5% 35 B 11 1
2011 4E 11 A

/S S ¢

JOURNAL OF FISHERIES OF CHINA

XEHS 1000 —0615(2011)11 —1745 - 08

BT R SRR B R RS
KFZm 6 7 ATP XEX L &1

KfRiE, BRI, KREET, A &

(RHRETER AR M2, 1 201306)

WE. 21 T AR 6 M ATP X BE LA 4 09 & F 3T KA & BT A & 3% (IP-RPLC) 41 77
LT BRI pH R S AR L X T R R R AR IR B AT T I E
KA 10% oy 5 A B o B AR B &, Bl KOH % ik # #n Jg #£ 47 HPLC 44, % A Waters 2695 £
3 Z 4, Thermo ODS-2 Hypersil (250 mm x4. 6 mm,5 pwm) & 345, 45 % 25 C; L 10% ¥ B2,
90% 0.05 mol/L & B #h 75 i 4 7 54 48, 8k B #h % K 4 9 mmol/L 19 T £ A £ b & (TBA) , 3
J 1 mol/L By # BR i pH Z 6.5, K F % L ik i, 2 % 0.9 mL/min; & 0 3% K & 254 nm, %5
K&K H .6 F ATP KB A 478 13 min 24 2 %57 2 ~400 pg/mL 55 B W & X & R 4T,
AKX ZEA 0.9994 ~1.000 0 2 [ ; 7 F R KA R (42 S/N=3)#£0.1~0.4 ng/mL
8] 5 A AT T ERE K 82.2% ~110.0% , # 5t AR = H 4.2% ~9.5% o K7 AT A

Vol.35, No.11
Nov. , 2011

DOI:10.3724/SP. J. 1231. 2011. 17491

% ATP ADP AMP IMP Hx #2 HxR % 6 # ATP 3 B 1k 4 47ty ] 51 52 o 404
R : AP s BT AR BURA € ATP XERL &40

RESES: TS 254.7

ATP 2B Ab& 47 ( ATP related compounds ) &
IR B | O W B | 2 v ot Je <5 5 W R T 4
B —KA G, WL IR (inosinic acid, IMP) |
=58 It 1 (adenosine triphosphate, ATP) | — #§
fi2 It FF ( adenosine diphosphate, ADP) | I 1 #i&
(‘adenosine monophosphate , AMP ) | ¥X #5 I 1% 4%
(inosine, HxR ) FI ¥X % I 04 ( hypoxanthine , Hx )
o BTSRRI FEE Ry, S
IR R B KU A G 3 S A e A AU
J5 1T, 4 AMP A7 45 R A0 DR A R, RE 1 B
A B PR TH A RO R, A K 1 i H R 1 XU
RS, M AMP JI A ) i R OAE 2, ATP [
LI — o ) —— IR B IS 2 7 A kL L
TR (IMP) i 3 S0 SR A% B R, /E B B 12
SRR NG, © 2 W 12 B T ek
IMP S HIE S IR BE ) LL A Z B FN i 40 1,
SRS HEAEER, & 2% ~8% NIRRT

Wi BEHE:2011-04-19 1&[E] H #7:2011-09-01

XEFRERL A

RO L 5 R M ol ST RS . R SRE S D I, — A
I IS R N ATP R IK [ fi% oy ADP, AMP
IMP Hx F1 HxR , H:H HxR \Hx & Z FIX} ATP X%
BeAb A B R B o K B0 KR
/I, e B AR TE (R A 22 B Y B B AN [R)
b2 F 0 XE Uk g ) ) AT S #a ( Trachurus
japonicus) T % ( Oncorhynchus mykiss ) | ¥ 5 4>
¥ ( Thunnus albacares) ZEWF37 320 K {HEEVE R
VM 0 R 6 FE 1) — A T B AL AR Aw , 4 K (EAE
AT B R AR O 9 2 W TR
PRAO T DRIk bR A G L £ 4 R ) ATP
RIACA P XoF 7K™ S 1 IXUR T i A AR o 22
MR

HATE NS E ATP SCIRAL& W) & i J7
VA BT AR WO L B K
BRI T A BB AN
VKR £ S22 R A IR 1) 4 SR vy, (LS A b

FEWE : i HE R A ST ACEREBIIUH (150704) 5 B IREIRETCE T AERHIT AL 4 (A250110011503)

