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Abstract 

 

Recently, Vaccine Center has developed anti-Cobra monovalent venom, 

anti-Banded Krait monovalent venom and anti-Cobra-Banded Krait bivalent 

venom by using purified duck yolk immunoglobulin (IgY) with low cost 

benefit. In this study, we propose to use this technology to overcome the 

challenge of low neutralizing titer horse-derived Trimeresurus 

mucrosquamatus and Trimeresurus gramineus stejnegeri bivalent anti-venom. 

According to the immunization result, neutralization effect of duck anti-sera 

against Trimeresurus mucrosquamatus snake venom can reach the highest 

titer (320 Tanaka unit) at 10
th
 week. In addition, after immunized the same 

duck with Trimeresurus gramineus stejnegeri snake venom at 8
th

, 

neutralization effect can be induce over 60 Tanaka unit at 12
th
 week and 

reach the highest titer (383 Tanaka unit) at 24
th
 week. Moreover, ELISA 

analysis system was confirmed that can be used for quick screening of 

antibody response and can be played as a critical auxiliary tool in 

neutralization assay and in-process monitoring. Analytical method validation 

was completed in this study, and its recovery rate and precision can reach 

90-115% and over 90% respectively; Correlation coefficient of linearity can 

reach over 0.9; LOD and LOQ of Trimeresurus mucrosquamatus and 

Trimeresurus gramineus stejnegeri venom are 0.319, 0.958 and 0.311, 0.932 

respectively. 

 

Keyword: cobra, IgY, ammonium sulfate precipitation method,  

Trimeresurus mucrosquamatus and the Trimeresurus mucrosquamatus venom, 

Ouchterlony double diffusion, Western blotting, Brad-ford method, ICR mice 

model, ELISA validated system. 
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('ÅÆÇrÈÉ-lÊ5HËÌMÍJÎÏÐzH&'(��e

IRÑÒÓ�&'(��%�ÔÕEÖ(¯'()�ST-×Ø�¢Ù

3��-!" �$%eÚr'(�ÊÛÜ¯-EÝÞßÛà%'(Ê

ÞßH&á¯(antigenic variation)-â&'(&AããÚäÛåæ12e

IR����ÓçÖ(èH'()�STi-×Ø�a¶·¸éêº 

�ëìí-.12îç&'(��2ï-¢ªn,(1)3�¯&'(��-

�&UVWabcðñò-(2)ó×¯&'(��-�&;<=a89

:-(3)&ôì'(��-(4)&õö'(��-÷�&õö'(��2ï

øù./0ú$ûüýþ_�Ô�����e 

 

('ÅÆH��ËÌE��H&'(��lnÊ5eËÌè��-

��S���+(horse serum proteins)�	]
�A-×�
_�ç)�

���-�(1)�AÃÄ(complement reaction),S)�*�+%Fc region

f��A%�A�A#�_H_�ÃÄ­(2)���(serum sickness),�

	H&'(���+
_�A21°�Ä&A��/���-^Ô/_

�����(vasculitis)�±=�(arthritis)a��(nephritis)ëÉ�­ (3)è

�¯��(anaphylactic shock),�	 O&á�_�AIgE !"-Ô/"

#$%ë&����(1)ey IR12&'(��#��ST'Ú� 

](-ST764-B'�)*+Û]æ,-�.ë��-/ùÊ±�
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�,-°±0�v'123800 45-#E�Ô/�6&'(��/�

q712379005eB��ST12°±���6è�'{89�-Ç

r:
¯H¯;-�<�è����=>?Ê@�HAB¯e^���

�CDEFGHI��J-K�s_L�×M¯�N�OP¯@Ê5¯

%1�Q456&'(&AÊ÷��¯@R�¯e 

 

S¡ST% -T�J12&'(��HU���%�-KnVW

TXSTYZB/�CD-[\OÚr]T^¬_h_`¯ab�c�

dOdÕ-K�e�¡÷Ä�¯eÞfghi��)�&ái-�21

°�Ä%&A-å1990ùQEO-.Êjk/0]÷lHmn�����

o-p)�&ái-�q21&A-S¡���r�p|}Z -st

& A G q _ u Z � H � � v w - x % n � � ) � * � +

(yolkimmunoglobulins-IgY)-yÂz{|&á-°�Ä%&A}q4¥

~�r���(2,3)e���^�-IgY×Ú���¢Ù3(4)-J�çÞ

'×ÚØ���$ZH&A-@&'(S��&A°C-�ÊE�H�

m, 

(�)�OP¯,�HIgY�f�¬@ghiIgG°i�-�k%Þß�r

ikmRNA��¯��(alternative splicing)%�â-#�h3%)

