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Restricted supply of nutrients may affect genes at the molecular level as well as physiological
functions. Understanding the cellular responses during starvation is necessary for developing strat-
egies to reduce damage caused by starvation stress. After 1 h of starvation, Got! gene expression was
increased but its expression returned to the normal state after 24 h. Mafl gene expression con-
tinuously increased with starvation from 1 h until 24 hr. Rats starved for 1-3 days showed significant
changes in expression of the Gofl and Matl genes, which were significantly reduced in the cerebral
cortex and cerebellum. In the lung, gene expression was increased by starvation for 1-2 days but de-
creased on the third day. No differences were observed in gene expression in the heart. Strong Got!
lung gene expression was seen in the starvation group one day after restoration of the food supply.
Muscle mass was significantly reduced at the start of starvation and remained the same after two days
of starvation and one day after the food supply was restored. The Matl gene expression did not
change. The Got! was induced by NaCl and showed strong expression in the lung and the thymus,
but the apparent decrease of the remaining changes were not observed in male rats. The Aatl gene
was not as sensitive as the Gof! gene to induction by NaCl. However, differences in gene induction
by NaCl were evident between males and females, indicating that diet control of gene expression is

associated with hormones.
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Glutamic oxaloacetic transaminase I (Gotl), Methionine adenosyltransferase 1 (Matl),
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ATt ol 9 fat bodyE @73l A £2l3ke] glucose free
mediumo| Al 24A17F Bl & o total RNAE £33 dif-
ferential display-polymerase chain reaction (DD-PCR)< 4l
Aletel ApE 2 07 W o] Yedte FAAE Eestgith ©f
gA 28 FAA T ot Mat1& 2.2 in vivgin vi-
aP| A FAA A AR 28 249 HetE BEd.

Glutamic oxaloacetic transaminase (GOT)& A X2 Wl
EA8H Abg A Eol M= 9719 exon® E TFAE Got gene
of Yo} 9o chromosome 149 931 9ITH[23].
Gofl & amino ac1d metabolismdl| & 8.3 EAZA] aspartate
ol A glutamate®l Al a-amino group?| reversible transfers
Zu]3hrh[14]. ©ol EA8T e 2ASZE liver, heart,
skeletal muscle, kidneys, brain, red blood cells®]™ liver
health®] 973vtAZ AHEETH 19779 9] Amone et al.of 9] 3]
A 3DT27F A% 5 11[1], 19891 o] Nagashima et al.ol |3}
AN A2 FHAT} cloning® ATH17]. H AT
of oJst™ Gorl fatty acid homeostasisol Al & 23 A &=
319[22] ischemic injury [21|25E B3 #&% 3o} g
Ga1e] 84 A3k crush syndrome] U¢1¢] He AE Bl
HolUH4]. Gorzel EAQ inhibitore 2-Oxoglutaconate
[12], N-5'-Phosphopyridoxyl L-aspartate [11], L-a-Methylas-
partic acid [15]7} €814 Ak Gor7& ofv At tiAte] S8
g Z222A AF7HA oY FA EYHAL FHAoE &
RHZEH o9t} £3] mammaliand A& A X750 ofF F
gdto] Aoz 7122 7% e FE3te domains S
HEDolA AA A S EOIE]-[ZS]

Methionine adenosyltransferase I (Matl)v &4 10g22
o ¢ A3} 395 amino acid (4,3648 Da)Z T4 5o \tH[18].
ATP+L-methionine+H,O — phosphate+diphosphate+S-ad-
enosyl-L-methionine®} #-& 3}3t4k3-& Zw)goh(8]. Matl
§A4E z4sE AAUAEZE LHX3b/Lhxdb, AMLIa,
Nkx2-2, Brachyury, C/EBPalpha, FOXOla, LHX3a/Lhx3a,
Zic3, FOXO1°] ¢4 tH10]. Two divalent ion (magne-
sium, cobalt, potassium)©] 2 3t# HISTIH4A~E, ubiquitin
C, heat shock 60 kDa protein 1 (chaperonin), cystathionase

