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Determination of adenosine phosphate in tobacco leaf by UPLC with phenol-TEA pretreatment
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Abstract: A analytical method for simultaneous determination of adenosine triphosphate (ATP), adenosine diphosphate (ADP) and
adenosine monophosphate (AMP) in fresh tobacco leaves was established by ultra high performance liquid chromatography (UPLC)
with phenol extraction. ATP, ADP and AMP in phenol extraction were stable and difficult to be hydrolyzed with rate of change less than
10% within 2 hours. A better separation of ATP, ADP and AMP was achieved in 10 minutes by utilizing a gradient elution system of 6 %o
triethylamine (pH = 6.6) and methanol as mobile phase. The linear range was between 5~200 ug.mL" with adenosine concentration and
peak area were highly correlated (1> 0.9999). The detection limits for ATP, ADP and AMP were 0.5 ug.mL", 0.4 pg.mL", 0.3 pg.mL"
respectively, and average recovery rate was 91.68 % ~ 110.79 % with RSD ranged between 1.53 %-~3.67 %. This method can quickly and
accurately detect ATP content in tobacco samples, thus providing important test indicators for the study of energy metabolism, especially
tobacco CMS generation mechanism.
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BEMRTE - RIRBERI A A . Ik,
T RO L - SR AMEIN % (HPLC-UV), BB (i -
JR VB (LC-MS) B4 T & Fh A RE i 1 BkG
FLURTRIE F) ATP $ BT i A SR R 0L, A HLIE
PREL, PGREL AR Y ooy B
SR, SR FH BH B8 7 3% T V5 1 A N 4N T AN Y ATP
PR B A A 2w AT M

SRTT H AT A B E T 1R B AR i ATP (1) 32 HY
RORAAE: FIHBEAK, &5, 1ET BRI S r
ATP, IREUCRIGAKILAR B, 8 IR B BR
FHAEY, ZEAAR M, B RS
FIEERL AR D o R m SRR G IR T EEXT ATP 247
PRI Hy5 e/ b, SDIRF RN 22 bk, I B2
T BRI 5, (BT A7 AR — L a) 3 75 B — 2R,
— R BT AR EE R, RIS
YRR, ANGAFIIEE . AT I LA i SRR A R
Z AR USCRRIRE e v, 45 R WK 70 $R B
ARE A E T EE T m AR

Rl 75325 T, ARG A B AR A ) ATP L
BT ERAE, HABRFEK I ATP. ADP Al AMP,
HARFI S AN o 5o s OB AH V5 2 A ATP 1)
I, RO LR B A — MR B R A 2% pRi
TR HLIA RS BE VR 2%, 1 53 Ah— RO vE R F
SO BT XHRFIGe M B, 4 FR ] b B 1
Iy R ERAE (B R VRORE €0 A BT ALY Hh B I i
TEESEART . AU Z RS R
R SIAR” , f# ATP. ADP fil AMP 4 B2
AR, JE DL EAE AT AR B SR, Rk
TIPRTHE AR 0% 23 B B FH T R A B 5 A ATP A,
MR EL ATP (PR 3 B R0 B AR K R AR VR AN HF 7T
PR IR .

1 RS

L1 XRS5

8 v OO i A (35 B Waters A F] Acquity,
MCAH iR E A, BaERESE, TUV A2
A s TAE YD, &l & 0 WL (48 E Eppendorf
5810R) , HL ¥ K-F CF5J¥ 0.0001g, METTLER &
A AE240) , 2K & R4 (4E[E Millipore 2 F]
Milli-Q Reference) , pH i1 ( %ii - Mettler Toledo 2
A] SevenMulti) , IRZGIRE & (LA AR &R
FR2A® ZD-100) .

57 - R IR TN EE (adenosine 57 -triphosphate
disodium salt, 3 [ Sigma A &, >98.5 %). 5’ -

fof BR % #F 84 L C(adenosine 5’ -diphosphate sodium
salt, 3% [H Sigma 2 F], >95 %) 5~ - H 0B AR AT
#4 £h (adenosine 5 -monophosphate disodium salt,
% B Sigma A 7, >98%), & & 2B
#h (Ethylenediaminetetraacetic acid disodium salt
dihydrate, %[ Sigma A, 99.0 ~ 101.0 %). — 24
fi& (Triethylamine, % [H Sigma /A&, >99 %). #iR
(Phosphoric acid, £ Sigma A%, >85.0%) + &
HALEH (Potassium hydroxide, 3£[F Sigma A @], >85
%)~ H I (Methanol, J.T. Baker A @), faifhafi). &
S (Perchloric acid, [ 2548 A4k 250G R A A,
70.0 % ~ 72.0 %, 4L ). K (Phenol, |~ Al
LVEREAL TR AR AR, =99 %, Hral). &
(Trichloromethane, |~ ARk PE B AL T A PR A A,
>99.0 %, 4rHral ).
1.2 fREEm

