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mL.
1.2 EEERMRMERBRE S &

3 o 2 T 1 T e R e R R M A oK
ORL 0 MR I 07 15 A LMK B 3R A 1 1
BRUYMMUERKIRA 8 g VAe,2 g DVB,0.6 gHD
AT IR, A 2.0 g Fe, O, WETERL T, 7E UK
SAFT, B RIS, A 0.6 g 5] &5
(AIBN) , i H: ¥ 5 73 . /K A0 PVAIL24 JiE il
1.25 wit% 7KW 200 mL. F) 7 &5 38 87 U134k
B, R A5 RV ARV W, 32 i A K AH , 75 3000 1/
min {554 BTUIZLAL 30 min, 75 30 R R
SRIGTE 60°C AU S 24 h, 5% 38 350 r/min. JZ
;58 Ji5 38 3 W A3 B 00 Ok URR REPE RISk, IR &
P K S SR R 25 R S L B R LA 2% Jo
1.3 #MUREWHEKEREEE

JIr il A& A PE B M SRR, ZE B O B W A
Sy, 7 7 AR R 0 R AR 2-% R g i
0.4486 g, MAF] 1.6 mL ) — M KL rh, 78
NaOH & (pH = 13) By P i 4k 4 h, A P i
JEHIREVER S WIOK 0.2 g, &l T S 24 h. Jf:
TEAMEGHVEN T 28K R Ve P ERIR T
fift A1 .

1.4 FEGRMERGERIBRE R

FHAH o T B %% ( SEM |, JSM-6700F , Japan)
MGG E IO 0 R~ KN SO R DA FRL B2
ST ( MasterSizer 2000 , Germany ) 3R 5 B 67
BRI Z RN R sh 4 X @E g+ (VSM Mpms
XL-7, Quantum Design ) ] & # i % 58 JiE 5 38 12 #4
MY ( Model TGA2050, TA Instruments ) i &
FE 89 R & &5 oo R 2 A AL (Vario ELITT
Elementar ) X4 il #4770 % 43 075 TLLAMG3E AL
(Nicolet Nexus ) JI 5 #¥ iy B 21 4K AL
1.5 MANEImEHEFFESE G

26, H 10 mL @R #h 52 vh ¥ W (25 mmol/
L,pH=7.0),3E¥% 0.2 g MR IEREVEREK, # 0
A 10 mL BEFRER 28 this ORI 0. 2 mL g fif g (A
L% , #2952 10 min SRS TESMEAVERT T 73 1
YBCE TR R PR 2 i MO R M Tk 3 3, B 25
Yy BRI B 1 EE 5 B S AN TR) 6 1 7KV VRO G
PERETE R b B 4 W R 1Y TG, 3 28 Eh A 4
Na,CO, . K,S0,, ( NH, ),S0,. Na,SO,. NaCl %I
KCI.

1.6 EERRESTMENRKEENS

R 4E Bradford ¥, JH fF #5 {X ( Bio-Rad,
Munich, Germany ) 46 2 [ %5 5%, 38 4 e 92 3t
FEVEINE 1gG B9 PTG M (R BR AR R A TR
] WL .
1.7 BRRGBREKBEXEMEEX

FERFE SR, #E4T SDS-PAGE B J HL UK 43
Hrrs S ali AR B SR R R B L 2%
S H I TR RN e S R S T ok A
5 min, L5378, SR SR 7 100 V LR R HLIK 4 h.
ZJE B S st i G250 Yu o, P BR R/
F B/ 7K TR A TR it

F B0 €38 (Agilent 1100) FEE i €2
TE4E (Shodex, KW-803 ) 43 LA I 45 20 B9 -7
W, FH 50 mmol/L ()8R EE 2 wh s W (pH =7.0)
YER AR , K+ 4 280 nm, i /2 0. 7 mL/

min.

2 #RE5itie

2.1 FEmEREEREKE &
FHRGE TR R A 2 1 P (VAc-co-DVB) 1
sk, NP 1 B, B R B 23 B, R PR foek
PREE R HiE 6 L3 e i R 2 RO, 2R
(peECGEIWN e i ok NI U &N
W BERAEARG. 1 EL, A1 3R e e ol ok e WA A A
ME, SR BICR T Pl & BOREER RS A 1
0.6 ~20 pm JE LI, AR AIAE] 16.7 emu/
g, HICHIRE , Wk &5 14 24% . 7E NdFeB K A REAARY
WY ,5 ~8 s RIATSCELRERR 15 4200 .

