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~ABSTRACT-

The purpose of study to phenomendlogical examine and the mechanism regarding the gene{DNA, RNA, Protein) and
sports to studied, analyzed, and evaluated,

This review considers the evidence for genetic effects in several determinants of endurance performance and resistance
performance, namely: body measurements and physique, body fat pulmonary functions, cardiac and circulatory functions,
muscle characteristics, substrate utilization, maximal aerobic power and other, Moreover, the response to aerobic training of
indicators aerobic work metabolism and endurance performance is reviewed, with emphasis on the specificity of the
response and the individual differences observed in training ability,

This study indicate that improvement of ‘Enhancer Action' in RNA genes changed by exercise or sports, Moreover
exercise was effect on Central Dogma with DNA makes RNA makes Protein, and think that occurred with exercise
influence on skeletal muscle into cell have to Myosin Heavy

Chain(MHC) changed was after exercise performance, which accompanied into skeletal muscle that were exercise-
induces gene-modulation that is, take gene mutations,

This study known that existed hormone(epinephrine)-immune system with interaction, Exercise were altered insulin
binding and MAP Kinase signaling increased into immune cells,

This review suggested that the high rate of glutamine utilization by cells of the immune system serves fo maintain a
high intra cellular concentration of the intermediates of biosynthetic pathways such that optimal rates of DNA, RNA and
protein synthesis can be maintained. In the absence of glutamine, lymphocytes do not proliferate in vitro: proliferation
increase greatly as the glutamine concentration increase, Glutamine is synthesized in skeletal muscle, Skeletal muscle and
plasma glutamine levels are lowered by sepsis, injury, bumns, surgery and endurance exercise and in the overtrained athlete,
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The study of result show that production of ET-1 is markedly increased tissue specifically in the heart by exercise
without appreciable changes in endothelin-converting enzyme and endothelial receptor expressions, suggest that myocardial

ET-1 may patticipate in modulation of cardiac function during exercise. Conclusionally, this study indicate that

improvement of ‘Enhancer Action’ in RNA genes changed by exercise or sports, Moreover exercise was effect on Central

Dogma with DNA makes RNA makes Protein,

This study is expected to contribute the area of sports science, medicine, hereafter more effort is required to establish the

relation between gene alters and exercise amount.

Key Words : Exercise Performance, Gene Factors
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NAY @443 wolAolzhe AL AUL led
HEL 22WA 9 B54 DNAY Aol 133202 Ads
Ak qRog= AFHAY wisel AL A vt
MAE HET Ut

ggol, AxEas $724 Darwin®] S B3
A B o $ES $AF Ayt S gl dojd £
U FHEE 25T Uk
TohEZ (osteoporesis) o] YE FHEAANEL AR &%
& AAs A7 ZYE(Bone Mineral Densty BMD) Y £
E02 % BEA TEE Fulg ZyMIG B
& A2, datAql 29l AL
E& Zo} M ¥(osteoblast)dt] U DNA
of £502 olg Wizl AAM FTUTY FAE AR
i Byggch
Waterlow(1978)5 A 84 $££0% ¥ RNAY %9
Z7be RNA AARS 93 A% 3V Qi ol@
#9028 ZA4XGXNY RNAZLEY F7tE 2893
AL 27N 71, ol Q02 E JRH 84 F
AR 2o AfA 2AEUS mRNA7} Ribosome?]
polypeptide®] $4& AFAUTHE BobT =AU
Maeda(1998) 59 &7 9jstd, A7 EF& 4A
& 150k A Wistar rats 457 59 £ A7 58
A7 Hst Bz 239 439 43H 2 cardiac myocyte)
o AAE(ung cel) 5 FE3A, WZE A} dx 2
Bk 5L AN AL HEAAN AZAZY HAZ
oA 22¢ AIdAM BEANE FT44 FIUY
(endothelial-1, ET-1) #4 3 ##E ¥she fH2dd
mRNA2] ET-B receptor’t i 2 20 4 vehdtx

=}

Btk ¥, Sakai(1996) T4 AFAEL ol
o2 % AHAd AIAEY AFU AHI3E
‘sports heart’ & X, ol#¥ AL WAA
(chronic heart falure)3} fASHH, TAARA FAE
AZHES Mgstd zAG A4 522 J% gAY
9 (endothelial-1, ET-1)9] M 29| F7is} FAMHS HES
At 2FI, ol &5 AFHE fFEE s AU B
&t

oo g AR st FAsE AFEHAE, °]
Mo MATAY Shubeita (1990) 52 44 AR
o ozhf 5 (endothelial-1, ET-D)#AAE dF TABIY
I, Wang(1996) # 44 ¥#o dFHog TEeld
ZNE AUt FAY AW L fEte, kY
(endotheliai-1, ET-1) mRNAS, $HOZE FE08 &
dHE A9 429 ¥# ¥ (endothelial-l, ET-
1)mRNA HE 248 A% &322 A% FaUY
(endothelial-1, ET-1)mRNA%e] @43 F7l8tHes B
FEGT BT 2522 A% ¥ # W (endothelial-1, ET-
1)mRNAY| peptided® #HASA /1A E BRI
t}. Cribbs et al, (1987) 59 AFAEL old# Y22
AR 2 A4 £508 9dy 4488 e
drd A A5z ZHIAANY MyosindA 53
mRNAS w8 ko] Fristal QI%UIL. DNA, tRNA,
RNA, Protein 2% ¥ Yx(high-density)2 2¥3Y
7, mRNAYE 8 §Adx 2PEAE 2Ased Fo@
g0z HagkEs RE BIFHHH

g, 2F24A Myosin Heavy Chain(MHC)& A4l
7lE EAdol(mutation) FAA7Y FFLE UM Wy
ojgitk= Zlojdh ol FAz HE wste Yo =
ZA29 TUAS (myofibrilar)?] F847 @A)

