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ABSTRACT

Acyl-CoA synthetase 4 (ACS4) is an arachidonate-preferring enzyme abundant in steroidogenic tissues. We exa-
mined ACS4 in rat liver, which contains a variety of pathways that use acyl-CoAs, in order to determine subcellular
locations. We demonstrate that ACS4 protein was present most abundantly in the mitochondria and to a much lesser
extent in the peroxisomes and microsomes. To determined the dietary effects on the level of ACS4 mRNA, northern
blotting was carried out using total RNA from the livers of adult male rats fed various diets. Fasting, high fat diet, and
fat-free high sucrose diet increased the hepatic level of ACS4 mRNA approximately 2-fold. Furthermore, the levels of
ACS4 mRNA were induced by DEHP[Di- (2-ethylhexyl) phthalate]. These data suggest that ACS4 expression in the
liver is regulated with a variety of pathways, including A -oxidation, hormone, and insulin. (Korean J Nutrition 36(4) :

376 ~381, 2003)

KEY WORDS : acyl-CoA synthetase, arachidonic acid, subcellular fractionation, northern blotting, western blotting,
fasting, high fat diet, fat-free high sucrose diet, DEHP[Di- (2-ethylhexyl) phthalate].
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Aol AM3 5L 200~300 g2 432 Wistar 33
2A 2 AETD 6 AwkRQ) AldzA 1247 A
I 1241 259 24 sl ARSBIglon A8 drt
A E3 AR Gl AR S FAs FAsKc
high fat @ fat~free A}E FojAlolE Fold 4847 &
AN F A ALRE 72417 Bt Foisigm, Al
o2& dukAlEC 10% soybean oilS E3she] Fois)h
Rem, fat—free AL 69% sucrose, 20% casein, 4%

mineral mixture, 2% vitamin mixture, 5% cellulose
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powder® okt 28m 24 AelEe A AmE
Folatglon 4 48417 ARH 4E ARG 1
2]1. DEHP [Di— (2—ethylhexyl)phthalate] X2l2& 2%
o DEHPE Lwiatzel 37kste] 72412 ek Fodsigict,

2. &5 2P I Subcellular fractionation

Subcellular fractionation® Y8t A}RE Fojdt 379
P& o838l Osumig} Hashimotod] @l ujz} of
e} o] AAEAct?

IAE =2 A 1247 Zaslglon, d%g Al
S AE3I FE3 28 10 g2 AL 3upaske)
glycylglycine buffer [0.25M sucrose, 10 mM glycylgly-
cine—KOH (pH7.4)]°ll ¥1 dj%-& 7198 7keA 2w
39t el 222 Potter—FElvehjem® Teflon homo-
genizer® 1,300 rpm/min. £52 1 -E31e] #2358ty
ok o]ZE 1,000 X gelld 107 |4 43 30 miE
3)3ink AL 30ml] glycylglycine buffers ¥x
FET 5 A9 YT 2 A3 O 1,000% g
oA 6% A8 A% 30 miE F5Elgion koA 34
& AT ERBIOITE o] 4SS 1 Fake) 10M) £:30)
=%=% glycylglycine bufferg 71811 (A 100 ml).
olgA FHlE MT FAAE o]831 subcellular frac-
tionationg HAIFRT. WA, AE FANE 3300xg
oA 108 448 ohs AFAE ssigich IdL 1/10
v 839 glycylglycine buffero] @& the 3,300x g
X 108 44 F 35d 452 45 A9 TP
W AHLE 20 mlY glycylglycine buffers)] @&sio] T

+ HEZEel #¥o7 Y. A5 AE: A:
25,000% g, 4TelM 108 44 F 4% BE d5aiich
-2 5 ml9 glycylglycine bufferel] dehslo] 99l &
YAl A T A5L 3E%len A3 B £ge}
ok FAL 20 mi9 glycylglycine bufferel @gkste] 7}
BlE |EEZCeol 807 §9t) A& BE 70 ml Poly-
carbonate tube (Backman) ¢}l ¥ Backman 45T rotor
°JA 105,000%g, 1At 94 F A58 7M¢A 3oz
3t 32 40 ml9 glycylglycine buffere] d&slo] u}
olaRE F¥oz Nk