�*�+C��&A¢���öv¢�7v60KDa%Fc��-GK

�ÞZ
_¬�%�AÃÄe 
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(�)���¯,��IgY&A�rghi%IgG��±²C�-â��  ¯

ÃÄD-��IgY&AÞq@�A~��i��K�>�+;AÃ

Ä-â}��S_1��¯H�¨e#E�KL���¤za|}

��)�H|�~�-]^��¤z¥e 

(�)�Z12, i2�¨4-B�×Ú���¡Z¢Ù!"3(5,6)-¢

�F�£o/¤¥�12HIgYvn¦�H10-20§e 

(î)�C�¨,KIgYJÚ��ú$-ÞJÚ9�ë:
¯ìíú$-^

BEuropean Center for the Validation of Alternative MethodGK©�

���&AúQghi&Ae 

(ª)�D/�,�£«¬@,-/�CD-B§ú��XØ�H� 

'­GCDe 

(®)�O{¯4,.Ê¯°±²³3IgYyEr´�Íµ¶r4·�-÷

O{¯�Y¸ù%¹e 

 

ÚIRIgY &A°±Hº��»H¯°$¼-p�)�%���

�#¢Ù3% IgY ��& rotavirus(7,8,9)� Enterotoxigenic E. coli 

(10,11)�Helicobacter pylori (12,13)H½`-Motoiu2005wë�E¾¿�

(H�À�+)�Áo-Â$ZHIgY &A@¾¿�(�BALB/c ÃÄ

]æ�>56¾�-fg_h80IU/kg 6	H&A�75ÅHÃÄÊCÆ

56-130IU/kg 6	H&AÇ�#ÊHÃÄÈÊCÆ56(14)-� -
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IgY&A���>Ê(��%(�-�Thalley(1990)ë�EÉc''(a

�Ê(r)�Áo-����fg$¼IgY &A�ÊËÌH�>56

(15)-Deviu2002wë�E0.6 mg Hõö''()�Áo-rj12-90Í

Î/Ï��!"3v75-100 mgHIgY&A-B�Ê4¥��¯@)�!

¯(16)-Almeida(1998)ë�EÐ¿HÑÒÓÔ'(>Éc'()�OÕ

oi-_h!"3HIgY&A�EÖ×ØHphospholipase A2EÙÚ3

�-B1 mlH&A¢ª��>0.0675 mgHÑÒÓÔ'(a0.075 mgHÉ

c'((2)eyÊÛÐÍ¯°³3-EÉc''(aðñò'()�Á

o-#!"3%IgY  &AH�>(�56XS��Ì6.3§a2§eIR

ÜÝHAntiven ÞßÐ�]æPseudonaja nuchalis�Pseudonajaaffinis�

Pseudonaja inframacula�ç'(IgY&AH}¾-�.r2004ù�àáþ

â���&ãväåæ'IgY&A2ï¬çe 

 

HR����������E89:@;<='(n)�&á-�

�n)���-./012&89:>&;<=76è?6IgY&AB�

é4�>&A56eê¢95ù���åæ�»FGës_E��12&

89:a&;<=Õ6IgY &AuIIwìfg_h-��S1260006

&89:@;<=Õ6S��ní¤-�TS/ù,-/�v18045-

�g����12&'(IgY&A-/£��§új6q32kH�-�v

�§180Ï�-¢ª7î12&89:'(a&;<='(&Aïì�=
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ðv85ÅH×0e����������#,-Sñ12%&UVWa

bcd?6��-�¹EO-�òXN]STó$456%&UVW�

�-ô�õöÂq÷Þèrç�¬'­-nø)ù�ç+÷ÄúûÔ/

XüÆý-þ¬�	/�@�=OPëK�-�FGÂs_&UVWa

bcd'((3�¯)?6IgY&A	22���-8���Q¬�EF�

=ð/�-Y/s_ï;}�H&'(1��62ïHI�e 
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��	
� 

