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Abstract: A thermo-sensitive molecularly imprinted polymer ( MIP) is synthesized through graft copolymerization of
“whisker” polymer chains on the surface of modified SiO, and then copolymerization with thermo-sensitive monomers
(NIPAM).The template protein bovine serum albumin ( BSA) is selectively adsorbed by GMA-IDA-Cu®* by means of
metal chelation.TEM,IR and TGA measurements prove that the imprinted layer has been grafted onto SiO, outer layer,
and the thickness of the imprinted layer is around 9 nm.The optimum experiments for pH and thermo-sensitive conditions
verify that MIP has an excellent temperature sensitivity. An adsorption capacity as high as 115.42 mg- ¢ and an
imprinting factor of 2. 58) are obtained at pH 4. 6.Specific adsorption tests for different proteins show that the imprinted
cavities and imprinted sites inside the MIP match well with the template protein BSA.In addition,the MIP also exhibits
higher adsorption rate and better repeatability.
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PURERR LR (TEOS) (it B iR Bk ( APS) | Y A&
L M (TEMED)  FH BT TR (MAA) | F BT I 1R
57K Hillg (GMA) W& HE — 28 (IDA) il R 4l
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JEOL JEM-2100Plus % %} H1 ¥ & /(4% (TEM ) ,
HASHL 7Rk 25424 77 MiniFlex 600 % X £k 4
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[FINHZE A 12 mL TEOS, SR 24 h, K5 FR&
fIA 4 mL GPTMS, 4kZE4F,: 24 h BI7535] GPTMS ¢
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ARENIE 54 ( Non—molecular imprinted polymers,
NIP ) F) il & R 6 1 77 325 R) b, AF2 A i B A 2 1
BSA,

2.2 WRBHEAEAIATI

# 10.0 mg MIP ( NIP) Jin A & .08 o, in A
5 mL 0. 6 mg/mL [ BSA ¥, 7£ 35°C T~ % ¥ W B
4 h 5, BOHCETEBGEET 278 nm AL SAMEI

W B2 Q(me/g) AR .

0 =1[0(C-C)V]/m (1)
Hrr. €, 2y BSA VIR WA BT MR B, mg/mL; C
WY BSA B R, mg/mL; V o BSA RN
AR, mL;m S MIP(NIP) f i, g,
MIP A B 1 A AR Sk B R (1F) 2R
IF = Qyip/ Oxw (2)
Qe 1 Q43314 MIP T NIP F IR B 25

3 ZRMITE

3.1 ENiTEREYWMERMEHMRE

B 2 0 JE B 6T W B A A — Y
121 A S AR G I 5 A DU, 1 PR
B BHAR N3G A, PR LA 2 A 3 1 2R R s R ko
AR F 1T 34 0 B 35 A4 A5 55k 25 T R 2 9% LR
SAN AR BSA RIAH 1~3 MRENH AR, ol @
4R BT E A VE RSN MIP 5 BSA 45 &
J1o HIFEREE BT T GMA-IDA-Cu™ B 4%
JE5 TR AUPE B NIPAM 3R 5 25 w2 R B A 305 Y
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TEM E 4 3 iR,
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200 nm
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NIP &y TEM [
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HIENE 7 2R A —3, Z54 TEM, FT-IR Al
TGA [ 53HT45 5 AT 0, 26 BRI )2 € i) b 42 A5 A
Si0, R,
3.2 I8 pH MIREX KM B ERHME

F i 1 FH S i) B S o7 o5 55 il 2 11 B A 455 fig
J1o B, 3 BB HI A TR pH (4.6.6.0.7.0.8.0 Fl
9.0) 119 0.6 mg/mL BSA W PEMY pH HUSEM , 45T
B2 NIPAM Y i B5CRe %, 7 35°C A 25°C T 43
BIFEELE pH X I B 25 1 A S I, 25 SR AR 1 R
MFE 1 HATLUE Y, MIP 1 NIP 7 35°C (1) W i 75
BIRT 25C, iR EYRA R 40k 8, pH
BRI R BE ) R 4P BEE pH 134K, TR B 25 5
TR, XY BSA MAFH S Z 4.9, 7€ pH=4.6
A, BSA 717 1E B fuf  MIP KA e K 431 59 25 T4
FHA U r PRt BSA A2 Be v A FH A B /R FH )
XSRS M) 77 TGS 2 0 MITP | o308 3t B 6 o7 8 ) S
EM S Z 456 . 4 pH KT BSA (955 HL ST, BSA
A7 ORE R A HE R R R B R (8 A5 R B A & AT
TR,

