a4 % B & 2018%5 $£63% H1#:.68~77

<) COPEFREE ) Atk

SCIENCE CHINA PRESS

o B | D RLTRAL 2 g v 2 eI PR R Uit

il S

IFL a2 mlml sEHT

1. JbaHE TR [ sk 6%, Jhat 100081;
2. Jbm BT R 54k T 24Pk, b5t 102488
* B & A, E-mail: txwei @bit.edu.cn

2017-08-17 Yithf, 2017-09-20 £ [7], 2017-09-22 457, 2017-11-09 M2 it & %
[E R [ SRRl I 42 (20771015) il e 22 A 24 R 5 1 40 11X (BO7012) ¢ B

TS BT o fm k-t 2 4% # # (reversible addition fragmentation chain transfer, RAFT) % & B 22, i 1 % 4h %
Bl F R, WA2-(+ = b 2k 1R Bk B i AE)-2- W AT % B2 (DDMAT)1E 4 — B9 15 41K 7|, £ DDMAT54 B9 4 K %
A R T A BB 4Tt F B 7 4 B A A (molecularly imprinted polymers, MIPS)# fi&, 34 A & 4% & TRk 3t
W(SPRIFE BB RA 0. B REMEEMIPSEE LK S A%, FHEERAARES. REDHFAR
U], DDMATZE %5 5l K B 6t A2 P A B 5] K A An sk 4 # X AN EAE A, MMIPSH R mHATHE M A | 240
. HWETEMEERAE, FRKWET AT R T R k4% B MIPSTH B #: 4 2| DDMAT4 45 8y 4 I %
W, AMIPSHEEEE ) —, HETA RN RRTIEWILNR, HIRFZE 2 FRME T B, fEpH 7.4 PBSE »
P At K SR B 107%~1077 mol/L By B B EE B AT AR, SRR EMIPSH G i R B RS T EARS
Wy REUE, IR H3.24x107° mol/L(fE "k, IN=3), HEH R FmEF R e EEE A, Rl Lh

HERE T, MIPSH 40 SPRIE BB F ENARY T, IR A 430 drd Rk L 8y 286 0 F 4 & 1 B oA RIF 8y
55 B SE B AR RN TR o A% 2 B [E1 R R 4 92.9%~ 96.5%, i B b A R 28 T R T SEFR R O E

el

4y FEN3E 2 A ¥ (molecularly imprinted polymers,
MIPs) 248 H 48 ST -Pi AR AE 3, AN T A A
(T X AR o 2 AT B BEPE TR R T 9 5 T A1 R
HNFEIE BRI L AR 5L 28 R RGBS
Bt THIA M BT, KR HMIPsH & 15R 1%
S5 [ 1 35 A1 (traditional free radical polymeriz-
ation, TFRP), 2P % 5 g il e U Rz H.
SN AR, (B JE TFRPH T A il 8 i 5 5 75 2 1k
RN KA, AH T3 M PS> - B 3 AR B T8 L 39—
2 RO SR O E— A5 M M PsiY)

[k -B RS RE, 2 FHEY, B8, KEERE, KEFETERLIRELE

U BE S MU B RE J7. BLAh, b T PR REMIPSTE K ER
i AR HE ARSI, R TFRPH 45 M1 PsH i
FH 0 32 356 30 FU A9 85 8, MIPSYE DL E B bR 43+ 47 P
B, R T sk B R B, BTN GURE AT -
Wr 24 5% 5 7% B 4 (reversible addition-fragmentation
chain transfer, RAFT)5| AMIPsf il &1 #2. RAFT/&
TG PEMT 4 B SRR A T U —Fh, BB 0838 1o 15 < A
H S & o 7R WeEZ b0 sh B Vo f2,
AR B It & AR T B R Y R IR A 1
Ay FEE, 4T BRI A B R 4 T BE RE S 4k 2 4