��'(&á%�é,r)�R�ÍE0.1M pH6.8 %PBSÂUVW'(

è b c d ' (	 � / 1Å 
 r- � � � 
 2.5Å 
 � �

( glutaraldehyde­GA )-�'(�ÊGA %l��¥n0.25Å-�¢

��1Ã�i-�÷�hh+�����-��r4·�è�e�

�����,Ú�2¾�#��¢#-�Ë� %�ïç��!"x��

�#-�£31ij$%&Íst2�-�Âz2�'()¤¥-�£��

�ù*v2+%&,+)&Ï��e�]æ)�R--§~./0&AaØ�+�

123n���VÀe�

��KL&UVWabcd./Y&A��)�4Í,5�ST)�4Í-

--��X("%UVW'(-/�kí6)�����-�rj

7kí6)��-ß�EX("%bcd'()�-%i/8�k

ß�E�ç'(]æ���9)�-)��£��-í�r)�8

kØ�-y ú��EELISA}{&A56-�:¢ELISAfg-ú

C�	HIgY&A]æ���>¾�-|}56e)�4Í����

�

�

��
0 2 4 6 8 10 11 12 14 16 17 18 19 20 22 24 25 26 28 30 31�����

(mg) 3 5 8 12 � � — � � 3 — � — � 3 	 — � � � —
����
(mg) 	 	 	 — 0.5 1 — 1.5 2 2 — 2 — 3 3 3 — 2 2 2 —

IgY
� � � � � � � � � � � � � � � � ����� � � � � � � � � �
x x x
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î���§ú��,���+��¢Ù;Â��¢Ù3Oe�Ï���

v60-70 mg-��A<v15~ 20 mle=>/Ï�¢Ù3IgY @IgY

?Fc @	X-)�R,IgY,IgY?Fc=1,1-)�iIgY,IgY?Fc=1,

3e^AïnIgY�*�ÊHIgY?Fcvn40«-^AïnIgY?Fc�

*�ÊHIgY?Fcvn95«E¬e 

ª�Õ6IgY &A!"(17,18,19,20),\ùOEpolyethylene glycol (PEG)

a¹ºNBCDN(water dilution method­WD )EúIgYH/�l

D�¦§¨l�eê¢���94ùa95ùåæ�»FG%!"/g-

Fz��¶·¸êºN]æÕ6IgY&A!"-MN��,��a�

+¢ÙG��BPG&A#HG&A
3Gé£GI£G}{G�

Je�

®�IgY &A�+;�¥}{,Â×¶·¸êºN!"%IgY&AE

Amicon Ultra-15Centrifugal Filter Devices]æ&A�J-KE

Bradford reagent }¾&A�+;�¥,-���LMBÂ2 mg/ ml 

%Bovine Serum AlbuminuBSAw�¤r]æNOCD-ú}¾A

ïa�¤rÓ50�l-�
96PQ	R�-q73��e¢ªþ


Bradford reagent 150�l-ST30UeEELISA#VWuMolecular 

Device, SPECTRA MAX 340pcwXúYZ595 nm#V[-E$Z�

+;�¥e�

\�¢£IgY &A�Þß'(%��¯,�
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(1) ��?»)�¼½¾�(Ouchterlony double diffusion)-ê�/H&á

-&A���%êº®]-�|�IgY &AJ^�'(�Ê��¯-

÷á.n�
¯&á@.¼�
¯&A¢ªþ
°_H`abc�

d¬HÃP*-�eP;¶��flg°h»�M¼½eä�k�

liäXjý°k�-��/�l�mHêº®e 

u+wE¿MÀmN(western blotting )XCIgY a&'(S���'(&

á%f�çi-�{¯¢£e'(�+×è�+;eni-��

SemiophorpqÍrst-Â'(�+AïÚ�Arsqu·vw

x¬-þ
5«yaz{
rrvwx¬-ST30 ¢|iE0.1«

Tween20/PBS�}%iþ
×èiäCDHIgY &Aa&'(S

��rvwx¬-�37·C~����2Ã�-E0.1« Tween 

20/PBS  �}��O�S�f�%&Aeþ
iäCD%

HRPconjugatedgoat antiomouse IgY&A-�37·�~����1Ã

�-E0.1«Tween20/PBS �}��O�S�f�%&AeÂTMB

�rvwx¬-ST5�10¢|-�÷��iE�Ù�B}�vw

x¬-���`���e�

7�KLELISA¢£MNz5~� (21,22),�

(1) KLELISAMN:E'(�+n��%&áe�-r96PQ	�{R

¬-��×����riäCD%!"'(�+-4 ·8�ÃÄe

��R��ELISA �}W-E0.05% Tween20 / PBS (PBST20)�S
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���%&A3�-�iE1% BSA/PBS ]æBlock-37 · ÃÄp

