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Scheme 1 Reactions for the preparation of PVP macromonomer
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Fig- 1 'H-NMR spectrum of PVP macromonomer

SCHR[ L7 JHESE. A AIBN A5 1% 7 \PEPD ki
R AT SEEL NIPAM HLR [ RAFT 15 HER 4
BF5E K F 55 AR [R] (4 7792 ] 45 PNIPAM 35 4
B4 T8 4.0X10° ~4.8 X 107, Z4> 845 %
1.2~ 1.4, 33t 43 Bkl s ] % PNIPAM-PVP
F1 PNIPAM-PEO fittk ik B AL 5R Y- an &l 2 fros PRI
FRIL BB M)A 55 — ik Bt 1 PNIPAM H  9).
PNIPAM-PVP f55 —ik Br T 55 2272 VP 44 |
JG- & PVP Ko T ARG TR BRI K 2 e
¥, LA PVP- T PNIPAM-PEO 1455 — ik B T4
T2 NIPAM 258 500 H-E4 PEO K71 Hifk
RETE R N IRIREREE T . SCHEZ PEO- JLRYIAY
1 HONMR 3 35360052 - 5] 3 & PNIPAM-PVP
(A) .PNIPAM-PEO (B ) 3L K41 5 PNIPAM ¥4 54
(COMIEE . TR YA R B A FREIE T R
A NIPAM $5/iFl, a( 6=1.13,6H, —CH(CH:):)»e
(0=3.88, 1H, —CH(CH:)2); VP $FfLW, b (0=
2.31, 2H,—CH.—CH), ¢ ( 0 = 2.44, 1H,
—CH:—CH),d(06=3.30, 2H, —CH.—CH:—
N—): EO fF1E 4, f (0 = 3.56, 4H, —CH:—
CH:—)- FiFtIL R 4 B L T PNIPAM ¥R 4
B 3L IRIG , I T IE S L3R 4 Fp A7 A S B 2%
Mg, G OREE AT EE LY TR L XMT
PNIPAMPVP L34, #% HNMR %04+ 51 vp/
NIPAM 455 e EE /R H R 1311, X — (= T8
AN T VP LR B F Py NIPAM SR () B 7R
b (1:15), BARIXE PVP K4r T Hifk S 584K
255, 3R T PVP WK KRB 5 A4 B T A -

A, 72 40°C (75 F PNIPAM 1y LCST ) B3R 4
IV P I A b A2 i 25 SR B R  PNIPAM 58
WM, g 42107 ) B T B4 e ok 12 J ke (242
nm ) » PNIPAM-PVP 3t 58 ) £ Jie 74 bz 4% #% /) (133
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Fig- 2 Structures of PNIPAM-PVP and PNIPAM-PEO comb-block copolymers
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Fig- 3 '"H-NMR spectra of PNIPAMPVP (A).
PNIPAM-PEO-2 (B) and PNIPAM (C)
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Table 1 PNIPAM homopolymer and comb-block copolymers prepared by RAFT technique

Composition (mol % ) Molecular weight ( M, )
Polymer PDI
NIPAM VP EO PNIPAM block Comb branch Copolymer
PNIPAM 100 42000 1.20
PNIPAM-PVP 91.7 8.3 42000 2200 458002
PNIPAM-PEO-1 93.7 6.3 43900 2080 48400 1.38
PNIPAM-PEO-2 88.7 11.3 47800 2080 58800 1.56
PNIPAM-PEO-3 12.6 87.4 47800 2080 90800 1.64

* Calculated according to the M, of PNIPAM block and the composition of PNIPAM-PVP copolymer

A

20.00 25.00
Eluenting time (min)

Fig-t & 7 GPC emves of PNIPAM! (&) arid

PNIPAM-PEO-1 (b)
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71 T 2 5% Vs R A sk 2R T 1) R DR O - T S
(a~k)JE 4 i PS BIFW (1~3 550 5 5 ) fE Mk
L1 BN 2R URE B R AR DU A IR - WA % e
PS R A T 70 A BE IR 25 AR T s 2 B PS
PERAb T 2R (DT ) RS -

VA AR 4 HE U AE pH = 10,5, JEASBIF G2 5
T IE FLAAT S PS TERZR T H 04 LA - PR I BRK
VSN BL PLE L R 5 |5 PS SRR
T BUPS fREREET () SR EE (H ) - [ S (a™
k) BoR, (1) RETRMHY PS B AE 37°C kA
TEE AR AR AR R MR 2 2C R AR,

UEPRIA PR BEE PS 2R AR, HL el B i
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Fig- 5 Floceulation test results

a) Native PS/lysozyme suspension (sample 1), room temperature; b) Sample 1, 37°C; ¢) Sample 1,2°C; d) PNIPAM pretreated ps/
lysozyme suspension (sample 2), 37°C; e) Sample 2, 2°C; f) Sample 2, 37C cycle 2; g) PNIPAMPVP pre-treated PS/lysnrzyme
suspension (sample 3), 37°C; h) Sample 3, 2°C; i) Sample 3, 37°C cycle 2; j) PNIPAM-PEO-2 pre-treated PS/lysnzyme suspension

