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2 o EdForE 2T A A7) JEoA] ¥xpA] IS 51 poly(ethylene oxide)S o] 8-5}e FAI B
(Androgen receptor) F-31x}2] A &3F CAG HHE- w| g 2] ZolE &A st 5572l ¢X174 RF/Hae 111,
100bp step ladderE- ©]-8-3} o] non-linear regression analysisS &3+ 8194 2] 3F=r29] B¢l FAl 7} 8942 AHAHH
ol = A S 2T OE o], A Bl T2 E AR gene?] exon 19] CAG ¥HE- 5 A 3slgoh £4
Tl CAG HME- Zol: 24.97+2.6 range, 17-29)0]3, AR FAl-S 23.99+2 4(range, 18-29)°]t}. P 7k
0.01824(<0.05) F 252 A= BATHALE F5 & 4 9l= Aol & ellisich

FHo:  ZAR, A7) 4F, CAG W, &4

ABSTRACT. Capillary gel electrophoresis (CGE) with poly(ethylene oxide) has been applied to the measurement of
CAG repeat number in Androgen receptor (AR) gene related to male infertility. Non-linear regression analysis was per-
formed using the standard X174 RF/Hae III, 100bp step ladder DNA in order to investigate the exact number of CAG
repeat. For 79 Korean infertile males and 89 controls, CAG repeats at exon 1 in AR gene was compared and analyzed
by CGE. It turned out that CAG repeat numbers were 24.97+2.6 range, 17-29) for the infertile male, and 23.99+2.4
range, 18-29) for the control, respectively. P value (0.018) was less then 0.05, meaning that the result was statistically
meaningful.
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t=2 Al (Androgen)y> AAFE 9l AR} AYAtel] D4
Holm], I3hfF-o] k=2 A9 ZhAr AT e A
ABARS 712! Ao g tERAlL HARE
Z~H| E(testosterone) 12| 3L T3] Z2HAEAHE
(dihydrotestosterone)> FAde] W52} 2]3-2] A4l 7]
o] e fdgle] Hdk?
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BE == AL ot= 2 Al 484 (androgen receptor;
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syndrome(AIS)E Z17F3F 46XY Alsre] A9 wbd &
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ARZ XAAA S 71 Ze] Xql1-12 F-3ol $12]3}
] 2E| 2o = 84 superfamily$} 22 dYol 3
W8] F 715 49 L= F]o]3Ie}: transactivation domain,
DNA-binding domain, ligand-binding domain.* N-terminal
transactivation domain®l] = 27]2] ©}3 o] Ala) Al vlE-
190 CAGS} CGGE £33t CAG HHE: Z o] ¢]
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ataxia type 1), P]7}=-2A14 (Machado-Joseph disease
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o BABIIEE P A9 SGEE #4198 B4 F
X7} AL Joule GO MAY SR Qlsle] L& 7]-E7]9
W 3le} Gel #183 d4 o2 Relse] Hefzle . 1
2|3 SGE= AgHE A7) A71(50 Viem o] 3hE <l
slo] 2] Algte] ez AL o|H SGEE o] 43t
DNA Z o] 742 31} 10%e]/] |AAE et

2M 3 A A 7]9 F(Capillary gel electrophoresis;
CGEYS ¥l H22o] ATHSP] DNARH )
oA Fold T} Zu e wpgoleh w2
FHAE 7RO Z Joule & BEZOFE HAAA
= 9lom 2 E2 A7)AH500 Viem oAM= -
Holm 1= I3 SGE R} whE Feje} =2 2
R CLECE P PPRE S RIS
™ on-line 71&7]2A] Laser Induced Fluorescence(LIF)
£ o] 83 AE3HA = 1010 moled]] ©] 21" CGE
+= DNA sequencing,” A3+ 2 31 9] £-2] 2 Forensic ¥+
2] 2! polymerase chain reaction(PCR) product®] #&]%
& U1 E DNAEA ol 58532 3lHt CGEE= DNA
AREE whE S5 P o] 7hselal A= £2
W Eelsel vk el Ad?