o{

(cystathionine gamma-lyase), ClpX caseinolytic peptidase X
homologt Z& AFeu ol osjx =4d=rt16]. Mar1®]
H &Aoo A methionine adenosyltransferase defi-
ciency (MATD)7}
cystinuria, superior mesenteric artery syndrome, hep-
atocellular carcinoma®t = 2-& #A 74 gle Aol ¢HA 4
TH[3]. 19943 ol Bera et al.oll <] 3} Al mammalian liver Mat1
FAAF A5 % cloning® AHH2]. A2 dol ostd
microRNAsE hepatocellular carcinoma®s 4% 4 the
A3 cell invasion®l thyroid hormone receptor7} ¥ s}
Mat1 3747} 249 5 vhe A37h HalF o It [26].

2= hypermethioninemia, homo-
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Mat1 ofr) = Abtf Aol S a3 B4EA AF7HA o F9
A ZHEAL YR F HEFHQY. 53 mamma-
liand| M= Al ZY 7]%50] ofF Fa3sto] WAooz 7] E4
Al 71%& BP3tE domains & & BEH A A A
HS HITH13].
Mz o e

ASSE & MEHY

Rate= 200 g A =9 &, &5 AH&stden, 43 A
To a2 A FA AT Ratd] 4F A7 =
W7te 72479 buffer (4% paraformaldehyde §-9; &
RNAzol™ B; total RNAE-2])oll B #3490, Fol(
mon)T T AASFAYREE JE 8ol TERRL
i, 7ol 9 fat bodys Fot@ v Qstel A &otAl Eesho
rat?} Y3 total RNAE £ 3T PCCL3 H] %Al & (rat
thyroid cell line)= 5% +-84& £33 Coon’s modified me-
diadl A Bl Fatsieh W FzL 37T, 5% COy 9B%olde] %
G FES FASAT AL A E 29 HA 02 wAE
o wgetion, 179 & WA A wgasit. A3
20| = A ZE 70~0%0] FHEE HolE AEE AT

o rui;
AN of
> ol

ng
>
ot

~

éf

Total RNA £2|

Total RNA £ o= RNAzol'B kit (Tel-Test, Inc. TX,
USA)E A& %t Fat body %72 RNAzol"™B 800 mls}
7 15 ml tubed] B A5 AAA Folel7} glojd w7iA|
homogenization A7l Th& RNA % €9 200 mlE % 7}3}
of o 30 7+ Wt ¥ 2o A 5% 2 WX 3G T 12,000xg
4C)dA 158 7F A4 Fste] A2 500 mlo] 45 el 500
ml®] isopropanolS H7}ate] 4T A 158 7+ A $ ThA
12,000xg (4C)ol A 158 2+ A £elste] FrH | nigoA
WAl AHES AUt o] AHE 75% ethanol 500 ml
£ A7ksta & wwksled 7500x g (4C)ol A 887 94 B
skl RNAE d9°2H total RNAS AL spectropho-
tometer2 A3t TH RNAE O& " 4 A& 243}
%3 diethylpyrocarbonate (DEPC) A 2| && AF&3t9 S
), 20T A 1 mMe EDTA (pH 7)E &3 DWol| B33}
Atk

DD-PCR

mRNA level®] 38 Ao zo]& Hole Z1E& 27] 9&)
A GeneFishing DEG premix kit (Seegene Co.)& ©| &3t
DD- PCR% A3t Harvest 3+ A A &2 total RNA
3 pg & 10 pM2] dT-ACP1 2 mish &7 80°Coll A 383t 714
3o denature A7 &, cold icedl Al F 3ttt 4 ml® 5x RT
buffer, 4 ml1%] dNTP (each 2.5 mM), 0.5 ml¢] RNase inhibitor
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(40 u/ml), 1 unit M-MLV reverse transcriptase (200 u/ml)&
7heta & g o] 20 m7l HEE 2HE F 2THA 0%
S A A DNAE §73 8t} GeneFishing PCRE 93t
o] dT-ACP2%} Z2+7}H9] arbitrary ACPE primer® 3F¢] ¢cDNA
g N7 2% agarose geldl A1 PCR productE agarose
geldl A A7]19sste] A4 02 BHe= fragments &<

