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Comparison of two complete antigen conjugation methods for
saxitoxin and preparation of polyclonal antibody
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Abstract: [ Aim] In order to explore the preparation method of complete antigen of saxitoxin ( STX) and the immunization project of
STX polyclonal antibody. [ Method] We conjugated small molecule STX with bovine serum albumin ( BSA) and porocylocyanin
(KLH) by carbodiimide method (EDC) and periodate reaction, respectively. Six forms of STX complete antigens were prepared,
and the resulted products were identified by agarose gel electrophoresis and UV spectra. Balb/c mice were immunized with STX-BSA
and STX-KLH crosslinked by EDC and periodate reaction to induce polyclonal antibodies against STX, and then the titer of the ob-
tained polyclonal antibodies by different methods were analyzed and compared by indirect ELISA. [ Result] The EDC method is su-
perior to periodate reaction in the selection of conjugation method in the preparation of complete antigen of STX; in the selection of
immunogens, STX-BSA complete antigen is the best. [ Conclusion] This study explored two methods to prepare STX complete anti-
gens, which provided datas support for the production of polyclonal antibodies and the screening of specific monoclonal antibodies in
the future.
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PRI 2T I RRIEE FET S — R Y TP RE RO (2
WK ,2000) , STX X /N BB H & LDy, N
10 pg - kg™ (WRHE LS, 1994) . STX ZEHHE oA
Z R E R IR AR ) AR A R A i AR
B STX V53 iy 7K 7 il s 51 & 1 v g S5 (FLULIH
45,2007) o PRI, gl A 7 o e — iR PR
RAEGH STX Rl 777

H T, B bR F A D25 Ry i £
PRA I B i A AR W0 s v . BRAR O B i A v AL
VWAH {4 % 725 (high performance liquid chromatogra-
phy, HPLC) & AH {435 (liquid chromatograph-mass
spectrometer, LC-MS) | 70 )6 BE % | e Ak 5k
Ho R TR HPLC BERS 8 I 2 3 R A FP A2
T (EURE A A PR A L B S A ( Eh A
¥2,2013), A=W 5E VA AL AE N BUAR B D E v
(mouse bioassay, MBA ) | JiFER 6 328 W B % 725 (en-
zyme-linked immunosorbnent assay, ELISA) A ZZ 04
Y53 ATE (house-fly biassay) | 18 HUA= 9 43 B 1 (lo-
cust bioassay, LBA) PRSI AR W 43 BT ( neurion-
al bioassay) 4%, 1, MBA J& [ Br I #8 H 9 U7
2R D HSAAR R, (ELI 2 45 51 32 /)N
SRR B MR, TR 28 R T L 22 N RE 0T R
it Y AR L 43 5 ELISA. fa 68 PRast | R A,
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1.1 ##
1.1.1 K304 Balb/c /NEL(MEME 6 JEIS ) 3K
TRIVER WA AR A,
1.1.2 A STX B ZRbrifEd th 55 Algalchem
28 FIRH XS BIYE H 3 H (ovalbumin, OVA) I T4
AN F] AR I U8R (bovine serum albumin,
BSA) Wy F 3 2 LW 2 ], B LML 2 F (keyhole
limpet hemocyanin, KLH) 1o LT A TR A A M
F Macklin 24 7], 36 G 58 @44 7 ( complete freunds
adjuvant, CFA) Fl 3 & AN 58 4244 5 (incomplete fre-
unds adjuvant, IFA)4F SIGMA 2~ A], N-FRHEEBEH]