42 ok
o 2 rle MHe

o
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A7y - ¢

st M 2429 a-actin@Y A F7HIIIA Eoh(Meloul
et al, 1984 : Seiler., et al, 1984 Bergsma et al, 1986).
502 A% WRES APE Y AXE A =
ngqox 224 &8 Molecular Bidlogy)$] F437t
FEsA 28 A, A4 RHI JE Rojdh £
AxxG Wyl v ¥ U =FE0 +F
3} 2R ZUb ohgoE @ol B#vt Hi e, &
2 &9 NK cel, Lymphocytes cell 59 B2 <3¢
& A EFol gANHETTY BISFHPIH (Moser &
Bendich, 1989 ; Hatam & Kayden, 1979 . Hack, 1994),
& Ao HAE ANE AFe A A2A %
Ho g olad FrtaAe A WAUEE WU
o] A TEHALS B AYITE B =9
3T & Agolth I3y, dxld FldAMe BAYE
g2 Agugoz fo MygdrAse 2348 E%ﬁ
A B3l AAolr) oHE UL Ax2 AT
e AxAEY 53, EyARY FLF Zli°*“ﬂ°i
A7ANYA & 0|83t AR Z&A AE L &4E A8
81+ H7)x 88 (electrotherap hy) & AHg-3te A4 £9
At A7AEY 492 7ol ¥FETL 47
Hojxmg & =32 Mijdre FEIEE Foo 4
ey ¥ H2ArE5Ye FRE AT @
PCR(Polymerase Chain Reaction)4 ¥ ¥ PAGE (P
olvacrylamide gel electrophoresis)d ¥ W€ EdZ &%
02 A% A 2HEAEL HIE olEHoE 7
g3zt gt

o

_2.
fu

£4 % WHE PRYBYRCS FHa
A 2AEAEH A7H B AYH LT 42 B,
EE0l U4 2UEAEA FAE IPEL B 98
SAA Ay WS Holol BHE 43

S £F0) KA ZHEAS A I BY 1R

S 48 PU% 188 ATHIA A
0. 23 2 2%

L AEol 53 wAiA 2AEHY £
Az vlX = ¥

1) PCR(Polymerase Chain Reaction)2l &4

Murakami(1998) §& 237t EF =L S AHEES A4
5L N A 2FL AAEA ¥ HASH Uz
Agos 2 FRF TS (respiratory muscle) & F&3lo],
A8 A N&Hog N7 EHTY &5E AANE
HEM ZF2NM nuclear respiratory factor-1(NRF-1)
o] Z7189& & 28 olE oAl FAMESHAY
Adguy g Aestd, I3RS 2RI, FME
FAA ZAHT USE B WA ol ATY ¥
02 IFIRNM  RARS F7he NRF-13 RNA
processing#9] AZ HAKe] Qi HIFHA

KH(1981) £FA 244 H&FAFF v 3F
29 gol o 73T, A ¥ F4o 848l ¥ £1, 7]
T Aol ¢ Yo ByEgrt

Murakami(1998) & £502 % 3529 Fubd of
g APATEY =98 BAAERHA AUZLE
o e FES Uit & AT EFoE J%
NRF-13 mRNAW&e ZFINAM ZF7HEAZ, ol
mitochondriatl A} A+8H5-¥ (oxida tive capacity)®l %7}H¢
cytochrome®] 4F8H5-¥ (oxi dative capacity) @] Z7Hol 719
gty sgid

Seij maeda et al(1998)9] drol osid, A7 252
AAE 15908 £ Wistar rats 437 5498 A7A %
€ A A dz A AF A2 M E(cardiac
myocyte) 8 HA E(lung cel)5& &5 ¥ ZF AH
gz ZRT 5 AT AL ASAAN 4BHMES
HHE %28 oL AZA StEoxE Z44
o (endothefial-1. ET-1) #43} #¥dS& 2ds= RAER
¢l mRNAY ET-B receptar?t tiZ ¢ Bot A Jehd
oY B3 & Kee-D.
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Fig-1. Expressi on of ET-A (A) and ET-B (B) receptor
mRNA in lung and heart of exercised{n=8} and control
rats(n=7). Top: RT-PCR analysis of levels of ET-A
receptor and ET-B receptor mRNA, Expression of
GAPDH mRNA was studied as intemal control Bottom:
statistical analysis of levels of expression of these genes by
adensitmeter. Photographs of products were scanned by
densitorneter, and rations of ET-A and ET-B receptor
mRNA were calculated, Thus values of each gene
expression were normalized by those of GAPDH. Values
are meanstSE.

o) ¥ £FF FAA ZAEALNYA P RAFE o
244 83 W9 (endothelin-l, ET-1)7F ¥4 Yebdd,
¢ 2A%E §34 2224 mRNAT $718 A
2 Z44 g3y (endothelial-1, ET-1)-converting
enzyme?t Z44 ¥ (endot helial-1, ET-1)9] &4
(receptor) 8] 2712 AZEgY =ddch =g 22
AR EEE AR5 uE 2], A2HY 34
A @7 o (endothelial-1, ET-1)7} S7HE0ty &4
Yz Qo ol A7EFel st Emori(1989)5 &
7ol AFY $EL F44 83 M (endothe lal-l,
ET-1)8 2712 22881, multipe factosEE ZAHE
g, WA 71339 W (endogenous substa nces) st
ANG [ {angiotensin) &t Bg2 & &, A<
vasopressin 59 Z2 29 Fo| $F22 FUEAA ol
& 238 £28%9T BIHAT
7}‘=§1(1998)°“ o8, g3 oA X (endothelial cell,
C)e HzhiYe AT UE 9Y HEYLEN ZEX
% z ga2de Y F4% xHEY 2H22F

g ¥ Wge g FARGy ¢alA led, &
9] ECN BHAE o]@A71E 24 (endothelial-dependent
relaxing factors, EDRF)7} 913, ol&§ EDRFol 9% ¥
Fojge] ARLRE AAAA B A7 o HEH
AASA FEA ok $E Noo A YHojrsl v
Aol gl AWMEE agonist7t ECAXEZ Qe 4844
o] A¥8e GTP-binding regulatory protein(G protein)&
2319} phospholipase C7F 843315} phosphatidlin csitol
bisphosphate(PIP2) & 7t-## 3¢ inositel 1, 4. 5, -
trisphosphate(IP3) 9} diacyglycerdl® AAlste] olF IP3
endoplasmic reticulumol M Cadl #8& F7HNLAT &
gozE ECY HMEY F£49 agonist7t AY}E Ca
channele EASAA HE ZM AE Y2 CaRYs
z/ANZ, § AR 98 /M8 Cad calmodulin}
a&s}q NO synthase® @ARAH L-arginine® 25 H

