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Abstract — Recent technical advances in the biorecognition engineering and the microparticle fabrication may enable
us to develop the single step purification using magnetic particle, because of its simplicity, efficacy, ease of automation,
and process economics. In this study, we used commercial magnetic particles from Seradyn, Inc. (Indianapolis, USA). It
was ca. 2.8 micron in diameter, consisted of polystyrene core and magnetite coating, and its surface had carboxyl
groups. The model, capture protein was IgG and anti-IgG was used as the ligand molecule. We studied the different sur-
faces (‘nude’, ester-activated, and anti-IgG coated) for their biorecognition of IgG. At a high pH condition, we could
reduce non-specific binding. Also anti-lgG immobilized magnetic particle could capture 1gG more selectively. We
attempted ‘oriented immobilization’ of anti-IgG, in which the polysaccharides moiety near the C-terminus was selec-
tively oxidized and linked to the hydrazine-coated MP, to improve the efficacy of biorecognitive binding. Using this
method, the IgG capturing ability was improved by ca. 2 fold. From the binary mixture of the IgG-insulin, IgG could be
more selectively captured. In summary, the oriented immobilization of oxidized anti-IgG proved to be as effective as the
streptavidin-biotin system and yet simpler and cost-effective. This immobilization method can find its applications in
protein biochips and biotargeting.
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AERFA ] ofe] B 34S Tsiaz]7] ek A W
W 72| = 21 o] 83 27|22 (magnetic separation) 7142
olth A Re1e] 2 o4 Thed) shh= A gent ek
Ae|A] AR =52 B4 Felddo] 7Fssith= Flolth A |ite
7148 A4 QRS 23 ofe] 7] AE ERS0] 491 Fetl
el 23 20w B4 B4 Rejad 4 olrhs AHe 7
A3 QrH1]. o]l E 2AUY] 71 (scalability), E-84, T
A, AE3}o] golAd, BlE-2 AH3 So07 A} ——7}0]'3’— At
ulA] AP AR il Flelo| =, 40] 113 A 3171
immunoassay, 2= A, vlo] Q. AlA] Foll ZHA| /\}%Q—‘—

AAAA}E o]-83F HE Ealo] Auld K= vls-9] JJrZJOH Lﬂr
eh gt (1) 52 249e] Ageo] A A 248 A9
A} el KIAAF1AL, (2) E7F W elA eRte E4lo] 54 B4
T QAls1e] APahaL, (3) AFEE o 8ste] AP PAE FElaid
5. @) el AdUAelN =4 she e eRhs B R
SHA7A| et olnf], 14 EARES 5ol % (specific) 02 -2l 3l U
7] ¢J5le] B2 EAg}l Eojd o uked 5= 9l g7ke EAS 2}
23Q]A} ol BzA)7 =), AIQAF B 71572 dAsket H
ZRIEE ATAPT| AL 9hEEHA] 92 B WNE wokgo A 2zt
= A AFUAL el $IAA1A 4= ckFig. 1).
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7} it} o)z et S-S =B sl A= wigk g3}
A7t wi@d g she o] &4 HojelA HolA Q= 2

S
00

>
O
O NHS/EDS
—

activation

-COOH

-COOH

00C 4
W C,
O%

HOOD-

CO <

C desorption

Active ester

intermediate A Anti-lgG 3 Active ester

; 0
Q % blocklng @

intermediate blocking
by ethanolamine

OLE:]Z] Hol= 6‘]—01 ‘7Zﬂ§}.}\]7].‘_—; H]—lﬂo]ﬂ- 3]—jﬂﬂ HH%‘]:/H “IXﬁ
Il 7]—rtﬂ shth= & T e] sk RS of8ete] oL
JeA7]= o]t 5}11]-4 7%~ 71=2] H-chain(Heavy cham)oﬂ %
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7] S18ted 2PdQ)Abell 1gG FAE adsirlzlar, agdsl agelrd
QFA O AL Gl ollS o] g5 s s BekE
BEg o) g5k WS ol85l] 2470] A g6 AT
B wa) HkT}. Surface plasmon resonance biosensor(SPR)E ©]-&-
so] nlfeRy agstel wiRkd agstel oJgt A Al &
01‘8}‘”“4 3, lgG FAE AR AIUAE ARt 1gGRE

