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Effect of polymerization in inducing yolk antibodies
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ABSTRACT

Insulin polymer was used as an immunogen to elicit homogeneous anti-insulin yolk antibodies in a large
scale. Insulin polymer prepared was heterogeneous mixture (M¥=6,000-70,000). Insulin polymer showed stronger
immunogenecity than insulin monomer, The affinity of yolk antibodies elicited with insulin polymer was
slightly lower than that of yolk antibodies elicited with insulin monomer. The specificity of yolk
antibodies obtained with insulin monomer and insulin polymer was directed mostly to native insulin,

I.A4 = ato] g7Eojgkrl. YA anti-insulin antibodyts
guinea pig®] W FeolM He|, Al dFHA &
of &89l glr}. 8y} guinea pig: insulin

Chicken?] We} Folt 1g6, I R ler 5 ABF .00 oy 43, waANe] We Mgl §d,
o) AAGeEAo] AL o] F 1g0U0) AL yyag olgu FolwAe) e ool Aol

receptor § WEHo2 ojgsio] Yol &N t}. ©H chicken® insulin shockg Yo)A] ¢,
2 ZIA00, IBofe o kg g7 AR 1 ygopy aqls) olgalel tiagael Hping
el Aol oF 100 - 150 mge} crude 1e67F 221K gyag olged 4lel EAR sl Thssicia
2% Ao tjataale] shssitt®, mg IR AE Azhgct.
oz "o uls] vf¢ $E Aol T YA F guiz oz XA 89, & hapteno] tiy WAL
FHel7le sl Yde TEAR wee] g WelgWERT) Wt 1
Chickens] AA717E EREE FA7NTH T me naptenc] e SolgA) FEU YA 4u
How odalx 9lol} chicken Igt: Exlaf, HMH, o] 2718 9)3|ME keyhole limpet hemocyanin?}
E{52 complementBAE ¥, WAI2EUL t} L 38R} Al (carrier protein)& hapteno] AY
¥ 1T 5 ERE lest the 84& 2t g gasie g 48U o carrier effecti
2e22 LeslieFE OB B YAL U2 gogomopo) 2feldE Ushbe AoE Xa¥e
chicken 1gG& IgY (yolk immunoglobulin)® WSl QD 931} o] WY& haptene] THY A BT}
alch, #}ldo] 2 carrier proteino] Tigt TMJ} Tl &
Insuling Q4H T nj¢ Fay 28 F9 s} =5 B4 30| it
olth. ahl whAl Wgof o3 Yo Fo d&d % ey B d3s AExiare] =8 insulin
A Azete 2AH insulind] £el BAL S (4o 750)e) i chickens] HASHHE wole F
B2, Y A U BEE wol7l AN wE [l o) gug gAYl REUS UES sl M)

A2l A¥dg Z¥= anti-insulin antibody?] cth#Ad
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23 B2} insulin polymer§ HHULE o]
slod, HASEd Y FEH Igve] BEE dESAT]

O % ¥

1.4 =

Insulin monomer (insulin (M)} B insulin polymer
(insulin (P))e] Hee] 23] Aol AAARM £
2y Al gl PR AEAEL AMgsiAch

2. Chicken?| S ¥

Rhode island red#]®] chicken (28-week-old,
female)& ©]-&Bled insulin (M} (actrapid human
insulin, Novo Co.) W insulin (P)& Z}Z} adjuvant
9} 37 25 VAL E 43 WS RV|BHL
319 (1mg/0.5ml of phosphate buffered saline: PBS)
2} complete Freund's adjuvant (Difco) 0.5ml8} &
gsted Z&FAsIAT 2I|AHE, 3o A F7)
Mol incomplete Freund adjuvant (Difco)$} 7
7t g HYstoct

3. Insulin polymer?| =X
Insulin (P} Tang $"¥2] we) ule} glutar-

aldehyde® A}g8lo] ZAstgrt. 0.5%¢ insulingo)
(in PBS) 5ml9} Hake] 0.2% insulin 89 (in PBS)&
E3Pt F 0.25% glutaraldehyde 10mlE& HH3s Aot
sloirh. o] E3godol Fol e wloxe EHE o
Tuly 3UR A4 Wg AREIT ALoA 64T W
x15}93c}, 4°CollAl 50mM glycing 7% PBS R PBSo]
tiste] BHY F, SHAARS ARE AMSstdc)

