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Analysis of behavior control molecules in mammalian
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The mammalian brain constitutes an enormous neural network and regulates
various behaviors. The question is how these neural networks are systematically
formed during development and how they regulate behaviors. By producing
several gene knocked-out mice which have abnormal behaviors, we confirmed
that Fyn and subtypes of NMDA receptor regulated learning or emotional
behaviors in mouse. In these, Fyn tyrosine kinase is extensively expressed in
the central nervous system (CNS) of mammals, and its genetic disruption in
mouse displays several behavioral abnormalities with morphological defects in
the brain. To understand the signaling pathways in which Fyn is involved in the
CNS, we screened molecules that directly associate with Fyn in mouse brain.
We have idetified 4 novel molecules; p130, CNR, FAP34, and FAP82. These
molecules were concentrated in the mouse brain. Isolation of putative Fyn-
binding molecules will open the field for understanding regulation of
mammalian behavior at molecular level.

BIEEEE b bR STEILEMTAR - @ERERRTHERELL. SHRELTY
5. UL, ZOSEELEMERSELH SN, MBHsh s FBMERIETO
FEIMEZ BTV, B BEFRIA~ v AERREMBICHAREL. WAL
%ﬁ®%%%%ﬂ6§5%0£%%%6ﬁtLRW£%ito%@@?\%ﬂ$%
EAlr k050 . 3R L O BREM AR STV ANMDAR EHE, MHERTHEVE
HARD LN TV AMIENEREESF THIFELETF—EHTFrI ] ERLEE
ipmm&ab,%h%wﬁ&%kﬁvvxmﬁﬂmib\Wﬁ@%wﬁﬁém&
SBEIEAS T OREFALPCTH I EEE L, . ThbORETSMEESR

EIBEI BT POBRSFEELE- TO A2V T, BAESTEFICHE -

5%, “hbOFRTELNCERIL, b M EETMILEIY O RS2 H
B 55 THERYALPCT IO THY . BREBHERBZRA TIT FTOEM
L5,

WTFEEEE

NMDAZFEDY 7 & 4 TRUIE L7 ¥ —BF ) VEERER FynltfZT X
e o ADEMEFF -k E. NMDARAKKB~ VA TREOYTFATILLY
AR B OBRB R -THY . THENSNBRERRICR L TR~ ik

ﬁorwaz&ﬁﬁaw&motofﬁb%\m%f&%fdﬁ%@?@ﬁ%ﬁﬁ,
— 143 —



oo FRBVWLZ G, L7 s —RFos Y VBMEBEED 1 OTh 3 Fink
KPSV ATHREMEERE (M2) | WHEY., WILTHREY. 5K
REE LY, El, BEMEERRECL YTV, NMDAKRT 27 5= kM
LVEBRPEZLLTWI LBHALME 2ok, TOBIC FyndiILEI o
BEHEHICRBW TEE LS FEELH-TWAZ EBEEM L RT3, LHLED
ATEEBA N =X DOV THFRAEALPIER TR, Lo T Ha tirynd i
FRRER THAR LTV B F SRR EAE O MIC B TR 340 Filia s -
TOLLHILERRELT, ZhoOSFOBRERLT:,

w3 AN TN AOLEREE TR
7 AGHIEBE go% (1
el 0
RIEFWA —-«r-+ 2. I
[ ] + ﬁ Fyn Xik7 73
o) R
550 2
i |
BRLED AT o e @ ol Wemvoa
a
\ &7 “hamw 1o