9] poly(ethylene oxide)(PEO)= &
W2 7pet A5 ag-g sle] W] TH &
FE & A3 o] PEOE o] 43 T3 =
A AR 7l 3F <l 30 ol vk
oA £2% Hf ] o] FAIZF MEE F2 AVAS
veRd T st

R
ofh
K
He
_>;

> ol

X
n..., flo o e

Fe]§ A=2A PEOE T3t #2

-

Journal of the Korean Chemical Society



Analysis of Androgen Receptor Gene by Capillary Gel Eelectrophoresis 39
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< AFse

2 dTelME = FAES] P Y I A
ZHAR geneys CGEE o] §-3te] FA 3t WF- %
= DNA AHAES f o|F %= 3l non-linear
regression analysiss 33| A FAS A5l
om o] 5 Ed|E CAG M 5 T3] 54 =
Aell 3l ¥l skt
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Ak E AFel Alg5 4§ Alelyl 23 W
73 0] 75 um, £]73 o] 375 ym2_E polymicro Technologies
(phoenix, AZ, USA)|A F43lgdct. = windows
microtorch® Z&]o|v| = T8-S vlA W] F1]3HS]
o} ZM ] A ZHelE 30cmolw & Hol:=
22 cmelet. &5 & AA &7 Fol7hs ASS
2+ 0.5 mm(o) W= Z=(Aldrich Chemical Co.)& A}
£33t

1XTBE(89 mM Tris, 89 mM borate, 2 mM EDTA) <+
% 808 01317 918 A 22 4= Tris(hydroxymethyl)-
aminomethan(TRIZMA Base), Boric acid, ethylenedia-
minetetraacetate(EDTA), poly(ethylene oxide)(PEO, Mw=
8,000,000), (Sigma-Aldrich. Co., MO, USA)7} AF&-5]
21t} Monomeric intercalating dye<! ethidium bromide
(EB)(Sigma-Aldrich. Co., MO, USA)= 943 £of &
o 3pgmle] FEE Fof ARE3lie £ DNA A
#H A8 23 ®X174/DNA Hae 111, 100 bp step ladder
(all from takara Bio Inc. Co., Japan)E A}8-3}gich. A
2 F¢2 A9 531714 (electro kinetically M-S A}
Salgch E APl AER Ak £ 17 3
F(milli-Q reagent water system. USA)ol| o ARE-
st

DM E MY |HS o|N R & ZEY. IXTBE
W3 £o0-2 (20 um membrane(Advantec MFS, Inc.
Japan) AIR12] DE| & o] 8-3}e] L & g F A&-319]
o}, PEO - 40 ml2] 1xTBE ¥ of] PEO(Mw 8.000,000)
£ HA3] vshdA e PEO AS =& HA
L2 qlsle] 12471 o) wHE A7 i F ZFel]
A 7k2E A7 sk

PEOE o]&3te] RAR & 34 E843 A
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HAF7) Aol| AL 5.0 mM HCI(Sigma-Aldrich. Co.,
MO, USA)Z 30% 4% 4 H2lE 8% F 2Uak
Ssolgls PEO A 890 A3 33w A2l
£ ]33k 20-40% E3F AT ko= Hol Tt

= 7N 2] vialsoll 1XTBE buffers zHz 3 -9-31
A FES HEoh A 3] dEH o ¥
L o] F7] Sl3l 103 Foll Al=E F315 = DNA
A& -2 electrokinetically HPH 22 4kVell A 4%
7r o] Foixieh AF Foll 47 ZATS SFTE ©f
&3] 153087 A7 F H2E 2RA gels ¥
> ez AYA AR

217193541 9] electric field strength”} 180 V/em=
High-voltage power supply(-30 kV, Spellman, NY, USA)
7} A}8-=]21 e} DNA labeling dye?! ethidium bromide
= excitation 3}7] $138}ed 543.6 nme] IH}AL 7FA
5 mW<] He-Ne laser(Edmund Scientific Co., NJ, USA)
7t AHEE S laser W o] AFREE 2] 918 7 7R
RG610 optical filterE AH8-31e. 33 A3 10X
microscope objective(Nikon, japan)S $3}e] 4% = o]
Photomultiplier module(H5784-02, Hamamatsu, Shinzuka,
japan)E 71 & ¥}E low-pass filterE 53 A/D interface
board(LabView, National instruments Co., TX, USA)Z
214 2o}, High-voltage power supply2] #o]$} data
collection> 7HzZ LabView T2 133} IBM 3.3+
AFEE A

