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VTAE, BB, ANEIRIRD pH, A4 MESOEITKI U THERE, MEEZALIES
KBRS FIME, =TT 407, BMRBUREES, BEFHF~OGABHES
NTVE, ZHEDSBHA~DOESFFADMATIE, 7 Vo R L OUHEEEE R E
A FEEAER SRS, Tanaka-Fillmore D EFHICEE, b0 mERITSIVIEE
DIEHBEETHY, TR, FLVOFARIEETD. Kil, MBI, SV EIC
HEEOBWSI7MEREATEILT, RO M ~AL00fF 2L L0577V DILHE
BEAERLE. 2T, F57MERS VB ELVBE HERE VDI, KR EITIX
L, TRANRBUKEE LR T A2 EROEE B RS RbDEEZLND. EBIT,
FAVMBEBE /T MERENL, AVAOYMEDOILBICE B 5EXDIENEZDN,
SEEFELTORBARSBFENG. ZITAFRTIX, RIBEEZI7HE
N-isopropylacrylamide (NIPA)Z*/L% Fiv\C, albumin, y-globulin X T vitamin B &
ROWERE, BLOSFIARICLDLBER A~ BIZOWTHRE L.

k75T R NIPA # VL5 7 M NIPA #/L12 &5 Vitamin By,, albumin I8X T
y-globulin D ¥EHES) ZnDEZ Table 2 [Z7R$. 2T 7 M NIPA 7V D54, albumin D
80%, y-globulin @ 85% MW ENFTITAHMIBIRICELFE R L RoT. B/ v — (LR E
b, S5 TR NIPA 7V BE YT 7 M NIPA 7L 21T, 2216 A 0 (FEFHAY72)
BEHEIZRIU ChHAD, ZoTRENIRE R, 77 MEOEAICLY, B E VA2
BIETL, FAMBE LS FLOBEEIEMLUIZD THhaILH, BXbD. FA A&
WIS BETIE, BRI (V) DFE, BEIOUVFAINVRERETHY, €T, FVY
ARDIAITREL, BPDIN—V TN THHIENSETHSD. Fig. 31CFE7 T 7
NIPA %7 /L33 L O 57 M NIPA &V DR BEAA v 71 X By-globulin S BER R DL %
SRY. /57 M NIPA 7V T, U ERRENR T (pH 7.4), 20°C & 35°C DREAA
LBV DEEELE, DEEZ RN 0885 DM FRMELENLT HILDRS
Nz, —75, 7 FT7ME NIPA 7V Tit, FOEBELNRERA L 7B RN
7o, DEESENDE LI/ NESIBZENRENT. ZhbDRERIT, 77 MEOEA
kY, BEEICEED AN R KON E O BN ERINIZILICEDBDTH
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1. BFEEH

FEE, BEE, SEERD pH, (A URESOE ML THE, HEZE(EIES
KERESTFIIE, ¥—5T 427, BYRikizEES, EESENOIEATH
BENTNS. [1-15] IN5OHBAOELSTFIVOKATE, FIVOEES IV
I EEMNER P EEARER S/ 5. Tanaka-Fillmore DEmICEZIUL, TN5DT
OF 235 VB E QEEEEETH D, TOBE, FIVOTA1 ZITEKET 3. [15] &
B A5, FUEECEBEEOSNS ST MEREATEIET, EROFIV
AT 0 05N E0X )V OIGREREZZER L. ThUE, 757 MENTIVHEE
FDEBENEVNEDIC, LOEFEICIEL, TNNBAREEZR > T IIVERDI
EEERLIEEDOEEZEND. (16, 17151, FIIVMEILY I 7 MHOEA
1 FIRNOMEOIBICEES 525 ENEZ LN, SEAEL TOIRANH
EXND, FITEARETIE, BEMES ST HE N-sopropylacrylamide (NIPA)Y )LV 2
FWNT, albumin, y-globulin 3 & X vitamin By, WD M, BRUHTTAIAKED
DEEFIANDISRITDWTHRE L.
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Scheme 1 Preparation of NIPA macromonomer

NIPA <7 O%F /) <—% Scheme 1 K> THBLZ. NIPA (339 g 0.3 mol), 2-
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hydroxyethanethiol (0.469 g, 6.0 mmol) # KT\ benzoyl peroxide (0.121 g, 0.5 mmol) %
THF (100 mDICHEBESHE, 70°C TIShEEI V. EGKRTE BIEBZERIEL
Ty, NIPATZO0E/ Y— 12587, HENWTESNEZ 1 2 KEFEID acryloyl chloride
WEMIE, EFR]RT 40°C T2 h KicEfTolz. RIn&THE, BLERZEORL

Ty, EeM-EHEGZRBRICETANIPATIOE /T — 2 25k,

2—2 JIT7MENIPATIVE—=XDER

757 R NIPA 7 )VE—XDERRIE, Table 1 IZRTUS T, sorbitan sesquioleate
BIAAOEREEERELT, 70N R THEBEESEICXDERL
7. Bonies IV E—XDGRE & T Table 1 ITRT.

Table 1. The effect of monomer concentration on the average diameter of the NIPA gel beads.

