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The Effects of Aerospace Fitness Training on ACE Gene Polymorphism of KAFA Cadets 1n Body

Composition and Cardiorespiratory Fitness. Keun Soo Kim, Myung-Soo Koo and Jin-Hee Woo'*.

Korea

Air Force Academy, Chung-book, 363-849, Koren, Deparh;zent of Physical Education, Dong-A University, Busan,
604-714 Korea - The purpose of this study was to investigate the effect of 12 weeks of combined training
(aerobic/anaerobic training and space perception training) on changes in body composition (weight,
% body fat, % muscle mass, BMI, WHR) and cardiorespiratory fitness according to the ACE gene poly-
morphism (II: 7 men, ID: 8 men, DD: 6 men) in 21 senior Korea Air Force Academy cadets. The results
of this study were as follows: body composition factors among ACE gene polymorphism groups and
between pre-/post-training in all groups were not statistically significant. Cardiorespiratory fitness of
the II and ID groups was significantly lower after training (p <0.05). However, there was no statistically
significant difference between pre-/post-training in the DD. In conclusion, this study suggests that car-
diorespiratory fitness response to compound training may be affected by ACE genotypes.

Key words : Combined training, body composition, cardiorespiratory fitness, ACE gene polymorphism
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Table 1. Characteristics of subjects (Means+S.D.)

11 type D type DD type
Group (n=7) (n=§) (n=6)
Age (yr) 2139:017 21494021 22.25+1.14
Height (cm) 17354298 175.58+4.74 173.50+3.42
Weight (kg) 71164620 741241766 74.65+13.99
BMI (m*/kg) 23641173 23981140 2471396
Yomek (ml/kg/min) 57674244  59.6642.32  55.6042.40

%, o) 3 Ealt} treadmill AALS 2% L)HA £ E 25
mph, 3.4 mph, 42 mph 2 5.0 mph® Z7}A)7]& Wi o]t}
1500 m 22)7]E 400 m 529 §A Edo A AAeen

2 1/100 % ©@9]9] stop watchZ 01 % @971 =735}
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ACE 73Xt CHeY 24

Genomic DNA F22 10 ml¢] @& ddozXEE DNA
isolation kit (Gentra Genomic DNA purification Kit,
Minneapolis MN)E o] &3}l A|ZAl7E A|A]$E protocol
(sodium dodecyl sulfate(SDS)-proteinase K HF#)of| ulg} &
39t Az H DNAE TE $+%89(10 mM Tris, pH 8.0, 1
mM EDTA) = BT Z750 5o £4REAR 558
2R3 & 4°Coll BAst gt 284 dguk-3(polymerase
chain reaction: PCR)& primer
enzyme gened] 53%-& 9|3 /\}ﬁ@ primer+ Rigat F©] 1St
3k oligonucleotide s A|2t, FAste] ALE3IAT £ poly-
morphism&] primer sequences= sense: 5'-CTGGAGACCAC
TCCCATCCTTTCT-3'. antisense: 5'-ATGTGGCCATCACAT
TCGTCAGAT-3'o|th. PCRS £3 ACE §87f ZE 228
genomic DNAE $gE2 AHREE o8t i S5
Zth. 23 genomic DNA 1 ulo| Taq DNA polymerase 2.5
units, H-3ke] primerS z}7} 200 plH Al £t wHSSE
L3} 717} 200 pl = A dATP, dTTP, dGTP, dCTPE #7}5}
o & He 3 SHRFE F 100 HIQ A 243 3 mineral oil&
Qo). o] whg- E3HES PCR cycler (OmniGene HYBRID
Co, UK)oll i1 94°CollA] 5 &7t 7k st & tha] 95°Cof A
1 %7} denaturation, 58°Co|A] 1 £7} annealing, 72°Coj| A
2 £7F extensionA] 7] 3L ©] 3}4& 35 3| HHE AJgsto] <AL
HA AEELE FEANZT £ZFH PCR products 2%
agarose gelo] loadingdle] M 7)19% S 4335 5 EtBR &4
ko7 AAEH. o]F gel T& UV transilluminatordl] A
Polaroid® 293 %, band 2o w2} ACE 4384 T34
S AA-AY §A A (T genotype), 4Y-A¢ #AAF(ID
genotype), Z¢-A<> 443 (DD genotype) Al 7HA 2 #=

