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WIE R OEE (330) : Hypertension is recognized as an important factor to cause
cardiovascular diseases, such as myocardial infraction and stroke. Oxidative stress is
known to participate for development of the hypertension. We revealed the effect of
exercise training for the oxidative damage on the tissues of hypertensive model rat
caused by hypertension, in order to clarify the bases of exercise therapy for
hypertension. We have developed a new marker for oxidative stress, which 1is
6-nitrotryptophan, and established the method to apply this marker for the analysis of
exercise effect on the hypertensive model rats.

AR ERA
(EHAL : 1)
I EEE & &t
2009 4 1, 100, 000 330, 000 1, 430, 000
2010 4F 800, 000 240, 000 1, 040, 000
2011 4F 800, 000 240, 000 1, 040, 000
2012 4 700, 000 210, 000 910, 000
FE
&t 3, 400, 000 1, 020, 000 4, 420, 000

Woeor e - Ak

BHFEOSE - HIE - R - A R—YRF, I8 REER T

X—U— R HilE, BEE, = bafbx b X, BRBESLLET » b, EHH), =kfr b
VN7 7o, WE.,

1. BFFEBEAG S 4O 5 (ROS) 0 1175 5 ML D F e HE F L B 5 L C
MEBMEEBIER LR HAOE FBED | WAHEMHBILTNS, ZOAD=RAICH
mMEET VT v b ORERT, [EVERRSERE LL=y-TFUuoF Ty =TI RAT Y



RIZE D A—R—F % F(O2) FEAMEHE, —
BILEFROMD BIRESINTWD, £z, B
CEEO~—T—L LD, ¥ 0E, R
B, B OIS ERRETE I X D AR,
EIMEETNT v P CTERELTWDLHEN/MAS
NCTW5, IEF, b O — o0 EE R LIEA
WEE L OEEFENEA SN TE L, Z
FUCHRT 2 EMiEN THH3-= hrnFra v
Y@ NDEF Y X7 En% < OREBENLT
RWESNTWD 2, EiiE & OB EO®RE
(EE AN

QBB ERIER LR —iBIEDOmREDE
BhRFIR LG E 2 RAET D0, WEREE) %
Wt 2EE) h L —=1 Z TIIM{b A F L%
MHERE KT D 2 & %% < OWFFERSFFL T
WO, ZOFELWEEEIIH Gz s v T
72N,
QEMELEHFL—=2F @ BEEIE
BEITR W TEER 226 R E® ) L E D
Fe T I KOV R PR D O RIE B O
BIK - DWW RNHT D 2 & DR D
FRESCHETHLNERSTWVDR, 2D
A L CIEE R RS MH I TV
WV, —J . mIEE T VEN) A R T EE) R
L—= 7% 8B LTk, SHR T £ 5
JiE AT OO R B H S E B 3T A 3 5
FENHBN TS, TOMFE LT, EH)C
PRV SR T O —iR{bEE R O UG & OB
R EMHE SN TN D,

Tk 13, SHR 0D & i £ 3855 A O 5= F 36 1
BT, KENRE L OVLEIZEB VT O/ fighs
FTHDHA—NN—FF L FVALF—F
(SODNEMEN ERT b FA2#®E Lz[1], Zo
FL, mIEHR O E LT, O DE
WREOIKT, —BbEHRD O2l2 L DHE
O, —FALEROFREDOEME VD
B2 R L QU 2, 2D O & i E
OEEFRIEOT T MZHEH T~ < . SHR % H
U LR FEE 1 D = HEE) O R 2 TR~ T,
BEE COMR L LT miEDOFHKE T SHR

DD 2 b= R U 72 3-NT 238 K3 5723,
M Mo B RESIC K FEBAAD
Mn-SOD 7% |5 L, fREMIZ 3-NT 2354
LHEE WL TW5([2]l, ([1] Kohno H. et
al. Jpn Heart J, 2002;43:25-34.[2] ) 114
NE /% 22,2008, 54; 308-317. ) AMFIRIL,
TN ORER AW E 2 TR Sz,