S Hulrog 3 7] 98t 248 Zorom AAUAE o) %
o}O% v‘i—F/PXé,A IS 29 5 = 7FsAell diske] g1kt
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2-1. AEE

= AF oA A8 AP YRR CM-MP(carboxyl modified magnetic
particle)A] Seradyn, Inc.(Indianapolis, USA)IA] {183t} |
ol 2.8 umo|H, EAE Fojol] APAAS FHA O ZH] 2}
8 JehiH RS AR 7571 AT Q) B
AR A8k mouse IgG polyclonal ]2} mouse IgG, BSA(Bovine
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™
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Fig. 1. Schematics of IgG purification by using anti-IgG coated magnetic particles.
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serum albumin):= Sigma-Aldrich(St. Lois, USAYAFollA 2131t}
chal g ek 93k Bradford dye?} SDS-PAGE A]2F2 Bio-Rad
(Hercules, USAJolA +J31ict. viekd 117931E Qs AR
¥ streptavidin@} biotin>- Pierce(Rockford, USAW}FollA] -1 553
o o] I 7}A| B hydrazide 71E 7FA 31 QITk Q17F Q1491
EEEnle| 0I5 ettt

2-2. NHS-EDCE O|&%t XFIUXI0 mouse-1gG M| =}

o] 712 RS 2k A Qke] spdel 1gG FAlE a7dst
AL A4 1 mg% 50 mM MES(2-(N-morpholino ethanesulfonic
acid, pH 6.1) 2 38 A|H3}az, 230 mLe] 50 mg/mL2] NHS
(N-hydroxysuccinimide)2} 72 -3 2] 10 mg/ml. EDC(1-ethyl-3-
(3-dimethylamino-propyl) carbodiimide)Z ¥ 305 5 HHE-A|
Ao ZM RH7E NHSE SSAZTE. 1gG 3A A3l st
pH 32 A3817] #1511 1 mg/mL2] 1gG FAE 10 mM sodium
acetate(pH 3.5, 4.5, 5.5) ¥}, 10 mM MES(pH 6.5) B3, 10 mM
PBS(phosphate buffered saline, pH 7.5) & o]-835}4] 1gG A
£ 100 pg/mLE 343 5§ Z212F 1 mLg FAsith At =
ofQli= mlo] AR FHof| 3471 1gG FAE YL wHIAZ1HEA A
Zof| A HEEAIZTE, Whg & 4lEe]7 & o] 83sto] e dvks #
SRl HolQl= 1gG FAS] 2 uve F7ste] 1dske 166 &
A] k& ATt AR el HololE 497191 ester SXHA|
& o] §Jsted 1 M2] ethanolamine(pH 8.0)2 21l 15% 5<t

BESAIZ) T Zh7pe] Wz AL,

2-3. IgG A2 ElrElE RS 0188 033

23212 1 mge A5k 0.1 M MES(pH 4.8) W3 Z 0]-8-3}]
3 A S3ATE 0.1 M MES(pH 4.8)°1] 0.5 M acipic dihydrazideZ
v wykete WREAIZ) B APdYAE EolQlE mlolA R RH.Y
1 mL& ¥olErh 1 % 3 mg®] EDCE Wil 3AIRE &<k WA
7]e] HEEAIZ] - 3%} S5, 1M NaCl, 33} S5 0% A%
S0k, 1G A9 WPSkE FES A7) 910 1 mL
2] 0.1 M sodium phosphate(pH 7.0) Mol 1 mg® 1gG &4
E g3 A1 3 10 mg® sodium m-periodateE Y il 30%3F
Aol A REGAI AT 5]. ¥HE- § desalting column(Sephadex G-
255 o]g3F] o3l sodium m-periodate®} AHSHE 1gG &
AE el Hoe6]. HFEZ S E 0.1 M sodium phosphate(pH
7.0) & o] &3to] AYAE AIHT 5 AR 1gG 34
50 pg F7ksto] el sk Bt 7PA wRkskSict wkg &
0.1 M sodium phosphate(pH 7.0) 3], 3%} <7<, 1 M NaCl,
3; SRS £o% M

24. Biotin-streptavidin= O|E%} IgG &Ml 1™3}

A QA streptaviding: 178 8FA1717] Hke] 1 mge] 34
A& 50 mM MES(pH 6.1) 3 & 3/ AlF e £ 2 mg/ml. 2
streptavidin hydrazide £ 200 ul2} 10 mg®] EDCE Yo 3}
F B2t §ESAIATHT]. Biotin 4 3782 1 mg/mLe 1gG &
AE 2FIAIZ] H 1 mg/mL9] biotin hydrazide S-8-& YWl 14]
7+ Bk Ao A HESAIF Y WES-S W] $1ske] 0.01 M
sodium phosphate(pH 7.4) H|3H & o]&-3}o] 4 °CollA] s} F<t
FAAIZTH ).