1BIPEE 2% 1k , E-mail ; sschen @ shou. edu. cn

http : // www. scxuebao. cn



1746 Koo

S ¢

35 4

B BT A AT E R TR AR E B TS Y
REAR S b 23 B, (L L5 20 70 B A R AT P47 (P
A HAPHT I RIS s SOAH s O 1 i B A
PRI AT A DR, 2 H AT AR B S T
AU A B A 3R R AR I SR R AR
HAETEE 7 B R BRA IR A BR , A 14 73 #r
TR 272 RS 6 b ATP SEHK
WEY BN E, — BB — MR E TSR
PR ASCBOAH CATEAE I 7 3 o AR SR T B 3 S A
WA EE O K7 P 6 B ATP SCHRAE & 9y it
Fr AR BINAE X7 2T T 3k

L MRSk

1.1 FENSFEMAE

Waters 2695 =40 AH (0.5 £ 4t ( 32 [E Waters
AW, BLE Waters 2996 1) & B 41 A5 I 4% K
Empower {0, i 4 ¥ 4% 4; 2€ E Thermo ODS-2
HYPERSIL (4.6 mm X250 mm,5 wm) &4 ; 5
v KUBOTA 520 .01 & SK8200 HP # /5
{3 MILLI-Q 4 & /K 44k & 4t ( 26 [E Millipore
) s HA YAMATO 4] 3¢ #l; 40 #r K F
( METTLER TOLEDO AB104-N ); Z¥i +
METTLER TOLEDO %)%t (pH i) .

S FH A B 35 K i W T T v
i G T —20 CUKAR AR
1.2 3R

FEUES, ATP, ADP, AMP, IMP, HxR #1 Hx
W Sigma 2\ 7] ; Ny HPLC 9% ; 5256 7K
AlK ;s WERR A B0, B IR — AU, = SRR (PCA)
AL, U T B R AL (TBA) B IR, 0 43
i,
1.3 —fREse

{0,734} . 5 [§ Thermo ODS-2 HYPERSIL (4.6
mm x250 mm,5 wm) A3 G A A B
W, B 2 0.05 mol/L iR — % B AR S —
(1:1) %W, & 9 mmol/L U T J & 4 fb &
(TBA) , FH#Em2 14 pH % 6. 5; S PEMG ; 1t 4 :0. 9
mL/min; F 25 C 5 #EFE 510 Wl K i K
254 nm,
1.4 tRE S RAEC S R AR 2

4K ECH 6 B ATP SCIRAL & YIAR i &
S 2,10,25,50,100,400 wg/mL, 435 H 10
pL FEATIROAH (7% I 7, AR AR DR B I [, DA 0 2,

i 14 T R vy g HC AL I P A R Wk A
It hbnE TAEM 2
1.5 #HmEl&

ATP K H R - Mt R+ %= 5 %
YOLOYAMA %5124 3f: Wt 15 46 whe , BUSiR 5 Jif ) AF
i 5. 0 g, AN A T 10 mL [ 10% 1Y = 54 2
(PCA) IFWRATH 2 min, PR BEHEREFE Y 5], 15 4
CF 5000 r/min 2.0 10 min, B FEERSIER
FEDH, AR B TTE Y I A TR 19 5% PCA %
WHFHATIR I B DA BRI, & BRI 4R
J& 11 KOH s Horp A% pH 6. 5, I, 5
FH 10 mol/L 1) KOH ¥, F§ #2ik % i 75 1) pH
i, M 1 mol/L (1) KOH #8757 . FE Hh Ay
1% PCA % (pH 6.5 ) # H & 2531 50 mL 25 5l
oh, IR R 2 e S IR R 4, FRE T LA 0.45
pm JE LT U8, HPLC A 50 Hr . IR L T
—20 CLRAE, M2 i, Se B B s i, B HLIEAE
VaKii
1.6 H#EALE

Y - c-Vv
1 000m
A, X BFEG 6 Bl ATP QAL B 1) & &
(g/kg) ; C Ay TAE IR 1At AR il I i
ST 6 Fr ATP CHRAL SR EE (ng/mL) 5V
A B OB A AR B (mL) 5 m S R Y 0T
(2)o