2. WHEOEK

AWFFETIL, ABICEIEICHE S BE - =
FEfb A R REZDOEENC KD EE O
W2 AT 572012, LARTOMFFETIZERY &
72 70n o T P A5 B 3R B 0 28 B
EEHZINT D, £05L L, miE

KREWRILAE DA 70 & KIGCHEEIZ L0 1
TR O HEFH 3 FE D B AL TV 5 i CIES)
L DD BRI, £7o, EEORE A
EEZ T 2B E AT 5, S5,

Fox NMBEICAWE LEH L= b ok
Eov—N—ThHsb, 6=t VT LT 7
> (6-NO,; Trp)l %4~ 2 Hifk & IV [3][4]. #riz
7= b ARG EEAL OB b FRICIT 5, 2
N, BFEo=raFas 0L TE, v
R BOBACE EFEEH O EEERICT 51T
FRERTOTH D, S OICRLEEDOZES)
DHEEFICRWE SN —T—IZ2\ T,

Fx lCEEODH D7 0T A 7 AEHTIC
L0, EHY R EERLNNIT S, R
LOFEREBEL, SIMEICES BEICKIET
H¥EE b L —= 7O RO 2GR
te = FafbA L ZADORITLTHLENTT S
HENHEMTH D, [1] Kohno H. et al. Jpn
Heart J,2002; 43: 25-34. [21&)11%%, JE
K 2008, 54; 308-317.  [3] Yamakura
F et al. J Biochem 2005; 38;57-69. [4]
Ikeda K, et al. Nitric Oxide 2007;16,18-28

3. WHEED Ttk
(1) 16:8#iH DA ASHRZ FEEBIHE, LT
LR O BRE b L—=2 TR 72, 5



¥ KONG5 linSHR 2 (5 38 E /i, (B.5% D =2
yhar—nlb L, Frhb—=vTa
o—/UE, hy by RIVRICHKELT,
25 SHREE D B 332 2 KEW R M & ik % fii
MU, MifaZ sk, BEE~——&
LT BBV Tid4-t Refy /) xF
—/L(HNE), = L CTH /N7 EIZo\W T3
—= buFu v ERRSREA DT
YEAETERL, P EEEERIT Y =2
ZoTgnmy MECERLT,

(2) Fex BDRWE LEFRBbEE~—7
—Toh b, 6-NO,TrpE i % v /37 B ORIE
7 v NOEEBISHT 5 FIELZELT D
TeDIZLL FDOFEREIT 5, 12 A#F3447
v MW (@AMEER) : 15m/mind#EE T
1RO Ly RILE (b) il hL—=
7 REEE 4 BEEITO . O Y 08
fiik b-x, EO%MEE, /DK, RERF, b
T AR L TE o7 EE T 5,
SRR Ly RI NV EICHKET D,
6-NO,Trp i A & o 73 7 I3 21k TT B A K Bl
K OH6-NO Trphifk 2 Wiz = A% 7
ay7 gy (WB) ATV, UKD
ARy N b U 7Y U EBRLC-EST-MS/MS
fENT 24T > C, XXV EOREE= b
(BB DR TE Z A D

4. FFZEEE

(1) k2 148

S HR RO & i EFFERF (16 @) &%
ot 10 HOEE) L —= T DR %
Rz, (1) KO AEEME (S) B4y To HNE
mIEEBFECEWAO L, S har RU T
(Mit) %) Tl 25 s IFEEHED HNE 25 1
U8, EENIZE O L2 E 9 D
s LTz, (2) 25 WEmIZBWTIE, M
fife 35 95 4= FAl% 5 0D NADPH oxidase 0% ¥
F oA —BENEIN L2, EE)C
KBTI o T, PUERILEESR TlE, S
W5y & Mit [y 7 VB FF LA F

& —8 (GPx) 3 25 1@l CAEIZHIN L Mit
TILES) b L—= B TOELR L HMM
R oz, YLEORERED G, SHR @ 10 3
O i I RGN E RN C DOIEPERE SR A4 2
mawsd, L, RRHCHERCESE —FE
(GPx) D& H NS 5, HEENLZ DHURLEE
FOERDENNEA L S, ZOR R
AR T D HINE DOARRASE L 7= & % %
bbb,

*: p<0.05.