Insulin (P)8] EA}8F2 Tricine SDS-PAGES] 2]3)
AExstdct

4. Insulin?| reduced-carboxymethylation

(RCMEL)

Insuling®] disulfide B2 2-mercaptoethanol$r
AMgsto] gelalF|a, oluf BE SHI|&= McKenzied
(1)o] wiof] uw}e} carboxymethylation®}gdt}. Insulin
10mg & 0.2M Tris-EDTA buffer (pH 8.5) 1.9mlo} &-5)
A X, 1M 8429 (in 0.24 Tris-EDTA buffer,
pH 8.5) 8ml @ 2-mercaptoethano! 100u1& B7}5}ed

3 Egstgct o] 892 FALXY F 37°CoM 44|12
wra|siedct. 0.2M Tris-EDTA 2mlof] iodoacetic acid
303.5mg& S3MAIA EUY F 37°CoM 40 wHgA]
7131, 0.5M sodium acetate buffer (pH 5.0) 5wl & ¥
7hste] Whg-& AR AATL 4°ColA 0.0IM acetic acd
9 deionized water® R4 ¥ FAARSA AER
AHg-3talct,

Insulin®] ROMEE= I&aaZolEefw] (HPLC)
Q olnji=At F o] oj3] HelstAct

5. AetgAe &2

3 2ol Al y-carregeenan® AME51o] Hatta
519 ube) ule} Belsle] YAIte] &Yol of§8}
g, ¥ 1g2} 0.1% y-carregeenan®y ImlE =Y
Blo] A-ojlA 3087 WA stoct, TGS WHRe
(1000xg, 108)5to] AUUNE U/ 484 P93
BE (¥SP) ¢l B9 Eelstdrt

6.RCM-insulin®] HPLC

Insulin®] RCM¥}:= HPLC (Tri Rotar SR-2, {Y&&
#)E o183t H¥elstarh ROM-insulin lmgd 0.1%
trifluoroacetic acid (TFA) 1mleof] ®3JA]#H HPLCE
3stedr}. Columng ODS columnQ! Hibar Lichrosorb

 RP-18 column {04, 6x250mm, #&24%})& ol-gstar}

o]EAIO S 0.1% TFA (A)®} 95% acetnitrile (B)&
Agsterl. A, BS 2tz} 100%, 0xo]A Alztsie] BE 1
2 1x# FA079 EMEidct. £E&845L
1ml/min, column®] &%= 40°C, A&3AL 230nmo] el
th.

7.000 A BA

HPLColl 23} ¥al¥ insulin® RCM-A chain %
ROM-B chain®] oln]xAt Z/d& amino acid analyzer
835 (Hitach)oll 2I3] ¥Qlslgr}l, AlE 10ugo] &
olt= Al®Po] 6N HCl 50041 F phenol 10ulgE ol
E3gt ¥, ©@r)e) LB 33 whEstgdch i
'8 F, 130°ColA 3417 ZtEEs ¥ dA=RAA,
1/50N HC1 60ulo] B8jAl# ojnlieAl E4& AAISIA
=3

8.HAXM &4 MY HAY (noncompetitive
ELISA)U&D
3te A2l WSPe] B/} noncompetitive ELISAS
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oj3] &5l RE NIE oM oAt
Microtiter plate (Nunc, Maxisorp)ef] 0.01% insulin
£ (in 50mM carbonate buffer)& 100ul/well X}
Bl 241 BQ coatingdtgit}. 0.02% Tweend& ¥TH
¥t PBS  (PBS-Tween)§Y2E vwell& A& ¥
PBS-Tween o3 A uts] 34y kM8 100ul/well
A7iste] 2AZ HF wEgA]ZTL, PBS-Tween2 2 well
< )2 X  alkaline phosphatase rabbit
anti-chicken IgG (H+L) conjugate (Zywed)& 100y
Lwell M7iste] 241t Feb gk oA
PBS-Tweenl. & well®& A& ¥  0.1% sodium
p-nitrophenyl phosphate (in diethanolamine HCl
buffer, pH 9.8)& 100ul/well ¥7}sto] 307 UM
AlZith. 5N NaOHE 20ul/well M7 sto] WMitg-g& 3
Z|A]F]3L ELISA reader (Corona)® o}]-&5ted 405nmol
A FBEE &3zt