Fig. 1 SEM photos of the magnetic beads
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Scheme 1 Surface modification of the magnetic beads with 2-mercapto-pyrimidine and divinyl sulfone
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Fig. 2 FTIR spectra of magnetic beads

a) P(VAc-co-DVB) magnetic beads; b) P(VAc-co-DVB)
magnetic beads after alcoholysis; ¢) Thiophilic magnetic
beads modified with divinyl sulfone and 2-mercapto-

pyrimidine

[ 2(b) E 1706 em ™' (C = 0) Wi I L 4]
2(a) B RRAG, 10 B 2 0ok 1 i 5 O 1) T B 5 1
TR SR 5 VB Ak I R R A K R T ) g
BONE. P 2 (e) i, 1128 em ™ W ISCIAE S — 2 0 SE
(R 3 (9 36T ik fof 455 I 3, 76 1290 em ™' Al 1315
Cmflﬂﬁll&mk SERBE P AN X R A 4 4 31 , 3 DI AR A

SRR R T . TR Jr Hrik 45 1y
%L/E?E S BB L HE Y 3% 54 0. 13 mmol/g.
2.2 FERRMEEEEREKEERIERM G

FHRBHERH (235 12 (SEC ) 0 5 1 P IOk Ry S
PENZI TeG Ay ik 72 . AR 48 A AR I 1 0 A o € 33 &1
(H1 Shodex Co $2£) , F1E 1A TG /4 O B 1 1]
Ar50oA 12,1 min A1 13.1 min. HE 3 AT AR B,
W BT, TG ) R AT A Y 8 it 583, T e A RS ¥
HAE12. 1 min A0 80— A B, SR, figk 1% A 7
i A TG, A Hofl A 85 . el 0L, Jor ol

F I PEBLIERE PEROKRT 1oG )™ Az B e 5 1
BRI, it — 2L 3d it SDS-PAGE B 5 HL Pk 12 4 ED
MEX 4 5 P e B R, AR 4 s, 7 fige 1 B
R ETEA T A 1gG AU BE R BE , SR A B
A EEA. AR E B 80K R T
AU P T ES Y 1G RYZEREIAEY 92% .
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Fig. 3  Isolation process of IgG from huamn serum

The serum (0.2 mL) was isolated by 0.2 g magneitc beads;
Adsorption buffer solution; 25 mmol/L PBS solution ( pH =
7.0) ; Washing buffer solution: 25 mmol/L PBS solution ( pH
=7.0); 1 mol/L NaCl aqueous

solution

Elution buffer solution:

TERWREER AT , Ve B 5L 1gG Z A 1Y
FHE A — b oA 2 i 32 4k (EDA) A5 B
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Fig. 4 SDS-PAGE electrophoresis for the isolation of IgG from
human serum with magnetic affinity polymer beads

1) Human serum; 2) Elution by 1 mol/L Na,CO; aqueous
solution; 3) Elution by 1 mol/L Na, SO, aqueous solution; 4)
Elution by 1 mol/L KCl aqueous solution; 5) Elution by 1 mol/

L NaCl aqueous solution

IeG S S PEM BT 32 25 e 7132 /K (EDA )
FHEAEHI.

Table 1 The efficiency of the isolation by the thiophilic magnetic
beads
Temperature (°C) 0 15 25
Isolated IgG (mg) 1.61 1.59 1.58

The 0.2 g magnetic polymer beads were used to isolate 0. 4 mL human

serum.