SRR B, SR8, BRI, SRR TR0 - W B L R IR i 2 4 B IR 45 5 A . AL SE 4R, 2018, 63: 6877
Wang Y, Jiao S Q, Chen X L, et al. Preparation and detection of progesterone by molecularly imprinted film based on reversible addition frag-
mentation chain transfer polymerization (in Chinese). Chin Sci Bull, 2018, 63: 6877, doi: 10.1360/N972017-00875

© 2017 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




KB A ETFRPI ¥, R I RAFT J7 3 il 45 M1 Ps
A — A3 P TR O 5 B, S T L H 45
%) 38 B¢ 391 [ RE 7T LA AR 43 M I PSTE 7K 30 355 o (10 4 5 ke
SEIRAE KA R B AR AR 5,

M IPSYE A 1% B g 14 SRR RS2 43— B3k 4 A iy
FR—AEE 5. MIPSS AR, A B
FORERENE, RIFAFaETE, TR . BRRIA ALV ) S50
M B E AR LA R R AT T KMIPs
SRS A AT A ek WO A
OV R 3R A vk 10 R 3 A i 2 ol o A%
Fm AT IE S AR B R, RS A5 & 5 5
FEAG R R AT MIPsHil & . JEA R A LS T
MIPsh & i i 45 A 7 15, MIPSIR B (FLBR . 6
SV SRS IR R A MIPs I 5] %
Fa, AT AR R s Fe w12,

ZE e NN EZ ISR, WA RS, f
RGN KM & BT, H RN AR BT
() — P20 b EUJE e i A T B 4R I 2 0 2 Bl IR
Heftt Pyt A 2B, SEUKMKKTE Y. CARE e
T2 M I PsZ2 5 i RO (3 sl M i g A 1
FE S ZE 04 B LG vk B K PR RS
Lees A 101 P iz i i) 2 35 4 itk R 3 38 1 45 1 2%
il B4 M PsTH AR ECAS T R B A A IR, % M PsT& iffi
F14) R R T £ 5 IR M| P s 52 5 158 o i 384 K, {HLJ2:
27 M LA 52 B R IR R PR W s . AR SC LA
HEWIETR(MAA) DI RE AR | AR AR 7. —
F BE TN IR R 2 IS (EGDMA) A2 6 . 2-(+ — %
FE A AR Bl 2 g 3L )-2- HY S T 44 i (DDMAT) 1 S il —
O R, R JC A AN B 6T | & R BRI 2 R
RSN K 0y X AE 2 10 45 3 F IR LR (SPR) 1%
RSN R T ] A MIPSTHE R, 454 SPRIFUHISZEL T
X M| P 8 AR < ARG B 5 i, O Xt HEAE ZK 3R 58 vh X
B 43 F- U0 68 1 2R AT A6 43 Br

1 525

(1) BRI AR, 22T (98%, BafHL T ik 52
Fl) . 20 (98%, FIHLTIKHIAF) . HEE(99%, H R
A LN IR (MAA, 99%, T 7 Jak ) Al — H JE R 4
ik 2. PR (EGDMA, 98%, 1 7 E)7Z&W IS, i
H M (95%, FlHr Tl A ml) . NN-Z O 5k —
W% (DCC, 99%, Z s Mkl /A ) . 2-(h bk aift
T R i 5L )-2- 1 BE P9 iR (DDMAT, 97%, 2 va ki 7

N ZAEHE(BP, 99%, Acros Organics). iF+
Pi LR EE(98%, H RE). Jo/K LEEGHTal, JbaiTi
WRE AL T A A . OO, b TTE R A
R TR LR s, dbatmim) K anfe T2
Al) . WRERFR (Pogedt, dbatfb 1)), SRR E AN (4
Mral, AT 7). BEfR S AN (o ral, Jbsfe T
J7) AALEN (e, dbatfe ), JKCh IR ZEER K.
ZIAMEREAY (Nicolet 6700, ZEER Ki/R, SEH); %
AN Y (IC2000C, il H RENFH AR RS AR
"], RE); FE T BEI(SEM, Zeiss SUPRATMS5
SAPPHIRE, 7 [); 2 1f 45 5 TR Mg e B b A 5L
B2 [ AT 1 A9 K retschmannt £ £ 55 31 1] 750 2% T 46
BRI, J6IE ~632.8 nm; UV-LED 5% IR BT HL
(UVEC-41l, 3W/cm?, LAMPLIC, I#IIITH i1 5L v fl
BAHRAA, HHE).