08 A8 UAAEEFH {E NOE HE2 A
2 848 Sol7t 83 FE29 guanylyl cyclased B
A3k AlA CGMPY] A4& F7HARIGE =85l tKEg-2).

,/
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Fig-2. Mechanism of blood vessel relaxation by EDRF

and EDRF synthesis, free

Sumpio(1990) & Suzuki(1993)E& oleigr HAl st
of $EE st ¢ ¥F 9FHHU(hemod ynamic)H
s} o] A7y s Aaassd £5FY ¥
§9] 80| #AHN F44 YA (endothelial-1, ET-
18 ¥y 718 23¥dz =3 1Y
Yamazaki(1996) 5 B oprkM, RAMERHRE BT
A AFE AxgdA, £5¢ AL A H44
(ventricular) ¢} AJ 4 & (myocyte) & ¥ F{clutured) AL A A,
PCRYMOE ZAIY A, FAZ F44 ¥Hun
(endothelia 1 -1, ET-1)¢] mRNA9] uH8 (expression) ¢ &
b Ao g BRI

AFA 2507 A% F44 YA T (endothelial-1,
ET-DmRNAS Z7he F47MIE 49sa4d DNA—
RNA—Protein %, & RAMHZ E2A 1FARA,
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DNAY #43H ARFo| Frtdch o]& FAHAT,
Ozeki Haruno(1999) & U¢ DNA AE7} RNAE 53
gl Po] AgHd 2 AEE GRAZRE A dHo
2 4Fse g glon, =g duddA 2 dds
AYHE 4% §lth Crick,(1958) 2 ol2{ g #AE AE9Y
gut Yty Azt F417Hd(cental dogma)BL =
g1

13} ZAldls RNAZYEH DNAZY 77t diA
AR k7] WFol BF FAeley AAHAAT, ¥
of 2 EZu}o] 2 A(retrovirus) 831 2= RNA upolg{&
ZRH o AAEA(reverse transcrip tase) 7t WA H o]
RNAZHE DNAZY AHAYEL Uths ol gl
a8} o] A2 HHF §A 7jde] ojyn, E4d
A4oA doju: B4AHQ A AYA ety B
XAt

gy e o gudz o Fuagel U, ¢ud A
AE 72 EAE Z4se 4= glod, # ¥t st
o gatozRe FUE ol FAE, KA glol B
Aol A¥ASHE A4 A

FAAE FAHAA AN BA A YA THE Y,
ZFATMolgtT R 2 A& FAA RE ABAY F
Ag o]2: 71E AT & 5 7] gFolch gio]
Ozeki Haruo (1999)52 DNAE AE9 AL FAsE
ARG ERjAR JIETZE 459 wEHLEYE
Af(adenine), T(thymine), G(guanine), C(cytosine)7t ¥ ¥
2 299 ZewEdLEToln, I8 A T, G CY 1
AdAe Mg Mo gt 43 i 43 otulx
A dido] AAHY, o] FAE FHHA (colinearity) 23
Aot =8 F4 1AM 718 AdY Uz
g2 itk AlE DNAdE 8o Hoig B3 ¥LE
= wide] 1 pxo &% AEI gHo g ¥
gto] olz}, of WA g UM, ol & AT A
A 24 Aojsts T2IYPo] TF FEIHLHE WMER
18" BT @ & Ay DNAE E3§ 4349
MEL A T G CY 1A¢4 2GR upo] FEE
Aojglz o & 4 Utk A3z DNA7 ©ejde] 13
FZ2E ARSI I0T slE DNAAS 7] wigol 84
Aol ojpliAt MjdZ Yehts AL opdd, §, ¢
Wy A AR WA Adid DNA FAERE 98
3 HET RNASIY RE& o2 8402 du HAby

I, o[RNAY @71Age] dde] ofn it WldE WY
€t

o]#§ DNA—RNA—T¥ A (Protein)olzte AEAE
AR e ZE MEAM HuHoln] DNAo|A DNALZY
ARAY, = EA9 AAF o] #3F EAHY 2
7+e olZ2th ]SS BF A9 widd wa} ztzte ¥
A7 B58 AWE AT QU] dE AE FelIA
72e g FAH 249 whEe % 1R EFH
FEte] EW3d] AW 7 EA(informational macromolecule)
23 B3

Strauss(1984) 9 B IFAEL ‘sports  heart o
g Attdel WiE =9y, FASAT. ‘sports
heart & F8 44 (left ventricle)¢] ¥t (hypertrophy) ¥
AL v, o] win) o] FAY Ay SAHASF
Aolol o7t gltk. dAMAFE A4 Hol FALY,
A4 LA (left ventricle cavity)9] Z71E 8 7 @
o sl AAASE 44452 Sk A4d o
o] Enfel ¥ Wyl gl Hol et ol A2
g A9 YA (HRrest) = £F o 708
Azolw, A77t FAE F3o AT AX
ZadA g@o 53, FAYMSE endurance training S
2 B8, A4S 608 ol3tE WolAlE MY
(bradycardia) & ©|%A =¥, marathonAl$ FollE o] ¢
AN (HRrest)7h 403 ol8tdl e ok 371
AN FHOE vagal toneo] $AHIL, A (cardiac
muscle) 8] F&¥o] ate] Y3 ¥hE Fol(stroke volume,
sv) 322 AUddE AYé 3 cardiac output)o] ZH4
g gl 2282 32 Au4(Heart Rate, HR)EH
T 238 gdg AANoE FFY & AE AR5l
S48 ‘sports heart’ 7F HE Holth, ol o] £F Fol
Ak (HR) o) HE 7 AE4E A37153 A7l
$4ste, o AY 5 ¥ 439 dulFYel de A
o2 AosicKeig-3).

