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Fig. 1 Schematic diagram of the operating device

for CTA hollow fiber affinity chromatography
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Fig. 2 Preparation of CTA hollow fiber affinity chromatography and adsorption of proteins

2 HR 5tk

2.1 Bt CTA FEHRER RIS
2,11 gtk CTA SR i W IfT 45 44 20 A

K 3 A~D Sl CTA FEEFUK IR 2 i K it A2
I5C T T R ASE () B R 22 ) () BB P BT T 25 A T 5, a~
d Ay AH T R W T 45 A i K L. R B 3 AT LR B

CTA FLBE A B T 4544 A BRI LI S FE AR 41
e AR AR AL » ELIBE SR LB L AR 28 T3 K it 52

R A AR W BT I » 30 23 B AL IR B 1 AN [ 7
JEE R8P o ] - 5 0K A1 W TR 45 40 114 J2 AT R ok
sl ) s 18] 3a~3d & B 45 B B A W 17 2454
PR )R AR DR AL T ] S 2 Ak o 150 D b e B A
I,

A, a: CTA BN B b KRG s C o SCBRITALSS 5 D, d 3R W B /5
B3 2tk CTA BT 4544
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(left: Langmuir model; right: Freundlich model)
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Table 2 Langmuir and Freundlich model adsorption parameters

for y—globulin adsorption by CTA hollow fiber
affinity chromatography
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Table 3 Dynamic adsorption capacity of y—globulin

under different conditions

Mk /(mL ¢ min™!) Quic/ (mg + cm ?)

=

0.5 1. 68
1 1. 65
2 1. 57
WA PR/ (mg » mL™Y) Qusc/ (mg + em ™)
0.25 1.12
0.5 1. 65
1 2.31
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Fig. 11 Dynamic adsorption curves of y—globulin
on CTA hollow fiber affinity chromatography at different

initial concentrations
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Table 4 The adsorption capacity of y—globulin under different membrane matrices

JEE RS BT 5 Y- ERE WA SCHik
R Hh 25 A AR 1,6-C =25 [ai , L-Phe, L- Trp.L- His H B /KAt i 0. 318 mg/cm’ [27]
5] QB S A 1 3 T R e (1 0 /K AR T A 16. 3 mg/mL [24]
rpas TP U 5 RS R A K H AR 5 SRR Y L- RN A TiGefk 1.6 mg/g [31]
& HEMA-MAPA4 i FHMEE R A HEMA I BT 15 Bk i A8 T3 2 R 2.37 mg/g [32]
CTA s 27 4 i EGDE 523 Ak Ak [l HMDA 34354 Cu”' 2.4 mg/cm’ ENOIE

3 %k

1) DL CTA A AN 23 27 4 5y JE R 38 5
K EGDE 2T A el HMDA A Ay 8] e 8 %
JREHG T A7 IO ARG I T T 1 5 TRz BELARONE A
BhF T S ) 28 1) 3 A 35 X6 8 5 8 W o
2) LA IDA RRcks. 24 Cu™' g 7kt CTA
s SRR ETE R 5E v - BREE P AE AR CTA
ST YESE A TE R RE.  ER A T o R
B I BRI B R A6 v 2 L p L (EL AN S IR FE R - 3K
H R A T2 B A S AR B v - BREE 1 BT
HE 1 mg/mL, & THE 0. 2 mol/L #l pH=38
Bf, y-BRE A R KRS AE 2. 4 mg/cm?, H
HOW M R A Langmuir 55 5 FHBTRL Zh 250
B BIF SR 2 ] < T SIE B A5 0490 BT P W2 B 25 A2 A )
IO T » s I A CTA w28 4 45 fl a3
by BREE E B SE 5 RE T 5 2 DR A W B IR B AN

AR A y - BRI AR ER WL I y - BREE B
MR o - o) e G 32 ) 8 o 3 .

S 230k

[1] Porath J, Carlsson J, Olssom I, et al. Metal chelate af-
finity chromatography, a new approach to protein frac-
tionation[ J ]. Nature, 1975, 258(5536); 598—599.

[2] Moore C P, Pieterson K, Desousa ] M, et al. Charac-
terization and utility of immobilized metal affinity-func-
tionalized cellulose membranes for point-of-care malaria
diagnostics[J]. ] Chromatogr B, 2021, 1186 123023.

[3] ChenJ, YuB, Cong H, etal. Recent development and
application of membrane chromatography[ J]. Anal Bio-
anal Chem, 2022, 415(1) . 45—65.