(ii) SPRtSH By m & K MIPsH R Hl 5. R
FHEL 23 4 B8 7 3 7E LaSFNOBE B 35 F [ 88 43 50 nm,
H4 WIZE 5 47 LaSFNOEL J B T i 3 £ i i Jo /K & Tt
IR, FiFk O E N5 mmol/L, F#E 24 hg HU,
FAJEK B3k, HA T4 H; F14.6 mgiy
DDMATAi116.5 mgfyDCC% 140 mLIC/K ZBET, K
TEF I 2 M2 124 hifLaSFNOIE B, Je/K 2,
FopvE3k, AR T A M. 2281(31.4 mg), MAA
(34 pL)mA4 mLIEKZIET, BrHiRE, ZiRT#
B3 h, IR - AR G, Z)5 Mz
A K EGDMA (338.5 pL)Fil &% &% # it 7
DDMAT(15 mg), il & <10 minfd L8 i &<
B BB BISPRIG % I, AR B, SRAEES
FEVEAT ST Wi, SPRIG Wi 4 J5 # UL 2 S1AN & S1.
AR F30 minf5 i1k N, A 85 LK S2.
0 25 o A B R AR 2% v (PBS, pH 7.4) hiEits
R R 2110 min, 2 )5 APENE B (PBS(pH7.4):
ZR=9:1, L), YENRZI33 min, 25 FiE APBS
(PH 7.4) /2575 min. 3k EIIE 4 (NIPs) 815 il £
PAHTE,  FOR A R A I A Z2 R 5y

(iii) DDMATZELCREHA/EH. A T 5k
DDMATZE G I A oo v 2 45 [R] B ke 2105 5 | & 751 il
BERERLAN PR . AR SCBETF— 40 I SL 5, R A
TR PR T RS R, A IR SR 10 B BPIE A Ot
SR, FEIE T 2 5 B A A Y 4 R T A A%
MIPsi# i, ELAR T B0 T B ZZ 8550 nm4s i i
LaSFNOBY B 5t 3= J 76 IF + —be JE A7 s ) G K 2 s

69



A % B B 2018F 18 $£63% 1

W, I B B 1 mmol/L, =124 h
Ja e, AJEK CBErPPE3R, AR TE&H. 4
fifl(31.4 mg), MAA(34 uL)ilA4 mLIE/KZ G, #
FIRG, SR F#E3 h, 25 ASZEF EGDMA
(338.5 puL)AES] & FIBP(7.3 mg), A 10 minfk
WA AR, R i 2 B SPRIZ 5 [, AR
MR, EAMEIEEE 20 minf5 (5 kG, @i SPR
IR 57 i 00 S5 S I A AR RS SR AE I AR AR X R ST
5 21 PEDDMATAE A 651 &7, 7EDDMATIEM Y 4
LA MIPsE . B kR 22d(31.4 mg),
MAA(34 pL)inA4 mLIo/K ZHEH, EERE, £l
TEE3 h, ZJEMASCEFIEGDMA(338.5 pL)FbE
5| % #IDDMAT(15 mg), i /<10 minfk L7 Y
AR K R BISPRIE & b, AR N R, &
HMGIE IR 20 minf5 {5 1kGHE, 38 ) SPREL Wi
SR S 3 A H RS SR AE R AR AL

(iv) AR, xR 4 . ik O Rk-Au,
DDMAT-Fi 5 £, e FTM | Py B A5 M Ji5 %) 68 7 28 T ik
rEefh keI, AEBE M O.74%, MAARKE S k&
K, #EFER1.0 pl, R HAIJIC2000C A 7 4K {4 H 1 L&
AR SR T B R AT A B AT

(v) SEMAZI. il &4 BIMIPSFINIPsii i, =
O Y 28 0 ) L B T 0 = T o s
JEAE B 35 o S FE MR BB AR A B4 ), TR AT R A I
T FERE T UE AT S S AL B, D /)N PR 3 T R A
£ T ARIFHE S R IETE S B

(vi) 2rghstaskaill. R HINicolet 67003 il
PR B A X MIPSHINI PSR R TR, LARR 44 i
Bl I 221807 U35 MIPSHINI PSTHEE (1 2T 4M5 ..