2-5. I™EE 1gG M 1gGe| AvlES

373NN 1gG FA} 1gG 7H2] Ajhe ERlEk] flto] IgG
AL sgEe] 9l 1 mge] APIUA 100 pgel 19GE ol it
HEAIZ A oA WESAIATE HEE- ] 303, 603, 1AIRF F,
anti- 1gGS} 1gG 7FE] AFNRE-S AT

2-6. IgG Et%}

273k 1gG AL AR 1gGE welsh] Aol g 2271
= gto} wokth. nAshe 1gG Ak AREE 1gGoll Z42e] gt
BISIE | mLd W 23 ek HRSAIZC) BEke 9f5) Abe et b
Y& 1M sodium chloride, 200 mM sodium carbonate(pH 11.5), 100
mM sodium bicarbonate(pH 9.2), alkaline SDS(0.2 M Tris base/1.0
% SDS), 100 mM sodium citrate(pH 3.0), 100 mM glycine(pH 2.0),
250 mM sodium hydroxide, 100 mM hydrochloric acid, 100 mM
glycine(pH 2.3)+1% DMSO ©|t}. Y4e]7]|E o] 8-3lo] A5t
o Folo] B 19Gake SRRlsir).

2-7. pHO|| 2 HISO0|X &=t

(1) Edol| o}l Hz|shA] o2 7k2 5217 T (‘nude’)} (2)
NHS/EDCE o83t s /9317l & 1 M2 ethanolamine
(pH 8.0 ©]851] blockingr|A slo] =%547]E vehli= 34l
v Eo]d Ao T FaH+= [gG8} BSASY 4 Fels Hakt).
1 mg®] AM3QIAL el 25, 50, 100, 200, 400 pug?] IgGe}F 2 k9
BSAE 1 mLe] H-3|7} ¥ =% 747} W e} Z9al3ict. pHe|
kS 81317] $15Fe] 50 mM sodium acetate(pH 3.5, pH 5.5) ¥
9, 50 mM sodium phosphate(pH 7.5) M3, 50 mM sodium
bicarbonate(pH 9.5) W3 & o]-8-3130c}. 1A17F <t wHkA 7w wt
SAIA F 2SS Fto] AA] ol UVE FHTE S
o HolQlE 1gGo} BSAS] o5 7hsle] Fa¥ 1gGel BSAS] o

& =359,

2-8. 1gG €| RPHUXIC| RHALZ

A AR el Gt 1gG FAQF AT 16GE E2AA 3
3 H, 100 pg/mLe] 1gGE 1 mL ¥ol5o] 7FEA| WHEA]
710 RESAIFTE WEE & PR elE S8kl dedvks FH 35}
o] oISl 1gGY S SHTOEHN Wk 1gG F& 3}
ot g2agd ) Astabd S wHEslo] Z3shdA] AANE-E A
AR 20 1gG A9} vES-Ss 1gGel o wWstE 3w
sisie.

Iy

2-9. O|A=&tE (binary mixture)HIAMS| MEHN ATt

Amine-couplingS ©|-8-3F n|uljaky 11793} wey 11793}, biotin-
streptaviding 01831 30~35 ug? IgG A7} 1178 H AR}
E°] = v AZFEe 50 mM sodium bicarbonate(pH 9.5) H
Hell FHol0l= 60 pg®l 1gGe} A& Wi 1AI7F B2 ellx
THIAZ | RESAIFCE ilie] & APIUAE LS HulE o]
310y A1), 189 1gG FA|2} 9ES-SF AZE-2- non-denaturing
SDS-PAGEZ: ©|-g31o1 &I o]ul], 20% acrylamide gel A}
23} © gel% coomassie brilliant blue & MHL- o] g3} T}
SDS-PAGE ©]m]=] =218 $]8llA] densitometer(Total Lab,
Durham, USA)E ©]&3}3it}.
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2-10. Surface plasmon resonanceE O[S} IsG A H|H{ER
bk

