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Investigation of a Simple Extraction Method for ATP and Its Related Compounds
from the Muscle of Horse Mackerel (Trachurus japonicas)

Yoko Kani, Akemi SakacucHI, Yuko MurATA and Masakazu MurATA

To develop a simple extraction method for ATP and its related compounds from fish muscles for on-
site measurements with ATP sensors, we tested different methods of homogenization or extraction solvents.
Extractions of ATP related compounds from the skeletal muscles of the horse mackerel (Trachurus japonicas)
were carried out by 1) homogenizing with a Polytron homogenizer, 2) homogenizing with a food processor, 3)
mincing with a glass rod, and 4) cutting the tissues into cubes of side ca 5 mm. Sufficient amounts of ATP for
detection by an ATP sensor were extracted from the small cubes by shaking in 10% PCA.

Effectiveness of ATP extraction with various solvents such as water, 3% NaCl aqueous solution, 80% ethanol,
10% TCA, 10% HCI, 20% acetic acid, acetic acid/ethanol/water (10/40/50%, v/v/v%), and 1% PCA were
compared with that with the conventional solvent, 10% PCA. A one percent solution of PCA was able to extract
ATP without degradations and yielded an ATP solution at a concentration of 80 u M, higher than the detection-
limit by an ATP sensor. Thus it was inferred that ATP and its related compounds can be extracted from tissues

cut into small pieces with shaking in 1% PCA.
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#H# i~ 7 ¥ Trachurus japonicus 1% 2011 4E 4 H 2%
MEZPOBAL, PRAKEMFETNOFEREICTE
BHEFICHEHA L7z, KMELSERICHEHTE2~T7 V%
Mo okkb TR L7218, R T2k
B LA 2 $RILL 720 = 7 VIR XK 20.0 = 0.8 cm,
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K1 YT IVHAEKEIICBIT S ATP #LEWM &SRB L OZF0E &
SR J5E 3R B
umol/g % umol/g % umol/g %
ATP 5560 + 1.035 ** 771 *'*°* 5280+ 0379 ** 794 *'*°* 5130+ 0736 ** 779 *°
ADP 0.803 = 0.125 1.1 " 0.778 = 0.072 117 ! 0.649 = 0.256 99 **
AMP 0.133 = 0.082 18 *! 0.180 = 0.062 27 *° 0.165 = 0.108 25 **
IMP 0.625 = 0.434 87 ™! 0.245 += 0.171 37 ** 0.301 + 0.192 46 *!
HxR 0.026 = 0.008 04 *! 0.007 = 0.016 01 *! trace 4 -
Hx 0.063 = 0.023 09 ** 0.158 + 0.046 24 "7 0.339 + 0.165 51 **
K fili 12 *? 25 7 51 *?
N=5
*' ATP+ADP+AMP + IMP + HXR + Hx=100% & L 72358 D 5L &M OEE& %R,
*2 (HXR+ Hx)/(ATP + ADP + AMP + IMP + HxR + Hx) X 100
otk (FHRE) ofE, R, HaLbIMIcBwTaEREELRL (p<0.05),
** trace, <0.001 umollg; -, FHARE
2. AFHREVFARXFICE VBN T IHNF ATP B LEa®s L UZ20H 4
PER 3 3 —ELEE AT AR B3 FAREN
umol/g % umol/g % umol/g % umol/g %
ATP 4597 = 1494 729 *'*° 3356 +=0.801 723 *'*° 3,697 +1.054 707 *'*® 1.786 = 0570 68.7 *'*°
ADP 0.721 = 0117 114 *' 0469 =0.085 101 *' 0555+ 0078 106 ' 0.297 = 0.063 114 **
AMP 0.094 £ 0034 15 *' 0063*0015 14 *' 0.093*+0009 1.8 *' 0.054*0018 21 **
IMP 0.895 = 1.037 142 *' 0.744 +0785 160 ' 0.874 0674 167 ' 0461 =0553 177 *'
HxR N.D. - **0.008 0018 02 *' 00110015 02 *! N.D. - 4
Hx N.D. - e N.D. - 4 N.D. - 4 N.D. 4
K fiti 00 *? 02 *? 02 *° 00 *°
N=5