ok % ( N-hydroxysuccinimide, NHS) I F Aladdin
el 1-(3-TH RGN KL ) -3- 4 FE 0k W i R R
£h ( 1-( 3-Dimethylaminopropyl ) -3-ethylcarbodiimide
hydrochloride, EDC) W F#6 Ay & ( i) fb p Toll
RIBAT IR A B i A A B br i 19 1L SE B B 166
I F Bioss 2N H]
1.2 FHi&
1.2.1  ZATRE N H &K 2H  EDC .08 0.09
mmol + L™' NHS F10.09 mmol - L™" EDC 435/ A 2%
A 450 pL —H LN ( dimethyl sulfoxide, DMSO) [
1.5 mL EP & il & 3 4, R AR R T
TEBAGLZEE B, 05N A 50 pL STX Anifidh,
FETF 25 CHEEFRR FEH 120 v+ min YA 12 h,
B B PR E O 12000 ¢+ min™' #5200 10 min,
B g e, B 20 mg B9 OVA BSA KLH 5 43
T 10 mL ddH,0 W1 (pH6.5) , 3] NaHCO, 2% it
(0.5 mol - L', pH9.6) ¥ pH 82 7, feJi5 A Fh £ 1
5 mL 43%€ 3410 mL EP B R &, ¥ L iE 0 512%
IS LR 3 R D [ E T 25 CHER
FEPRH  H638 120 v - min~'$%3% 12 h, B LIE  $2I0UF
F0.05 mol + L™'AY(NH,),CO, #&EHT 4 h,0.01 mol -
L' (NH,),CO, &t 72, 40 i 1 0.01 mol -
L™'f(NH,),CO, &M 4 h, ft)5 ddH,0 & 4 h, H
PEG20000 ‘& TVK EW4E 2 1~2 mL, B T-20 CIRA7
(Mei et al.,2019) . FHBEREWEEE I HL UK FN 56 1430
SEEETHAAT

AR R %L K5 5 mg 19 OVA | BSA KLH &
A3 F 1 mL ddH,0 1, 0.1 mol - L' Z ¥
pHIHZE 4.4, B &H 6.9 mg EHEREANA 0.3 mL
ddH, O 433172 A B e & 4 10 8 i b ot
AR 1 h, 55 H ORI (0.1 mol -
L™ pH4.4) %N, B %, % 28 pL 59 STX JA
200 wL ZREEW (0.1 mol - L") v IRAT, 4351
4 3 4, Al A 2G5 M E B Eweh . H
NaHCO, Z& /¥ (0.5 mol - L', pH9.6) ¥ pH I =
7.5, IHHE 20 CHMATKE 1 h, 3 51MA 0.1 mL
NaBH,(4 mg - mL™") , FJ57E 4 C F##F 20 min,
Jt53 5 M PBS # 4T 3 WK, Bk 4 h, #: 1] ddH,0 %
Hr 4 h, ] PEG20000 # T 7K 45 % 1~2 mL, &
F-20 °C 144 ( Christine et al.,1995) . JHIEAS i 5E
JBE LUK A 5 AP 3 G RT3 T
1.2.2 KB /ARBEE 0 LL EDC 2R = R
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1.2.4  ELISA &0 % 5 & fu i o9 80t 53 K
EDC. 31 e LR R 72 1 £ 1) STX-OVA A6 I 5,
Y% M (pH.6) Fi BE 2 10 mg - mL™"  7E /5
A 96 FLEGHRAR LA FLINA 100 pL,37 CIHE
2 h, BUH BRI, 31T, BEFLIA 200 wL PBSM
B, 4 CE R, BUH S35 A, PBS
VeV 3 WK HAT, B PBST YB3 Wk, 40T, e T
4 CUKFEH ., ¥Z2PuiliEs PBSM 488 1 ¢ 500,
1:1000.1 : 20001 : 4000.1 : 8000.1 : 16000 .1 :
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TP i A A A S ASE I R A AR £L R K PBSM
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MARERR] L I TMB (33,37 °C %5 15 min,
JA 2 mol « L' H,S0, 241, B4l 50 pl (Cai
et al.,2021) . FABEARACI D, . PO 1E, YO E00 8 5F:
3T

