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Abstract: As a class of common plant hormones, cytokinins (CTKSs) can greatly promote cell division and have wide
application in agricultural production. Therefore, it is necessary to monitor the residue of CTKs in food or environment.
Molecular Imprinting polymer (MIP) with kinetin-6-furfurylaminopurine (6-KT) as the template molecule was prepared using
multiple polymerizations. The MIP was used as the fiber coating of solid-phase microextraction (SPME), and then molecular
imprinting solid-phase microextraction (MISPME) assay was developed. A series of MISPME extraction conditions were
optimized in detail. The extraction was performed at 60°C for 30 min with n-hexane as the extraction solvent and stirring speed
of 400 rpm, with 15 pL ethanol as the desorption solvent and desorption for 10 min. For vegetable and environmental water
samples, two kinds of CTKs were analyzed by high performance liquid chromatography with UV detector. The enrichment
factors of kinetin-6-furfurylaminopurine (6-KT) and N°-benzyladenine (6-BA) were 154 and 163, with whose detection limits
of 0.3 ng/mL and 0.5 ng/mL, respectively. The proposed method was sensitive and reproducible, and it was suitable to the
pretreatment and selective enrichment of plant hormones.

Keywords: Molecular Imprinting Technique, Solid-Phase Microextraction, Cytokinin,
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WE: M RE (CTKs) ZREA e RE 88 WHYBE, N TR A ™. Wik, 702N &
it BA BT FICTR SRR - BLO-HRZ MRS (6-KT) AR 7> 1, KM 2 LR % 2 FEHC RSP (MIP) .
Kz R E MR e RBARA R (SPMED) JHEANTRIE, KIE 770 TEIHCEAMAERT % (MISPME) o FEARTEAL T
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6-NREILNEN (6-BA) K& ER T2 5 N154. 163,
FHEY T AN P 4 .

KW : o TEHIEEOR, BAAGMAER, HRRE,

KR 5351 90.3ng/mL 0.5ng/mL. J7vkR &, HIMELF, &H

1 R

1. 31§

g3z (CTKs) R —REEMMBYME, L
BAEYEKKRE . Wmpulit[1,2]. 6-BEEIEEN (JRFR
WEhz, 6-KT) . 6- F&EIEMER (6-BA) 1ER2FHH HIN
SNEYECTKs, BEHIEEBAANATEE . B EHAH S
1o TEEEYI SR B T SRR, fEsekrll R
1Z[3]. SAT, FEPEER B A A e K. A
W FH & A YR TR B 1 R R Bk i, S0k N g jE i
FOB . FRIE (GB 2763-20126 i A 24 i Kok BE R b
HEY hHE6-BAKIME 0.2 mg/kg[4]. FL, KE—Fh
R RE IR TR R e ik B AR N E .

T ENEREY) (MIP) £ —JHA 55 1A 45 KR 51
Re JTHIEEEPEA BLS], S fE FL 25 a7 5 L Re e MR R P 5
RALERE B ATACEE . B SRR, WAL RS S U
WS AEH AT T[6-8]. HMIPS [E A AL (SPME) 7%
AHSE A, TR 2 7 BN [E A AR L (MISPME) $iAK
MR RRE BT AL EE vk, Hod, FEEUEA 4k R
MISPME T-20014FE 15 IR RIE[9]. % T CTKs&5 /4 B A H
SN, RE SR ThRE AR R AMER, AHI&MIP
AL T AT RE

LAz (6-KT) RN 77l £ 6-KT-MIP, {EA
[i] FH R R SEDRI[ 10, B3 il B 2 7 ER IR AR K[ 11],  HH
T8 B IR AFT S5 RACTK s AR IE . SR1T, R
FIMISPME J7 2: % $ 1 & 42 CTK s B AH Wi & 1) TAE 3R
/BI12]. 9256 K FIMISPME-HPLC /5 4 il B 52 B 1 3R % 5%
PRI RE i TP CTK s AP 2= ARSI, R0 ER IR A A
HR B PR B SRR — N B, AT A s
T o

