI 5 b A
I Lo

ARG 038 3 G g Je 22 20 BRaliA 7 ¥, 4R A
TR SFEIEDIARWIE IE  7 2 seBE LA PR B A R
UF AR SRR AE YIS R, D T — 20 A W g e 7
PPPE BT L B AT B 2 N U R PR BB E T
oAl

SE k-

[1] Liu Q, Zhang X, Yin W, et al. A catalog for transcripts in the venom
gland of the Agkistrodon acutus: identification of the toxins potentially

involved in coagulopathy[ J]. Biochem Biophys Res Commun, 2006,

341(2): 522 -531.

[2] Schaeffer T H, Khatri V, Reifler L M, et al. Incidence of immediate
hypersensitivity reaction and serum sickness following administration of
Crotalidae polyvalent immune Fab antivenom: a meta-analysis [ J ].
Acad Emerg Med, 2012, 19(2) . 121 -131.

[3] Otero-Patino R, Segura A, Herrera M, et al. Comparative study of the
efficacy and safety of two polyvalent, caprylic acid fractionated [ IgG
and F(ab) 2] antivenoms, in Bothrops asper bites in Colombia[ J].
Toxicon, 2012, 59(2) : 344 - 355.

[4] Lavonas E J. Antivenoms for snakebite: design, function, and contro-
versies[ J . Curr Pharm Biotechnol, 2012, 13(10) ; 1980 - 1986.

[5] Gutierrez ] M, Leon G, Burnouf T. Antivenoms for the treatment of
snakebite envenomings: the road ahead [ J]. Biologicals, 2011, 39
(3): 129 - 142.

[6] Arce-Estrada V, Azofeifa-Cordero G, Estrada R, et al. Neutralization
of venom-induced hemorrhage by equine antibodies raised by immuniza-
tion with a plasmid encoding a novel P-I metalloproteinase from the
lancehead pitviper Bothrops asper[ J]. Vaccine, 2009, 27(3) : 460 —
466.

(7] 2R, BUIMH, 23 YR IALmirk SHERIM]. Jeat.
fb2 Tl Rl , 2007 : 154 - 169.

[8] Stone S F, Isbister G K, Shahmy S, et al. Immune response to snake
envenoming and treatment with antivenom; complement activation, cy-
tokine production and mast cell degranulation [ J]. PLoS Negl Trop
Dis, 2013, 7(7) : €2326.

[9] Leon G, Sanchez 1., Hernandez A, et al. Immune response towards
snake venoms[ J]. Inflamm Allergy Drug Targets, 2011, 10(5) : 381 -
398.

[10] de-Abreu V A, Leite G B, Oliveira C B, et al. Neurotoxicity of Mi-
crurus altirostris ( Uruguayan coral snake) venom and its neutraliza-
tion by commercial coral snake antivenom and specific antiserum
raised in rabbits[ J]. Clin Toxicol ( Phila), 2008, 46(6): 519 —
527.

[11] s, L3, RANIE, S5 QW IE 3 3 41X 1) H YR — 2
MEIEDIFEI]. PEZGRIRE2AR, 2006, 37(2) : 169 - 173.

[12] KRS, 55%%, 25, & QERE A4S 4 ISR BT 5 ik
[J]. 25998, 2012, 19(3) . 274 -277.

[13] Fox J W, Serrano S M. Structural considerations of the snake venom
metalloproteinases, key members of the M12 reprolysin family of met-
alloproteinases[ J]. Toxicon, 2005, 45(8) : 969 —985.

[14] Meinke A, Storm M, Henics T, et al. Composition of the ANTIGE-
Nome of Helicobacter pylori defined by human serum antibodies[ J .
Vaccine, 2009, 27(25/26) : 3251 —3259.

(Y78 2013-11-18; &M@ . 2013-12-06)

(%4 = E)



