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MAESEPRAFMR R S (angnff . Mm% ) , kT
BRI D, AR s TR B0
T 5T AT DL S 0 25 R A A v s (s T G
BTk U SRR R AR R REAR (Y S R B 5 1
DUREA TS 5068 T ok i 23 1R A IE S b 1] U B afkg y
THER Wb, XIREAATIE Y b RE, Al LL—E e
- G D AN [ B ek o B 5 B AR YR 2
(i) 7™l 2 PR A TE B RY ) () s {E BEHARERT Y
AR, A R SR S A 43 A R
HIDE A A3 AT Ak S0l R FH 28 bR v I A
TR T SURRIENI AL ( generalized multivariate
standard addition method, GSAM ) , 7 i Jv; {E Fl g
S HTIAR B TR 7 Z2 I OC R AR
R=CK=ACK+C,K,
KPR K., C.ACH C, 535 Wil WAEFE R  ZEOE R |
W PEAR A . AR IR B2 AR A R e o R
FIHZ R RN, o] PARB 17 240 5040 Bk
fige VST BRI S A e el 2 A A I AR
RUGES ] P02 LR R A AL B e
W 1O 14 5 5 TP a8 B AR DA A4 A ] 1) 32 J5 i 4
AT BARPIRZS ISR . SR AL A e 6 S BroAsr ]
T AR AR R DR R P 2 MR v fin A 5 B
A BIRARZE B 0 v, XPSEBRfRINAE At H bRk
TRl RE A B R 2 . ILAh, SMbREImA
Dol AT 4 DL B AR EAS, BRI T X R A AR
HYRE FE 30T o AN SGHR TR LR ATP & BCAREL,
AT IR BT SUPREIN A 2 J0HE 1E SR g 22,
ff TR AE ZRR R XTI UAF S B TR, DT SE AT A2
AR Z T ATP (PR AER 2 5270 H7 -

2 WNEESTIE

2.1 RS

FEFHEFFAR M ATP A BRANIE] 1 i, 5K
K d Y DNA JP815351008 3 Adibric 6- BRI
% ( 6-carboxy-fluorescein, FAM ) FJ¥4 741 ATP-F
15 Rumbric B E KA (black hole quencher 1,
BHQI) ) ATP-Q. HH, ATP-F Jy ATP i&ERCHA, M
3 U UG 5 ATP-Q 34> H AN,

FSARZ PR ANA ATP I, #5% DNA 2258 0%
MUHELERE, FAM BYZE6M5E 58 BHQ1 K. A
ATP SIS, ATP 5 ATP-F 454, fdi sk &5 iy & tE
fRES, FAM MIZOGTH S35 .

ATP-F ATP-Q FAM BHQI

1 BETFHREHRAMN ATP &iMFETEE
Fig.1 Schematic diagram for the detection of ATP

based on probe technique

22 BESWHE

T HERR DN GE SEBRAEAS R ATP By 5, LAAR
WEREA I DT HE L T GSAM,op B, 38 33 11
B AE A 1 5 /N B4 46 X A 43 L1 25 (mean absolute
percentage error, MAPE ) A Ak I i 1 X 4t i 24
figf SRV IAL 785 FE AR () GSAM, e B B 5. GSAM, 01
AITELHDEIA T

ik x, (i=1,2, -, N) 25 i MR 2Ok
RGN, AL IR A ATP 4541741 ( ATP-F) 3
Kbt ) FAM 96 EEA 55 58 S5 5 2k
44, B

X=Cpam, TeanTis (1)
e cpan s HE AR FAM BUMREE ;

Feant AR S 1) FAM 260 L 5

b, R SON I AT REAETE S 5o T, b WA
FEARHRIZEE 1Y -

M HARY BT ATP (MR B s I, 25 52 14K
FIPAERE G, WIREA S EANTFS (ATP-Q)
TE I RUEELERE , [ FAM 986 RS8R . R,
5 i MAEA FAM IR ey, 5 ATP BRI e
ZIRFEL MR, AT AFIR R