Total monomer .
222 444 886 1332 1777

concentration (mM)
Average diameter (m) 534 485 33 337 330
Conversion (%) 50.4 73.6 83.1 84.1 82.8

NIPA macromonomer = 30 mol% based on total. monomer, BIS concentration = 1.5 mol%
based on total monomer, Surfactant = sorbitan sesquioleate.

2—3 BEHEBIVBZEEEDORE
FIVE—XDEES I OBRERER, BREZHEINLZTS A VA THREKS
CAMS BTSNV E—XOEEZ, HEEME2 AN THEELZ.

2—4 FUNTEEBHER .

&N BEIRBE 005 gL OV CBREERFRICEEEZRISLSIVE-XEMA,
TIVIHEERD¥ 2 RINEE . TIWANEDY /X EJREZ BCA protein assay
(182111 KD RDz. TIVE—XICLBF /NN 7ERNENE (m) 2. ATFIORTH
(DICKDEHLZ.

%100 (D

ZIT, cBLU IR TNENY DSV BRE, WRIEOEREZRY. TF0RZT
NENOHHEZERT. BMUZEROESD, TIVCKOBINS e volv = 2),
5 2N EDNRETRIRED 2 (51725 B8, $H%ni3100% 725,
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3. BREEZE

3 —1 77 ETNVOFEFEE

757 FEINIPAT VB RIS T 7 SEINIPAT ) OFERBEEZ Fig. 1 1ITR7. 7
57 NEINIPAY )VIE 34°C THEREMEEEZRL, 757 MEINPAY )L &IFIEFER
DAEZEEZR L. BBEENT T, 777 MNNIPAY VL, S S5 7 MEINIPA
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Fig. 1. Temperature dependence of the equilibrium swelling degrees of normal-type
(open circle) and comb-type. grafted (solid circle) NIPA gel beads prepared under
identical condition. Diameter = 330 um, [Total monomer] = 1777 mM, [NIPA
macromonomer] = 30 mol% based on total momnomer, [BIS]= 1.5 mol%
based on total monomer, and surfactant = sorbitan sesquioleate.dr—ppc is the
diameter of the gel bead in water at 20°C.

3—2 EENGEREE
FIVORENGEIC LD, TOY 1 XZOEFMZ{kIZ, Tanaka — Fillmore DR [15]1TK
D, UFICRTRQICKDEZINS.

)

d(r) - d(e) WWFAW%_%W%%

d(0)=d(>)  d(0)/dy—d(==)/dy 7 T

AOVEEER IT BT BTN T A X, tIEED characteristic time Z7x9. ORI, &
SICHESBEIMED R NESITBNT, WHEICL 37 T XORMARIC S #IG A
BETHS. Fig. 2 1L, TINABBEDBER 20°C 5 35°C NI ¥ X T EHEEE
D7 )81 XDEERZEAY, ddy (=d0) /d)ER LTS, 3EJ T 7 MEINIPAT )V TIE,
I RE S 7 ZOBEEIZA LI, RQIELDBERINSDITHLT, 757 b
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Fig. 2. The variation of the degrees of swelling, d/d, (= d(#)/d,), of normal-type
(open circle) and comb-type grafted (solid circle) NIPA gel beads prepared under
identical condition after T-jump from 20°C to 35°C. Diameter = 330 um, [Total
monomer] = 1777 mM, [NIPA macromonomer] = 30 mol% based on total monomer,
[BIS]= 1.5 mol% based on total monomer, and surfactant = sorbitan sesquioleate.
drs0oc 1s the diameter of the gel bead in water at 20°C.

BEINIPAZ )V TIE, RQIEEEH TERWER &R o, Z1d, Tanaka — Fillmore M
RN, BREESICEESNTHY, BHE - [ETHZTNOBE TH EILEUE D
BUTHBIEER/RELTNDEETHD. TIT, ROITRTEENESITRS
DI ET S/ 1,y EEZL, FEMZEITo . [15,22, 23]

d(ﬁ/z)“d(“’) B d(tx/:))/do —d(e0)/dj 1

A0) =) d0)dy— Ay 2 2

TS T NEINIPAT IVBXUT 57 REINIPAT )V D TTAEENE TR T2 DITE
THER 1) 13, TITI 3000 B, 120 BERO, 757 NEINIPAY IVSHKI25FE
DIEEREERIERER . S 5T FEINIPAT LTI, 20°C 5 35°C N
DBEDY > 7ICX0T7IVOBEIREIE N, E, FIVEREICKZERSE
2y, RUX—BEOEWHENER I N0, ZIVNERN S OKROH HAHHE =
NEEOTHBEEALNS. —F, 777 MNMINIPAT VT, 7V OBEER
INBholz. FTT N NIPA #8813, TOBHEOEIICLD, FIVEEZBRT
% NIPA SHE D B TIGHE, SIERIBERZEIL, TOBETINVARICERESKZ
HHTEBREAZRRELEDDEEZEZSNS.