2. SEIGERSy
2.1. R

o R A (3 4 110084 ( Agilent, USA) ; SPME-HPLC
B (Bt BEMA TR AT ; DF-101SHi#E3s (R TR
H A A A PR A A, ) s Milli-QEE 47K £ 4t (Millipore, USA) ;
FYEAHEME (BUEEISREARTTEATD

6-KT. 6-BA. W28 (IAA) WHH H RIBALEHEAR
HFRA A HEFAFREL6-KT 6-BAFIAAKRAE T (41 >98%),
FC il BR FE X N1 mg/mLAg & T4°C A7 . 6-BAFI6-KT
F 0.1 mol/L HCLA %, TAAR LA

BE_FTH (AIBN) WHRZENIDEA THRA
Fl; SRFERN S S HERGEREE (TRIMD . y-FEER
MR AN 3 = WA 3 e (y-MAPs) I 3 A &% KA T
AIRAF]; o FE —FENERREE (EDMA) WH i
B AIRAF; FENERZ R (HEMA) « R

R (MAA) . 4-Z&MEEE (4-VP) T E Alfea Aesear’sy
Hy WEE. 8. 2N tGital, WE M EMerck A F .
B 256 7K #7 Milli-QiEE 48 7K o

2.2, WBARBIEXMG

ZORBAX SB-Cgff it # (250mmx4.6mm, Sum,
Agilent) ; JiL I AHIEFE60% FH BE-40%7K 5 YL 24 1.0mL/min;
I RE MR K A270nm.

2.3. MISPME%E KNISPME®R ZE#] %

MISPME#: JZ #ill % £ B 5% HRk[13]. #EFIFRE17mg
PR 4> F6-KT, IIA1S0uLINAEE FARMAA, ¥ T3.6mLZ
B, 280 PE5), SIRAUE 12h, BN A450p LA BEFITRIM
F34mgHl KFIAIBN, 152G, 75 5min, B
10min. K IR TR A BRI 2.0mLATAE /M, Kt bitl
IR, 60°CHEFE T S N8ho 4 AH R D IRAI SR &
I, ZRILEIRFHMISPMER 2, 4 — A [ 5 B2 1
B2 BERSTRE, HOBE-28% (90:10, viv, %)
ZUVEME, BRIIRE AR T .

Hil & NISPMEWR EME NS, BRAS IR 7 F-6-KT4F,
HoAh 25 B FIMISPME%Z

2.4. SPMEZEUTFE

£ R H LT 8 4 i N 20mL 75 A 6-K T A16-BA 2153 )
IFCRVsW, 56 MISPMER 2 0 47 446 AR BUR 1,
F£400rpm. 60°CAEHL30min, 7ESPME#: [ 15uL 2% .
fi#W 10min 5 ELFEHPLC /34T

2.5. FEAmAbE

HEF MRS T 243 B T ) - EFRRE 2 gB i 3 3
N, BERE, N 12mL80% F EEHE B 4°C Mg 12h, i
U8, FRIEFeomL R FEHGH F IR HE1h, & PR ISR
£ ZE100mLIE KB, 45°CHEZZL T, MA20mLIE &%
P, HF RS0

WEKEE CREMMKZWIK) « #EMEI10 mLid
JE R KFE T 100mLIR i Bei, 45°CHeZ&ia+, IA20
mLIE CEHe L, HF R80T

3. R 518
3.1. MIPEREH| &

3.1.1. MIPRERM

MIPH| & FE T, ThRE ik 5 R 2 T8 JE L0 1
HRE AN, R AR PEARAR 1 B 45 A AE I 3 A E
(IThRE Bk, 23 B ZZ LIHEMA . MAARI4-VPEE3Fh 1) g
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FRHIFFIMISPMERRJZ U RE . 4551 (K1) R B,
MAA B REE, At 56-KTHEM IR EE_F (12 3 A B AR
H, TERCE Z 85600 5, T 4f s ZE HL6-K T F16-BA o
Rk, X5 AMAATE N DhRE SR . 246-KT 5MAAEE R T
N0, MIPHRFIN SR E . FERERERK.

Z )AL BAAMAA S5 Z BRI TRIM P 3 FH &5 R 2
REIAE I . HTRIMA R DK, BEVTEE R
K, WELGBHE. JTRIMARES 28, IR &%
IREADEERUSCE . & e W H BRI, B
5 LRAIE H H1l R 2 B A B I A E RO .

