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3.今後の研究計画

Neu3はカベオラ膜ドメインに局在し、そこでカベオリンと相互作用することがわかった。 Neu3

遺伝子にあるカベオリン結合モチーフによって、本酵素は他のシグナル伝達分子のように、カベオ

リンと相互作用しながら活性制御を受けている可能性が推察された。これらの結果は Neu3がガン

グリオンドの発現を調節して、シグナル伝達分子としての役割を果していることを示す。 Neu3は

カベオリンシグナル伝達経路にての役割及びそのメカニズムを今後の計画として研究を進めようと

計画している。

4.指導責任者の意見

動物シアリダーゼについては近年、細胞質性、リソソーム性、形質膜性シアリダーゼの cDNA

が相次いでクローン化され、分子レベルの研究が端緒についたところである。それらの機能の重要

性については推察されているものの、明らかな実験的証拠はほとんど挙がっていない。本研究は、

先に宮城県立がんセンター研究所でクローン化されたヒト Neu3遺伝子および同研究所で作成され

た単クローン抗体を用いて蛋自分子レベルで、本酵素の機能の一端を明らかにしたものである。本

酵素がカベオラ膜ドメインに存在し、シグナル伝達分子カベオリンと相互作用することを示した最

初の報告である。本研究の成果を第 74回日本生化学学会にて発表した。

指導責任者氏名

5.研究報告書

別紙報告書作成要領により、添付の用紙で研究報告書を作成して下さい。
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宮城妙子，和田正

Theg:姐 gliωide-s戸田cificsialid部 e，Neu 3， h田恥ensuggested加 play借関ntialroles in regulation of cell sunace 
functions，出伺useof i飽 m司自 localizationin the pl出 mamembrane and strict subs岡崎戸'eferen印 forg，組gliosides
involved in signal transduction. Here we show that human Neu 3 sialid邸 eis enriched in cavωlae micr，αlomains組 d
interacts with caveolin， like other回:veolin-bindingsignaling molecules. Using HeLa偲llsand Neu 3-transfec旬dCOS-l 
cells， endogenous and exogeno田 Neu3w国 found加 con田 n回胞旬getherwi白 caveolin・1in low density Tri加nX・1∞
insoluble membrane fractions on sucrose density gr叫 ie臨 ofthe respective田Uext蹴 ts，錨国間ssedby e回.ymeactivi句'
錨鴎.ysand immun<雌otingwith a mon∞lonal叩 U以刈yωhumanNeu 3. The presence of a putative caveolin-binding motif 
within Neu 3 promp凶山崎 determinewhether Neu 3 interacts directly with伺 veolin・1.In transf自tantsexprl回 singa 
polyhistidine-tagged form of Neu 3， caveolin.・1∞-eluぬdwith Neu 3 on affinity column chroma旬graphy.A mutation with a 
single amino acid change in the caveolin・bindingmotif ledωinhibition of rl抑制nentof恥 sialid蹴旬themicrodomai弘
前∞mpaniedby 1ωsofthee回抑ne齢 tivity.In闘志ctionof Neu 3 wi出伺.veolin-胸部 supportedfurther by∞・
immunoprecipitation of Neu 3 by anti-cavωlin・1anti以xly.These results indicate that Neu 3 functions描 a伺 V四 Hn-
interacting protein within caveolin・richmicrodomains. 

KeyW町ds Neu 3， Siali白紙 Ganglioside，Cav伺 lin，Lipid raft 

(In初出ction)

Siali伽嶋田凶YZI回 theremoval of sialic acids from glycoproteins and gangli儲 ides，an initial step of the 
degradation of these molecul回.Mammalian forms have been demons岡修dωdifferfrom microbial sialidases in various 
白戸仰，国防iallyin the戸田enceofm削除旬開 evenin a sin副e切 11制 instrict subs回 .tespecificity， this suggesting 
participation nωonly in lysos叩 laldegradation but also in m制 y∞11凶釘 prlα溺 S回 (1，2).Although the functional roles 01' 
mammalian sialidases are not fully undersめod，re鴎 ntprogrl回 sin sialidase gene cloning has allowed伊rtialclarifi伺討叩，

Among伽田 mammaliansialidases so far cloned (abbreviatedめ Neu1，2 and 3)， g叩 .gliωide-s戸割cificsialidase (Neu 3) is a 
keyenz戸nefor g組 gliosidehydrolysis and is unique in s戸cifi伺 llyhydrolyzing g叩 gliosidesand in iω10回lizationin the 
pl槌 mamembrane. Toぬωinfunctional eviden回 regardingNeu 3， we previously cloned and chaI郁terized出esialid邸 e
cDNAs of mammalian origin (3-6)， and have employed a human Neu 3 cDNA (め inthe present work. 

