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(Baylis, 2006; Dowling et al, 1998; Eid et al., 2007, Gardiner et al., 1993; Vallance and Leiper,
2004; Vallance et al., 1992, Welch and Wilcox, 1997; Wells and Holian, 2007) <] of2f A%}
¥ol d&. ADMAZF =8 AWdM 1994z 2get7] e €5 Ee AY T RS
Aws d3sta A9 4 9% (Achan et al, 2003;

i&

] R

oz i AWE9 e A9
0] O o

=

A
Boger et al.,, 1998; Chan and Chan 2002; Sydow et al., 2003; Tarmow et al., 2004; Teerlink, 2005;
22 (Abbasi et al,

Valkonen et al, 2005).
odxH e Wy Hd = ADMAZF #&H 5o
2001; Altinova et al., 2007; Asagami et al., 2003; Evans et al., 2002; Lin et al., 2002; Masuda et
al., 1999; Palm et al., 2007, Stuhlinger et al., 2002, Tarnow et al., 2004; Xiong et al., 2003, 2005)



otk A o] posttranslational modification % arginine methylation®] = 84 ]
g2 Z7ksta =, o] Ao 93] dimethylargininee] 42 (Boisvert et
al., 2003).

ofgE od ATE Ea 7o AN %7]9 arginine methylationo] §23] /Mgt A& R
7h ZHastA AR 02 Al methylaiono] st Al Az A slEHE e #Ees]
5 (An et al, 2009, Kwon et al., 2004)

ool M¥e & U dimethylarginine®] 7}t o] #EFHJYOHW,
H]WF insulin resistance % endothelial dysfunction 5©] type 2 Y=ol HH 3
A#= e 3l& (Chan and Chan, 2002).

o ADMAE AM&o] FEWE= type 2 T FAAEA NOSE oA 8t
endothelial dysfunctions %3 (Stuhlinger et al., 2002).
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SUMMARY

I. Project Title

Development of RI protein chip system for measurement of ADMA as risk

factor of liver disease, cardiovascular disease and diabetes

II. Objective and Importance of the Project

ADMA (asymmetric dimethylarginine) is an endogenous competitive NOS
(nitric oxide synthase) inhibitor. Elevation of ADMA level in body fluid is
related to various diseases including diabetes mellitus, atherosclerosis,
hypercholesterolemia, chronic heart failure, and hypertension. Thus, ADMA
concentration in blood or tissue fluid can give estimation and diagnosis of
risks and progress of related diseases. An essential component of
posttranslational modification of protein is arginine methylation, and this is a
major source of dimethylarginines. Type 2 diabetes is closely associated with
obesity, insulin resistance and endothelial dysfunction that are accompanied by
increased levels of intracellular and plasma dimethylarginines. Thus, ADMA 1is
a novel risk factor for type 2 diabetes that inhibits NOS and causes
endothelial dysfunction. It is formed during proteolysis of methylated proteins
and removed by renal excretion or metabolic degradation by dimethylarginine
dimethylaminohydrolase (DDAH). Several cell types, including human
endothelial and tubular cells are capable of synthesizing and metabolizing
ADMA. Our goal was to elucidate the role for ADMA and protein arginine
methylation in the pathogenesis of diabetes and develop RI protein chip

system for easy determination of ADMA levels in blood or tissues.

IM. Scope and Contents of Project

We have observed the changes of ADMA, DDAHs, NOSs and arginine
methylation of organ proteins of serum, adipose tissue, liver and Kkidney

during the development of diabetes in diabetic mice.
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IV. Result of Project

