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Protein tyrosine phosphatase receptor type Z is involved
in the molecular mechanisms of fear memory formation
through regulating Y1105 phosphorylation of p190
RhoGAP
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'Proteir; tyrosine ﬁhosﬁhé\tasé".i"'é:ééptbi; type VA '(MP‘tﬁi"z_) is a rgceptof—type PTP that isl
exp.ressed érqdérniﬁéntlyin the CNS as a citlondl'oitin sulfate pro.teog;ycan. : 'A}thougfx it
is eXpréssed 1n .ne'uron‘s- gnd : ‘astrochtes throughout.< devel(;pment and “adulthood,. .
'Ptprz—ci.efiéient (ftprz"/")'miéc }:}showl' no obviqusanatornical abnorma'litic.as'.in't_helbrain.,
ﬁowevéx'; the recent study 1'evéaléd that adplt Ptpfz‘/' .mic,e ‘exhibit functional
~. impairments in the hippoqémﬁ’us, wﬁére?tpf’z is higlﬂyl expl'eséed.‘ A‘(V:lulg Ptprz-/- mice -

shdw memory deficits in the Mor.ris"water' m‘aée, ;m_d demonstrate eniganc‘éd 'hippocafrlpalf
-LTP ir; thé CAl region, which is caﬂcélled out by inhibiting ROCK,‘ a méjQ1' dpwnstréam'
effector of Rhc ‘ GTl;ase. ' In addition, pl_96 RhQGAP, a. 'GTPase'—activating protein
(GAP) which potently inhibits ~RhoGTPase, has been identifiéd as.a possible substrate of

. Ptprz. These findings suggest that the Rho-ROCK pa;hWay is impaired in Pltprjé'/"‘mice,
: ~ however, little is known about the details of 'thg: intra,cellﬁlar signal‘. transduction .
mechanis‘m’of Ptp}'z.

This thesis investigates the possibility that Ptprz is involved inA the molecular
mechani-sms of memory formation througfg, controlli’ng the activity of p19,lO RhoGAP
using Ptprz-deficient (Ptprz™) rﬁice.' First, the hippocampus-dependent learning ability
of Ptprz”" mice is. analyzed by fear conditioning, which requires the association of an
environment with an aversive electric stimulug. Second, to elucidate the molecular
mechanism by wﬁich Ptprz controls p190 RhoGAP activity, the site of dephosphorylation
of p190 RhoGAP by Ptprz is identified, and the effect of phosphorylation at this site on

p190 RhoGAP activity is examined by a Rho activity assay.  Finally, the
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phosph‘orylation of pl190 RhoGAP in the hippoéampus, especially at the site of
" dephosphorylation by Ptprz, is compared between wild-type and mutant mice after fear
conditioning.

To examine the hippocampus-dependent learning ability of Piprz” mice in fear
‘conditioning, Ptprz”" mice were teéted in two forms of behavioral tasks: contextual fear
conditioning and gped fear conditioning. Both are sensitive to amygdala lesions, but
only contextual fear conditioning is sensitive to hippocampal lesions. Ptprz'/ " mice
' demonstrated max'iced impairements selectively in contextual fear conditioning.

To further define the specificity of behavioral deficits, Ptprz'/' mice were subjected to
the elevated plus maze test in which fear or anxiety-related behaviors are analyzed.. The

maze had two enclosed arms with high walls and two open arms with low rims and was

elevated above the floor. As mice usually avoid the open arms of the maze, the extent of
anxiety can be evaluated by the time spent in the open arms relative to the closed arms.
In addition, the numbers of entries into the arms of the maze likely corresponds to
general motor activity or exploratory activity. There were no significant differences
between the genotypes.

Piprz" mice exhibitéd normal vocalizing responses to an incremental series of
electric foot shocks and unaltered freezing responses during the conditioning session and
cued fear conditioning test, indicating that pain perception or emotional expression is not
affect.ed in Ptpfz;/ " mice. Thus, Ptprz”' mice did nqt show sensory or emoﬁénal deficits,

but exhibited selective impairments in hippocampus-dependent behavioral tasks.
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Second, to elucidate the moleéular mechanism by which Ptprz confrols pl90
RhoGAP activity, the site of dephosphorylation by 'Ptprz was determined by a mutation
| study. As Y1087 and Y1105 of p190 RhoGAP are reported to be the sites of tyrosine
phosphorylation on p190 RhoGAP, these sites were replaced with phenylalanine. Then,
in Avitro dephosphorylation assays with Ptprz were berfcrmed usinglwild—type pl190
RhoGAP and its mutants. The Y1087F mutant as Wéll as wild-type p190 RhoGAP was
efficiently dephosphorylated by the whole intracellular region of Ptprz ‘while Y1105F and
Y 1087/1105F mutants were not, indicating that Y1105 is the site of dephosphorylation by
Ptprz.