Cram, =k, *CATP, 0

Pitt, mTECRC (1) 5N

X=ky Crp, i Feavtbio (2)

SR AEASTN B R IR A AT 2 7R
Xioi =g "k Carp e Framthys (3)
Xad—8 'kl'(CATP, st TAC) Teartbyo (4)

K (3)~(4) X PIBRFFMFEA S G 5
Xoaa FFREIAREA G 1 ] 5
g AT IR 5 R TOEE 5 225 S
Carp e N EBRAFMAEAS 1 ATP AOVREE 5
Ac RS INEMAREA T ) ATP AR BRI ;
b ARFIEEA TS T4k
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FRMFEAFIAREREA T ST 25 5, TRAE
W x, T X BEFEFN b, 5K BLAS (] (14 1 28 BoRb 25 8] 2R
i/,
it /N — Ik (partial least-square method,
PLS) , 7EASHJS ) x, N 2200 ERAR] B,
FEAY) PLS BEAUX] ATP ¥ B i 0 25 SR v] LRy
Catp e = & Carren T
A ey MFFMEEA PLS BRI 5 22
BIRAEAS PLS #5884 1 T vk 12y
Cua =8 (Carrea T AC) He,
e, MIIFRAEA PLS LAY B Tl 2 25
W Coaa T Cap, e FHIBAT
Codd —Catpies =& Act+e, —¢, (5)

g ERLLES A (6) dfbiF.
minf(g)= minlzw“(ei —e¢) =

2
’

min i(éadd - écDNA, est — & 'AC) (6)
A MR AREA L

%,l g ﬁj‘j Z[(éadd _écDNA,tcﬂ)'Ac] Z(AC)Z HTJ"
K (6) BWAFH/ME. P SEPRAFIAE A ATP 19
WA LAFRIR R

CATP, test = éATP, test/g o

GMSA,,. MBI Z L (PLS (R fEL15050) 7T

DL S AR AS i e/ N 4 0t B 4 bl e 22

(53(1(1 - écDNA, test ) - AC‘ /M
Ac

MAPE =Y
BT .

3 SLIg

3.0 EREAEH

MBRESHREEEY TEHARL A S
A, R o AW A 8 3% Chigh performance liquid
chromatography , HPLC )4lift. J5 =X, HAKJ¥ 41 #( ATP-F:
5’-AACCTGGGGGAGTATTGCGGAGGAAGGT-
FAM-3’, ATP-Q: 5’-BHQI-ACCTTCCTCCGCAA-3’) .
ATP . — W5 %1F ( guanosine-5’-triphosphate,
GTP) ¥ . —BEMMITT ( cytidine-5’ -triphosphate,
CTP) . =W R (uridine-5-triphosphate,

E TR XINFRIERIE AT E KR B ATP B E 2420

UTP) %, WEEXIN 100 mmol/L, T FifgAE T
Y TRRE A BRA A = LA ¢ ( Tris,
4l 99.9% ) . Afkéh (NaCl) | SfbEE (MgCl,) .
R (HC) , B F BT T A (B B A7
BN o AR A I 3 0 T U i ks o o HE 9 200 i
(HepG2 ) $&H M ikt 5% . L rp AR AR UL 1

AR Ry dr el AR AICTs s —alife, S0
FAKIE R KB
3.2 ERUERSHIEE

pHit, PHS-3C A, iRl AU AT B A ]

R —(5)6%%, MOS-500 %Y, ¥:[# Bio-Logic 23
Al [ M AR . I RAETEE N S nm,
KT E R 210~320 nm,  JEIE 4 EE R 300
nm/min, [B]F# 0.5 nm & — g s, A
I (10 mm, 3.5 mL) , Z&ohiEiR g SN R — @
SRR