(sample 5), room temperature ; k) Sample 5, 37°C
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TUALERAY PS BYRMRAE 37C R A2 R EE
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YR U AN 22 8¢ 1 i} PNIPAM-PVP L3 4 i) 15
FAH R B S (B 5g~1i) - X U EH 4 PVP B¢ PEO 32
BERC/ I TR R R B R BB T B e B B SEK R Z
HABEZS R FERGER . BIrik i 5 R &9 7E PS
RMAN 5 FHEE ARG A A8 TE U 5881 B K
RZ - XAUEA T 35K EE T 8 & =X Ryt E A%
BRtAY B M. B AR, PS RIERAY 2 B sk I B T
VS TRT B AE L3R T A TR B XAS 1 DA S 25 SR A TIE 5 -
2.3 FEKRFRBHITH

T PEO Y 2% K ¥ & T PNIPAM. [A] I, 7
PEO 4 ) PNIPAM 7K i ¥ 1€ ¥ =5 1 PNIPAM
B LCST B, 425 A LA PNIPAM 4% #% . PEO 3¢
FERFER QKR T TTAS 225 PNIPAM #) R )78
REH IR sLTTHE » 17 /KA Y PEO S Xt
AR TR A SRR A L A T« o
ST ORI TIR ik B SR D AE PS RN /S - 5

SEIKPE PVP 8 PEO SCHER 2440 T IR Z B R Z -
WS E) DL T LB 4 R SR 200, 0.1
PNIPAM( M, g 47800) /K # i 15 0.1% PNIPAM-
PEO2(EO=11.3 mol /0 /K ¥ £ 40°C i i JE B
) S R ¥ B AR 4 A 8 334 nm A1 165 nm.,
PNIPAM-PEO-2 (i F PEO it fa & 1 F (&b T i
B HMRTHT ) AT AT BSCEE /INGA RS - G BT B 3k vk
0.1 mg/ml. f) PNIPAM 4 5 %) f1 PNIPAM-PVP 3t
R BRI E B2 SR 25 51 | 6 2
PNIPAM-PEO-3(EO=87.4 mol /0 ) e 1A 375 5 i 4
45 (0- 1 mg/mL 7K#E#E - 40°C Rk fE BURE i
F TEM & F 4™ M L, F 40~50°C T i K 5
MAE ). b TEM EHME 8512 3R W A 04 i Tk B
HR%STIE SRR, 5OCHR[18, 19 14 & 1) HF PEO
SCE PNIPAM 354 T B B % 72 25 #2500 18
A MR R PEO AR R & W IRk e 2
YER-
|

-

20 nm
Fig- 6 TEM image of PNIPAM-PEO-3 colloid (dry)
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IAh. PS B3k 3R T AT 9 R AT, HL KT BB R
(EM) 2}y 1B, 1 PR I HT 1E R AT » Ao ook WO o 975 T il
J& EM B 1a] IEAE 7 152248 EM A4 2840 o B
BRI o Bt B - A&l 7 (b) BT - EML 3 K 2 1Y
TS LIRRWRAR A 2 AR - AR
55 PNIPAM #5940 H . 3389 66 o B 2400 B4
E=L/ R
2.5 PS HERRETRN RS HHENESRM
EERIE

SCHER [ 11, 207 % $E A ek 250 A e
FEVE A2 T RAE 2R I FE SRR T A9 W i - A SR
FIZEACLR 752 g B R AR TR i 3R &kt 2 IR o
FIREAVE R B E 2 28 053 560t B vk I e MR AR 2R
F A R AR T AR SR T BT AT PS skt & Y
82 B - 20000 72 45 TSR A 4 (O- 1 mg/mlL, Y5551
> 0.001 mol/LNaCl K pH="7-0) £E 280 nm #)
BRI AT 9%, RPZRAWIE 280 nm JLF-
TEIRHSC - AT HERR V8 W 3R A 6 B TR R A Y
T - B0 5 A W Bl I W A 328 D' 38 X R ()
VSR BRI ED T 3R 2, WRPITE B IR TR
AP PS TR BT I B WA 63 T 6B
AHEA B S p ER YRR B PS ok 5 B 2 1
BEIRA (R 29 o ¢ BERRL) - SRER

Equivalent diamater
difference (nm)

— N
<
=
—_
w
=
wn

0.72

0.65

EM difference
(X 10°%) (m*/Ves)

oo o2 :
[l NS T e ]
T T T T T T

Sample

Fig- 7 Difference of equivalent diameter (a) and difference
of electrophoretic mobility (b ) of PS microspheres in
suspension compared to native PS

a) PS. native diameter = 298 mm: b) Sample 1 (PS/
lysozyme ) ; ¢) Sample 2 (PS/PNIPAM/lysozyme ) ; d) Sample
3 (PS/PNIPAM-PVP/lysozyme ) ; e) Sample 4 (PS/PNIPAM-
PEO-1/lysozyme ); f) Sample 5 ( PS/PNIPAM-PEO-2/

lysozyme )

