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TE 83 29 1gG (Immunoglobulin G)oll 3= THdol] 223k WS vhilz] gy (Immunoglobulin Yolk)= 2]
F R g W B FQ3lt IgYE A f8l Alde@e] mExlel Fle|Adolv ol idS HAE &
AR A1} 23 2] & FPLC (Fast Protein Liquid chromatography)®] DEAE (Diethylaminoethyl) Sepharose Z+
Jo A o] w3l g3 EwES AASE] IgYE Y3, GF HPLC (Gel Filtration High Performance Liquid
Chromatography)=. IgY2] #AFFS S5k EF IgYe} vlwsle] Igy ©dS F43KIt. GF HPLCOIA IgYe]
oRed-s waskelar Igy whlE 2] thedS IE HPLC (lon Exchange High Performance Liquid Chromatography)

oA AX, CX, SCX & AM3te] pH, NaCl 55 vlre] 2RIt AXE ARESe] 0.5 M NaCl, pH=8 Z=71¢]|
A 3719) IgY T35 B89, SCXE o]- &3-S Wl 0.5M NaCl, pH=5 ZAAE 3719 IgY F T35 Fal& 5= it
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Abstract — IgY (Immunoglobulin Yolk) in egg yolk corresponds to IgG (Immunoglobulin G) in animal serum and
plays an important role as immunological proteins in intestines. Carrageenan and Arabic gum were used as pretreatment
agents to purify IgY from fresh egg yolk. DEAE (Diethylaminoethyl) Sepharose column in FPLC (Fast Protein Liquid
chromatography) was an ion exchange tool to remove contaminants as well as to elute IgY from the column. GF HPLC
(Gel Filtration High Performance Liquid Chromatography) enables to measure the molecular weights of IgY and to
identify the purified IgY by comparing the molecular weight of standard IgY with the purified one. IgY is a heteroge-
neous group of different molecular weight and ionic properties, which was investigated with various IE HPLC (Ion
Exchange High Performance Liquid Chromatography) columns such as AX, CX and SCX. Three peaks of IgY were
separated in the AX column under the conditions of 0.5 M NaCl and pH=8. The SCX column also gave the three peaks
of IgY at 0.5 M NaCl and pH=5.
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LA = [3], IgGRL} SA50] Aol 7P7hr] whe] deljellA] $-eldt 16
o} e 7] YE TS HATH4).

3} o] A= LR 1gG AlEe] FAlel sida =23t el 29] IgY R ml 3 9~25 mgC 7 £ 3 F9 IgG
gH21Q1 Ago] ozt thE |, ka2 o] PR vl et ek Ak 5], W 7l 9 15 miQ) WEto] Bejuar, ¢ vie]
ol A= IgY (Immunoglobulin Y)2F F-2UH1]. Igy W o] aje IgY2] A7F AR 40 ¢ A% FTH6]. Ankd o B0 P
2 180,000 Da] 1L, 577 (pl) WA= 6.5~7.5010}H2]. Alke] W3 1 melld 9L 5= e A2 ko] 8~12 mgld] Hisle] &2 174
2 o-livetin, B-livetin, y-livetin ©]2h= =843 W2} Q1=)4 A ol A& = A A9 Ak 60~200 mgo | o)Foll A Eo] &4

(LDL, HDL)® 2 5] o] QMEt, o] F y-livetin A1) 64 KDa
2l heavy chain?} w21 28 KDa®l light chain® 2 ©]Fo{#] Q1L
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FITHS]. ALRHA] v & deho 2 RE] B4k 3 (Specific IgY)
O] AR 2t FH Q) AeHT AR o R W, ¥A47Y ¥
ol P2 Allell vls Ar7F A s e 1S e
Ao, ARG 9} AR gite] golabr] e vEks o] 85k &
AR 712 W oFA] Sl B o3-S Zkar Qleh9]. BEgt
W2 3| IgY A5 AlSEH Aol 2 Qe ZA-F-2] IgG
o} WAWEE-& 314 gkol[10], AB8}EHA] Boi= QUAIeke ® P £

Soh=t] =2 o|FS g glor, X BES UAAIAA IE
AESAY TS| ol HE R AME W2 FEES AE0I

=Y 9l 5 w2 o] slo11]. oA | e AL A

L& AL APEE Adsigkon], 54 el tisiM= A
AT AL ITH12). &EEARl 2] RO RE o2l
& AzvtE el A ojv) ARnfE Y], 19k A ARvHE
129 5-o] ol o] 8-+ aL QlTH13].

