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i E  EIiTAKZSTEZE5RRE (ATP) . AR (ADP) IR 8% (AMP) L8R (IMP) ok
FeZoh 3 (HxR) ok #7274 (Hx) 6 #F ATP £ BAC A4 89 & 20k A48 &34l 77 ik . HE % P 49 ATP
R B % 5 AR A A AALAIA T pHALZE 6.0 6.4 j& , ¥k AQ-C 4 (250 mm x4. 6 mm,5 um) 4
A 5 4,0.02 mol/L KH, PO, 1-0.02 mol/L K, HPO, (V/V =1/1) #4 4 #¥ i K A Zh AR 3t 4T 26 L, 2
254 nmik K F A &80 A8 €3S ATAE M, Sh AR R R ., AFR AW, ATP ADP AMP  IMP #= HxR £ /14
FEE 4 0.2-40.0 pg/ml, Hx &K HEE 4 0.1 -20.0 pg/ml, 48 % £ 335 X F 0.999 0; ATP, ADP,
AMP IMP #= HxR #- 5 FE A 5. 00 mg/kg , Hx ¥ H TR A4 2.5 mg/kg(S/N =3) ;% H.40 @i & &+ &  FLUA
AT Ao AR F R 5 AP R S it 4T 3 AR BT 6 AT E B, R L 85.5% - 105% Z 18] , A8 AT AR A
M Z(RSD) T 12.9% , E¥2E R A, %7 = AR E#,EETRZ P ATP LI 690 2
KA ATP X3k ;K = o s & 20k AR &3
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Determination of ATP-related compounds in aquatic products
by high performance liquid chromatography

TANG Shui-fen QIAN Zhuo-zhen LUO Fang-fang WU Cheng-ye

(Fisheries Research Institute of Fujian, Xiamen 361013)

ABSTRACT A high performance liquid chromatography ( HPLC) method for determination of a-
denosine triphosphate ( ATP) and its breakdown products, adenosine diphosphate ( ADP) , adenosine
monophosphate ( AMP) , inosinic acid (IMP) , inosine ( HxR) and hypoxanthine ( Hx) was studied.
The samples were extracted with perchloric acid, and pH value was adjusted to 6. 0-6. 4 with sodium hy-
droxide. The six ATP-related compounds were then separated on an AQ-C 4 column (250 mm x4. 6 mm,
5 wm) with 0. 02 mol/LL KH,PO, —0.02 mol/L K,HPO,(V/V =1/1) buffer as the mobile phase. At
wavelength of 254 nm, ATP-related compounds were detected and quantified by external standard
method. The calibration curves were linear in the range of 0.2 —40. 0 pg/ml for ATP, ADP, AMP,
IMP and HxR, and 0. 1 -20. 0 wg/ml for Hx, with all correlation coefficients above 0.999. The de-
tection limit for ATP, ADP, AMP, IMP, and HxR was 5. 00 mg/kg, and was 2. 50 mg/kg for Hx,
with S/N =3. The average recoveries of ATP compounds in Pagrosomus major, Seriola quinqueradia-

ta, Oncorhynchus keta, Litopenaeus vannamei and Portunus trituberculatus samples at three spiked lev-
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els varied from 85.5% to 105% , and the relative standard deviation (RSD) was less than 12.9%.
The results indicated that this method is rapid and reliable, and it is suitable for simultaneous determi-

nation of the six ATP-related compounds in aquatic products.
KEY WORDS ATP-related compounds ; Aquatic products;
High performance liquid chromatography

