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Autonomy through Dependence: the paradoxes and challenges of financial policy
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The above research, original and innovative, aims to explain how Japan's late nineteenth century preference for
economic and financial planning was not an ideological antipode of liberalism, but was informed by the
Gerschenkronian projection of Japan's backwardness vis-a-vis the Great Powers, and its endangered position within the
dynamics of imperialism in East Asia.

4 WMEOME

The above research argues that planning did not extend into all fields of Japan’s economic life, but was centered on
technology and knowledge. Accordingly, therefore, finance should be treated as a technology that was appropriated in
order to secure the survival of the new state. It demonstrates how the political economy of 'catching up' was fuelled by
the paradoxes associated with the state's independence, and concludes by noting that in the thoroughly cosmopolitan
field of finance, autonomy crucially implied access to, and thus dependence on, foreign financial technology, especially
foreign capital markets for foreign loans.
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Autonomy through Dependence: the paradoxes and challenges of financial

policy in Meiji Japan

As a result of the above research, our understanding of Meiji Japan’s financial policy, its paradoxes
and the challenges it faced, as well as the dynamics of the Japanese economy’s relationship with,
and use of, foreign capital. I feel certain that the above research will be informative and significant
for future generations of policy makers, researchers and scholars conducting historical research on
Japanese finance.

Naturally, the purchase of research material (books) to evaluate the present level of
knowledge, and learn from the latest research presented in this field, is integral to the methodology,
aims and goals of the above research. In addition, international conference participation is
necessary as a most important source of gaining peer-evaluation and feedback from other academics
working in the field. The receipt of this research assistance is essential to performance and success
of my research. I have applied for 40 percent of the research funds to be spent in this area, but it
would be appreciated if a larger percentage of funds were to be made available for this purpose.

Finally, the conclusion of the present working paper on the above topic is appended to
demonstrate what has been discovered.

VIII. Conclusion

Japan's financial development in the periods before the Second World War cannot
be understood by drawing distinctions between the liberal versus the planned economy, or
between autonomous versus dependent economic growth and development. Paying
particular attention to the views of those involved in formulating financial policy during
those years when Japan's modern political economy took form, our study has shown the
preference for planning was informed by Japan's sense of backwardness vis-a-vis the
Great Powers, and its endangered position within the dynamics of imperialism in East
Asia. Using both primary archival, and secondary sources, we have followed an
inductive approach, rather than projecting modern theories and frameworks onto
historical data, in order to reconstruct the 'semantics' of the state, its economic
development, and the imperialism of the period under study. The result is a more
intricate, yet empirically less problematic, picture in which politics and economics
appear to both mingle and collide, producing both new policy problems and new

solutions for dealing with these problems.
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Autonomy through Dependence: the paradoxes and challenges of financial
policy in Meiji Japan

Planning, centred on the acquisition of technology and knowledge, necessarily
included an understanding of financial technology, in order to that Japan could further
its economic growth and development. We have demonstrated that, for Japan as a late
developing country, the significance of Japan's adoption of the gold standard was that
it allowed the large-scale import of foreign capital for modernization through
industrialization, the conduct of large-scale war, and the pursuit of empire — goals for
autonomy that could only be achieved at the cost of dependence on what it was

competing against: Western technological, political, and financial superiority.

FERBIZGUT, TOR—VEIHEALIEI N,




(A=t 8]

REES N6\ o) oo

i BEESERALTESL,
Fr1 9OFE FHMARPREREREE

Ve, 20 % 4 H 15H

K 4 2| FFn

FTIg - B B - SEREAD

TROLBYBENZLET,
1 M B | e CRmseiE)) — e, s et A BATORAEOCEA TR
2 HFERE

BRAEZES L MEREDHEII OV TOHIZE

3 HEROB/

HREZIZICD & TIELEONTFERREZDITTN TN O B THBERS 2R AT 20, MHB
WEDHOBEEMIIE I ETHR, =Rl —F - HNF U ADRA = A LIREHOEEEE %
ERTHZLTHIHED, MEREDEICHL—EDEELE 25, FITHROBRIIZE L Ta—FR L
— ke HRF U RADHEAB L OBRICOWTHLNIT A I EEAHEOENE LTWN5D,

4 HEROME

a—R L ke N ARHEHRE DB L QI T b 7o EE ST A #2127z -
TW3B, 207, KFIFOBRIILHAA, BREF, 774 TV R, HHVTREFOBRN DR
SE LB OEMFEEZBHL, a—RL— |k - IRF U ZAQHIRBEEEELDOMBESITR,
MBEREDEDOERZZHBII L T LERD S,

5 HRZokRE GERFE - MEMRDOHZE LET)
- R

- Ry RE (REIHE)

Kh—LR—SETOANAD (@B VTANZOTBATIEEL, ZOBAE, BaBELEHLTFEL,




[EEREES — 2]

BRI EER K& . B &R

6 MEOWHR ReWROTEMREZZ, 4,000 LU ERALTIEIN,)

EEEBESORBEHNOO L DIL, EENEORWVUBEREDRMEEHETLIZLIZHD. EOE
THRNWZ ETHIN, REFIIMBRELERL, FIEBREICEEDOHEBEREFATRTIEEN
HB, LHL, Healy and Wahlen (1999) 2B TH LI, T—=U TR - w1V AL MEATE
TEHZLIZE > TEEDREERICOVWTHERREL IR —FT2R8ENYRH D, £2T, 7—
ST ARV A NI EETHLNILRTNIERG VDO TH D,

T TR XA ROERICOWT, TAY IOERFHEEOBMTIILTLL—HLEER
BELNTZDIT TRV, ZZTRRFENZ2 LD L LT, Healy and Wahlen (1999) (2L257—
SV TR IRV A MOEREERY EIFTRMNT S, Healy and Wahlen (37 —=2 7 2 - =3 ¥
AU PEROEIICEREL TS,

[T—= TR X VA MY, MBEREEZEEIES (alter) 7ZOICREEDMHHREI
FHZBWTHIB ZATET HBRICA L 5, ETOMBREOEEDEIL, BEDOEER (underlying)
BEERICOWT—HOFEBREEZ I AU — RT3, HEWIIAKR L ESFHEEIEKFET 53K
FORRICEELEEZ D LIZH D, )

IOEETIHE, T—=U TR -wRV AL ML, MEBRESCIENIIK U TREZE M S A 0¥k %
T LIitEoTAEL D, 72& 21, MERESITRT B EEE O FBCHF B EE E ORI E A D
B OWTHBITOMBRFEETIT— DU LOSFHUEFERRBD b T\ 5, EOFEERHERT
IR EEOHENCER TS, BBNCE LT, =& 2 3MEREBAT I U =23 50T HR,
REEOHMBIRTEL TRY, REOMBERICFELRETLOTHS,

DX IREFROHMNE, T A Y I O—REEFHRARCIERICRED bW Z8HEANTIT R b T 5
7y, HBHNEUS—GAAP REEZER LTI TN TWA NI DWW T, Healy and Wahlen (2
LE2EETIHERINTWARN, RERFETERSEFAET L LV o L ) ICRBIZ Db ONEER
GEERBTRBROMNBLE LRV, ZOBBWPRLELOREE L CHDL L, T—=V T R vR
AV MIREEPEEEH IO THMEREGICHEL S XD LR EITET LI L 2ERL
TW5, ZOHEX US-GAAP REEICHEDLNEZHDEHiLE, WhOARERELRLILDH
BEND, TP bH, Healyand Wahlen O RFETIE, 7T—=2 7R - XV A2 MIHLT LHARE
R LIRS 20,

SEHERSAEOMED B, Dechow and Skinner (2000) (X7 —=0 7 R+ v RxTA L a2 4D
DATAVICHFTDZENTEDLEEZ TS, US—GAAP KB D LNEHEANOITIY L LT
REFEZRSE, PAULOFER, 2O VNTEBRORFTE V-2 32007 YRH 5, THNITMAT, K
ERBIZORNDET ==V TR R VA L M —208T3Y L ENTN5S, RTFEELHITEH
FRIOONE S THAIRTFEROESLIFF—HLEZLOTH Y, ARFFRELEL 75 L0 22Fa
BETROIBR THD, T &L EERXHE, RS FHIARFIREL BT LI RSHERTH 5,
Giroux (2004) X Dechow and Skinner BREBR L7 T I VIR 72T, T—=0 TR« =RV
AV MEARSTFERSE, PUNSE, BEOSEH, 2OVEARERF LWV o 4200 T T VRS
TV, 72& 2T, FRIREICE D IGSOFBRBRICET 2 RHBERE R THBD L, PR ESFHESR%
LD E, BREFIIFERORFBITAPK T LERRICRBWTHERSE |, NEE70#%T 5, RFEE
HRSFEEL L 256, REFITINERBOKRALELY, BFRERESZ TR AT ET




[RfEHmEE 8 — 3]

HEREL . BT K4 B FR

MAEDOFER (0I5&)

H5THAD, —FH, BBHULESHEELY LHREEICE T, billand hold &\ 5 & 5 e FiEAEHEA
TE 5, B, FERBABERICITR S REETL, AFKFNSEELEH TR EDT E45
EFarnstLlniwn,

HEORBFVEEE (economic reality) ZFHAT 5 Z LIIRFHEROMEBEHREOPEHTH S, L
L, EORBFNER LI, HE2WVEMBREIZT—FLEOL I LTI OREFENRELHATS
DITREZE DI AITHE L TRESNIBEENEZV, CEORENRELAERT HMBRELEEIC
DIDOBIEIZERTREZ LTV ETHRWVD, 4 Z2BAT, REEVPAR LEMBEREIIZOE
EMEFLITEEEE W BCHELZ LT RWBEAR S S, =& 21F, MBEHRE EOAFRHIZEED
T U R NOFEERICHZ L CORWEE, MARERIICEOREEBNEBEVLHWLY 57
b, BMEDO FTENFEREND, £HTHE, 20X RRAEBETZWREZIZT U R SOFEIE
Wizwt LCEUR S 20, AFRFASEN T T U X FOTREREL EE S L 51, L 2 iXEEOEHE S
WEBELSREL, YHOAFRFBRELZHL LT 21782 L 250 Liv2W, ik (AFRFIFEE<
0) OAFRCHIH L 0 BWFIREDAED N L AR EBE R, ARFIREE L BEI0E
BLTWDHCORMEED DO, BREFIIRE EAGH L2 ARREEZEL Y
RO TEBENRHD, £, TUF b T A MED L RIERRHINTFET 720, BREH
1B EORIEER BT B 12 DICAEFIREZED T 200 LR, 20 & D 228k 4 Z0R ISR E
FIL o TT—o L PR RRVRA NEATIROIA BT AT LB, 25T 5L, TFIZEE=01,
(BTHADAERFZEEE], (77U A bOFEFIRE), HDWIT B0 EoFIREEE] TRERICL
2T, MEBEREEZRRTHEDON L Fv—IIlbR 5,

