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F T4 PNK 5P 5 R GO 17, fesk ey ik
BETF 961 43 B R ws 1R HL ve 2 B0 R A ] 5 32 3]
THIFEABIT 127 Pk, Sun N. N. 45 U8 30756 4R
ICHIRIAT T & T Rt BIs LI &, %4
BEF T T4 PNK G PER I, Tang 2. W. 25 U ) i 43
TEPREREL AT T4 DNA S H2 K501 DNA B k.
B EIRFIE A BUE DNA BEBRALINSE rP s T4 2 5%
1, AHR Sk BRI T 2O YR SR ekt
B ERARAT B0, R XURIC /> TS bR i A A
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L1 #E 5

T4 PNK (10 U/uL) . A ZERAMIIEE (2 exo) ¥
K H New England Biolabs /A #]; DNA #£%} PNK-
Tb (J¥4128 5’ - CCTAACCCTTTTTAGGGTTAGGGT
TAGGGTTAGGG -3’ ) & /l4liftT Sangon Biological
Engineering Technology & Services 7y 7], DNA £ &t
i Tris-EDTA 2z m i Fic £ A s B F -20 ° C R
LA, TiH; TbCl,, ATP, —#iM i1 (adenosine
diphosphate, ADP ) )Rl H 2 [# Sigma-Aldrich 24
Fl; MgCl, >kl H Sinopharm Chemical Reagent /3 A ;
SIG T ) 28 w42 Tris-HCL 22 ik (70 mmol/L,

pH 8.0) ; SZ I fr ff A A9 B 4l /K &l 2 18.25
MQ-cm™ ) Milli-Q /K R 50 i 345 .
1.2 LIS

PN IEIEREH, F-2700 Y, H A 7 B AL s
ek Fte , MX-E &, KpXE0se5mids (dbat)
FIRAE; EEASH, CHI015 &, FigE R
1A FRA R MR ERERS , Fit Hamilton A,
1.3 EBRAE
131 ZREE

1R T 3T DNA SCHREN Y T4 PNK 5 1
oAU ER SN P AL = S NS A R AT
TR R Z5HE ) DNA #/%F PNK-Tb, 7E&RREF 37
KR A —BCE & G- BB 410 I s (454 ).
IEFEREOLT, PNK-Tb #REFE I L - RE5H, i
B30 RuiE & G MBEET AN IS e B e R R4
P RZER G, HIETECS T 458 M G- U
EIRSE R, 2 H BRI B PO E S . Y
B T4 PNK ZJ5, T4 PNK AJ7E ATP #2514
MTEOLT, 7€ PNK-Tb #REHE i & RE5H 5™ - ¥
FER whn bR, AR ST BERRfb AR, RS
TE T HJ A exo ( —FhREMS R K 57 BEIR T XL
HEAR U ZIRINIING ) MERTT , F R REstl 57
FRAb A K A, DT & R ESHI4TIF, Bl 37
KU E T G MIREEF A, it T 255 9OhfF
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Fig. 1 Schematic illustration for T4 PNK :
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1) Mg #JEfk

T 4¢, 7E 100 pL Tris-HCI 2% # % (70 mmol/L,
pH 8.0) HAIIA 200 nmol/L PNK-Tb #R% T FIA [FHe 2 )
Mg™ (1.0, 5.0, 10.0, 15.0, 20.0 mmol/L ) , fE 37 C/KI&
N5 ming #RJ5, ¥ 20 U/mL T4 PNK, 1 mmol/L
ATP LU 8 U 4 exo JINA bR 2 1A R -4k Lk 7E 37
COKI RN 30 min; )5, MA 150 pmol/L 564
BETO™, HHR R RN 15 ming BEJS PEA T2 6I5E

2) ATP WL

B4, 7E 100 pL Tris-HCI 22 w3 (70 mmol/L,
pH 8.0) HiIA 200 nmol/L PNK-Tb #4t Fl stk
1 Mg™, #E 37 CKIIRL 5 ming SRJ5, 435K 20
U/mL T4 PNK., AR EEF) ATP (0.2, 0.5, 1.0, 3.0, 5.0
mmol/L ) PLJ% 8 U 4 exo LA L K h {4 52 Hh -4k 25
TE 37 COKIRIN 30 min; )5, MILA 150 pmol/L %¢
Jeyekl TO, H R RGNV 15 min; KEJS UEFT79¢
HeME .