£ A7ellA= FPLC (Fast Protein Liquid Chromatography)ollA]
IgY A155 #5131°] HPLC (High Performance Liquid Chromatography)
= IgYS £33t} FPLCOIA DEAE Sepharose gel 22 AR
sto] Igy ©Ae Fejeigion, st 55 =5 Bof A o3}
HPLC (Gel filtration, GF)= &3} U] 1gY9] #Al-S S743819011,
0] wWH(lon Exchange, IE) HPLCE °]& w3k Z-8(AX), %]
& W ZR(CX), Yol wE ZR(SCX)0 % EAfsto] e ]
Igy?e] o] 2] 545 ATsiaitt. gy We] dhiid g Fapefo]
vheFst Tzl o] Hgto)al o] 77t BetAo]2 & GF HPLCS) IE
HPLCZE FA43to] ©hilzd 548 AR F a7t Qlrt. 1gGell dist
X 3+= Pharmacia 3|AF2] =30l 2 A E o] 9lo1}(14], IgY
W Sl thgh 19+ Bl 201 [E HPLCE IgYe] o] 54
= IgGs} vlarstarzf gk,

2. AlSl 1=} Hi

2-1. AlZ2 Hxz2|

FPLC FUAEZ W& 0} gk B8-S dxje]sto] ALg-st
St} w8t ik (Edentown F&B, Korea)> 57 1 Lol W&k 2
= 274 10 g, 15 g& Wol {alAZAh A& ko g Al Al
oz wEks WEslelal, SR 2,54 34kl s A
AFATE AlEE] pHE 5.0~5.32.% 957] 213l 1 N HCE: 371813]
oh et &5 A7 TS A7) flte] )AlE et ] oul
2 #H7FE 0.01% carrageenan (Sigma, USA)S Y1l S&3510] 244
7t 2 BFET Sk 2483 AAARA F s ont FEiA
15000 rpm© % 31 7F 4lEe|ato] FPLC FUAEE Rl

HPLC TFO= W3} [gYE w2|g wje] 2] WS = FPLC A
Ae] WS ARSIl 33 371w Arabic gum powder (Duksan,
Korea)= H733F3ict.

il
¢

i
(ol

o,
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ol g7 &l Ao ® o AlY At WHEF(98%, Samchun,
Korea), 7= Ao] QIF LEF(99%, Samchun, Korea), T-14H(99.5%,
Duksan, Korea), 744t VHEF(99%, Duksan, Korea)s A5}
20 mM QAREE f-ol(pH=7, 8)Z} 20 mM T-AAF 95 8- (pH=4,
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QA%

5y AlZsIgITh 8589 A28 o7 95} LVFEF(99%, Duksan,
Koreayer A3, w21 5748 A9k E 3153 IgY, thyroglobulin,
alcohol dehydrogenase, albumin, carbonic anhydraseZE AR2-5}3IT}.

2-3. 7171 & EX|

FPLC A38AX|2 A& 529 3 (P-50, Phamarcia, USA)2} €2,
2 gae- Ea)7] 93t B E(P-500, Phamarcia, USAYS ARE-313]
a1, 0] SBXE [iquid chromatography controller (LCC-500, Phamarcia,
USA)Z 38 2833t 1% 7]+= UV E7](Optical unit UV-1,
Phamarcia, USA)S AM-315101, €% TAIollA fraction collector
(Model 2110 Fraction Collector, Bio-red, USA)E ©]-&3l] £4& &
Skth. Agof] ARE-3F jon exchange chromatography (IEC) ZH 0%
2] Z=(1.6 cmx5 cm, Spectrum, USAYS ARSI 20]2
5} 4=%] 2= DEAE Sepharose CL-6B (Sigma, USA) A2 AM8-3153T}