2 4

2.1 #EEF*

T S IR P AR AR i L OE T N — 4
LR i RS AW N PR IO A T, A
10% 119 1= 55 T2 V5 Y00 4 JBO00 SR 5 e, [l i 3 3k )
70% LA T, °T AT ARSI EESR
2.2 EKER

SEHXE 6 i ATP SCIK AL & 1 Uik 2 A AR
Je AT T A, B 3 T TTAE 248 nm [
A BRI, 5351 3 Fhp B AE 259 nm [ i A
TR, TIAE 254 nm &k 6 Filt ATP AL &4
BIARRM R (& 1) o it S & B, R K
254 nm 6 Fft ATP SCIAL A P I W BRI R, 451
WA BIR S T 580 8, i N2 sl Al T4, 78
HPLC 3t fE i, 245 M IGAH B 53 B % Ol 252 A
[ G2 npiss il JTBA MR | FH SR RN pH. 5200
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Fig.1 Scanning spectrum of 6 ATP related compounds

2.3 AREZBHBEIT6 T ATP XBE U EWESE
i 7E Y 22 01

FH R €833 4 B 18 M 8 k1 4 93 2 5K i )
PR R PR BB P, 58 A2 vpil . AW 4
B T 0. 05 mol/L KH,PO, il K,HPO, (1:1)
F10.05 mol/L £, i Wi 5% i 5 % I 5 1) 5%
M), 38 2k S0 B, £ R i 5% R RT 4  H E
SR, A LR BT R A S ok, HL I R 4
(2) ;3 0.05 mol/L iRk 2% vp il v 4 H
P o8 4 0y B . SEe ik AR b, 4 BB 0. 01
0.02.0.03.0.04.0.05.0.06 mol/L [ KH,PO,-
K,HPO, 2% WP , 75 S A6 AN [A) B 1 58 Wk 32 1) 15 10
TR PEWEE B W Bl AH R B AE 0,01 ~ 0. 03
mol/L i, H I i[RI AH X K I T 45 25, A 1) 06
ARG A W A $2 55, 7£ 0. 04 ~ 0. 06
mol/L B} ,6 Ff 5 o 9 vl A4S 31 48 47 19 43 55, 06
TR AT, Hh 06 B PR AR, PR B B R) AR (L 3)
X T RE HY T R R R R MR R B, B R R Y
TS AR C18 S AH (385 A A 2 2 i — W PE ]
M 1 46 52, BT 28 e 1Y) ol R 3 % o vk 2
XFETEAE A BRI FE , W 0. 05 mol/L
1) 28 W R E AR S Uil S AE VR JEE
2.4 TBAREX 6 i ATP XELEWESEN
E R

A B F5F 52 A0 HPLC FHi8 A, TBA 5k
W) BT BB - X 45 G, AR 3 I il 4

o1 5 [ E AR R T, 455 TBA BZ W) o,
VRS o Hh e st g o AIRHR ) TBA 55 45 )
456 )5 5 [ E A SR A RN, 2 A BE I S A
FE,Zr BRBOR 25, TBA 3 8B LI B 1 X 45 &
TE ] E R A B I IR, R O TA) i AT
T S A R B, AR T S A TP A — R e
B TBA, 47 shAHA TBA ¥ & 5 6 mmol/L i ,6
T By B AN e 4, M EA T4 (8 4) 5 2 TBA
WP 12 mmol/L I, A et I &, HL U6 M i)
[ AE <, 75 20 min N ABESE 4 0§ (& 5) ;54
TBA ¥k Z4 9 mmol/L I} ,6 F 4 57 ik fie A 7 B9
(E3).

0.040 |
0.035
0.030
0.025
< 0.020 -
0.015
0.010

0.005 L
0

0 4.00 8.00 12.00 16.00 20.00
i8] / min time

B2 0.05 mol/L ZE$REE AR fikE
Fig.2 HPLC chromatogram of the sample
using mobile phase containing 0. 05 mol/L

ammonium acetate buffer
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0.06 1 Hx
IPM

0.04

HXRAMP
Z
0.02 ATP
ADP
0 1 1 1
0 5.00 10.00 15.00

A 18] / min time

&3 9 mmol/L TBA #10.05 mol/L
BEhAREEE
Fig.3 HPLC chromatogram of the sample
using mobile phase containing 9 mmol/L
TBA and 0. 05 mol/L sodium
phosphate buffer

