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Diet exerts a major stress on the body and may affect gene expression and physiological functions.
Understanding of cellular responses during starvation is necessary in developing strategies to reduce
damage caused by diet. In this study, we isolated 10 genes (Comt, RGN, Scdl, Temi, Idil, Fabpb, Car3,
Gp2c70, Pinxl, and Poldipd) that are down-regulated in starvation and are closely related to liver
metabolism. Water supply during starvation had no effect on the induction of apoptosis, autophagy,
and ERQC. The genes down-regulated by starvation were associated with many related pathways
rather than limited to the liver homeostasis pathway. Water supply during starvation is important.
However, maintaining NaCl homeostasis is more important. The results are thought to be closely re-
lated to gender-specific metabolism in starvation and NaCl.
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A g Az A7 del ddE At Agstes Ao
zHAFEE A As2AS E40] §olF
(silkworm) Fol THEAT Fo9 fat bodys EF
=9 livere] sl@ates 715S AL 9lom HAF o R Fa
g FEY] FAAY AR E Ffreta ok el 9 fat
bodyE @w|Z 3ol A &3t glucose free medium A 24
At % ke 9 total RNAZ &) 3ke] DD-PCRA A 3¢l
AEA o WHo] Yedte FAAE EEstgith of¥A &
9 FAAFE ScdiF Idi1S WAL 2 in vivodn vitro) A F
Az ddE 2AEL 25 249 WHstE FEI

Stearoyl-Coenzyme A desaturase 1 (Scdl) endoplasmic
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reticulum membrane®] &3} iron-containing &4 E A
fatty acid metabolism®l| 4 Stearoyl-CoA9] double bond®
e g3ty F4HE L stearic acid®] desaturationdl] 23|
A A 4kste oleic acido]th. Oleic acid 4H&2 cell mem-
brane fluidity and signal transductions &3 A Al 243}
Bl Aol #A7E AT 3]. AF7A 4719 Scd isoform©]



AdHA L Y}, 2 Fol A humandl| = Scdl# Scdv7t EA 8
. Scdlfr A AE 359 amino acids (41,523 Da)E chromo-
some 49 ZE3IL 9lom FAERE 39 and 52 kbe TE
ohe]. okl 18 H 2ol Sedr®l ol wekA AlEY cho-
lesterogenesis®ll %<& FFS HAT. Sadio] 5L
liver X receptor (LXR)] @ o] A3k bile acidAY4te]
S7kete W Scdro] R Y triglycerideE
very-low-density lipoprotein (VLDL)# cholesterol ester®]
Aikol S7tEG. ol AAHE FHA Scdle cholestero-
genesis®} lipogenesis?te] #¥& frAsted A #HAst
T HLo|TH4]. Scdidol o H# O 2= systemic pri-
mary carnitine deficiency disease (plasma membrane< %
3t carnitine® & transporter?] Agro] Yle] Hof fatty
acid transportd] WA Adts 7HA = A#)9 familial
combined hyperlipidemia (2% high cholesterol¥ high
blood triglyceride7t 91| ¥ o] early heart attacks 7}
A FAdZHol A STH1]. Isopentenyl-diphos-
phate delta isomerase 1 (Idi1)2 isopentenyl pyrophosphate
isomerase; [PPE% E2| ™ 227 amino acids (26,319 Da)E
T4 € peroxisomally-localized enzyme® £ isopentenyl di-
phosphateE highly electrophilic isomer¢! dimethylallyl di-
phosphate (DMAPP, cholesterol®] 742 2 &-& Zuj3t
TH2]. 19 isomerization”] %<& mevalonate pathwayE
& & isoprenoid A 4 ¢ T @A o TH[9]. Cholesterol bi-
osynthesis®} geranylgeranyldiphosphate biosynthesis I (via
mevalonate)oll #of3t7] wj ol /7ol A&l oA A=
A% o5& Zellweger syndrome (intracellular peroxisome
o Z4& F& AHE)F neonatal adrenoleukodystrophy
(peroxisome biogenesisZ 3¢l autosomal recessived )7}
dHA L YHH13]. 71T A TE A5t human Idil9 F27F
1.7A resolution F2& oA 2% 5 th14].