9. Y B2 HY HAY (competitive
ELISA)““' 18)

F E59 tidde] o3 fxH AWHAL] insulin
(M) % insulin (P)2}e] WHg-A& competitive ELISA
o o5 ajMslgdon, RE HI-32 A20]A Bslg
t} 0.01% insulin$-og 100ul/well H7}8lo] 24|13
B¢t coatingstdth. dABEe] FAGAI A8 BE
2] competing ULAE ZAslto], A, competing
3rele] o2 Zb2b 50ul/wel 14] MIITFE 26°CollA] 2
A1zt competingAlF Tl o} o] #2] uhg-2
noncompetitive ELISAR} Zo] conjugate, 7|3 41-&
AlHA ASIEE Z3%UCE A& positive control
2] FLISA value (Bo)oll ti%} competing o] &2
mj2] ELISA value (B)9] u]& vlehjaiv}.

E3 £ SR el o3 F=8 shAg t}E BE&
9] insulin?}e] HF-24& competitive ELISAo] 2]3)
ZAEsIAct RE MEL 99 YU PHE AHSsid
t}h, %, competing WO F human insulin (Novo
Co.), pork insulin (Sigma), horse insulin (Sigma),
sheep insulin (Sigma), bhuman proinsulin (Sigma)&

AH-g-stolch

10. Tricine SDS-PAGE

Tricine SDS-PAGEY:= Schagger5!'9¢] wijoj uwle} 23
stgict.
38} ubdo] wie} ZAY insulin (P)+= sample buffer
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(containing 4% SDS, 12% glycerol, 50mM Tris, 2%
mercaptoethanol, 0.01% bromophenol blue, pH 8.6)¢
0.2% w5 R2A|T F, 40°CollA 308 incubation
5lod gelo] applystalrt.

A719%8 gele BIIo|MHE separating gel
(15cm), spacer gel (3cm), stacking gel (2cm) & Al
HEoZE  o]fojx gt} Separating  gel&
acrylamide W bisacrylamide® 2}2}48% (w/v), 1.5%
(w/v)e] BER2 E3A|Z acryl-bis®§ 10ml, gel
buffer 10ml W glycerol 4g& Y ¥, 30ml7} &
EE ZH4E A1), Spacer gel acryl-bis®&
o] §.1n19} gel buffer 10mlE ZT¥E ¥, 30ml7IEHE
& ZFSTE Wislgdr}. Stacking gel2 acryl-bisg
o) 1ml9} gel buffer 3.1ml{ TYT ¥, 12.5017} §
=5 FFTE Arstach geld 2tZ} 10% ammonium
persulfate  100u12} TEMED 10p1@ &gt
separating gel, spacer gel, stacking gel?] ¢2o2
polymerize®}gdct.

Gel buffer®¥& Tris B! SDSE Z}2z} 3M, 0.3%2] =%
2 g3zl 8 (pH 8.45)& AHgslarh.  Anode
buffer+ 0.2M Tris £ (pH 8.9)%, cathod
buffer2¥ Tris, Tricine, SDS& Ztz} 0.1M, O.1M,
0.1%2] =& FAY £ (pH 8.25)& AMEslad
=3

HA7lgE ¥ 3-8 (50% (v/v) methanol-10% acetic
acid (v/v))o2 1Al ZQb A, 0.01%
Coomassie brilliant blue R-2502.8 24]7F & A
¥ 10% (v/v) acetic acid§o] o2 ©AsiAc],

m Azt 9

1. Insulin polymer2] E A2

ZA| g insulin (P)9] ¥x}8}& Tricine SDS-PAGEo]
oj3f AEHYrt (Fig. 1). Insulin (P)¥ insulin
monomer, insulin  dimer§ XEUSH= BX}F
6.000-70,0004f0] 8] olg|7ka] Ealdg Ze BUES
E3Eolort

A
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Fig.l. Tricine SDS-PAGE electrophoretic Patterns of
insulin polymer.