3) Aexo WEAL

56, 7E 100 uL Tris-HCI 28 & (70 mmol/L,
pH 8.0) H /i A 200 nmol/L PNK-Tb #£ %} Fl fiw £
FEM Mg™, £ 37 COKIEIRY S min; SRI5, 5l
20 U/mL T4 PNK., SR ATP DL RN MR EE 1)
Zexo (1.0, 5.0, 8.0, 12.0, 16.0 U) A _FiRF AR
HRIRAREEAE 37 COKI RN 30 min; feJe, HIA 150
umol/L 2 YeYekl TO™, H i F RGN 15 min; il
JE AT E

4) TO" WAk

B4, 7E 100 pL Tris-HCI ZZ i (70 mmol/L,
pH 8.0) H A 200 nmol/L PNK-Tb %1 Flfm A4k J&
B Mg™, £ 37 C/KIIN 5 min; SR)5, Z051% 20
U/mL T4 PNK., AW B R ATP DL K e fE MR EE Y 4
exo A PR RWAK 2R 4k S AE 37 “COKI R 30
min; ), AR 9266 4 kL T6™ (20.0,
50.0, 100.0, 200.0, 300.0 umol/L ) , ¥ T 6 [ i
15 min; Biif5 A4 786
1.3.4 T4 PNK & H 24

AR SCAR AR I 2 (4 S S g 458, X T4 PNK i
TTE RSN, 7E 100 pL KW 2% v im A 200 nmol/L

ET DNA ZOLIRETRY T4 % BRAZE BRI B S AR iC 5 A

PNK-Tb ¥4 A 1k i Mg™, 7£ 37 CRIB LN 5
min J5 il A — % %1 f) T4 PNK (0~100 U/mL ) ; 4
Jo, Kl E 1 ATP, T4 PNK LUK 2 exo filA |
WK R, QRSEAE 37 C/AKI N 30 min; FJ5,
I S AR MR BE A 9 6kl T, H IR B S0 15
min 5 A THEINE
1.3.5 T4 PNK # %] 7 5 #

LL ADP fE24 T4 PNK & PERYANEIGR . 7€ 100 pL
2 N 2% wh i im A 200 nmol/L PNK-Tb #£ 4 F1 10
mmol/L Mg®", B F 37 C/AK¥E LI 5 min J5 /il A 50
U/mL T4 PNK; SRJ5, B AEW R ATP, T4 PNK
DL K A exo A b I AR R 9, FRINA—E & 1Y
ADP, #kZLE T 37 C/KW RN 30 min; 5, MIA
AW e Yk O, BT8R N6 N 15
min J5HATHEEINE o

) HR5iH®
21 ZLBRFHMAESER

PN =

N TR EAEM IR AE R, AR UEILE X 7T fE 2
SIPERE I A5 T Tk, Hoh, Mg™ WREXT &
RESHRE A LR . ATP o T4 PNK #5R L
S B L R L A, 2 exo AT LLRR SV DNA
HEBERR AL AR w, MRS & G B8, P
Ho B A AT D) EROR A BRI, T AT LA
5 G- WHEERLS &7 A B E N POLES, Hlk 2
R B WP E ., ST R R, R bt
Mg™ ., ATP. Zexo M Tt WEHIEAT T ik
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Fig. 2 The effect of the concentration of Mg”*

& 2R, F, hAhN T4 PNK BIPSOGIREE, F oM



[” €1 %= = f PACKAGING JOURNAL
2021 £ £ 13 & % 1 B Vol. 13 No. 1 Jan. 2021

A T4 PNK J5 26, M1, KEEH Mg™ ik
FERESR, RONMACRABHE R, 4R 10 mmol/L
IR B, 4RSS Mg™ WREE, S0 R RCR
R FEAR, P, 10 mmol/L & Mg™ i e Mk i,
MFIREE5%
2.1.2 ATP R E#AL

ATP {EASE B v 824241 PO, ATP ¢ AR
fRgE R 3 fiR. mERH, BEE ATP MR,
F VRO R, IEAE ATP HE A 1 mmol/L 4bik
P KAE, RIGHEE ATP B RYEAN, Jimm 2 4m
J AT, U AR IR, Rk, 1E#%
W 7 1 mmol/L i ATP JHTF 22 5 I KU .

2.0

2 s 6
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3 RBIALLRE ATP iRET/LAYh 4 E
Fig.3 The effect of the concentration of ATP
2.1.3 Jexo REARA
AR S 2 R il 14 4.
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Fig. 4 The effect of the concentration of / exo

M 4 T, B 2 exo W MRS, HUIK
DNA BURE 85 R A6 K o (14 7 FH 2 TG 58, 7E A exo I
PEIRE] 8 U B, SO AH oK ek B i Kl H
TRARSEARE ) 2 exo WREE, SO AR He B S I A8 Tk

JIN, U R R 1Y) A exo WHZ N A —E I AR
KL, B 8U 1Y A exo AR R, HFIRE5,
2.1.4 Tb” REHRA

T FEE N5 R AR B G-rich FPATE AL G-
DUEEARZERY , T A5 . AR LI 45 R 5
HEIRT AL, Bl T W AYIESR, 2E6HR B 1 iR
FEBIARITE S, 2SU 2 200 umol/L i 1k 31 i KA,
ARZEHEIN T WP, SN ARSI B ARG . PRI,
BEHeE R 200 pmol/L Y Tb™ TR 2325