(vii) SPRAGM.  SPRXfMIPsiH 5 FTN1PsiH i (1)
Fer i ¥ Z T AT, RS SR 20 mmol /L
MR £ 2% vh WO B A 2, 28 vh I b NaCl ik 2 o4 150
mmol/L, 2z il pH 73l i vk £k 2 i &0 S Ak Bl 0 s 15
2, BTSSR AR AL B ARY(ARY%=ARX100%) 4
YA TR 45 SR P41

2 giRk5ie

2.1 DDMATTEXEAPER

X RS 1R RIBPR OGS A5, fEIE+ —he ki
A 1 (1 4 B 3% T 1) 45 MIPSTEREE, SR AR TR T ) I
B 5e BT, O TR I 5 R ROt R

70

(BN, BEJS SR T M, 20 4 B3 T 4 A v A
Ak, WE L@ TR, LAMEET20 minfg{E 1R E,
F AT B (1 1(a2)), $25M G I 5 S /Y S St
MR T B R Ak T (K 1(a3)), I Lkt
MEJE MIPsHEBE Ak 22 A K, X2 T ROV IE R A
—Em G A H AR, 60 ming g REB TR
FE, 26 W NV P T R SR SR AR Y RESE B
MIPsH A5 11 2R K, A E 1(ad) flr . X BE S 86 2vh
LIDDMAT A5 &5, 7EDDMATE I i) 4 5 3%
il 2 MIPSHE . 4n & 1(b) 7R, 38 A KR R, K
S8 3 2 T TR W HE R, R S R A R (&
1(bl)). ZJ5 R4t FZ TR (E 1(b2), KK
IO LR R T — 2K, TR I 2 0 i £ 632.8 nm
FR RS T A S KA RN . B 5 TS 5848 G 5 R 5T
20 min, JCHPERIFE T RFE(EIL(3)), FHEEIMNEH
KWW &N, B MIPSHETF 46 4 K. X —F
Gt — 2 R AE LA E IR N e A T A
H3E, —BoRbE, X —1% A B 3L H 2 DDMATH
C-SHETE 2 MBI ST T W24 7= A2 19122 A IkDDMAT
TERAIMEREGT T o] LUR BEE Z R MA/EH. 408
HEG$20 minj5fsr 1k G I8, S SR T, — T PR
T LA 5 G B AR 5 B R BUE TR, 5
— 5 TH, SN PR R R BN PR R IE
N4k ZEHEAT, EL(bA)T. KSR, SRR T
W, 2 WHAE A 11 % B85 V0 0 P AT S IR b A 3% 1k 1 il
B A AR TEMI P IR 4k 22 4= K (K 1(b5)). X — S5
P45 RAFT W ALBR A 35— 512224 &l 1(c) i /i
RS 25 IR, 5L ny MG & FIBPAE,
DDMATYE G I A S B[] B e )06 51 % 57 A 4%
Rk A .

