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HENSBBREKHMEE(GMA) >9% (i
SBGCTRDVHEMERE L s NBRAFRRRZ —
FEEE(EDMA) > 98% , £ H Signa A7 BE -8
THE(AIBN) , sl RKEAWEKIT . 82X k2
MEAAGHRLIRCE, i, Xfbs it m
=i R E R ERA AT T
BB (CFHRZ 0.8 ym), T HEFEH
PR LA ZZ 8, ¥, sk T & AR A
T4 MikBEEB (BSA), M4, £ E Sigma 24
L H RN e
1.2 BFLEHBANER
1.2.1 LA B & WALAB(A)
& O —E S8 GMA,EDMA, RO B, +—
BEH AIBN 113 50 mL ETE P . BREH S, 0
ABEEARKRS HEERHEC . BHERSH
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S EOCHEGERAKBRF 4 #THE. £ 1.4 BERHER

HEHEES ERAREENRE TS =0RS, M ) R o [ B R B B 4 0 E [ B 3
ADER BRENESYMAERSEFT.A X BAXNBESERMFER B TROSENTE
WHPEAE 400 o/min £4,FE SSCTHRFESER  BBEASHERD, A 0.01 mol-L™" Trs-HCI(pH
EURES U3 K/min HHERBZEESCT.RE  RH7.6)FH.ZHT KBEREE 120 .G HALW

AhREREFEE T, LM 2 h, EERE . A FRREAF0.0S BT 25 mL BERET,
AL R (BB AR, BT XEERAL fMA 5 mL BCEFAY BSA FE# 25 CHEEKE 120 r
FLLAN KA &S H AR min 'EB% 24 h 5, L FBMIEIE 280 nm /K

1.2.2 HILWABEE HRESUHEREA 00 BORE REF M KM ER TR RN K
BRlpsd AR EREFAHZEME 240,  HE. EFTHARSRA LN, F4 BSA B
DR EBAMPRENAARAANMLECTHEE  EHH 1 mgul™.

A4 AEAEBRTEARK EETRESAM. 1.5 A#XE

HMERR T ABREO0.2 ml: LT HMHER WARBEHZBEH RS, RAE NN
b HEESEEE, AURBERRES. 28 BREARSED (50 mmx S mm 1.D.). RE#H
BE.ASNAAEBKMZEEE, RTEMLM,  HERD AKTA FPLC ERF R K (RARIEDHE

EHETHRE#M. FAF) . L 0.01 mol- L™ Trs-HCI(pH 3} 7.6) K
1.2.3 ShegEAL RN B ERRENESY HHHE UMERESHFENXER.

HRI7E 0.1 mol- L' Tris-HCl Bl (pH H 7.6} HAERHAERHMERAMLSHE . MH
BHEE, B ZEHThFEEN, RIAREMDT: 2 mg-mL™'BSA B Tris-HCl 3 i & R B £,
50 BAYERS 25 L —EAFM 2 L = HRETAHAEERHENDISRMEE.
ZHHRE, T 60CT AL 6.5 h. i i 04 38 Bl & o = cFlty = tg) (0
ER L RS A E T 100 ml NaBH, (0.1 mol- * Vy

LR EEES 12 b, UMARER LR T o AEE 0% FENHHERMAR me:
MIRER AN EBNEE HRNEHE, ik mL '(Bed column), ¢ A BSA HBKE mg:
ERERETHE ARBAKESRER. BEA ml ', F X BSA (RBIFLHE mLe min™', ¢ th A
GIBEB M o, KR ED MG . WA Bk B F# A EE 10% B BT E) min, ¢, K FCE (A
KKZEE%E WERELEHNBFXRNMERLS min, Vy AH AR mL.
THRIGEH. .
13 HREAEEORE 2 HERWIR

£ 72 4 45 1 52 i FJ Malvern mastersizer 2000 BI 2.1 frEEETEREHRL
A7 A (3 E Malvern instrument td.) #5E ;L 2.1.1 @AM ER S ERTARERE
24 #5 F) H Poremaster [E RILBE AT (£ H HRZERB(PVARBERER BRI MRTH
Quantachrome 2 7)) #§ & . Lt % 1 2 R I BET 35 M [ 43 Bl ok FE AR T 18 B 04 v T 80 B 12 40 T ot
N ESARER R E kR L. fFrab, RmE 1 iR,

Table 1 Effects of dispersing agent and its concentration on the mean pariicle size of the biporous beads

Dispersing agenis 1% PVA 2% PYA 2.5% PVA 0.1% Gelatin 0.1% Gelatin + 2% PYA

Mean particle sizes (um) 87 47 20 108 51

m#E 1A, 1% PVA R 0.1% WKESD WILH CaCO, TE K Mf it B2 1 5 M ERTE 41 i o it e
ot BEMAREIREERA AERTHE R GxERAN PVAKBBRHOERE 18D, 5
RN, ML 2.5% PVA fE 2 8 BT ™ 4 K 4 B W E AN R LB AR EKBER PR
Fii2d /N 2% PVA 1R ECRET S REVR 2 T Fak A RRBEE A R BEH BT i
E BEZSBRRER, LA PVA fES B, Bl FHl2% PVAT 0.1% BB ARG WA e,
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BB R8N pm) T X AEE L CaCo,
ETHRENERIES . '