MRS L 327V v e o=V v MERPHALT 2B TIE, 7Y i ThHKRE
Lo —Vxr FThHHREE L ORI, RERNEORREIZET A EROIEMNFHERFEL TN D, &
BEIILENTOREEZZRLIMDATH DD, BBEREOERICEL TRERHEA T LERDY,
T F Db DTSN DARE TH - IR L7200, MERDIX, ZOHBTOITENREE OEHEI
FoTERSNIBEETHD, TORITONVTITLEL OFFFEENER L2 L 512, RESCEEERE
DBRNOL, T—=U TR w3 VA MERER D Z LITRBEETIIR, REE SN E
D, oL AREEDHETZITET 2HEROBAZ VIR - BIET57hEWNWIZETHDH, 2
DFEEEHT A0, TTIIREEFNMTRIT—=U 7 A - wX VA MOBR, #ill, €%
DREELVSTEAENDS, LVEOEFVRILCL 2T —FOEREBLEL IND,

TETIIREEORESFZH ST2bic, MBEESLHEMEIZER Lica—RL— k- T3F
AEEEIRLT A BESENFHEIN->oH Y, 3—RL— b« AT U R CEET HIEECHREL A
BICEHINTETWE, 2—RL—h « IRFUAD A I =R L5 - b5 2 L IxMERE
DIEEMEEEDD I ERARELHEHS I LIZ—EDHRRIH B, L\ Z L1TE < OBCKBIEEIC
Lo TSN TWS, BABSEICELT, a—KRb—h « INFTURAD AT =X LTRZ L TARIE
BREOMAIRE L SCHERRFRICR > THWEDE I DI OV TOEEMRIELEZR STV
VRIRIZH B, T DT —< X EARDOHFEILE o THH, RRAICRVMERITNERLR2WEREL W
&9,

W

B MBEDSUT, 2oV ZHEALEIN,




15 £y
(Bl 8] BEES | H07-054

FIREFSERALTLEZ W,

TR 1 OEE ¥HFRPReEEREE

R 20 # 3 A 5 H
H & X %2 8% & B

« s OB ole  IE G
R - & @%1}%%%’;’?% &l

TROEBVHENWLET,

1 B | smemioe CRAGEAY —RBIRGHR), et | BT SRREOTRA T,

2 WrgEERE
TRt O > TICENBARDL - HROXFEE GEA, DHEK, #HEVR) 52 -8

3 WROBR
FARLTZEF— PR IA F 2R TEEDHMIT T 7 DI H B AT
FICG A IR RIET 2, |

1 WROBE
e AR IR SCRIRD N O— A Th B HERBES IS4 D . 1600 Lo =

b7 2B RERIT. BREET 5 O & T WOXREOREE AR SR o3z,

5 e GLEW - BAEFEOHREHBLET)
- BFFEARE

- B EE (RElSE)

HR—Lr—VZETORHAD @) F) LWIThArZOTHATEEN, F0BEIE, BhBEERMFLTTE,




[EREBREES 2]

B E | EEE K& Bk IE

6 HWEOER @aMEoRWERESR 4,000 U ERBALTIEEW,)

RZ b7 25— OfERICB L TRT CIRETEICOI - THIRET IO TR 20,
CEAERIR. Fr—hT7BLP PR b7 RF—OERPHADIERICED &K S ISEEE
'E@Lﬁ@#§%ﬁfbéo?i*$7ﬁﬁbfﬁg%f?1~$7%ﬁ@ﬂ(:OO@
. BEAD BE 15 - —k70E] (COOME, HARFAMFMEFEH) « o
VP NEE - TREEREOWHK (F 2 — k7 OHE] (IHEXF25. —OONRE)
kA TRR P 7 XF—R0SRAF = —+h7) (B Bl [ oRERED 237k
BICENSW —F 2 — R T OB T4 7 —/ 71 2D (FD SEERT - RERLA
s FR P27 25— ORI BORSEMRMCBE L TR Ty IHmA PR b7 2F—) (2
OONREE, BRE #HiT. [FR&E1 LFBIGHR IFREE OBERLEBMFEO— -
BELTIRFEE PR b7 2F -2k (COO/NEE, [HEEHTIE) REE) & IF
s dp (RES 256 TFEBIGdR MFREE ORRERAZS D) ZRELI. B
Z kT T AF—OIFOKEMECE L CESEEERRILIBTREBR E D=2 DO EH
B oD WA WD & 5T X FT72F—XFEOBEICIHOWT) (COOEFERA,
[DXEBE) 11478) [BEETEO PR b7 X+ —1 QUEHEXE65, —O0+L
£ THEEETEO P b7 2% — ) J ([FAMZTXF—20E#E ) 2. FX
FT R iR b & DRERS (EHERAEED R % k2T A —) A%E LT, K
2RI 72— & BAOER - BA & DHBSUERIGEPIRBEE LTI MIEREHRE
27 RF—1 (—HAJE AL 2RI IEEESE PR P77 2F—1 (
TOO=4E, BEM) TEERAEE P b7 2RF—) (COOME, DXEFEMFE) T
E/KIE « PR b7 25 —met) &% RKEMARE FX o7 X+ -k (&
OO+E%E, DXFEHHEL) SEFTLTCE /L, TOXRDHITIE A b7 XF —XFEOE




[RFEHEES — 3]

BB SR K4 1 #EK IE

MEOER (03&)

BAPR R THERIEER bINDHTH 5.

SERATVEE GEHRSCEROVERO— AT, FA FZT72F—0 TEEI X - T/NH
FITIE D T AT LIRS O ORI RS foo RS LTI T8 (2
OO/\EE, HAARFEAFEMEMRER S EUMEER) < MERB= FPXA b2 T X
F—] ARELL, CHRABREEEVIHEZB=HOBN OSSR THIEED DT
H BN M= k- Bl EEMOMBEIIBEL T, FX P 7 X+ -3 & DBaE#E
KBWTREAESZ - bDTH %, MEOEMREERTICOIRICHRESES 5, [T
BE) LOHEN] [EEERE FA P T72F—2DH->T) MHEB=DOFX b7
2 — (KB &b LOMEEARE) M=o Bam) M= MTEREOF
HEimbD — (HIEDEY TEXETHD —) HRB=0 T5REE1 O Gsr <
BALT) T aElLcnwsdy RXbLT72F—) HEZB=0FT I8k 2D -7T
| THEZE=o TEE) 20 -7 A= TREE w1 HEZB=0 Th o<
— /7 D5 Fwl Pk

B BEISLT, ZoXR—UETHEASZEZ Y,




& 07-055

(ARt 8] mmEe

EREBRSERALTIEY,

PE 1 OEE HTHRMRSRERSE
TR 208 38 29H

H X XK 2 # B &
K 4 2 ®EH = §F
FilE - B B A X % E
TEHEOEBDFEWCLET,.

E I RYUYTEEEEcTHATEE
L,

1
"= SRR S RETIZLUBLA) /AT SR LR A AT
2 TAZERE

HFLWIEHDBEVBEDLOODBEFEDRRE EHE

3 HAROEMN
FELENEVN, BOSVWERZIZBEHEEICRDADIENS, HILWIZ 22—y arhiEEN
THEEVPHREOREMENZEVEZHFEHALEEDIDDEREL. BEEEORFEEIMEETVL. SHiE
HAICLZAEMREBL CREQAEVCHHEOEELRENLDENGRBEVRIEBELRZ I EERS M
ICd %,

4 HAEROHE
CEBDHFUWEVREBEDOLHICERNE., 7YV I/RAE. MRAERAE. BEETYrVH
EER., BESE. BEEORAERO—EOHET/OLAZRAGHNS, REABRVCHHEOEELRE
ICRBICHRETEAREEEOEZEZTV. FLLWREEEFERZRAVWVCHAXRERAEBEORIELIS

ZDEMEERILT 2

5 MEER HEAK  BEWROHZEHUET)
- TRARE

- RDEE (REDE)

sh—Ln—Ecoilo () B  WIhAEOTHATI EEL, BOBAE, BEBERLTTEL,



[REHEES - 2]
RS | ZMEER K% &REH

6 WMEDHER HBaWROWRABER 4,000 FLUERALTEEW, )

UTOREZERISHHE REBLEOHE - HIRERICRE LICBEERRZREL .
REER
1 BV REOHVBREOHRAEERENS, BARBETOZIELDOEVIEERAERITTED
IBENEBE TOEANLHEBETCE+TIERREZHEFETELRVE DB ET > o,

2 BB EEOHBICTULT. F—OERBEDORENH > LBRICHTDICTIETE S AR,
MR ELERCEREES. R2RRCBHILE U,

3 YWitE  FEEORELCEVWTERAEROBEEDEALEETD TIRAL, FLAXBEOEERIE
HEEATDOOBEEICTOBREIFZRINTOWERWT EAERI N,

4 BEIKBRST., TLAR—IREOERERICEVWTHHREZEEDEAICESKAY YL
HEFUOBRENMED DWW e, BEEET 2R TCORELRREIN

ZI T HREROEUVCEEEEOUELEEZRD, HHECREE CORNEBICHIGT 2H L L
BEEDEDHFEZRT L. REBEEOREEEMRICEF U,

REEEORFX/OEX

1  EAROKRBEBEIEVOEENREINTED, FhicZh3 I EHEDEBRAEEAN,

S5HFUODRIETEDEE DR DIRE L AR5,

2 I PUNEREICH U TEEN TREVWEBHE OEB DIRE & R3T.

3 KBEOZEAICHLT (M. A, EFEXLRE) RRICHLTE 2 HEEDRE EREL,

4 ZEHLEDRUEEBOLDICHERNERMBUIERICTZIZBINLGHZFUOEEEEOEE S
W2 E DR & REE.

L EOREERIEHNSBIEEEDRREEZEML /2,

TATTERECEVWTIER, BHRXBEEOTRESEE L TEHN. EHULR. FEHEEBHRREDRE
ET> e BRNICIEFEEBEA & U,

IEH I ERMSE CRIGASFTO+ABERSTERVAR. BNULXTRA—OGHLE C+HENG
MTEBRVWRBRENH D, FHERXATIIEREOEVEBSA & NS OEEL TENIEFH U Wi
BOFIBOENENIESHCRDZEDEHB S,

BREEBICEVWTE, COPET—TIL - RYFROFHFEXEENE > EEEREHFL, &5
i 2 DEIOFDIfcARE L. WRIEREENEVWESHEET >t SSICEHRULARIICTHLT
X, BEAROBZLRERR—LRT YN EBET—TIL - BEOHEAITHICERT 2555 EA
U. RPN OBYEOHSZWEIEHEDEWHELLISHEETFNDLDICIXR U

EEDEBER

FURMZEAREL ORBEOEREX AVLT., #EOHAER% R,

1 :3@h5 6 RETODERE 30 AOREANS, BEGRABEHIE 3 ANS 5 AOFIBEINEL., BUR
BIEEET—TIETODEBAIPRERAWN S > THVUPHRIRR—LABTF Y M EFBELEN L NA
BRENBAICITDON., CEHEBSNEVEIRIDEETH >