% subcloning, sequencing®8 & AAH FAAE &t

RT-PCR

A& 42T A 90 3, RTase Wl 243} g2
9ToAM 28 2 A ow o] F 4TA HAsAH. 9
o 4o 93] FAE DNAE MJ Mini"™ Personal Thermal
Cycler (BIO-RAD, USA) PCR 7]71 & o] &3] RT-PCRE &
gotgom AL primers ZF vho] Yokt H)ol A T4
ko] Abg-3kglth RT-PCRY| WG 2& UToAA 5& &t
27] WA= NAZE F 94TAA 30%, 56TAIA 30%, 72
A 40z = 298] WHEG & A §A L 72TAA 5RO =
FYFA FZH PCR AHES 1% agarose geldl 7] 4%
ANA Fedstdth. RT-PCRY| AHE-E primere of2f ¢t Zh
AN SESA AFshA B A FL Sigmartel A 74
skef Abgstlon A 338 A 63 FLIT AP WES
%tk RT-PCRO| AHE-# primere T3 2t Gotl-F, 5~ ac-
cacgagtacttgeccate-3',  Gotl-R;  5'-catcgecctaagaagtcage-3',
Matl-F; 5-gctatgecactgacgagaca-3', Matl-R; 5'-ataatcttgegge-
ctgtgac-3'.

Western blotting

Protein electrophoresis kit (ATTO Co., Japan)E A}-§3}¢]
12% SDS-PAGE®] 4| ¥ samples A719% 34t 2719
%ol B¢ ¥ transfer kit (Bio-RAD, USA)E AH-4314 gel?]
proteine PVDF cell membrane (PALL corporation, USA)]l
transfer buffer (20 mM Tris-HCI, 150 mM glycine, 20% meth-
anol, pH 83)5 A-&3}4 transferst % t. Transfer’} €14 ¥
membranes PBST (PBS, 0.05% Tween20)9} 5% skim milkE
Abg3ke] 2o A 1A17F F ¢ blockingdl it Blocking©] £
¢ 3 14 w3 A2 o= PBSTS 5% skim milkel 1:500~
1:2000 o M &2 3| 45t] 4T A AT Tt ¥h3AF T
13 @A w0l ¢ F membraneS PBSTE 104 53]
Aol A shakers AH&ste] AlAstin. Alxo] 29 F 2%
FAE u-g A2 wol & PBSTl 1:2,0009] ¥l &2 343}
F2AA 1A Tk ke AZloH, whgo] £ 5 mem-
brane= PBSTZ 1024 53] A&l A shakerE AF&3tf A
A3ttt A F o] B¢ T West save (Lab Frontier, Korea)&
At AR S-S FE F Xeray filmol ZHgsto] 23}
£ 48t

Immunofluorescence

Paraffin section tissueE Deparaffin (Zylene 15 min, 2
time)# rehydration (EtOH 100%-95%-90%-80%-70% 1 min)
3t ool DWZ 583t washing3tth. 0.01 M Citrate buffer
(pH 6.0) 4 min, 20 &< antigen retrieval e HAI T Fof
0.05 M PBSZ 33] 7} 10% 7t washing@th. vl o] 4 Hh-g-&
AA3t7] 84 normal serum blockings 30837 A Al
z2o] mp=A A ok st} 22 A7)0 LBA dakopen®
Z H5YE T4 18 dakopend ¥ F 7t Lol
50~100 ml# ¥k, ¥h-g< (3% triton 100 ml, serum 50
ml, PBS 850 ml/1l) 1st Ab%} overnight ¥H-&-A1Z1 $ 0.05 M
PBSZ 10% 7 33| washing3tth. Cy-biotin Rb (1/500), 2 hr
[Cy-conjugated anti-rabbit IgG] ol #1¢] W5 02 10& 3t
33| washing@th. 2nd Ab% overnight ¥H-&A121 F 0.05 M
PBSE 10+t 33] washing@th. Biotinylated Anti-M IgG
[1/2001¢ 247 W$-A170 o] 0.05 M PBSZ THA 1087
33] washing@th. DWE A 3 70%-80%-90%-95%-100%
EtOH washing s 2t7} 183+ AA & thFol Zylened 15&3¢