"' ATP+ADP +AMP+IMP+HXR +Hx=100% & L 735 &5 D &ALEW O & %R T

"2 (HXR + Hx)/(ATP + ADP + AMP + IMP + HxR + Hx) X 100

otk (FBE) ofE, BB TREEOMTEESEL L (p<0.05),

*OND, BRI L - SRR

BRI ENFHENRSL, 2O 05, ATP DG
ZHVWBEZEIIBWTI, 7TYHRICBIT S ATP B
ILEoOMBIZ E DR ZHVTH BV, FEZHV
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FZHAREYFA ZFHEICLYRD SN IR AL
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W2 CTENZEN46, 34, 3.7, 1.8 umollg TH o 720 W
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TL T REZEDOHLG TCOMMDPE S L MBS TH
52 EHRERTE /e 22T, WEEEHVCRILRE
DIRE 21T > 720
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ATP ORI O &L, FNZF 4.6, 0.002, 0.004, 0.8,
42, 30, 0.6 umolig TH Y, Fh oo ATP HHELEW
BEIOED S EAE13 75, 0.1, 0.1, 63, 76, 55, 68% TH -
770 KB XU 3% EIEAIZ L Y HIE S 7 ATP AL
EMOREDIMP TH o7z 80% T J —)id ATP O
SRE PR DIETE TV, 10% Y 7 o afiiEg
10% 351, 20%HEME & 0 b - EIIGIDSE5 22 5 720 2 DR
WS ATP O BRIENIC BB L UOHBELY ) — VD
REWDPENTDH 5 Z EIRBENT,

DX, ATP & W — DM FHIC# T 5 B 2 RET L7z
ARG 1 ORRE I R TH LR, $/228 ) —
WV EBORAWE UCHERE =¥ ) — )V /7K (10/40/50,
VIV %), & BICHERIE T 2 10% O \IE KB O
BE % FUF7e 1% @I FEMIC OV TR 2175 720 HhliE
BeiREFECL D 1mEMmBE L, R 2 EoEscm
2 80% T ) — ), 20%BERRIC X BRI % 10% 8
WHEMENBK Lz TOHREEI2ITRL, fidh
7oA ATP Sritld 10% BIEFEM, 80% % / —b,
20%WERE, WERE, T % ) —)v, /7K (10/40/50, vivIiv%),
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F 31 HHEMEBHEICI VBN T DAY ATP B L&Y ERE L 02084 (B 1
9 1 o N

10% 5H 35 32w Vi 3% friKk 80% L% /) — ) 10% %,E%; 10% i 20% Mz

umollg % umollg % umollg % umollg % umollg % umollg % umollg %
ATP 4612 754 ** 0002 01 "' 0004 01 "' 0763 624 "' 4167 757 ' 3033 549 "' 0600 678 *!
ADP 0743 121 ** 0012 03 *' 0006 01 *' 0023 19 *' 0601 109 *' 1392 252 *' 0111 125 *!
AMP 0094 15 ** 0007 02 "' 0032 06 ** 0009 07 ** 0091 1.7 ** 0434 78 *' 0002 03 *!
IMP 0518 85 *' 1817 420 *' 2857 552 *' 0367 300 *' 0547 99 *' 0479 87 *' 0134 151 *!
HxR 0069 1.1 ** 1703 394 *' 1930 373 ** 0057 47 ** 0065 1.2 ** 0076 14 "' 0026 30 *!
Hx 008 14 ** 0785 180 "' 035 68 *' 0004 04 ** 0033 06 ' 0114 21 *' 0012 13 *!
K i 25 ** 575 ** 440 ** 50 *? 18 *? 34 *7 43 *?
N=2

*' ATP+ADP +AMP +IMP + HXR + Hx=100% & L 7= & D EALEMOEIGE IR T,

*2

(HXR +Hx)/(ATP + ADP + AMP + IMP + HxR + Hx) X 100

#F3-2. HMEMBBEHIC X VBN T DHRT ATP BlE(L AW EEB X N2 0#EG (BERE 2)
. WElg 8 ) — N /K [
%M %Ly ) —) 9 %M %
10% 3 R 80% L ¥ 20% AR (10/40/50. Viviv%) 1% w3 K
umol/g % umol/g % umol/g % umol/g % umol/g %
ATP 2896 + 1.016 709 *'*° 0567 = 0.070 648 ' 0534 0087 671 ' 03610161 464 ' 2174+ 0586 700 *'*°
ADP 0.465 = 0.101 11.4 *' 0.041 =0.014 47 *' 0135+ 0.026 169 *' 0110+ 0025 141 "' 0361 = 0.068 116 *'
AMP 0.073 0037 1.8 *' 0009 =£0.005 1.0 *' 0.006 0001 08 *' 0.026 +0045 33 "' 0046 *0.041 15 *!
IMP 0500 = 0.262 12.2 *' 0210 £ 0.083 240 *' 0102 +0.013 128 *' 0.241 =0277 309 "' 0454 = 0.262 146 "'
HxR 0.053 £ 0.053 1.3 *' 0.041 £ 0.021 47 *' 0.015 = 0.005 1.9 *' 0.035 = 0.042 45 *! 0.054 = 0.044 1.7 ™!
Hx 0.097 £ 0.033 24 *' 0.007 = 0.003 08 ' 0.004 = 0.001 05 *' 0.006 = 0.004 0.7 *! 0.017 = 0.007 06 *'
K fiti 37 ** 55 ** 24 7 52 *? 23 *?
N=5