2  HEONRZYa2a—hrFYhOTY MRICEEBIENEZEUSCHENADIAHZ, 3 ABEHFAILTEN
TERCOHDOBIFBRERIEENT,

3 ELETOANATHTlch. BTEWEAHNS BEFIMENHD, $HMR—LBFY NIEETOD
HWHEULHNSBEFRICTABRAHETH D I EHBES MBIz,

4 BHXEEE U, BHAILTEMHRICKA 2 BHPRETH IS, ISICHEDREY
REHNSEOBRNBERL Lo,

BEEOER BET—7IL - RYFRMAESFER ES 12mm

274 VEE B 1lm60cm (2 BITD)

MR 50mm B/ T4 AZHE BT 30cm ATIIRAVNEBE DO flHR)
FIRR—LABNRSY 2 —bTr b Ef Im50cmx

TSR T77AIN—EE 10mm ODHMAD  AD cicHR)




(h#E#X 8]

REES {& 07-056

% BEESEEALTILEL,
Fr19FE EHMHRMBESERRESE

A5 20 £ 3 A 27 H

H X K % % E B
® 4 g
TR - B THA R - BT
TROEBVHRENWTZLET,
1 ## B | I ﬁ%/-@ﬁlﬁ}\)/—ﬁ&“ﬂ%(ﬁlﬂ)/%éﬁ% l E B THERFOTHATZEL,
2 HFERRREE

BT X IO ER DRSS TRIEERE (VY —F— %) 2fA LEEREOT A B

3 WHEDE®

BT 2 X —MENEZME L T aH, baBBUAND 7 ) — 2 =RV XF— D ~DOIE AN EER
SNTW5, ZOHRTHREEEEN LIZKEERE (VY — 7 —330) I bHHEINTEBYESET
IHEEREREICE<LROANLA TS, L LA SEEREE V) —RIITSLT L HiE TR
SETCLNEELTHRVORBIRTH D, 2B BEH Y — 7 — XX VIREEMTH 5,
KBBNFE (V—F— %) 2RI LA TEMLIIHRER CIIEETHY . 2l THF i
DEREENEANOREMEZERIEDLEoNTICRDEITHAS EBbND, (Bl : KB AyT
—FEa. KRR L)

AR TIERGEHRE (V) — T —/3F%V) OBREBECTOMREEED LT 4 VB EITV., EBRE
PUER. TORIMEC T2 —F—RHEELZITV, BEMICEGEREZHMB LV TOREIZE & LiATeZ
LEBEET D,

RNy L _VDY —F = REVERB L USRS e U T2 ICITREREZ &
T%aiéiﬁﬁﬁﬁﬁm@&&btwo

4 FEDMEE
1. k%ﬁ%%@%hﬁﬁ(% H— & OEHEE L) KIELFEEOE G EM RFE
2. BEERHAE ) 77— oA U Z v a—IC XD E#RAE
3. THA RS

[k Lk

o g

AT T

Xk

3DT— B

AAEHEHIE
4. FEERAEHIC L DHE - Rk

EEHREEE oo —W—o L F—T = A AFHE

FREERR
5. MREE - BREESR

B2 T E




[EEHEESs — 2]

AL | B Bd  ERE

6 HWFEOREER BAMEOHFERREIL 4,000 FULRBALTIEE,)
K —F— "N ENE L REXEEMORERET VA VBB L,

V=T = NRRANDERREEAT 120, 7o — MITKBHEBEE~DOBELIEZH 2B HIET TERV A
DHBALIZDOT, TNEMFRT OO T oL 7 NeT5Z LITRE, MEICEZ Thro, BEAREIC
FERRE & LTREREMAEDETL, RIEBEIFORDICBE B4 >EKBRICTHET 2]
& llc, AEEINMEOAH OB CRRX L, HFx 2T b0BREED, REEIIEBETT VICHE

EERERICEATESE ) L L Ta—F—REZITVWERELTLTETH S,

KEBR: [TuliiozaF¥F 4 B2007] 2007411 A8HBE—11 A208 HBIELIFHFA v ZF—UEVIFHL XX T
Y —iz T B

BFFFA T 5 ETOa T MEE, R £V BRELEL5 L TOREEECHN,

1000 EIfR VXL THRETE 2B M, LObKEHEE>THRE, REMETBHRO X MIFTEN

60 B (—EIC-DX 44K) TEIT,

IR; (Refuse ®®H L H) BMAR TIOERDD, REMOREBICRERE N 2HEDZRWV
2R; (Reduse ~H¥) FeBMUIE VS CRIEMICI A~ 1/10 LFORESE, BT KB LD TO/10
3R; (Reuse fIEEH{E5) FEEM B {K1Z 1000 El#E Y IR L FEEFTHE,

4R; (Recycle VHA 7 /) KREBRIT2r=v "NllZHETEXADTY YA 7 /VATRE, BT B K S Rk

SR MRS E K1 EE 1SR




[RigmEE 8 — 3]

R

4 . EWEER

K4 : ERE

&

MREOFER (03F)

gl e,
B o
R D

521

FoMBBEZS DT, 20—V TFHAL T RN,




R ERT 8
(Rt 8] HEES o758

% BEBSERALTESL,
TR1QEE PHMEMRESEEREE

Rk 204 48 21H

K % FHEE—

ATE - B HTEH—REE - BhF

TROEBIVHRENZLET,

1 B | i @ R GER) i A | BT SMAEOTHA TR

2  WFoEERRE
TR 2 AR S U CRWEBREICS AN E A E B+ 2 /150

3 WREOH/
LV ARXRA (Caragana chamlagu), 7 < F v V)V (Gynostemma pentaphyllum), & v ~A ¥ (Corchorus

olitorius) B X OF — 7 A4 ,3—/v « NP (Ocimum basilicum cv. Purpruascens) ¥&EMRAERWNT, T+
1 -7V =z ) — VEOSERIREM LIS 21TV, F IR T va— I KAERE B L, W5
AR E AW TEREICS BN BT - R ATBREN EHBET 5,
4 WFREOME

BREOHWEE RIS MS AP C3 AMIRE 21T X DR FiER) %, 7 /UVewThbsd otk
IR1L—Tz=xF )= EMAT, SOIEEBRRE 5 & CTRIGEITH ., MR 51 - Bk
TFATOMM - WEOEMER, n— FFH U 2AVEREEERC LAV A 7 a~ 757 4 —THITL,
XITNRTNA—NMEBIOT FOINEERD D, I LICRLDEREORVEYEEMIEY AT, 20
MOTEIEL -7V — ¥ ) — VEOSEERROBILEIS 2 R 5,
5 HrFEMfE CGERIMFE - MEMFROLEE LET)

- WFERRE

- HEs S (FEISHE)

KR—LR—CETOAED @B OWTFhhzZ2OTEATIEEL, FEOBAE, BHEZHFILTTSL,



[REHREES —2]
K4 . FEE—

B4 - ETEEE

6 FFFEDRER REFREOTFEIAREL, 4,000 FLUERBALTIEEW,)
EPTIADICL VAR R (C. chamlagu), 7 ~F % V) (C. annuum), E~A % (C. olitorius), % —
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OH

OH
Plant cells

rac-1

MS medium

R)-1

Table 1. Screening of plant cells for stereoselective-oxidative activies

1-Phenylethanol

Run Plant cultured cells Time/day - 2 (%)
Yield (%) E.e. (%) Config. .
1 C. chamlagu 14 rac-1(64) 5 S 8
2 C. annuum 14 rac-1(75) 1 R 1
3 C. olitorius 14 rac -1 (64) 13 R 19
4 O. basilicum cv. Purpurascens 7 (R)-1(64) >99 - 24

Reaction conditions: Substrate rac -1 (30 mg), Plant cultured cells (5 g wet wt.), MS liquid medium (40 ml),
Shaking 120 rpm at 25 °C in the dark.

B LIe 2 C OBIRIC R W COLRBIRBM LR S ITEAT LTo S, ZOHTHH— 2 A5« RUL
ERWCLE, BOETRICHETTLZ LN LIL, 22T, SBORISE X — 7 F /38—« Y
NTHEDDHZ L E L, KISFHHEEZRET D OICRFELEITo7z, TO/RBRE Fig. LIZRT,

50

Vi
/

Yield (%)

;
\

i
(el
S —

Reaction time (day)

Fig. 1. Time course for the stereoselective oxidation of rac -1 by O. basilicum cv. Dark Oapl

R OSEOTAaT—UIIFIE 7T B THEETAZENHBAL, REIZ2BBEUE—FICRE, IBIIK
DM A FERT B2, SEBLOREORTRIGEITV, TOFEE%Z Scheme 112 F & 7=,
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HER4 - BT K4 - B —
WEROFER (D3%)
OH O
< O. basilicum cv. Dark Opal
/\© MS medium
-1 2 (52 %)
OH " OH 0]
O. basilicum cv. Dark Opal
+
MS medium
(R)-1 (R)-1 (61 %) 2(2%)

Scheme 1. Confirmation of stereoselective oxidation by O. basilicum cv. Dark Opal
Reaction conditions: Substrate (30 mg); Plnat cells (5 g wet wt.); MS liquid medium
(40 ml); Shaking 120 rpm at 25 °C for 10 days in the dark.

SHTNA—MFRTTE b7 =) VICBILENEH, RETVa—MITE A CBLSHT, I
6 1% TEIRNENT, ULaBE 2, ARIGOESRI2PAMEZBRHNTHD, TOMmOTEIEK1 —
TV =z ) — ) VEOMEERIROBLEICEZRE L, TORRE%E Table2.12F & D7,

oH O. basilicum cv. Dark Oapl OH N

-—X i —X X
‘ P MS medium | _ l _

Table 2. Stereoselective oxidation of racemic 1-arylethanols by O. basilicum cv. Dark Opal

a Product (%)

Run Substrate X (R)-Alcohol ( Ketone
1 rac-3 p-Me (R)-3(36) 4 (28)
2 rac-5 p-F (R)-5(48) 6 (26)
3 rac-7 p-Cl (R)-7(41) 8(29)
4 rac-9 p-Br (R)-9 (36) 10 (40)
5 rac-11 p-OMe (R)-11 (38) 12 (15)
6 rac-13 p-CF;3 (R)-13 (38) 14 (2)
7 rac-15 m-Me (R)-15 (40) 16 (30)
8 rac-17 m-F (R)-17 (36) 18 (14)
9 rac-19 m-Cl (R)-19 (44) 20 (36)
10 rac-21 m-Br (R)-21 (41) 22 (37)

®All racemic alcohols were obtained by reduction of the corresponding ketones with sodium borohydride.
®Ee of the (R )-alcohols were over 99 % in every case.