Cardiac’ Hypertrophy

OE

Endurance
Athietes

Non- Endurance
Athintas

NoOn- Athletes

Fig-3. An appearance of cardiac hypertrophy of
Endurance Athletes and Non-Endurance Athletes.
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23}, Sakai(199%6) 5-& ©|# ¥ ‘sports heart’ & HA}
ohA) A 2 A (chronic heart failure)3t f-AFSHH, o} 2HA)
RA A5 ATHARY wjgste ZAIG 2H &F
2 9% 83 o (endothelial-1, ET-1)8] M X9 F7t¢
SRS 2y 283, ol $ES ARAS 4
¥ & A5 Byt ol ¥ AFA A ddto 23
#<l, Shubeita (1990)5 ¢ GFAEL FH4A AIHEY
82l 9 (endothelial-1, ET-1)/AXE IF ZABIAL,
oo} Wang(19%6) 5 # A2 & JFFoE ¢
ol FAE AQisted AFHY FAYHLE KT,
8 B 7 (endothelial-1, ET-1) mRNAS}, §#Ho 2= &5
oz FHEE Ho A3 ¥F ¥l v(endothelial-1,
ET-I)mRNA HZ ¥4% Zz 522 A% v
(endothelial-1, ET-1)mRNA%e] @A F71ad&S B
FEYT 8 £502 ¢ ¥ (endothelial-1, ET-
1)mRNA® peptide¥T @ASA F7HHASS B8
ot E% sport heart] A4S HAE FAAERAHA o
Hoz #Hsig

B Ay Asz 1, A3y 52 A2 g
7 (endothelial-1, ET-1)mRNA HAlE &S Z7HMA A
o A4 (biosynthesis) & F7HI71Z, ol ATFA &F2
2 2719 $¥ABDNASVIE % mRNA ARFYS
ol Z71EE ¢ & AU

28y Sakai(1996) 59 ‘sports heart = HAIAEA
AT G4rAsel dstd, g FAEL s
heart' &) A PAF ¥ AT FAM O] A&E WY
AT, =, BAsAE ‘sports heart’ £ ARA T 443
& u=gA o AAE BIHYR, ATY EFL
2 A% sport hearte 429 ¥ 9 (endothelial-1,
ET-1)mRNAY Z7t2 9% RNAY HAIRSo] F71d
f9o)gty =3t%ch §H, Albert(1995)5 S RNA #4
2 E2F9 /5 ddo =sAdEd, RNA HA}
(transcription) = DNAY €32 F£E5He] e #HAR
7 Eatslo] RNAZE #4He #Aolg sifed, ol
Al ZEA 8 e dE RNA FHAAL(RNA
polymerase) 7t Y28 AV E 7HA 3 DNA 9 promoter¥
Hof Agdt W I REe DNA Wio] E2iAT, & 7}
tto] DNAY 971MY3 A FrMgE HEUA
RNA & s Ech A¥FEAME Al £/ MR
& RNA 3847 2471 A2 & $59 RNAE §

°
.
A
2

£ g &

Aedy BIsgch =8 RNA & §Asle DNAZMY
€ %% DNA(template DNA)2tY ¥-2v], F7lg 5 &
Jtdute] FHOZ HI Yol ok §F sigtule] HE
Re opn}, 12l $ZAA S (termi nation signal)7} ek
g gzial A%E3, FH08 HUAYW DNAE UA 23
YMTzZ HEoE, DNATAAEE AAL #E RNA
£ 43S Foko AT Y2FOE oFRTUT w3
K fig-4).

+— Lslean Downsieam —»

finn Aitprt
Lmaky it v.lOi

AMA shard Y ACHKGUALUGGEE S

Fig-4. A section of double-stranded DNA showing the
strand copied during transcription(temple strand) and the
understanding or sense strand, The RNA strand is
complementary to the template and has the same base
sequences as the sense strand with wracl(U) in RNA
replacing thymine(T) in DNA ( Houstone, M.E. 1995).

Albert(1995) 5= RNAY F/E A 7K F771 Sle
d, ¥ RNA(messenger RNA, mRNA),
RNA (transfer RNA, tRNA), 4% RNA(rbosomal RNA,
IRNA)WFolA lEd, mRNAE 900-1500 nucleotide
FAs o] glon], RNAFHEA O o8 §AH, f33
2o AEA S 2280, YV EY mRNAE cap
34 poly-tale] g1ou, 3h}e] mRNAZRE & £/ o]
A9 Zagele|ort A9 282 AYY M= o
el mRNA7E & 7He] $AAZA & $H9 Eeisielo]
ok Ay =g

4t RNA(transfer RNA, tRNA)E 79-9371 ¢l nucleotide
2 FAH 9low] RNA FHEANY #4203 HAH
o, 4% RNA(ribosomal RNA, rRNA)E 4% 74
A Roln, 5520 nucleotide® TAEH o] 312w, RNAFHE
& 1009 oA §AE HI2de IARHARAE 4 FF
o] RNAo|9d| o4 7}A 71%5& F3s= AEZ RNA

[+]
Eakls
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A7l - F&A - AAS ¢ EFol AU ZUEYS WAL GY B TH

7t ARl ol RUE RO HEAYGT B

H%o] Abert (1995) $& RNA Splcinge] thstef 2
s £3T k., & 974 2H2HE DNAZHE
AAFE mRNAE 993 ARSE F-¥exon) 3 A%
A 9 ¥¥(ntron)o] M, 2Feko]2F (splicesome)
o]2}1 3l RNA

UGS $50E UEE FES AANL o
& 3rY o QAYE AL slcngol? o, ol
AZHAE AN vZL LU FARNTE A @
7bee] mRNAZ} QA ETT & 4 AATHCFig-5).

Fig-5 . The transfer of information from DNA to
protein, The transfer proceeds by means of an RNA
intermediate called messenger RNA(mRNA). In
Procaryotic cells the process is simpler than in eucaryotic
cells. In eucaryotes the coding, shown are seperated by
noncoding regions(the introns). As indicated these introns
must be removed by an enzymatically catalyzed RNA-
splicing reaction to from the mRNA (Alber et al,1995).