125 2MHREHEFTEAFEENTEN £ R
B 435K EDC ik e iR R vk i £ 1Y STX-
OVA AL 2% v (pHO.6) i B3 10 wg - mL™'4F
PR 7R B Y 96 FLEEFR AR L AEFLANA 100
pL, HJE HEAER 1.2.4,
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21 EEMEMHERESHT
2.1.1 EDC %#&7w2H3E 5 24 FH EDC ik
% STX-BSA .STX-OVA #1 STX-KLH, ¥ BSA 5
STX-BSA SE 4 JF A OVA 5 STX-OVA 43 5l i 47
0.8% Byt 8 J5C HL UK FN 58 AR SISl v b, 723
REAREEE S H Tk HY, STX-BSA SE 44t )5 5 BSA & M
FHLE, BT B K SRS AL, U6 il )y
il #5 1 STX-BSA S8 &di)it, iEat 2E5httaE it
K STX \BSA Fl STX-BSA 584 H1 Ji A OG3E , STX-
BSA SE4 T AY I 04 5] BSA AT STX () 38 6 AH 1
LR AIE T STX-BSA 5844t i 1 i 3 1 %
(1A B), K 1C.D 1, STX-OVA 5 i i it
BFLL OVA MK, H STX-OVA 5E 4Pt J5 Y i 16
[f] OVA Il STX MU WEAH b, L RS, Ui B STX-
OVA Tl %5, FHIRIRER 7 vkt oy il 26 T STX-
KLH 281547 .
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Fig.1 Agrosegel electrophoresis and UV-vis analysis of STX conjugates by EDC
AVKIE 1 4 BSA,JKIH 2 2 STX-BSA ZCHK™#); B: STX BSA Fil STX-BSA ZCHK ™ ¥ AL 141 41 5
C:UK3H 3 25 OVA, ki 4 2y STX-OVA ZZI™ ;D : STX OVA Hl STX-OVA S Py S Mg
A Lane 1 is BSA protein, lane 2 is STX-BSA conjugates; B: UV-vis analysis of STX, BSA and STX-BSA conjugate;
C: Lane 3 is OVA protein, lane 4 is STX-OVA conjugates; D: UV-vis analysis of STX, OVA and STX-OVA conjugate.
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212 HBRLZZHETL2NME SN FHE
FLPR £ 7% ] % STX-BSA . STX-OVA Fl STX-KLH,
# BSA 5 STX-BSA 5¢ 241537 F1 OVA 5 STX-
OVA 47 0.8 %I REWHEERS UK RN 28 IS4 43
Mt FEBNE BEEE IS fL Pk, STX-BSA 8 @4t 5
BSA HEHAH L, 3% SR, U0 W] W2 il & STX-
BSA EaPUR, i KNGS A KD STX | BSA
S A
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= AR R E A
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F1STX-BSA 58 & HU YOG, STX-BSA 58 &4t it
I 4[] BSA T STX A I AH LE , H BT A% | i
STX-BSA e &40 A i il 4 (K 24 B) . Kl 2C,
D H1,STX-OVA 5¢ 2B B #2535 HLAR I 4 26 A
FRARAG, HLUE IS BRLT RS Ui STX-OVA 58241
JEA B B il 2%, IR) AR 7 it i o il 4% T STX-
KLH [32E4)
C D — AU
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5 8 VeV LTS N
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Fig.2 Agrosegel electrophoresis and UV-vis analysis of STX conjugates by periodate reaction
A PKIE 1 BSA,JKIE 2 29 STX-BSA ZCIK™ ) ; B: STX BSA il STX-BSA ZCI ™ ¥ A1 141 5
C:9KiH 3 25 OVA, JkiE 4 2 STX-OVA SZI™ ) ; D STX OVA Fil STX-OVA SR Wy S HMEIEA
A: Lane 1 is BSA protein, lane 2 is STX-BSA conjugates; B: UV-vis analysis of STX, BSA and STX-BSA conjugate ;
C: Lane 3 is OVA protein. Lane 4 is STX-OVA conjugates; D; UV-vis analysis of STX, OVA and STX-OVA conjugate.