Tl TR M A YA A 2 Y 2 AR R ) 23 PR L
PR 100 mg, FABLE/KE ARG 2 2T 100 mL £
BT, BUHE 1000 v g/mL ¥R AR A% 0
T 4CHMNRAE, RN 7 R MEREmR, %
BLRAC ) AN FVR FE VR B At TAEM, TR G AniE T
PERILEC LA -
1.3 #HmibiE

HE SRR (P 5 SR - o R R e, REL S g B
it RS NS By 1 T e # 21 10 mL 2508,
FHR DL i AT HE
1.3.1 =R (PCA) 2

T ERBEEFENA 10 mL 20 i 10 mL
A AR (0.6 M), fEEHIREG T HEES 1 min
J& 57 BB 0 10 min(12000 r/min, 4°C ), B0 Jg B2
mL BiE®, BT R4 — 5 mL @O0EHHIMAE
REIAEE AR (6 M) 7 pH & 6.0 ~ 6.5, Fi3)
M (= MEEMEEMI ) €A %2 5 mL IS, A%
2.0 3 min(12000 1/min, 4°C ) J5 BUE &= _EiEWGTH 0.22
wm JEBEE, JEEEARE IR, fiE UPLC 404
1.3.2 2K} (Phenol-TEA) $2H

F R BEARE ) 10 mL B0 PN 10 mL T
74 TEA-EDTA- MFI 2K % (Phenol-TEA; 0.6 % — 7.
fi% - Wi , pH 8.0, 1 mmol/L EDTA, N A\ K} £ 1A,
Fl EDTA &8sl oAt — A0 B 1 DLl % 1 BR e #e g
SRR AR AR B, B A 1 min AR E O 10
min(12000 r/min, 4°C ), &.0J5 2 mL & & FIEH,
IMANEAERCE 22X E, BH%IRA 1 min, AEEO
3 min(12000 r/min, 4°C ) J5BUE & _LiFHIEH 022 um
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JENEEE, JEMFEAFEME S, fit UPLC 447,
14 @AY

ik ACQUITY BEH-C18(2.1 mX 50 mm, 1.7
um); FENH: R (A); 6 %= M/KIBW, IR
W pH N 6.6(B); AR 30°C; #EFEE 1 wLl; A
WK 259 nm; BEEEVE ML AAFINR 1 R, RA SR
AEFEXT LU OR B I TR E M, MR E &

HIREN,, 7E2 ~ 3 h 2] ADP /K4 i &, 3 ~ 12 h,
ADP ARAL AR S 11 AMP & &7E 5 h AN T2 K,
X W] HE T ATP A1 ADP /K it 42 Bt AMP [ 258, 5~ 12
h SRS, XU L BN ATP. ADP /KRR
AMP LA | AMP H SKE A . Rk T b
FIFE G, ATP 2218 N F%; ADP 484k KN/, AMP
W—H 2 FTEH, mtk, YRS HER & &R AT

R BERBSEM

Conditions for gradient elution

ATP #B5y v] Be EHL 2 /KN AMP, T2y 46 1F N ATP
JK R 8 i 7] T4 2B 5€ B, Bl ATP — ADP — AMP.
VLT ECSE BRRE S AE 2 h DL N S B R e 1 Ak

Tab. 1

] Time Jiid Flow Rl (A ;Zﬂﬁ (B) - "
e Ml Taewlamne (UL 109 HAMP RSN 5RIEAR,
KUAE 2 h LA S8l &, tHREORIIE 4SS JRAE iR 22 Vi [
0.00 0.300 0.0 100.0 PAP: X5 T 3 FhBERR R S (Y sdenosine)» TE 5 h AW,
1.00 0.300 0.0 100.0 ZITVE TR LS bR & B t, I I 95.72 %, 4N
€00 0,300 0 06.0 RN 3 R IR IR SRS AR B, AT
£ 5 h LA 0 dr s B SIRIAAE 2 h IR Il 1 2
9.00 0.300 0.0 100.0 BKMRAEIE 12.07 %, Fr LLZITVE I S HURE i B df
) EEAH PALUSEESY R R) SRVARIE a8