Newsholme(1997)2 SHA Aloll 2] AN A3
& ZA8 37, lymphocytes® macrophage®] A E £
T FolM, HANZEY AL wgde A
U, glutaminase activity 2H§3¥H3-ol F7HERAE & 4+ o
Atk o2 <lEA, HAHEEY FE AqUAEL AxY
9 ghtaming] Fxol &} Y& EIFHIUG £,
interluekin-2, macrophage 59 HAMEEY HHE &
(phagocytosis) ¢} VAU E glutamin®] FEo £33
AT =&Uch gutamin® F2 FATAM 9 ZEHEL

ofr BEoAEd, & HEWY gutamined] FEE M
X <tolA DNA 9 RNAS A4 AJls 298 29¢
& BEYEY, o8 gutamind ¥ S (sepais), &4
(injury), 33 (burns)’ A# AF4 &F(endurance
exercise) & § M4 E (overtrained athlete)d] A2 &2
AX WA gutamin® FE7F RobdE 4 F AU
olgiF YAES #Fd s A 74 &2 23
Glutamin®] $%& Z4AIA, DNA, RNA A#4e o
AAFE ¢ €ox 4gech B¢ 4 274 52
ZAZAME glutamin® FE8 Zae BIEAAXE
(immunosuppresion) 2.2 WEhd 4 oI ¥k ol
Glutamin®] FAZZE LolB AW, Glutamin ATPE
AM8-31e glutamatest NH+4ZHH P48 Asparagine
% ATPE A28 9 glutamin® amide nitrogen®]
asparatatec] HE5 o] $AHHA&T.199 8)<fig -6).

|:4

Glucose  pyruvate —»acetyl CoA  fatly acids
L /

ADP
ATP

@,
Fig 6- Synthesis of Glutamin.

Wagenmakers(1998) & Z&9M AL £57359 70%°]
AH70% Vo2max)¥ W MAM3| ZAH7] AlFste, A
28N AL leucine, isoleucine, valine, asparag ine, aspartate,
glutamine©] AHE3te ofUAHCE A3 D, glutamines=
FNZ $EL F A FANAFE 2N TE
Ae 228 dquAYE & £ UM diA}L
A 53, Ao DNAS RNAS #A4& ZHse=
Z29% EAo|t} BAsAY, Glutamin® HAGM EoA 9]
DNA, RNAE ZAgchZ =3tgoh

EE ol ZIAE YoM BwgriBe] HEEH
A4 ZHEAEY g dAREE TCA-cyced] HE
o] 83, BiFY Hal¢g glutamine®] Aol TCA-
cycde 28 715 S 993U =A% B¢ AT
AgEold, YA LFEL TCA-cycled FYSHE
glycogen?] & Z7INA olZ AUF TCA-cyceo] ¥-&3
A, sy vELHeE AE ¥ F A% =59
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AE oA dojue it oy ARe ZasA
e 22 89 ¥ 4 Utk AX YoM E diabe] "o
3 ATPE ASHLE FHa7] Al e dd gat =
Ho] ojFojA A g &, s T Ydsd ¢
B4 pyruvate$}t acetly Co AS AAA Ajuhitz 4%
g A5 T, w2 gees FEol R Aua
o 437t F7150] acetly CoAREE F7HEX Citric
acid cycle® FE 3§ HAEA FAE E2A 39
ATPHAE AT AR & o2 dAHZE F8o g}
HY, $70A 2R o gYASE AR o
WAL E o cyded FHAM FAHE ATPE ©E WA}
of o]&slE GHRT BX FEE o] cyded] o3} ZHE
OX ¥ # U (£4.1998).

AN =T AYPATES T E o, ZARY Y@
52 TCA-cycled] glutamined] AHA o Aol & Zafs}
o, 284 XU9] DNA RNA A4 LS JAAAA,
ol AFAHLE WQJBo U= WIHNEEY HAHA
ZAEHEY ZANFE dAse AHAE AL ¢ 9
o0, ol FEAFE] UYZIFY FAE AL F 3
g WU EeE gzEorn

oY Fo] FA XHFEAEY AT d§
Ao B3 Ozeki Harwo (1995) $9 ZFE ZHH,
ol 5% AL, dF Eof $HAY LAY 9%
FAA AZFo] AEA TAEHY s5oln, HIFAHQ
o482 e A9t don 53 9% de 15
TEAAN B g @3 AR Avd(gene
rearrangement) ©] ™, ¥4 EolF A ¥ FAF I
22 =8k

T3, Ozki Harwo (19%) 52 WYL ox
2ol 359 Ay diolnl, Fo% dACE JE &
ojdtuto] ozt ABF o 2T EAJ HE do|
7l0)4} Fol MEHAHOZ W FAolaly =3

IN mu o

3
U

o ri W

2) SDS-PAGE A g4y

Albert et al, (199%5)52 E coiZ o]4% AyolA DNA
replication®] § AJFN FEZPao s FAd dojdr=
ZAE & £79 autoreadiographyllNE ZHAIH T
. k8 radicactivity & 7} tritum S E Label® thymine
# & BAINA replication©] A|FHES FEFE W
8 ¥ o] E coi® 7} radioactivity® 7HA tritum® &

tlo  JiN

o

Label® thymined FH& wiAdM SAAN 2AE A3
$AE DNAE 4Z T2 high-densityE, 7+ low-
densityE Uell= ROE HEUQich E§ DNA, tRNA,
1RNA, mRNA R % high-density® & ¥&& Yeigd
2, FUEH AAE 4o, g2 Z9IAY DNA, tRNA,
1RNA, mRNAE 2% Low-denstyS Wehigicth olalgt
U Ay gy Aole SAFYT & ¢ oy &
< AYAFEY AAE BW FYA deplz A
(Chirgwin et al,1979 : Wahl et al, 1979 :Gorman et al,
1982 : Bugaisky., 1986 :Friedman, 1983).