ATP RE-Y) L& =B IR ( Adenosine triphosphate, ATP) | —#§/% IR F ( Adenosine diphosphate, ADP) | fif
F % ( Adenosine monophosphate, AMP) JI & (Inosinic acid, IMP) YK #TEM 4% F (Inosine, HxR) FlYR T5 M=
(Hypoxanthine, Hx) 4§, 27K s L AAZ H BRI T2 055 Horh IMP 2R ) 2803, B iy 7 A Al $ s
DU EEIR (B3R5 2007 ) s Hx WIAHEZ , 238 PY SRR o DRIk, 702 i 1) IXUBAR R e 135 55 L JUL PR v ATP OCHR
Yoy E B UIAROC (B AR AE 2011) . — M0l 238 HRZEIE IS , LA N ATP 76 =B R I B B VR
23R Ay ADP AMP IMP HxR, f5¢J5 5440 i Hx, Horh HxR il Hx 5 2 F15 ATP SCHRAL &) G B 1 FLE ED
KAH (SR 2010; #3CR%%  2007a,b) o KB B/ i BEBR AT, KRB I & B i 25 . FAPE 1959 4,
E SMIFFEE Saito 55 (1959 ) gidit i, iT LIARYE ATP ADP AMP | IMP | HxR  Hx R ff il f2, PP a2 i e i,
4 KIEE &)z W TR B, & — D E A S e bR, ol WL, i@ K™ i i ATP SCIR M) & 5 A
W, AT T ff ARSE IS ATP A REAR AR B X 6 B UEATIEAN A R 3R A5 & & 0T 10 DR B K™ i, 4 s AT A=
I i o

K7 e ATP G- B 5 5 v 32 S 4% S ROROH 435 12 (HPLC ) (Vazquez-Ortiz et al. 1997 ; Veciana-
Nogues et al. 1997; Mora et al. 2010) &R AH 157 (Zhou et al.  2012) | [ifi H3 Hz 1% /% £8 15 ( Ghosh
et al.  1998) ¥ JZH 1) Syl e vE (X EhAESE 2009 ) &5, Horh s s8OOH (8,38 2% (HPLC) B fa B, REUE =
TEPEPE RIS AT, BE 6% X IR B2 AU RE G EA AR S 0 P Al e Sl , AR IR 9T AR ST )z
P (RIEMESE 20125 RIS 2013 ERr RS 2013 M MIAE5E  2011) o OB (15208 & T K™ it
ATP SCHERYIRGI .

I X 28I [B] ) ATP SCIRY) & i BRI BESE A 2 (5 20115 T34 B] 1982) {H X HF Bk
(IR AR AT D o ASBIFFEE R R S5 AL, ST T — il f AR B S5 K™ v rp ATP DGR 1) /&
ROBCRA 3 o 205 B T PR 38 A T K™ ATP SCHRY) & BN E , BeRE T Iz st 53z .

1 #R5FE

1.1 FEKFMigHE

ATP SCHRPIbRIE S (F8E Dr. Ehrenstorfer) , 21 =98% ; R — &40 B IR & 40 SR AL B4 R (
P2 R AR L 4084l SE5e 7K A Millipore Academic il £ i B 417K o

B 5 AR AR LA ) X b A R T (A e £ S5 R 0 R I SE T H AR RS

Waters 2695 YA (515X  Waters 2487 285Ma %5 . Empower T 1E 5 84 ( Waters 23 7] ) 5 Wi 41z 37 a4 (£
IKA) ;2R ES.00HL:8000 r/min,4°C (IR SRS ) s pH i (MR -5 R 24085 ( L) A BRA ) A
#Z0.01,

1.2 7

1.2.1 #&%4 4
i 233k (Rl LB R NE, WS BUNLA BB 23 s 08 63k (R 5e R, UL 803 s B - 225, BUDLPA
gro K fa AR EEEBGR AL 0 I PR ) o A AR i IS BE S AN, T — 18 C LRI A7 7 1 o
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1.2.2 HeRERF5*