The db/db mice developed significant obesity, fasting hyperglycemia during
diabetogenesis. During diabetogenesis, expressions of the ADMA and nNOS
increased, and DDAH1 and PRMT1 decreased in the db/db mice. Decreased
DDAH1 expression was postulated to be the cause of the increased ADMA.
Arginine methylation of the liver and adipose tissue changed during the
period of diabetogenesis. Changes showed at proteins with molecular weights
of 75KDa, 60KDa, and 52KDa in the liver and 38KDa and 25KDa in the
adipose tissue. Collectively, DDAH1 and ADMA are closely associated with
the development of obesity and diabetes, and arginine methylation levels of
some proteins changed during the course of development of diabetes,
indicating their possible involvement in the variation in ADMA levels.
Development of RI protein chip system using radioisotope 1s necessary for the
convenient measurement of ADMA levels for the determination of diagnosis
and prognosis of related diseases. The present study was to develop a RI
protein chip for convenient, specific and efficient determination of ADMA
level, which could give higher sensitivity than those by HPLC or ELISA. The
concept of theoretical and experimental implementation method was devised
such that ADMA measurement was performed by acylation of ADMA in
body fluid with radio-labelled succinic acid, and subsequent binding of the
complex with ADMA-specific antibody coated on chip. To accomplish the
procedure, following research was conducted as establishment of acylation
condition of ADMA with radio-labelled succinic acid. We developed prototype
of RI-protein chip system for the determination of ADMA. In conclusion, we
demonstrated that ADMA regulated by protein arginine methylation, DDAHI,

and NOS plays some role in the pathogenesis of diabetes mellitus.

V. Proposal for Applications

Further evaluation with MALDI TOF & MS analysis of the proteins that
showed changes in arginine methylation levels will identify proteins that

contribute to the pathogenesis of diabetes mellitus.
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O A9 F  ADMA 9 Z7F= atherosclerosis, hypercholesterolemia,
chronic heart failure, hypertension (Baylis, 2006; Dowling et al., 1998; Eid et
al., 2007, Gardiner et al., 1993; Vallance and Leiper, 2004; Vallance et al.,
1992; Welch and Wilcox, 1997; Wells and Holian, 2007) 5¢] ojz] 2@H¥ 3 A%

ol 9. ADMA7ZF =374 AWoA] fdAA= 2&35l7] wiod dF L
Ad = 58 FAFZHN Ad AWEY] 7MY JIHEE d58ta
w3t 4= 92 (Achan et al, 2003; Boger et al, 1998; Chan and Chan 2002;

Sydow et al., 2003; Tarnow et al., 2004; Teerlink, 2005; Valkonen et al, 2005).
O TFxre] W7 dol = ADMAZF #d ¥ o] l5o] Hixil l5(Abbasi et
al., 2001; Altinova et al., 2007; Asagami et al.,, 2003; Evans et al., 2002; Lin et
al., 2002; Masuda et al, 1999; Palm et al., 2007, Stuhlinger et al., 2002;
Tarnow et al., 2004, Xiong et al., 2003, 2005)

O WxrolA AZet A U dimethylargininee] Z7}stE Aol #2 Q) om
B Wk insulin resistance % endothelial dysfunction 5©] type 2 J %ol HH 3]
A#= ] 95 (Chan and Chan, 2002).
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(Stuhlinger et al., 2002).
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O ADMA (asymmetric dimethylarginine)= NOS(nitric oxide synthase)®] WA}
d AAA gAY, AA F ADMA <3¢ =7}=  atherosclerosis,
hypercholesterolemia, chronic heart failure, diabetes mellitus, and hypertension
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O ADMA (asymmetric dimethylarginine)™= NOS(nitric oxide synthase)®]
WAAE AAA JAAY (Cam et al, 2003; Dowling et al, 1998; Leiper and
Vallance, 2003; MacAllister et al., 1994; Sydow et al., 2005; Ueda et al., 2003;
Vallance et al., 1992; Wells and Holian, 2007). A<} & ADMA T2 S7l=
atherosclerosis, hypercholesterolemia, chronic heart failure, hypertension
(Baylis, 2006; Dowling et al, 1998; Eid et al., 2007; Gardiner et al., 1993;
Vallance and Leiper, 2004; Vallance et al., 1992; Welch and Wilcox, 1997;
Wells and Holian, 2007) ¢ ojg] w3 A#A= 5. ADMA7F &34 &
oA ddaz #Eetr] witel dF e AY T vEE SHATOEN @
d dHEe] 7t A RS dSetn 19 5 9dF (Achan et al, 2003;
Boger et al., 1998; Chan and Chan 2002; Sydow et al., 2003; Tarnow et al.,
2004; Teerlink, 2005; Valkonen et al, 2005).