0.08 |
0.06
2 004

0.02 | K_
0

0 2()() 4()0 6()0 800 10. 0() 12 00 14 00

WA / min time

B4 6 mmol/L TBA #10.05 mol/L
BEhAREEE
Fig.4 HPLC chromatogram of the sample
using mobile phase containing 6 mmol/L
TBA and 0. 05 mol/L sodium
phosphate buffer

0.10 ¢
0.08 r

5 0.06

<
0.04 +
0.02 + L}U\
0 A_H : .f\

0 4.00 8 00 12.00 16.00
Ff[H] / min time
5 12 mmol/L TBA %0 0. 05 mol/L
B RREEE
Fig.5 HPLC chromatogram of the sample
using mobile phase containing 12 mmol/L
TBA and 0. 05 mol/L sodium
phosphate buffer

20.00

2.5 Eﬁﬁ;r’& A

PR BRAE 254 nm BFHOR BE B ), [ 40 SCHk
B 22 ] 20 ok 4 4 B A &) o LR
KOARTE R . G5RFR 18 Sk H
ot 2R IS R BRI 25 R . G AR T
HITE 5 0. 05 mol/L 2 £h 2% il 1) L 451 53 351 Ay
5:95.10:90 .15:85.20:80 T X} 6 flt ATP SCHt{L
I B, A5 SR B, AR L A HE IR
FRERZ B0 6 Bl ATP JCHK ™ 1) 1Y) i e i 1 5%
WA, R AE R W [ 25 57, 5 SRS 90 I AL
BT A RS e, A SRR S 0. 05 mol/
L IR — A AR L9y 5: 95, LR e [R] A L | Dge Y
WARLF
2.6 pH KM

R T 558 pH X 25 W) T 1 6 28 1) 5 ), S5
B0 H 2% 14 3 2 A (10% H P, 9 mmol/L
TBA) %) pH, Z5 R BIR, 7 — & G HE N & pH
BT, 2500 B 1 O 50 ok A R i pe . X 2
T pH Fhisr, TBA 1B A0FE B ARG, AF 5 8 15
T AIAR 5 B AR TR ARG, DA A A5 i 15 5
AR AT A O A (LR AR . AE TR B B 7 X ik
JEAA R B 254 T, pH 6.5 ~ 6. 8 JUHE N &Y
JAR AT LA BIAR AT 1 53 55
2.7 FiEMEBEIERR

LML B 5 A R F U S 1000
pg/mL (1) 6 i ATP SCHK AL & ¥ bn 1 i, FH &
4K B K 2,10,25,50,100,400 wg/mL ¥
BBREVS W, 43 — e i 25 187 b 035 S K
W, AT AR Y S B X bRt £, & al A
381,06 i ATP SCHKAL & W 7E 2 ~ 400 wg/mL
WWEN A BRI R, MR
(R*) B RTF 0.999 3, AR4EMEME 1L, 24 03
UG 5 S MR 3 A I (S/N =3) , i i e AR A T
PR 224 0 i e (%) 06 55 O MR 10 A5 B (S/N =
10) W EmR(%E 1),

FEMEE  XFE-PRUERE A T 6 Tl ATP
9‘%@%/—‘%(50 pg/mL) 7357 T 6 W\EE%
55 AR AR AR B B ) (R 1) o B3R 2 AT, i
FE6 zj\}fﬁ()ﬂ AU R RSD 4 0.41% ~0. 61%,
(R ERBFA] Y RSD H 0.15% ~0.46% , 32 Bi% 7 1
HEMERE
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Tab.1 Correlation coefficients, limit of detection and limit of quantitation
e a9 7 # AN C R AL e B/ ( pg/mL) AR/ (pg/mL)
item regression equations correlation coefficient limit of detection limit of quantitation
Hx y=16 013x +6 126.8 R*=0.999 8 0.1 0.3
IMP y =14 825x -1 970 R?=0.999 9 0.2 0.6
HxR y=12049x-1174.8 R*=0.999 8 0.2 0.6
AMP y =20 946x -6 797.3 R*=0.999 7 0.2 0.6
ADP y=7536.5x+4 051.4 R*=0.999 4 0.4 1.2
ATP y=16 216x -13 727 R*=0.999 5 0.4 1.2
®2 EEMRKE
Tab.2 Reproduction quality of the method x +SE,n=6
e W T R AR bR HE R 22/ %o PR B B[]/ min HART R UE DR 22/ %
item peak area RSD retention time RSD
Hx 805 519 £962 0.52 4.30 £0.01 0.15
IMP 739 778 908 0.47 4.70 £0.01 0.16
HxR 601 608 +700 0.51 5.88 £0.02 0.30
AMP 1 040 937 +996 0.41 7.29 £0.02 0.30
ADP 379 688 £235 0.49 9.67 £0.04 0.40
ATP 796 157 +648 0.61 12.09 £0.05 0.46
EK R At R R ARSI e Hx . IMP HxR ,AMP ADP  ATP fll#5 ¥ J5 73 A1 46