R , WEPETOER B 70 AR 2 vk B T X 4 7 A
SR B D X AR ) T A S R I 7 3. X
VR TR T 2200 W5 I 1) 2 PR 245 ), K 62 T DL i
WE R 2 5 9 L0 VR T, Bk S I e TR T Kk
TIN5 T R L T2 T, TR
ERIBRIR TSR BEM TeG 1 45 vt 71 b % B
T, PRI, S B e vk i 3 8 TR e A, BT S B
EDA 15 1. PRI, 7 ] 4% 0 8 ek P sk e 7
FEFRAAET , BIAT SEERRT TeG 1A S
2.3 IgG fRR B 72

G393 2o A O B B 4 pH R R A2 R
BT IRELLE T 1gC BB T . £ 58 g 6
T L P YO A 0t R B 4 TG fE 7
AT SEB rh, 2 pH (K F) 13,1 i, %A & A
JG R, B2 i R o0 B R, an &1 5, 3B pH
K5 AT TR A B TG

% &%) EDA A B AE FIHLEE, 76 0 M PR35
e B AR A S LA S AR U B T EDA
VERIR) 2 2E4E ) T ok H A3 AR, 0 S BH BT w8 475 e
SN TeG (AR AR, 7T RE S A R T W B 25 11

FRISEBEY , DRI, 7T AR FH— 2R 970 8 ok i R v e,
PR FRPERGER 5 15G 1A HLAE WA T 52 B0 0
B 18G HMBER . A2 S T L& 3, A ) 4
R B R HBAE 121 min &b B — A 2R
U 150 43 B LR R AR 1Y 1gG.

1 mol/L Na,COj5
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1 mol/L Na,SO,

Signal (mV)

1 mol/L KC1

1 mol/L NaCl

8 10 12 14
Time (min)

Isolated 1gG (mg)
=
T

0.8
0.6
041
02F
0.0
NaCl (NH,),SO,  Na,SO,
KCl K,S0, Na,CO;,

Fig. 5 Effect of pH and salts on the desorption of

IgG from magnetic beads

AN IR R 1 ik WA B 28Rt AN [ A 7] 1 0% B
WEET, 1 mol/L AN [ £h ¥ 1 (K, SO, 21 A1 i
) 195 BRI 3R F 14. 5% (NaCl) [ 16. 2%
(KCl1),20.9% ((NH,),S0,),23.3% (K,S0,),
39.5% (Na,S0,) f144.6% (Na,CO,). S} BERFR
EZUEAR, Py # R BLIAR B & BTN A IS
PO G BR B 38  T ORREUA R AR T
I NaCl 7R FE WA Ay B BRE PR , SR ATF 52 HL e JE2 % i
MRZ BRS 14 52 W0, A& 6, F W 24 NaCl #& 5 0 0.4
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02

0
02 04 06 08 1.0 1.2 14 1.6
Concentration of NaCl
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Ve A AE R R B R A, AT R
ST B INTTIE  IRAREE HIEAT S o AR T
3UorEE, BATESL R Z 16 10 mL M35,
ATLLG B 118 mg IgG, 7B 1k 5] 86. 8% .

1.6 mol/L
1.2mol/L
S
g 0.8 mol/L
E
= 0.6 mol/L
wn
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0.2 mol/L
10 11 12 13 14

Time (min)

Fig. 6 Effect of NaCl concentration on the recovery of the bound IgG

The SEC curves of the isolated products were also shown.

16 925 I T3 R 9 R
bioactivity =

the mass of bioactive IgG
the whole mass of isolated IgG

PUARREHR L LL Py JH 25 G 3 B R DLTE , 4N
WP ANK 1gG, 3X BEFITTE , W] LAE 2 G
P, PRI 3 3k v vk BE Y 28 Ak, SR o B
B EERAR A a D AR B B B
A, IR 2] 99% | B E 1670 25 o A2 rh PR
FAE S T LA k.

2.4 HBEEE

VER—FMEAE R AR (RS BR , PRk 53 28
IgG FARTEVF 2 Ul R I H 5 i 15k,
fAi Ak T B A LT T4 B R (A g, B AL, 0
A5 ) 5 R WEE o3 2 ) 2ok AR AN fel FH B2 R R 73 25
FOR A AR 5 5340, B T S A A R
il A i R AR IOk SR HE B 1 43 B L R T
6762185 % NIt o i 1/ sk e L 2 B S R 8B R NG
TR A3 85 5 e, RGP i 1) R e 2 A A R
B ) ] i A el R A A R ) 4 v L A3 B IR

