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The purpose of this study was to clarify the mechanism of abnormal catecholamine synthesis
in the cerebral cortex of the senescence-accelerated mouse prone 10 (SAMP10), which shows
brain atrophy and dysfunctions in learning and memory with advancing age. The present
study comprised male SAMP10 and the control mice (SAMRI1) at 3 months and 12 months of
age.

Firstly, we determined the protein levels of tyrosine hydroxylase (TH) as well as TH
phosphorylated at Ser19 or Ser40 and cAMP-dependent protein kinase (PKA) and
calmodulin-dependent protein kinase IT (CaMKII) by Western blot analysis. The level of TH
phosphorylation at Ser40 in SAMP10 was significantly lower than that in SAMRI, but no
significant difference was observed in the levels of TH, TH phosphorylated at Ser19 at 12
months of age. The amount of PKA, which regulates the phosphorylation of TH at Ser40, was
significantly lower in SAMP10 than in SAMRI1. These results suggest that impairments of
catecholamine synthesis are considered to be caused by downregulation of TH
phosphorylation at Ser40 as a result of PKA deficiency.

Next, we focused on iron (Fe) concentration and Fe metabolic pathway, because Fe?* is an
essential factor for TH activity. Fe concentration was determined using an inductively coupled
plasma mass spectrometer. The protein levels of the ferritin, divalent metal transporter-1
(DMT1), hepcidin, transferrin, transferrin receptor and ferroportin were determined by
Western blot analysis. The present study showed that Fe and ferritin levels in SAMP10 mice
were significantly lower than that in SAMRI1 at 12 months of age in the cerebral cortex.
DMT1 and hepcidin levels, however, did not differ significantly between SAMP10 and
SAMRI. Given that Fe is necessary for TH activity, and our results suggest that decreases in
Fe and ferritin cause the decline of TH activity in the cerebral cortex of SAMP10.

Next, we determined concentrations of 6R-L-erythro-5,6,7,8-tetrahydrobiopterin (BH4) as a
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cofactor in catecholamine synthesis, and enzymes in BH4 synthesis; guanosine triphosphate
cyclohydrolase-1 (GCH), 6-pyruvoyltetrahydropterin synthase (PTPS) and sepiapterin
reductase (SPR) or Dihydrofolate reductase (DHFR) in the cerebral cortex. The
concentrations of BH4 were measured by HPLC, and the protein levels of enzymes in BH4
synthesis were measured by Western blot analysis.

BH4 concentration in SAMP10 showed significantly higher value as compared with
SAMRI1 at 12 months of age. And, the protein level of SPR in SAMP10 was significantly
higher than in SAMRI1 at 12 months of age. In contrast to SPR, the protein level of DHFR in
SAMP10 was significantly lower than in SAMRI1 at 12 months of age. The similar results of
protein level of SPR and DHFR were observed at 3 months of age. These results suggest that
abnormal BH4 metabolism occurs in the cerebral cortex of SAMP10 in which activity of
DHFR in converting BH2 to BH4 is very low and thus the low level of BH4 may cause an
increase in BH4 synthesis through the de novo pathway.

Firstly, the present study indicates that TH activation may be inhibited by decline of Ser40
phosphorylation by PKA deficiency in the cerebral cortex of SAMP10. Although the
mechanism for PKA deficiency is unclear, a decrease in the level of TH phosphorylated at
Ser40 may inhibit not only the activation of TH due to an increase in affinity of TH for BH4,
but also substantial re-activation of TH due to the reduction of Fe** to Fe?* by BH4.

Secondly, TH activity may be inhibited by the decline of Fe concentration and the lower
level of ferritin in the cerebral cortex of SAMP10 as compared with SAMR1. As Fe** is an
essential cofactor for TH activity, deficiency of Fe** and Fe storage protein may induce
serious reduction of TH activity.

Thirdly, the present study showed that increases in concentration of BH4 and the levels of
enzymes in the de novo synthesis of BH4 and a decrease in the level of enzyme in the salvage
pathway were observed in the cerebral cortex in SAMP10 as compared with SAMRI. It is
well known that TH activity is inhibited by the ability of all of the catecholamines to compete
with BH4 for binding of Fe** at the catalytic site of enzymes thus inhibiting cofactor
interaction. Changes of BH4 metabolism in SAMP10 may alter regulatory processes of TH
activation and interaction with other factors. In addition, the higher protein level of SPR and
the lower protein level of DHFR were observed in the cerebral cortex of SAMP10 from young
age as compared with SAMRI1. These results indicate a possibility that abnormal regulation of
synthetic enzymes of BH4 may be related to the features of SAMP10 mice including
age-dependent, inherited cerebral atrophy with cognitive dysfunction.