2.1.2 FULBEILA M Em ANBAAAR
HEERMESUNBIESY LA LRI BN E.
FOIRWMET EMHRBI K4 F, RRAFIEALNA
Bt A W ERERI R R NE 1 iR E
oM ABHNBEANGIO®E « T -®) 58K
(CMA)H /R BT, S 283 0mEIR
FLAR B9 R 415 21 W B 44 B B 4 A9 TR B 3 . BOTL )
W, A 8 UL 58 B 47, (B TR B B K 7L
HARZR ARKHES BLERNMEANRS
HRIER , SEPREE TR, FAERENHE
LAWK B AR ERER T80 R R
SRS AT, 25 23 NI E R B A R
THERR B, EEAXREEAAKEN 1, &
HEN2~35 M W26 BI4REAMNES
MR LR R .
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Fig, 1 Effect of the amount of porogenic solvent on
BSA adsorption to matrix A preparation
M| :molar ratio of porogenic agent to GMA

2.1.3 BEBIAAHBHRE FH'RT B
BOALR (DA ER 45 a ) FH B X R A TR B
BEMEKENER, LSR5 TE?2 L M, A5
FR4S L5 M A8 BB K %2 (GMA + EDMA + & HLE 4L
POEER B . /] LUE B 35 B R4S fn A B
LA B A BRIE KB BN, o H 3t BSA #TR
MEHAE TR FINREY M, XF 0.43 B .5X
2 BF B R 5 ] 4 JBURE O 0 A 3 4 R A 3R KL
B, KSR EESTRERERSETS
KERE. R M K. ENEAANNS BN
MEE MANBAAR A EEROTIER
BE S BB, /v IF b m BRI, o6 BSA
KSR BRME. Bt M, KTFo3m,BS
R 3EPERBEZERRERTNERIRE,
BIANREYRFHRNEE X100 um Y k) &

BEESKE, RHRBANBEE, AHRHE

M, HO02RE.

80 80
— v
g% 1% <
=3 o
3 4
P | ] =
& O o Water content 40 £
S -8 Adsorbed BSA 2

20 1 ! 20 <

=
wn

1
0.1 0.2 03 0.4
My

Fig. 2 Effect of the amount of solid porogenic CaCO; on
matrix A preparation
My : volume matio of CaCO; to (GMA + EDMA + organie

porogenic agent )

2.1.4 KEFHEBEHER TEAAREE
Boma & B B FL A H I B AT O, B T X g Bl
HECLEEER W EAREILABER TN
T, REZTBEAARWE T AR A B, Hxt
BSA MR ERNEBA IR, BP M, BZHEH
(EDMA) 58k (GMA) I EE /R E . B W I, 4 R
X BSA 9 0% fH Bt FE A2 B FE B A i W . X
EREAXBEANAEHENEN BHALERE D,
N EMERE®, X BSA 60 HEBH 4 B 1 Kk,
SREHBETMR B M, £ 1.0 LI TR, B &
FIZEALH R B % . % 18 P32 B & i 18 o {48
STEANERG FHZBILSHEN, A RYLHERE
HOEAN . ABRAE M, NEEMEN 1.0,

Th
=

o+
=

V%]
=]

Absorbed BSA (mg. g™

I
oo

0 04 0.8 1.2 1.6
M

Fig. 3  Effect of the amount of cross-linking on BSA
adsorption to matrix A
My : molar ratio of EDMA to GMA
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2.2.1 LEWAMYEERMLE B4 BN

AR A SRR B RE R EAR R A
AR BB B R A R E A BE R
T L, VIR

AL, X4 H 91 B B8 K AL (O CaCo, B30, R
WA ER . HARBREAMNASHH KR
BHE R

Fig. 4 Scanning electron micrographs of the matrices

5 HFFA R ERSAE . HETE R
AL AR AR, FLEXT 150 nm K1
B AT, Kb 600 ~ 800 om ML AR FHKX
FLUO s R4y, A A BB KT (> 180 nm) (&
B aflExRm 37.9%, AFELHER L A
K 12.6% ;TR BB RTLE KA S &
B 13.2%,. AR BHALEESH 4~ 180 nm H)
LXK, HALEE L BB 86.8% .

Velumn fraction
of pores (%)
o3 8 83
[ ]
=

490 90-130 180-550 550-4000 > 4000
Different pore size range (nm)

Fig. 5 Volume fraction of pores with different size ranges

F2MNETHEMBARMABRE. SKEMRLE
RSN RER xR 2T, HAEGTF
KRR, R A I REE/NFAHE B, H
AXKBRT B, XEAAALEWHIFEMETLA
BEBEARETHEIKERKX.