Next, the effect of the phosphorylation at this site on p190 RhoGAP activity was
examjned using wild-type p190 RﬁoGAP and Y1105F mutant. GAP activity was
indirectly observed by the Rho activity assay, which detects the active form of Rho.
Cotransfection of wilid—type p190 RhoGAP and v-src in HEK293T cells led to an increase
~in pl190 RhoGAP tyrosine .phosphorylation along with further inhibition of Rho,

indicating that increésed tyrosine phosphorylation of p190 RhoGAP enhances its GAP
activity.  On the other hand, Y1105F pl190 RhoGAP, a mut;ant that can not be
phosphorylated at Y1105, inhibited Rho to a comparable extent to Wild-type pl190
' RhoGAP. However, v-stc did not increase the tyrosine phosphorylation of the Y1105F
.mutant, and further inhibition of Rho was not observed, indicating that phosphorylation
“at Y1105 is critical f_or the regulation of p190 RhoGAP activity. Thus, tyrosine.
phosphorylation at Y1105 positively controls the activity of p190 RhoGAP, which

indicates that p190 RhoGAP activity may be suppressed when p190 RhoGAP is
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dephosphorylated at Y1105 by Ptprz.

Finally, the phosphorylation of p190 RhoGAP in the hippocampu4s was compared
between wild-type and mptant mice after fear conditioning. To analyze the
phosphorylation of p190 RhoGAP especially at the site of dephosphorylation by ‘Ptprz, a
phospho—spéciﬁc antibody  (anti-pY1105 pl190 RhoGAP)l dire;ted against
Y1105-phosphorylated p190 RhoGAP was generated by immunizing rabbits with the
tyrosine-phosphorylated peptide. Then, hippocampal homogenates wei‘e prepared from
animals after Qonditioning, and the effects of Ptprz knock-out on tyrosine
phosphorylation of hippocampal proteins were examined.

There were no significant differences in overall tyrosine phosphorylation patterns of
the hippocampal homogenates among the four groups. However, conditioned Piprz™
mice showed significantly reduced p190 RHOGAP tyrosine phosphorylation compared
with shém—conditioned Ptprz™ mice. In contrast, conditioned Ptprz”™ mice exhibited
similar levels of tyrosine phosphorylation to sham-conditioned Pzprz'/; mice.
Assessment by immunoblotting with anti-pY1105 p190 RhoGAP antibody revealed that
the level of p190 RhoGAP phosphorylated at Y1105 was significantly lower in
éonditioned Pitprz*™ mice than in sham-conditioned Ptprz*k* mice, and almost identical
between conditioned and sham-conditioned Pprz"* mice. These results can be
explained as indicating that only wild-type mice show dephosphorylation of p190
RhoGAP after fear conditioning, suggesting that p190 RhoGAP is dephosphorylated by
Ptprz after fear memory formation.

Moreover, the phosphorylation of p190 RhoGAP at Y1105 in the hippocampus was
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examined by immunohistochemistry using anti-pY1105 p190 RhoGAP antibody. A
gomparablé level of p190 RhoGAP immunolabeling was confirmed among the four
groups by staining with anti-p190 RhoGAP antibody. However, only sham-conditioned
Piprz™ mice showed significantly enhanced staining with anti~pY1105‘p19O RhoGAP
antibody. The immunostaining in sham-conditioned Pprz*™* mice was observed in the
stratum oriens as well as tlle stratum radiatum, in which Ptprz is prominently distributed.
These results indicate that dephosphorylation of p190 RhoGAP by Ptpiz is involved in
fear memory formation. |

The present study demonstrated that the phosphorylation of p190 RhoGAP was
aberrantly regulated in Ptprz” mice after fear conditioning. The level of
phosphorylation at Y1105 was decreased in conditioned Pprz*™* mice compared with
sham-conditioned Ptprz"* mice  whereas no change was observed in Ptprz” mice.
These results indicate that p190 RhoGAP activity is suppressed and consequently Rho
GTPase is activated after fear conditioning in wild-type mice, however, p190 RhoGAP
activity is maintained and subsequent Rho GTPase activation after learning does not
occur in mutant mice. The lack of Rho QTPase activity after learning is thus likely
responsible for the learning defects in Ptprz-deficient mice, which is consistent with a
previous study in which post-training infusion of Y-27632 into the hippocampus impaired
spatial memory. |

