9713 ZBUAMBCLEBRESLLERS V2 HENaC lKEBEE-T
RIRMERP OBETHER S L FROME

BhTFRE | Wk A (FEAE IT¥H)

AL BOENEE LT, BREERE (VAP R) 2502 MPEREZRV
A RKERO 2 LN 7EREIEIRESNTWS, TOAFETR, SHERERIE
L2 NVERAEERSEDIEICE ST, ABLOREICEES Nz U B> A
Da IS EOESBEHERES/NMCTEIIENTEDINDT, E-IRTANT LIS
HEELT, 2>V EASETENTE S, £/, PRREERDARE 21—V E
T B EICE TR NVERPRDRT—VT7 v THRETH 5.
 mEARARRS LSV ERENREATHY, U F—LERLHTE LTER
ST DRV INTBEEATWS, ARAETIR, I 0B E LT, EER—OD
EBHATETNhTVWAFT RIS X7 YU (OTh HFE 76,600, FEH 6.1,
R4 /N BhTOMERK : 12wi%) $LUFRLDC K (OM; 2FE 28,000,
E@mE 41, AL /NTERTOMER : 11 wi%) EETILELTEE L THER
L.

ToALTBME L LTV IFNTI/ESLY 2-eFAFXF VI FLT I/ EEE
T235957 FEHFHEESAMPLRBEOMILREICEE L . TONLSFIEF
KRR READZ N7 EOREEFES LU NaCl KiBRICE B E2 > NTHDR
»OORBEME, 2BEOIBA2 /X8 (OTf 8LV OM) B E ZDHERIE
ICEBEETHEAN:, B— 4o N7BBSVZRA 2 7 EOREHRDAED 5,
DENZ EN oI

LLINTBEN TSI FNEDFHEANZETRES L, SRETOZ /N7 EBYIHFR]
BEIC o 7=, Bl&#EE NaCl KABAREBICERS LRI EICELT, 22 NVENWS
BTRELTWAZ L, BLU2LNTEOHEBERMNBRTELI I LWV 2
DNEHED, D, SEEEIP ODEETOAHEEIRTE /.

TP R INVBEDEBRERD S, BICIE L TV OTH IS D - GRIRMEED
ENEBOOMAWET S E W) BRREPRE D ENDD o 2 INVEBAD
EBREATATHERTREREL A NN IEOREE L OB HREZRT HRIE—
L7 ch&l), 22BN 74 XHBRET THEBE T 2 82 DB/ ER
T%, E5(C0TF& OM EDETHBREEN +HEVNZ ENRE N,
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9713 ZIMECERBEESECLAMS VX7 EE2NaC lAKBHEFE-T
BEEEIOBETHENE Y LFEORR

BISeE | W 38— (FERZ LEH)

1. WMREEN ~

SN VEORHEEE LT, BIREEE (VHFR) 2505 EhZe kg% A
MR EIBED 2 N BRIGENRESNATWS Y, ZOFETIE, ZFi4Eh
RBIZZ NI EBREBBEI LD EILE ST, ABILOTAEICEATEINAY H >
RADE IS EDIEBEIRIN AR/ T B EN TEINT, E—XKTAHS
LIZHELT, 2>NVESRTEINTES 9, £/, hekEsRn-ETT 1
—NWEERTEZ LI TENTERNDR T —VT vy THBRETH 3 9 .

INETICHERT 7 VESZEERAL T, 2HMPLREIC T =4 > THag 39
FERNTFACTBEIEETEI5 T FELFEPEES AL, BENH T mm O
R REOMILONE D SHEE TH— A A TREA* BT3P FHEHITRE &
Nz, TOMILICEH—2 NI BBRREERBSLDIEZINTEN TS T FEDFEHE
NZETWETAZENRWEE N,

1A XBEZT O OZAMPRREL BV EERE N 7BEOEN*ZERET 2
ICWE, ZRD2 NI EBREEBSC-EEDMBREEMAONICTEIVEN H 3.
Weinbrenner and Etzel” (&, XA TOENEE DA F A L TIMBILMETIEIC,
« -lactalbumin (ALA) & bovine serum albumin (BSAYD A4 >IN /A %358 &
7z, BEEDEBMICHEWREWBEICL > TALADBSAILL - TBBREhBZ %
MEL TS, F£/=, Suen®ld, (1) BSA®UALKRE LTHD27 714271 %50
MEFRICZIBEDE / 70— F IR, BLU(2) pepstatin EVH L KELTHDT
T4 27« ZHEFRICZEBED 2 /878 (chymosin & pepsin) €W ZDD 7
74274 DHAEDEICOVWTHRERNDORERNEE#1T-> T\ 3.