HPLC A2+ 40l o)< HZ(222C HPLC pump, SS9}
UV 7&7](Spectroflow 757, Kratos analytical, Germany)E AR5}
3, HPLC ZH 22 AX Z(2.1 mmx33 mm, Inertsil, GL
Science, Japan), CX Z# (2.1 mmx33 mm, Inertsil, GL Science,
Japan), SCX Z+# (4.6 mmx250 mm, HP Genenchem), gel filtration
7+ (7.8 mm=300 mm, Bio-rad, USA)S AF4-3}31 T Auto data
module (Younglin, Koreays 534 A% W3S A% H, vloJg] &=
%] 32 73121 Autochro-2000 (Younglin, KoreayS ©]4-3] A Z20}l&
T#E LSl

2-4. AE HiH

FPLC 41 9] ion exchange chromatography (IEC) A&7
Table 13} 2t} [EC W= B3, A& T, AlH, Sgol &8 &
Aol A 1gYZ ¢+=t}. DEAE Sepharose ZF82] o] 54 20 mM ¢!
AFUEF ¢ 8807 pHE 70120, 1.0 M NaClE 3718k €
= 80w ARESIITE BRI MH S 5 m/min®E &AL, Al
B39 85 4942 2 m/min® & a1l om, 1ol A9 1}
2 280 nm% ZF3IATH

HPLCoIM 2] AX Z] 9] o]5d-2 20 mM QWi UER 9% &
MO pHE 7, 819131, ©37]el] 0.5, 1.0 M NaCle: 71l 8%
g ow ARSI CX 2] o]F 4 20 mM T4t - FHAxt
UEE 95 §002 pHE 4, 50|90, §5 §90% 05, 1.0 M
NaCl& AME3IIEE. o] g-oio] 23] 4ol 3] sl =53]
(Brason, USA)E 15 {F SHAIAE F, &N £ 714 52
AAsE] Y3l ThA] g 2SI 2 102 B3 27197 AR
o] §52 Ag dolel wjet dol7} 2 AX, CX ZHS 0.2

Table 1. Experimental conditions of ion exchange chromatography
10 ml

Resin bed volume
Flow rate and time

equilibration 5 ml/min for 10 min (50ml)

sample loading 2 ml/min for 20min (40ml)

washing S ml/min for 15min (75ml)

elution 2 ml/min for 30min (60ml)

Equilibration and 20 mM sodium phosphate buffer (pH 7)

washing buffer

Elution buffer 20 mM sodium phosphate buffer (pH 7) with 1.0 M

Sodium chloride
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ml/min, A°]7} 71 SCX Z-4H-2 1 ml/min®E 51312, Sample loop
Z 20 ulE A8k, Gel filtration ZHH (7.8 mm=300 mm, Bio-
rad, USA)S] O]/ 20 mM it UEF €5 902 pHi= 7
o], 2 1 m/minZE S FUZS 5 pl= si3ich.

Y
o

3. 80 H

Fig. 18] FPLC AZvHET#L- 33, Al8 ¢, A1, &2 A&
A FolxudAo] Agshs whildS 2e|st Ayjolr} 1A
g 20 mM A UEF SE8dpH 7)°2 FHSAZ 5,
AEE Tt FHE AlEE £E81Q1 1 M NaClel| &3] o]
2103k Aol|A] WolA] 1gY thill o] )7} o] o H a1 S8k &
£ A 157} Uit Fig 1(A) A2rHE 13 |el Buo] 10 g

u| 0], Fig. 1(B) AZrHE 73 W3} Fiilo] 15 g wjS v}

1o A]

5] 1
IgY ¥3)9] F4= kS oF 70 mvlrh W Fe) ofof wE o
F2Eo] 15 g w7k e Bgo] 10 g W Bt gy B9 &
= #tel 13 = SR ook st 2319 Fd gko) fHast
ATk, o= ke Fdto]l ZHE Igy7) o] w g AelA ] F2E o)
o} FRwI A2 Ao % Y7t el 3 IgY7h ol e
A dgtow dddsigl o, da Bt Al |deko] F 5= Table
2¢]| Waskgict.