Pll, =A==« RUABRMIBICL D 7B IEK1 -7 UV —nNx & ) — VEO SRR LR
SERHL, BREICSERNRXTINRT NNV I—NEORRIELIRET D ENTE,

RERMERIT, ARLEEES SHEFHESL (2008443 H) ICTHRAF—REEIT HEES 3
PA—116), &5I|ZBiotechnology Lettres 35IZ#F L, 2 0 0 84 3 AlCHKRINT,
K. Itoh, K. Nakamura, T. Utsukihara, H. Sakamaki and C. A. Horiuchi, Biotechnol. Lett., 30, 951-945 (2008).
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ABSTRACT

ATLAS [ATLAS] gives the conjugacy classes of the Mathieu groups M,
and M;,. However the wat of them is not mentioned. No such work has
been published elsewhere. In this article, we shall give a combinatorial
approach to determine the conjugacy classes of the Mathieu groups
My, and M;; by using M-matrices of the ternary Golay code.
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1. INTRODUCTION

First of all we shall explain M-matrices which was introduced in [KS2]. Let C
be a code, which is naturally represented as a linear subspace of the space

V = @icickici<alpesj.

For example, the binary Golay code and the ternary Golay code have this property.
A k x n matrix
A = (ae;) ai; € Fy.
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is called an M-matrix of C if a family of vectors of V derived from A in a certain
way forms a basis of C. The existance of M-matrices of C' characterizes some
structure of the code C. At least in the case of the binary Golay code, T. Kondo
[Ko] recognized the usefulness of M-matrices, gave an explicit definition of them
and discussed their good properties. In his paper [Saw], M. Sawabe determines
the conjugacy classes of the Mathieu group My by making use of M-matrices, of
the binary Golay code. We also use M-matrices to give involutions which generate
M22,M23 and M24 in [KSQ]

In this article, we shall determine the conjugacy classes of the Mathieu groups
M, and My; by using M-matrices of the ternary Golay code.

2. M-MATRICES OF THE TERNARY GOLAY CODE

For the sake of discussing the conjugacy of the Mathieu group Mz and M;;.
We shall recall the ternary Golay code, M-matrices of this and a number of basis
results of Mathieu group M, shortly. For the detail to see [Gr] Ch.7 and [KS2].

We shall set F3 = {0,1,—1}. We define Q = {(k,4) | k € F3, 1 <i < 4} and
V = {(a(k,5)) € Mat(3 - 4,F5) | (ki) € Q, z(k,i) € Fa} = (Fa).
Let L= (1, - ,ls) : V — (F3)* be a linear map defined by

L((z(k,0)) = D ka(k,i), i=1,4

cEFy

and S = (s1,--- ,8n) : (F3)* — V a set-theoretically section of L defined by
si(0) = 4(1,0,0), s:(1) = 40,1,0), s:(-1) =%0,0,1), i=1,---,4.

Let T := {(a,b,6(1),8(=1)) | a,b € Fs, ¢(z) := az + b} c (F3)* be the
Tetracode. We define the ternary Golay code by

G(T) = (e — ey + 5(8) | 2 i S 4, € T) C (F)!%,

where
i
0---0 1 0---0
¢G:=10---0 1 0---0
0---0 1 0---0

Lemma 1 G(7T) is self-dual code.

E o MEICSLT, TOR—UR TEASIESV,
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Theorem 2 We have
G(T) = {c1—ci,ar +s(0) | 2< i< TN L™Y(T).

In other words, we have

4

(x) G(T) = {z = (a(k,)) | Y alk,di)=~Y =(0,5) (1 <Vi<4), L) € T}).

k€EF3 i=1

The equation (*), which is called MINIMOG, is very useful criterion whether a
vector in (F,)9*™ is a codeword of G(7'). For details, we refer to [CS] Ch.11.

Corollary 3 The minimum weight of G(T) is 6.

Definition A set of four vectors {Ty,T3, T3, T4} of weight 3 satisfying (1), which
occur in a coset of G(7), is called a foursome of the code G(7"). A gquartet is the
set of supports of four vectors ina foursome. The support of a codeword of weight
6 is called a hezad.

(1) Q = supp(71) U supp(73) U supp(T3) U supp(Ty).

Theorem 4 Let B denote the set of all hezads. Then (Q,B) forms a Steiner
system (12,6, 5).

Definition (M-matrix) Let b : @ — Q be a bijection and a(k,i) € F5 for
(k,i) € Q. Then a 3 x 4 matrix M whose (k, 1)—coefficient is a(k, 9)b(k, 1) is called
an M-matriz for G(T) if

¢ : (k,2) — alk,7)b(k, 1)

induces an automorphism of G(7). This is equivalent to the following are contained

in G(7):
(2) > alk, )bk, 1) = > alk,0)b(k,), 2<i<4,
keFs keFs
(3) S alk, )bk, 1) + Y alts, )bt 4), t= (b, ),
k€EF3 =1

where ¢ runs over a basis for 7 over F3 and the zero vector.

B MEBEICSLT, ZOX—UFRIFERCIESV,
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Theorem 5 For any 5—set {v1,v2,v3, v, wn} C Q, we fir a codeword X =
{~21, 22,23, 24,91, 21} such that
Ti=¢6v; (1<i<4), y=ew, 6,66 {+1, -1}
Then there exists uniquely an M —matriz M of the form:

Ty To T3 T4
M= A

3
Corollary 6 The ternary Golay code G(T) is unique.

Corollary 7 The factor group Aut(G(T))/(~1) acts regularly on set of all or-
dered 5-sequences (21,2, - ,%s), where z; € Q. In paticular,

[Aut(G(7))/(-1)|=12-11-10-9-8.
Since G(T') is unique, the structure of Aut(G(7")) does not depend on a choice of
the ternary Golay code. Aut(G(7))/(—1) is called the Mathieu group of degree 12,
which will be denoted by Mj,. Let Mi; be the stabilizer of a point in M5 on Q.

By Corollary 7, M, is 5-transitive on 2, the structure of M;; does not depend on
a choice of a point. My; is called the Mathieu group of degree 11.

Lemma 8 Let Q := {T1,T>,Ts,T4} be a quartet. Set

H:= {0 € M;|Q° = Q} and
Hy:= {0 € Mp|T? =T;(1 <i<4)}.

Then the following holds:
1. H>=T:Au(T).
2. Hy~T, i.e. Hyis an elementary abelian 3-group with order 9.

The following two elements are generator for Hy:

. T

! 7
(0,1,1,1) (1,0,1,-1)

Corollary 9 All elements of Hy are 1333-type.

4
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Definition (non-spicial sequence) Let X be 3-points subset of . The ordered
3-sequence (a1, az, a3) is called non-spicial sequence of X if (a1, 09, a3) satisfies
the following condition:

1. a1, a3, a3 are contained in 2\ X.
2. There is no element B of B (cf.Th.4) such taht X U {a;,as,a3} = B.

Lemma 10 Let X := {z1,%;,23} be 3-points subset of Q and let G = {0 €

My | X7 = X}. Then G acts regularly on the set of all non-spicial sequence of
X.

Proof. Let (a3,a2,a3) be any non-spicial sequence of X and let B be a element
in B such that B contains {a;,a;} U X. Since M)y is 5-transitive on Q and as
is contained in Q\ B, it is sufficient to show that the points stabilizer G, ,, acts
regularly on 2\ B. Since M, is sharply 5-transitive on 2, we have the following
two elements:

a = (z1 22)(z3)(a1)(a2)(b) (1 v2)(vs va)(ys ye)
B = (z1 72 73)(a1)(a2)(b) (¥ vh v5) (¥4 vh ve)-

By elements « and f3, we easily have that G0, >~ Sym(X) =~ S3 and Gg,,, is
transitive on 2 \ B. On the other hand, by Gg,q, =~ Ss, the order of G,,,, is 6,
hence G,,,, acts regularly on Q\ B.

O

Corollary 11 My acts regularly on the set
® = { ((a1,02,0a3),X) | X : $-points subset of 2, (a1, az,0a3) : non-spicial sequence of X
Moreover |®| = [Mi,].
Lemma 12 Let Y be a 4-points subset of £2. Set
K=K{Y):={ceMy3|Y° =Y} and

Ko=Ko(Y) ={oeM:|y =y (VyeY)}.
Then KKy~ Sy and |Ko| = 8.

Proof. Since M, is sharply 5-transitive, these assertion are obious.
O

Corollary 13 For o € Sym(Y) ~ Sy, there ezists eight elements in M, which
contain ¢ in cycle notation.

MBS LT, ZoR—=URIHERACIESV,
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From now on, let ¥ = {c0,0, 1,2} and

0 |oo|—=8]0 (-1

Q= 7 ~X| 3 |-9
-1 161]-2{4]|-5

1 2 3 4

The following two permutations are generator for K = K(Y).

ay = (00 0)(1)(2)(5)(6)(3 9)(4 X)(7 8), az = (00)(0 1 2)(4)(7)(3 5 X)(6 8 9),
Pr = (0)(0)(1)(2)(3 59 6)(4 X 78).

Corresponding each elements to one of the following M-matrices:

-0 7 -—co -1 oo -9 1 =2 —-oc0 4 -0
og=|-8 -4 -9 3|, =|7 -35 -6, f=|-8 -7 -5
6 -2 X -5 8 -0 4 -X 3 -2 X

Furthermore f§; and the following permutation generate Ko = Ko(Y).

B2 = (B1)** = (00)(0)(1)(2)(3 79 4)(5 X 6 8).

Remark It is easily checked that above three matrices are in fact M-matrices by
Theorem 2, the property of MINIMOG ([CS] Ch.11) or appendix in [KS2].

Remark By the generetor of Ky, Kj is isomorphic to the quaternion group @s.
All elements of K are the following:

Bo = 1d, Br = (00)(0)(1)(2)(35 9 6)(4 X 78),
o = (00)(0)(1)(2)(3 79 4)(5 X 68), fsz=(c0)(0)(1)(2)(349 7)(586 X),
Ba = (00)(0)(1)(2)(36 9 5)(487 X), fs=(c0)(0)(1)(2)(389 X)(4576),
Be = (00)(0)(1)(2)(3 X 98)(4 6 75), Pr=(00)(0)(1)(2)(3 9)(4 7)(5 6)(8 X).

Lemma 14 FEach involution of My, is a permutation on Q of 25-type or 142%-type.

Proof. By Table 1, these involutions exist. Let o be an involution with fix(c) # ¢.
Since My, is sharply 5-transitive on 2, o fixes at most 4 points. It follows that
o is 1225-type or 142%-type. If o is 1225-type , then M, is not contained in Aj,.
This is a contradiction. Hence ¢ is 142%-type. Therefor each involution of M, is
a permutation on §2 of 2%-type or 12%-type.

O

Similarly we can show the next Lemma.

~1
6
-9
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Lemma 15 Fach element of My, with order 3 is a permutation on Q of 3*-type
or 1333-type.