Bovine whey proteins were used as molecular weight(M. W)
maker

2. Insulin® RCM3}

Insulin®] RCM¥N= HPLC W olm]i=At BAof o3 &
alslelr}, RCM-insuling HPLCol 2J3] HA% 2z}
Fig. 20 yephdnie} o] FErie] peak7} vlelbuicl,
HPLCe] o]} Z&]¥ 7} peak?] ofn|lnil A& ofuli
AL E471e] o3} AEY HHTable 1), peak A W
peak B Z}7} insulin®] A chain, B chaindo] ¥4l
s olt}, Insulin RCM3}oll 23] 3709 disulfideZd %t
o] B2 ¥ o] carboxymethylationE] B2 RCM-A chain
gl RCM-B chain® @ Ee|®t} uwield Hige) Algg
insuling 2% RCMEIR Zo g Agzigc),

CH,CN(%)

/F 60

— 30
f{ Peak B
f

J_
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|
—
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Fig. 2. HPLC pattern of RCM-insulin,

Table, 1, Amino acid composition of ROM-A chain
and RCM-B chain of insulin purified by HPLC

Amino | RCM-A chain | ROM-B chain
acids {mole) (imole)

Asp 2.5 (2.0) 1.1 (1.0)
Thr 1.3 (1.0) 2.0 (2.0)
Ser 2.3 (2.0) 0.9 (1.0)
Glu 4.5 (4.0) 2.8 (3.0)
Gly 1.4 (1.0) 2.9 (3.0)
Ala 0.0(-) 0.8 (1.0)
Cys 0.3 {4.0) 0.5 (2.0)
Val 0.5 (1.0) 1.6 (3.0)
lie 1.2 (2.0) 0.0(-)
Leu 2.5 (2.0) 2.8 (4.0)
Tyr 2.2 (2.0) 1.5 (2.0)
Phe 0.0(-) 2.4 (3.0)
Lys 0.0(-) 1.1 (1.0)
His 0.0(-) 1.6 (2.0)
Arg 0.0(-) 1.2 (1.0)
Pro 0.0 (-) 0.8 (1.0)

*(  ):Amino acid composition of A and B chain of

native insulin

3. gMJte #3}

Insulin (M) B insulin (P)8] HAe] 23] REH
anti-insulin I1gY2] %& noncompetitive ELISAS] 2]
3] AES}H Fig, 3o viehdgich
Insulin (M)& HEY Fat, 23 wd F I3y
anti-insulin IgY¥7} A&Sodr}, 43 HoF, 2oy
of =R, % BNIPt #4517 Al}sle 1653
El&=  anti-insulin IgY7} ZALXEH=A] eitl. TH
insuline]] ti¥t BN & F7IAF17] 23 insulin
=AY insulin (P)§ RAsle BHEYoR AP
Azt ofe W2 o gAY fEHArh F 13 @Y
¥, "A FolM anti-insulin IgY7} ZA&HYI, o
2XE 13U Fole IRNE AEHTh ¥R
W] gAvhe 650 Hrixle] =dstgdon), 2
F a4ty Az gl 14380y 2 248
HolZ slglond 4¥uy ¥ 1457 vjad &2 A
718 fA5tgct. Insulin (M) 3 insulin(P)& Y
T A3 I gArte W3 gAvircl 2F Wigh
L1} £ HAde] o3 @ Fofl F5H anti-insulin
I A& S e oS orta Adztgct =4
%t insulin (P)oll= 4A#Fe] insulin (M)7} &8l e
B2 gel filtrationo] &3 insulin (M)2) ¢F& |
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o} & FAg vepdsch

RX2R)

3.0‘:“ 30

(b)
25 251
2 204
154 154
1.04 1.04
054 054
0.0 . A NS G U R N R S AN 4 00 Ry S L
0 4 8 1216 20 0 4 8 12 16

WEEKS WEEKS

Fig. 3. Changes of antibody responses in the serum
and egg yolk from chickens immunized with insulin
monomer and insulin polymer,