## ( Eriocheir sinensis ) {ENEEAS . BUSE & 45 UE T
A 5.0 g #EfL S IR A 2 T 25,100 F
400 wg/ g, F5 ARSI 287 T IR A0 BRI AT R Al Ak
B BRGNP 6 P47, FHAMR TS

PR AP 2 R (K 3) o didk 3 m i,

®3 EHRLR

WO 2 [T 82. 2% ~110.0% , A BRHE
{22 (RSD) Hy 4.2% ~9.5% , F W%y ik i3
FUR 37 A A K, 7T K 7= o 6
ATP M4 AFRI

Tab.3 Recovery of the method x *SE,n =6
i H kst (pe/g) BRI (pe/g) -3 [l 3/ % AR bR i 22/ %
item spiked standard found mean recovery RSD
Hx 25.0 27.0x1.8 108.0 5.7
100.0 88.6+£2.9 88.6 8.6
400.0 376.8 1.4 94.2 5.4
IMP 25.0 27.5%0.5 110.0 8.5
100.0 94.9 £2.5 94.9 6.3
400.0 416.2 1.3 104.1 5.9
HxR 25.0 24.5%0.9 98.0 5.3
100.0 82.2+1.5 82.2 7.5
400.0 380.1+0.7 95.1 8.0
AMP 25.0 24.7%1.2 98.8 9.5
100.0 85.1%1.9 85.1 7.2
400.0 356.8 0.6 89.2 6.9
ADP 25.0 25.5%1.7 102.0 7.2
100.0 86.2+2.2 86.2 6.4
400.0 340.8 1.8 85.2 5.4
ATP 25.0 25.2%2.0 100.8 6.5
100.0 93.4 0.9 93.4 4.2
400.0 359.5%1.5 89.9 7.3
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2.8 MA ghr KAH, \TH TR

BEA T 0 F R AR g B R T ATP SC B fb K(%) =
W TR VR A 0 R HAR + Hy 10

5.0 g i3 AFAT, # AR b TR A0 R
TTFEMALBE SR 5 S FLIEAR (0. 45 wm) J8 5T, #
s SR 10 L B E (B 6) B 7 NI
JbRuE S 5 Y rhAe g B HPLC (a3 Rl LIARifE
kit A AR g B v 6 Fh ATP SCHRAL G911
i, ZERERTE -20 CURK 4 d (1 rh eyl
1 ATP 275:4(0.41 £0.29) pumol/g, ADP >
(1.30 +£0.28) wmol/g, AMP 4y (2.48 £0.50)
pwmol/g , IMP & &4 (3.58 £0.92) umol/g,HxR
G AN (1.06 £0.47) pmol/g, Hx & & N
(0.67+ 0. 73) pmol/g, %5 % 5 OCANO-
HIGUERA 25" 4] 18 9 7K 7™ fih v ATP e AL A
Ve EAA .

0.05 1

AU

0

0 5.00 10.00 15.00

IS 8] / min time

B 6 SIPRfEm (e REaIEE
Fig.6 HPLC chromatogram of Chinese

mitten crab sample

0.05

AU

0 5.00 10.00 15.00

/8] / min time

B 7 trAERmREeILE
Fig.7 HPLC chromatogram of sample added standard

fief B ST e 5 bR K (B S K ™ ) 4 e
AR K A5 B R AT S B A A B RS bR . — ik
FKH KAE/NT 20% VE R0 R S EEFE bR ( H AT
et A AR ) L K (/N T 60% 18 i T
JEURHI B BEARIE ,60% ~80% g W1 WAt
I3 L e 28 40 Mt 7 W) (R M A A R IR o D
W) I i B ATP OCERAL G B o 85 B Ay i