3. The Conjugacy Classes of M,
In this section, we shall classify all the conjugacy classes of Mj, which are given

in Table 1.

ATLAS Type Number of The Conjugacy Classes | Order of The Centralizer
2A 26 1 240
2B 1124 1 192
3A 1333 1 54
3B 34 1 36
4A 1442 1 32
4B 2242 1 32
54 1252 1 10
64 62 1 12
6B 1121316! 1 6
8A 12218} 1 8
8B 418! 1 8
104 2110? 1 10

114,118 | 111 2 11

Table 1. The Conjugacy Classes of M;,

Types 1424, 1333, 1942, 1252 and 1'2'3'6%.

Theorem 16 All elements of 142*-type form one conjugacy class in Mio, and the
order of centralizer of the element in My, is 192.

Proof. Let
o:= (a1)(az a3){aq as) - -

7 := (by) (b b3)(bg bs) -+

be elements of 142*-type. By Corollary 7, there exists a unique element p in M,
such taht p(a1) = by, pla;) = b; (i = 2,3,4,5). Futhermore ¢ = 7 by corollary 7.
It follows that all elements of 142%-type are conjugate in Mi,. Let

o 112%-type
2(1*2%) ;= { (o, (a1,02,03,04,as)) | (a1,a2,a3, a4, as) : ordered 5-sequence
o = (a;)(az a3)(aq as) - - -

For an element of 142%-type, there exists 4- (4-2) - (3-2) ordered 5-sequence which
satisfy the condition Z(142*) (There are 4 choices for a;, 4 2 choices for as, a3 and
3 - 2 choices for a4, as). Conversely, for an ordered 5-sequence (a1, a2, as, a4, as), if
there are two elements o := (a;)(az as)(as as)--- and 7 := (a1)(az as)(aq as)- -

7
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of 142%-type, then ¢ = 7 by Corollary 7. Hence for an ordered 5-sequence, there
exists a unique element which satisfies the condition of Z(124). Therefor

[E(1%2Y)=m-4-4.2.3-2

= |{ordered 5-sequence}| -1,

= [My| -1

where m := |{o € Mo :

1%2%-type}|. Since |My|/m = 192, the order of the

centralizer of the element of 142%-type in M, is 192.

O

We can determine the conjugacy classes of the elements of Types 1333, 1442,
1252 and 1'2'3'6! by the same way as the proof of Theorem 16. Now we shall give
only the set Z(type) which is needed to decide the order of these centrelizer:

2(1%3%) == ¢ (0, (a1, az, a3, as, as))

5(1442) = o, (al7a2)a370‘4)a’5))

{
E(1%6%) = { (0, (a1, a2, 03, a4, 03))

E(1'2'3%") ==

Types 26, 2242, 12218! and 4'8!.

o : 133%-type
(a1,a2, a3, aq,as) : ordered 5-sequence , ,

o = (a1)(az)(as a4 ag) -

o : 1442-type
(@1, a2, as, aq,as) : ordered 5-sequence  ,

g = (al)(az a3 Q4 as)

o 125%-type
(a1, a2, as, a4, as) : ordered 5-sequence  ,
g = (a1 a9 Q3 Q4 (1,5)"'

o : 112136 -type

(0, (a1,a2,a3,a4,0s)) | (a1, a9, a3, a4, as) : ordered 5-sequence

o = (a1 az)(az a4 as) -

Theorem 17 All elements of 2%-type form one conjugacy class in My, and the
order of centralizer of the element in M, is 240.

Proof. Let

o:=(c00)(12)--

7:= (a; ag)(as aq) -+

8
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be elements of 28-type. Using the generators of K (Y), we find the following ele-

ments:
7 = (0 09)? = (co 0)(1 2)(3 69 5)(4 107 8)

7o 1= (a102)? = (0 1)(c0 2)(38 9 10)(4 6 7 5)
7 1= (efeag) " ar(adoraf) = (00)(0)(1 2)(8)(X)(3 5)(4 7)(6 9)

By Corollary 13, there are eight elements which contain (oo 0)(1 2) in cycle nota-
tion. These elements are following:

nbo=m, mBy = (o0 0)(1 2)(3)(5)(6)(9)(4 7)(8 X),
P2 = (00 0)(12)(3 8)(46)(5 7)(9 X),  mBs = (o0 0)(12)(3 X)(45)(6 7)(89),
MPBs = (00 0)(1 2)(4)(M)(8)(X)(3 9)(5 6), mBs = (00 0)(1 2)(3 )(5 8)(6 X)(7 9),
NPs = (00 0)(12)(37)(49)(5 X)(68), mbr=(c00)(12)(3596)(487.X).

The elements 7152, 7183, 71185 and 7186 are 28-type which contain (co 0)(1 2) in
cycle notation. These four elements are conjugate in M2, because (v, 52)" = 11 s,

(mPBs)™ = nPs and (MmPBa)" = 11 fs.
By Corollary 7, there exists p € My, such that

_ (& a2 a3 ag -
PPl 001 2 o)

Hence 77 is equal to 7182, 7103, 7185 or 71 58s. It follows that all elements of 28-type
are conjugate in Mi,. Let

o : 25-type
2(2%) :={ (0, (a1, a9, a3,a4)) | (a1, 09, a3,a4) : ordered 4-sequence

= (a1 ag)(asz a4) -

For an element of 2%-type, there exists (6 - 2) - (5 - 2) ordered 4-sequence which
satisfy the condition Z(2%). Conversely, for the ordered sequence, there are four
elements in M;, which satisfy the conditions in =(2°). Therefor

1Z2(2%) =m-(6-2)-(5-2)
= |{ordered 4-sequence}] - 4,
= |Ms]/2

where m := |{oc € Myy|o : 2%type}|. Since |Miz|/m = 240, the order of the
centralizer of the element of 25-type in M, is 240.
O
Since (7)™ = 7167, we can determine the conjugacy classes of the elements of
2242-type by the same way as the proof of Theorem 17. Now we shall denote the
order of centrelizer shortly.
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o : 224°-type
Z(2%4%) = (0, (a1,0a2,a3,a4)) | (a1, a2, a3, a4) : ordered 4-sequence
o= (a1 az)(az aq)- -

|2(2%43)| =m - (2-2) -2
= |{ordered 4-sequence}| - 2,
= |M1,|/4

where m = |{oc € Mia|o : 224%-type}|. Since |Myy|/m = 32, the order of the
centralizer of the element of 224%-type in M, is 32.

Theorem 18 All elements of 122'8'-type form one conjugacy class in M3, and
the order of centralizer of the element in Myy is 8.

Proof. Let
0 := (00)(0)(12)---
7= (a1)(a2)(as as) -+

be elements of 122'8!-type.By Corollary 13, there are eight elements which contain
(00)(0)(1 2) in cycle notation. These elements are following:

T3Bo = s, 1381 = (00)(0)(1 2)(5)(6)(3 9)(4 8)(7 X),
y3B2 = (00)(0)(12)(3 X 64985 7), 1383 = (00)(0)(1 2)(386 79 X 5 4),
¥3Bs = (00)(0)(1 2)(3)(9)(4 X)(5 6)(7 8), 7385 = (00)(0)(12)(3 758946 X),
13fs = (00)(0)(12)(34 5 X 976 8), 1387 = (00)(0)(1 2)(4)(7)(3 6)(5 9)(8 X).

The elements 30, 733, 3B and 3B are 122'8'-type which contain (co0)(0)(1 2)
in cycle notation. These four elements are conjugate in Mo, because (y352)" =

Y303, (73B5)™ = 1386 and (7302)™ = ¥306.
By Corollary 7, there exists p € M, such that

_ [ a2 a3 Qg4 ---
PPl 001 2 - )"
Hence 77 is equal to <y3B2, 7303, 71305 or v30s. It follows that all elements of

122'81-type are conjugate in M. Let

o : 12218 -type
2(122'8") :={ (0, (a1, 02,03,0a4)) | (a1,02,03,a4) : ordered 4-sequence

o = (a1)(az)(as aqg) -~

10
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For an element of 122'8!-type, there exists 2-2 ordered 4-sequence which satisfy the
condition Z(122!8?). Conversely, for the ordered sequence, there are four elements
in My, which satisfy the conditions in =(122'8?). Therefor

[2(1%218Y) | =m-2-2
= |{ordered 4-sequence}| - 4,
= |Mip|/2

where m = [{o € Mip|o : 1?2'8!-type}|. Since |Myy|/m = 8, the order of the
centralizer of the element of 122!8!-type in M, is 8.
O

Theorem 19 All elements of 4'8-type form one conjugacy class in My, and the
order of centralizer of the element in My is 8.

Proof. Let
og:=(c0012)---

T:= (a1 a2 a3 aq) -
be elements of 4'8'-type. Using the generators of K (Y), we find the following
elements:
Vg =001 =(00012)(354X9678).
By Corollary 13, there are eight elements which contain (co 01 2) in cycle notation.
These elements are following:

Y2Bo = 74, YaPr = (00 01 2)(3 9)(4 7)(5 X 68),
7462=(00012)(3X469875), 74ﬁ3=(00012)(38459X76),

YabBs = (00 01 2)(3)(4)(7)(9)(5 8 6 X), 7fs = (0001 2)(5)(6)(8)(X)(3794),
YaBs=(00012)(3497)(56)(8X), 1Br=(0012)(3648957X).

The elements v4fo, ¥af2, ¥4 and 4, are 4'8'-type which contain (co 01 2) in
cycle notation. These four elements are conjugate in M;,, because (74B0)?* = 74 Ps,

(7482)"* = aBr and (7457)%* = Y4 f0.
By Corollary 7, there exists p € M;, such that

_ (% a az a4 ---
p_oo()l.?---’

Hence 77 is equal to 7300, 7482, 7af3 or v4f7. It follows that all elements of
418!-type are conjugate in M;,. Let
o : 4181 -type
=(4'8) :={ (o, (1,02, 03,04)) | (a1, a2, 03,0a4) : ordered 4-sequence
0'=(CL1 ag Qg a4)--~

11
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For an element of 4'81-type, there exists 4 ordered 4-sequence which satisfy the
condition =(4'8'). Conversely, for the ordered sequence, there are four elements
in Mi, which satisfy the conditions in £(4!8'). Therefor

IZ(4'8Y)| =m -4
= |{ordered 4-sequence}] - 4,
= |My|/2

where m := |{c € Mi,|o : 4'8'-type}|. Since |Mjs|/m = 8, the order of the
centralizer of the element of 4'8!-type in M, is 8.
O

Types 3%

Theorem 20 All elements of 3*-type form one conjugacy class in M1y, and the
order of centralizer of the element in My, s 36.

