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ABSTRACT

Guanidinoacetate N-methyltransferase (GAMT) catalyzes the last step of creatine biosynthesis and
the resultant creatine plays an important role in cellular energy metabolism. GAMT is mainly found in
liver, kidney as well as testis and epididymis. We have localized the site of creatine biosynthesis in
mouse epididymis by immunoperoxidase staining of GAMT using anti-GAMT antibody. GAMT is exten-
sively expressed in the microvilli of epididymal epithelial cells and also expressed weakly in-the cyto-
plasm of the cells. The staining of GAMT was most prominent in the microvilli of proximal caput epi-
didymis and the intensity was progressively diminished as the epididymal tubule proceeds toward caudal
part, The result suggests that GAMT or Cr might be involved in sperm function and /or maturation
process in epididymis.
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Creatine (Cr) 3} phosphocreatine (PCr)& 2‘&1-’}‘—%—4

B9 AX AUAALA FaF HEE 3t SEE
2 creatine kinase (CK) 9] mi7]o)) oJate] s1o]1ix]
AutstgrE e A%, AFFEE e AR A4 H
it} (Watts, 1973; Walker, 1979). wa}A creatine
7} phosphocreatine £3] A¥ U oz a7k

HEol s AXE, & 257 NAAE Bl Zo] EA)
3t At} (Beis & Newsholme, 1975; Ennor &
Morrison, 1958; Marescau et al., 1992). 3 H<
AXF9 AN A xfde) Cra} PCro] &2
FEE EAsn ke Mol RuH Tt (Lee e
al,, 1988; Lee et al., 1991). & E9f vl$2:9 Ay
AAef & 5.6 umol /g 5] PCrat 22.8 umol /g
F9 Cro] EA3H, 53] o] Adalde] PCre A=
Sjold PCro] &AMl FYd A2 ¥elA QAo
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(Lee et al., 1988). o]&}3t Bl o] Cr /PCro|
%248 androgend] 95l ZHHAT (Lee et al,
1991). & 589 4 AR % Cro] £A st
AL o Axe A AUew (Bodansky, 1935;
Navon et al., 1985), o}ol= Cr& o1& ¥ 9] A7hy
AEA) EAdhs Aoz FAHT At (Lee et
al., 1983). H& o} 77] ol& AW S Cro]
te Aol tiste W] gl R QAN olE
oA Cri} PCre] EAle ol€ 3hghEo] $4444
717 BAT Aol UL 7S ARkt ok
FAFAA Cre F BAS Fawgo) g3ty g4
"ok (Walker, 1979). 3&l @Al A arginine?] gu-

anidino”|7} glycine® & £7A guanidinoacetate

3|
=z

A5 o] w22 Larginine:glycine amidinotran-
sferase (transamidinase; EC 2.1.4.1)¢] 9]ste] Zv)
). F WA dA A S-adenosylmethionine : guani-
dinocacetate N-methyltransferase (GAMT; EC 2.1.
1.2.)l 25t guanidinoacetate’} methylation® o]
Cr& 43 Cr AR 2 71 AR, A% 5
oA dojupr Cr& 713 ®ol Axste 2429 4%
Zo M= Crol A=A ket (Walker, 1979).
A FRE Crd gutH oz P/E Fabof Cro] Hag
71#o 2 o)F3ta, o] oA Cr transporterd] ¢]3}
o &7, AHgEE AR 49A Ao 2y dE =
s gy AN EY NEEL AR Cr
& FAstd o2 AR Evlste ez Azt
olgg AMle Crg fAste HFTUAY Fad
GAMTH A R td#Foz EAsin o]Fo
49} Sertoli celld A 40| AajA Lo EA)5to]
2 Agdd st BuHEA G AA HAG (Lee
et al., 1994). B AN E BZ LA tlko s uhy
g1 e GAMTE dodzxgehiygos ¢ 4
#ate Cr o] dojube F-918 &lstna sk
3 A, 53] FAL FE AR AR nMFE
(microvilli) |l GAMT7} 23] 28HA GAs &
gt

ol

o]
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A&3 ICR £vle-2 (14~16 74, HIAIEER)
Sprando (1990)9 Woz #FA w134 15
74l heparin 130 unit$ = 725448t 20 mg /ml
zymlazine® 100 mg /ml9] ketamine$ 1:12 34
NG & U FASIY sl E FEsih FES
ZA2¥A HAMN3 = PBS (phosphate-buffered
saline, 2mM EDTA, pH 7.2)& #A4dg #AFA 91
FAEE ANt o] Ete s E At g
o] ¢33} PBSE A2 w7tx] B#7E & F oF 150
mle] AN R A F 158 BFE ALsa.
1ML 0.1 M NaCacodylate, pH 7.3, 0.1% glu-
taraldehyde, 4% paraformaldehyde®] %48 A}&3}
ek Wi st & agH oz AT
WA B =g F317% (postfixation) AlZTh, o] % i1
FH 24ES dry ice-ethanol %o Wz+d isopen-
taned| @10 dElx, —70Co B3 AA