GPx1(EFavFUFES)
25 ——

#*: p<0.01

———
2 —

Arbitrary units

o
o

[
5C 15C 25C 25E

GPx1 — —

VDACIH s a— —

(2) Fpk 2 2 #

Rk 2 1R & ARk R T, REIRICOWT
AT L7z, HNE B & 3—= b o F 1 o o (3jEH)
BECTHRBEIZFEN > Tz, Mn=S0D D & /%7
BRI, EEHOI b R T THEICS
Mmolo, - T, KEMRIZIWTIE, TEMERR
FOREFRTHLI bar R T TEDON
fifg I 5 B A TEE) TN S W CIEERRE A X
DZHEETDHDOT, BIEEEN BRI LT
WhHEDFRERTH -T2 (FEEFRL6), BT,
Fx BRAWE Lo B bEE~— b —,
6-NO,Trp OEHIEZ . BEEMas L 07 v
DORLBA Y~ L, 55D TEEBED B
DRI LT (BEwRL 2, 3).

(3)Fpk 2 3 -

KIREET v b OWEE N D OHL 6-NO,Trp
PFURBGHE AR v R S iz, Zhb oA
Wy b ORINGIERER ORI E Gt 12
B % 7Bk 6-NOTrp B % v /30 H
ELTHER L, ARNOEHBREICHS VT
HREIZ 6-NO,Trp S X /X7 BB FET 5
ZEEWDTHLMNMILE (F1) ., RITA
PEF OB L R 2 A, WEE O 6-NO,Trp
GHEL VRN EEEINSE D EHmE R L



#1 7y MEBIZBWTRWE SN, 6-NO2Trp %

Prodesn

Dibryahrolopeendlys ing-residus
acshyliransfarmse component of pyvate
dehydrogenass complex, mAochondrial

Tubsiilm heta-2 A, 28, 20, amd 5 chaing TR, SGPFOTFRPONE VRSO AGNMEW AR, 1
Alpha-maolas: B LAQSN O WV EHE, 517
{Alulsmiine sinthetan: FEL LAY PRWVIGTGEGLR, O
{FEmm a-cnilaie MR, LAQERGHEWEVRIVEHE, 547

Aurtis, cyioplasmis 2%
Fractose=hisphosphaie aldodsse ©
Froctose-hisphosphmio aldolass A

{Fhyceraldebyde- 3 -phosphate
dehydrogemase

Electram transfer Mavoproein subind
alpha, mitochondrial

Phesphogheermio kinase 19
Creatine kinese U-type. milochondrial

M, F ORI RE BT 5T, E
L —=272L->TH 6-NO,Trp GH ¥
R BT EAIIIEIMNT MR b o T,
ZORRIT, xR LT R Hh O
N RT7 7 UERO= N abEIIEGE
~—H—TiXR <, EEMIZERN H D EH
ThDHAMREMEREVWELZRL TS (EEm
X1)

G X RNIBEZFDT ) BRI DA E

Peplide sequence

AU VPEANBS SWRLDTVIR. Q%
S, VDAV ACE WL AFFRE. v

A YPIEHGEY TR WHDMER. &
R ALQASALEANAWER. GO
R, ALQASALEAMWGGE. K19

M FWGDAGAEYVYESTGYFTTMER. A™
R LIS Y DNEY GY SRV

197k, APESSSAGISE ™ WLINGE, 1.5

K. SFLPSWVHEEDHTE. v

(4) Rk 2 4 4

Tk 2 SEEDORR T XN ED= Fr
(A EBRISIECh D T IREE T & 5
VN IEEN B O RIS RE OHIEENZ BT 5 L T
% RIREMENE 2 DALz, HSREERRANEEE
B K OV R EE R M AEEENIC LW 7 v b
BRBICBT2TFar iRkl NS R
7 UERIED = N A UER ORREEIZ 2L A
C 200850, £io= b afbEfnZE L
e B N TEERFEELT, 0= h{bi
MERE L, XX BOME~DREE
fRIAT 2 Z LR E LTEREI TS,
FEROFER, FoRERF AN EES) & &R
MR MEATEB)C L VA 60kDa fFiTIZ o
NDHARY OB IRTEN ) F ST 7
VEREDO = IR AL D Z & A
HL7z, ZOARy hOF NI A EE