&1 35CH 25°C TAE pH X MIP 71 NIP
WR: B 145 A B 585 0
35°C I LI 25 Q7 25°C I LI 25 B Q7

pH (mg-g™") (mg-g™")

MIP NIP MIP NIP

4.6 115.09+10.51 42.21+8.47  75.28+7.47  36.45+4.10
6.0 77.94+8.36 39.54+5.04 44.14+6.29 27.87+6.35
7.0 58.25+7.09 32.53+12.32 29.06+7.91 24.70+3.99
8.0 51.01+£7.70 19.97+3.79  22.99+9.41  20.01+4.07

9.0 54.41+6.62 22.84+6.18 19.77+5.48  20.61+3.57

T 20 ~40°C Z MR AR B 5RR G
A, G5 N3 2 B, R 2 ATLVE ), NIPAM
B LCST A1 32°C 22 A5 I, PNIPAM H54T Ji& | Bk 25 Jixs
ZHFZ WY KA | T B B AS JE R B R, 20°C
i P R o 25 i /0N, U H E R 05 55 BSA (945 & g
J18e55 ., Pl BE ), A5 B AL s, 5 BSA 1)
VERCRE K2 & T3 W M A B B3, 78 35°C
AF SRAR A A 2 P 725 1, 35K 2 PRI Ay b sl 23 s T R R
{7 555 BSA BYVCHELEE feff . iR B 28 40°C B, L
B 75 R ™ 5, X 2 R A PNIPAM i 14 45 4 i EN)
23 AR MELL S BSA 454, NIP () I B Fifi T
JEM AR LTS MIP JEAR —2 (B H S A S

BEHZEF BT GMA-IDA-Cu” ES1EAIRAI BSA BURHBENDRSY) - 137 -

BSA DCC % BN 30 25 i, DA e AR AR i BN R, IR,
VERE 35°C I pH 4. 6 JEe B A 04T Je 2L 50 5
I3 Ah g A MIP I B 75 5 34 KT NIP
RS, U A ALV E | H A I ABE A A D0
15T A W BT — 2 R LB 308 23 R AT
REVE

%2 MIP 0 NIP ZEREIRE Tt BSA XM TS L

W45 O/ (mgeg™")

REE/C

MIP NIP
20 47.96+2. 00 25.10+4.51
25 50.28+1.74 28.58+5.42
30 75.28+7.47 36.45+4. 10
35 115.09+10. 51 42.21+8.47
40 56.93+4.37 38.13+1.74

3.3 ERMWH AR B 1 EH R

e Hl AR B W B2 0.1~ 1.0 mg/mL [¥) BSA
S BORBIFFEER 0 58 75 W b RN B 25 4, I Lang-
muir W 5 R SR BTG A T AR B R AN R

Cp/Q = C/Q, + 17KOQ,,, (3)

Horbr, Q FQ,,. 43 ) hy 552 50 W B 7 1 AR B KR
W25 me/g; Co R 8 00 76 V- V5 Y o 1 Joi vk
B mg/mL; K A Langmuir W [T 5 45

MIP i NIP (553 M i Zean &l 6 s

120 .
—~ 100} 7"!"/,”:,,,;,,_,,_,1
0 " -

'En 80 S
< 60 A )
g 401 o e ° e o e
201 .
oF =

00 02 04 06 08 10
BSA% IR B it ¥ BE / (mg - mL")

1—MIP ;2—NIP
F6 MIP o NIP By 2505 v% Mt gh 4

L6 FRT LA Y MIP A4 1% B 25 5 Bl BSA 47]
AT VR A B INTRT RS K, 78 BSA W46 T vk B Oy
0. 1~0. 4 mg/mL B W25 5 2RI, 7F BSA #ILR
R R 0. 6 mg/mL J5 W I 25 = THa e, NIP
PRI BN A7 45, 7 0.4 mg/mL B B3k 2 44 1,
Langmuir W Ff 5 RIS EEINZE 3 s, ME
3 g 7E 0. 6 mg/mL B, MIP /9 K 1 Qmax 4]0
HRT NIP, K] MIP BAT 45 ey ) I o 4 456 ATl
{igas
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% 3 Langmuir M AERENSHE