3—3 4HFHAa XERNSBERA DG HE
3E7 5T FEINIPA T IIVB LT 57 MBI NIPA 7 )V NER D43 F#izk %, Benzoic acid
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(Mw = 122), vitamin B, (Mw = 1355), aprotinin (Mw = 6500), cytochrome C (Mw = 12400)
B L ovalubmin (Mw = 44000)& AN THIVIEBICE DEHEZfTo /2. TORER, FE
5757 NEINIPA 7 )VB XN T 7 M NIPA 7)) DHERREEFIEZNZ N, 1.25 x 10*
BEN 127 x 105720, 757 MR NIPA FIVIZIES 5 7 MBI NIPA 7 )VITHA,
K100 1 OHRERZET S ZENHSNIRoR. 757 MEOEAIKKKD,
EYMEEORZINNES LD, TORE, HBHSTFEME EOEENENL ZE
BTHBEEZLNS. ZOBENS, VST MNEINIPA T IIVDF NI BEDES
FRBEDENE, PLIUEEDRSFHEDORENPRFINS.

Table 2. The separation efficiencies, 11, of the normal-type and the comb-type grafted NIPA
gel beads at 25°C.

Separation efficiencies 1|

Solute Molecular weight

Comb-type grafted gel Normal-type gel
vitamin B, 1355 0 0
albumin 66000 80 55
+-globulin 160000 85 60

Average diameter = 330 um, Total monomer concentration = 1777 mM, NIPA macromonomer
=30 mol% based on total monomer, BIS concentration = 1.5 mol% based on total monomer,

and sorbitan sesquioleate.

JES 57 REINIPA VB XY 57 MBI NIPA 47 )VIZ K B vitamin By, albumin K
U'y-globulin DEHEENZEN DIEZ Table 2 ISR, 75 7 A NIPA 7 )V D4, albumin
D 80%, y-globulin @ 85%ASWEIN S N ITHNBIBIRICIE DR E/ao Tz, £/ Y —{L
REMNS, S 5T MR NIPA FNVBEIOT 5T NI NIPA TV EBIT, RBREO
(WEteyn) EEEZRU THDED, I TRENEERE, V57 MEOEAR
X0, BEYMEYA XWBNETL, YIVEE EOFEOBEENBMLEZDTHD Z
EM, BEASHNS.
Y RRERSETIE, 288 (U OBE, BIXOUVITAIIVNEETHD,
ReoT, XA ZDEIIKREL, BSDDUN— TN THEIENBETDH
%. Fig. 3 123/ 57 MBI NIPA VB XU 57 MBI NIPA ZIVDREAA > 71T
X By-globulin HEENRDLEEFRT. /57 R NIPA F)VTIE, U VERRERT
(pH 7.4), 20°C & 35°C DREAA > T L BT )V DEFEELHEN, HBEZN A
0 & 85 DREIEERUEL LT B ENFTEINE. —F, /5T ME NIPA 7 )b
TIX, FOBRBEEMNRER A > JICBREHRR 20D, DEESiEnORII/A= <
B ENIREI .
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Fig. 5. Variation of the separation efficiencies 7 and supernatant concentration of
albumin, and diameter d/d, for normal-type (open circle) and comb-type grafted
(solid circle) NIPA gel beads prepared under identical condition in response to
stepwise temperature change in phosphate buffer (pH 7.4). Average diameter =
330 pum, [Total monomer] = 1777 mM, [NIPA macromonomer] = 30 mol% based
on total monomer, [BIS]= 1.5 mol% based on total monomer, and surfactant =
sorbitan sesquioleate. Protein concentration in the outer solution was determined
by bicinchoninic acid (BCA) protein assay. The concentration of vitamin Bj; in
the outer solution was determined with HITACHI U-3210 spectrophotometer.

Temp. (°C) Separation Efficiency, 1

4. &

RS 7 FEINIPA 7))V D, 3B 5 7 R AL NIPA &)V Hh/X albumin, y-globulin &
L7 vitamin By, OFIREREBREINREI N, ZHUIT T 7 MEOEAICKD, RE
LIRS Tk B KOG EREDOM ENER S NZZ EICEEDDTHD.
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Preparation of Comb-type Grafted N-isopropylacrylamide Hydrogel Beads
and their Application for Size-selective Separation Media

Masahiko Annaka
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Summary

A series of the comb-type grafted poly(N-isopropylacrylamide) (NIPA) gel beads were
prepared by inverse suspension polymerization techniques. The comb-type grafted NIPA gel
beads exhibited volume phase transition at 34°C, and their deswelling rate, defined as the time
required for half- shrinking was ten times faster than that of the normal-type NIPA gel beads.
The gel beads were utilized to concentrate dilute aqueous solutions of albumin, y-globulin and
vitamin By,. The separation efficiency of albumin and vy -globulin with the comb-type grafted
NIPA gel, respectively, were 80% and 85%. Whereas those with normal-type NIPA gel,
respectively, were 55% and 60%. The incorporaﬁon of grafted chains into gel makes the
effective mesh size (the apparent correlation length) smaller. Therefore it induces additional
friction between the solutes and network, and excludes the high molecular weight solutes.
After they have extracted water, their rapid deswelling property makes the gel regenerate

effectively by warming to release the absorbed water.
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