O "Wwxw¥e wHrldel= ADMAZF #dHo] dFo] Hiudi Y&
(Abbasi et al., 2001; Altinova et al.,, 2007, Asagami et al., 2003, Evans et al.,
2002; Lin et al., 2002, Masuda et al., 1999; Palm et al., 2007; Stuhlinger et al.,
2002; Tarnow et al., 2004; Xiong et al., 2003, 2005)
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(Boisvert et al., 2003).
O S8 old AFE Ed&) 7+e AA %7]o arginine methylation®] &2
3 F7HETE SAE T
U A dEE 714 REe A
2004)
O YxHoA AxEe &4 W dimethylarginineo] &7}sk= Aol A& HS]

p

A#39 S (An et al, 2009; Kwon et al.,

o™ "7 insulin resistance @ endothelial dysfunction 5] type 2 @<} 2
3] AdEo] 23 (Chan and Chan, 2002).

O Asymmetric dimethylarginine (ADMA)S A Zo] FEH= type 2 Gk
o] ¢ EA NOSE 9 #|3}e] endothelial dysfunctionS 23 (Stuhlinger
et al., 2002).

O ADMA* methylated proteins 9] proteolysisell ¢]3le] A 5w A4
9]3te] A AE AL} dimethylarginine dimethylaminohydrolase (DDAH)| 2]3}<
&g (Cam et al., 2003).

O At &3 I M2y 4% tubular cells 5°] ADMA &4 2 tiAkY
9 A4 (Palm et al., 2007).

O 20009 st = tfste] Schreiber AT o3& @A wlo] A= o] o]
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WA go] WA Aol ok AlxEo] Wsto] w3t JEFS MA=A VY &
g ATE T3 i
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BMC cancer, 2005).

O Snyder ZI#°lA SARS(severe acute respiratory syndrome)e| 7t
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A UAEE 2 g 2 o Fo] 7585 (Zhu H et al, Proc. Natl. Acad.
Sci. U.S.A., 2006).
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methyltransferase 1; A|EZWolA EE F57F°9 PRMT 49 90%E At o

il A 9] arginineS asymmetric methylationA] Z1t}.) o] W M3} b 3z
- Asymmetric dimethylarginine®] £Ajsl+= @ AL AX g 4= A= A2

ASYM24= Western blotting= 338t TFxF el A W7be] 429 asymmetric
dimethylarginine®] W3S #23},

- FaFAE 199649 Jackson Labsoll A S 7w H] 2k <] db/db mouseZ
AFES BxE IEAT = dES A4G A el G I TR db)el o F)
A E =], o] YxxF = I diabetic gene(db)e] GolA TZE dxGEo] el
A (leptin receptor)®] 3 =AW o7} dojt F Aol FE A9
= 83 2ed
Aol Qlom R mistyl-FrA}
A a8 Bm2 dbF Y controlZ
misty(+m/+m)E AH&3t dbF= 55 olde] HW Tzl @AH. 1A 557 (7
=z27)), T7(FxF7]), 97(F=27])9 protein arginine methylation®] W3E
Hl 3, #Ee

- 5F(@xx7]), 77(3xs7]), 0F(Fxdr))e At txzate] g A
Wz, 7k A% A ADMA, DDAH,s NOSs &< ®3t5 v, #3a9&

2. ADMA 5% =42 93 AA X =24 acylation

7 EZEGBH)C 2 labeld  succinyl-coenzyme A(CoA), ¥  Succinic
anhydride-1,4-14C 4]

. ADMAZ®] acylation ¥H3 2719 43}

- ADMA 5 mg< 0.1 M NaCl + 8 M deionized urea buffer 5 mlol] =<.

- §o] pHE &<lstHA A7 3.