% 96 4 6 6 1, F-7000 B, H A Hitachi
Al peEMX S B E: L A5 4 (photo-
multiplier tube, PMT) HLFE A 900 V, & Flk it
AREESEIE SN S nm, PR WEA N 480 nm, K4
KAEF R 500~650 nm, JEREFAHGH A 240 nm/min,
[EIB% 1 nm 5% — 55 .
3.3 xR

1) dHAEZAR 5 o SRR AL N 10°~10°
mL™ AL, T 3 mL AAEHREK, BETRARIFTR
A9J5 1 000 r/min #5.0> 5 min YCAELNHL; F 3 mL 492
FRER KB —YR, PRV 1000 r/min 850> 5 min YA 4
Ml FVEWFEE, A 200 L WA KRR, %
17T -80 CUKAE . Fsefdiin, ANk 4R 2L .

2) WIS PRREAS T £ o 5 20 M SR A0 5 I 375 4
SRR 100 %, 1L ATP B, AFEA
ATP F: 245/ 200 pmol/L.

3) ARAEREAST 45 . ¥ ATP-F I ATP-Q 43 5HmA
T K KR, BCHSHREE R 1 pmol/L Y TAE
WU 9 100 mmol/L Y ATP RRBINAGE K K,
B 41l 5 200 pmol/L 4 ATP T 4E . ¥ 10 uL ATP-F
TAEW . 20 uL ATP-Q TAEW . 20 pL Tris-HCI 2% ot
# (200 mmol/L Tris, 1.5 mol/L NaCl, 50 mmol/L
MgClL,, pH{EN 7.2) . ANREWAFL ATP TAEW 5E531E
A7, IR K EZLE 200 uL, 37 °C /KB 2 he
L BRIEREAR 4390 0, 5, 10, 15, 20, 30, 35, 40,
45, 50, 55, 60, 65 umol/L.,
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4) SEBRFEASBCH . BF 10 uL ATP-F TAEH . 20
uL ATP-Q TF#& . 20 uL Tris-HCl 22 Mk . ANFATH
ATP TAE# . 20 uL HepG2 4 I 2% i i sl 1 i AR 40U
A, FMRAIFH KK EF 2 200 pL, F 37 C K
TR 2 he AHRREAS TN I FEAS S I ATP 52X
e RE 439324 10, 30 pmol/L.

4 HREHR

4.1 ERWTH

WA POEIEE MR s, XS R
FIHEAT TR . AR 2 e AR — a6 o
S 2 FrE 3 s
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W a—Z M b—ATP-F + ATP-Q ¥ ; ¢—ATP-F + ATP-Q +
ATP W (cxppy=50 nmol/L, cxppo=100 nmol/L, ¢,pp=1 mmol/L )
2 FRBEHHERNLIE
Fig. 2 Fluorescence emission spectra of
different mixtures
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VE: a—ATP-F + ATP-Q VA /li; b—ATP-F + ATP-Q + ATP ¥ i
( Carp=2 umol/L, Carpg=4 umol/L, ¢xp=2 mmol/L )
B3 ARABRHE -G

Fig.3 Circular dichroism spectra of different mixtures

M 2 f9OE I I ] LI, SOBAAZR R

T ATP 23, 520 nm kb A & SR SO S
BT 555 5EA 2, UiU] FAM 19956
55 9% BHQL S8 &4 K. Ml A ATP W B, 520
nm 4G BB IIEES . UL ATP SiE il &k
T RS R REENE, B FAM 2GR 515 3K
o B3 R e — R T g,

M 3 BB ORI R, RVAR R R
A ATP JZ Wi}, £E 243 nm F1 276 nm Ab3RAFAR 30 17
[ — (Wi, X & DNA XAEREREIE, fin A ATP
KRN, JEIEIAR & A T, B @ R gt £%
% 258 nm 1281 nm &b, MLl SCHR [24] 1A, X2
tF ATP FUEECARVER G, 5 80E BLARIE U1 T
G- VUSSR (RIS . X F B ATP W] DL 1M
ATP-Q 3525 53E A4 ATP-F FH T ATP 3 B A6
4.2 DNA Z3ZLLHl{E1L