BEAh, AR P A A SO R, R AL B
BRI st t, 2 h U, FEMETEZEAR
NEREIFINTR, TR BHEP AP PR, IFR
K— B I WANIE BB 3 R A oA, BRI U5
SREFURE it JVR AR Tt P R 05 e SRV AR B RS E

2.1 RREFENTE

ASLIGIRT T v SRR AN R Iy BT RS B K A e
o 5 (k2 IR, KEyHE U i ATP il ADP
Foe B AR T iEms I —%& . S RRIET AL EE

R2 FAEREAEMHERPBERBENRESE (n=2)
Tab. 2 Effect of different extract methods on stability of ATP, ADP and AMP (n=2)

AF{L 2 rate of change /%

Z aden(\sine/( u g/mL)

ik ) Time ATP ADP AMP
" PCA ¥ Phenol 2 PCA i Phenol 72 PCA ¥ Phenol 2 PCA i Phenol 2
0 39.86 44.14
1 531 +0.41 -15.57 -6.11 +4.78 2.73 36.82 43.24
2 -10.23 -5.65 -22.45 -2.50 +8.72 +8.46 35.05 43.00
3 9.88 -4.01 -55.37 -4.30 +10.37 +19.91 30.16 43.92
4 -11.49 -8.09 -57.79 9.32 +15.91 +23.73 29.79 42.52
5 -29.09 -8.92 -57.98 9.97 +17.61 +23.91 26.50 4225
6 -30.21 -17.86 -56.52 -11.52 -0.43 +23.55 25.51 39.86
8 -37.27 -24.69 -59.47 -15.85 -6.97 +26.09 23.34 37.81
12 -43.01 -28.53 -61.34 -14.41 9.97 +31.98 21.80 37.47

B (%) =(C-C,)/Cy, C NS ST E &, Col “0” BRI EE: Y wemoim=Carr™CaprtCane A 3 FREEBRARTFINAT,
BRI “-7 FoR PIRRSIEMARE,  “+7 FRWnaRmE; RMINRESHRIE T 4CORFEFIL.
Note: Change rate (%) = (C-C,)/C,, C refers to the content at each time point; C, is the content at the time point of

nn

“O07 5 Y denosine 18 the sum of Cypp, Cppp and Cop; "-" indicates the rate of decline or degradation; "+" is indicates

the rate of increase; the sample is stored at 4 C after detection.
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I3 A B T e TR AN 4 By R B JH - ATP
SESE RN (R 3) .« SRBYIRMmFERACR 55
SRR, (ERIRENET A T IR Y pH Y
DU, HAEmARETEA TR . PP RIUNES R t

I sE B SR, ATP fl ADP Ml B4 R R AR E,
AMP fE1E 2 5 (P<0.05) , Ry 5E 45 5500,
PRIy 2 F N ATP 7K fif 584 0] T 9025 58 il

R 3 BEBRAEBRET A ITEEN R D BB AR T R BGR LR

Tab.3 Comparison of efficiencies of PCA and Phenol on extraction of adenosine phosphate in fresh tobacco

5 VoK ATP/(ug/g) ADP/(ug/g) AMP/(ng/g)
time PCA i Phenol i: PCA i: Phenol i: PCA i Phenol i:
1 25.90 24.63 21.98 23.92 7.13 4.92
2 15.25 17.80 14.04 22.60 7.13 434
3 2537 30.40 36.04 33.81 12.26 4.06
4 23.06 23.04 38.04 38.77 6.92 411
5 26.82 25.24 21.07 17.44 743 4.10
T8y 23.28 24.22 26.23 2731 8.17 4.41
t -0.7509 -0.5064 3.3459%

VE: * XK PCA AbHEXF Phenol AbHRAEAE 3 (P =0.05) Z .

NOTE: "*" represents significant difference in parameter value between the pretreatment of PCA and Phenol ( P = 0.05).