BIPRRRES V/INVEBRORRAITHY, VI F—LERELHTE L TER
EADZNNTEEEATVWS, KETWE, BIAZ 2B E LT, BIER—O
EBFETETENTVWBIFTR IS ZXT7 U (OTh HFE 76,600, £TH:6.1,
BRE 2 /X ERTOMAE  12wit%) BLUFRLITA K (OM; HFE : 28,000,
FEMR 4.1, PEZNTERTOMER 11 wtd) FRIRL 7.

AAEDEIE, (1) BHMEPREREADE—2 > /X7 BEOWEEEZ LT NaCl
KBBICED 2 INTBEDED > DEHEERANS Z &, BLUR) IR I
BEOWEEEZE— 2 > NIVEDZTh ERBTHZETHD. WEMICIE, SIFIN
T7I/E (N(CHy),) ET7=ATHEE L TH OB PR EEBA V-, 2%
78 % pH 8 DRBRETRICAENP LTHWSENDT, OTFH OM b7 1 FRIZHSE L, B~
14 THRET 3.
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2. W% ﬁi
2.1 ToAUKBBIMRERIEDIER
EMe LT, $U1%u/&yﬂﬁ¢*%ﬁ(Mk&l%HtAH§>&mmf
hTe R EDRE, SR, THERSSUTHIREZAZN 24 mm, 3.1 mm, 70268
SV 03 4mTHB. FUYILArarsUL—+ (GMA,
CH,=CCH,COOCH,CHOCH,) #RF{LRTHE (%) POEBALZOEEREVE.
LS LM th e R E D TERIRIL % Fig. 1 ISR T . fERLIZ D E D 4 BxBE (Fig.
1ehD(1)~(4)) »5 %1, Tsuneda et al*DHEICHE 7. (1) 7, EMIC, B
FIAEBEH LTS U NNEER SR, (2) 2FIC, ZOITIHNERERELT
GMA #iExA (LIEF 57 FERR) E&&E. COLENEERBNRET T T
FRELTDEDLIICERE L.

m

557 hE [%] =100 (/57 FEALTFHNEE) / (BMOEE) (1)
2T, 757 FERE 140%ICEHE L - :
()ébu,777hm%%ﬁ¢®lt#/%tvl%»75>t®ﬁmugofv
TFNLT I/ (DEA) E (-N(CH,),) %#EALJ. ZIZTR, 2>NT7EEZETR
EAEDIHIC, GMARDIFRF L&D 65 TIY% % DEAEANERL 2. (4) RiE
IZ YOI RFVERIS/ —ATIEORIBICEST2-EFAF 2T FIVT I

J (EA) # (-NHC,H,OH) (CZF#] L 7.

2.2 EADOL2INTEORE

OTi £7-1d OM DE—42 /N7 EiEH %, B& 7 om OA F BB FEPERIR
OREH 5 HNBEA—FEDES (0.02 MPa) TTEES €7 (Fig.2) . OTf LU OM
FZNZFNSigma BB LUTFHIATFAIEER V. 8287 E% Tris-HCI #&E
& (pH 8.0) (ZBED L. B—a /XU BEBRRTIE, REZ04 9L L. IN5

DB E ZTLEEADHEIERE L. %ﬁ#b@ﬁ&ﬁ@OﬂtOM@&F%ﬁmﬂ
EOREE LTEWL . 230 LU 280 nm OWRKELZRMEL, 2> /N7EETE
L7, EBREERTIT .