[} h =y
< MEAT

=
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ZAAAL —27C 9 cryostato A 12 ym FAE A
wate] Qi W AHES gelatin® 2 Y93 slide
o Hod dFen —70c RastAhyt Aol AL
aTh =9 Fetoln HH 92 23489 PBSE ¥
ol 1 ¥ 99 Pap-pen (Daido Sangyo Co.,
Japan) 2.2 9¢ 138 AlekSo] Wizl g sl
A&l EES 0.25% H2atra-PBSHo 3082
v gste] WA peroxidase® E-&3HA17)1 PBSE 5
¥ 39 AAHE - 4ColA B (blocking sol-
ution, 10% normal goat serum, 0.2% Triton X-100
ol £od= PBS)ol| BAIEE wisted 22184 9] ¥)
Sold AEHAE ¥4 (blocking) sttt 249 &
HES rabbit anti-pig GAMT antibody (affinity-
purified; Ogawa et al., 1988) & 20} 76 mg /ml
o) FRE 5 SoAo) A 4A]7THE < Aol A wl ¥l
o hEFL 100 mg /mle] normal rabbit 1gG (af-
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finity-purified, Zymed)oll & A7t sj<3ld et wj
¥F &elol=ES PBSE 1087y 39 A¥sa U
A 22}8k4|¢l goat anti-rabbit [gG-HRP conjugate
(Bio-Rad) & &4 1:10008 843 8o de
oA 1A F B & A] PBSE 58714 39
MABaL vp o g2 FA oz 582 HHEYy, o
% &elo]= 5% diaminobenzidine (DAB, Kirkegard
& Perry Laboratories) &%) 1587 gt10] whA &)
7192 toluidine &2 2%7 i 2E M3 3 PBSE A
2 5}e] Fluoromount-G (Fisher) 2 %9¢)3te] #35+d
o7 ol @A dAgA ] GAMT g
Eol4de ojn BuKr} (Ogawa et al., 1988; Lee
et al, 1994). 583 AFe] gle F BE AF2

Sigmadl A 43kt

ARER A9FE =
F uA§RE FEo] 43 g 4l
o E79 A4 HASZEUS 1AFA R A O
ZrNME A3 olzfst dHo] ATt (Fig. 1A). v)
Algr e 43 g8 Fig. 2B9] 4004 ujg AR
oA H& F3lo] #EF 4 Ao IA A dE2E
o MAFE REAME 3 gao] Hx ¥U
(Fig. 2A). AAAZ] AT HoMxE oA A%
A e obthe] gAnkge] gldrt (Fig. 2B). ¢+
AE (interstitial cells)ol A= o}5+ n] k3t whg-o] g
A2k ol g THAM T W RPN E #EE
= o2 Hol HEo[HQ] whgog AztEn} (Fig.
2A% 2B). WAl§Re] FMe RAL nRE ZpE
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47 oseler ol 2AAoR vAgRe B
Y} nRE 242 GRAE A3 A B,
Fig. 3A (10040) 9} 3B (40000) & #F4 w9
WG ANOR WE B3 e v g, ols) g
A ok GANSS BAY 5 AT B FIHE
Wzl E BHEEA) e ok Aairgo] e
U ole] ZabAl wgahe nAgRe AU

AR EJAA &= 82514 9o} (Fig. 3B).
-,

e FAMEE SHAREAA 1 g7} A1
Fo1 REMY (stereocilia) s £ $E vA§

T IAREdA 7 & dgd o] 9t (Reid and
Cleland, 1957). Z2efu} ¥4 AR EFH vy £
2 24 AHAEY Fole A dolxy nAgr
T I gol7h Yotk wAlgEE AU xe] B
€ A FTNFELERN FEA e} Bl Alo)o] B
Jo|Fo] &ts] dolUeE Fi 2oz 4od i,
olei gt vl A§E GAMTY} FHEH0 H3H Qe
Aog wol FALo M Cr L e FA¥
o mA RN dojitz glon o)gA FAH Cre
opite B 2 BulE e o F5F