22 ‘AmEEHRNAET

IR AR R P LB, SEFARML, BRI,
TR MELE SOAH AT EOREE s {8 FH SRR i 43 AT vk
%A1 FH B IR 6 92 P BB R E D it sl AR G 3
170588, T B BCR AR, W OR B I A o
WO SRS R RIS E S 5 RN R A A
TR R EF OR BRI R), AR S B TR kg s &, R A
T HAE— MR B HE T . Seae b T R
RGN = e 2 P A E IR B AR ) 23 B ROR (]
D, SRR = CRZ MR TSN A 7 8 AR
ECEAR, B RRS BERR IR E AR B, AT
A7 FH PR IR R 2 MR

AR A i 10 S B 2 5 15 000 A BN AH = 2 fi 6
TR FE AN pH AT AL, W56 RIS ISR FE N
6%0, pHE N 6.6 B, RAWIGHE M ATP 7 51
RAF, ANEZWR ATP [ HER € A0 E &, SERRFE S i
SR 2,

B a
0.003;
0.002
e

21 = N ©
?,;5 =
0.001
0.000

0.00 035 0.70 1.05 1.40 175 2.10 245
{REIFE @ D)

- b

0.012
o~
0.009] _
g 9
Z 0.008]
0.003
0.000
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
{REIE @ D)

1.ATP 2.ADP 3.AMP
B 1 BEBBETRSERREEE. MBS ABEREE
i (a) M=ZBREHE (b)
Fig.1 Chromatograms of adenosine phosphate standard

solution: the mobile phase are phosphate buffer(a) and
triethylamine buffer(b)
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1.ATP 2.ADP 3.AMP

B2 #HEEHEREIEE. PCAIRE (c) FFREMEE (d)

Fig.2 Chromatograms of fresh tobacco samples: extraction of
PCA(c) and Phenol(d)

23 TEHZS5KMR

Bc 3 A 5. 104 154 204 25, 504 100, 200
wg/mL [PIARHE I, o SR 25 VR B 1R b 1 VA 2R AT
UPLC 73, F ATP i i f3 R LR BE a3k AT [H1 U5 43

fro 45R (R 4> FRWL, WIE 3 Mumg e i 4 itk v
FEl N5 ~200 wg/mL, KrllfR/NT 050 g/mL, HEiH
B SRR BT R K

R4 BBRRERILMXR. RERERQNR

Tab.4 Linearity, retention time and detection limits of adenosine

phosphate
iR PR - MRERE AR/
. . l
[ ®  (ugml)
ATP 5226 Y=51453X-16755.7  0.9999 0.5
ADP 4132 Y=5367.6X-8565.4  0.9999 0.4
AMP 2,625 Y=5963.2X-7969.2  0.9999 0.3

24 EWERSESMH

HORE 5 02 S B A5 ot v o G B P 4, X
FIRVE R E AT S RS . 45 Rk 5 s,
= AR V2 ATP Fl ADP [RII R 3K, 5 Lk ATP 7
SRR TR 25 AE N 2 K A J FEARAR U = M i 45 R — 2
T 2K P 3 (B UACR LU AR, R R IR B, 3 Fb
Tl R i EF 1 181 AL %l 91.68% ~ 110.79%, RSD A
1.53% ~ 3.67% 2 |f].

RS ARERAERFREESERELE (n=3)

Tab.5 Comparison of recoveries and accuracies between different extraction methods (n=3)

FEdh PSR

KA FIE . NN ‘Tll e 3
b BRI H  Content in sample Jbsti Added e Found 4z Recovery RSD
FF il denosi /(ug/mL) /(ng/mL) 1% 1%
Sample adenosine /(ug/mL)
phosphate
PCA Phenol PCA Phenol PCA Phenol PCA Phenol PCA Phenol
1# ATP 20.50 26.36 22.50 23.77 26.20 49.87 25.33 98.91 12.49 3.67
ADP 46.87 31.70 20.56 22.60 61.38 55.69 70.57 106.15 4.84 2.62
AMP 10.47 11.34 21.48 23.17 33.60 34.28 107.68 99.01 3.83 2.92
2# ATP 22.80 21.52 13.16 12.45 35.17 33.50 94.00 96.22 3.07 2.87
ADP 20.76 28.82 11.46 10.84 30.37 40.83 83.86 110.79 2.49 3.26
AMP 15.97 8.64 13.24 9.85 28.88 17.67 97.51 91.68 422 1.53
3 %i’l’.\. IV a S | A7l AN | ke T I, D7 >
(ST s | P R 7 g R T S S N I N

FEOL T R G R AR R e OB
1 00 8 A B R R R T . SR R R A
W, = 2B 5% pP O Y I BEAT BRI, v O

91.68% ~ 110.79%, RSD<5%, ] F T/ & rf 42 B AG:
TR IR
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