Mz U
AESE & MEHY
Rate= 200 g 59 &, & A&
Tob sk A SA AT Ratd] 4F A7
W7t 247+ 9] buffer (4% paraformaldehyde £9; 2243,
RNAzol™ B; total RNAE2)o] H &3} or, ol(

i

thyroid cell line)= 5% +-84& £ Coon’s modified me-
diaol A i atATt. Wl 2L 37T, 5% COy 95%01%2]
A G5 FASHT AT MAE 29 HA0E uA

st Wi skl on, 1579 3 A A v sttt Al
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20 HEE 70~90%2 FAEE Hol& AlX

i

A-Est

Total RNA 22|

Total RNA £ o= RNAzol™B kit (Tel-Test, Inc. TX,
USA)E A48T}, Fat body %22 RNAzol™B 800 pls
A 15 ml tubeo] ¥ A& AolA Gojglr} glojd w7tA]
homogenization A7l T RNA #% &% 200 ulg #7}st
of o 303t Wik ¥ 2o A 58T WA Sl 12,000xg
@C)NA 1587 94 Befate] A& 500 ulg 43l 500
ul® isopropanole 7 7tated 4T A 1583 WA F thA
12,000x g (4C)AA 1587 A4 Feste] FHO nigtoA
WA o] AHES AU o] HAE A 75% ethanol 500 pl
g A7heta & wiete 7500x g (4T)o A 827 U4 Ee
3t RNAS dAom total RNAY HF2 spectropho-
tometerZ ZA 3 AT RNAE & We &4 242 28
3t 3 diethylpyrocarbonate (DEPC) A 2l€ &5 AH&3}%
on, 20 TllA 1 mM EDTA (pH 7)E &% DWel
2aegH.

DD-PCR

mRNA level®] 28 FTof zol& Hole AS 27 93
A GeneFishing DEG premix kit (Seegene Co.)E ©| &3t
DD-PCR< A&t Harvest & Al Zol A &2 total RNA
3 ug=s 10 uM9 dT-ACP1 2 ul¢h @7 80TCA 3¢ 7
7}E35Y denature A7l &, cold icedl A F#@IT. 4 i
5x RT buffer, 4 ul¢] dNTP (each 2.5 mM), 0.5 pl¢ RNase
inhibitor (40 u/ul), 1 unit M-MLV reverse transcriptase (200
w/u)E 7Fsta F wgedo] 20 pvt HEE 2-S $ 27T
A 90F B WEAA DNAE FAFTh GeneFishing
PCRE #&to] dT-ACP2%t 24+2+9] arbitrary ACPS primer
Z 8t DNAE FFAI712L 2% agarose gelol A PCR
products H7]FEdte] A2 BHE}E fragmentE
82l & subcloning, sequencing? g & AAH FHAE g

o.

ol

T

RT-PCR

A A2 42°C o A 90%-7t, RTase Hl &4 8 w82 9
4Tl A 287 FstHon o] F 4T A BAsS T 919
#Ao o) F4¥ DNAE MJ Mini"™ Personal Thermal
Cycler (BIO-RAD, USA) PCR 7]7] & ©] &3} RT-PCRE
Pt o ALH primere EF Ho] LYokt H)d A
Asto] Ag5t¢th RT-PCRY Mg 27& UTA 58 &
ob 7] MRS AAZE T 94TAA 30%, 56TAAM 30%,
72T A 40%2 293 whEG $ vpA et P 72TCAA
5802 Fg5Ath %9 PCR AH&5 1% agarose geldl
A7 YEAA A3 A T RT-PCRo| AHEE primers o}



764 BBUTIX| 2014, Vol. 24. No. 7

]

N
>

b},

o) 4 S8 AFeA e A%E Sigmadt

o 2o 49
AA Fedete] AR on H4 33 A 63 FLIE AP
< HEsgT B Ao AHEE PCR primers T3 2t

Scdl1-F; 5'-tcctgetcatgtgettcate-3', Scd1-R; 5'-ggatgttcteccga-
gattga-3’,  Idil-F; [dil-R;
5'-gatccggattcagggttaca-3'.