3.1.2. BHRKRE

K2 RILR L, ER—RAYE R IR, TR
JZ RN R B RE 2 . R1ATLLE . MISPMERZ
1) J FEE i R 5 BT 38 I T K . B SRR, IR
JE R E R34 11.90pum, Xt 6-KTH16-BA 1) A% & ik 21 i k.
WEREHESKE, SEMRBEMERES S TR, W
ANFIFTE AT i A

R1 AF DI RE AR BT MISPME R J2 2 HUSCR (K152 o

IEMEIA (LU*s)

ThRkHAk

WEMAIAR (LU*s)

BEEE (um)

6-KT 6-BA 6-KT 6-BA
4-VP 60 88 n=1 0.64 130 179
HEMA 67 75 n=3 4.24 410 489
MAA 242 290 n=>5 11.90 491 592

* SPMEZAF: ZEHUAFMIECHE, AT M30 min, ABUREE60°C, #4400 rpm; 6-KT. 6-BA¥J¥0.1 pg/mL

3.2. MISPMEY: 2Rk

3.2.1. SO

MU R 2R 2 A1 T il 2 FOMISPMEST 4R 2, #E4T
WAL S, SR R SRR SRE. B

s WIERE S AR Z AN R . 3t PO T H
H, WERA G2 LN BRI 450, &S AR
R e SR I AR -

El1 6-KT-MISPME#: Z MR B RE (fo: JBOR25006%; 4: HK5000 .

3.2.2. AR

SPME /57 7% S5 HPLCTEZR I FH B, 75 B2 ¥ 71 75 fd Al
MR N E T . IR, 5 B 2R 2 N
RS . OBE-24F% (90:10, viv) « HEE. 2
Pl IF kA PUAEFRIBMISPMER /Z24h, 21
SREI R I SURAE . ZEE30 G, HAEREREE AT
B . RIZIRZMAFIERE R i, R AR EH S,

3.23. BEESRAIEEN

TERAEFEREM T, K15 IMISPME & NISPME %
JZ B 9 R HL0.1ug/mL6-KT 1 6-BA ¥ Wi, 5 H & 3t £
10pg/mLAFMA) () €t BEEAT XS B o 2R AT LA HY, A

A AEAAF TR, ZEMISPMEVR /= HU 200 47 5 (1) 06 /5 55
EIER, 6-KTH6-BAM & HEH T 54154, 163,

B 2R (JAA) NXTHIRY), #3t— b 8REm
AL FEME[13]. BRI, MISPMERZA6-KT. 6-BA
FITAA R A HU R 73 7 9700 pmol. 730pmol #1131pmol;
NISPME# )2 I ZE B &EAY A241 pmol. 262pmol. 142pmol

(E3) o FIRWFAEEEAARR, 13 FIMISPMER)ZXS 35
YR B B R 120 1) 92,90 2.78. 0.92, FHIMISPME
R E XA 737 6-KT & A 6-BA B A B = ik £ 1%
TR 455 ) 22 5 R RO TA AT B AR R 2
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Bl2 HCAT)E PR A il st tE I (A) BELEE#EERE10pg/mL6-K TR
6-BA; (B) MISPMEK&NISPMER )2 % HX0.1pg/mL6-KTH16-BA(H A

B REHE A IE Ok, ZEEBURE30 min, ZEBGEF60°C, 43 400rpm,

R A Z B, AT 1A]10 min, fEARAR1S uLl).