SPR biosensori= Biacore ABAH(Uppsala, Sweden)| Biacore 3000
A|2BRE o] 83190} Al HOoEE CMS5 s o883ttt o] 3
32 carboxymethyl dextran 502 F=3XE0] §lom 47119 flow
cello] St S78HE =il Q= dextran Tl 2]7H=2] 173t &
B2 IAIF]7] S8l 231 coupling buffers ©]8-5l0] A%17]
2S5 =3 (preconcentration test). pH 3.5, 4.5, 5.52] 10 mM
sodium acetateZ 2]7F=9} E3kslo] F=]lske] Hu2 A= H
A 9] pH 715 A3t} Dextran 52 carboxyl’|E E/d3HA|
A A 29| amine”| 8} F-HATS FAAZI7] S8k, 02 M
EDC(N-ethyl-N'-dimethylaminopropyl carbodiimide)2} 0.05 M NHS
(N-hydroxysuccinimide)& 7% &<+ S¢]50] ¥E&Ado] E2 NHS
ester? 233} AT} Preconcentration tests -3l 274 % pHS] 10
mM sodium acetate?]] 2]7F=(1gG 3| A FHE5 % 20 ug/mlo]
HEE 71 $ofl @4431% flow cell 2(fc 2) Y12 5 pL/min®]
40 % 7g3lsISitt. 1gG FA7F A8 %42 NHS esters 1M
ethanolamines 73+ &t 221501 blocking AIZAT}.

2-11. Surface plasmon resonanceS O|2¢t 1gG A HiZHd 10
Az}

CM53 9] 71254715 02 M EDCS} 0.05 M NHSE 5 pL/min
o7 3% Fek E#5Eo] NHS ester?| 2 BHAISAIATE 1 F oyl
712 28171 18191 5 mM adipic acid hydrizideE 5 ul/min®. %
7E7F SEFUC) 1 ¥ oIV & vl R 952 NHS ester/ ]S 1 M
ethanolamine® & 5 pL/min®] 50 % 73-7F S520] blocking?|
ATt 2 5 AR 2291 Akshe 1gG FA|sF FLsk o ®
ARIAIZ FAE HEFE27) 20 pg/mL7F H5EE 10 mM sodium
acetate(pH 3.5)°] 597 5 pL/min® =2 B A9} FU3 ok
flow cell 4°l 2798}313Ac}. 21§ SA|2] AgH(Schiff base)y QF
sksl7] $81d 0.1 M sodium cyanoborohydrideZ- 2 pl/mi 2
7t EHFct

-

o

U

T

2-12. SPRZ 0[|&%t IgG SHle| THSIs=0| e ZAEH Hlw

10.8 mg/mL IgGE H3557) 321.3, 160.7, 80.3, 40.2, 20.1, 10.0,
5.0, 2.5 pg/mLe] EE= 0.01 M PBS(pH 7.2)°1 357 30 uL/min2]
L£EZ fo(flow cel)lIMF-El 47bA] S8Fdc) 24 Age
23 A3 (association time), 33 3l2]7-7H(dissociation time)S
Fol s¥l W AFsgict. Algnitt the A5E FIs] S8l
250 mM NaCl+12.5 mM NaOHZ 237+ 30 uL/min® 2 S2j5:0]
A AY (regeneration)SF St}

3. Zda} g pxEt

3-1. 1gG A D™= E2ER1 pH MY

712875 Z2H= AJIAE NHSSE EDCE o] 83l 443}
AlZ1 9ol 1gG A 17431 $Igt HZ pHE 3] flske] pH
3.55E 7.5 Aldal B3kth pH 4.5%F 6.57FA+= 1gG A9k
P34 7] 1737} -2l §lo] #1gsi= 0% Kot pH 3.5
9] Z3olli= A9 vkgo] ddojufA] kit ufepa] o] AtelA] 213y
%)= 1gG A2 amine-coupling 1783R= pH 4.5914 3§33t
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Fig. 2. Adsorption isotherm of anti-IgG immobilized on magnetic parti-
cle (N=3).