"t ATP+ADP+AMP +IMP +HxR +Hx =100% & L7356 D FALEWO#E A % 7R T o

*2 (HxR +Hx)/(ATP + ADP + AMP + IMP + HxR + Hx) X 100

TothioE (RIIBUE) OFREE, #IEICE VT 10% B R & 1% 8HFERTHESER L (p<0.05),

1% #IEEBET29, 06, 05 04, 22 umollg TH Y,
ATP B #AL AW IC BT 5 ATP OE A1 71, 65, 67,
46,70% Td > 72 ATP DEE IOV THEEME 21T -
ToAER, 1% BIEHRER L 10% B REEHNICAH B2 2137
BDOHNro7ze 1% BEEFBIILWICEB T 5 ATP &
1280 uMTHY, ATP k¥ —TOHETRERMEL
(>10 uM) THo7o
UEDORKR2S, =7 VHRITBIT 5 ATP B b
S oMt e LT 1% MEEREZ w2 ikEE
FHAIEHTE D EEZ SN, BRIk
10% MG L VIREZEL L2 1% BEEBRTH- T
D ATP s A Z LR SN Twiz, SHf
W 29255507 ATP 2 50 me AT 5 LiEEIX
80 uMIZ% Y, ATP & v — CTHH T FE 2 3B (10 u M)
Ph&hoiz, BICEELEEZ 2L EORAEEZITH
R VEBHMBED R =V Ty LD RIAD B,
WD pH ZWEL 728 25, K, 3%EHAK 80%T
¥ 7=, 10% MY 7 uafilg 20%EE:RE, 10 %GR
%, 1% 8¥EREZE NN T58, 54, 7.3, 05, 17, 0.3,
0.7 TH o720 1% EIMHEMIMILIIBTH oA
BB DD, T IICBWTIEBRAK 29123 LT
INKOH % 13 m¢ BEMZ % L hfIfhEic s 2 L %
e THBY, MEHNICHFICLEE SR KOH O R % #H~
LI LICE)HAEEEMAMLT LI L HAD L, &
BHILABLREE, SURHRIE, MRS X ORREOf

Fb, HFEIC X ZBICEFORE 21TV, Bl TEAN
HEZ A o ATP BIEAL &M S E ORI Z O
LUEDD 5B,

F£321IBNVT, 10%HIERBEFER =5 /) -/
K (10/40/50, viviv%) %LU 72354, Hib S 7o
MR EAL GBI B ATP DEAIZFNRZENTLB L
4% TH o7z T L IMP OEIAIT 12 B L U31%
ERELEL STV, ZOBOKEZERER4
BLUS%TIEZIZMAETH Y IMP £ TOHRIZ KEIC
KX N TWihdol, THTES Z id~7 VRIS
@ ATP BEAL S WAL ORREEIL 2 X, B 0, 3,
6, 24, 48 i ATP O EIH13 83, 41, 17, 2, 3%
AL L7z L, KAEIZ0, 2, 2, 8, 11% & %1k
EbIFhThose T2, RIBER (0KEH) BLU 48
BH#O~7 D2 RIFICLCERIFMZTo722 25,
HIBRBETIERY)RY) LTWD, ERAD R, SR
Ve EHiiC T L, 48 B TIRR L S, ER
WEWAFIITH o720 TNEDRERIZEITHRR X
I, BOTHEWKMHED > THEESMESRL LS
LERTLDTHY, X5ICATP DEEHADME
WCRIZTHBEIRKEVWZLEZLHETEHOTHE, L7
HoT, BEOHEHBEIZBVWTIIKMELY D ATP
HALEWI BT 5 ATP OHIG O J A58 B fAUE O I B
HEL LTE#EL T BRI R E N, 4, ATP
DOHEEBLOEELEEOMBEBRIIO W TIIFEMZ
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Rt hiug, EfEEAEOZNLS X OGN Ik
U2l EEz oMb, FICAfliomn~ra, 7)%0
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i

REFFE% FATT B H72) ATP £ v —0 THiE %
T 72 LR S R S B B R 2 e B i Kl I
AR TSI, HASH~T Y 7T CEERRKIC
BHPL LT 5, &b, RUFFRITEMKERMNSHRFE
RO F 72 7 MK EEBOR 2 M3 2 BT B S 53
[l % OV B 2 K EE, KB Tam g fit % H
oL B eSS ORS] ISk fThbh/i-2ta 22
RS %o
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