Anti-insulin antibody titers were measured by
ELISA wusing insulin monomer (a)., or insulin
polymer (b) as immunogen and expressed as ELISA
value(absorbance at 405nm) for serum(@® ) and egg
yolk { O ) at 1:1000 dilution, Arrows indicate
weeks of injection

o]g}zto] chickeno] insuling& ZE3L gl&ol= P
sla vl a A ExEF 3hdel insulin(M)oll thit A
7} fEHALen, insulin (P)&] ®Ae] 2j2} nr} W
2 N7 =Tt insuling F$Yxe] 23 B
cellof 8] BAAWALE FEAIFIE helper T celle]
ola) AAEH7 g F2MME o YN,
9t # insulin(P)8] FZE 2pAB| BEF ooty Ao
2 Aztach

4. A Y

T 259 o] 93] §x8 A A& AR
sledr} (Fig. 4). ELISA plateo] insulin (M)&
coating®}ell, insulin (M)& competing FHOE A}
£5l] competitive ELISAE 35}y r). Insulin (P)e]
o3 =¥ AunA el VHAHL insulin (M)o] 28]
fE8 ABYA AyuT) 23 DAoL} T Aol

21
+ 4t
B/Bo |
1.04
1
0.51
0.0 L 1 T L)
4 3 2 -1 0 1 2
Log (nmolefwell)
CONC. of COMPETING ANTIGEN
Fig, 4. Competitive binding curves of insulin

monomer to antiinsulin yolk antibody slicited with
insulin monomer and insulin polymer,

Competitive ELISA was performed wusing yolk
antibodies from chickens immunized with insulin
monomer (@), or insulin polymer (IB).
B/Bo=(absorbance at the last step of ELISA in
presence of various concentration of a competing
antigen)/(absorbance in the absence of a competing
antigen)

5. ¥ 501y

Insulin (P}o] 2]8)] f=¥ Al Y HoldL
insulin (M)o] &3] =¥ A By Koldzt vz
AE st}
F 2570 sidof o) F58 ¥AM9 insulin (M) R
ROM-insulinz}e] ¥hg-4d& HES}gr}l.  Plateo]
insulin (M)€ coatingd}li insulin (M) T
ROM-insuling  competing o B it
competitive ELISAE #¥ ZH2} (Fig. 5)., insulin
(M) % insulin (P)o] 28] HEE 2z} FENE=
ROM-insuling A& IA8kx] ot insulin (M)R+&
lalstgtl, Insulind RoME}e] 2|3 378e] disulfide
ZAYo] VAR a-helix Y B-sheetWL 2x}F27}
Aol mAHBE® disulfide Aol 28] FXH&
conformationaldt oW FAAZE Uysh= Aoz A
Ztgct,
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Fig. 5. Competitive binding curves of insulin
monomer and RM-insulin to anti-insulin yolk
antibodies

Competitive ELISA was performed using yolk
antibodies from chickens immunized with insulin
monomer (a), or insulin polymer {b). The competing
antigen was insulin monomer ( @ ), or RCM-insulin

(0)

f e 5B insulinze] WHEAH S
competitive ELISAo] &3] AEs}Ar} (Fig. 6).
Table 2of ulehdule} Zo] competing B human
insulin?} A chain loop (A8-A10) g B302) 1A} X7}
tl&t}, Insulin (M)o]] &3] S5¥ Akl Alyef
ASEY Alg, Hx], £, o, & F5 FEY FR
= BA0) & Bx9 11gA4E vERAL, human
proinsulinzte ZFE  A¥ ¥Hg4E  Ltehfodch
Insulin (P)o] 2]3] REH Azl 2 Ao AL
¥ BE competing WY Z2 A= HhgAEE U}
uigict, wleld £ FH2 ol o3 =¥ oivE
2] Aas}A= A chain loop T B30ollA}&] 1x}7R 9]
zlo] | 12}ER 2] Wile) o} 2xt7ze] HIR= A9
Ql4l8lx] ¢how, B chainel EAsI: UY AAJE
Qalsle Zog Aztech  Schreor5 ™ol  o)5td
mouset= A chain loop#} A chain loopH2-& U&=
UAE wWol fEstelrt. ¥H  BarcinskiF P2
guinea pigolld HEEHE ¥H B ABJE A
chain loopell R 2FH ol qtiz Basta At} o]
o] XHFo tIE Y FAVIE Ze ARVUAE: B
chaine] He| @ HAE JFPo| 0|7t Ao 4
YT},