Stk B= A& Fig. 13 2ok
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Fig. 1. The result of ACE genotypes.
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Table 2. Combined exercise training program
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Exercise Exercise Exercise Exercise Exercise
mode component order time  intensity
. Warm-up Stretching 10 min
f;;rg;lc Main exercise ~ Running 30 min 80%THR
& Cool-down Stretching 10 min
Warm-up Stretching 10 min
Bench press
Lat pull down
Military press
Arm curl
Resistance , , . . Leg p eSS . 80%
. Main exercise  Leg raise 70 min
training 1-RM
Squat
Leg extension
Leg curl
Sit up
Neck exercise
Cool-down Stretching
Warm-up Stretching 10 min
bot
Ct)rraiiifn Main exercise ~ Orbotron 15 min 35 rpm
& Cool-down Stretching 10 min
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ACE 494 th4 ers 23 Edlold 4 - 59 A3,
AL, 2542, BMI, 181 WHRe| gt Johi} 23
A7] 7te] Apolg Loti7] $isto] two-way ANOVAE 44|
@ Ak, ACE $240 4 Mt 24 A7) 79 Jaatg
£3E e 9. 12 77 B Edold -5 3
@ 2t ojg WdEY Hatd g AolE AAsr] fsto]
one-way ANOVAES A& A, T A7] 2% 3 J¢ 7]
EAHCE 98 Aol JER}A ghgten, 7 Ao &
& EHold A7ld W Aolg HAe7] flsto] paired
sample t-testS AAS 23, 3 AY BF EFold A - %
A7) 2l EANEE $ol8 Aol ehbAl e

@0, ACE §404 084 908 B9 Edold 4 - 7
AR A7 wals dolry) gste] AT YA F
& Efoly A II, ID, DD genotype groupE Alo]o] -#-2]3tH
zhol= R A T, EYold & 11, ID9} DD genotype group
Atolell o] &k 2Fol 7k A THp <0.05). 15 W A1l
Zpoli= 1, 1D genotype groupoll A 1% % %H(p<0.05), DD
genotype groupol A= 618 ol7h LhEEA] Sk, 1500
m 92l7] 7|2% AfNaAAF 92 Ao BYe 1
Elgb=d, 28 W A7l gk zkel= 119 ID genotype
groupo A f+oJ3HA 71 Fo] BEH Y om(p<0.05), 1§ 3t
Fold|A] s IDE AHol7 Y914 o 1§34 DD geno-
type group Abojd] FAHCE fJe Aelzk USitk(p<
0.05)(Table 3).
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Table 3. The changes of body composition & cardiorespiratory fitness (Mean+SD)

Gr MeantS.D t Fvalue
oups anTo.
P P Period Group  post-hoc
Before 71.1646.20
I After 70464527 1.287 0.268
Body weight Before 74.12+7.66
) D e 3581720 0.733 0.497 0.098 0.393 ;
Before 74.65113.99
DD After 72.85:11.97 1.626 0202
Before 16.90+£3.91
I After 15.40+3.39 2504 0.063
BO?; )fat D i‘ﬁge 1235331 0530 0,619 0560 1106 )
Before 20.08+7.09
DD After 18.20+5.94 3163 0051
Before 47.58+2.84
n After 18484247 -25% 0065
MF;EIE D iefge i;g;igi -0.600 0.575 0.606 1.362 -
Before 45.73+3.42
DD After 46.82.79 -3.161 0051
Before 23.64+1.73
1 After 23.4041.50 1.3% 0235
BMI Before 23.98+1.40
kg /) D e 8139 0.682 0526 0.148 0.362 ;
Before 24.70+3.96
bD After 24154333 1.561 0.216
Before 0.83+0.03
I After 0.81+0.02 2013 0.102
WHR D i‘}ig;e ggﬁggg 2,000 0.102 1197 0.977 ;
Before 0.85:0.06
DD After 0.83+0.04 2333 0102
Before 57.6712.44° .
U After 59.70+2.31° 3540 0.000
(mljﬁg;ﬂfmn) D iefge Z?g%%b 1100 0001 3847 13653 IDII>DD
Before 55.6012.40
DD After 56.1311.82 154 0184
Before 332.616.7° «
I After 325.819.4° 3721 0.020
1’50(()52) fun D i‘}ge ggggiiib 3727 0.014 4753 4075  DD>ILID
Before 3475+18.2
DD After 34321196 1.089 0.356