WERIEICE| 2heE, MILADESIRE, WE2 /X EDBHEFET o/, 7t
61012 Tris-HCI 8@ &, SBHEICIE, 0.5MNaCl 2& € Tris-HCI #x&HR & AL
. RO D, RS2 /S E (OTf LU OM) B % AV THHBRR 2 15 7:
“HRAR L ISTEBETIR, ThENDBER 01 g/l & L. 72, EBEN% 0.01
$LU0.09MPa & U 7.

B5n3RBED S, BISTEEICHT ST ZhDg /8T BDENDFE
BEAEDEDKX,P SEH L.

THREE [og] = | (C,—C) dvW 2)
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ZIT, CuBLUCH, ThZThHEAS LURERPOEZ NI EEE [giL] T
H5. £z, V, V BLUWE, ThZhiibgE [L] , C=C, &4 3 htiKe
(L] 8L UVEEE [g] TH3.

3. MEEREER

3.1 H—42 NN7EORES L EHIEMN

OTf £7zI3 OMBARE (1 F > XMBFMPRRBISEBS B 1 & 2D EMES &
AR E T hZh Figs.3(a), (b) IC/RT. 22T, Héhiz, FHkE by
DEBRKIBEETE - AETEZ SN A ERTHREEE (DEV) TH3. —7, fitéh
3, MHEBRE N VBB R AR NV EBE TE - BT ES S NI B RT 4R
>INVERE (C/IC,) T#H3. Fig.3(a)T, DEV OIED 230 £ TIEMEIR(E, DEV
DIED 230~360 & & U 360~400 DEREN TN Z NS H L UBHIBETES N S
BNV EDREZEILTHS. '

Fig.3(a), (b)» 53 Q2)ICTE> TEH S W 2 HIGHEE C I T2 OTf $ LU OM
DIEANDFERZEEIEZNZN 0037, 0.067g/g CH-o7-. DEOKRTEHI BB
EREELZHEHL, HERESICHT I TEREEN TEES N2 BERBH # K
& 7.

HEWEE [gg] = (a,M,) / (aN,) (3)

CIT, a, BERWEEICL > TATS N BEOLREE (m¥g) , a LU M, 12 2
PINVEDEREE [M?] $EURPFE, NB7RAROBTHS., 22 T2
TEOLSEERIE, 2NV EERREAL L TAFENSESNBZ X b~ IER
r ZEEHL, S50, TheREIICRETIEL - ERELTOEDRD 53K 72

ro[m =kKT / (6xD, px,) ' (4)
alm?y = zr 2/1.15 (5)

CCT kBELUTRRILY 2 EE [(kgm)/(s2K)] L VBE K], D, &L
K NER N TEORIKFOIBEL [(mYs] &L UHIKDHE [kg/ms] T, 293 K
TOEZAVE. OTTSLUTOM®DD, ¥, ZhZFh 57X10" LU 6.0X10"
mis TH% '™, OTFHLUVOMDr I&, TNhFh 3.8X10° HLU 2.6X10°m &
EHah/. OTISLUOMDEBWES X, ZhZh 0019, 0014 glg , TD&
EWMERELIE, ZhZh 1.9 (BOS & 14nm) , 4.7 (24nm) &> 7.

Fig. 3ICRT LIS, RICELAEE5DH2/87E% 05 M NaCl #&6 Tris-
HCl SREIRZRAVWTINTBEHE N 2o NV BEFSEBTHREL TVWEZ &5 L0
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4 N EOUMEEIERIEBETES VWD 2 DNERY S, BERENI OEERT
DBEHNPRE NI,

an

3.2 ZERH A 7 EORERY

A N BEEEE, BRI 001 MPa Db ETHEREISEBSETES
NBBEHIE % Fig. 4 (SRT. BBA% C/IC,=01 EEHET S L, OTI LU OMD
BEATHDEV IEFNhZFh 55550150 Tho7z. Tz, MERFO OTHREE
DEV=75 T#tidkhnZzh%#z, DEV=120 TE—7 &% Y, DEV=180 T C,
ICRo7. ZOEERBEAEFTOOMBED CllEL .