Fig. 2(APIME Fig. 13} o] Igy @iz e] Ha)7} o]foixix
A Hs ©Ae] vk ugtor, Igy w29 STt oF
400 mV= 27 U Zhe o 5 M9l o] R85l AlFH s 1t
o olFoixlon, 1gYe] AlES S flel whid v|=7}
ER 50, 51, 52 1 4 W] AHE5-5 WO} GF HPLCS o8-8t 2
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Table 2. Comparison of IgY contents in egg yolk

Yolk sample Concentration
Egg yolk powder (=10 g) 33¢g/L
Fresh egg yolk 36 g/L

Hot A3 Fig. 2(B)ellA Hi= vkel 2o] 51 24 we] w3271 71
= Ugron, 51 8 23] gEnlE J3lolx 8 Frfjo] 379} o
A=A 18] 10 Bohe] v=2 3749 W7} 9SS FRlE
N FA F el o= 2719 9 3E IgY wE 02 7PYsto] IgY
o] RS 73St

Gel filtration Zel] B4 S &l Qe vl e AE 1
= IgYE Tt B gy 74k 27} FPLColA] 28t 2hs

= T ARESIQITE 32 AEEE 0.01 g/mle] thyroglobulin, alcohol
dehydrogenase, albumin, carbonic anhydrase®| 1l ©]& Z}Z+e] #2;
22 669, 150, 69, 29 kDao|t}. A& A7} vhilzl MEa) ¥ o2
AF AR Fig. 3(A)PlA B vkel o] thyroglobulin 6.14 1,
alcohol dehydrogenase 7.57 <2, albumin 7.71 <2, carbonic anhydrase
9.85 3, EF IgY 6.94 12| AFARES 2t Zo = Vbt &
2ke] AA7)el| wiet o] 7]g Hefl sold & gl 2 2k IR
St vt 2R A= A710]] whEbA] L] el Eoigte]] wh
2} §%0] &=/ HE= GFC o) 2l HEAj#ko] 2 thyroglobulin®]
A FAIe] 718 W5k 1 52 35 IgY, alcohol dehydrogenase,
albumin, carbonic anhydrase =©]{T}.

Fig. 3(B)°ll GFC A3 Aol whe oz ME=7 27 IgY9]
AFA12 log (M.W) (Molecular Weight)el] S 3]7]=141& LE}
Uit T ABZ 1 1gYS] log (M.W)E thyroglobulin 2.83,
alcohol dehydrogenase 2.18, albumin 1.84, carbonic anhydrase 1.46,
IgY 25019 IgYQ] ¥AFRE oF 300 kDal 2 F4 YTt Igye] ¥
A2 24 kDa, 74 kDa, 109 kDa# 3714]0|31ar, 25 §H4 207 kDa

0

(a) | (b) (c) (d)

Intensity (mV)
s

Time (min)

(B)

Fig. 1. Ion exchange chromatograms of DEAE Sepharose CL-6B FPLC column using egg yolk powder; (A) egg yolk power=10 g, (B) egg yolk
powder=15 g, IEC steps : (a) equilibrium (b) loading (c) washing (d) elution.
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Fig. 2. (A) Ion exchange chromatograms of fresh egg yolk using DEAE Sepharose CL-6B FPLC column; IEC steps: (a) equilibrium (b) load-
ing (c) washing (d) elution. (B) gel filtration chromatography of collected fractions from FPLC column.
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Fig. 3. Gel filtration chromatograms of standard IgY and protein samples, and regression equation for determining IgY MW.

o7 HyEgon[15], & ATl sk IgYe] #Ago] v A
A Ukt ol Igy @i do] = SAE Zor AAAr
GF HPLC 3 47 Fig. 4B)°IA 2709 1gY =8} 1719] &
o] EASIH= A dokar, & ol BE=E 57H11717] 913l IE HPLC
oA AFsIsict.

Fig. 4Ax= AX ZHS o]8310] o]57do] pH 7¢ <] NaCl 5
T W3lol| w2 Ay} o], Fig. 4B)= pH 8 2] NaCl =0 wh
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£ Av}o|t}, Fig. 4(A)°1A 0.5 M NaCld wof] =& vhal o] x|
FAZIe] 2 2ojel Zlof vl 1 M NaClolA= <5 gkl go] [gY
3|3 FRR] GHAA] & How BztEo]xItt. Fig 4B)lIAE

72 Avloln], pH 8 wlel] B WA 2] I 7} Igy 9] W}

H =tk pH7F 575 S3%0] AL 2w WEo] Igy Bk IE
geloll B @o] 2 Hlthar Hojxiv}, vt =87 TS 37019

subgroup (a-livetin, B-livetin, y-livetin )% 2] =+=d|[16], 0.5 M
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Fig. 4. Comparison of chromatograms according to NaCl concentration by using AX column; flow rate=0.2 ml/min, (A) pH=7, (B) pH=8.
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Fig. 5. Comparison of chromatograms according to NaCl concentration by using CX column; flow rate=0.2 ml/min, (A) pH=4, (B) pH=5.
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NaCle] A 2ulE 7ol 57} 372 Eejd A8 B 5 9,
M NaCI¥ w] 2T} 0.5 M NaCld o] 93 22)9} F2= 7l
ggs & 4 it