nEZColgl HEAlE BHL slule nEETge}
o2y AFdeajdadigel st ol 2
& o) ojsled B3ladn

A, 10 mM glycylglycine—KOH (pH7.4) & )¢5}
53.9% (W/W, ul%F 1.26), 45.8% (81 1.215), 37.4%
(®IF 1178 23.2% (HlF 1.10)9) AFLAS Azst
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itk o] AFgBE backman QA7) tube (1% 31/2
tube) ©ll 53.9% (7.5 ml), 45.8% (11.2 ml), 37.4% (11.2
mD $} 23.2% (7.5 m)£o 2 F5sta HA4H 7i$
tEEEgol 2 mlg FFIIech ©]7E& SW28 roter
(Backman) °ll4] 27,600 rpm, 4C, 2A17F 94813t €
4l & perlstatic pumpE ©]4-3}0] FH] WoARE} 3 ml
A AEE 333t} 45.8%9) 53.9% AFg-N Aold
A HEAE B8 374%9 45.8% FEA Aol
nEZTeo} £ FElEich

10,000%, 4TCellA 1A1ZF ddste] AL 313k
-2 50 mM potassium phosphate (pH7.5), 0.5% Triton
X-100 (v/v), 1 mM EDTA, 5 mM A —mercaptoethanol,
20% glycerololl @&l A3 A7EA] —80TCol| BESH
itk 8]3 9o F5= Lowry Wl wet 38190
3 ¥FN 0 Z3= bovine serum albuming ARE3IQITHY
7} F3o] A BHHREA BRIs] 98l o)
AZ2EF 8L glucose—6—phosphatase (EC 3.1.3.9),"”
nEZT ol B3L glutamate dehydrogenase (EC
1.4.1.2),"" AAE F8L catalase (EC 1.11.1.6)"" &

3. Western blotting

Western blotting2 7+ 82] @97 150 pg& ol&
3tof ofelig} o] ATt 2 B3] gdwas SPS—
polyacrylamide gell|4] 77]1%%3t ¥ PVDF membrane
(Bio—RadAb ol Aol3t by 5% BXH-& ¥3sk= PBS
bufferellX 2A12F M2l & s13ich dat FAE= Az &
DAL o] g3t Erolx] Axd F-ACS4 Z2Ed
A" S 20008 6 pg/ml) 348} ARgslgow AL
|4l PVDF membrane©] 14|17} #8-& f531gch vhe
% 0.1% Tween 20 (w/v)E E331= PBS buffer® 15
¥ 33 M o2 1% BSAS ¥383= PRSe 10004

34 % peroxidase labelled anti—rabbit IgG (Vector AP
22 AR 1A g F58 thS 0.1% Tween 20
(w/v)E E831= PBS buffer2 15% 33 Al¥skn ECL
kit (Amercham Pharmacia Biotec. Inc.)-& o]&3}lo] &
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4. Northern biotting

Total RNAE ##2] zbo 2 2| guanidinium isot-
hiocyanate—CsCl ¥'® o] w2} A|Z3}3ic}. Northern blot-
tings 319y 15 pgd Total RNAEZ glyoxalel 23k
HAAAIZILL 1.5% o= AoA A7|%9%5% oS zeta—
probe membrane (Bio—Rad AP o] oAz} Membrane
< 5XSPE, 5Xenhardt’s, 1% SDS (w/v), 50% fro-
mamide (w/v)& X3sH= §Aol|x] 42°C, 1521%F hybri-
dizationg X519t Probe: rat ACS4/Smal—Xbal,
1897 bp2] DNA®#H-2 BcaBEST labelling kit (Takara
AP ¢} [@—32P1dCTP (110TBg/mmol, Amer-sham AP
£ o]g38t Azt membraned hybridi-zation &
0.2%SSC, 0.1%SDS (w/v) oA 68T, 308, 33 Ax%
]2 autoradiography 2 AA|3H5ith.
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Fig. 1. Subcellular distribution of marker enzyme activities. Liver homogenates were fractionated with mitochondria (Mito), pe-
roxisomes (Pero) and microsomes (Micro) as described by Osumi and Hashimoto™ . Glutamate dehydrogenase (A), catalase (8),
and glucose-6-phosphase (C) activities were detected with marker enzymes.