[4] Ribeiro M B, Vijayalakshmi M, Todorova B D, et al.
Effect of IDA and TREN chelating agents and buffer
systems on the purification of human IgG with immobi-

lized nickel affinity membranes[ J]. J Chromatogr B,



523 ZEBERAE L CTA vhzs SRR A (35 (0 1 5 L2 B g 105«

2008, 861(1): 64—73.

[5] Cheung R C, Wong ] H, Ng T B. Immobilized metal
ion affinity chromatography: A review on its applica-
tions[ J ]. Appl Microbiol Biotechnol, 2012, 96 (6):
1411—1420.

[6] Block H, Maertens B, Spriestersbach A, et a/. Immo-
bilized-metal affinity chromatography (IMAC): A re-
view[ ] ]. Methods Enzymol, 2009, 463; 439—473.

[7] Jain P, Vyas M K , Geiger ] H , et al. Protein purifi-
cation with polymeric affinity membranes containing
functionalized poly Cacid) brushes[J]. Biomacromole-
cules, 2010, 11(4):1019—1026.

[8] Hong Y G, Zhen H' S, Jun D W, et al. Influence of
preparation conditions on properties of chemical modi-
fied nylon affinity membrane (used for y-globulin ad-
sorption)[ J]. Chin J Chem, 2010, 18(4): 516—520.

[9] Ozeki K, Nagashima I, Hirakuri K K, ez al. Adsorp-
tive properties of albumin, fibrinogen, and gamma-glob-
ulin on fluorinated diamond-like carbon films coated on
PTFE[]]. J Mater Sci-Mater M, 2010, 21(5); 1641—
1648.

[10] Yavuz H, Bereli N, Yilmaz F, et al. Antibody purifi-
cation from human plasma by metal-chelated affinity
membranes[ ] ]. Methods Biochem Anal, 2011, 123
(6):3476—3484.

[11] Asena O M, Cimen D, Bereli N, et al. Metal-chelated
polyamide hollow fiber membranes for ovalbumin puri-
fication from egg white[ J]. ] Chromatogr B, 2022,
1203. 123293.

[12] Lu P, Gao Y, Umar A, et al. Recent advances in cel-
lulose-based forward osmosis membrane[ J |. Sci Adv
Mater, 2015, 7(10). 2182—2192.

[13] Madadkap P, Ghosh R. High-resolution protein sepa-
ration using a laterally-fed membrane chromatography
device[J]. J of Membr Sci, 2016, 499, 126—133.

[14] Boi C, Malavasi A, Carbonell R G, et al. A direct
comparison between membrane adsorber and packed
column chromatography performance[ J]. ] Chroma-
togr A, 2020, 1612: 460629,

[15] Ghosh R. Ultrahigh-speed, ultrahigh-resolution pre-
parative separation of protein biopharmaceuticals using
membrane chromatography[J]. J Sep Sci, 2022, 45
(12). 2024—2033.

[16 ] Rathore A S, Muthukumar S. High-throughput
process development: II. Membrane chromatography
[JJ. Methods Mol Biol, 2014, 1129 39— 44,

[17] Orr V, Zhong L, Moo-young M, et al. Recent ad-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

vances in bioprocessing application of membrane chro-
matography[ J|. Biotechnol Adv, 2013, 31(4); 450—
465.

Wang X, Xu J, Li L, et al. Thiourea grafted PVDF
affinity membrane with narrow pore size distribution
for Au(]ll) adsorption: Preparation, characterization,
performance investigation and modeling[ J]. Chem Eng
J, 2017, 314, 700—713.

Wei Y M, LiY, Yang C, et al. More effective mem-
brane chromatography[ J]. AIChE J, 2015, 61(11);
3871—3878.

Liu Y, Feng Z, Shao Z, et al. Chitosan-based mem-
brane chromatography for protein adsorption and sepa-
ration[ J]. Mater Sci Eng C, 2012, 32(6); 1669 —
1673.

Bk, oo IR R L 4. B TCKRR N AME CTA
thas ePYERE I A S RAELT ] PR 5 HOR, 2018, 38
(5): 8—14.

RO, CTA Z A Cu' MU 63 19 il % 5 RAE
[D]. L. #EARFT R, 2018,

LiY, Sun Y. Poly(4-vinylpyridine) : A polymeric lig-
and for mixed-mode protein chromatography [ ] ]. ]
Chromatogr A, 2014, 1373: 97—105.