BEHE, SEHIhIWEE L HRHARENEME LT Fig. 5 ICRT. OTf ORE
B3 DEV=75 " 5Hd L. C, (0.1gL) (ZiT2 OTH & OM DFEREE I,
ZNZh 0.0066, 0.051g/g Lo ThEDI EHS OM A OTHICEENTEIRAY
CIEICRET A2 N hhD. 2L INTEDA F O RBEANDBIRLEEE, €O,
Y X, RESHBEL EICL > TRESNS. Z0BE, pHB.0 DRERP T,
OM (pl 4.1) ®FH OTE (pl 6.1) ISR TY A F AORAEHBEN ST =4 >
THEIC L) BIRMICEBE S Nz TSNS,

OTi & OM DR EIEBE % Fig.6 (SR ¥. FEWBEICHICT 2WEREHIE, %
NFN03, 37 ol CDELXTST FNEATFHRATOIRS 2 > /INVEDIRRE
=X 02 nmbEHENE, B—2 N 0BOEBRTKRKD SN OTIE LUV OM @
ZNFNOWBEENS & 14 nm, 24 nm OEHEICHY, SEBMNLRERTHS.

oA KRS MNP ERENEEFRTOIRD 2 NV EOREEE £ ZF

L7 (Fig.7) . £, Figs.4, 550D(, )DERTE, BRWEED LS OM
A& IEREAIC, OTf P2 h @A TEAEMICZETERET 2. 2, (D
SEI T IE, WEL TV OTHICH D > T OM AIRE (BHRE) §57:8, OTf DR
HEE I HATORE 2 5. &5(2, (| )DEETIE, MEFEIEL, ZKS
EHIcB AT ERE LAV, Konishietal?ld, €BM A HBEEE LTI/ Uk
BEAEETEEL — FSIMPFRRECINVESLVIRI A 2EC RN ER
AFBREBEBIET, XYM 707 F 74 —%F-T, BERTOEEA #* >
DREENEEHFES T EZICATL, 13/ VERELDBEORERTERDOK
FVSHA AP WBEL T WAINIL A F Ao TRET S &V D BHRIRER
REEIFLE. ZERP 2N TBETHIRDEBA > ERAKRDIENDIRESE) &R
T ENHEEINS.

BEEEH, ThDOBIRAE N VEBROREEZE(LSET (001 LUV 0.09
MPa) , BEEER%1T-o /. Fig.8ICRT LIS, BAREEEATH, BRTAH
BEBEALINIEOREE EOBEFRERTHIRE LA COZEE, 22N TE
PI57 NERFHERD T A4 L THMEANLHEZE T 2EENERRIERTES
&, BLUOTHE OM EDBINBRABIFICEEZ S 2 £ 2R TWVWD. TNISEERN
EREFETHS.
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4. FED

ToALKBEELTYVIFLTI/ESLY 22 FOF VI FUTI/ERH
T37 77 FER Tz ZHMPRLECHREICETE L. BN SIS+
SRR READ S ST EOREEES LU NaCl KBRS LB 2 /87 BDfE
DSDBELEMEE, ARSI XTzUY (OT) $LUFRLIAC K (OM) £
2FBEDIEZ PNV EBRE CDPFEARBICEAS CTHANS. BE—2 /78
FUZHD 2 N EOREBHGEDAED, >, DEDZ bbb - 7=,

SNTENTITT MNERTFHEAZETRESI L, EFETOE /X7 BN
BEICH o 7=, BlZfEE NaCl KBRAEIBBE €A EICE-T, 28080 %
BTHRELTWEZE, BLUL N EOLEBENRMIBRTEB32 80D 2
DNIBHEH, S, BEBEMNODEERTHDAHAEHETE /-,

ZHRA RNV EOERER, S, BICRE L TV OTHICH D > TRIRWEMD
&UEuOMﬁ%gvéamagmw%ﬁﬁééztﬁb#at.9>K7E%ﬁ®
EEREZEZATCOHERTREAEELE L VNV EOMEBEE EDBEEERT RIS 1T —
Ui, &V, 2N IBFT7F LS hE T CIEEET 3 8RR OE S/ &S
T&, €5IC0TH & OM EDETHOEBRBEN +9E N ENRE NI,
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Electron CH2=CCHa
beam radical

Pord surface '/J MA, ﬁOCHzC;H/CHz

M @

porous hollow-fiber
membrane made of
polyethylene

BN
OH N(CazHs)2 OH N(CzHs)2

DEA, NH(CzHs)2 :o: EA, NH2C2H4OH EEH NHC2H4OH
—> > EE

©) 4)

DPEA-EA hollow fiber

Fig. 1 Preparation scheme of a porous hollow-fiber membrane
containing diethylamino and 2-hydroxylethylamino groups.

pressure gauge

hollow fiber

)\ JO\

protein solution pump fraction vial

Fig. 2 Experimental apparatus for permeation of
protein solution through the hollow-fiber membrane.