BEM Q/(mgeg™)  K/(mLemg™) Quo/(mgeg™) R

MIP 105. 31 14. 41 111. 34 0. 9849

NIP 44.87 8.69 52.07 0.9787

# 10.0 mg EFIE R G5 5 mL 0. 6 mg/mL 1Y
BSA ¥ T 35°C T 93z W B, T B — 7 B[] 4k 0 i
BiF 2 it IR0 W B 2 o 4 25 R 7 iR, |
K7 AT LAt MIP (1 W B 25 i 3 in L 4 h f5ak
FIPAF , 33 KON IR R BSA T8 i e W 5 | FITC A7
VEFR AL 5] MIP RIS 25 G 005, NIP (1
AR HA G Z AR, (ELRE B 25 o B R AR T MIP

140

i -
2100} %é
& /
£ sor
I ol
& .
T R —
 2of#
/‘ 1 1 1 1 1
0 5 10 15 20 25
At i) /h
1—MIP ;2—NIP

K7 MIP #2 NIP 898 [\t 3h 4 2 1 4

3.4 IEFEE IR B0 3E Sl R B
X BHb HSA  OVA il Lyz N HEH, %%
MIP I NIP (IEREVE, 45 R W3k 4 Fion, 18 pH N
4.6 I} P55 21 1 24 IR LA
F 4 MIP 1 NIP 37K [E & A A9 R B I A

5T s R 3. =2
EHMR BUR M,/ or #xwQ/ NP OHWT O HT

(kDa) (mg-g™") IF B
BSA 66 4.9 115.42  41.63 2.58  —
BHb 68 6.8 34.24 2594 1.32  1.95
HSA 66 4.7~4.9 4578  30.36 1.51 1.71
OVA 43 4.7 56.28 37.92 1.48 1.74
Lyz 14.3 11 61.88  41.75 1.48 1.74

BHb 5 BSA 4rF it AL, {H BSA IHHETE,
BHb XM, H W3 19 45 Fa i AR W], BHD 7E T
PR FH AN AR I 52 e T 234230 B o7 o5, (R A
25 [AVHR ] 5 BRI 28 R DG L, 52 o7 B30 5 M X LA
HEAZE AL, PR L B 25 41K, HSA & i 3
AGERIARRAY =B TE 285 RA AL B 1) 0 507, TR

F405FE1 8

PRI EJJ35 2 s 119 /N DG i 75 31 55 A% 1) T B 75 &, OVA
I Lyz 43 F B b BSA /N, 78 B A A e A
S 23 BN 67 3 0F 5 2 45 (B A BRIl £
MG E B 1SS, SRR A A
[Fi] s o] 3 6 5 4 2 1 (A W B PR 1P At R B, MITP A
NIP XX $655 4 20 [ M B e BebE 0 25 0 D35, %
FHIEBEMER T B R IEAN 43 F Bk R A W e S 1
ESLT .
B =1F,/IF,, (4)

Hrboar, FUIF,, 5350 56 MR AR 2 1 R 5E 4
HE P EER T

N 4 AT B3 BRSO AR AR B Y R S
PEFUNPERB AT, 1 WY B 2R 5 ) P9 3 5 e 1 SR/
KB BRI o3 A s M B SR R 3R
3.5 EEH

SV T B R G YRR R — D
FEbR o Bl —Ftt MIP 28 Dy i B — o 158 ) i i o 4 52
5 6 WIFid s BRI W B 25 i, 25 R sk 5 P,
% 5 AT LA, MIP I B 25 5 BE DG I8 IR B R
B0 R 3R P Ry R B S R R IR TR 43 B
2R TR, 6 IRTEIR G MIP F9 I B 25 12 [
IR 73% , B PERAT . T NIP N 3R R = 1 45
A7, PR B 25 i LA AR

x5 MIPHINIP HES It

TR @/ (mg-e)
MIP NIP
1 115.42 41. 63
2 105. 00 36.42
3 94.58 35.56
4 91.98 38.16
5 89. 38 39. 89
6 83.29 33.82
4 #ie

TECPERE S Si0, - GPTMS i k8 GMA -1DA
oy T8, 5 NIPAM i f s iR S 3R & i T
GMA-IDA-Cu™ &R Z G IR B F e R &
Yy, STERLERF BN R A YR R AR IR
e, T HBAT B R A, G4 B R A
Xof AN [R) R 1A S5 178 TR B 1 2 B B30 345 1 R Y
B3R 2S i BV 450X 2 11 I 1 R o o ke
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