k. W HTEDKY SHY STGGGASLELLEGE, v

SIHTEEE T o AT LTSRS R
muscle actin T& - 72, AHFSE Tldoc-actin
PIAMZ & S RIEENC L 0 = b e k232 k4
HAREMEDH D2 R AL TEY
BUEREM 22 G 21T > T %,

oc-skeletal

(6) &5 OFRE

DR 25 FEITMEAN S 7 A REH
NRIBEO=befbiZEH LT A D %
FTETH D,

@ & 512, SHR O i 1z B IfiLE DO FAE &
BEPEICEE LT 6-NOTrp 2ME L% Z v
7B ERHLTCNDOT, EILEDHHEL
OB A SN L2, B hOMiEIZG
L s LB ERRE DN A A~ — T — L L
TORKR~DOIEHA % BT,

5. FpeREimLE
(BFgEfEE . WFIE o3 K ONEEAF TR 4 12
=Ny

CdeRERm ) (6 1)

1. Uda M, Kawasaki H, Shigenaga A, Baba
T, Yamakura F “ Proteomic analysis of
endogenous nitrotryptophan-containing
proteins in rat hippocampus and
cerebellum” (2012) Bioscience reports, 32:
521-530. doi: 10.1042/BSR20120032

2. H Kawasaki, A Shigenaga, M Uda, T Baba, H
Ogawa, K Takamori, F Yamakura. “Nitration of
tryptophan in ribosomal proteins is a novel
post-translational modification of differentiated
and naive PCI12 cells” (2011) Nitric
Oxide-Biology and Medicine, 20, 176-182. doi:
10.1016/1.n10x.2011.05.005

3. Kawasaki H, Ikeda K, Shigenaga A, Baba T,

Takamori K, Ogawa H, Yamakura F,
“Mass spectrometric identification of tryptophan
nitration sites of proteins in peroxynitrite-
tereated lysates from PC12 cells” Free Radic
Biol Med, (2011) 50: 419-427.doi: 10.1016/;.

4. Osawa M, Yamakura F, Mihara ,M, Okubo Y,
Yamada K, Hiraoka BY “Conversion of the
metal-specific activity of Escherichia coli
Mn-SOD by site-directed mutagenesis of
Glyl165Thr.” Biochim Biophys Acta (2010)
1804:1775-1779.doi:
10.1016/;.bbapap.2010.04.011

5. F Yamakura and H Kawasaki:

Post-



translational ~ modification = of  superoxide
dismutase, Biochim Biophys. Acta — Protein and
Proteomics invited review, (2010) 1804,
318-325.d0i:10.1016/j.bbapap.2009.10.010
6. H KIMURA, N Kon, S Furukawa, M Mukaida,
F_ Yamakura, K Matsumoto, H Sone, K
Murakami-Murofushi, “Effect of Endurance
Exercise Training on Oxidative Stress in
Spontaneously Hypertensive Rats (SHR) after
Emergence of Hypertension, (2010) Clin Exper
Hyperten. 32(7): 407-415. doi:
10.3109/10641961003667930

(3R] (BF 25 1)

L. FHSGA, JEIEY, BERET. B,
EEX%‘%%%Kxﬁézkmkak7
TVQﬁ?VN7E®7D?ﬁwA%ﬁ
670 H AT 2 lﬁ$A2om&@H
2. JIIRHABA . E%@¥\% Gk, T 254,
AR L LA SGE, ML IRERE TR
R ESh/z6-=rr N T M7 7 1b%
YoNZEL B 12 [ AR NO RIS
. 2012 4F 6 H

3. JIWEIEBA, FHAEA, BAJLE, Hk#E
o EAREE T IUASGE, BT A LR
v —A—:6-=hrr NI T FT7 7 COEEKNAN
ARk, H 82 M AARAETR e Rk
AN L REEEFFRE T AR T A AL,
2012. (FRFFERIE)