Cribbs et al, (1987) 54 AFAEL old¢ UUez
T 228 9E M4 € Yoz 43 A%
AFZe] FH2M9 Myosin®] mRNAS ZHo| ¢
¥ A4 ZoA9 DNA, tRNA, rRNA, mRNA %5 high-
density® ¥& ¥=8 #dsly, 28sed 28 99
o2 Fewces AL Rysdch FAIAAM Myosin
Heavy Chan(MHC)E& XAAI7lE EdWdol(mutaion)
HAZE &5 2 AsA W3 Aol Aot ol g
FAA dEsls 2429 294/ (myofibrillar) F3 2
€ WsAo] sty ZA2Y aactindW IS S7HAFA
Hr}h(Melloui et al, 1984 : Sefler, et al, 1984: Bergsma et
al, 1986).

Ozeki Haruno,(1999)e] ©J3}®, Zeje] £dwol: Aw
DNAS g7|vido] diste 2 wldZ HE didoin,
e A, 29 oY A8 (wid-type genotype) 3t
£ 9E #Wold #4AY (mutantgenotype)E o A
ole}, o7} Y WE e HELE FF W9
A (mutant) 2 AAEGT =3k F, A BelA, o]
Ro| A Aefol A dojud 2 dHolgt &y o
HAog 7 Wz Yo g E1 dZFdA As 3
M9 Ad gduel £ & 10-7~10-10 o|H, 2 g
U Aol e 248e 9 10-5~10-60lc}h 1y AF
How o WIEE 100~1000412 £Y & gloH, AL
A F &9 o}(artificial mutation)&¥ #}¥ =34tk 9
oA L%, AF Sl AL 250] EQHlE #
¢ %5 Qe HsACE TAH B o, Ny A7 2
FE I1FH By, 502 oY My ZES YR
A7 AH AFZ FHAZAMY Myosing 53,
mRNASl el F7iet 508 GdH Mg Folrd
DNA, tRNA, rRNA, Protein 2% £ 2 % (high-density)
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st ¥& FEE TYYHAL, mRNAA UHA §AA =
HAEAE 23, d¥sied $2F 422 FEPde
AE& BI&Y

tgo], 4 ZoA Myosin Heavy Chain(MHC)E 44
A7le Eddol(mutation) $AA7L $E0E A W
3 Aojdicke AL & A7 AHENE dF E9Y
o] (artificial mutation)2tT % Y& o 2 F IR . =§,
Albert (1995) Fol ojsid, A4 AT EAMelE
ALoE WE AFE FE(H J Muller)ols], 25gld] X
A& ZAE ZAE JPolM gy Y doldE d&
o AFdch 23 29d $35A G oinig FHE
o} FlAEMRE olzidt AF EAH|Z} doldth:
A& WA HAT & XA B oz AN Fo WA
Aoju} DNA 234 £& o8 F7 35t £l ¥
ol (mutagen) 2.2 &8t & oA H3ldh @,
Ozeki Haruo (1999)5-2 ol Wolgio] AEA & &
dao g 2ALsH DNAZ &4& S I giE
HEHY, d¥s gF3A B3] g7 HE YAE
oy AF H2or7t 9A "otz =35 BF AFH
ool 28 A0 E ¢ BEL F/MIA G
£9 44502 olojxin], Rl WHoldd S AX
o] HABE ¥od F UvE = ATE Ozki Harwo

L2 19 Y& [l

(19959 78% SHHRY, 50T A% {44 £
Fggo] X} Aol ¥ AF EFHORMA & b
oo, T3 F2 DNAA dolvs B4 o &4
o] Z2ude] HBR HHAHOoZ DNAY ol A oA
doigdA A Y 4 gk TH uidA Hele &
4 (random) | & ¥. AJ7t5 o] Ak

Cribbs et al, {1987) 59 4+AEL o2E FEo2
A% FARY] HalHolHAY AR Qlzhe AR
& ]

]

& A
ALE 58 FAAEY 24 vy A8 o,
antisense RNA inhibition o[22 %t} &Folut 9=
ZA3 §73 3 AFE0] 53], RNAA ‘flipped = &
ol 7FA HAAE HAHAAM, RNA complem entary
strande] W3} HelAzick & Zolvh. F4HYU replication
AN A, B HY FHA F7H THEA
A Aol
ol g HAEL 2xxul: HPA Bol & 4
olfd AYAE AHANA 42 FHHLR AYA &5
o2 I&o] vidgitke AMIS gAES dek Y EY £

ZofjM ol & 3o gt B &5 AAYAEL 43%
2B (growth hormone)® %7} AAAAEA(Never
growth factor) §¢ $28 47 Ugch 2 ol
QA3 48 F& A% £EANY 979 e
2 g dxAdes A4Ed gul A7 A8t UE B 2
Folu}, Zgolu, BF A3} ofBe] Uz AAsjaEgl
Hojch, ojHE UAEY EAAERA o2 T
BAE, Albert (1995) 59 F42 23R 7Mool
2 =83 ik

Umeda et al, (1983) $9 d7AES 2829 ¢ AE
do BERRS AN & RNAGAM Y 9RA 4F02 <l
¥ DNA encoding®]4 H]¥ % (non-translated) ZA 31 2,
antisense RNA Inhibition(RNAGSA)" d3& ¢
promoter(F A EL 7} downstream 2HE-E A Hol.
DNAJA ¢ ojzigt A4E A FYYLRE
ADP+ADP = ATP +AMPY #ohyi3-& &u] 3t A
o] 49 ‘Polyadenlyation' 2§39, Polyadenlyation' %t
LolME AMPEEE ADPSEY AJd Hasinz
AMPELTE TouYA] QAR A(high energy phosphate
pool)2H8-& BN Eoh OE AFAE Lant &
Weintraub.(1985)2 222 RSV-a25lxtad A 2H4E
$43 tj8ol neomycin resistance ZEAAM FFS
myoblast®] RSVE AU A g Ty o8
Y F4L 5L Ao}, olAasH e FEA 2
8o AFNE FAANATT TE F Y2, Umeda et
a, (1983) 59 d7AEL &5 238 fAx4AEE
% 42 B389 RSV-aBlxbad GHAL 75
gA3 AAM 282, 348 (antibiotic) & F7H AIA,
gy BAS AANSE #3288 MY TH( gene
selected) AT =8t (g - D