BRSPS L BRAH H, TR B T PNIPAM ¥R 4.
PNIPAM-PVP #1 PNIPAMPEO-2 J& » f3k %t & 19 (1)
W BB 43 2 T 58.4% 69.6 %A1 75.0% , T
UESEER ARG T3 BELAS: T 28 3 W B T AR ik
BALRYIIH BT AR R T PNIPAM Y5
Y. Hirh PNIPAM-PEO-2 2SR y i 3 -

TE IR 45 5 S AR AN L PG RS R 2 DA I
ZBEEIZ T IR WL AN [F) R G W BT B W B R
B AAEVI A - ] I S 2R IR LAY L
AT J B S T B 3R A 0 Y T AR R R
AE - R LR ERE AN BR3P B A B fE (E T
PR 2 PERIPEXTHE S TR R G o Tkt
5&mEA R X 5L B A B R kR m ek
PERY —ANFEAS H bR 2 i A AR PR TP O H S

ZE L RTIR . R R ] 0 o AR R A
BRI FHAREOR, il TR NS ML
Ji (PNIPAM )-8 Z, % JE 1k %% ¢ i (PVP ) 5
PNIPAM-28484¥, 2,4 (PEO) Ktk ik B L3 4, DA
BRI A R BRI R T MR R BRI E R R 2
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Table 2 Transmittance of aqueous phase of various PS suspensions and lysozyme concentration calculated

Native PNIPAM PNIPAM-PVP PNIPAM-PEO-2
Treatment of PS
PS pretreated PS pretreated PS pretreated PS
Transmittance ( /0) 72.6 62.1 60.1 59.1
Lysozyme concentration in aqueous phase ( ¢» /’g/mL) 59.6 83.2 87.7 89.9
co— c(Vg/mL)® 40.4 16.8 12.3 10.1
Decrease of lysozyme adsorption compared to native PS( % ) 0 58.4 69.6 75.0

co is 100 Vg/vawhich was the original concentration of lysozyme introduced into the PS suspensions-

45t (1)PNIPAM-PEO 11 PNIPAM-PVP #ifkiikBx A GFHSTE AR PERE. R %ﬂd{%ﬂz b
JERWIAE PS Tk R MK 5 PNIPAM #RBEV N IR B BCR $E M (2) 6 B PS fBkmy 22
/. PEO B PVP 8 TE MR KR Z, MifF 2L g @#U%ﬁﬁﬂliﬁﬁﬁwwﬁﬁﬂ%ﬁﬁ
FILRYAE IR =T PNIPAM AHFEIRE (LCST) B F RPN R FHAT A RE
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THE EFFECT OF TEMPERATURE-SENSITIVE COMB-BLOCK COPOLYMERS
ON PROTEIN ADSORPTION RESISTANCE OF POLYSTYRENE MICROSPHERES

TAO Rui> MA Huan, CHEN Xiaonong: XIA Yuzheng, SHI Shuxian: JIAO Shuke
( Department. of Biomateridls: College of Materials Science and Engineering Beijing University of Chemical Technology . Beijing 100029)

Abstract Thermo-sensitive  poly ( N-isopropylacrylamide ) (PNIPAM )-poly ( N-vinylpyrrolidone) ( PVP ) and
PNIPAM-poly (ethylene oxide) (PEO ) comb-block copolymers with PVP and PEO hydrophilic branches,
respectively , were synthesized using RAFT polymerization of NIPAM and PVP or PEO macromonomers - Polystyrene
(PS) microspheres were treated in aqueous suspension with different copolymers obtained to allow polymer adsorbing
on PS microsphere surface- Protein adsorption resistance of the PS microsphere with pre-adsorbed copolymer was
evaluated using lysozyme as the model proteins by flocculating test, particle coagulation (by dynamic light
scattering )  electrophoretic mobility measurement and quantitative analysis of protein adsorption- It was found that
pre-adsorption of the comb-block copolymer on PS microsphere surface could effectively inhibit protein adhesion to
the surface- A larger number of hydrophilic branches in the copolymer resulted in a better protein resistance both at
room temperature and at temperatures higher than the LCST of PNIPAM. Transmission electron microscopy and
dynamic light scattering measurements of the copolymer colloids confirmed that the hydrophilic branches formed an
outer adsorb-layer and provided resistance to protein when the copolymer adsorbed on PS microsphere surface-
Moreoverflocculation tests on heating and cooling of PS microsphere suspension in the presence of protein provided
a simple and effective method to qualitatively evaluate the protein resistance of the polymers used for pre-adsorption
treatment -

Key words Themo-sensitive polymer. Comb-block copolymer, Polystyrene microsphere, Surface treatment

Protein adsorption resistance