Y B MINGE. 25 A 57" =27] SRS v
TE 317] 98l 2% agarose gel#} 0.5 X TBE buffers
o] 8-3}o§ Mupid-aw gel electrophoresis(Advance, Japan)
L2 A719EE AT A7 5 £FA 8
®X174/DNA Hae 111(64 ng/ul) 2} 100bp step ladder(65
ngulyE 742 2 ¥ FYET 100 Vol A 4032 5
oF AA] 393 AL, gel#} bufferell = ethidium-bromideZ
i AA #7455 st 45 € gels UV
Transilluminator(320 nm 3¢} CCD 7} etz 23
stdet. A71°dF © 99| 37]% Genescan 21
2 (Genotyper 2.1, ABI, Foster city, CA, USA)E |8
she] AR}

EXtet = 8172 B4 FA 7 899 A &
419] AR gene PCR product= ®5F CHA 34,
Pochon CHA University(Seoul, Korea)ol| 4] 52| 3}ol|
AgHkeke.
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o] 9] t}o] ol (mean + SD: 32.7 + 3.2 years)2] 2% &
AL Az s oz AX) e 81 o] By
B 22 e AT APAlA M EfH T
A Y GAA v AAE FAEE SAE A
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5709 o} (subtype) > 2 EFIA FAHAS
(azoospermia), A &F 8] A~ A R}Zx(severe oligozoospermia),
OAT ¥ (oligoasthenoteratozoospermia), A &+ OAT
ST (severe OAT)$} 713 A 215 (teratozoospermia).
FAAFTL v A AR Aol EEF gl A|
W el A 24 (including assessment of sperm volume,
PH and evaluation of fructose concentration), o3}
ko] Fuje} avge] A PYriz A= . 891
o] A2k Ql A2 264 ol Al 714 Abe] 2] vhe] Bl (mean
£SD: 43.5+£8.7 years)& 7FX|™ 3 o]Ale] xS
7H 2 15l

XA 2M. A=} A2 World Health Organization
(WHO 1999)¢} Kruger et al(Kruger et al., 1896)2] *]
Aol whel JAsH TR, vH A B
AEE A Y oo B3l 60 A
253 17799 A3 OAl F5-<(a sperm count of
<5x10%mL, a progressive motility of <10% and a

proportion of <4% with normal morphology), 174 <]
OATZ-F-7-(OAT; a disturbance of all the three variables),
1959] A8} 3] & A RFE(<1x10%mL), L8] 12 25 2] 7]
3] A }5(<14% spermatozoa with normal morphology)
22 7 He o] A¥ S EF g5 CHA General
Hospitalel| 4] 423 3}<3 0},

MEZSHE Yy M OlM 2 24 M2 4
3 A wiekd JZT A ES] AR S 9A
A P 812 B4 EA F 65> A
31 3 (karyotype)(46. XY)= 7M. wIA4H < <
AR 7HAE 27999 A Tl 187 46XY
A2l 7} Yq A4, 89] 47XXY, 123 159] 47XY
Sz Yq 24 Tl 22 SloA] DNA
£ F% dldA multi-PCREPH 2.2 319 SRYS} 12
sequence-tagged site(STSs)S &3l Y 44 A9 13
lociZ primersZ2A FZ3}9 o}

Androgen 83X f8XI2| CAG HH= 20| 24,
PCRHMS- &3] 7441 50 mM KCL 4 mM MgCl.
0.5 mM dNTPs, 5 mMTris-HCI, 1U2] Taq polymerase
+ Takara2¥8] 79 3o AHgsiole. ARS] 34 3}
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27} sl f4AF 99l CAG ¥ H2-S primer
forward(5'-TCCAGAATCTGTTCCAGAGCGTGC) ¢}t
reverse(5-GCTGTGAAGGTTG-CTGTTCCTCAT)Z o] &
slo] FFg o} PCR Z2 232 Yubz 02 95°C
denaturation 40%, 67°C annealing 40%o°]™, 72°C
extension 2324 353] 4=3)3}93}. Running sample<]
27] A4S $138ke] 2.5 pl2] PCR product £} 50 ng/ml
50 BF A8 OX174/Haelll 2.5 pis E3Ha}e]
FH)8k ok A A 2FeE CGE systems o] 83} &
3t A EE 27 H2 B deler, ¥ HES
o] &3led A FE ZAE39th DNAY =75 AAks}
7] #1814 origin 7.5 software(origin lab CO., Northampton,
MA, USA))E AH8-315i .