5'-gtcaaacgagcagcacagag-3’,

Western blotting

Protein electrophoresis kit (ATTO Co., Japan)& A}4-3}¢]
12% SDS-PAGE®] 4| ¥ samples #7195 4t 271 %
o] B ¥ transfer kit (Bio-RAD, USA)E AH-&3te] geld
proteine PVDF cell membrane (PALL corporation, USA)®]l
transfer buffer (20 mM Tris-HCl, 150 mM glycine, 20% meth-
anol, pH 83)5 A-83+9] transferst i th. Transfer’t €4 %
membranes PBST (PBS, 0.05% Tween20)%} 5% skim milkE
AH&-3ke] 2o A 1A17F F<F blockingst 33t Blocking©] £
@ T 14 83 A djo & PBSTS 5% skim milkel 1:500~
1:2,000 & HI &= 3438t 4T A 3AZE Fek w3 A Z T
12 @A whgo] £d ¥ membraned PBSTE 1024 53]
&l A shakers AH&3sko] AlFsTh Al Ho] Ed & 2
A A E W AZ wof & PBST 1:2,0009] Bl &2 343}
of A 143§ whE AFon, ¥kl £ F mem-
branes PBSTE 10&4 53 &4 shakers AH&3ho]
A2 Al F o] &
S AHgste] TANES
ABE LA

T West save (Lab Frontier, Korea)
5 F Xeray filmol 733t

tlo

Immunofluorescence

Paraffin section tissueE Deparaffin (Zylene 15 min, 2
time)} rehydration (EtOH 100%-95%-90%-80%-70%, -7} 1
min)& T2ol DWE 5 min {F washingZth. 0.01 M Citrate
buffer (pH 6.0) 4 min, 20% < antigen retrievals 4 A
3o 0.05 M PBSZ 33] 7} 1043t washing@th. v 5o it
€& 9As7] YA normal serum blockings 3043t A A
ot 22o] vt=A] oA sjof stof 22 A7) LBA da-
kopen.Z B F2]& F4A 1¥ dakopens ZH F 7t £}
o] =9 50~100 pl¥ FF3}. §H-H (3% triton 100 pl, serum
50 ul, PBS 850 ul/11) 1st Ab} overnight ¥F-3-A1Z1 & 0.05
M PBSZ 10% 7t 33] washing&tth. Cy-biotin Rb (1/500),
2 hr [Cy-conjugated anti-rabbit IgG] $o 99| HhgH o2
10%-7F 33] washing3tth. 2nd Ab%} overnight ¥H&AI 71 %
005 M PBSZ 10%7+ 33] washing%th. Biotinylated
Anti-M 1gG [1/200]< 2A17F ¥E&AIZL o 0.05 M PBSE
oA 102 b 33 washing@th. DW= FA &
70%-80%-90%-95%-100% EtOH washing Z-7F 152+ 414
g ol zylenes 1583 #23 ¥ mountinge 3T}

A 1}

Fol 58 199 BFAE 08 gol AW, 2L #= o]
743 WA 53 24AE 1g 5428 g 69-3 g 8945
g2 FA38 S7he}. Starvation 4 F & 5% 39 H = Tl
€ AEsAn, sk B9 S FF3A ¥E starvation
AL st o 30%9] FFALALE BYTHIO0]L o] 59 43
& 7ol 9 fat bodyZZH & AHE3t] Bad @A total

£ UoR uA3tq §H ]

RNAZZ| sttt ol & Z
g tgol 5 %9 3FE longitudinal sectiondtth. &< T+
T A Ye e AAR Fo 9 2019
e ANoZ AARY. Follo mefy R Eoi e fat
body 2% & yellow chip2 & Ho] 2 thgof, AA&n 7
S & cold PBS 494 fat body 22| 0] 9] 9| %%4_% Al A8k
T3 o fat body 225 BobA 80TlA T AF
72 B#FTH RNAzol™B KitS A&t ol total RNA
£ A A %o GeneFishing DEG premix kit (Seegene Co.)&
A-&-3te] DD-PCRE A @3t} GeneFishing DEG premix
kit= mammalian 29 genomed W& THE Zo| A%t
duiddds  FodAE AHNT £ de A=
up-/down-regulation°] #<¢l= o} & Ao A&stA =
t}. o} & 9} Zo] down-regulation = 24 107 & £573}
At Catechol- O-methyltransferase (Comd), Regucalcin
(senescence marker protein-30) (KGN), Stearoyl-Coenzyme A
desaturase 1 (Scdl), Thioether S-methyltransferase (7em),
Isopentenyl-diphosphate delta isomerase 1 (/d7), Fatty acid