PRI B S BAE AL (2. 00 £0. 05) g LA 50 ml B0 N, T 10% 0 5 SRR WK 20 ml, i figdR% 1 min,
F£ 4°C K 8000 r/min .0 10 min, B B . PR 5% 15 SR R 20 ml HOHTHE 1 Wk, A 9F Big W, H
10 mol/L ) NaOH ¥4 5 $2 0K pH {H 24238 6. 0,285 FHH 1 mol/L 1) NaOH 5 ¥k 4k 2L 555 pH % 6.0 -
6.4, ¥R pH =6.0 -6. 4 BIERAHAEKEZR 2 50 ml, 7£4°C T 8000 r/min &[> 10 min,0. 22 wm [
TFL IR g, DB T 4°C N ORAE
1.2.3 &E4n0t

R : AQ-C g ,250 mm x4. 6 mm(i. d. ) kifE 5 pm; i sI4H:0. 02 mol/L KH,PO,-0. 02 mol/L K,HPO,
(V/V=1/1) G 0P ; i : 1. 0 ml/min; A3 :35°C R K : 254 nm fFAE .20 pl,
1.2.4 A3 vh R 24

HERAPR IS 5 1) ATP SCI Yy, T 2 7K T5E 1 TR 5 A HE6iff 45 W, ATP L ADP  AMP [ IMP  HxR ¥k Ji£ 34 2
1.0 mg/ml; Hx ¥4 0.5 mg/ml, S AnfERE &M & T 4C VKFE H R R AE , RAF BN R 15 do AR s & Fh
ATP SCIR ) R ARE RN A [, O 2 AR R ol — 3R 91 e B0 B TV A5 b oA TV VA, B 200l R A 3
BT, AR AR % 2 4 1y i 7 0 T R 5 A N7 ) T e WA S A T 1, A i 4k

2 #R

2.1 KMFHHHE

2.1.1 &iwits

SEEG AR T Waters symmetry C o #: Fl AQ-C (AL PRI A 1EAE , 25 21 , 24 Waters symmetry C(4#ERT, ANFE
SEAITES 6 Tt ATP SCIRY) , RIZKHEAE AQ-C (HEAE N (3 /3 B AL, REAE 6 T ATP SCIRMIAS B 0 7385, HILLL
PR RE LS
2.1.2 AhAae ks

HR A AH O SCHR iz IE , ATP ,ADP . AMP [ IMP . HxR | Hx W] DL R P (A7 18 1R - = L We-VK L R 2% il ( Veciana-
Nogues et al.  1997) 5 KH,PO,-K,HPO, & il (T3 B 1982) #4740 850 253 1 AN [6) Ui shAH X 20 B RACR 19
SR, R IR PE ORI IR - — - SR G2 WV E NI ShAHIN L6 Fh ATP SCHR M)A BB 58 42 230 15, Thi H. L2k A3
FEMB ;ML 0. 02 mol/L KH,PO,-0. 02 mol/L K,HPO, (V/V =1/1) 5% M AE 5 35 sh AR I, 40 55 %% 5 4%
4o
2.1.3  fshAn pH 9 &

H1 T pH B A 5 £ B I TR 123 B ROR B2 M AR R, 52560 LU T Wi s AHAN W] pH ELX) ATP SCIRY) 70 25
JER M, 24 pH =6.40 — 6. 80 B, ATP IMP Fl ADP 4y 25 54 5 25 s Bl &5 pH A W FEAIK, 20 55 3 Bk fk 4y, 24
pH =6. O, FEERATSE , 2 W B RIRIFR , W ST , 3 B ASCR A, e [A) AR 5 2 pH = 5. 4 I5F, ADP A1 IMP &
PN ES s B, S8R 0. 02 mol/L KH, PO,-0. 02 mol/L K,HPO, (V/V =1/1) ,pH = 6. 0 {{148 s/ 4 35 S AR
HET 3T