Gangliosides， sialic acid-∞ntaining副yα>sphingolipids，釘壱 p即時ntin sunace membranes of偲 llsand are 
thought to play important functional roles in reg凶atinga wide range of biological pfα溺路s，includingωU sunace 
interactions， cell differentiation and transmembrane signaling(7・9).The gangliωide-s戸cificsialidase Neu 3 may thus have 
many functions. Accumulating eviden，偲 suggestingfunctional impo陶 n田 fぽ pl槌 mamembrane-a伽 chedv邸 icul釘
organell回叫leddetergent-insoluble gly，∞shingolipid-e町iched∞mplexes(DIGs) or li似draf刷協13).DIGs are clωely 
rela凶 tocaveolae，卸・1∞nminvaginations of the pl拙 mamembrane， in their lipid∞m伊 sitionand resis刷偲旬de総rgent
回 lubilization.A major structural pro句inof caveolae is伺 .veolin，knownωact描 ascaffold for various signaling mol民 ules
(14). Recent studies have indica凶 thatcaveolin recruits 刷 E叫U回 rmol配 ulesinto caveolae叩 dregula陶 theirfunctions by 
direct interaction with these pr'剖eins，including G protein alpha subunits， H-ras， Src family tyrosine kinas田， MAPkin出 e.
and endothelial nitric 0対desynthase， which re∞gnize a short cytosolic domain derived from the N-terminal region of 
caveolin-l.旬rmed血ecaveolin 田affoldingdomain， by caVIωUn-binding∞mmon motifs prl田entwithin白.eirmol白川es
(14). In addition， interaction of the cavωUn scaffolding domain with回:veolin-bindingmotifs of EGF-R (l~り and protein 
kinase C (16) is knownωinhibit their悩naseactivity. We now p隠sentevidence that Neu 3 is closely鎚 S∞iatedwi血
伺 .veolin-lwithin caveolae miα叫 omains.pro加blyacting田 a釘潤lsdu回 rmolecule. Neu 3 is the fifSt exωnple of a 
伺 rbohydrnte-metabolizingenz戸田旬 beshown to interact with caveolin. In出is∞ntextit is of interest伽.1， in the ∞'Ufse 

of the pr'邸側tstudy， a戸.per(1ηap戸areddescribing ganglioside sialidase邸 tivitycofrnctionating with rafts from a 
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neuroblas旬macellline. 

EXPERIMENTAL PROCEDURES 

Cells and DNA Trans_作ction---HeLa cells and COS-l田 llswere obtained from The Cell Bank of Tohoku University and 
RIKEN Cell Bank，間戸ctively，and maintained in DulbeccO・sm叫 ificationof Eagle' s minimum medium (DMEM) 
supplem印刷 wi血 100feぬ1bovine serum (回S)in 5% COz• Sialidase expressi叩 V配旬rswere∞ns肌民俗dby subcloning 
a cDNA fragment ∞脚ining血e吋xmreading frame (0貯)of human membrane-assωiated g.組 gli田 idesiali也se(hum組
Neu 3) or the muta凶 DNAinto the E∞悶 siteof pMEI8S， an eukaryote expression v田町 under∞ntrol of t恥 SRα
promoω<f， a generous gift from Dr. T. Maruyama， T味yoMedi伺 1and Dental U凶versity.Intr叫即tionof mutatiω凶 on
human Neu 3 cDNA was perf田medby r，叙沿mbinationPCR (18) with the following mutati叩 primers:for the Y181A 
mutation タ・GCGTATACC~TACATCCCTTCCTGG-3' and S -GGGATGTA~GGT ATACGCAGGGATG-3'，叩d
for the FI87R mutati叩，タ-CCTTCCTGG.cQCIiTf ocrrCCAGCTAC・3・and S-AAGCAAAA~ 
CCAGGAAGGGATGTAG-3'. I吃RI1回ctionswere伺JTiedout using the primeぉ，apl邸 midαmtainingthe wild type human 
Neu30即 (pME-拍nSD)踊 atemplate，組dLA-T叫凶ymera碍 (T誌ara， Japan) under the conditions of 950C ti町 5min，
followed by 25 cycles of 950C tiぽ 30sec，ω。Cti町 30鈍c，72・Cfor 5 min. Mutated DNAs， with鴎 q悶 n偲 S∞nfinnedby 
the didωIxy chain tenninati叩 me自 吋 山ing組 Au旬R鋭KlS句鴎即ingkit， were finally subclo即 din卸値te &沿阻 siteof 
thepMEl邸 V目的r.Asa∞ntrol，a cytosolic sialidase ex戸田sionpl酪 midw，槌∞m刷 C凶 bysubcloning a cDNA fragment 
covering the ORF into pMEI8S and used for transf，回tion.