ATP + ADP + AMP + IMP + HxR + Hx
KA B/ 3 i 7RG, KB D B R 2
TR AR - 20 CURGEC 4 d 1 rh ARG
g KR 16,4, /NTF 20% , BEHHAE —20 C %
Bk 4 d B PP AR GBI AL TR BB B

3 B

SR FH PP - W R £ 22 VR T sl AH, LA T Ak
AR E Y B G, B IE pH 2 6.5, %
FH Thermo ODS-2 HYPERSIL &% 4}, 7F 254 nm
AEFT R KE 6 Ffr ATP JCHRAL G W AR B 1 53 15
ok WERIR AT M R L4 o T8 Xl o Y
BH B AT 5 A% 1 R v 1 B f A A B AR T T e
A1 AT W o € A [ A B S, 1
— 3 B OR BRI 8], A LG Ui R 1 = AT A DR
S5 X PG K AR BAE A% TR 8 1 JI e 2 HC i
AT Z DR RO U RS IR R VIR
BRI — BRI AX T R L R TR A
5 FISEASBFFE AL 23 51 LU T W R R 22 v i &
T i VP 222 YK D 2 1 S 3 ok 512 3 A B
BAETR ER 2 vP IR AN AT K H AR 58 42 03 15, T HL UG
RIR AT

D B I TR 2 M 0, A vy e T R
R SEL AT 6 il ATP GG W) Ok B2
[a] %) RSD% 24 /NF 3% , W& 1E FR 1Y) RSD% /N F
3% £ 2 ~400 pg/mL B EETE BN G R R
U XK L 6 B ATP CIRAL S WIAE T s (=]
WA E , mIR oy 82.2% ~110. 0% , F B s
BEIPELT, e MR 5 e R . ABFSETE 13 min
WA EIGE T Eak 6 B, Al S e 2R %07
P — MR R A SRR T, OF B R .

SEHk:
(1] k3%, s, i, % K- ass M) db
5 E O S R AL, 2001 0159 —194.

[2] BREMNER H A,OLLEY J, STATHAM J A, et al.
Nucleotide catabolism ;influence on the storage life of
tropical species of fish from the North West Shelf of
Australia[ J]. Journal of Food Science,1988,53(1) :
6-11.

FEREAT. SR AZ T IR M LA £ I IR vp B 0z
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Simultaneous determination of six ATP-related compounds in
aquatic product using IP-RPLC

QIU Wei-giang, CHEN Gang, CHEN Shun-sheng * , XIE Jing
(College of Food Science and Technology ,Shanghai Ocean University ,Shanghai 201306 , China)

Abstract: In this study, the IP-RPLC method for the determination of six ATP-related compounds( ATP,
ADP,AMP,IMP ,HxR ,Hx) in aquatic product was established. The optimal conditions such as pH, flow rate
and concentration of mobile phase were confirmed. The accuracy, precision and limit of quantitation were
surveyed and evaluated. The method is based on an extraction of nucleotides from aquatic product with a
solution of 10% perchloric acid followed by neutralization by the addition of KOH just prior to HPLC
analysis. Chromatographic separations were performed using a Thermo ODS-2 Hypersil (250 mm x4. 6 mm,
5 wm) column, the column temperature was 25 C. The mobile phase consisted of 90% 0.05 mol/L sodium
phosphate buffer,10% methanol and 9. 5 mmol/L tetrabutylammonium hydroxide, and was adjusted to pH
6.5 with phosphoric acid, the mobile phase was delivered at a flow rate of 0. 9 mL/min with equivalent
elution,and the detection wave length was 254 nm. The six ATP-related compounds were separated in 13
min. The standard curves of six ATP-related compounds were linear within a range of 2 —400 wg/mL,and
the correlation coefficient deviations range from 0.999 4 to 1.000 0. The limits of detection(S/N =3) were
between 0.1 wg/mL and 0.4 pg/mL. The average recovery of spiked sample deviations range from 82.2%
to 110.0% ,and the relative standard deviations (RSD) were between 4.2% and 9. 5% . In conclusion, the
method proved to be simple, rapid, reliableand with high accuracy and precision. The method has practical
value for detecting six ATP-related compounds in aquatic product.
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