AR CAG HHFAA 27]& &E A8E 32 3
o AA FAE Hdsle] AAkslade.

SH 24, B4 FAT A 2 Abel9] CAG
HHE-2] I £~ two-sample independent t-test H] T
st 2 Foll B A o3-S two-sample
independent t-test 5= Mann-Whitney U testS 55}
vl sldch BAA FAoll= SPSS software, version
12(SPSS Corp., Chicago, ILy} AH¢ Hgloen, 2=
ZA 3= meanstSDEA YERYSE. F 25 Aleld
data Z2}2] AA M= T-estE o] §3Fe] CAG HHE-
9] F-& vty Pk <0.05¢ W FAAoR
o] sk gttt
A o nE

Fig. 1914 0.5%-2%2] Thokst %0 PEOS ARE-
3le] 5 A2l ®X174 RF/Hae 1112} PCR A|BE
£ skdvhFig 1). ¥ PEO FXEol|A B} p2
oS ot o FAIE v AR eh(Fig 1).
PCR A| &3= 281bpe} 310bpAte]e] Z ol & 7kx|w, &
ZE 213 A9 PEO $E+E 1.5%(w/v)el L 202
ool BE Hej7} o] Fo] et

CGEE °]-4-3 DNA Z7] &4 A S doli
7] 8l8le] FFA15.¢l 100bp step ladderoll A 27}
200 bp, 300 bp, 600 bpS 2Z3}e], T2 A 22l GX174
RF/Hae 119} 7] #2] 3te] ZolE FA 3l

Fig. 2914 300 bpe] EE A8 275 &4 38
7] $13} electriopherogram®- 2 €] 35 A] 83 ©X174
RF/Hae 111] electrophoretic ©]5%5 ©]£3}e] non-
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Fig. 1. Influence of PEO concentration on the separation
efficiency of a ®X174 RF/Hae lll. PEO concentration: a)
0.5%; b) 1.5%; c) 2.0%. Conditions: run buffer, 3 ug/nL
ethidium bromide in 1XTBE; Electric field strength, 180 V/cm;
Sample injection, 4 kV for 4s; Capillary, PEO coated capil-
lary, 30 cmx75 um ID(22 cm to the detection).

linear regression analysis& E3Fe] 744 FA1C] g
A& sk AA FA9 regression FA -
y=0.00017¢"2%7%701(0,00011(coefficient of determination,
R’=0.9985)°|™, y= PCR A| 89| A7] 9§53 o]F%
o)L x¥= EF A& 300bpe] 2715 AT 7] 4
o] Frolt}h. 9]9] Alell 23t 300 bpe] =B SAF
2 299 bpal A 22 epgT)

Fig. 3= CGE$} SGE7Fe] =7] &4 7S »|ws)
7] $13ke] SGEE °]-&-3te] &F A8l 100 bp step
ladder, ®X174 RF/Hae IIE- A7]9J -8 AlA| 3}l
Genescan Z 2 138 o] 83}o] ®X174 RF/Hae llIE
33 A B Z 3}ed 100 bp step ladder?] 200 bp, 300 bp,
600 bpe] =7] FAE Y3t

Table 1914 CGE2} SGEE- ©]-8-3}e] 200 bp, 300 bp,
600 bp 27+ Z7] A& 3hed AAksE e e
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stk 200 bpe] B A BE CGER 243 2=} 200 bp
2 A7 o}, SGER £A8 A3} 208 bp=
8bpel ztolE 7HA= ALz yElylth SGEAME
600 bpoll A= B}k @2 19bpe] 2}po]E HeJFar 9]
o} AR e 2 CGEZ} SGEMT} whE Be]E Hglo
o, A HelAM = IR 4 gt A= el
TRE 3 292 37]2] dAate] ukE3sle] F7|ale]
7= Ao 7] wtel 23] SleiMe A2t
7] EH7ke] AlAke] R =E Jo) o] AFdME=
CGE7} A &3 23 AR gene2] CAG ¥HE- Zo]
FA &3t A& & 5 el