Kosior A, Antosova M, Faber R , et al. Single-com-
ponent adsorption of proteins on a cellulose membrane
with the phenyl ligand for hydrophobic interaction
chromatography[ J]. ] Membr Sci, 2013, 442; 216—
224,

Li X, LiuY, Sun Y. Development of poly(methacry-
late)-grafted Sepharose FF for cation-exchange chro-
matography of proteins[ J]. J Chromatogr A, 2020,
1634, 461669.

GeDT, Shi W, Ren L, et al. Variation analysis of af-
finity-membrane model based on Freundlich adsorption
[J]. J Chromatogr A, 2006, 1114(1); 40—44,

Sun H, Zhang L., Chail H, etal. A study of human »-
globulin adsorption capacity of PVDF hollow fiber af-
finity membranes containing different amino acid lig-
ands[ J]. Sep Purif Technol, 2006, 48(3); 215—222.
Xiang T, Fu H, Yue W W, et al. Preparation and
characterization of poly (acrylonitrile-co-maleic an-
hydride) copolymer modified polyethersulfone mem-
branes[ J . Sep Sci Technol, 2013, 48(11); 1627 —
1635.

Kanavova N, Kosior A, Antosova M, et al. Applica-
tion of a micromembrane chromatography module to

the examination of protein adsorption equilibrium[J]. J



+ 106 + R e 5 R 8 A4

Sep Sci, 2012, 35(22). 3177—3183. 347—351.
[30] 2= K. BEERLE 2 2 By K 41 4 Rl 25 T = AR 26 1R [32] Yakup A M, Akn-Oktem G , Denizli A . Novel hy-
e Saifbpyn D], dbat . db T ok, 2016. drophobic ligand-containing hydrogel membrane ma-
[31] Hwang T S, Park ] W. Preparation of modified hollow trix; Preparation and application to gamma-globulins
polypropylene membrane and their adsorption proper- adsorption[ ] ]. Colloid Surface B, 2001, 21(4): 273—
ties of y-globulins[J]. Macromol Res, 2003, 11(5); 283.

Preparation and adsorption properties of CTA hollow
fiber affinity chromatography

LI Shugin, WU Jiaojie, ZHOU Junjie, WEI Yongming ,
XU Zhenliang » YANG Hu

(Joint State Key Laboratory of Chemical Engineering, East China University of Science
and Technology, Research Center of Functional Membrane Science and Engineering,
Shanghai 200237,China)

Abstract: In order to explore the adsorption properties of cellulose triacetate (CTA) hollow fiber affinity
chromatography, the CTA hollow fiber membrane was used as the basal membrane, The surface of the
membrane was modified by hydrolysis, crosslinking activation of 1,4-butanediol diglycidyl ether (EGDE),
grafting 1,6-hexanediamine (HMDA) as the spacer arm, and then the modified CTA hollow fiber affinity
chromatography was prepared by chelating Cu®" with iminodiacetic acid (IDA) as ligand. In the static
adsorption study of y-globulin: when the concentration of y-globulin adsorption solution is 1 mg/ml., ion
concentration is 0. 2 mol/L. and pH =8, the maximum static adsorption capacity is 2. 4mg/cm®. The
adsorption process accords with Langmuir isothermal adsorption model. For the study of dynamic
adsorption of y-globulins: within the scope of experimental studies, the penetration curves at different
flow rates were similar to “S” shape, and the flow rate did not affect the binding ability of y-globulin on
CTA hollow fiber affinity chromatography; The dynamic adsorption capacity of y-globulin increased with
the increase of initial concentration.

Key words: surface modification; CTA hollow fiber affinity chromatography; static adsorption; dynamic
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were prepared by interfacial polymerization reaction and imidization treatment. to study the effects of UiO
- 66 amination and the influence of different adding methods on membrane structure and separation
performance. The water contact results showed that the four PI composite NF membranes had better
hydrophilic properties compared to pure PI NF membranes. The nanofiltration performance showed that
the UiO-66—NH,-doped aqueous phase had the best nanofiltration performance with 91% CaSO, rejection
and 219 L/(m® * h « MPa) water flux. The fluxes of the four PI composite NF membranes were attenuated
by less than 0. 1% after soaking in organic solvents (THF, DMAc, MT, NMP) for 48 h. CaSO, rejection
did not change much (attenuation <<1%); flux attenuation ranged from 9-17 L/(m® « h « MPa) during
120 h of long-term operation, indicating good stability.

Key words: UiO-66; aqueous phase added; organic phase added; polyimide