WE 7 frn,20 min 2245 2 DL SE B AR 1L

x 100%

i R SR AN ) BB R RS BLR
953 B AR S HEAE TR M GRORE E
PERIE 25 AR, AR RO AR B, IR B0
AP o8 9 0 i 10 B

1.4 128
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I B

120
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Fig. 7 Rapid process of the adsorption ( O ) and desorption
(0

Adsorption buffer; 25 mmol/L PBS solution ( pH 7.0);
Washing buffer: 25 mmol/L PBS solution (pH 7.0) ; Elution
buffer: 0.4 mol/L NaCl aqueous solution

BRIkt (0 8 P o A P, AN 2 s

Table 2 Reusability of the thiophilic magnetic beads

Repeated use cycles 1 2 3 4 6 7 8 9
Isolated IgG (mg) 0.9 0. 88 0.87 0. 86 0.87 0.85 0. 86 0.84
Relative deviation (% ) 0 -2.22 -3.33 -4.44 -3.33 -5.56 -4.44 -6.67

The 0.2 g magnetic polymer beads were used to isolate 0. 2 mL human serum.
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FH NaCl & Wi 1t B I , o PRk v] LA BB, A
it AL A A b B ROk S 9 W,
X 22 R 7% , i T g it e 22 i aod 36 p %
PRI RERRI AT , X P AU (9 45 4 A R ROk L

A7 B 1 W TR PRI 350 2 2 A AR A
.
3 #ig

FH 2 -5 Sk i g o) i 1 Bk 0 A 7 2 T A8, T
DL B S B AR BREE 1 G (1gG)
FIr A B U, PR 5 ) 40 B RN A W . X

S I A T kg ol AN B R B 2- 55 3 g g
ﬂl IgG 2Z [H) ()5 S Pk W BRE AR FH 3 2486 T EDA
BN 7F 1gG 1 43 B8 ik B, ik 2 B A 45 19 pH L.
RV ERANIEXT 3 Bk B AR K s,
NaCl 7KV WA A i B s, Wk B2 0. 4 mol/L B,
IgG 4y B R e Ny 37. 7% , A= BRIG AL T
99% . 7F'Jfﬁﬁﬂﬁ’if'@ﬁﬂ?ﬁ*%%ﬁfﬂiﬁ T2%
AT B, A B A AR N AR Sl B R, TE L AL
53 F’%Tﬁﬁiﬁﬁ%ﬂbﬂﬁjﬁ%‘{ﬁﬁ- PRI, g —25 00
AW B P T 14 245 ) R 2 T, %o 2 8 0 B 4
T EEN .
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AN EFFECTIVE MAGNETIC SEPARATION TECHNIQUE FOR ANTIBODY
BASED ON THIOPHILIC PARAMAGNETIC POLYMER BEADS

WU Huidan, QIAN Hao, YU Zhijun, YE Wenhu
( College of Material Science and Engineering, Huaqiao University, Xiamen 361021)

Abstract A rapid non-chromatographic technique,based on the thiophilic magnetic beads, was exploited to
purify antibodies with high purity and bioactivity. After these paramagnetic beads were synthesized with vinyl
acetate and divinylbenzene by microsuspension polymerization, an effective surface modification with divinyl
sulfone and 2-mercapto-pyrimidine was carried out to endow these beads with the ability to specifically capture
immunoglobulin G (IgG) from human serum. The essential mechanism between the thiophilic ligands and IgG
was also investigated. It was found that the specific interaction between 2-mercapto-pyrimidine and IgG mainly
depended on electron donor acceptor effect,and this responding specific adsorption to IgG could be performed
in a salt-independent manner. We also investigated the relevant factors influencing the isolation, such as pH
value, temperature, ion kinds and ion strength. The purity of the isolated antibody exceeded 92% , with
bioactivity almost fully maintained ( >99% ). Although the maximum yield of the isolation process was only
37.7% at NaCl concentration 0. 4 mol/L, the recovery of IgG can reach 86. 8% by successive extractions. The
easy operation, conventional equipments and rapid process make this technique potential in large-scale
purification of antibody.

Keywords Paramagnetic, Thiophilic, Microsuspension, Immunoglobulin G, Isolation, 2-Mercapto-

pyrimidine