B3 6-KT-MISPME. NISPME#R/Z5t3F4))5 (0.1 ng/mL) FIZERUICE

3.3. SPME#MHIfitk

3.3.1. FEHURMH

BT T ASEARPE AR 7 R s 7K > PR e >
A>IECHE) XITMISPMEWR 2 ZE BRI . 25 1K
(K4a) , 7EIFE S, MISPMERJZ X} 6-BAFI6-KT
RTINSO IR, $REREERE SR 2 T
R o 32 R AR ¥ 550 AT BERER 7 W 5 MISPMER 2 2
V) T2 P A

TESPMEGEFEHT, 453 o] A 3 JZ 565 43 B 420 P A48 H i
IEF AT . 5B HERE AR 100-500 rpmit B, o ik B EE
HA00rpm P, BEAEARUEMISPMES 24 B AR BURCR
N AEAH LT HEREBCL A AT (E4b) o ZEBUR T BB
AL BT P I SO . 5 THE, A I IR A i
Bz W8 K. BT AEBUGNIE O el s E65°C A, 2 FEHRAE
A, B E i AR N60°C . R ALIAZAE10-60 min
T A PIAEEUERE (K4e) o K30 minjG, ZEEUEEAS
BT, ERETIAKR.

3.3.2. R

SFEE T K (A L K-8 (B, 90:10, v/v) .
FEE (C) . HEE-ZR (D, 90:10, v/v) « ZFF (E) .
LFE-Z 8 (F, 90:10, v/v) ZEIEFK R % H AR i 3
REFW . B E4dTE, PL AR AR ER A BT 1 A
WAL, ULAEE (BE) « LFE-4BR (F, 90:10, v/iv) HIf#
M R ft o B/ LRI E S HPLCHE [ 3L 24840 7%
ZARALSENTIRFR RIS (7], FR &1 SuL Z R 10 min,
ARESEILRZ T H AR s . e A R .

Bl BAFEBEEAXR R ERERI R AEHUAT, bEd, BN, dFFTER: 6-KT. 6-BAIKEEHINO.1 ng/mL) .
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3.4. SHTTIRENL

K AMRTE, 43T AN R HR B bR v v v Bz it
FEAIMISPMEY: Z A BUA RV B S TAE M2k . 45 R %
B (R2) , iR EE RIFLH LR, HERE
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KT0.9903. HIEFEFEN, mACk R 90.3ug/mL, 1
MISPME [¥) J5 ¥ 46 1 FR 50.3ng/mL (6-KT) . 0.5ng/mL

(6-BA) , FHIMISPMEJ5 %5 I R £ .

F2 EEHR SASPMERERUS I 7524

P Bl £3tSPME

LMVEE (ug/mL) HXEHK BB (pg/mL) B E (pg/mL) MXRHE BAE (pg/mL)
6-KT 0.8-10 0.9984 03 0.005-0.1 0.9903 3x10°
6-BA 0.8-10 0.9985 0.3 0.005-0.1 0.9918 5x10™

3.5. BRI

PRI D IR SACFE S MR IR K RE o BRI
JE4351250.01. 0.05. 0.08pug/mL{#6-KTHI6-BA I 5 Fi

SR, 7T IR E88.6-109.3% 2 18] . [A]i, ¥1H
IKFEZ IR, A MREMERRE R4, HEEATI
M (E5) o Wik, Fridsr KIMISPMEY: GE T b 3L 5 T
P, 3T SEBRAE T A R

FEm AR, A SPMEAHUS FHHPLC/r#r. 458 (383D
R3 SLBREE S IOAR RS RS (n=3) .
P B MitsER#E (RSD%) KEEAREE (RSD%)
0.01 (pg/mL) 0.05 (pg/mL) 0.08 (pg/mL) 0.01 (pg/mL) 0.05 (pg/mL) 0.08 (pg/mL)
6-KT 103.3 (12.1) 91.9 (4.2) 1059 (6.1) 109.3 (9.8) 96.4 (7.8) 94.7 (4.1)
6-BA 88.6 (13.4) 90.2 (2.7) 101.6 (4.4) 93.8 (12.2) 89.4 (5.6) 92.0 (4.5)
Bs SEhRFEf@ A b, b T NbR6-KTA16-BA0.05 pg/mL.
4. g5ig

K2 IRILE, HH6-KT-MISPME 4 J2 %5 2 fth £
Iy B F A 2 I B ARAS MR 0. 3ng/mL, &R T
I3 AN2.90812.78, &R T EE2 AN UE S . IR R
JEE R PR AR BRI R T R PR b AR
IKFESHT

Bt

A SR T AR/ B X 3 AR B 4 R B H
(21705026 21575028) . fa#H HAR A & FBIIHE
(2016J01051) M7 H#E,
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