ue)

binding protein 5, epidermal (Fafpb), Carbonic anhydrase 3
(Car3), Cytochrome P450, family 2, subfamily c, polypeptide
70 (Gp2c70), PIN2/ TERF1 interacting, telomerase Inhibitor
1 (Pinxd), Polymerase (DNA-directed), delta interacting pro-
tein 3 (Poldp)).

Starvation®] 9|3} Al Paldpps A9 & 97 fr A2+ liverel
A ofstA wrd 3}@‘1’/} 53] Gp2c70e starvation®l 9| a4
liver§o] & 0.2 A3 ATt Scdl& 2417t starvationo] A 7}
A 7yeHA R dSt AL IdiTe 47 starvation©] F -
7 A 8 o). Starvationdl] YA 317 HHEE AR
24 o] %9 49| A = (stearoyl-coenzyme A desaturase 1,
Scd1), (isopentenyl-diphosphate delta isomerase 1, Idil)<
FO2 A ThE Sedl, IdiTfAA TR o] AR A
AE = Z1& Western blotting? 3 dv 402 gelstith
(data not shown). Starvation®| | & Scdl, IdiZfrA A9 L
of Bt A7l wlste] liverdl A ZstA Tdste AL €3k
ol o] liver7} ¥+ stress § =5 ¥¢7] 9138+ endoplasmic
reticulum (ER) stress chaperone, apoptosis (Bax, Bcl2)9} au-
tophage (LC3a, Beclin)#d 1A=9 LHWE S ZA31%
. ¢k FYskAl ER stress chaperone, apoptosis®} auto-
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Fig. 1. Starvation conditions by a variety of changes in the mRNA expression of two genes. (A), (B) Two days starvation with
water (F) or without (F-W) changes ScdlAdi7 mRNA expression in the various rat organs of the male and female.

rlr
i

phage#t®d A5 o3 FAA
%3k t}(data not shown).
Starvation 5ol & FFo] ¢/ 8 A Scdl, Idi1s3 A2
Fo] mAs ¥ ¢7] At 293¢ starvations < ol
E IR Td E5 TuetA v TOE Yo #FSAT
Sedl FrAAREA L starvationd] A ¢/ Sl FL3HA
liver, muscled| A &0°] 52 WHT} 5o FFHA &=
FE A B LA 28y dirAdAAds £/ 0l
A LA = Fwdl g FED 9w FAAATIAAS}

GERA 2okt (Fig. 1)

lo

N

B g
#. 13 (idil)
C S
1D |2Ds 3Ds

e | —
cortex
Cerebellum
Lung
Mus PR ———

A A A starvationd & A kol 28+ Scdl, IdiI+AA ©E
HEE &7] 3+, ratE 1-3¥ 7t starvation A7 Holl 2%
B7VNA Sedl, IdiTFA Ao 2@ 24T Fig. 2004

A
#. 11 (Scdl)
C S
10 | 20s | 305
cortex
Lung =

He A 2o, F8A Scdld) 8L starvationo] 23 A
cerebral cortex®} kidneyol A= W 3}7F §lA %F cerebelluml]
A 28R Tdo] $hH3] W31, thymust muscled A&
347HA 214 0.2 317154 T Heartoll Al & starvation 19
HE A8 Sadre) H@o] sAst AT TR o) HE
& ScdifrAASE 2ol A AU R THE cerebellum, thy-
mus, liver, lung, heart®l A starvation 1-3% & <¢kell M4 o
2 Bdo] 73