In conclusion, Y1105 is the site of p190 RhoGAP dephosphorylation by Ptprz.
Ptprz inhibits p19Q RhoGAP through depl%ésphorylation at this site, and consequently

activates Rho GTPase. This regulation of p190 RhoGAP by Ptprz plays crucial roles in
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the molecular mechanisms underlying hippocampus-dependent memory formation.
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AT ER I Protein tyrosine phosphatase receptor type Z (Ptprz) DS FEIc BT BEE D
DFAANZXLE Ptorz BETF /v 779 b(PtorzKO) T U X & H W TS LELDTH S, Piprz {3
SRERFOLVERATyI—FD1D2THY, A ROAFUERTOFA S U A& U THhiERERE
RRRBEL TS, BED PorzKO XY AR, EUREKEE I BIT B ZEMSETCEENH D, BE
CAl I BWTEHERITPOILEEZRT . TDEE Rho DTFHTH < ROCK Z2IHET S &, i
ETORMEROITERIEELT D, F/k, Ptorz DEEHNT L LT, Rho DFRIELEES GTP 7 —Hig
S )7 B(GAP)TH S, pl190 RhoGAP MREIE I N, TDXIIZ, Ptprz KO X7 XA THX Rho
U FINOEBEICRENS D I EMFERIN TV, ETEIBICBNT, HEOEHKY, BEREDN
FHIBWT Ptorz DRELTNBREZHENA K TIIETHEIEERLTND, H2ETIE
PtorzKO YU ADERBEKENEERELZTFME L. BHEEFTET B 3 XIREE T TREEES
SHMTEEICBNT, BRAREERORIICEST 50N, BEEIEOSICEE TSI LM
HoNTWS, /v 2779 b AR BEAENSREHESIREICBROLREERT I &0
Lk, k. BHEANSBEERTFHT A M TREERES N o/, TOEDIC. PlorzKO <
JAEBEEEICERNICEENH S ZEWRENE, £ 3E T, Ptprz 12X % p190 RhoGAP D
U S ELERA DEIE £ 1T . 190 RhoGAP OF O3 > U VEMEERT & LT 1105 BRI 1087 EF I
2D BNT WS, in vitro DY VEBLERICE U Ptors Ik 2B S EIEEALE LT 1105 BF
Oy EFEELE, 5612, 1106 BF O > DY E{ED p190 RhoGAP @ GAP EHICEX 2 HE %
vere ZHBHILHI LI THMLE, FORR, 1106 BEFO DY P EEICED
p190RhoGAP @ GAP {EHIZEICHIEH I N TE D, Ptprz KL DY VELIC L o T GAP EHEIZINE
ENBLEALNE, BAETE. BHRERIEEoATIR GEMTITYR) O BRSBTS
p190 RhoGAP OF O U SELL OVEMIF Lz, a2 ho—)bE LT, BIEEER OB, B85
PavPZEEABWVIUA GEREMIRTIR) 2HWE, 1105 BF O //75\ Y b SN IREED
p190 RhoGAP ICX§ 2RI EZ/ERL., HEEMEE. S REFEILE L p190 RhoGAP LU THY
>&Mﬁ%T¢1X&>%ﬁbt&C5\ﬁi@?@%fﬁ%#ﬁﬁ?@X@#%#ﬁﬁ?ﬁz&wN
HECENFOL LU VBV AVERTTE, /v 270 b A TRIESART T Y X &S/
YYRATERBEOTFOL VY VBV AV ERT AL, SEREIBWTD Por OFEET
LSBEMBEBIIBVTRAFDOEREZEE. L EOKRR, BMEHEAUBOBERTIIDESETH
Ptprz IZ& % plgb RhoGAP @ 1105 BF 0 > DY SEB{EAMEZ B DIckt L. Prors-KO T ATH
TR ISRNI EERBLTNWS,

CDEDIT, BHEEKFNLRES DORILITIE, MmmﬂpwoMMME®1M5%?D//%WU/@A
b5 k0T GAP IEHZHHIL, Rho DIEHLEZE ZEMNRETH D Z EMASNTE o,
AW, BEFEITHT S Rho YV IV EEROESERTHERALEEHTHEEbIL, TOR
BAD  Ptprz DESDAHZXLZHEICHESMICLAEDOTH D, B 8% KTHHKETSD
DTH> &#l L, hPESMEBERTONEBEL T 2HEOEERY (N1 Bl HEE Es
%%)&LT\E%mtﬁﬁﬁﬁvﬁﬁTiﬁﬁéa
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