E5E AlA felsita R g Aol wleh14], CX ZES A}
H3lo] AZrpE 7] mix|ut] U2 BoE 930 V)5 S0k
= AR} Fig. 5014 B5E A7 a4 A0S ERlst oLt +
57} = FelERE 2okt IgYe] 47 (pl) el 7 pH
5014 NaCl 55 WH3lo] 2 FIvle e 4% o7} go
U, pH 404 IgY E3go] NaCl 5% H3lol| ule} Wale] &3
9] zlo|7b A YERYTE NaCl 5571 55 IgY7} 2499 o
gl 2 FAE =), ol IgY7 =2 o] FollA F Ao
7335t AdElelA] 320 & FAEE FA0E AFRE, 1G] w4

oM A4 ARFETIHIE olgste] EF W] AT 2w
LS AAS Bz} QU 14].

T} ool [E HPLCOA] IgYE #a] A33s] S8 Zol7t 71
SCX ZH& ARg-8ISit). 24 8] dol7t AW Fe| 7} S7kskal A
7 ARkl ojx)7] whitel] 458 1 mi/min® 2 S7FAIFCE Fig. 6
9] SCX ARFHETHE AX AR 2] A=rE T o] Igy 92
7} 3= EelE9lar, do)rt 71 SCX 2o ARvE 3] 2
S7F CX BY 55 ¢ 5 Q%o pH 58] A=rEETI$O] pH
49| AEnpE 9 Ko} v 37} geks] veksit CX 2o F=0t
B 7300l YERY NaCle) 2574 &3} SCX 28 pH 50l4=
ERFA] 939ka1, pH 404 NaCl 557k 571814 IgY S32o] vl
LFERSITE o]i= CX HPLC ZH 9 #57]e oFsh ofol w3ly|
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Fig. 6. Comparison of chromatograms according to NaCl concentration by using SCX column; flow rate=1 ml/min, (A) pH=4, (B) pH=5.

Zk31 Q)31 SCX HPLC ZH& 73t ¢
ol WEV|E THAIL QOB T A7]e] ¢JFfo] o]R7]8] 3k
B} ZolxiA] SCX ZHelA NaCle 5571 Zobd o IgY]
AN FZo] Yol A o7 Btk T3 Fig. 6(B)= &
Fig. 6(A)°1W var)g] Az 2ol ves As & 77 Qe
d], o]& 1gYQ] AR 7T A HAAAGFF HAsio] o A
X]UE pH 4 w7} 59 wjv} HaleFo] v AX AatA &2
o] o7} grzto] =7 wliel Igy BRSS9 He| ) "ol A
o7 Azbdd),

O

propyl benzenesulfone 71&

0

0;

4. 4

=

el EAEHE 1gYe] 2ARE Y} o 543e dobry] 918t
FPLCOIA AR5 #313810] IEC, GFCE A4S 2RI GF
HPLCZ 0.01 g/ml ¥ 433521 thyroglobulin, alcohol dehydrogenase,
albumin, carbonic anhydrase®] Xﬂ-rr/\]7 Fo} EAlES BE IgY S vl
ekt A3 A3 1gYe] 2R 300 kDao| e, HPLC 2]
AX 24, CX 2] 18] an | o7k 31 SCX A 0% o] F /]
pHE} NaCle] ko]l whE o] 25445 AA7-8i3itt. AX ZHelA pH
79w B} pH 8% wel] E< whlFo] geloll T ol FAE M,
0.5 M NaClYd wj 379] B 7| 5515t CX 22 EE

AA gapaolglont el et dol ik AX 2 BT SCX 2
oA 220 FE =t o E9kom pH 4 w| B} pH 59 A 2w}
Eo] W§Es] veRkken, cX ZellA NaCle] 3] pH 5ol
A= 2 Ul

“d A

o] A= AT 713 AFAlel] SJal A hE o o] 7t

AP =Y
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