2.2 SEERERMNNE
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STX-BSA Fl STX-KLH 4 S Ji, 43 j T g2 2
FUNR A BI 2P0 , 47 ELISA 085, FHEFAR Y
ALY, LA STX-BSA Ay e Ji feie /N L, 75 I AL
B 3A,1 5/ B S5 ok W i I3 3 B2 1
2 1000 1, D, .. 2N 3.316; MLIETEE J9 1 8000 I,
D5 oM 0.06, FRAFEF R . T 2 5/ BRAE A Il

WM, D,y . ¥70.05074 4 , 8L EDC ¥: %%
) STX-BSA NGy AT je T e ity 2 H/h R,
A 1 5 /NERAE & A Fr R N2, DL STX-
KLH R J5 G sie /N BRAT M E AL B 3B, 1 55 /ViR
52 5/ E, B8 7t S0 p A R AL I I O
1500 B, D,y A 0.596, I EDC B4 4%
[ STX-KLH )58 2RI A HAE

A B

4 -8 /NR15 Mousel 0.8 -@— /NR15 Mousel
- [AYE1S Negativel - BAPE1S Negativel
. 2 —— /Ni2% Mouse 2 0.6 —— /N2 Mouse 2
: o ¥ Y125 Negative 2 § 6 —¥— (P25 Negative2
Q Q
1 0.2
0 0
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Dilution of anti-STX serum

Dilution of anti-STX serum

E 3 EDC i&# &R /R mFR M iE
Fig.3 The titer assay of anti-serum with EDC method
A LL STX-BSA %y )it s B LA STX-KLH G i,
A; Immunogen is STX-BSA; B: Immunogen is STX-KLH.



52 1

MRS . 2 Bl ol 7 28 58 BSR4 0 LU I 22 s e A i il 75 - 189 -

222 EHBRBEH LN T TR GBI E

A3 L STX-BSA il STX-KLH A% J5 | iz K g
3 HU/NEL, T STX-OVA A A i e e /N B 31 22
PUIMIEHEAT ELISA 055, FHEFAR G, DA STX
-BSA RGP I G g2 /N BT 4545 V8 A0 B 4A 1
ST 2 5N B AT A A I Y i R R n 2R B0 Y
BB - 1 S/ INERAE M R 1 2 500 B, D,
7 0.882, AT BB 52 5/ RIS A 1
2500 B}, Dy, N 0.452 IR EE M 1 2 8000 B,
D 450 o 10.284  FRAFRLNY o 3 57N BRUTE 45 107 1% i
T, Dy BIH 0.050 ZE 47, AW 3 S/NREA KA
PRSI O RE R, LA e R h vk 22 STX-BSA

A
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0.488 , 7E I35 7% B 4 1:8000 I, D,y ..} 0.076, B
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PG N Hoh 1 5/ NR P R A=

B
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Fig.4 The titer assay of anti-serum with periodate reaction

A DL STX-BSA M55 ; B LA STX-KLH R Hui i,
A: Immunogen is STX-BSA; B: Immunogen is STX-KLH.

xR 1 AEK ST EGEIS TFENR M LB
Table 1 Comparison of different polyclonal antibodies
to titer of detective antigen

K JE STX-OVA

ki W Detection antigen STX-OVA
Immunization N .
Immunogen methods EDC % R
EDC mehod  Periodate reaction
STX-BSA  EDC ¥ 4x10° 4x10°
EDC mehod
R L s 5%10? -
Periodate reaction
STX-KLH  EDC % - -
EDC mehod
R R 1 10° 103

Periodate reaction

=1 Dysp o BFITEARE] 1.0,

—: The maximum value of D5 . is less than 1.0.

3 iFig

STX R/NorF2EHis, 40+ i 299 ku, 16
ok RN H A G S | T B 5 0 T K 3
TR SR il 4 B 78 PR A R HEAT S %, W
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