rlo

L - TR [

A o e
———— ‘*'\8;-'“ e
R J

Fig - 7 Construction of the embryonic myosin MHC
anti-sense gene{Benz, 1987).
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Elizabeth et al, (1998) 59 A7AEL &34 22 ¢
FARE HIsgh UMM Y DNAGA FRAR
& A3t RNAYGA fA3Q dstE A g s A
ojct, BsAY, A FHARE W2 RNAZF A
3E wof AHAAIY %3 X9 (transcript ional control
regions) I A ‘enhancer action’ o] WA E Y o] thyd ¢
olEd] 98 A enhancer modulesE AAAIZITHE Rolt)
o 7]o]A enhancer modulesS 7Pz EHolgly H4H
=H, RNAZL HARAIZE ol ALY z=dH R
(transcriptional control regions)oll 48] ERYHo] /T
AAE M FAHA WxEHoey A7, oly#
‘enhancer action’ o] WA o2 A& =7 AANIY
enhancer modulesE A &3 F, enhancer modules®] F7}t
2 Ao AAE FAAFE EWAQA Promotes¥ +
40nuclectides F7HA17A HAMAIHA TATA boxd] €%
71t ReltKig - 8).

b Tawpr Py
PR sM!z st
sk

]

oy Nty
e L

Fig - 8 Diagram of the components of typical eukaryotic
gene {Ganong, 199).

Elizabeth et al, (1998) 59 d7ZA %4 & A+ #
e vt B FAHIE WESE o & %%e_i
A% DNA%Y 37h: & RNAY AAMNES} AAE 7
35 FA A< enhancer modules®} 7t st A
A FAA91E Al Promoters¥  40nucleotides®
Z7HIAAN iAo 4& F7HAYE Aold. ke
SE3} AYH 5L AFI=EY Z/MA, AARL
ZAAIN T, FARFE FHNL, 2HHE Z(liver)

ojMe] F7+AQ Somatom edinsE A& FAANAM
AXe e A3 A4S AL, B8 AF
Ho2 liverol Al glucone ogenesis(EEF AM)E F7HA
712, AYAEANE AHHLE glucsse FUE A2AA
Aol FEEOZ AP &F Alde AHE o

=2 AANGL sgch 18u ¢
o Ae AR FIWEez o8
3} ¢ o °V‘J€- T3 A ?J?IC}

J8y & 93 139 543 ol e W
Y o & 47 133 49 138 %'ﬂ"“i +F2
2 a8 AR3EEY F7t 4L S o] A U4
¥ 4 Aok olE@ LS EA AEUHA FHAAM A
THOH FFOE st RNA oA ¢ ‘Enhancer
Action’ o] WA88¢9] enhancer modules®] Z712 ¢ldld A
AHE Z2AANFE EujA9 Promoters® +40nucleotidesE
F7HIA, AN TATA boxe] §%3& F/HMAAYE
Aolth. o] MEUY duF A9 ¥ FIHIAA,
AFE A3 2L 78 (receptors) 59 FAHEQ &Y
AE 4L AN AF4E HA AP KEg-9).

& o

X rjo rir

z

&=

©
a

CELL MEMBILANE

Fig -9 . Tne diagram illustrates the mechanism of action
for steroid hormones(Binkley,1995). S=steroid; R =receptor:
a section of DNA.

ol ¥ Wl Ao He EAYEHAQ o]ELEE Steroid,
growth hormoneT < ¢85 SEEEL RE A X¥XuE 44
%‘4?—_} oy opyzl EAAE o] e 25 Ao

= 53] 484 (receptor) & Y} o] TE2R-F4
A E¥AE hormone responsive element(HRE)Z}H H&&
DNASY EARHS ZYsd EARAR 2HS 23
th.

Ao ZFel ois B9 dsAE, H43E19%)5S
AET) Qe 440 AT = 544 2% A
o SeARA AX f S8d F4 717N AAdH
Ag Aoy =it 27y 2AEL SPIEE
T BolFo g wie & & Y& S5 F4 ¥4UE A
UZ 9o & 4 9, A2 7 o 4409 A
AL 4z dEda & 4 o #8AE 3288 A
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A7io) - F&A - AHRE : FFol KA ZHE WAE

20T A&d ¥

sod 7158 GRT @ ohelE Hl
9ed A8 49, ¢ Al Wl o 6412

EH/*MI 9| &t '?rXﬂE]

A 5,
%°‘al ANG A3
ol dgdolZE FTEEY Fr %—7}; ‘3,}
ol O =¥ & Utk E A3At olHY X
of ¥l ojnlr $FOZ Q¥ FEEY F7 }-;: 3
o whalAN FEA 4ol 2AHE A
Ao 818%H (down regulation) ETIIL "31}5]0{7,‘15}.
Eg 7 F2REL 747 Bo| £4H9 AfsEe 77
9 FBEEL oL ¥ AXd HEcyr 47 2
=49 2A4g Jepdt &8 4 ok oA 5FRA
Az 4o WIHE A% Rojgy =¥ F Uk A4

E49, AWAEd Z48E adrenaline FAAH
(triglyceride) & Halate] A whak{fatty acid)& &g 3=

¥ glucagon® AWAES FLEHE 7 AAE 4o
th Hgo] o] F FTEEL O AEd dstdME AR
2 e g doyA oz 1 ¥ 4 Uk olH# I
g2 2502 AF EFRAIA HHL FFPAZA A
3 oo, AYsE EFFAA - A FEAS% Y2
2 EAduA S *E**UWL“’L =8 4 Uk

Crist et al, (1987)52 253 WMMM AF DA
W& AFAAE AHRYE, LUES g2 "*"‘E*L
& B As As=e -7}9+ A A Aol
A8 2, NK(Natural Killer) A7} 3718 de 9723E
WEstch