B/Bo (a)

B/Bo _|(b)
1.0+ 1.04
0.5 0.5
0.0 0.0 .'.,..13. ..127...."11 8
<4 -3 -2 -1 0 L -4 - - -
l.og {mimolefwell) Log {nmole/weil)

CONC. of COMPETING ANTIGEN CONC. of COMPETING ANTIGEN

Fig. 6. Competitive binding curves of variants of
insulin to anti-insulin yolk antibodies elicited
with insulin monomer and insulin polymer,
Competitive ELISA was performed using anti-insulin
yolk antibodies from chickens immunized with
insulin monomer (a), or insulin polymer (b). The
coating antigen was human insulin (@), pig
insulin (Q), cow insulin (A), horse insulin(lll),
sheep insulin (A),or human proinsulin([]).

Table.2. Amino acid sequences of spe¢ies variants

of insulin,
Insulin A Chain
species 1 8 10 21

Human  GIVEQCCTSICSLYQLQNYCN
Pig GIVEQCCTSICSLYQLQNYCN
Cow GIVEQCCASVCSLYQLQNYCN
Horse GIVEQCCTGICSLYQLQNYCN
Sheep  GIVEQCCAGVCSLYQLQNYCN
Chicken GIVEQCCHNTCSLYQLQNYCN

Insulin B Chain
species 1 30

Human  FVNHLCGSHLVQALYLVCGGRGFFYTPLT
Pig FVNHLCGSHLVQALYLVCGGRGFFYTPLA
Cow FVNHLCGSHLVQALYLVCGGRGFFYTPLA
Horse = FVNHLCGSHLVQALYLVCGGRGFFYTPLA
Sheep  FVNHLCGSHLVQALYLVCGGRGFFYTPLA
Chicken AANHLCGSHLVQALYLVCGGRGFFYTPLA
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6.Insulin (M) ¥ insulin (P)2}Q| HIEA

Insulin (P)ofl 2]8) insulin (P)RE& UAJSR= &3
7t =¥ o2 A5} insulin (M) R insulin
(P)2}e] wkg4d-& AEs}Yt}. ELISA plated]] insulin
(M)& coatingB}3l, insulin (M)  insulin (P)&
competing FUOLR o]RBled competitive ELISAE
By Az} (Fig. 7), F 3F9 ¥do] o3 £ =8 &
Ale Woge] BAQel insulin (M)ET} insulin (P)
of nf-¢ Zg 9-g8& UERIYTL Insulin (M)o] £
3] =¥ PAHE insulin (P)2} 2T HgHE Uehy
YLE® insulin (P)RHE UAshE UAE AY f=
5= ekrizn Bzgct,

B/Bo {(a) B/Bo
1.0: 1.0
05: 0.5
0.0: (.0 trrrme-rrr—r e rm-TrmerTT—-T
605 432 0 0| 4 -5 4 3200 1
Log (nmole/weil) Log (nmole/well)

CONC. of COMPETING ANTIGEN CONC. of COMPETING ANTIGEN

Fig. 7. Competitive binding curves of insulin
monomer and insulin polymer to anti-insulin yolk
antibodies elicited with insulin monomer and
insulin polymer,

Competitive ELISA was performed using anti-insulin
yolk antibodies elicited with insulin monomer (a),
or insulin polymer {b). The coating antigen was
insulin polymer (QO), or insulin monomer (@).

& ¢

Insulin (P)& WHAUCR o]gBlod insuline] cf
¢ AU AT fFRE Hed L FEE BN
2] B54g HESIAT}L Insulin (P)e] o] o8] @
292] anti-insulin IgY’} H =%l Insulin (P)

23

of 2J3] f=¥® IgYt insulin (M)ef] &8 RS9 IgY
Brl 24 @& 0dE vehigdou E Aol gal
th. ¥ FFe dodde] 28 KX gy oy
insulin (M)& QJA|3idony, 72 U Rol4{ e}
Ligict,
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