AL APde] HAR Cro] EAeteA] oRre 1
5o A Fou, Fhd= vk Cro] EAjste
Aoz 4eiA A1 o] Cre oprl M #7 (semin-
iferous tubule lumen) Wol] EA)3l= Ao 2 AzrEc}
(Lee et al., 1988). GAMT7} A4 9] Sertoli cell=
ZA ez A W Cre Sertoli celloll A &3t
AL g BT} (Lee ef al.,, 1994). 8|28 A4
S8 AN EE (Sertoli cell?} Y4 A4 )L
2T Cre 348 + e 582 79, waby vy
AL AR FAE Cro] ¥ Y= Bujdg
A AAMEE GaoA AR B Aol Ao
dold 74X &Aooz Cri} H2slw gy o] |
o 39 rhe2o Yeo] FHAINE e Cr
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Fig. 1. Immunoperoxidase localization of GAMT in
caput epididymis ( x 100).
The tissue slides were incubated either in normal rabbit
IgG (A) or in anti-GAMT antibody (B) and processed for
the immunoperoxidase detection as described in Materials
and Methods. The immunostained slides were counters-
tained with toluidine, Symbols: 1, proximal caput
epididymal region; 2, distal caput epididymal region:

arrows, epithelial cells; arrowheads, microvilli; stars, in-

terstitial tissues; asterisks, sperm cells in the lumen;
open arrows, microvilli sloughed from the epithelium,
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Fig. 2. Immunoperoxidase localization of GAMT in
proximal caput epididymis ( x 400).
The experimental procedure is same as described in Fig.
1. A: slide incubated in normal rabbit 1gG. B; slide
incubated in anti-GAMT antibody. See Fig. 1 legend for
symbols.

Fig. 3. Immunoperoxidase localization of GAMT in
caudal epididymis (Panel A, x100; Panel B, x400).
The experimental procedure is same as described in Fig.
1. Both A and B are slides incubated in anti-GAMT anti-
body. See Fig. 1 legend for symbols.
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3} PCre] &4310 (Lee et al,, 1988) o1& 44
BAANES} AE3A g} 222 Cre 3Rk 44
7 A&, Aol ol JEs FPsti As 7Heol
ek, A A FAE Cro] A 2o A T 2
Hog ANEHAY Ao A ES A FE 3t #7o]
ofd TEzz o Fujd rleAdE oy AR
EA3Hs GAMTY x& AWM 7 & &)
g A3 (Lee ef al., 1994) GAMT7 &7 £ 717t
& WAFEY AFH ke HS 2y 1 bE
AL ol welt},

v AgR FEAHE} GAMT 49 P9l Y
AAA ZAAAZL AU, F 7 vl E R HEE
o] e FAx T2 ZUFEAA anti-GAMT &4
e 7H A8 ganes 290, 1 3 AEE vAS
27t AR FHolA e T LAY vl o2 YFF of
gt ol BF A FHo] wE GAMT %@
z}ol&= o)A 9] Northern®}t Western £41, F3H =z
A 5hA Aol ofg Az, Ao EAshe GAMT
mRNAS g g el o] nRuths Fid g
Aoz wddthe AT SH3] dAHe Aiolrt
(Lee et al.,, 1994). 28} o] FAwAL, oA &
% e GAMT sxdl= zfel7t QIAIR @3] niAl
§59 Zolr} A4 B9 M2 27 A, &
oA gZW GAMT =7 #3409 24HE jolv}
A7) FEAA = a7 ¥ot. o GAMTA 7%
o AFFHog WHHeAE 4R UA gAW 24
A e FE ARSI, 28 v e AL A
o #83 4 stn Uve KIS LI
(Amann ef al., 1993), Cr #4de] A 4&HH
oAm 3t J&S 3t AL F2E 5 918 Ao} dxl
Mz old B3 ojut FA (Ut