-206-



Adsorption Washing  Elution
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] 1 1

= 5 L o
§ OTf
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DEV = (Effluent volume)/(Membrane volume) [-]
(a) ovotransferrin

Adsorption Washing Elution
| : : .
T I I
5 L Q 4
OM
4 | Cp=0.4g/L i
AP =0.02 MPa

(Effluent conc.) / (Feed conc.) [-]

0 100 200 300 400
DEV = (Effluent volume)/(Membrane volume) [-]

(b) ovomucoid

Fig. 3 Breakthrough and elution curves for a single protein.
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N (n (1]

(Effluent conc.) / (Feed conc.) [-]

AA Aoy A
0 50 100 150 200 250

DEV = (Effluent volume) / (Membrane volume) [-]

Fig. 4 Breakthrough curves for the binary protein system‘.
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Fig. 5 Amount of protein adsorbed onto the membrane
as a function of dimensionless effluent volume (DEV).
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) ) am

AP =0.01 MPa

Degree of multilayer binding [-]

OL | ] 1 |
0 50 100 150 200 250

DEV = (Effluent volume) / (Membrane volume) [-]

Fig. 6 Degree of multilayer binding of protein vs DEV.

AP [MPa]

0.06 | O,A 0.01 -
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Fig. 8 Dependence of amount of protein adsorbed
on permeation pressure across the membrane.
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()

Fig. 7 lllustration of adsorption behavior of proteins by
the anion-exchange-group-containing polymer
chains grafted onto a porous hollow-fiber membrane.
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Development of High-Performance Elution of Proteins Adsorbed in Multilayers
onto Porous Hollow-Fiber Membrane with NaCl Aqueous Solution

Kyoichi Saito
Department of Specialty Materials, Faculty of Engineering
Chiba University

Summary
Convection-aided recovery of proteins using the porous membranes .
immobilizing ligands has been suggested. This recovery method will enable a
high-rate processing of the proteins because the diffusional path of the protein to
the ligand immobilized by the polymer chain grafted on the pore surface of the
porous membrane can be minimized due to the permeation, i.e., convective flow,
of the protein solution through the pores. In addition, a linear scaleup of the
protein recovery is demonstrated by bundling the single hollow-fiber
membranes to form the membrane module.

Egg white contains various proteins applicable for pharmaceuticals. Here,
ovotransferrin (OTT) (Mr; 76,600, pI; 6.1) and ovomucoid (OM) (Mr; 28,000,
pl; 4.1) were selected as a model protein to clarify the adsorption and elution
behavior during the permeation of the protein solution through the pores edged
by the anion-exchange-group-containing polymer chains.

The polymer chains containing a diethylamino (DEA) and 2-
hydroxylethylamino groups as an anion-exchange group were appended onto the
pore surface of a porous hollow-fiber membrane. Breakthrough curves
obtained for the permeation of a single protein solution showed that both
proteins were bound in multilayers to the polymer chains expanding from the
pore surface due to mutual electrostatic repulsion between the DEA groups.
Subsequent elution with 0.5 M NaCl provided a high peak of the protein because
. of multilayer binding and negligible diffusional mass-transfer resistance.

A mixture of OTf and OM permeated through the pores of the membrane.
An equilibrium overshooting, i.e., an OTf concentration in the effluent that is
higher than that in the feed, indicates that OTf was displaced by OM.
Overlapping of the adsorption curves for different flow rates of the OM protein
solution demonstrates a negligible diffusional mass-transfer resistance of the
proteins to the DEA group and instantaneous displacement of OTf by OM.
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