2.2 ZHUXRESRHR

e LABOLACR ER P T DRI (P 1) o 45 ATP SCBRHIE 6 I 120 T 9
5B, AR IR TR0 T4t (SIS F5C ORI MER T | LB ) 4 ATP S Fat
WEE () ML PEIFI, 3 1 B A PRI 2E. XI55 A0, ATP ADP AMP IMP  HxR 43 612 0.2 -
40.0 pe/ml, Hx (OZAEASER 0. 1 -20. 0 e/ml, ZEHEAFE R LA T 0,999, 3T 7 ¥ I T ATP S
RN
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Fig. 1  Chromatogram of mixture of six ATP-related compounds
F1 ATP XEWHEAFERREXRE
Table 1 ~ Regression equations and correlation coefficients of ATP-related compounds
ATP G Lk [ 515 A FR KL
ATP-related compound Linear range (pg/ml) Regression equation Correlation coefficients R
=R IR Adenosine triphosphate, ATP 0.2-40.0 y=26961. 14¢ —21.917 0.9999
IRERA Inosinic acid, IMP 0.2-40.0 y =22934.75¢ +1548. 831 0.9999
T RSTR IR Adenosine diphosphate, ADP 0.2-40.0 ¥ =19666.90c¢ +869.723 0.9999
YR T I A Hypoxanthine, Hx 0.1-20.0 ¥ =82968.25¢ +4747.431 0.9999
R Adenosine monophosphate, AMP 0.2-40.0 y =49140.96¢ +2043.910 0.9999
W A R T Inosine, HxR 0.2-40.0 y =45141.15¢ - 956. 924 0.9998

DL 3 A5{EME L (S/N) 1148, ATP ADP AMP IMP HxR £ 4 FR 7 5. 00 mg/kg; Hx # HiBE# 2. 50 mg/kg.
2.3 FiERWESEEZE

Pht BF SR G AR ATP JCHCY) B RGUEE, 40 IS N 3 AORIRIR BERY ATP SCERYINR A bR W,
PEAT IR 1S3 FIORS 9% B2 S, ATP ADP AMP (IMP H R (%S il &35 9 200,400 800 mg/kg; Hy i it
100,200,400 mg/ kg, &3 Fhie B A IMARFE S ~FA 744 3 0y, LAB 507 1 e B ARG 286 . 1B 2 SR ELBAE o K
TARAE S AR ik ], SCIR A SR LR 2 38 3. IR 2 AT, RIEIZK ™ i f ATP L ADP  AMP [ IMP Jill45 G 2
8001600 3200 mg/kg Fi, 34 [ AE 93. 4% —105% Z[6], H R H kR EE 2 F12 300,600 .1 200 mg/kg
B, -3 [ SCRAE 85. 5% — 104% Yo B P9 5 AHXTAR IR 25 /N T 12. 9% (38 3) o 207 16 H AT 38 10 E B B FORG 255
J&, AT LA 2K i ATP DGR & s A I i 25K

2.4 SEREREE G

BT Tt (At ) R AR BB P 6 Bl ATP SRS YIRIREI . H(2. 00 £0.05) g
i, 15 8L ARE A RTAL RS V5 R g AR EAT 0 A 2 ol ad AR 23158 6 A ATP SCHRIL S Wy &, 45
R 4, WSLIRER 0B I Z G ke i b ATP S AR/ IR T 1 PR A = B AR A A VR I ATP
ALy IMP filf IMP 5 8 2R T 5 BIR B4R 7 A b b 2 2R ATP SCHRY) I ATP; A [ X R4 i
ATP IMP ADP I AMP & H#R AR o 3 FEE S HxR Hl Hx 885 SR
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Fig.2 HPLC chromatograms of P. major sample (A) and spiked P. major sample (B)

R2  MEREER T E Y E N X AR A R Z=—ATP + ADP + AMP + IMP
Table 2 Recovery and RSD for spiked samples with ATP, ADP, AMP and IMP

AR BEYIIE A g [
st Spiked concentration ( mg/kg) Total spiked Average recovery AEXS AR A O 2
Sample concentration i ( ;7/ ) i RSD (%)
0