A8 ¥ mountings 3},
2 I

Starvation®] Al £ Wate] 4 AT FFE5 B
f8to], starvationd o AMZF e Wol& A& 24
o MEE 1, 3,5 7M1t 5 starvationAl 71 ol §)/d k& ]
74 (phase contrast microscope) 2.2 #23} ¢l t}. Starvation 1
Aol e Sold Felz |37t gloy 3, 5 74kl Ay
HA FolA "ojd Yo & Ax £247} F718t At ol 5%
199 FFA= 08 gol AR BAS e dol §43] =8A
297+ 1g 5928 g 69-3 g 8945 g= F43HA S7h3t
o Starvation 43 & 5% 39 H = Foll & AH&skT sk
Fe S FF3A Y starvation A E 3HH, ofe 9} 2
o o= fasAA o 30%9 wFA FLE EATHFg 1).

o] %9 AFL Foll9 fat body A& A43te] Y83
@A 3 total RNA #2]3kAth ofgf ok o] & Ao s
1Aste] g o)A XotA  thgel T £ IJFE longi-
tudinal sectiondth. &9 tF-EE& 2A L A& A4S AA
g o gRo] Fojde AAHE AR AAGT. Fo
o me) 3 Foll 209l fat body 2% yellow chip2 & &
BE g, AAAN A 2R cold PBS 404 fat body
2 o9 9] EAE AAS &4 T fat body 22
oA 80CAA Thg A7 w7 BT RNAzol B kit
AH-&3te] o total RNAE A A T GeneFishing DEG
premix kit (Seegene Co.)& AF&3te] DD-PCRE A &5ttt
GeneFishing DEG premix kitv= mammalian 22} genome
< WdSs e AoJAT dudY A FoldA® AHT

B
=2
7
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Fig. 1. Silkworm weight loss by starvation. (A) One day starva-
tion losses about 30% weight in the 5th silkworm. (B)
A bar graphic is the result of Fig. 1A. Silkworms of 50
number were used in the experiment.

F & AER up-/down-regulation®] 23l =] o]
ALg3 A H 3t Differentialdt Al 2@ = D
cdoningdte] @714 8 AR T ool X8 ZTHE
AHE HFAO0Z reverse PCREZ #9138 H ). Starvation®l
3 A up-regulation™ = +H 2 87 (Gaddd5h, Gotl, seppina
Matla, Apced, Pe2s, IGFBPL, Gpplald® 99T o5 0%
o] QIZte liverdl A ZstAl H@3t= AE ol ATt oA
A3t7] 913t rate] ZHEA7 oA 9 HE S #HFSAT Fig.
29} 2ol 8/ FAA BEF7} liverl A L&A, E3] s

ol

Z e
e E i
Ho il oot

fo fr o do oo 2

flo

A B
#. 2 (Gotl) #. 4 (Matl)
c s c s
TEEES 1 [20s | 305
cortex cortex
| ——. | —

Fig. 2. Starvation changes the expression of two genes in the
various rat organs. (A) Starvation (1-3 day) changes Gor?
mRNA expression in the various rat organs. (B)
Starvation (1-3 day) changes Matl 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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pina 6, Mat1a, Apoad, IGFBPL, Cyplal4& starvation®l <] 3fl A
rat liver 5014 0.2 Fds At MEADANA Gorl, Matla,
Apcad7t 4N 7t starvationd| A 75t @ st o] T o A
ol /= aspartate aminotransferase (Gotl), methionine ad-
enosyltransferase I (Matl)E o2 A3t 4t Western
blotting ¥ immunofluorescence® 4 ©. & Gotf# Matl2 &
RANAFZAHNE TEF TAFYES Hole As Fddt
% t}(data not shown). Starvation®l| 2|3 Got1, Matl 7
o & o] liverol A ZstA EdstE AS Lt ool liv-
er’} TE stressHEE 471 938t endoplasmic reticulum
(ER) stress chaperone, apoptosis (Bax, Bal2)¢} autophage
(LC3a, Beclin)#& A=< Hd WstE ZA 500 4749
T rats £ FFEOE TH 2 THIMA ¥e ToE
o] 29U 7t starvationdt S Th. ER stress chaperoned 3}
+ thioredoxin reductase 715 7}%l ER lumenal chaperone
Q! protein disulfide isomerase (PDI), endoplasmic reticulum
protein 29 (ERp29)= &<+ AHHE 2d Aol S HA oy #9
gt A= obYATh. Apoptosis9t autophage & AAHE Y
1d Wats #EHA A9kt (data not shown).