4. Kawasaki H, Shigenaga A, Baba T, Ikeda K,
Uda M, Takamori K, Yamakura F. Proteomic and
Functional analysis of protein tryptophan
nitration in the neuronal cell differentiation.,13™
International Society for Tryptophan Research,
Shidney, Australia, Nov.7-9, Abstract p.48 2012.
5. Uda M, Kawasaki H, Shigenaga A, Baba T,

Yamakura F. Proteomic analysis of endogenous

nitrotryptophan-containing  proteins in  rat

hippocampus and cerebellum. 13" International
Society for Tryptophan Research, Shidney,
Australia, Nov.7-9, Abstract p.45 2012.

6. Yamakura F, Kawasaki H, Tominaga M,
Ogawa H, Shigenaga A, Kamo A, Takamori K,
Identification of nitrotryptophan in proteins
isolated from skin lesions of an atopic model
mouse. A possible novel biomarker for atopic
predisposition. 13™ International Society for
Tryptophan  Research, Shidney, Australia,
Nov.7-9, Abstract p.46 2012.

7F. Yamakura, H. Kawasaki, A. Shigenaga, M.
Uda, T. Baba, K. Takamori, Formation of nitrated
tryptophan residues as a novel post-translational

modification in the physiological state, The 70

International ~Conference of the Biology,
Chemistry and Therapeutic Application of Nitric
Oxide, Edinburgh, England, 22-26, July, Nitric

Oxide-Biology and Chemistry, S36,2012.

8. AP, BIKfEA. FHFEIA, A,
Bk, MRtk ILESGE  TERRNICE

Té6<:bmh)fk77yiﬁ@$ﬁm
ORI C—EEEMIzZB I 5 6 -
%I\DI\)7I*77’/%{%J HA KUk
7 7 PR IBRIEMT R S TR p. 20,
121 e, T3
9. FHSIA, JIR AW, EkE. B,
WEX=E 7y FoWlE & /MIZBITS 6
=k NV T RNT U ERZ NI EDT
07 A= LT AR YT T 7 U
B33 R RS TRRAE p.2l, 121 K
R, G, T3
10. FH 9L, JIRAE, #EARET. ILE
X Ty FoWRIZBIT 5= hafky o
RTINS DB DR
#6 6 HAKNEFSRE Thitkp. 160,
2012 9/16-18, TP, 9 H
11, FH 200, IR Eﬂﬁ?ﬁ%\ Sk,
wessE 7y hoWKickid o= ek
2RI EOT aT A — Nfif#NT] 8 40lH
KRAEMARFDRE, Afe% 8, 136, 2P-0283.
HAS 2012429 A
12. [, JIRA, FHSR5L, BAk
e, @A, “Z T HOFR = b aibE
fifi~EANTO6-—=rr N N7 7 4k
B> F 1 7TREIMP OMFEE ' 1 75 Ap. 58,
201110/28-29, REAT, SCESFHFAE BT
WgE TEMERESR O > 7V iniEine )
(FEfrak 1)
13.Yamakura F, Kawasaki H, Ikeda, K.,
Shigenaga, A., Baba, T., Ogawa, H., Takamori, K.
Nitration of tryptophan residues is a novel post

translational modification occurring in naive and
differentiated PC12 cells, International Symp on
Free Radical Research: Contribution to Medicine,
Kyoto, Jan 19-21, 2011.
14. M Uda, F Yamakura,
amounts of nitrated proteins and superoxide

Differences in the

dismutase in hippocampus of adult and middle
age rats, International Academy of Sportology,
March 5, 2011, Tokyo, Japan