COS-l回 llswere transti配 給dby el民加伊rationby the prl∞edures previously described (5). After 48 h of 
transti田 tion，cells were∞Uected and sωr凶・80・Cuntil use. To ∞rrect for transfection efficiency， a luciferase exprl回 sion
pl回 midw;描∞-transti回路dwith the sialidase pl田midand the sialid邸 eactivity w個 thennonnalized加 theluciferase 
activity剖 deωiled伺 riler(19). 
Sucrose densi，砂gradientanaか'sis---l.ow density Tri蜘 X・1件 in叫 ublemembrane domains were i鈎，latedfrom c蜘 M
cells by slight m吋ificationsof血e脱出吋 d偲 cribed(20). Briefly， c叫佃redcells (-3 x 1び)were叫 1印刷 in1 ml of ice-
cold lysis buffer∞n凶ning25 mM  MES， pH6.5， 0.15 M NaCl， 1 m M  phenylme血yls叫fonylfluoride， 10μ，glml aproti凶n，
10μglmlleupeptin， and 1 % TriωnX・1∞'.Afl卸恥moge凶zation，the偲 llly岡修 W個 adj回制旬制%sucroseby叫diti叩 of
1 ml of the above lysis加fferwithout Tri伽 lX・1∞∞n凶凶ng80% sucrose. A linear sucn:鴻egr叫ient(5-30%) in the buffer 
without Triton X・1∞waslayered over the ly阻 .teand田 ntrifugedat 190，α)() x g (39，α)()中川 for16-20 h at 4・Cinan 
SW-41 rotor. Ten fmctions wereα地lected部 1ml-aliquots. 
Construction， Expression， and Purification 01 Polyhistidine Tagged H.抑制Neu3・--Thepolyhistidine tag w箇 inα珂>orated
inぬ恥 Cterminus of the wild type and Y181A mu伽飽 ofthe hum佃 Neu3 cDNA， respectively，凶ingt恥陀Rprimers 
andpME-而nSD錨 atemplate. The final∞nstructioo w槌 subclonedin防白.eEco悶 siteof the pMEl8S v即旬f館td邸 edfor
釘加sientexPf回sionin COS-l偲 lls.The transti田 tantswere homogenized in the lysis buffer d回cribedabove，槌阻yed出e
sialidase activity ，制ddialyzed against the s凶 buffer(20 mM凶回phatebuffer， pH 7.5，10 mM imi由zole，0.5 M NaCl， 
細ld1% Triω，nX・1∞1)flぽ 3h at4・C.The dialyzed fmction w槌 appli叫加 1ml of affinity∞Ilumn ti町 histidine-tagged
pro句ins(HiSfrap∞lumn;Pharm却 iaBio慨 h)pre-equili同 .tedwith the s附加ffer.After washing with 10 ml of偽ebuffer， 
bound戸。teinswere eluted with 5 ml of the elution加 ffer(20 mM  pl悶 phatebuffer， pH 7.5，笈)()m M  imidazole， 0.5 M 
NaCl組 d1% Trit叩 X・1∞').W，描h郎副deluates were then subjec旬d加 immunot措叫創凶ysis.
Sialidase Assays---The切 11ly鵠 .teand肱 fmctionsfrom出esucrose density gr叫ientwere us吋 forsiali由民節回ys
routinely田 inggangli田 ides槌偽esubs国民.T恥 r伺 ctionmix制 限 ∞ntain'剖 50nmol of subs回飽踊 boundsialic acid， 0.2 
mgofbovine舘 rumalbumin， 10μmolofs叫iumace飽.te(pH4.匂and0.2 mg ofTriω'nX-l∞. After incubation at 370C for 
10-ωmin，間同時dsialic acid w剖 detenninedby the thi伽 rbituricacid me白odafter passing白roughan AGIX-2 mini-
column，出 d邸 cribedelsewhere (6).問。句inw泊 detenninedby dye-binding剖回Y(Bio-rad).臼leunit of siali由民 W錨