Proof. Let
o := (a; as a3)(z1 T2 z3)(c1 ¢2 €3)(cq C5 Co)

7= (by b b3) (1 y2 ys)(dy dp d3)(ds ds de)

be elements of 3-type. If {a1, as, a3, z1,T2,z3} is a hexad, then

{{a'lya?)a':‘}}a {331,1:2,.7:3}, {CIyCQ: 63}1 {c4705)66}}

forms a quartet and o is contained in Hy (cf. Lemma 8). This is contradictory to
corollary 9. Hence {a1, az, a3, z1, %2, 23} is not contained in B; moreover, we can
assume that (a1, as,a3) is non-spicial sequence of X := {z,25,23}. By the same
way as the above argument, we can also consider that (b, b, b3) i1s non-spicial
sequence of Y := {1, y2,ys}. By Corollary 11, there exists a unique element p in
M, such that X? =Y, p(a;) = b;(i = 1,2, 3). Futhermore ¢” = 7 by Corollary 11.
It follows that all elements of 3%-type are conjugate in Mi,. Let

o: 3*-type, X = {z1,22,23}
2(3*) == <{ (o, ((a1,a2,a3), X)) | (a1,02,a3) : non-special sequence of X
o= (ay ap a3)(z1 T2 23) - -~

For an element of 3%-type, there exists 4-3-3 elements ((a1, az, az), X) which satisfy
the condition Z(3*) ( There are 4 choices for X = {z,25,z3} and 3 - 3 choices

12
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for (a1, az,a3). Conversely, for the element ((a;,az,a3), X ), there exeist a unique
element in M;, which satisfy the conditions in Z(3%). Therefor

[E3Y)|=m-4-3-3
S
=IM12"17

where m := |{o € Mi,]o : 3*-type}| and the set & is denoted in Corollary 11.
Since [Mj2|/m = 36, the order of the centralizer of the element of 3%-type in M,
is 36.

0

Types 210" and 1'11%.

Lemma 21 Let o be element of 2'10'-type. Then Cy,,(0) = {0),; moreover, the
order of Ch,, (o) is 10.

Proof. Let
o:=(a; ap) -

be elements of 2'10'-type. Because (¢) < Cyy,,(0) is obvious, it suffices to show
Ch,(0) < (o). Take 7 € (o). Then a element 7 fixs the set {a;,a;}. Hence (o)
acts on Q \ {a;,a2}. For an element p in 2\ {a1,a,}, there exists o such that
p" =p°, and so p™ ' = p. By the way, for any element ¢ in Q \ {a;, a2}, these
exists o7 such that ¢ = p°’. Thus we have the following:

qTO"'i — (paj)-rcr‘* = (p'w"")oj - paj =g,

and so 7o~ fixs all elements of 2\ {a;,as}. Therefore 70~% = 1 by Corollary 7,
and hence 7 is contained in (o).
O
By the same way as the proof of Lemma 21, we have the following:

Lemma 22 Let o be element of 1'11'-type. Then Cpy,(0) = (c); moreover, the
order of Cu,(0) is 11.

Theorem 23 All elements of 1'11}-type form two conjugacy class in Mi,, and
the order of centralizer of the element in M, is 11,

Proof. Let o be element of 1'11'-type and let P = (¢). Then we have the following:
Nty (P)/Chp (P) < Aut(P)  Zy.

13
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Hence |Np,,(P)| = 10-11, 5- 11 or 11 by Lemma 22. On the other hand, by
Sylow’s Theorem,

IM}QiNMlZ(P)[El (mod 11)
Thus we have [Ny, (P)| = 511, and so the number of elements of 1111} -type is

| Mg
‘NMlz(P)I
By the way, the the number of elements, which are contained in conjugacy class

of 0,is12-10 -9 - 8 by Lemma 22. Therefore there exists two conjugacy class of
11111"type M]Q.

x10=12-2-9-8-10.

O

Theorem 24 All elements of 2110 -type form one conjugacy class in My, and
the order of centralizer of the element in Miy is 10.

Proof. By the above Theorem which determined conjugacy classes, the number of
elements of 2110 -type is less than

[Myg| | Mg
2 T

On the other hand, the number of elements, which are contained in conjugacy
class of 2'10'-type, is Jﬂlgﬂ by Lemma 21. Therefore there exists one conjugacy
class of 2'10'-type M.

O

Types 6%

Theorem 25 All elements of 6%-type form one conjugacy class in M, and the
order of centralizer of the element in My is 12.

Proof. Let
0:=(0001236)(478X509),
7= (00 4)(0 7)(1 8)(2 X)(3 5)(6 9).

Then ¢ and 7 are contained in M,;,. Because each elements correspond to one of
the following M-matrices:

0 X 1 2 -4 -1 -7 8
c=| -8 =5 -6 -4, ap=1| 0 2 -5 -6
~oc0 —3 =7 -9 -9 -X oo -3

14

E MBS LT, ZOXR—UR IERALLIZEN,




[RiEHEE 8~ 3]

L | BT se: 4T LG =

MEDHER (HD3%)

By the above Theorem which determined conjugacy classes, the number of ele-
ments of 62-type is less than &g—z', and hence it suffices to prove that the order of
Chr,(0) is 12. Now we shall show [Cyy,,(0)] = 12.

Let A; := {00,0,1,2,3,6},4, :={4,7,8, X,5,9} be subsets of Q. Then Cy,,(0)
acts on the set {A;,A,}. By the same way as the proof of Lemma 21, we can
easily show that the kernel of action ({Aj, Az}, Cu,(0)) is a cyclic group (o).

Since 7, which is contained in Cyy,,(0), induces a permutation (A, A,), we have

Thus the order of Cyy,,(0) is 12.

This yieds thet we have determined all conjugacy calsses of M.

4. The Conjugacy Classes of My,
In this section, we shall classify all the conjugacy classes of M;; which are given

in Table 2.
ATLAS Type | Number of The Conjugacy Classes | Order of The Centralizer

2A 132¢ 1 48

3A 1238 1 18

4A 1342 1 8

54 1152 1 5

64 21316} 1 6

8A,8B 112181 2 8
11A4,11B 111 2 11

Table 2. The Conjugacy Classes of M,

Applying the approaches about the congugacy calsses of Mo, we can easily
determine the congugacy callsses of Mi; of types 1324, 1233, 1342, 1152, 213'6! and
11'. Hence it suffices to determine the congugacy calsses of 1'2!8!-type. Now

we shall give the Lemma which is needed to determine the congugacy calsses of
112181 type.

By the same way as the proof of Lemma 21, we have the following:

Lemma 26 Let o be element of 1'2'8'-type in My,. Then Cyy,, (o) = {(0); more-
over, the order of Cpy, (o) is 8.

Theorem 27 All elements of 1'2'8'-type form two conjugacy class in My, and
the order of centralizer of the element in My, is 8.

15
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Proof. By the number of the other types conjugacy classes, the number of elements

of 112'8!-type is less than

Ml

On the other hand, the number of elements, which are contained in conjugacy
class of 11218!-type, is '—13%”—' by Lemma 26. Therefore there exists two conjugacy
class of 1'2'8-type Mj;.
O
This yields that we have classified all congugacy calsses of M.
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HERA T % B K4 & E

6 MEOER

SREEETHEEINTAZRBE LTERL, 2B A% (8Si0y) OENRTrEREZZ DN T A FE»
ALEREREZTRT, BREERAEEN T RTEHRINTWA A VT IRAEAW, TAh U BN
KER{bH Y A (KOH) 2R LT,

6. 1 $rEEFEHTTADOKEE

EP, VAT T A% Imm BT ORHAEIC IRBEDITHBLT LR, ZOMT T A 10g £ KOH 30
gHEY TFUBDFICANT, EXFELZHWT 360°C, 3h. KEFTHERML., ¥ MBI U T AEARS
iz, BEE, FEETHRAHLEE, 22000, y(MBI Y v LALE&EH (Pb) BEKRLTH
BILEHERTE R, FABIY U AIKCESBETDHOT, AR LIEKIGHICEEK (H0) Zm
Z TABRIY U LKBREEREETE, —F. Pbid H0 IZRERDOT, ZZTPb ZHORETEIUR
THIENTERE, EINENPb OEEXR 117 T, ZOEROHEE T, 10g OFREHH 1g D Pb
%@W?é:eﬁﬁ%to%ﬁ%ﬂm\wL®EW%%1@E%&Lth®ﬁ\TWWUﬁ%K;DPb
NEZICEN TE 72 2 L IR ICBRE - T2,

6. 2 KEIE»ODE{LT A BOEIY

TN YRR TP EFN T AN Si0, ZEIN T A%, “6. 1 $/EF N 7 A OKERL”
TORRbLEDLETCHE2IZRT,

ZOEN T e AT, BIECEMLEZY MBI ) U AKEREAWTHCLEZRML, $fE 352 L
T, BWEITH Z &L, OELKBEORAZH S E L TERE,

TP, K2R TEI R —IERI LI A B ) U L KEREAI, HCLEZRMLU T ABA Y
U AKEREFFIL, Y48 (Si(OH), %itESE (R20Q@QBLUV®), ZDL & D_—1—0DEIX
pH7.04+0.01 Th o7,

ZFO%, LR LI ABEKBRESBELT, Y1 BREHE LUz, i LA BICRERZ N T
ABUNDIEEMERESE, £08%, FABOZREZMEGERE L TS0, 25, 207k RZX>T,
e ﬁﬁ7x%%%Lr%Lu@@%%ﬁ@ﬁ7xﬁ5%s&anmhmﬁménto&k Ei & h iz
&m@%EMﬁ%%f&otoi1k#%%ikwto
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ERAY: Eowiabadiv el
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1 BBRLERE GREETIRA (VA 7T R)) ORERIUEIRENE Si0, D& & i

BE /g
Lz
Bkt i LR
bt D) EIRET Si0, DFE /%
okt Si0,
WER
HT A
(T4 10.0138 5.8112 98.4
75 R)

6. 3 EINT ¥ ADEESH

2T, RS EAWEERN Y v ADRERE
BaT 5720 . P EFENTFADORSE LTEIHERE
5 Si0,. ALO;, CaO, B,Os BLUPbOICEH L.
IO LU RBEREERIL,  Si0, ZEIRL
TR E I Lz,

HRERSIIT4EDH V. 5z, 10g, 15g B LR 20g ©
Si0, BEFIEIEME LTV 5D, 2 b DRBRIEIE S
“6. 2 KEBEILOZERMELY A BOEIN BLUE
2WIRLEFRKGEERT, T2 Sio, ZEIX L
Tro 2B, SiO, MR, 7 v BRE AW LS
DFER., HI8%UTH -7,

FABH U U LKEE RBRERKR) CEEh 5 Sio,
DEELEIENT S0, DEEDOBIRERT ST T
ZE3ITR Lz, RFOERE., ERMIZEIRTE 2
BEERLTNS, RN, IZFEREITVEIRSS
ARETHDI LR TED, INHLDFERNML S0,
DONREPEH LIZE Z A, WEIL 94~99%Th -7z,