8179 &4 FAEF 8959 Akl HAEY AR
gene?] CAG H¥HE- Zo]E CGEE %3l DNA =75
=7 319} AR gene ol M B EY F=IFE2 CAG
v 778 PCRE o83l 533t F &5 X84
®X174 RF/Hae 111 50 ng/plE 2H2 19 12 E3sled
EA A A7)dF5E A sk

Fig. 49| electropherogram®- 2 €] CAG HHE- Z o]
o] AAte 913 Z7ke] DNA HHE2] 7] e o
g A7) JFH ol FEE Tl HA FAE WEH
X A|8¢l dX174 RF/Haellle] A7) 54 o|%F

£ o]-£-3}o] non-linear regression analysisS &3}
AR FA9] &4 A1 2k HA FA49] regression
g A2 y=0.00017¢20455910 0001 (coefficient of
determination, R>=0.9989)°]™, y3= PCR A]£.2] %17]
dEH ol Tl xE EF AR 300bpe] Z7E
ZA8E 47] 2] ol 91 ARl LA Fig 4
2] PCR A|89] 9714 == 297 bpe|}. wl2kA] PCR
primer forward$®} reverse®} CAG HHE-7-71 o] 2]9] -
FQ2bp)yE WE F 322 ey ukE o E 7
4 9loh. 2 23} PCR A 82] CAG ¥HE- %+ 258}
= AL o 5 9l

817 2] 4 FA 892 Al HAI ] AR gene
o] CAG HHE-2| Ho| & H-* 2 2 v waly v} F
el CAG "S- Z o] 24.91+2 4(range, 18-29)2] &
DA T 23.99+2.6(range, 29)2] AAFQ FAHLoE
el T 2F Ale] 2] (P=0.018<0.05) EA o=
5 & 5 e Aol & el ATk (Tuble 2).

a3 BT AR S A obeEe
CAG HH- 49| Htgh-& vl 3l oH(Table 2). CAG
HhE o] Pigke] FAH 84 224 = 4
T4 ] FA A} (Azoospermai) T15(24.88+2.4(range,
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Fig. 2. Electrophoretic separation of standard sample (300 bp). Condition: DNA Marker and sample, DNA standard marker
(®X174 RF/Hae 111, 25 ng/ul) plus the 300bp; run buffer, 3 pg/nL. ethidium bromide in 1XTBE; Electric field strength, 180 V/cm;
Sample injection, 4 kV for 4s; Capillary, PEO coated capillary, 30 cmx75 pm 1D(22 cm to the detection); sieving matrix, 1.5%
PEO(Mw 8,000,000). Peak assignments, 1=72 bp. 2=118 bp. 3=194 bp. 4=234 bp. 5=271 bp. 6=281 bp. 7=310 bp. 8=603 bp. 9=872

bp. 10=1078 bp. 11=1353.

1 2 3 4

Fig. 3. Slab gel electrophoresis. standard marker 1,3=100 bp
step ladder, 2,4=®X174 RF/Hae I11. Conditions: 0.5 X TBE,
2.0% agarose gel, running voltage: 100 V, concentration;
®X174 RF/Hae 11l 64 ng/ul, 100 bp step ladder 65 ng/ul,
loading volume; 2 ul, gel image instrument; Mupid+o.

18-29), P=0.038<0.05)°l| 9t Rgjom] o}E o}53] 1
B2 3Tk A3 OATZEF-F(severe OAT) ZL5(25.00
+2.5(range, 20-28), P=0.132>0.05)> EA &2l 24 o
vrehA] ebskeh. Al g 84 A A (severe oligozoospermia)
25 oS 2wl vls vk 3l A

AAM o2 2 &3] FHe oF 2~12%% =71 A3
AAHEE Bolw o]F Al Axrt B dAdel os
o] Fol A =] o] Lol FEst AAE WEA
T3 34 AAF o7 F2 AAE A A
T3 FARS ] 7] WEolvh =] BdA 1
2 AR A3 FAREH A% OATEFo] d
= A BTk (Table 2).