2.0

100 200 300
Tb*/(pumol-L")

5 REIBKLEHE T REE WA dhERE
Fig. 5 The effect of the concentration of Th*

2.2 T4 PNK H)iEMHS R ERELH
BRI A5 e, AR X AS [ B T4
PNK (0,2, 4, 6, 8, 10, 50, 100 U/mL ) & 4T T4
Mo T4 PNK 552X (8] 0~10 U/mL. & 6 JEAN[H]
(1) DNA A BHR B2 5 SO D GTORAT AL AN K R .
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Fig. 6 The relationship of fluorescence magnification to
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Y=109.158 34+11.790 46X, R*=0.997 8.
T3Eh, ARSI FR I T B 2.0 U/mL.

7 AR T4 PNK EG2EEE%E . A
AL, B T4 PNK RSN, [R]— ] N 9OaR
FEREINA S BTG A PR, e (T R ST A
MDYkl AL B A T — R A =
R DNA A RS M 52 Wiy i

300
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200 1

150 ¢

100 |

fluorescence intensity/(a.u.)
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0 f . .
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wavength/nm
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Fig. 7 Fluorescence intensity of different
concentrations of T4 PNK

2.3 T4 PNK S

N B PARA SOOI I R S, ARSI
WEHCT 4 F UDG. BSA. EcoR I #l Exo I FHfEFE
SEPESIIR T, AR 8 PR .

250

fluorescence intensity/(a.u.)

Blank T4 PNK UDG BSA EcoR I Exol
Hsh

El 8 RS
Fig. 8 Selectivity study

i & 8 ml %1, % 4 UDG. BSA. EcoR 1 i
Exo | MSZitEsh 525 4L, JO6EBA IR
fb, XU 4 FIEGEREA RONAR R B KA, IF
RNREFE RSN &, WA T4 PNK (452 5FE
wn SR AR AR R IR . TUL, ARSEES VAT

T4 PNK H A RUFAERR 1

2.4 T4 PNK 37 i 7% &

TEZ5 W07 3k | T4 PNK 306570 20 A 3 B
X, ADP J2&—FhH ULAY T4 PNK fI4HIF], ASSL56 2>
Jit LAk ADP AR Rl R, 2 S K E R
Z$H] 10 mmol/L LA F i) ADP X} 1 exo BT 1 % A7 5
M, ARHESLIZE RN K 9, Horp kg AR SL K ir
Jn ADP (¥R EE, AR FRACFRARXT G, el B AT
AAXS TG VLR ADP Vi JEFH i B R, BRI 8O b
ADP ¥RFEEFF I8 K, 24 ADP ¥R 4 4 mmol/L i,
TR AR5 90 % VL b, BiE ADP {E25 T4 PNK 11
IR, HA R, Bk, ARSCOrkRen;
FHF T4 PNK IR IR, HAE/ N T 2590 e £
AP AN T A AR, AT LU RS
AP T4 PNK IS PER 25904 ] T 3Lat

100

751

50T

relative activity/%

25

0 1 > 3 4
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9 ADP ¥t T4 PNK &R 2200
Fig. 9 The effect of ADP on T4 PNK activity
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WA W)

Label-Free Fluorescence Detection of T4 Polynucleotide Kinase Activity Based on
DNA Fluorescent Probes

MA Changbei, ZHENG Liyang, ZHAO Han, YAN Ying

( School of Life Sciences, Central South University, Changsha 410013, China )

Abstract: The objective is to develop a novel method for T4 polynucleotide kinase (T4 PNK) activity

determination based on functional nucleic acid fluorescent probes. The experiment designed a DNA probe (PNK-Tb)

that could form a hairpin structure. By introducing T4 PNK, ATP and lambda exonuclease (4 exo), the hairpin structure

was opened and the G-rich sequences were released. Then, the released G-rich sequences combined with Tb*" to form

G-quadruplex structure, producing a significant fluorescence signal. Through the change of fluorescence signal, T4 PNK

could be detected with high sensitivity. The results showed that a label-free DNA fluorescent probe was successfully

prepared and Tb** was innovatively applied to T4 PNK assay. The linear range of this method was 0~100 U/mL, and the

detection limit was 2 U/mL. This strategy has good specificity and can be used to evaluate the inhibitory effect of ADP

on T4 PNK activity. In conclusion, the novel strategy for T4 PNK assay based on label-free DNA fluorescence probe

is rapid (less than 60 min), with low cost and high sensitivity, and has broad application prospects in drug development

and biochemical research.

Keywords: fluorescence probe; polynucleotide kinase; inhibitor