- succinic anhydrideZ 05 mg® 15% 7F4 02 1A 7F Bt Yol

- pH+= 2 N NaOH #H7F= 75-85AFe] &2 ##] (sodium hydroxide)

- WESAIZES 1-24]%F



3. ADMA antibody A%}
NG,NG-Dimethylarginine dihydrochloride(Sigma)*ll KLH conjugation?]7]
Jlrabbitel injectiond}®] polyclonal antibody | %t

Al 2 A A5-2

1. ADMA®] Fxw w7l el 9

7F, @ Ao A A, fasting plasma glucose level®] ™3}

- C57BLKs/] db/db mousedl Al A% 10¥ 9] hyperinsulinemia’} #2% %2
H 12 1 o] Sk A A=

- db/db mice= wild-type¥} heterozygous mice®] H]|3d}4] inguinal¥} axillary
gl A 4ol Frbstdw. AR A% s AF o] SUhstEA AR
A-5F74A] A Fol A&HAH o wm FTFeF A&

- db/db mice= 5 5FHH Asd 54 4HA7F olde AEE vivE e
Wloem fasting hyperglycemia(P<0.05)2 el B9y} @ %5 model
Z Adet How BHEHYS

~ 3 R2ul2~(db+/dbt)E 5F 7F A E g dyA Q=

zol 5AE 247} 6rhed 2R BT 4 (Fig. 1, 2.

—o— Misty

// —m—db/db

Body Weight (g)
nN
o

5W 7W oW

Fig. 1. Changes of body weight
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E 200 M Misty
2 150 Edb/db
()
=
o 100 r

50

Fig. 2. Changes of fasting venous glucose level
1. ADMA &3 A9k 2 g A7) H 3o HE A
- g3, A% 2 e ADMA “F<°] db/db micedl Al A& 7|1t

A
(P<0.05, Fig. 3). A1%# 7+e] ADMA o] 39 FEHt =

r
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14

O Misty
|| |MHomo (db/db)

serum ADMA (umol/I)

3
25
©
c 2
=
< I Misty
s 15+
9( 1 Homo (db/db)
g 1
©
<

05t

O Misty
1 Homo (db/db)

Kidney ADMA (umol/I)
()]

Fig. 3. Effect of DM on Serum ADMA levels in mice.
(Above) Serum. (Center) Kidney. (Below) Liver.
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th @ 3 A oA DDAH1# nNOS ¢ W3}

- DDAHI¥ nNOS<9] ¥d-E& Western blotoZ 4
o] db/db mice®] 217, 7+ 9 AzAqA dA3] i
7holl A Z 718 S (P<0.05, Fig. 4, 5).

- DDAH1 %#e] 747 ADMA 5719

- nNOS= ADMA®] 9ate] AR R G LI
S7Fek ADMAo ojg g Aol digt Rz 4T F 5.

MistySw)  dbldb{OW)

O Mit
EDB

DDAH1

w w

5W
misty do misty db misty db

O Misty
HDB

a-Tubulin

Fig. 4. Effect of DM on DDAHI1 levels in mice.

(Above) Kidney. (Center) Liver. (Below) Adipose tissue.
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Misty W) bl ow)

DDAH1

o Misty
Eos

¢-Tubulin

Misty @w)  dbldb jaw)

wos (gl
CTUbUIN en———— |

O Misty
Hos

MistySW)  dbldb{BW)

a-Tubulin _.“_

Fig. 5. Effect of DM on nNOS levels in mice.
(Above) Kidney. (Below) Liver.

gt I TARA Fo] 3t AWE A oA protein arginine methylation¥}
PRMT1 <=9 ®3}
- ASYM24 &A= o]8&3to] Western blot analysis® 33t 23 @ A

Hgo A 7k} AW 2 9] protein arginine methylation©] W38 S, A=
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75KDa, 60KDa % 52KDa @& =9] arginine methylation®] ¥ 3}7} & A 3%
ow AWz A A= 8KDa¥} 25KDa w2 9] arginine methylation®] W 3}7}
A A 519 = (Fig. 6).