Cra} PCre& AF5E9 NX oA Aol A a3
AL e AFEEN YA A4tsgE9] A,
#F S 3t 2R A S Uk (Watts, 1973;
Walker, 1979). welA Cra} PCr& 3] AX W oy
2 8729 ol 43 AE, & 287 ABAE 5
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of go] EAst1 gt} A& Eof nle29] EAHIZ e
oF 232 umol /g wet wt. &9 Crat < 17.2
umol /g &) PCro] &A|3lw Y2 < 85
umol /g¢] Cr3} ¢k 3.5 umol /g9] PCro] &A%t}
(Beis & Newsholme, 1975; Ennor & Morrison,
1958 Marescau et al., 1992). 18iy 2ol Cr2 &
3] ATPo] A1 48& & ¥ opg} o] T/
AEAA ATPE 2 HFAQ nEZs ol A A
L3442 et AGAAZRA FAFete Aoz
gt} (Wallimann & Hemmer, 1994). 1822 )
EFcgoliM dAE ATP= I zHH2AM ATP7)
AHEEE RO2 o)Fdhe 3lo] ol U MEZE
glolo] Eash= CKell 9Jgte] PCrz ko] il o]
PCro] M249] ATP7} dast o2 s Alx
A9 CKdl 9t thr] ATPE Ags o] AMg-gr}, o]
28k Cr /PCr /CK system?] ofli4x] gutxpz el o
g2 “PCr shuttle system”o]g}i 3l o)2]3 A A
= 58] 2SA xS} go] dhAe] Aug PRI X
Aol YA e FElAM b5 R gt o]
PCro] ATPRT} Eatge] 20w 1 £& IH+E
ZHAT U022 ME Y offx]ate] Qo] ATPR T
F23 9lA el 917] W&ot} o] PCr shuttle system
o] dA2 FEAE el ZFataL slvke dle A
o] AAHMEE o] &3 Tombes2} Shapiro (1985) o] A
oA Hz=z F9HSIt 5 SH7 gAAIL 2.4
dinitrofluorobenzene (DNB)E& A#}¢] CKE A93
o2 AAshe R FEE (10~20 pM) TFAIAE
o, F2} mele] 3EEE AEr Ao 24E HA
Fol=E S MIT F AMeH, ol F AR
THoA MAE ATP7} 2 SultA|Ale] dgoz Qs
of Hgo] WaE e W /P T AeA L F
Bo] ¢y Aojghe dl&w Y3t} (Tombes
& Shpiro, 1985; Tombes et al., 1987). @A o]
& in vivool el H¥-& creatine-phosphocreatine-
creatine kinase systemo] A|¥ WjojA] energy shu-
ttle systemO 24] AFdrhs HAAHQ) A8 R F
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Zolt},

asea QA A M Cr/PCr/CK system
o] x| AL9g&L 3d= “phosphocreatine shu-
ttle”2 A FAe] $EAol 2AA 4TS st YA
ol21& oA WA AV} ERH-FAAE FE3L A=
AE F9s o] YA @t 1 olfE TRFA ARl
CK &A4o] gAY dAA BAs = CKrth 84 &
2 %9 CK wo] #A3}7] w&olt} (Tombes et al.,
1986). 1&{u Abg# 7ha o] AAA EAA CKe] 84
o] B u¥oj 9lat (Kaldis et al., 1996; Lalwani et al.,
1996) A& CK¢J isozyme Fefje} 1 AT E A9
FAEYS 2HE AV vk Bavk AT
(Huszar et al., 1988, 1992). FEF} in vitroo| 4] PCr&
A Rz gdel el s o B +58E T3
ANAGE BT otk (Fakih er al., 1986). o]l A}
FEL ST EAstE Cr 52 PCro] A
AEo] Ao 2% A4S 51 UL 7HeA S AAL
&), 18)22 Cr /PCro| 4827150l 228k
AL FEs] AT o A2 At BT AR A
Ztgct,

2 <%

Guanidinoacetate N-methyltransferase (GAMT)

E creatine AFAQ A SAE Fste Ahol

o o] GAuleo) 95t FAE = creatine A E Oﬂl

UAAbe] flel Fe@ Ad%E Fdstn 3o
GAMTE F2 71, A% 18 Aas »4Ld EA4
st} B d7E vhea B Aol A creatineo] 343
L 292 #918l7) 93ty anti-GAMT A& o] &3}
o HAZzA3etd NS AA st 1 A3 GAMT=
B AuAEe vAFRA ZetA Lo
A o] AERE oFatAl dAE T YA 53]
g Rt BEd 2G4 FRo] 9l HHAE
7} V4 A vy 2ow 442 HY 1 3wt

okatod ), o} 3 At GAMT 52 creatineo]
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