ATP-F il ATP-Q (1) 4258 Hu 5 %5 ATP féy ez il 4 R
FAR KW, ATP-Q Xf ATP-F f4%42 LA/, 4
T3 FAM 5 5K GE 4, M RESH; X
Z B R, &0 ATP 5@ Bikm s 4. S5k,
[ 5 ATP-F ¥ J& >& 50 nmol/L FlIA [] ¥ J& ) ATP-Q
ZAE, CSEIA ATP (1 mmol/L) J e, 206(ES
SREE (F) 52 AMEARSOLFESRE (F,) MIE,
ZERANK 4 PR .

2

0

1:2 1:1 3:2 201 301
hybridization ratio of DNA

4 FHIBFELLELSL DNA RITRELLHXER
Fig. 4 Relationship between fluorescence intensity ratio
and DNA hybridization ratio

f & 4 %0, 4 ATP-Q il ATP-F 28 S FE Lt ol
2:1 BF, JOCES AR, H YRS
ALy R, (59 A TP, R, SR
ATP-Q I ATP-F 2438 BE H R 2:1.

4.3 REBIEREL
1£ ATP-F ¥J¥ 4 50 nmol/L F1 ATP-Q ¥y 100
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nmol/L 1Y 5 P FATAEAR Y, 2 A M E & 1 mmol/L
) ATP 43l s AN R[], I8 s RO Je 9 615 5
SREE (F) 528 AREARSOLFESRE (F,) MIE,

S5RANE 5 s, B S AL, RS E] S 2 b,
VAT TR E K, IR &EFE 2 hER S
ATP F R ITA]

10.0

95

FIF,

9.0 F

85

1 2 3 4 5
time/h

5 WABEHLESREERFENHXR
Fig. 5 The relationship between fluorescence intensity
ratio and reaction time

4.4 BRB{&ERI ATP ByiEFH
N T B UESEG SV AR R ATP [ Bk,
T 3 i WL ATP 25149 (CTP. GTP. UTP) LUK
*U% 55 ATP IR SR ATP DA Z ik &R EP
Wi B ROV R PR S E (F) 528 AR
G IR (F,) B HGEAR A, T S 44 & % ATP
PEEEEME, S5 AL 6 Bk,

5

Emi R

blank  CTP GTP  UTP

6 AFRiE i R BLAD R 38 S 38 R LL (B % LE

Fig. 6 Comparison of fluorescence intensity ratio before

f=J

ATP  mixture

and after the reaction of different solutions

i & 6 BT, S ATP 28 L9 (¥ B R 500
umol/L ) A2 M B JEim Ak, a8 FIREA
M9 A5 T R UM SEAS — B, W ATP (YRJE R
50 pwmol/L ) fEfH K2 N A I A9 HUAR & A8 H 5 A5 4k
KI5 ATP (IR A& RIFERES | B2t e 281k,

E TR XINFRIERIE AT E KR B ATP B E 2420

I HL I HEA 5 ATP AR IR, 38R S0 SO A
A2l R T X ULBZ VAR RN ATP A A7

RAFHZERERE T -
4.5 F/F,Ff ATP REZMELBTEE

TE LW AR Z bl 78 ATP BOVRIE, 8 A ATP
FIARIMA ATP S ;B 5605 5 5 BE 1Y LU (B (FIF,)
5 ATP WREEMCR, 450 7 R, il 7 AT,
TE ATP ¥ JE 3 0~100 pmol/L BN, FIF, Ffi ATP

IE K T WA s ATP OIS B K 25
100~200 pmol/L i [}, F/F, #aFF-Fa, AR

A, WG E TS, AE 5~65 umol/L A BEJLH Y
FIF, 5 ATP Ik B B RIFIIZE R R, MHER
Hh R*=0.987,

10

15 25 35 45 55 65
ATP concentrauon/(umoL L)

0 25 50 75 100 125 150 175 200
ATP concentration/(umoL + L)