6. 4 F£L¥

ARG IR (BN T A0 60 ZE{br A FDEIIR
Tu RO BT AHRICID. T Y ElE
TP EHH T AHD Si0, B 95%A1# DR CEI T
XBAZLEHOMT TR LN TE, o, TOH
BT B%NIBETH Y, XL L=k RIcLY, BE
HIZANLEIENT Si0, NILEHEOHRTHEMC
FIHENDZ EBRH/FETE D,

5%, EIRZovA0RBRZEL LTR4IZTTLD
RIEBRIMO T v RANHT-IPRREIC R EEZT
W5, HERREASIZETAHEOHEEN X HITIEKR
LR ENBAICERALEND Z L ZHIfFLIEV,

B, ZOWRREO—EIX MEFETE] CBRT
ETH D,

b
o
|

—
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I

B SNz SiO, /g
=
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I

RBRBEIET O Si02 / g

K3 7ABIYvLKER RBRER IC3F
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| B®HIR e
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ERESR
TABET VY HORESE
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TROEBOHFENLZLET,

1 B B | s IR iE A — B CLR),/ B A £ RAT SHAROTRA TR,

2 WS
Z v b ® turning behaviour %518 & U 7= KIKE EE L HEEE O 7 BF

3 WEOBER

FHRHEORNEERESRE LD AR AF X7 OFRIEITIE, KNEEREENEES T2 Z &0
HENTW3, v bOMBED RS2 228K Z2 FFAIRNICHEIE L TR T 5 turning behaviour 1, XK
EEMEEDOEBNEMECBD THEATH S, INETITHFEHFIL, HIAEENS Q@R RO Tk
ELTEZ BN T ventral pallidum (VP) @ GABA ##EE7Y, turning behaviour OFEIHRIC EE /2 & E|
BERETZEEZPASMC U, KEFOMIETIE, VP 5 GABA EDHH 221 % & XN 5 mediodorsal
thalamus (mdT) ® GABAAZARIZERL, T bO turning behaviour £ & LT, KRINEEEMHAE
IZHTDH mdT OBREZMITHIEE2HNE L,

4 WHEEOME

Wistar REEME T v MIREZGL, /O mdT BLOEAAEE shell iICHA RAZa— V&ML, 81
HEOEEHMZRZ®R, v h2BEFHI -8B L, 60 #HREICHILEBE, Ehevx1 ooy
JrrzRw, A4 RIZa—LVaBELCTRE UL, #¥ SN 5 turning behaviour DFHEIE 5 T &I
180 HMIChE> Tz, EBRKTHE, Ty FEREIEIELIA, WMEWMOHL, RIV<U EF THE
EfR, WY, Bl MBEICEYEARMOMEEERL .

5 WHIEHE (GLRIMZE - MEMEOAZELET)
- HREREE

SOR—AR—VETORMO @) B VIFNHEOTHAT LS, BOBER, BHBLRTLTTE,
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6 WO RE RAMEOWEARESTIL, 4,000 FULRALTIEIN,)

Sy OHHIORIALE shell ZRIET 5 & turning behaviour WFEHT 5, TNETIT,
FAIORIAEE shell @7 2F IV Y ZFERZRIBLZHEITE, HEFEEOREN
circling 7%, R/N2 UZBRZRE L 256120, FAIOBE 2 mlixEh &9 % BHREEO /N
W pivoting WHEHRT B I ENREINTND, AHFFOHF T, D turning
‘behaviour Z#5k2 & L C, mediodorsal thalamus (mdT) ® GABAx ZEKDEENTDNT
Wt U7z,

¥£7, mdT © GABA #EEDEAAI#IZ X o T turning behaviour MNFEH T B0 E N
IZDWTHRE L7z 2 DOFER, A D mdT IZ GABAAZ KT I = A » ® muscimol (50 ng)
¥72137 >4 A=A M ® bicuculline (200 ng) Z# 5 L TH, FH/ turning behaviour
OFEBIIED S NBN o/, ZOMENS, mdT O GABA ¥EEOELDT 2INTF 2 AD
ATl turning behaviour WHEBELZWI EBNHLE N E7R > T,

INETOHFEEZEDOMHEN S, ventral pallidum (VP) 1EHEIDAIAEL shell DT = F )
OV 2EEERERL THIT S turning behaviour (circling) DFHIETH B Z &30
5NETE> TS (Kitamura et al., Neuroscience 104, 117-127, 2001)., S EIEHL 7=
mdT 1E, fEHIZIZZO VP 05 GABA OB E21T5 Z ENMESN TS (Young
III et al., J. Neurosci. 4, 1626-1638, 1984) Z &5, mdT ®F HIDOHIALEE shell O 7 2F
V) ZBERIFAEEFE circling OFFLETH B ENEZSND, £ T, KIZHAIOD
fI484% shell DY £ F)L 3V > ZEERIFUFETE circling IZHB1T % mdT @ GABAy ZHEARD
BENTDOWTIRE U7z, A IO IARZ shell I07 £F )Y > ZBIRD carbachol (5 pg) %
859 % LEWIR circling WHEI L 7=, D carbachol %% circling 13, RO mdT i
muscimol (50 ng) Z# 59 % Z & TEHICHHI ST N/z, — 4, mdT IZ bicuculline (200 ng)
5 LUSEI12IE, carbachol % circling 32 EEZ T /aho 7z, LLEDKEEN S,
mdT [ HAEL shell D7 EF IV Y 2 ZBRRIREETE circling OFEIICBEET 5 VP 5
DERIEDVDEDTHD, A shell DTV EFIN U ZEKZRIMT S E, mdT O
GABA HREDME R U circling 2WFBLIT 5 Z EVRB I N2,

FrlDIAEZ shell @ B/N S 225 RRIFAEE7E turning behaviour (pivoting) (DWW T
W, ZHETIT VP IEIEFETIIBR WS OOREN &S 2R EnNmEINTnS
(Kitamura et al., Neuroscience 104, 117-127, 2001). L7235 T, mdT b At/ 1% E %
REDR[BEMED D B Z &5, RIT, BN 2 ABERRIMEETE pivoting [2B1F 2 mdT @
GABAA ZBERDEENIDWTHE Lz, TOREE, HFloM4E% shell 12 KX > D &2
BT A2 A S @ SKF 38393 (5 ug) & Do ZZART I= A N® quinpirole (10 png) % H
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BRH L oS K- M 5hF

MEDHR (DDE)

U CHIT 5 pivoting 13, RO mdT IZ muscimol (50 ng) Z#% 59 5 &, [HERENK ¥
BITWHA U7z, —77, mdT I bicuculline (200 ng) 25 LB EICIL, SKF 38393 &
quinpirole Z Bt L THIT % pivoting ISEFRARZEEZZ T e o7z, U LOHERENS,
mdT @O GABAA ZEEKIE, RN 22 BRRIBEE T pivoting 2 HIHIHYIZFHET L TV 5 AT RE
HENEZ 5N S,

PLEDOARAEDFERN S, mdT @ GABA #EED AL AR H T turning behaviour 71
FKELWZENHENER o, E£/2, mdT 1 3MIEE shell D7 EFIV U > Z BRI
BEETE turning behaviour FEHICEZEITHED AR HEO—DTH D, THIT RN V2R
RFIPAFEFE turning behaviour 2T SEALTH 5 AIgEIEDN RS Nz,

T B CT, ZOXR=22 TSN,
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TROLBYVMENZLET,

1 B | e LAY — R R AT | & BATBMEEOTRATIEL,

2 WFgeERRE
Organotypic culture 35 % F V72 DS BIAE AN ) > /R BIZ BUE 3 2
3 WEOEM

O ARk & IRk S ol E iz LYVE-1 BtV Y& N M %2 organotypic culture {EIZ XD
HEEFE L, invitro TEEBICL DV Vo EHABIORBELFHIT S, 51 &HEW T, OEEMEEL Y %
D cross talk &, UV NEFER TR IO EESMERICELFE S, 2 FREFHICRET 5,
4 WrREOBE
b bR ER R R PN BRI & polyclonal anti LYVE-1 iR Tk L. FACS W TY & N
5L, ZTOME T =AU A NVRTEETDZE T U NERNEMRICEERRE R S5, T0%,
O R b BB B R OMAaREZ BTk 22 Z— 7 VIR THEE L, oganotypic culture &35, 15 REF
WZiX TIMP %13 U & T 2N LB B REER 24 ORETNZ, BEEMEO 2T —57 0 7R~
DOREREER LY U VEEREORENELERIET 5, T/hbb, LiiEERE AL~ Y VEERICTT
AEAREZER L, BEFEMICEZICED Y VREOBAERW LIELBRE L%, VU EFERTB IV
MRS B A5 fREE S DR R ENE A SRR LA X OV in situ hybridization ¥ A WT, # U3 7 HEB LD
mRNA L~V THRIET 5,
5 WrgeiasE (LR - REWFFEEDORFZEE LET)

- FIEREE

- RGeSy HE (FEISHE)

¥rh—LR—CSETOAHD (A E) WIFhhEOTEHATLEEWL, EOHESE, BAREEZRILTTSL,
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6 WIFEORE WBEFEOBIRAREDE, 4,000 FLUERALTIEEN,)
HE. OESEMIakk Th A HSC3, HSC4 3B L1 Ca9-22 & AV 7z organotypic culture JEIIMESL Z 41U T

W5, Thbh, T Then’ 7T A2 THEEEIT - TOCRRMEEFMIE (=7 2 313 BHESFMIL) % Trypsin
EDTA CHEEL. K ETaF—FreRMT 5, Znz7 L— b EEGEL. FVOELRIC Toon’ 72
AapbFBE L OEBEMREEZERE L., ZhEN 1 EABBEE LR a7 —F I re ) 7 vy
FLANEE SRR ECBEH L, 27 —F U VRN 10%FEE RV~ VIR CTEE L., B
BN NST 7 4 AT oy 7 BER L, HT AREREERLE,

a7V BICHERR LT 1 AR BRI O RERTIE R S & FIRRIC . EEAEAE. RGO B & h i
MERWVZHEBFEREEZ R L TND I & 2R ETHICHER Lo, Organotypic culture %179 72®IZ
X, 27— U FVNICRMEEIREIRNT A Z EREETH Y . MR B Tl 0 g
DEBIZR LN -To, EBHEFMEOMERKIC X > T, OBk =R TiIEEICREE

WD Z L MR LT,

(25— B 5 SN () ] (25— Lm0 AR (5 ]

O FEEMpmoER © (-) ApeEmpaoERE - (+)
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R C e