Ã�-�}3�i-þ
EPBST 20iäCD%�}è�VÀ&'

(&AIgY Aï-��r37 ·C~���Ã�e�}3 �-Kþ


¦�&���&AS��è�"Á���A(Rabbit 

anti-duckIgG HRP)r37 ·C~��ÃÄ�Ã�-�}3�eli-

�/P�þ
100ml OPD(oophenylenediamine dishydrochloride)Á

��;A-��r�~�ý-��ÃÄ25¢|-EELISA#VWX

úYZ450 nma650 nm#§[e 

(2)  ELISA¢£MNz5÷U���n1 ©¥}¾�¤z¯}¾�   

®¯��}¾4lD�}@eLOD(Limit of detection) 5lD�}

{	LOQ(Limit of quantiation)e 

       1. KL ELISA~�%¤z¥ 

¤z¥Q���MN#$%¢£fg@�[�\%�¥eê�

ÍF�÷¦§¨e¦§¨(%)=[(2 §��r�¥)-|ï�¥]/�

¤ï�¥*100Åez5³�n÷=>¦§¨ (%)��Ä�

95%-105%%Îe 

       �. KL ELISA~�% ©¥ 

� IgY��Õ�]æ¢£#$fgHKh¯-E�¤�è°�

�¤�(relative standard deviation ;RSD)HMÍ��eF� RSD
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[-Þ�è 5%e 

 

 

       �. KL ELISA~�%®¯±² 

}3¢£MNH®¯��-®¯¦�~³(r
2
)[R�� 0.95 E

¬e 

       4. KL ELISA~�%lD�}@e LOD(Limit of detection)  

 }3¢£MNHlD�}@e�¥ez5³�n RSD Ãr 

5% E� 

5. KL ELISA~�%D�}{	 LOQ(Limit of quantiation)  

}3¢£MNHlD{�¥ez5³�n®¯¦�~³(r2)[

R�� 0.95E¬e 

��}{IgY �>'(%56,Â20 mg/ml%IgY&AE1.�éBCD

nÞß�¥i@4MLD %'(r�>>�i-�r37·�~�*Ã

Ä-����1Ã�-KE �ÎÏA�12�14 �%ICRÃÄ-��

48Ã�-�¡¢��£ý³I-F�&A56eÞÍn,56

(MLD/ml)(o�7p)(U)¤4 MLD/0.2 ml x IgY CD§³e 
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�
 

(&) '()*+,-./0123IgY'456 

§~�£�� &q $¥k&UVWabcd'(?6%��@ &q

¦$k% IgY&Ae 

(7) 8 SDS-PAGE� western blotting��9:;<=>?�@ABC

IgY'4D 

                           Western blotting 

                               

 

�

  1     2    3 

150 MW 

1. Marker 

2. egg yolk protein after salting out 

3. isolated IgY (�Fc)  

 

1. Marker 

2. ��� 

3. �����	  

 

  1     2    3 

  1     2    3     1   2  3 
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f§,¶·¸¹ºN�E]�ì!"3 �����E���&Ae�

(F) 8GHIJKLMNOPQR&SD 

          1. GHIJKLMN(Ouchterlony double diffusion) 

&UVWabcd'(?6IgY &A@S��?»)�¼½¾ 

�%XC-UVW3h�¨H¹º®-[Jbcd©Þ�¨ef 

gª¨�IgY &A�Ê÷��¯e 

          S��,1X n40 mg/ml-IgY &A,1X n20.14 mg/ml- 

          UVWuAgw,1 mg/mle 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

          S��,1X n40 mg/ml-IgY &A,1X n19.54 mg/ml- 

          bcduAgw,1 mg/ml 

             

 

 

 

 

 

 

 

 

 

 

 

1x 

T12 IgY'4 

T12 IgY'4 

1x 

2x 

4x 8x 

16x

32x
1x 

2x 

4x 

8x 

16x 

32x 

1x 

2x 

4x 

8x 

16

32x 
1x 

2x 

4x 

8x 16x 

32x 
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(U) 8 Brad-ford��V:Q IgYWXYZ[D 

ïìf§,§~�éHIgY��«{	�+;�¥-/�¬­vÊ

10-30 mg�+;-�v§~40mg]æ°±��e 

 

(\) 8 ELISA�]V:^_12�`/0ab 

       Úr���rÞÌØ~-#E®ÊØZj19kH³¢eÚUVWH

fg_h-��H�>56rj8kYZ¯m-HzX�uj10kw

OH°-�fg@95ù���s_12&89:a&;<=Õ6

IgY &AHfg°L�e 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�������������������������
� � � � � �� �� �� ����� !