A z'é‘."\ﬂ'ﬂ_’whﬁ

2
! ﬁ ! {e) FERTIR

FASTIROME 2w
I
z
CS?BL/B?OZ o
= o
2):&3 » 15
Qe I | B B
[ERRTY o
e AP < U ;
~ ot
~FETYR ~FOTIA
& uw g G 9
& mz Th T e B Fyn KIKTT A OTMEER
B#ETFRBTIAGRETIR) (a) T AFKESSRALVE IIIHAE SR, €O
HABSCEETSETOMMETQMTL 2, HEMNTTAT
Rl EE I DM REFIZL Y EOBMNGERT 512 LA DS T Fyn RIR7
ATHREEATHBARNG N1z, () 2R 7 AT
. . UOLHLIHEETRYMS, TIATKIELIMBERT,
| BEFRAY 7 2AERNOTA FRLTOSTENT7AGHES/I T b NS Y, £
BETAALTLZ FOL -0 g0E T LS =y ORARZEGT L (D BDFAF SRIRSNHIES (TQ)
VIR -5 MAF DS, HAISHEER SR, BRI EUEE (U0) 13 & 2 sl 2BR EEML R, T
AR TS FRATRENHIEE THC TV ZHMANAS TS I0DIS
ﬁi;%k ! N HLT, P RETIATIEZ AT B o,

FHRCLY, BEFRAYVAOEMIC L O UTOZ EMBALNE o,

1) el¥ 784 TR FETORNKE, ST CHBELTVWS,

2) V75 A ZIhRERBBRIEE, SCREMEIC BT 2SR EEITEN
THREL T35,

3) ed VT F A FILERITBHRRICELELTWS,

4) YT HA T BE B F T AR EE RS HEE MR
BIRERICEETH S,

5) Fyn R~ U2 THIEE SRS RERZ S Lo,

6) Fyn KRB~ U A TILEBRECHET 3 RKELNEUAHY . YA ¥ I LE.

NMDA. GABAICREH LAZERICEEBSBEDHON B,
— 144 -



7) Fynid ¥ F 7 AREIZBELTEY ., NMDARERY 754 A4 7etk ezl v
L LT3,
CIRLORRICL Y. NMDARFEY 7 F A FOFyndSEERIC, WELEH T O M
A - B BEEAREEREL LTV I e BHLNE fot, Fi, BEREN
Z LICNMDAZEEKY 7 # A 7Dl R U 2BFynic LV EEY VEB{EEh TS5 Z
ERBESMERY, ThbOlEFREBE~Y UV AOTHREPEMPERE. WILAT
BRHECHEBLTWEE, IROORERE, HEE - SERBRREIZBY TNMDAR
FIE L Fyn B ERBEREEF-TVWH I LERTHEETHY . SEROMERBOST
HEZE L 5 P THREEVERTH D,

i FKFRCRMERLFINTRHZCERTSENT, FndHEeTd2
FOERE MR RICOVTIT o/, TOHKE, #7cilpl30. CNR. FAP34.
FAPRRE LN, THLDATRMTHEERLTWDI I EBHALALR2-TRY.
Wi L END OREERI Y ORI ET A S FTH MOV TRITEED T
B,

SEHEOBBEERER

BIE, < UARAWEBETY —FF 4 >V EORELICE DR - #RICERE
R L OBICEET AP OV TERSED bR TWD, ZRHEORROFTIN
F T34 338 B2 LT & FFyn&k U NMDAS AN ERIC AL - IBREIC
BWTEERSF CHIZ EOHPRKERERE LD, SHRINLOHEREE
R LT, ERAE - 0. B EOMBRESEOBRRDFAI=AATEY
HREN. BELTVADNESVTHLMTIHERDD, BxLZOPT, B
MO MSBER TR BET IR FEFHLICAEBE TR, SBRINLGLTFO
I BT RIT. BETREY Y AERE D L iC k) MERETHEERRT
OBRENCADWTEAF LTITE 2V EELTWS, i olgae s #5545 7059
LM/ B LY . BEE T MEEEE E X T LTIThil TV REEN, B
E TR HREAT L LB D RS B b o 6 8N DO TRV EHERE
LTW5, b FORPESETSER2MESEELOBER TEERL - mRELT
&1, BEBEH b OMBSEEITIIE FOEREMERSVIE TEPTONT
DEEESF L NV TRIETHIHEEEXDBIETHY . REETHVEVKER
TE7 b hOMESEROERIC OV TH RO AEEZ b b LTI bOTH
HEREELTND,

FEFfim L

1) Miyakawa, T., Yagi, T., Tateishi, K., and Niki, H.