278l s S8s] TAHAR TV, TR ZeE dde] uy ¢

T

methylation®] 9x A Aol J& A

5w ™ aw
misty db misiy db misty db

{KDa
" S
g, TR g

e — — —
30+ ASYM24
31| - i
24- g g Y

s s e —

-_ . aaaEsessas- | GAPDH

Fig. 6. Changes of arginine methylation during the period of diabetogenesis.

Liver (Left) . Adipose tissue (Right).

Fig. 7. PRMTI1 expression in the liver of the db/db mouse during

diabetogenesis.

2. ADMA 5% =A% 93 Ax X &4 succinylation®] HZ Wlgx7Ad TR E

==
=

O Method 1:
- Reaction mixture final volume 1 ml
10 mM ADMA
0.2 mM Succinyl-coenzyme A(CoA)
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5w w 9w

db db db
bge— —3| PRMTT

100 mM Tris hydrochloride (pHS8.0)

Arginine succinyltransferase (10 xg)

- 37T, 232 nmolA succinyl-CoA 55 SA4%. T/} #F4hst= o] #zxE
M ADMAZS] acylation®] Z L3 AdvhsE AS & F A

O Method 2:

- ADMA 5 mg< 0.1 M NaCl +8 M deionized urea buffer 5 mlel] £ 3.

- &9 pHE F<lstHA A7 4.

- Succinic anhydrideZ 05 mg® 15% 7F4 o0& 1A]7F B¢k dol=,
pHE 7% A (sodium hydroxide)

- HES AR H A4 308 o]
3. ADMA antibody Az}

O NG,NG-Dimethylarginine dihydrochloride(Sigma)el KLH conjugation?] 7] i
rabbitel injectiond}®] polyclonal antibody #| %+
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M 4 & =285 3 A Fokoe ||k
A1 A ApAREEe S
o
P | w o ow | e wed azae saus |22
ADMAS} Fxw whAy
-ADMA9 9| 7|de] #eEA |- ADMA  diAtel WA protein
=Y Y] o arginine methylation, DDAH,
A A el - ADMA  succinylation|  NOS| 9% 51 gy 7|4
(2008) g AT ] of wkgzAd Fg| o ADMAY T oA 0]
‘Rl  Hpo] o3| o F - RI-labelled succinylate$}
A4 HAE%| - Anti-succinylated ADMA® ¥bg %7 3Hg
7N ADMA A A2 o] - Succinylated ADMA &4 |2+
B
G 7oA ADMA9]
g o
ADMA antibody A%}
- RI-labelled Rabbitdl 3 o
succinylated ADMA-| injectiond}o] A2}
I;D%/IAQHL%E? ?—%Liﬂ{}g]_z];ﬁ] Ao - RI & ADMA*antil?ody
o | aoae o Q& AT el weEd e
am | gy |TH 4 Antibody AZ 50
Rl 227% antrsuccmy}a‘ted - A e ADMA antlbodyj} RI
olg oo ADMA Aok f% ADNLAQ}Q g of
3 A succinylated ADMA T A=7]1+= . ADMA

o 4% Bexd o
da/1% 89 oy

J

isotope labelled T+
unlabelled fatty acid=
acylaiton & Fof XFztH
ADMA antibodyE A}-& 3}
o whg 231 3
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T ASEE ok o] 7)ok
- ADMA thAbell WA= protein arginine methylation, DDAH,
-ADMAS] 3% NOSO| 93 % xi #17|delr ADMAS] #dd& A4
1 LR 7)Ao A 9| ate] o] ofsf Sl o]ukA| %l =
(2055 A% A7 71 AEsE o] 9l ADMA =44 ELISA kit
‘RI wpole® A| o A% succinic acid ©]8 ADMA acylation 37
& dEH Y | o] E3H Jov whExdE M A
2 PAol A FAA R eSS Y.
- ADMA®] x4
7)o A 9| - %hkﬁ 71 W ADMAS] #3A S A&H 02 A8t
22 % Bt sl Fur o] ofs] S| ofubA|3 A 5.
(20090 |-RI #H=71% 9 - Antl succmylated ADMA 34 A 2HS 9)8Fe] rabbit
& wpe]d | ol 3Wl o]/ injectiondte] A&}
n
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