7+ starvation®l 93 Sedl, Id1FAAS] TH
AT}, 2¥ 7 starvation T3 2U 3t starvation?
£ 3% T 22Ut starvation + 197 Hol| & FF
starvation? 722 UFdth §AA Sedre] 23
ebellum®| 79 297t starvation T3 29 3} starvation s

oF A}
1d

S o
b

e 2
O

+
ol

2

rlo

cer-

Fig. 2. Starvation changes the expression of two genes in the various rat organs. (A) Starvation (1-3 day) changes Scd? mRNA
expression in the various rat organs. (B) Starvation (1-3 day) changes /&7 mRNA expression in the various rat organs. The
experiments were performed three times and represent resulting above fig is one of them.
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197 %ol 8 3T oA BRo| 2 F 297 starva-
b ol

=
tion +1¥47 HolE FF +2¥7 starvationd T A con-
trol# 22 % =9 28 & Bk Thymusol A& 2%
7t starvation 197t HolE ¢ wolA A A FEE
Btk Liverd A= 29 7t starvationd] a4 & o] ghA
5] glojzl Tof Al 147t Hol& FFetH AP Ldo=

Eolstth, TA 297t starvationdtH W& o] THA S 3] 4
O k. Muscled A= 297t starvation® o] control 2 T} 7}
743 BdS Ho| Atk 2U T starvation +19 7 HolE ¥

Uzt starvationdt ol A @ o] 43| AolH Tt Adipo
tissueol| A = starvation©] AlZ-Ed wdo] 7o 4olxTt.
A Idi1e) F3L 7Y starvationd] ZA d#H FdY
HE HolA = ¢ 3kTh(cerebellum, thymus, lung), 1& Y} liv-
erd A& 297t starvation +1€3F HolE Fwol 9siA &
o] AFHE 35 J S adipo tissued A& FE2 < 3
Bo] #&AH U (Fig. 3). EF A AAFEEE FA7]

Scdl, Idil% 4 MgE #2389t NaCl &
wol 9g Ao Ak FAA
Sadi®] TdL 09 AF NaCl 35 2E cerebellum, thy-
mus, muscle, lung A& Hd o] FA oM, liverd A&
NaCl3 &3 @A gl st dd s Byt 9 Z-¢% NaCl

ol daA FTus Segre] THWSE HolA Yok

i
—o
~
o>
-+
e
QL
2
r e

ﬂll

o FAA 1Y) 2EE 2/ 0A FLA NaClz=ol
2 EolHel wdwsst HHHA G4 Th(Fig. 4).

Ll

M2k

YubA © & modern diet (restricting caloric intake)E oxi-
dative stress, genome integrity, endocrine signaling®] # o]
st A FA3 aginge T 4 I life spang AAT 4
oh;}‘— \:ﬂ-O z7_]7]_ xﬂA]ﬂ l\:H6 7] uio{tﬂ Z_
AA S A A AT ES], & 59 phenylalanine)

A3td A= NaCle ZFAolth. Starvations NaClel s 3= 24 g dietary modification®] ¢|ajA &2 5 97
A | #11. Scd1 206 #13. Idil 2069
Con o :F/) Con o +1F/
Cerebellum = Cerebellum
Adipo tissue — Adipo tissue

Fig. 3. Intermittent starvation changes ScdlAdil mRNA expression in the various rat organs. 2D; 2 day starvation, 2D+1F; 2 day
starvation+1 day feed, 2D+1F+2D; 2 day starvation+1 day feed+2 day starvation). The experiments were performed three

times and represent resulting above fig is one of them.

A [ #11 scd1 Male Female

Mail Femail

Cerebellum

Thymus

Lung

Liver

Kidney

Muscle

Cerebellum

Thymus

Lung

Liver

Kidney

Muscle

Fig. 4. The effect of NaCl on the starvation in male and female. Starvation with water only (+W) or water including 1% +NaCl
(+NaCl) changes ScdlAdil mRNA expression in various rat organs of the male and female. The experiments were performed
three times and represent resulting above fig is one of them.