The present study demonstrated that the abnormal catecholamine synthesis observed in the
cerebral cortex of SAMP10 was closely related to the decline of TH activity caused by

impairments of TH activation processes.
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Elucidation of mechanism for abnormal catecholamine
synthesis in the cerebral cortex of the senescence
accelerated mouse P10
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EFEORBHIITBNT, BUETHCHETOIMANS I TRSFTITONTNS. AEEE
PREFOHEANSBUEDTFHEZDETTHRAVEZND, PRHFERICBT5MERENEOHE
DHMOELTHZRET 55FIE, BRI5HENLEE SNERPFLNTHIREICH 5.

T, MEITENKBABOER, FTLBBEDOETERL, EMEEHETIENRE
EETFIITTRA (SAMPI0) ZRAWNT, PHEFMNESADLSHMOBEBBIZOWTHEL, Eitd
FUBLBEEEBICES T AN T IV OBETFTANZALEZRRATIHZE2BANELTVS,
Bz, BHRTIE, HT7a3-NT7 I EROEEEEE, Tyrosine hydroxylase (TH) IT&FBL,
SAMPI0 OABEESRICHBTS TH BOZEH, EHECEESEL, TH ABRTFOHKD
Tetrahydrobiopterin (BH4) ICERZYUTTHEZITo TS,

TH ORERFOBRBEZ@ENICEFTL TN ZET, IFa-NTICEROETH THED
EFTI2L, HEROETHRERETHS ZLE2RELD, TOBBELT, Serdd ITBIT5Y)
CEBRAETIRMETTLHILZ2ASNIIL, TOETICIE PKA BOETHERZICESEL TSI L%
SN, 51T, PKABRDETA, TH O Serd0 i8I 5 >V BibZE L7z TH OEENRE
HEZWHT 5759 TRr<, THOBEREEBROIHEL TWaRIEEERLAE. RiZ, THEHS
CHADHKBRBLUVSKIFREA T UF N, 12 » HBD SAPI0 OKBEBETETLTWAZ
EEHLSHICL, THERETO—RELT, MANOKBBARNH DI LERLZ. BLEFRGRX
Tid, SAMPI0 DRBEEEPICBITS THOEHETEEEL TI DOERERWLEL 2.

—75, THIEYEIC A B4 B8 12 7 B O SAMPI0 X BN THML TW=Z 2B SMIZL,
ZOHMBEO—DE LT, HIEROETHBIFI-NT I ERETOREE L THEML
FATHEME R RM L. & 512, B4 OARBROEMIZRMN S, EEMMS de novo EEED SPR
BENML, salvage ¥ DHFR EMETLTWBZEE2HOMZL, Bl4 OARBBOREN
SAMP10 DERMBEETH D, ZOREMN SAMPI0 OB TH 2% H TEBEDE FTOMESHIC
FRICES L TWD AR E R L.

OFERMTIE, FETHLTFENSOERFECERETE LTI RSHELERMLICHT2H
PlCHRICEA . £, REAX S ROXRB Ak, DRAEICETEHNEIIABR AR
KREEENTVE. SIEORPEENS OS%OREHFEPHARBCET2ERICHRICE L,
F B EOBEEE, S B INAFARNEDDRTVRES EAOKEIC DV TAMREXE
IZRHEINTED, SBEORMNATCETI2EBICOARIZEL .

INZEETBIT, FHIL, MOBLPEHERBOFETHLHTI-NT I OETOR
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HiE, TH OFEEEEFEEONHEBLGOMBTIRICES TH ERETTHHEVNIHARZE
BleHOTHY, INSOFRAMECHEEERZY —7'y bELIEMRICKZ2ELTHOH/=/2
goOzERL, HEWER, PHEFSBICBITIH-RERICERIT S ENARENS. &o
TEHED, EHERFEEL (REEZ) OFUEZRESN2BRHLDDOERDS.
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