NKMZE Q7| B A Fgolt GHEE 2] AXE F
£ (phagocyte) 2.2 RN E AXEAN F88 HYHE
z9] shto|t} oW LT AFIE29 F7t9} NKA
Eo}e Zrtale €A Foll & AT AN thaf
MNE oldx Wgg AES WA Z¥oh EF Kappel
et al, (191) 59 AFAEE 502 ¢y JdHE A
$E& UYAOT epinephrine 3 NKME AZAAE
gale AYe stgov AF3ez $AH epinephrine
Eog 3 w3 A A 5eE AAHE
epinephrine® H1 2§ A AFHCZE T4 ¥ epinephrine
& 548 Fo3} 2FOE epinephrined] A€ Aol
NKA 27} Z71stgcs B38gict, §H8, Pederson et al,

we L

n\l

ool A 2F

(1989) 59 YFAEE 2 $FOE GAE A4y
3} 8] M4AdM e NK cel, lymphocytes 54 BHA
¥ 5S¢ un BAG A3 &34AFID NK cell
lymphocytes 5¢] HIMEs} F71808E HIsg o
ol H¢l, & $5F BANAY YEAAE o}H F&
3 w34 Raigch 28 Crist et al, (1987), Pederson
et al, (1989) Kappel et al, (1991) §¢ ®& A7AES
$EF AAdMAY AF3AAALE w3l 2ERY
QA fAgges AIsed, A @A
£ dolMz BP9 Aeg AzEdh Donald (1998)&
2o e $AA 3} AAL 2 A7 2
202 g 722 2dE AAsgT & 2528 ¢
g RNAS 284990 $71 insulin binding and MAP
Kinase signaling®.2 Aztgcaly A& W oa¢
AFARNE ¥4 AdsiAd, A574(1995) S oA
229 A717 AT ALEHAA AYI2EES A
2o zosid oY TEEESH g AE W !Ws}d
B AE Yo Eo& 32 %%% HE aﬂl
A wgA9 AfstA HL aw
& Yz EoitM BA & }spec:ﬁ gene)% %‘éﬁ
slo) E48 mRNAS 342 HAH(transcription)2 X
ﬂ‘;’flt’r &% mRNAY MEFZ 48 thf ribosome
EX guid g Aol YAFT olHT AT #
3 W 9 (trandation) 2+ =8tk ARZ 222 B4
ou ol QA g AMSe] 3229 7158 EHE
g2 =8k 238z A7 53 AR FeE
A% 2 $9 /= mRNASH X9 FY F7iE
olg g WMAUFOE /bty A4 4 YoKfig-10).
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Fig-10, Application established form of Hs
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o4& B Crist et al, (1987), Pederson et al, (1989)
Kappel et al, (1991) 59 §& 9¥AESS 53 HiA
Ao FZEARE Wil I2E A HE
oo A FAYERAHY FHNEE olfsly
AgEod 4 Aty AUt ¢ 97y 2 & 434
g FASIAY, $FOE U AAIEEY F7kE AE
go] AFT2EY $8A9 F/HE & A|A B g
323 £449 ARy 718 AEsA €d. & 3
AHQ AHygE 508 A% FE4A9 FkE A%
2R Z71E JHAE Holz, B B ©ES A4
¥ 4 SI=E, DNAS RNA 59 #A4E wWsA € R
olt}, ol M¥Y} oA PhosphorylationZ-go] 843
5lo], MAPkinased| #&°] #AAJA s, MAP
kinase: ZAMA 2 nudeustte] FANSL WHAA o
Q249 PA3E =0T AzisojAn

N. 3

L. PCR A3 9 Aol @ &53 FHEFEY

B3 aA AP AR

(1) 71749 AFA $502 BASE cardiac muscle
&} F%go] Falo, stroke volume EFHo] HE
Au2s 228 Y98 a3 FFE 4 4
T AN7159 FAAEYA ‘sports heart UAEE
EAMEEH Foyges 1F ¢ A A7A4
A9 32 FA4Ad HAZAEY g
{endothelial-1, ET-1) #32} ZH 229 mRNAY
ARFYFH Fibe] Asjold], ABFEY HE
Az viEgAoln, Hel QA EAPEGHC
2 fAX GHEYo] BAGHAHOE B3 A o
e AL ¢ 4 A

(2) 528 A AG7FY 7T ol AT
A wgoR s 508 A% glutamined] Fx 9
W7l Agrsifel B X9 DNA, RNA, Protein
o Bt F3 §A, W FFE nAge Rl
T3 AY &5 st A5E(overtrained athlete)
¢ 9 ME Yol glutamined] $Eof L F=
o, o2 Jf AxH EFolYLE: A% HYJF
o] ¢sfd &+ At etk vt Hdf AL A
Heke| 70% Volmax Lo £EL 237 HY

u

7189 MY glutamined AATL ZgAAA
DNA, RNA, Protein®] A3 <l -‘MS’% A S
ZYAL A2 7i5Ael AT &£ £ gt

2. PAGE A9 Aold @& 53 #HEIEY
B3BA B AL
(1) 2429 ZHMEE 53 &) E Z3, Myosin
Heavy Chain(MHC)oA ¢} o237 7ol 4w
oAl A e vAYZFoE, 528 g% 599
o7} AT & ke Aol &, FFH 29 294
9 {34 WstdolZt 4 F Y= Aol
(2) 522 2, 72U ZE 3 (enhancer modules) &,
DNA9A RNAY HAMIZE B2 FH H9dA
o ERAANN S/ AFE /M fAR HzE
Hol A & £ Qld= Aol
TFLE AF HAYMEEY &5 F ¥ 379
ZAE epinephrined] T2 F7iet Wosid A}
ool 4E Lo EAFH, ol EAREHAU H
A Yoz E $502 AF WA HE Y, A
¥ W3+ insulin binding and MAP Kinase
sgnaling®] F7F2 ¢1% DNA, RNASY A3 &
g ALk APHor FLEo F7L EE 4
&9 AFHE vebd 7H5Ael Atk

—
W
Qo

128
7+53(1998). A}, AF2HAL
373, o] E(1995). AelE, SE AL
&4(199). *25}5? LIE1R08 A
g 1Y 2.(1981) : Aol o 7%

oA E % ﬂh}*g\’—lﬁrﬁzl A15d, A1E.

Ozeki Haruo(1999). &t EA#S | 4T74H%
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