2.2 {EMb s FRAE

S IR A (Au) R . St 4 -AuR T |
DDMAT-%i & 2 fE-AuzR I . MIPsi#i i -DDMAT-%i 3
- AR T AT R Ml A RS I, A5 3 42 fk A AR P
W °493.01°, 23.22°, 89.75°H175.94°, UNEI2fF/R. i
e LMoy F— it -SHIE A, I3 — i A 3 KPR -NH,
FeWl, UBEE OGS A AT, -SHEE AT E i Au-S
S G, AR AKPE B -NH 3 ] 58 22 75 % 1
TR 2 Ao HG 3 T T A R O, LR Al AR {23,220,
DDMAT > F— i 7 4 -COOH I A, 55 — i Ay g /K 1
[)-CH33t A]; i DCCHI LL¥DDMATH Y-COOH



it 3z

0.64
|
J (a)
0621 | yvpe
0.60-
0.58-
i
& 0.56 4 %
14 1
0.54
0.52-
0.50-
3 — 024—, : : , :
0 20 40 60 80 100 120 140 0 100 200 300 400
t (min) t (min)
o Wz _
s s s s
h _
o T N o \”/ Ny
s s
(2) @i
R — % o Ren
(3) NORN-BAE
s s s s s s
RPY + R \H/ SNg = Y SNp= e \’-( \R+R'
s T s
R
(4) BRSIE
/ \’_r \R—_ o \’_(
R+ tf —2% _ cem
(5) i
s s
RPm . RPn/ \R—-— PnR/ \PmR = RP” \R+ RPN
.
@ffﬁ s
R
(6) QP LIE

s s
- . s s
Pn + RPmM an/ \”/ \me
S s

Bl 1 SPREIJIZFUEINESNSEE R B ALRE. (8) BPALS I EFRER G )17, (b) DDMATIDLS AR G5 117, (c) DDMATTESAMLS &
TR A U LR R P

Figurel The SPR kinetics of photo-polymerization by UV initiated. (a) The polymerization kinetics with BP as an initiator; (b) the polymerization
kineticswith DDMAT as an initiator; (c) the reaction mechanism of in the presence of DDMAT under UV irradiation'®
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Figure 2 Characterization of contact angle. (a) Au surface; (b) cys

teamine-Au surface; () DDMAT-cysteamine-Au surface; (d) MIPs film-
DDMAT-cysteamine-Au surface
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Figure3 SEM images. (8) MIPsfilm surface; (b) NIPs film surface; (c) cross section of MIPsfilm
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Figure4 Infrared spectroscopy. (@) MIPsfilm; (b) NIPsfilm
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Figure 5 Effects of pH on MIPs binding progesterone. (a) The kinetics of binding 10™° mol/L progesterone at pH 5.0-9.0 by MIPs film; (b) the
reflectivity changes after binding 10° mol/L progesterone at pH 5.0-9.0 by MIPs film, RSD=3.3%-7.1%, n=3
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Figure 6 Characterized MIPs film by SPR. (a) The resonance angle changes of MIPs film. (al) The resonance angle of MIPs film before washing;
(a2) the resoance angle of MIPs film after washing, inset graph is the enlarged part of resonance angles. (b) The kinetics of binding 107-10"" mol/L
progesterone on MIPs film. (c) Linearity between reflectivity changes (AR%) and progesterone concentrations, RSD=2.7%-7.1%, n=3 measurements.
(d) Resonance angle curves: (d1) the resonance angle of MIPs film after washing, (d2)-(d7) resonance angle curves after binding 102-10"" mol/L
progesterone on MIPs film
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Figure 7 Selectivity of MIPs and NIPs films. (&) The kinetics of binding 10° mol/L testosterone (a1), 10 mol/L estrone (a2), 10*° mol/L
progesterone (a3) on the MIPs film. (b) The kinetics of binding 107° mol/L testosterone (b1), 10°° mol/L estrone (b2), 10° mol/L progesterone (b3)
on the NIPs film. (c) The reflectivity changes AR% after binding 10*° mol/L testosterone, 10° mol/L estrone, 10*° mol/L progesterone on the MIPs
and NIPs films respectively, RSD=2.9%-5.0%, n=3
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Figure 8 Adsorption-desorption and stability detections of MIPs film. (a) The kinetics of adsorption-desorption of 10™** mol/L progesterone on the
MIPs film. (b) The stability detection of MIPs film: (b1) binding 10 mol/L progesterone on the MIPs film after storing 0 d; (b2) binding 10™** mol/L
progesterone on the MIPs film after storing 30 d. (c) The reflectivity changes AR% after binding 10~ mol/L progesterone on the MIPs films after
storing 0 and 30 d, RSD=5.2%-5.3%, n=3
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Preparation and detection of progester one by molecularly
imprinted film based on reversible addition fragmentation
chain transfer polymerization