0.09 % 0.03 k,sec” mg™’, 3.02 = 0.04 k,sec”’ mg™,
0.08 + 0.01 k;sec™! mg' 02 HEAFoN 7P H&
&de vele] miEZ=gotHTt oF 3354, rlojaE
&Rt ok 37749 =gt I83 vlo)I 2 &) marker
enzyme?! glucose—6—phosphased] BA)-L nlo]a 24
o}A7F 1.47 £ 0.09 pmole/mglE 7P Egkow u)E
ZEols} HEAlEAME 242 0.10 = 0.04 «mole/mg
9} 0.25 £ 0.01 pmole/mgEA rlo)ag& Rt} HA)s1)
woxct,

ojgigt AE HY v|EFTajolollA AM-$ marker
enzyme?] 8L Lai 5% Miyazawa 572 A9}
TARE AREAN nEZTeobt AdHow ReHys
& ez o) 282 HASA$ marker enzyme?] 2
7= Stefan 5289 Miyazawa 509 Awel o] 9
AlFollA] Bold oz &Ad& Ve gt nlejags
X glucose—6—phosphatase] #Ajo] 7134 &gk
b o]9} & A= Duve 29 Ane TYs Ao
2 Aol oJste] Axd ar#e Bale ag A4
Ao HASS veE Qick

2. QEALE0} MEAIS OO|A259% JUojN OjA-CoA B
HBL49 UH

ACS12 HujEARE J[Eo7 st ¥3}- Bx3)
AWALE 714 olg3ta 87 7HF9 nlola e nE
Z=gots} HEAIE EAFHs ZoR Buskn glo
5" Lewin 72 ACS1o] £ZA9} v|EZ =gl Fg
™ (mitochondria—associated membrane) ¢l EA3}1
ACS4E vEEEglol AT AR AL sk A
OF% Baska vk g8y B el 87 ke g iy
nEZEo}, HEAE, nlo]la24-¢ subcellular fractiona-
tiond3tx ACS4 &A1& o]43}o] western blottingg A
Algk A7 ACS4 @A 3F 1] ngEcEo}, o
SAE, vlola Rl BE EAge] gesgoen 1
LAY nEZEoloA 74 o 7 thg2 wlo)
AZE, HEAIE eIt (Fig. 2).

UrkA o2 obd-CoA A 9sle] AAMR o}
A~CoAt PIEZEZols} #EAILoX i g-Atgle] <
st} EaliE]o] ouiAlE Aksly, AEN M= B2
A, XA} ZHALHE ol 2E T AT So o)
FETE? ol |EA e AU ded 2L =R
o] $2&xallol AEsPA phospolipase A2¢] 28] 2)3}0]
AZete] AAZRE HeElsn fald olelr|EAre o
F= Al QlojA tekdl 7158 3sh= ofo] Aol
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Fig. 2. Location of ACS4 protein in rat liver subceliular fractions.
180 1 g of the mitochondria, peroxisomes, and microsomes
protein were subjected to electorphorosis on an 8% SDS-
polyacrylamid gel and trasferred to a PVDF membrane (Bio-
Rad). For chemiluminescent detection, the immunoreactive
bands were visualized by incubating the membrane with anti-
rat ACS4 antibody and a chemiluminescences detection system
as described in the materials and methods.
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Fig. 3. Dietary effects on the hepatic ACS4 mRNA levels. Total
hepatic RNA from rafs (n = é) fed the control diet (C), fasted
(F). high fat (HF), fat-free high sucrose (FF), and DEHP diets
were subjected to Northern blot analysis with rat AC54 cDNA
(upper panel) as described in the materials and methods, The
same samples were subsequently hybridized with a confrol
probe for rat cyclophilin (CP) cDNA probe (lower panel).
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QAo R ACS4E 1l oA teFe 7158 83k
Aoz A7) fat—free high sucrose diet2 F913815iS
o mRNA®] F7h= ACS59} #o] ) Qgde] ool 3t
ol RoIA ACS4¢] mRNAS] Bdge 2483k Fo=
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