Susceptibility to drug-induced seizures of Fyn tyrosine kinase deficient mice.
NeuroReports 1996 in press.

2) Abe, S., Yagi, T., Ishiyama, S., Hiroe, M., Marumo, F., and Tkawa, Y.
Molecular cloning of a novel serine/threonine kinase, MRK, possibly
involved in cardiac development. Oncogene 11 2187-2195 1996,

3) Yasunaga, M., Yagi, T., Hanzawa, N., Yasuda, M., Yamanashi, Y.,

Yamamoto, T., Aizawa, S., and Nishikawa, S. Involvement of Fyn tyrosine
—145—



kinase in progression of cytokinesis of B lymphocyte progenitor.
J Cell Biol 132 91-99.

4) Tezuka, T., Umemori, H., Fusaki, N., Yagi, T., Takata, M., Kurosaki, T., and
Yamamoto, T. Physical and functional association of the cbl proto-oncogene
product with a Src-family protein tyrosine kinase, p53/56lyn, in the B cell
antigen receptor-mediated signalling. J Exp Med 183 675-680 1996.

5) Kutsuwada, T., Sakimura, K., Manabe, T., Takayama, C., Katakura, N.,
Kushiya, E., Natsume, R., Watanabe, M., Inoue, Y., Yagi, T., Aizawa, S.,
Arakawa, M., Takahashi, T., Nakamura, Y., Mori, H., and Mishina, M.
Impairment of suckling response, trigeminal neuronal pattern formation, and
hippocampal LTD in NMDA receptor €2 subunit mutant mice. Neuron 16
333-344 1996.

6) Miyakawa, T., Yagi, T., Kagiyama, A., and Niki, H. Radial maze
performance, open-field and elevated plus-maze behaviors in Fyn-kinase
deficient mice: Further evidence for increased fearfulless.

Mol Brain Res 37 145-150 1996.

7) Watanabe, S., Kai, N., Yasuda, Y., Kohmura, N., Sanbo, M., Mishina, M.,
and Yagi, T.Stable production of mutant mice from double gene converted
ES cells with puromycin and neomycin.

Biochem Biophys Res Commun 213 130-137 1995.

8) Ikeda, K., Araki, K., Takayama, Ch., Inoue, Y., Yagi, T., Aizawa, S., and
Mishina, M.Reduced spontaneous activity of mice defective in the &4 subunit
of the NMDA receptor channel. Mol Brain Res 33 61-71 1995.

9) Yoshida, M., Yagi, T., Furuta, Y., Takayanagi, K., Kominami, R., Takeda,
N., Tokunaga, T., Chiba, I, Ikawa, Y., and Aizawa, S. Use of a new strategy
to identify clones trapping genes that are not expressed in ES cells.
Transgenic Res 4 277-287 1995,

10) Kashiwabuchi, N., Ikeda, K., Araki, K., Hirano, T., Shibuki, K., Takayama,
Ch., Inoue, Y., Kutsuwada, T., Yagi, T., Kang, Y., Aizawa, 8., and Mishina,
M. Impairment of motor coordination, Purkinje cell synapse formation, and
cerebellar long-term depression in GluR82 mutant mice.

Cell 81 245-252 1993,

11) Sakimura, K., Kutsuwada, T,, Ito, I., Manabe, T., Takayama, Ch., Kushiya,
E., Yagi, T., Aizawa, S., Inoue, Y., Sugiyama, H., and Mishina, M.

Reduced hippocampal L'TP and spatial leaming in mice lacking NMDA
receptor €1 subunit. Nature 373 151-155 1993.

12) Yagi, T. Gene targeting of fyn tyrosine kinase in murine nervous system.
Genes for development, cell growth and infectious diseases John Libbey
Eurotext, Paris ppl17-27 1995.

13) Miyakawa, T., Yagi, T., Taniguchi, M., Matsuura, H., Tateishi, K., and
Niki, H. Enhanced susceptibility of audiogenic seizures in Fyn-kinase

deficient mice. Mol Brain Res 28 349-352 1995.
— 146 —