32, APSURI 0™ElEl= =0 1gG &M &

NHSE} EDCE 32988 SASAIT 1 mge] AFd Aol 10 mM
sodium acetate(pH 4.5) o]l 5013):= IgG FAY] = S7HA17]
v golg oz wgslE: HrlRs 2918 Bokth. Fig 204
Lhebzo 1 mesl AH91A00 oF 70 g?l 16 BA7E 3=t o]
Z3}= Langmuir modelll 288 4= it}

q/qm: (de Cs)/(l + de Cs)

A71M qi= RESSE T O] YK(g/me-MP), g, Ho] whH vt
S (ug/mg-MP), Ca= S-Wde] Thil o] 5= (ug/mL) Z18] 3L K,
= FEET (gl TH8. 912 el 2Jske] g, 5= 105 pg/mg,
133 K= 0.014 ml/ug® UERGTH

3-3. IgGEHI2| DHSIE 2Ieh HISAIZE

AR Tl 1gG FAE ag3A 7= e dk A7k &
QIR Q). NHSS} EDCE o]&sto] &/33} AI71 2Pd Aol 10 mM
sodium acetate(pH 4.5) 3ol S0IU= IgG A 80 ugs ¥oi 30:,
IAIZE, 2A1RE, 4RZE, 6XRE 3 APd YAl = 1gG A9
< RIS 1M A2 BE REgo] doftal 1 o] F2 =
whgo] A9 dojupA] oFgtrt.

34. HIS0IN HIZS E017] 98t pH &3

237t el ni5o|H 0w FAshE TilEe] ok Fol7|
Qlte] Whgoll 3t pH 32718 ERlal] Bttt HAEAQ 196G}
E5E291 BSA2] E3HE-S 50 mM sodium bicarbonate(pH 3.5~9.5)]
o] 3N F YA FA s 5 A8 ARSS
APAAAR= (1) 35 oM AElekA] ot 72 EAYE VER
= 397 (2) NHSSF EDCE o]&3)o] x-S &3} A7 § %o
71252715 1 M ethanolamine(pH 8.0)2 ©]-2-3}] blockingA|#]
slo|EEA7)E e S o] &-sle] A3sitt. Fig. 3014
HeR}Ro] pH7| 3ol A ]1A) 3ol S-&E] = 1G9} BSA
9] ofo] Folti= A& BRI = Qirt. o]t pHO| PF A
AAF et d o] dale] o)sk ekolgtar A 4 9l
T} pH7| 1gG9) pIake! 7.4 WLIRL} ol HA 1gGe] w0l &
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Fig. 3. Amount of protein adsorbed on magnetic particle surfaces.
mm: nude MP with BSA, @m: nude MP with IgG, NSN: NHS-
activated (after ethanolamine blocking) MP with BSA, —:
NHS-activated (after ethanolamine blocking) MP with IgG.

531 Uehdlo] 9] SA35-sHE vehdle AMddrtele] 477
A qhikedo] A7l o2 FAE = ko] FOlEA HaL, P2 ol
2 pl 7o) 4.791 BSAE pH7} 4.7510) Hopdogi AR} %
Hol| F2E]= ofo] ZolEA Hrt. olgst Azk= w0 2
oA %1714 wheo] Fo 3k vk B9l AX|sH= AS oF

3-5. IgGe| MEHX ZAjh 20|

IgG FAE gt=z wgFAIR AR TgGrte] e
2 A% el tiste] gls) Bttt Sel4 vk =
o]7] $]8F*] 50 mM sodium bicarbonate(pH 9.5) H¥E ©]8-35}3]
Uk AP ARl (1) oFF- A2lshA] 942 73, (2) NHS2F EDC
= o] g3l] @43A71 F 1M ethanolamine(pH 8.0y ©]-8-5}0]
blockingA171 73-%-, (3) 1gG &AIE amine-coupling W .2 u]ul
& 1A Aol 1gGeF BSAY] FHES s KT
Table 104 UERFR] 1gG 35 7178 3kA17) A YALE o] 83
A7t 7tEEAY), ol EEATINE Qi A9t B4 Tl
1gGete] AEla Agreo] 6~8uf zolxl 218 1T 5= UL =
IeG FAE ol YA A 1gGeke] Ae w2 5