d

B, TEAH O R starvations HHE O E 3} modern diete A
B ookd dekA e daEdde 2dste 457 B
ot et A&H oz WEAH o2 dojuh™ malnutritiond
Bl 7} = o] obesity9} cardiovascular diseases’} 2 4 Ut
Malnutrition®] o= Ay, @A g gFEol 59 7%
3 oAl EAE €od ¢ S AR Ay £
g 74 $-E 23ttt Malnutrition overnutrition 2 % obesity
7} ®l= 213 undernutrition 3 marasmus®t Kwashiorkor-
like malnutrition® 2 78 & t}[11]. BMI [body mass index,
weight(kg)/body height’(m’)] 1.850]8H= severely under-
weight, 200] 3} underweight, 20~25& 7173 A8, 25~30
overweight, 30~35% obesity 1, 35~40- obesity I, 400] %
obesity It .2 #5730k, Y¥A 0= short starvation
<72AIZtelH long starvation >72A7HE& ow] gt
Short starvation® tell= WA ZK0] 350 livery glu-
coneogenesis®ll ©J 3} 41 517 glucose?} brainel Al-&-=
1 glycogenitaf o olel A A glucosest fattaf o of 3}
A AR E FAS glycerolo] ko] H2E TH12]. Long star-
vation <ol & short starvation® b o] Z&0] £
o] liverd gluconeogenesis®l AH-&E™ liverol A keto-
genesis7} dojy WA E glucosedt ketone body”} brainol
AgHy oS B &9 fato] BalHolA TdH liverd
FA%} glycerol3 Bl 2 A2HT. F& short- & long-term
starvationd| ©3tE, Gl A A& AT AAA adaption
o % 224 ASH L duA AHES HAg et &
T8, U d, Ads A&dS FaA7E Aol Dietary
modification®] A® A7) d o] A-F35t agings A3t
A e AN eAE 18T + e AntgdE ATste
Zo|t},

Starvation®ll 9|34 Poldp3s A e 9719 FHAE liver
oA efatA LA o] AFHE starvationd] o F F 1]'
DHHS = hFF liver AMHS S #HHE 0% & ¢
o}, Scdle starvation®l] 3l A] 24A kel A HF W o] 3} 7}3}
QL IdTe 4N 7 starvationo] & L& o] &t 4sk A Th 1A
Scdls starvation®l 934 A7) 2 02, [di1E starvation®]
oA @A oz a7 ddHste FHAY JE2A o]
A8e 39t 249 9/0 ratE B FH}E A ES

flo rlo rlo

;O

A ¥E TO2 Yol 297 starvationd 2FHE &
FTaol o3 /8 5LskA apoptosis, autophage, ERQC fr
=9 Aoz RAY, T8y,

T AAAQ Fade gojA e
ScdIAARELE §/ 8 FY3H starvation? & Fw Al
of osjA wHo] stste A le”} 9 47t £§°ﬂ H|

]7(] X] OL%Ujr
41]- Scdr®) w4 % cerebellum, thy-
FAA Id12) &d

Starvationol| 2|4 &

mus, lung, heart, muscle®l Al 317}t 1L,
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2 cerebellum, thymus, lung, hearte]l 4] starvation®l <] 2] 4]

3t7 #ds A, o] A& starvationo] 3 FAARHZ
Ao| liverd] =38 Aolgr| ke AAY A FA o B
d B2 pathway’} FE=ogl= ALE AGHT 1E star-
vation®l & Scdl, IdIfr A HE LS HFE T 2%
It starvation 3 297t starvation® 197 Hol & FF
A 2U3t starvationt1¥ 7t Hol & FF+2Y 7 starvation
g T o2 Ut f A Sedre] L cerebellum, thy-
mus®| F&3te] 23 HHAUIE BAT o] ARE A7)
o] 748 starvation glucoseH 7} B-& brain? W75
z-o 2% thymus® B475d &S WA + e
Aoz Bt FAA /d1e) #¥8-2 Y starvationd ZA
Avd HAFHE HolAE ¥k A Sedd] A=
RTI} fo] U7 WSS Hol= 07 Hol 2739
A Eo]# 9l thA starvation®} NaCle] €A E #A 7
T A2 BHAY. FAA Idire] #de 2/ 0dA BolHY
dE sy 2 A Gkt StarvationA] & FHE FR23}
A AA Y G4 FA NaCl F50] 88 2745 o

i

ru

O:

[ox

pav
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