"p<0.05 significant difference, a,b : Before vs. After values. II: T genotype group, ID: ID genotype group, DD: DD genotype group

Q. ofefdt Avhs & A7olM AAF B EFolde] Al
Fo] glol 9o} ACE genotyped] we} to]7h thehtA] ¢
S P =3, AFd v R AAYE, BM],
WHRE 12 Z7F B3 Egjojy A - & = Al7] 2% 3 Ag
ol BAASE F Aok ehtA g3k ol2d 2
3 EF 2 AN AP BF Edoldol AAYE,

BMI, WHR¢] #i3}o] 9lo] ACE genotypeo] we} xfo]7} 1t
EhbA] ot onith AF7A AAzAGS #EE
AR e Ael 834 FAA th3 A (leptin receptor gene
polymorphism)o] 2 A-7E o] gri[5]. 1evt & AF 2
oA HE FAHLE Fo& Aole HEPHA 49dA
T Egold A AANEC] 7MY WY 33 AAEE



7Hg #9kd DD BF 3 £E0|UW DY Bt A2
Eo] gt 24 vt ol 23R E o FF A A
HE AAE 98 Efolds & wWe ACE gene poly-
morphism®= 1# 3o A wpe} AsE SEAY
S @ 4ot g AARE 2AS HEL 12 0 5
Egold A - & F A7) BF 3 g bl FAALE #9
g 2bole YERA ko, 3 Juk BT Efold A - §
A7) b= FAHOE F3 Aol 7t UEhAl %t L

AU, HIE SAACEE fofdtA FrhekAl F%AR, DD
genotype groupo| H i 1.07%, II genotype groupo] Hit
09% Z7}sto] ID genotype groupe] Mt 0.15% S 7FE )
o & 7S B

ey, B a7 29E Bl ¥ 0 12 5 B Egol
W T2 Y8 ACE genotypeo] whel AAZA | 24 uk
338t 9lew, /DD alleled] 538734 (homozygous)Z
ZHA L Qe AAITE AA A ] ‘ﬂﬁr"ﬂ Slo] Egold el T
£o 394 2348 92 4 AL AN T2 AT T
3} 7§ T2 2 o DD alleleE
JHA 2 Q= A alleleE 71A 1 Q& MART ¢ &
Edoly B A+ e Ao Yesi ey
Aol A AN He Efold TR AFHAE FH

o

AAzAS Edold A - ¥

O F AN Ao] oyt FEAHaL] FAS FHOF
A I} Aol Mo A2 o] Fasith uebA,
AFT2E A3 EFclde]l ACE genotyped] o] 53 H
i}?ﬂ](homozygous)% } A1 Yge AAZ Bt Egeld &

7} 24, 181 T H A (homozygous) Fo|H%= DD
alleleE 7}A)11 9 7Hx] 7} 1 alleleE 7}A 11 2}‘: A Bk
Egold a7t 244 dsfje F5 A7+E Bkl At
9T A% vk ARAT, AAEEAA 242 v
FAE 7] YA e AALE Ao dwA dgoz 9t
FAT Age i) 4o vehtol Uk ey & Aol
Me AARE 3T BTN FAE B FAAL
2 F3 Arole YEhA ggton, B3 EFold T2

W Fgo] AZY 2 Ay @4s 2Hsde 24
A7) WEol A vl&o] FostA FrkekAl Skt A
B H 1t} Baechled} Farle 2000)= 423 A& #¥317] 9
d A4 A% S Who2 AT BIE G
= 1.RM¢] 67% o]3he] 2812 12 3 o4 uHE(2~3 AE,
HE 230 % o3} FA)SHE Aol 2l S92l
B, 28-S A7) e A = 1-RMe] 86% o] 4ol s}
2 63] ol8) W6 AE, AE 2H2-5 & FA)sh= Aol