ATP  ADP  AMP  IMP (mg/kg)

E{ P. major 200 200 200 200 800 98.1 5.85
L

400 400 400 400 1600 101.0 4.95
800 800 800 800 3200 97.7 2.04
fiifa S. quinqueradiata 200 200 200 200 800 88.0 4.36
400 400 400 400 1600 96.0 6.78
800 800 800 800 3200 94.4 4.76
fitf 0. keta 200 200 200 200 800 94.5 9.51
400 400 400 400 1600 94.6 5.82
800 800 800 800 3200 96.3 8.34
FLANIEXTHR L. vannamei 200 200 200 200 800 93.4 7.29
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k2
. R
FE il Spiked con(ﬁﬂﬁin (mg/kg) TOtj”:;id A\frii!ulggoi ARR R v i 22
Sample concentration %) v RSD (%)
ATP  ADP  AMP  IMP (mg/kg)
400 400 400 400 1600 96.3 4.97
800 800 800 800 3200 97.2 3.97
W8 P. trituberculatus 200 200 200 200 800 101.0 6.62
400 400 400 400 1600 105.0 4.24
800 800 800 800 3200 105.0 3.81
R3 IAREEREHEERFAX R AERZE—HLR + Hy
Table 3 Recovery and RSD for spiked samples with HyR and Hy
T FEY) L7
B Spiked o RAE (me/kg) Tt}im?;liﬁi CPEEDICE g ez
Sample concentration ' %% ) = RSD (%)
Hx HxR (mg/kg)
B P. major 100 200 300 95.8 2.94
200 400 600 96.6 1.55
400 800 1200 92.2 2.24
fillith S. quinqueradiata 100 200 300 104.0 1.66
200 400 600 100.0 2.79
400 800 1200 91.4 4.16
1t 0. keta 100 200 300 95.0 7.27
200 400 600 92.7 11.90
400 800 1200 95.5 12.90
JUAHESHER L. vanname 100 200 300 99.5 8.79
200 400 600 92.6 5.49
400 800 1200 89.5 6.20
BT P. trituberculatus 100 200 300 85.5 9.48
200 400 600 92.2 6.87
400 800 1200 97.8 1.69
®4 TEHERDATP XBRYEE
Table 4 Content of ATP-related compounds in different samples
ATP SCHEY) & i Content of ATP-related compounds( pmol/g) ATP IMP ADP AMP HxR Hx
filfi £ S. quinqueradiata 0.004 6.75 0.592 0.090 0.752 0.081
o ] Xof R F. chinensis 2.08 4.13 3.10 2.23 0.219 0
i i s P. trituberculatus 4.70 0 0.978 0.311 0 0.203

KB S WK™ i IR RE B B 1) F 7 B Be b e BE SR b . HAHIR A SRy
K {fi = My + My, % 100%
Myrp +Mypp + Moyp + Myyp + My + My,

b KRB S B . — O RIR AR K EAE 10% LUK, HERAAR 0 A £ R (R0 fif £ K (R 297
20% LLT ,20%-40% Jy — 4t 1, 60%—80% IR Wt (BRAFisR4E 2011) o sl 315, dita (A= ) /Y
KB 10. 1% 56 H U i R, nT AR g A= i 80 5 RIS B IR R TR Y K B0 301 2 1. 86% Fl
3.28%
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AHIFELL AL HF B DTFES G, S T K R 6 Bl ATP SCHRAL 5 B4 i RO (i ki 75 3% o 7ediif
ZEPER 6 Bt ATP SCHERMITT RIS 70 B, FELF AR, FRUE VT s X RE i BEAT AN TRIMR BE bR 526, ImDScie g, g
JERF o B RZ 0T R T T SE bR i ATP SCIRAL 5 W 2 B SF SR bR K (BT . SCae 4SRRI %051k
I TSR SRR 1A TR AR R ATP SCH-Y) 5 1 i
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