% 9= g Fasr,

i fo

3-6. IH3E IgG AL} IgG 219 HISEE

1gG &7} amine-coupling ®H ©. =2 3173k A AAbell 1gG
7} Agshedl o A7k 43Ik 1gG EA7) amine-
coupling o2 143}l Q= ARl 100 pgdl 1gGE
ol 5 20858 360:27HA ART 1pGo W @RI A, 1gG

Table 1. Effect of surface on adsorption capacity of BSA and IgG

70

60

50 1

40 A

19G (ng)

30 4

20 4

0 T T T
0 100 200 300 400

Time (min)

Fig. 4. Time course of IgG adsorption to anti-IgG-coated magnetic
particle. k is 0.014 min" (N=3).

Table 2. Buffers used for elution of IgG adsorbed on anti-IgG-coated
magnetic particle

No. Elution buffer Elu“((;: )y ield

1 1 M sodium chloride 0.8

2 200 mM sodium carbonate (pH11.5) 10.0
3 100 mM sodium bicarbonate (ph 9.2) 1.3

4 Alkaline SDS (0.2 M Tris base/1.0% SDS) 313
5 100 mM sodium citrate (pH3.0) 0.8

6 100 mM glycine (pH 2.0) 77.1
7 250 mM sodium hydroxide 21.7
8 100 mM hydrochloric acid 358
9 100 mM glycine (pH 2.3)+1% DMSO 86.0

A 16 Abole] AFE ATkl Brh A Sl
(Fig. 4).

3-7. IgG E&ITA

TS 1eG A} At 1G] TE2 B2 21519 Table 2
ol A A3}t o] pH, HHH] F57 4l s FEE A B
St} o] HHE ol 100 mM glycine(pH 2.0y} 100 mM glycine
(pH 2.3)+1% DMSO H#E o] 83k 3-5- 24580 86%= 7V %
Sk o)F 02 oG At AT 106G B2l A7 AR
o Ad 7ol v Bl AE o F AUTE B glycine
TS AFE3h= 73$-1T DMSOE £86)0] ARgah= 49 &
= JehE=dl 0% acetonitrilec]t} DMSO% 22 471&
ol BHEES Folerths Rarel UXISHUITH10].

ok

i

Relative adsorption capacity

BSA 1gG *
Surface with carboxyl group(nude) 1.0 0.4
Surface with hydroxyl group(NHS-activated and ethanolamine-blocked) 1.0 0.6
Anti-IgG immobilized surface(ligand-coated) 1.0 35

(*) Relative adsorption capacity of 1gG as compound to BSA’s (1.0).
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3-8. 0™EE 1gG EA2| THARE 7ty

SAge) 19Ge] EA9 A7} AUl T 1o
o] A= Z]N‘?JX}E o] &3k AEE] 7122 Ak stellA
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Table 3. Comparison of IgG binding affinity by ligand coupling methods (N=3)

Immobilization Methods Anti-gG Immobilization

1gG adsorbed Binding affinity (the number of IgG/the

(ng/mg MP) (ug/mg MP) number of anti-IgG)
Random(amine-coupling) 31.9+6.9 282+95 0.9
Oriented(oxidized carbohydrate coupling) 357+29 563+5.8 1.5
Biotin-streptavidin 43.8+2.7 603+1.7 1.4

Table 4. Comparison of IgG binding affinity from IgG-insulin mixture by ligand coupling methods (N=3)

Immobilized Adsorbed 1gG Ratio of immobilized antibody

anti-lgG (ng) Percentage (%) Mass (ug) to bound antigen
Random(amine-coupling) 313 29.6 17.8 0.6
Oriented(oxidized carbohydrate coupling) 329 942 56.5 1.7
Biotin-streptavidin 352 96.8 58.1 1.7
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Fig. 5. SDS-PAGE (20% acrylamide gel) analysis. Lane 1: binary
mixture sample (0.6 mg/ml IgG and 0.6 mg/ml insulin), lane 2:
after reaction by random immobilized anti-IgG, lane 3: after
reaction by oriented immobilized anti-IgG, lane 4: after reac-
tion by biotinylated anti-IgG.
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Fig. 6. IgG isotherm to immobilized anti-IgG antibody. Open circle:
orientedly immobilized anti-IgG antibody, closed circle: ran-
domly immobilized anti-IgG antibody.
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