B7 AGESEELS ATP REHXE
Fig. 7 The relationship between fluorescence intensity
ratio and ATP concentration

4.6 SEBREEERSP ATP HIEESH T
AL G B i R fie /s 3k (PLS) Al
GSAM, .. BEHY, Xt HepG2 £ /i 24k 480 11 i 3K B A 0E
PR, SRS 1~2 Fis.
F®1 EA1ANRENANERE 3 #AEHRNER
Table 1 Quantitative results of 3 methods when
using 1 standard addition sample

KD 1 ATP % /(umol-L™")

FER AR PLS AR GSAM, e
RHEA 24 12.76 (0.191)  11.22 (0.371) 9.24 (1.091)
JiiIE 13.05(0.585)  11.64 (0.475)  10.27 (0.597)

TE: $5 5 B R 22, TR
®2 FEA2ANREMANREFRE 3 FAENHENEGER

Table 2 Quantitative results of 3 methods when using

2 standard addition samples

A SRR G H ) ATP #e S /(pmol-L™")

PLS AR AR GSAM,.
AR 12.76 (0.191)  11.22(0.371)  10.58 (1.229)
1M 13.05(0.585)  11.64 (0.475)  10.17(0.464)
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H12e 1 Al AL, i P AR R Im 2R 2 X s
SEREE AT, PLS FL G0 s AR AR 1 T 25
bR E e AR 2 M2, AU 1R
HEMMAFEALY GSAM, o 15, BEERH FI 21 AR FN
M FEAS Y ATP PV EE, 2 o B 25 SR A T At
P

XTEER 1 AR 2 YEE IR AT AL, BRI AREA
(R, BEE Y355 GSAM, AR RERG I 25 SR 1
HEGPE; H 1 APRIEIAFEA S LUE GSAM, 0, 157
PRAA NI R A ST A AL, O A G MATR
B EFEAIRA B X

5 #5iE

FOGA 2 A WG SRR S et A v H iy
Frai ot , i TREARGUS T EF B E AR, b
WE SRS ZBIREA P R AP B T, T E
RGN 235 SR 0 R P o AS SO T RE T PR B
BOREY)™ SRR HEIA Z2 002 IE RS, 258290k
f9 ATP R, LA I SRR RN 1M 3 O 52 2 REAS 4L
RE, WA ATP 7 E BT, SCRE AR,
1APRIEANAREAS S LU RS 2R SE B A X SO (5 5
T PR R, HBEXF SEFRAEAS R ATP 9 2 ik
frfEsiE it [, METEREEMALL, %Ik
s BORFIAEAS AR /N R, A IE S AT B
T HAb R S 2R A BB A o HAR I R DRk
MR E ST o

S 3k
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(A%, REAE)

Probe Technique-Based Generalized Multivariate Standard Addition Strategy for

Quantitative Analysis of ATP in Complex Systems

LI Minxi, CHEN Zengping

( State Key Laboratory of Chemo/Biosensing and Chemometrics, College of Chemistry and Chemical Engineering,
Hunan University, Changsha 410082, China )

Abstract: A fluorophore labeled ATP aptamer probe was combined with probe technique-based generalized

multivariate standard addition strategy (GSAM,,.,.) for accurately detecting the content of ATP in complex biological

samples. The experimental results showed the ratio of fluorescence signal intensity (F/F,) of the reaction system had a

good linear relationship with the concentration of ATP ranged from 5~65 pmol/L, and the linear correlation coefficient

R’ was 0.987. Cell lysate and human plasma were selected as the complex sample simulated system to detect the

concentration of ATP. Experimental results demonstrated that one standard addition sample was enough for the proposed

strategy to provide satisfactory quantitative results compared with classical univariate method and PLS method. This

strategy is expected to be applied to the rapid and accurate quantitative analysis of other small-volume biological

samples or some precious samples.

Keywords: fluorescent probe; generalized standard addition method; ATP; complex biological system;

quantitative analysis
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