Y ang Wang', Shaoqin Jiao®, Xiaoli Chen® & Tianxin Wei®

! school of Automation, Beijing Institute of Technology, Beijing 100081, China;
2 school of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 102488, China
* Corresponding author, E-mail: txwei @bit.edu.cn

Molecularly imprinted technique is a versatile and straightforward way to produce artificial receptors for a given target
molecule. The molecularly imprinted polymers (MIPs) have received widespread attention and application, owing to their
high physical stability, remarkable robustness and low cost. Despite the tremendous progress made in this field, many
changes still remain to be solved. In general, MIPs are prepared by traditional free radical polymerization. However, this
approach causes problems such as low-affinity binding, high diffusion barrier, low-rate mass transfer. In particular, it has
been demonstrated that most of the MIPs fail to exhibit specific recognition towards the target molecules in aqueous
environments although they can be successfully applied to recognize the target molecules in organic solvent media,
which severely limits their potentia application in some fields. In this work, a new method to prepare MIPs film for the
detection of progesterone based on reversible addition-fragmentation chain transfer (RAFT) polymerization is presented.
2-Methyl-2-[ (dodecyl sulfanylthiocarbonyl)sulfanyl]propanoic acid (DDMAT) was employed as the sole control agent in
the UV polymerization. The SPR sensor chip with 50 nm Au was firstly immersed in an ethanol solution of cysteamine
(5 mmol/L) for 24 h. The cysteamine modificated chip was washed by pure ethanol solvent repeatedly and dried under a
stream of nitrogen. Then the chip was placed in 40 mL acetonitrile solution with 14.6 mg DDMAT and 16.5 mg N,N’

-dicyclohexylcarbodiimide (DCC) for 24 h. After that, the chip was washed with acetonitrile severa times and dried
under a stream of nitrogen. The MIPs film was grafted by UV irradiated without adding additional photo initiator or
catalyst in the presence of progesterone (31.4 mg), methacrylic acid (33.4 uL), ethylene glycol dimethacrylate (338.5uL)
and DDMAT (15 mg) in 4 mL acetonitrile. The growth process of the MIPs film was monitored by surface plasmon
resonance (SPR) in situ. A mixture of PBS (pH 7.4) buffer and acetic acid (v:v=9:1) was used as a washing solution to
remove the template molecules from the MIPs film. Results indicated that DDMAT acted as both photo initiator and
chain transfer agent during the polymerization. The MIPs film was characterized by contact angle measurements, infrared
spectroscopy and scanning electron microscope (SEM). Analysis of SPR spectroscopy showed that the MIPs film coated
sensor displayed good sensitivity and selectivity to progesterone compared to other analytes with a similar structure. The
response of the progesterone ranged from 10 to 107" mol/L with a limit of detection (LOD) of 3.24x10** mol/L
(SN=3) in PBS buffer (pH 7.4). The MIPs film coated sensor also showed good reusability and stability, and kept about
81% of its original response after 30 d of storage under N, protection at room temperature. In addition, the SPR sensor
was successfully used to determine progesterone in tap water, underground water and artificial urine samples with
recoveries from 92.9% to 96.5%, which indicated the SPR sensor can be applied for the real sample detection. This
method will expand the surface modification of the MIPs film on the surface of different sensors and is a great candidate
for rapid, simple and label-free detection of molecules in agueous solution. Finaly, this study opens a door to re-know
the roles of chain transfer agents (DDMAT, in this study) in synthesizing MIPs and we believe that the properties of
various chain transfer agents will be excavated and utilized in future study.

reversible addition-fragmentation chain transfer, molecularly imprinted polymers, progesterone, water-compatible,
surface plasmon resonance
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