Table 2 Physical properties of the two matrices
Specific area
{ pm) (m-g™') (%)

A 50.6 91.3 67.1
B 47.9 137.8 60.5

2.2.2 BERMELE P A B % BSA #55
'&m%ﬂﬁmﬁﬁﬁﬂuﬁﬂi » Langmuir % Fit
SRFBUAUBFHILAA T AR B BSAK
HARMTR.

Particle sizes Water content

Matrix

Gu €
9= K, +¢ (2)

Hep, g WEERHE (mg-g'), ¢, HRABEH
B(mgg ), e WKEPEBRNFHKRE (ng-
mL '), K, YR FHEE TR (mg-mL™"). 57
AR BESRHAERRNBEIRMEEE, R
RARHAR D59 9.1 mg-g',96.1 mg+g™'
(BE), B TRAMAEHA R LIRS
RUY AEBRNBERMARBETARA X
EEHMAYERS, WETHERKX.

03 0.6 09 |].2 1.5
c (mg-mL")

Fig. 6 Static adsorption isotherms of BSA to the anion-
exchange media

2.2.3 @ikt HERKE RN ERH
KRR E A CE RS E S B B R
EF B TPERTE2S cmmin 'HRET,
2 mg-mL ™' BSA BWHAERSEA A A #1 BT
MFEEME A DRE 10%iH8, A A8
SEH AR R 32.5 mgmL ™' (Bed volume) , 1% F
51.6 mg-g (Wet resin) , BIft it A MBI ARME R
HEBERMENST%;WAHBHITREE
{74 7.05 mg* mL ™' (Bed volume) , ] % F 11.4
mg g~ ' (Wet resin) , UV KPS RBEEREN 12% .
XREBTAEANBKALSHWAFAESR BSA 7
FaUMUM R T RFAN TR, &L THEEL
BRX-ZR5HHEEERAERABESR
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Fig. 7 Breakthrough curves of BSA at 25 em* min ™'
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25 ~ S0 cm min ' HBEHAEANMNETH
MR AERItERE (B8) sl R, Bfshi
BRRENTENXRETREREASEREN
REMEM LR, WA MRS LA R
WiRE. T AERTRAET (50 cm-min™') 1%
ERH 1 MPa ££4 , T4t & B £ 40 cm* min™' B3R
ETHELIK 2.0 MPa. I RIEW AR A
LEMB /AT R, B T i if
HE.

FERRELRAFYUERRESHAER
MBRRES L, RE& T BEANILERNG
Bl A clkeEmE . SIEATEREK &6
WALERTE B 8 F 337 . B o e 88 4 Bl fh 26 A0
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Fig. 8 Effect of liquid flow rate on back-pressure of the
columns

QO matrix A, » matnx B

e HE AT ULEOTLN | 1 SOFL ) A0 38 B Rl A A i v
DAL EHE R AMEESAEHE B W, #E
TEBA N REENRH.

A A WEBAHAE > 180 nm I KFLEK, 7L
FHI37.9%,mNMH BNMWALEELEPE4~180
nm F/NLEK, LK K 86.8% . #r it A ¥ B %t
BSA AR M4 Langmuir RSB AR, A
HRARASSRNABNRFHULHMERE. &
A BIBLSIERER T4 R B, AN A KEE
WHEBREGE TN R BHAIESREEER, XHZ
Bl TFERAE BT E.
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PREPARATION AND CHARACTERIZATION OF A NOVEL BIPOROUS
SPHERICAL ION-EXCHANGER FOR PROTEIN ADSORPTION

WU let, GAN Yiru, SUN Yan
( Department of Biochemical Engineering , School of Chemical Engineering and Yechnology .
Tianjin University , Tianjin  300072)

Abstract A novel biporous spherical matrix of poly ( glycidyl methacrylate-co-ethylene dimethacrylate ) was
prepared by suspension polymerization with superfine granules of calcium carbonate as solid porogenic agent and
cyclohexanol plus dodecanol as solvent porogenic agents. After being functionalzed with diethylamine, the matrix
{ denoted as matrix A} was used as an anion exchanger for protein adsorption. The types and concentration of
dispersing agents ,the amount of calcium carbonate and solvent porogenic agents,as well as cross-linking agents for
the preparation of the matrix had been optimized. It was found that in matrix A the macropores{ > 180 nm) took
37.9% of all the pore volume,while in the beads(matrix B) prepared with only selvent porogenic agents 86.8% of
the pore volume was in the range 4 ~ 180 nm. Due to the presence of the macropores, convective flow occurred
through matrix A in chromatography , leading to a high dynamic capacity up to 51.6 mg-g” ' (wet resin) at a flow rate
as high as 25 cm-min ', nearly 4 times higher than that of matrix B. Moreover, the column of matrix A showed much
lower backpressure than that of matrix B.These results indicated the potential application of the biporous matrix in
high-speed chromatography for protein separation.

Key words Biporous, Matrices, Suspension polymerization, lon-exchanger, Adsorption, Bovine serum albumin