RatE 1-3¥ 7l starvation A7 Heoll 2% A7 A Gor,
Mafl TR s AT (Fig. 2). A Gorrel 2
2 2 W3 BolA FYAT, FHA Marre] ERE 23
8 A A3 325 . Cerebral cortex starvation©l
A AR Lol PASA FoEUTh. Cerebellum}
lung® A & 1-29319] starvation®] 93| A frH 2k dd o] F
7ttt 39 A= o] o Ee Fde HUth Heartol A
+ starvation®] Q3|4 FAA WFo] HHAHA ¥ ARE
Zol U

7+Y starvationdl] 9|3 Gotl, Matl +AAS Ed A
H&s Stk (Fig. 3). 2¥ 7t starvation 73 29 7t starvation ¥
Hol & F33 AF 293t starvation + 147 Hol &
+ 297 starvation® 722 UFAT FHA Gorr9
B8 2 lungol ATt starvation § 197F Hol& Fad Tl A
2 BEE BT Liverd %%+ 293 starvation
tarvation® 193t ol & FFT TollA LT ol

Y7} starvation + 1¥3F Hol& I + 297t star-
v

1 m[O

MoNor
N

ne
F-\\lr
192}

=2
2
ol
e
e
el
o
f
2
=

&3t

Starvation € & & 93 Gort, Matlwd ko] 2
e #Z T (Fig. 4). 3% &7 homeostasisE 4 3
fletei M= NaClo] 52 olth & £33 NaCl a5 2
By Aol & g TEsk REE AT FAA Gorrd] L3
2 09 ¢ NaCl 35 984 lungell A= 23 2d

¢

Of
mo rel ol N, o2
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A 142 Gotl B | #4 Matla
Cerebellum Cerebellum
Thymus Thymus
Lung Lung
Liver Liver
Muscle Muscle
Adipo tissue Adipo tissue
C | #2 Got1 2009) D | #4. Matla 20(5)
Con LIF/
Cerebellum Cerebellum
Thymus Thymus
Lung Lung
Liver Liver
Muscle Muscle
Adipo tissue Adipo tissue

Fig. 3. Starvation conditions by a variety of changes in the mRNA expression of two genes. (A), (B) Starvation with water (+W)
or without (-W) and 1% sugar water changes GotlAMatl mRNA expression in the various rat organs. (C), (D) Intermittent
starvation (2 day starvation, 2 day starvation + 1 day feed, 2 day starvation + 1 day feed + 2 day starvation) changes
GotlMat] mRNA expression in the various rat organs. The experiments were performed three times and represent resulting
above fig is one of them.

A B
#2. Gotl Male Female #4. Matla Mail Femail
2D(S) 2D(s)
Con Con
+W | +Ned +W I +Ned
Cerebellum Cerebellum
Thymus Thymus
Lung Lung
Liver Liver
Kidney Kidney
Muscle Muscle

Fig. 4. The effect of NaCl on the starvation in male and female. (A), (B) Starvation with water only (+W) or water including 1%
+NaCl (+NaCl) changes GotlMatl 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.