MROKER (D3%)
R RE SR M AN b, ) o BRI Z 2T D720, U N EREMid~Y——T

# % LYVE-1 (Lymphatic vessel hyaluronan receptor-1) Z4F BRI T HHUE (B LYVE-1 Hilk, H
R FES R R AHEREE XV H#E) 2 VT FACS (Fluorescen activated cell sorting)
iT-~ 72, Thbb, T5em® 7 7 A 2 CEFE LEER % 1T o T 72 IEH 8 R B ok %8 N R e &
Trypsin-EDTA CHIEfE L. 2% FCS ¥IN PBS ICRE L7, ZAUZHILYVE-1 Hilk% 1 mg/ml DEWEIT/RD K
SEMU, K ET30 4/ A > Fa~X—h Lk, &5HIZFITCE#Y X VI FHiEE: — kbl & KD
FETA ¥ a— kL7, EROFECTHERHFIRBERLENEZMIEAERL TWD LYVE-1 #37
B % OGS L FACS Il L, EDFES. LYVE-1 B Y BN ARIIE DRI E A FER TR, U v
SRENEICECRHREN 2525 Z & IR A U T\ 5, IR kM2 P RS LYVE-1 B
X Upodoplanin iZatE R4 & 9 FERED B E 23 Norgall B D 7 /v —7 b b4 S 7z (BMC Cancer,
2007, 7:105),

U oo YEN IR, —ESOFIRN M D2 L TRET D ENMBATNS (0liver G. et
al. Nature Rev.Immunol., 2004, 4:35), % Z T, WE##IRERMLE NEMEZTOEEHNT, 27
— U VN TR Z2{TV, MEBI OV VEOR G Extg & L, Oemilark & O AEIEH 2
GIEHBEICRIEL TV D EZATH D, =7 —F U FVRICHIN Lo B2/ 2 & b il A E
4

ISHREESE G B matrix metallo proteinase MEEANFRD HND T b, BIE, ZOMOKMRAELE

DR E Y — Ty FE L TR ZED D TETH D,

MBS LT, Z0oX—UE THEHASIESIN,
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I REESERALTIEEL,

TR OEE BHHRHRETHHEE

YRR 204 3H 6H

H & X % & & &
i Ritr 1% %%
PR - Bt W - ST
FROEBDEENELET,
1 B | s gAY —REGER)  amis: | a7 SHAZOTAATAE
2 DrFERReE

HHATERSIE S ERICB T 2 EARERKEYRAGE) DRI DONT

3 HEEOHM

RIERFTCTELE S N—RIER (NO) ITXOTEE LI NS N EMROREIZMIAT S &I
Lo T, HAMRAEEERDREEMATL-BETHIETH D, FICRERITHE LICHKET S
EINTWAEARCERKEY (receptor for advanced glycation endproducts: RAGE) IZ&EH L.
RAGE DOFH & iNOS OEARIICDOWT DM ZITD .,

4 WEROME

PRSI SRR S . i SN2 EUR 2 R BRI L 2 0B sRIRAZFE SR S s
FE L U2 RAGE BRUFEEINO GREBROS > /N7 BROBETREZ TN E N L0,
DTEYENFRCEOER Lz, 97305, fofiziklz OCT a2 NNT > FRICHEHEREFE L. bpum D
AT 2 Epk L7z, $ik b RAGE £7/213 INOS ik 2 N TRER A ZT, TN 5 OREBMaOBE%E
707z Fiz, G5 RNA ZHIHHL, UTIILI 1 LA PCRIETENENOBETREERA L.

5 WigEHE GERPIE - REVFROAZAL £9)
- WHEAERE

W (REI )

M- aR—vETORBO (A1) B  WFneeOTEAT LS. TOBAE, BEEEFTLTFEL,
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1.

ftatalet

B AR e RS T, BRAICHERER S SN EHF 25 AEdRIT, BARUBRTS
FOUHREFRIEZ I L7z, TOBRICERINE NS RITR M Z AT L. T OMFEEfT
S, 8B, AMRITAFMEEREROEREZT, KRBINTHD (WFF 2004-24). H/z,
LTORFEFE I TOMROMEZHAL ., HEHEROFREZHFE TV S,

T2 ERLEFRE

BonzRdBE 293 L., —HFERNT 5um D/NT T 4 VYR EERLE, Z0%,. AT R
D) TP UEGEETVL, S T TREABEIREET o, TOREER, 540D
BENSESNEENCI, AR EBR Y LEOERZ 4D AR 5. WiEZEE -
B EINZIENSE, AEOHENSHEI LTz, £, BOD 20 BIZDWTIE LK ZRD T,
HFEREMMEICE S SROMEREZ D NEFEHBERDD, wRAIZFEEZE L. oL
TOWFEIc i Lz,

FEE R L2 R ER

it b RAGE BLUWINOS A ZH N T, ABCIEIC KB HBERAEIToET A, U 2R,
o077 7=V BROMENEMEIC K S RAGE OREZRD, —F, INOS EHERLIZD
2 s OO ER. BEMIETSH >/,

ST EEA L. RARICREREEZT 2 E A, MENEMIZIE RAGE & iNOS ¥ >
N ZRRFFEHR L Tz, RZmEFEICIIZ O RAGE © iINOS RHRMMARE L T,

TR

BRETIA DS RNA ZH#itH L, & b RAGE & INOS IWERI/A T SA<—&2ERLEY 7Ly
AL PCRIEZTTROZETA, ETOWRAFETEORBE LR L, 723, RAGE & iNOS
DEBLETHRREIIRLY THoN., TN OREEICHBEBERIZR SN aho 77,

lEDZ &5, RAZFIEN P O REMEMILIE RAGE © INOS ZHHL TH D, R
R FAMBORIEICEAE L TnD Z &R S NIz,
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% BEBSERALTIESL,
Fr1 9OFE PHNARBBEEERESE

MLRR 20 £ 4 A 3H
H X XK % & E B

K 4 RE (&

BT - Bk IR - BAERRAT

TROEBVHENZLET,
1 % B l %%@%@“%ﬁ%(ﬁﬁ)/%ﬁﬂ% l ¥ N THEBEOTHATEEN,
2 WA

KEr FER ARG amphiregulin FEAIC KIET EGF 02

3 WEDBEH

WP EEGDOIR S BNE 2 b r— AT HETFEMD Z LIE, ZOMROBEE OHERESHEERKIZBIT D
WS A~DE 52 M5 ECARARTHD EEXbND, 2T, A LEMIAEL L, epidermal growth
factor receptor (EGFR) V7 N &FETHHEERFD 55, autocrine IZfEAT A2 LD EHRBELEE A,
amphiregulin (AR) DNZ DM E LTCHET bz, T2 CHEN LEMIED AR EAIK, WERZ Y 26D
BHEIND EGF &2 RIETHE I DERETIHELZERK LT,

4 HEEOME

PMREER Lz A _EEMIIRIC EGF 2/Ef &8, AR mRNA BB RIFTHE% real-time qPCR T,
B Ry BBRICKETEE %S ELISA IE TRz, S561T, BHESFMRASWT 5 HGF BL U KGF @ AR
EACKIETTEAS ELISABEAVWTHRAN, £, HEBITNC AR BRHENZNE I DEFHH70,
WAEBHIKRGCHT O AR BXEE&T DL LbIC, BRATA—F—LOHBEOFEELRE L
5 HFFEAEME (LRI - MEMROLEHE LET)

- MHERE

- WRgEoEE (BHHE)

Xﬁ—A&—ﬁgfwﬁﬁm>€’§) WFAHEOTEATL AL, BOBAIE, BREERFLTTEL,
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R4 - K4 KB AR

6 BFEEORER RAWEOHEREZIL, 4,000 FUERALTIEIW,)

HWRENBFIROBRICE SN - MBI 2 Dispase LH L, A LRESEZHBEL -, 0O LRERA %
[Bas—Fra— kL7 L— MoEB L, LEMAL outgrowth ¥ 7=, HEHiZBIEFMAIA Y Epi Life
(EL+) T2 T, SO RRHE B S THoREERETY, 3~4 R LMl 2 ZBRICHW,
24 BEREIEERIA 7 UV — (EL—) ORSHICEZE U/-AIC EGF 2L, —EEgICHRE £ EIR L T,
total RNA % HiHi#%, realtime qPCR 7% I\ T, TGF-o, EGF, HB-EGF, AR, betacellulin (BTC) &
| mRNA BERICRIET EGF OFEBEZFH~T-, 58 FEFO ARIZELISAKBICLVEE L, E6IZ, ARE

| £z kiET HGF, KGF, heregulin (HRG), TGF-B1 DEE & ffTH~ 7,

A LR IaA TR 5, EGFR U A FaEs-~<7=& =5, AR ® mRNA X GAPDH & ik LT 0.1 {52
EORBAEZRLLEOICRL, oRERFIX AR @ 1/20 725 1/2000 BEOFERTH -7, EGF X AR ®
mRNA ¥EH % 12 Rl E CREESE, ZORATOREEHETA L8 THEOLEAERL LN, EGF Z{EH
SEHZLITLY, RALEMIED AR AT 24 BFE, 48 B L bICPH 2 I LR L, 48 BRI Cik= v b
2 —/L T3 8 ng/ml TH-7=DICR L, BEGF Z/EREE5 &5 15 ngml iIZEM LA, blaikic, WAL
KA D EGF EA VLY, # pg/m]l BETHoT-, BMEFMIICHEETARERFIZL S AR EA,
HGF iZ & - THI L5 528 L7724, KGF, HRG, TGF-BLIZ L AEBINIE LA LS T dote, 28, =
v b=k UTHWERE R EEAE(Ca9-2IcB W T, IFIEREDER 27 L2, AR EAL~UL
id primary OR ERAIRE B LT, V10N FThoTz,

PLEDRERMS, BEe MEN LA autocrine IZRE - ST A EGFR U R 5 5, SEFES
THTIIAR BELESBTHLZEBHALNERY, EGF RXZ0FGSRF L LTERTIZ ERHLNE 2
27,

Wiz, ARDEBERFTCRIEINZDE I (T, SREBHKEGCHFDO AREZEEL, F0EL
FEIREINT A —F — L OBRZRT, AR OWEAR~DOBESE2RE Lz, 7=, BRAKROHETE & OMEEN
HE XN TWDS interleukin-1f (IL-1B) 3 L Ol HEFEK 7 (HGPH & L KA T A — & — L O % Of
TN,

PRARAL - B ARRFEEFBNBEERRERRAZZ2 L, WAL LIIwAL B STz 10 4 2955k
FEL, BELEBESEETART T 47 4 40H b B, WBRERBIOVRT VT 4 TICAFEDE
XA L, RE%B7-1%, periopaper Z HWTH AR v b dH A WISHERAESE 144 L6, —EE (1.2
ul) @ GCF L7z,

FRIRAY/NT A — & — . YEBREAL O probing depth (PD), gingival index (GI), 3 X U*bleeding on probing
(BOP) D&t % Rl— D &R BHERTMT > TiRgk L7z,

GCF #1® AR, HGF, IL-18 ®E & : GCF S EE % O periopaper % 50 pl © PBS H{Ci2&, #B#, &=L,
GCF H Oy 2 &/ 7, GCF #1o AR, HGF, IL-1B DEE (% 48 #7) 1%, ELISA*x vy FEHANT
HE LTz,

BERHALEL : AR 8 & FH ST A — 5 — L DBARIL, Pearson MBIREE AV TR,
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