defin伺価値leamount of enzyme which伺匂lyzedthe release of 1 nmol of sialic acidlh. 
Preparation 01 Monoclonal An蜘 dyωHun削除u3--T恥 f倒伊dsof 6 week-old female BALB/c miωwere i駒凶
every w田 kwith 2 mg protein of the戸同c凶atefmction of human Neu 3・加nsfec修dCOS伺 lls，emulsified with i配。mplete
adjuv叩t.After five successive 岡田tionsfollowed by a booster i吋回tion，spleens and bil蹴 ralinguinal and伊rietal
abdominallym凶nodesof immunized mi回 werehぽ V伺飽d，andB伺 llswere fused with the mO¥腕 myelomaX 63 Ag8.653 
(T加CancerCell Re伊siωry，Tohoku U凶versity，Sendai， Japan) in 50% polyethylene glyω1000 (Wako). Scr，田ningof 
hybridomas w魁伺国dωtby examining the specific immu即応邸tivitywith出e戸瓜c凶atefraction of the Neu 3 
伽 nsfectantsin ELlSA system (ZVMED)創ldwi白山emem伽潤お・戸m伺悩lizedNeu 3 transti民伽tsti町 FACS叩 .alysis.
The伊rliculatefractiot凶 fromvehicle-transti田 tedCOS cells were also u時 dωexcludefal時停活itiv回 dueωreacti叩 swith 
parent COS田 Upro飽ins.The伊 sitiveclones were附田nedby dilutionωob飽insingle specific clones. The subclass of 
mon∞lonal antibody (mAbs) w邸 detennined加 beIgG1 wi白aMousei剛 ypingkit. 
lmmunoblotting and初開unoprec.伊iωtion---Cell 1抑制， s即 rosedensity gr叫ientfmctions or fmctions from回釘rap
affinity∞lumns were se開m飽d∞SDS-伊，ly配 rylamideel即位。phoresisgels (10粉 underr吋ucing∞nditions.pro飽ins
were transferred ro PVDF membranes and immunoblo伽 dwith anti以刈iesspecific 旬 r白戸~tive pro飽ins.The individual 
ban也 werede旬ctedwi曲 pero泊伽se・conjuga凶 g側副.ti-m側田 IgGor -ra刷 tIgG (Promega) and development w槌
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achieved with an e曲ancedchemiluminescence system (ECL岡山Westemblotting r，伺gent;Amersham Phannacia Bio肱 hよ
邸 cordingto the manufacturer' s recommendations. In immunoprecipitation experimen低回Uly回 teswere incuba凶

overnight at 4'Cwith Protein A Sepharose (Amersham四回rmaciaBio肱 h.)and伊 lyclonalanti-回 veolin-l(Santa Cruz 

Bio臨.)ormon∞lonal anti-hum佃 Neu3 anti以刈yandthe pr，民ipita回 afterw回 hingwere apがiedめ SOS-伊ly配 rylamide
el田 tro凶oresis，組dthen immunoblot飽das described above. Anti肱xlies組dtheir sources were踊 follows:anti-cav回 lin-
1 IgG (mAb 22'タ7，Transduction Labs)佃 danti-caveolin・1(Santa Cruz Bio蹴.); anti-cSrc (S佃 taCruz Bio協.);anti-
MAPK (New England Biolabs ); anti・14-3-3(S剖飽CruzBiot即ふ

RESULTS 

Coサ'act初'nation0/ hwnan Neu 3 with caveolin・1---To examine whether endogenous ganglioside-specific sialidase is 
鰯∞ia凶 with伺 veolin-l，we u凶 HeLacells having relatively high sialidase activity. Cellly鴎 teswere fractiona凶 ona
sucrose density gradient and the fractions were ar叫yzedfor protein∞即en回凶叩， ωveolin・1immuncト，reactivity，and 
sialidase activity with gangli四 ides酪 substrat回.Fig.la shows伊ngliosidesialidase activity旬 Cかfractionatein low density 
fractions 4-6 with caveolin-l and cS凧 asignal transdu田 r，創価総ssedby immunoblot創叫ysis，while gr伺 .terthan 909もof
the ωtalpro旬inloaded on偽egr叫 ientw描 recoveredin high density frヨctions9・10.To obtain evidence that Neu 3戸。飽in
is prese凶 inthe伺 veolin-richfraction， we pr志戸redmAbs戸cificωhumanNeu3組 dobserved the戸uteindis凶butionby 
immunobl鋪 ing.The an仙刈yw国 eval凶 .tedωbeonly reactive with Neu 3 (48 kD戸0倒的， from HeLa cells (in the 
experiments with homogenates in Fig.l助描 well錨 fromNeu3・transfec句dCOS-l偲 Us.on sucro:田 g叫 ientNeu3 pJ1剖ein
from HeLa cells w描 de蹴 tedmai凶yin fracti叩 s5-6， in戸rallelwith sialidase制 ivityωgetherwith caveolin・1.We then 
examined COS-l伺 llstransiently transfec凶 wi也 humanNeu 3 cONA. More than 70% of the ganglioside叫 tivityw，槌