Hol1 thymusdl A& 4R, UmAdA s FHE 4d o3 AsLd ste Aol #HEAHA gyt

W7 AEEA GUdt £ AfE E FEED Nall 35 9] A34E AYetd thE 3 2o Gof AR HEE
of 9 BF ok e FFS BAT FAA Marre] TE starvation 1A 7ZH5-H W@ o] F71stthrl 24X 2kl A A4
< 09 A NaCl F5°l 93} lung, kldney, muscleol A HE S0ttt Matl AR &d L starvation 1A 7HEH
oF3hA] gk L‘ok‘ o] FAFHAT $9 A$= NaClg=ol NZ7A A& H 02 W o] F713H St Starvation stress



of 9] & ER stress chaperone?] %@ W3}, apoptosis®} auto-
phage #d A= oA Ly WH3le #FHA g
RatE 1-3%7t starvationdl] 3 A e Gotl fra#e] &3
Z A3 E Bojx AT, Marl FAAS] FdL cerebral
cortex?| Al @A A Fo] =& HHH | cerebellum¥} lung®] A]
= 12979 starvationd] 9|4 AR E&o] FI}sltirt
3YA = 3ol &3} Hearto] A+ starvation®] <3l
A frAa ddo] #2357 ¢& AERE AT 18
starvation (297t starvation 3 2¥U 7t starvation® 147t
Ho| & FF3 A 2YU7t starvation +143t Hol & FF +2
U7t starvationt ——rL)Oi UFAt. Gor FA7 dde
lung®l A 5t starvation $ 143t Hol& F73¢ oA ofF
723 FdE BYH liverd 4§+ 297t starvation T3 2%
7t starvation$ 1U%F Hol & FFd Foll A wHo] %)zl
U7t starvation +197t HolE F5 + 293t starvation®
TAA e T8-S HAY. Muscled| A= starvation A2t}
SA O ddo] AJ A F 297 starvationF 19 3F Hoj
JE‘T} StH AAAEHE Skttt Ma A E 9V A=
W7k QT Go AR Ed 2§09 A4S Nadl 35
‘:H A lungol A& 23 @& Hola thymus HE 7
I YA A T #d dert 3dEA gt
= & 3w HEovl NaCl 359 oA =7 o3
= BT Matl A Hde §9 74 NaCl
3 Al lung, kidney, muscleol| A ofskAI T 45 T
of oA Fs

EQLEFE

73%
Py

Al rﬁ

o ¢
20", £9 4F= NaCl &5
2ol #ZHA kTt

O ol M Ho P 2 pZ

ofr
rir i

].

ek

il

kA © & modern diet (restricting caloric intake)= oxi-
dative stress, genome integrity, endocrine signaling®] <]
3telAl §AE agings I 4 Y1 life spans AZE F
AT B S77F AAHIL AT9]. vl = of" F7of thA
AFE ANFS AF(E6, £ £F9 phenylalanine)dt=
A A3 dietary modification®l ¢34 Fdd = AT,
TEHOZ starvations HIB O E 3= modern diet= AH
& obd H3A g AETF S 2Ydte A7 B o
d A7 ALA, A o2 dojuH malnutrition ‘3 B 7}
5] o] obesity9} cardiovascular diseases”} 2 4+ 91t} Malnu-
trition®] o= oA, @2, B Lol 79 7153 o
A EAE 2o F e AER AT AY £ 3
5 T3t Malnutrition over nutrition 2 ¥ obesity7}
= A3, under nutrition 2 3 marasmus® Kwashiorkor-
like malnutrition® & 8§ t}19]. BMI [body mass index,
weight(kg)/body height’(m”)] 1.85 ©| 8} severely under
weight, 20 ©] 3} under weight, 20~25% 473 44 H, 25~30

|

Ml

_l

1ru

l
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& overweight, 30~35% obesity I, 35~40- obesity II, 40 ©]/4
& obesity I &2 #73TH20]. Y94 S short starva-
tion& <72A]7to] ¥ long starvation >72A1 7t 9 W] e},
Short starvation & <¢Fel = WA &0 £ 5 0] liverd glu-
coneogenesis®ll 9|34 TE07 glucose?} brain®l AH-&% ™
glycogen & 3f ol a4 HAH glucosed} fat w3l ol 3} A
A H fatty acid®} glycerolo] Zihell HEHth. Long starva-
tion &<l & short starvation &t 20| 50| 3l ¥ o]
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