EHA ol dth & dFolAE
13] 1-RMe] 80% 7= 8~10 3 1

dolE Edlold s #
G AE )E}Sa‘ﬂr ol &
ZollA HolE EF oy A FAHE LA F Hl &0l thek ST
(Type 1) A+ 20%, FOG (Type La) A+ 4 %, FT (Type
l1b) At 40%zkar & w[2], & A9 fJo|E Edjold Z2

|
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o & HY #4S 2l &FF] FEHFATL A
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ACE fAA= 5 74 dddAt(allele)z  F-353}
(encoding)® = 9131, A A| 179230l Y3k 26 7] A&

(exton)& 24 21 kb % 9] 70|, 91E 2 (intron) 16 FukE
o 287 ¢ 7]*%(base pair)e] 4F¢(insertion, I allele)s} ZH<=
(deletion, D allele)e]l ]38 118, IDE, DD ¢ 3 7}#] F44}
t}& A (polymorphism)o] YeEPATH15]. 7t AAE 49 oY
AAte] &8 A A (homozygous)Ql 18, A& YA &
FHTA Y DD, 19} D9 o] g A F A (heterozygous)<] 1D
o] 3 7kA KA F & /HAE AUA EAl7]. o] F ¥
ACE €4 #3% #do] v Y2 stdie FE2
FEE S, Eest 53 4o 3

ﬁ]oﬂ/ﬂ =5 @EH% ACE gene l‘j_—*
TH T 14 1Tt} & 21 2Hallele)] W=7} = A[1,9]
Uehd vhd, powerE Q78 FE O ML AME D i
A 7Hellele)7} EA Yebtthn Basa QoH13]. 3 113
dr TEFPTHY e F4Y B2 VOmax F7}
[10,1219]5, DDE A =2 & 3H6]d 414 H]fﬂ[l‘l]
of RiEAth FFHNFES 54 te A8 HH &
H H

Fejd ACE gene X W& 278 55w 1 fﬂa
o1 zHallele) 2] BI=7} EA[1] eI H, powers Q18+
FE deadAe D gl allele)7t EA UebgTtha

BustoH13]. 12l Egold o] Ao thF Aol ME
oM A7 E5rdede] & T4 VOmaxe] F7t
7} ek [19], DDA £ 28 P46 #4140
t14)7h debstthr Bustgioh B4, w9& ez 10
2r9) Edlold A4 A3 LEA0] YD $AAYM
genorype)# AF-ZA< FAZF(ID genotype)S Ad I
AZAA el PITIRon, SIS FRAY gon
OtVPe)O A B @AEo] AE-AE 148 (DD genotype)
€AY JPAEETG AL ] 11 W) A vebd
ATH12].

B Q7oA ACE #8484 A8 B Edoly
A% ANATY WsE Fopul detel 25 A
/3282 DD genotype group2 EA|A <l 2to]7} $AA
ok, 119} ID genotype group Ed o] 3 Z7lH o] Yeluith
(p<0.05). T3} 1500 m &2]7] 7|28 3 ¢ BF Ef oy
A3k wael Beoly ¥ a8 Ao drytes, Yg
7ol = ID genotype group} DD genotype group?] 3t 7]
50| 2237 2 Aolg B F Hut 7l FAHCE {3
zte] 7 Vel thp<0.05). 28y} 1T genotype group}
ID/DD genotype group 7rolle BAFHOE F93 o]}

O,
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YEREA gt c1eja B3 Eglold A7) el A& 11/1D
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ST
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debted, olelg st B3 Edolde ACE Gene
Polymorphismel] et 41978 Wafe] chA| Wgeha
1o, I allele (TI/ID genotype group)E 7HA 2 e A7t
o £ Efolde E3E A& F e AN FaL ok
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g9 =2 gAY VOmaxe 2712 R Y th= Williams
2000)9] AH[19]9}, FA& WO E 10 F1he) Ey ol
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So)A §o)5HA) @45 2THe Montgomery 5(1998)2]
[12]9F dA)star giek. epAIgE, £ Aol A AH AT
ol ek Egold el 37t AA vebsted, ol dd
sl Efold A A FH @] ACSM (2005) 71E <]
FE 7] o olekal Boj i
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