A F7HA] B in-vitro T4 CAG HH5- Zeo] g}
AR 7] Atelol] whlEA AAE FHEAC o=
AR gene?] A7l CAG ¥HE- &3bo] Ho| &4 7]
&2 AAdA-Ql A fdcle] 7] wWjFol?

£ ofAletAQl AZFEE Q17 H9], AR gene?]
28 HHE- o] A}e] CAGH YL 7M1+ 3= AL ¥
48] 7has 1jle] vl B} v el o] Fgk

=3} Australian®, Japanese', American® Z12] 37 French'*¢l
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Table 1. CGE$} SGE 9] =7] &4 #}e].

Capillary Gel Electrophoresis (CGE)

Slab Gel Electrophoresis (SGE)

bp

Sizing(bp) Difterence(bp) Sizing(bp) Difterence(bp)
200 200 208 8
300 299 307 7
600 601 619 19
2.0x10°
z
3 1.0 g 1.6x10°4
< g
> £
% ] % 1.2x10*
k<
[0}
2 .
9 8.0x10 400 800 1200
g 05 = Fragment size(bp)
_g PCR product
[T
Y . h A — UU_
I T T T T
10 15 20

Time(min)

Fig. 4. Electrophoretic separation of PCR product associated with Idiopathic Male Infertility. Condition: DNA Marker and sam-
ple, DNA standard marker (®X174/Hae 111, 25 ng/ul) plus the PCR product; run buffer, 3 pg/nL ethidium bromide in IXTBE;
Electric field strength, 180 V/cm; Sample injection, 4 kV for 4s; Capillary, PEO coated capillary, 30 cm x 75 um ID (22 ¢cm

to the detection); sieving matrix, 1.5% PEO (Mw 8,000,000).

TFollA =G ow, 7 HellA B4 A 5EA
FAAS £x 34 HAFE FAgH R Al
FAHT 7] CAG HHE 939 7px1d). 23] HellA
8l 71 CAG %92 2] AR®| F5A4S Ha
A7), A2} 334 ] Zhael GAAEUS T Fe]
ks RS A 5 ek

o2 FE] ATl ZHzte] xfolo] gl
EEHskARE 9EA o4 kS 7R Alew v
bt

Fig. 5= gH=rele] A Aelql
9] CAG HHE- ZH o] & vt Ze|v}

ARz B4 FAdo] A FA R CAG 4t

2006, Vol. 50, No. 1

I
(i)
o,
N
)
fﬁ
o
12
2
>
e
o
r{%
[
i
rlr
o%
oo
o
e
pats
e

o] Ao A 2= 3= 8192 B FAd 7 89
o] Y27 FdAH ez vuslgen, FA%HA F
L3 X}o|(P=0.018, Table 2)Z Hokv} 2]x £
w9 oA R}l FAARSS] CAG HEE A olellA
= EAA R FQ 3 2}o| 5 B THP=0.038, Tuble 2).

2 A7olA Z-= 35919 AR gene®] CAG HHE
ZelE th& ¥ W3 Singapore Chinese
(Mean(range); 25.40(14-31))"?, UK(Mean(range); 25.00
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Table 2. The CAG repeat numbers of the AR gene in infertile males with five different subtypes(meantSD).

No. of person Mean of CAG Repeat (mean+SD) range P

Fertile males 89 23.99+£2.6 17-29

Infertile males 81 2491+2.4 18-29 0.018*

Subtype of Infertile Males

Azoospermia 60 24 88+2.4 18-29 0.038*
OAT 1 24.33

Severe OAT 17 25.00£2.5 20-28 0.132°
Teratozoospermia 2 24.00 22-25

Severe Oligozoospermia 1 27.33

*The CAG repeat number between the fertile and infertile males by T-test.
*The CAG repeat number of the five different subtypes of the infertile males with the fertile males as tested for by T-test and

Mann-Whitney U test.

O Fertile
M |nfertile

Males(n)

17 18

19 20 21 22 23 24 25 26 27 28 29

No. of CAG repeats

Fig. 5. Androgen receptor CAG allele distribution in normal
fertile and infertile man.
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