"# ������$%&������$!&

��
��

����� 
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(c) ICR mice modelOP'()*+,-./0Gb IgY'4deQ�

`/0fgD 

UVW)�ij2k÷�>±6�YZ60o�7pE¬-j10kYZ

l4m-n320o�7pe[Þ¼²âå20kst³q20o�7pt

�XN¬­eqrbcd'()�j8kst-j12kst�>56

4r60o�7puv207o�7pw-j24xYZl4m-n383o�

7pej25kÞ)�B6	st³D-56��³-liwFr100

o�7p´µe 

 

 

 

 

 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

1.2

1.5

1.8

2.1

2.4

2.7

L
o

g
(T

a
n

a
k
a

 U
n

it
)

week(s)

 SY040506m

 SY040506s


��
��

����� 

(60 '()*
) ------------------------------------------------------
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(hijk ELISAlm��naopq 

r�iELISAlm��sn[t$uvqww

¤z¥Q���MN#$%¢£fg@�[�\%�¥eê�Í

F�÷¦§¨e¦§¨(%)=[(2§��r�¥)-|ï�¥]/�¤ï

�¥*100Åe�

��� �� OD450 � Sample OD450 � �	
 %RE 

1 2.020  97.7 2.3 

2 2.046  99.9 0.1 

3 2.035  99.0 1.0 

4 2.090  103.8 3.8 

5 2.036  99.0 1.0 

SY04 

6 2.002  

1.803 

96.1 3.9 

�� 1000 
���� OD450 �  : 2.290  

��� �� OD450 � Sample OD450 � �	
 
    

%RE 

1 1.943  102.8  2.8  

2 1.962  104.5  4.5  

3 1.946  103.0  3.0  

4 2.010  109.0  9.0  

5 1.993  107.4  7.4  

SY04 

6 1.851  

1.660  

94.3  5.7  

�� 1000
����OD450 �  : 2.166  

 

ïìf§,ELISA¢£MN¤z¥%¦§¨�Y 90,$$%«e 

 

 

r�i�����lm��txy[q�

������ IgY��Õ�]æ¢£#$fgHKh¯-E�¤�è°��

¤�(relative standard deviation;RSD)HMÍ��e 
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Assay # Anti-Mucrosquamatus  IgY OD450 Anti-Gramineus    IgY OD450 

 +,-
SY04 ./0 SY04 

1 1 1.588 1 1.464 

 2 1.617 2 1.499 

 3 1.607 3 1.496 

 4 1.597 4 1.535 

 5 1.619 5 1.589 

 6 1.603 6 1.555 

 Mean 1.605 Mean 1.523 

 SD 0.012 SD 0.045 

 %CV 0.8 %CV 3.0 

2 7 1.599 7 1.563 

 8 1.638 8 1.606 

 9 1.540 9 1.619 

 10 1.545 10 1.612 

 11 1.559 11 1.638 

 12 1.566 12 1.641 

 Mean 1.574 Mean 1.613 

 SD 0.037 SD 0.028 

 %CV 2.4 %CV 1.8 

3 13 1.446 13 1.235 

 14 1.412 14 1.277 

 15 1.458 15 1.280 

 16 1.453 16 1.282 

 17 1.464 17 1.308 

 18 1.505 18 1.329 

 Mean 1.456 Mean 1.285 

 SD 0.030 SD 0.032 

 %CV 2.1 %CV 2.5 

       Overall,n=18    Overall,n=18  

 Mean 1.545 Mean 1.474 

 SD 0.071 SD 0.146 

 %CV 4.6 %CV 9.9 

�

ïìf§,:¢Þß well��Þß plat¶�ÞßÍ#3H��fg-�g

÷ ·¸ [D-��÷MN% ©¥4-�MN÷ ©¥�Y 90«E¬e�
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r	i�����lm��tzSC{|}~q�
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