15. Yamakura F, Kawasaki H, Shigenaga A,
Uda M, Baba T, Ogawa H, Takamori K,
“Nitrotryptophan: A novel post translational

modification in naive and differentiated PC 12



cells, The 4™ International Symposium Nutrition
and Biology in Oxygen and Medicine, June 15-17,
2011, Paris. France, Abstract p34.
16. M. Uda, H. Kawasaki, A. Shigenaga, F.
Yamakura, Changes in tyrosine-nitrated proteins
in the hippocampus of adult- and middle-aged rat.
Experimental Biology 2011, Washington, USA.
17. JIEIABA, W& — EKET. SY%.
AIFFBRL @i =, IUASGE D= b e
MU TR T 7 UK E AW EEE T LR
B O= ka7 a 74— LET) $8 3
] A ARAA LS R, BB, 1P-0375. 2011,
A,
18. )RR, Bk tf, HKMET. R
T NIFEL, maRfE =, WastsE [Tk
B —MER R E T L +NC/Nga ~ 7 A D FZJFIT
BIFs6-=ra )T 77 rE5H8 08
JEOER BARNY T N7 7 VRS B
32 [EAHES THE%E p.24, 12-4,5, 2010
EAR.
19. IR PR R — . FOKHE T B
NFBL iR, A s TH6-=
= SR A R N X AV U 37
T VMBS OB = N m AL & X
7E O/ BARE M7 a7 A — LS 8
[FIR<x, 25 6 [Bl HARRRIR 7' 0 7 A — LFFEE
Wk, pl103, 2010 7.26-27, HZCHi.
20. Kawasaki H, Ikeda, K., Shigenaga, A.,
Baba, T., Ogawa, H., Takamori, K.,
Yamakura, F. Generation of
6-nitrotryptophan residues in the
proteins of PC12 cell lysate by a
peroxynitrite treatment, Abstract of
The 6th International Conference on the
Biology, Chemistry, and theraputic
Application of Nitric Oxide, pp. 70 ,
Kyoto, June 14-18, 2010.
21 FH REIA, ZH fEE W R
W KB, BB SR, KRR L LA X
s EMEET VT~ MNSHR) O @& i EFIE
WD MOBILEEOEL & Zhicxtd 5
EB)OZHF ] MBM2009 5 8 2 Al H AE{b:
KRETRLE, B, 81(9) p.385,
22. IR R — m O D | RS
BSR, NFHBL e, e S
[PeroxynitritefLEEPC12/ifE 7 1 & — KT
R Llz=bhuafb& o787 2/ BRESIH
D=hw b YT RT7 7 SRR OWRIE )
MBM2009 %; 8 2 [nl H AL L2 R T
BT 81, p.166 | fHA.
23, FHFILCEZBEIEA . AT )RR
ARFEF LA SCEE,

BLEET VT v b
(SHR) DXz 1T 2B b E ~0 B 3 A& HE)

DHFR, He AR AERKNDEFSS RS
2009 9/18-20, Hrikili

24, LHAEA H)IR AR [ H B,
NN = = (WA N AL S /D)
HE) N L — = IR ARBE T T v O
D=k rfbA b LRI RITT R

F IR AANOFERAMER T v 7T Kbk
#£. p.111,2009/5/8,9, #lid i

25. H Kawasaki!, K Ikeda2, H Taka3, T
Fujimura3, T Babat H Ogawa!, K
Takamori!, F Yamakura “Identification of
nitrotryptophan by the LC-ESI-MS/MS
analysis in the nitrated proteins generated
by the treatment of PC12 cell lysate with
peroxynitrite” SFRBM 16th annual meeting,
San Francisco, USA, November,

(XE] GFo )

(PE &R PEAE]
ORI Gt 1)

AW —BIEEFRE A N L RADOBEIHTE
FE LR SCEE, IR, HE—1E
MEFIE « FRAENIER S, B A L(BR)
T R

F5  HilE 2012-162006

HEEFEHAH : Fk2 48 7H20H
ERNADR : [EN

6. WFFERHRK

(1) Wrgefks

A 3= (YAMAKURA FUMIYUKI)
AR B - BRREE T - Bid%
W& 7B : 20053358

(2) W ge sy

JUG  JABH  (KAWASAKI HIROAKI)
AR B R - R geRE - Tl LFgE 8
Mo E %5 40531380

(3) e

W% /At (NAITO HISASHI)

JIE R B R o AR — " fEFERL 2 - i
e EFK 5« 70188861