found in fractions 4-6， rich in caveolin-l，鉱ldapproximately 30% of偽eactivity remained in the fractions 9・10(Fig.2a). 
The activity deti田 tedin白ehigh density fracti叩 sw国間tdue to overloading，恥国U随時・1伺 dingon the grョdientJ1回凶tedin 
recovery of the activity in the回 mefracti叩 s.Neu 3 proteins were de蹴凶inthe fractions having high舵 tivityin a manner 
similar tiO血e伺 seof HeLa cells. on the other hand， when we民stedcytiOSolic sialidase (Neu 2)・釘ansti田凶COS-l田 llsby 
m回 suringsiali由民邸tivityat pH 6.0 with 4MU・NeuAc，all of the sialidase w回 foundin the high density fr郁 tions(Fig.2b). 
In additiα1， endogenous lysωomal sialida田 (Neu1) in COS-l伺l1s，部組yedwith 4MU-NeuAc槌 subs加，teat pH 4.6， 
showed a neary identi伺 lpattem加治atof the exogenously expressed cy加solicsialidase (data not shown). These r，回ults
indi伺 tehuman Neu 3 to ind民dbe l<x沼lizedin白e回，veolin-richmicr叫 omains，in ∞n回 sttiO Neu 2 and Neu 1 sialid嗣郎.

Interaction ザHumanN切 3with Caveolin-1.---To examine the possibility that Neu 3 i蹴即tswith caveolin in the 
microd倒 1ain，we録制むhedfl町 afunctional binding site for caveolin-l in the Neu 3 molec叫e.Cavωlin binding motifs were 
r田 entlydedu回 d(φXφxxxxφ組dφxxxxφxxφ，whereφis組 aromaticresidues W， F， orY) (14). These motifs創e

present in most伺 .veolae-掴 S∞iatedproteins， including PKCa， MAP kin酪 e，arld EGFR. In the human Neu 3， we identified a 
伊ssibleregion (YTYYIPSW， 179・186residues) within the hydrophobic stretch of the 抑制四 国 nsmembranedomain 
叫 uen，回 (4).To determine whether the binding site in Neu 3 is functional， the following s回，tegieswere employed: 
intr吋 uction of mutati叩 sinω Neu 3， affinity purifi伺 ti叩 of 伊Ilyhistidine (His)・旬，gged Neu 3 forms， and 
immun叩recipitationwith anti以xlyto either caveolin・1or Neu 3. 

Two mut組 tswere expressed剖 dthe cellly鴎，teswere analyzed by fracti叩 ati∞ona sucro舘 densitygradient 
(Fig.3). Mutant FI87R with叩 eamino acid change nextωthe motif民 quen回 demons同制 reductionof ganglioside 

activity in僻偲llly調節句 only45%of恥 wildtype level，制mutantY l81A wi血asin副eamino acid c加ngewithin the 
motif showed∞mplete loss of ganglioside邸 tivity，although Neu 3 protein level w槌 similarωthe wild type (Fig.3a). on 
8UCrose gr叫 ientfractionati叩， mu匂ntFI87Re対曲itedonly a low amount of Neu 3 pro飽inin fraction 5 with low siali由民

activity， much mo陀 proteinand activity being evident in fractiω凶 9・10.In mutant Y181A， Neu 3 pro旬inw踊 h創dly
recovered in the fractions 4-6 where caveolin w，錨 stillω1centra附.These results制路側 that血epredic岡田.veolin-
binding motif in Neu 3 may be involved in binding tiO回，veolin-l，lωsof the binding ability le剖ing旬 failureof recruitment 
旬伺Vω，lae加 dsubs叫uentlyωreductionof the e皿.ymeactivity. 

To obtain fu巾 erevidence for the direct interaction betw民 nNeu 3 and caveolin-l， we next山 edHis崎 gged
forms of Neu 3∞ns回 ctedby introducing the His-tag epi旬戸 in句 theC却 rminus(Fig.4a組d均.臼1transient expression in 
COS-l回 lls，the His-tagged form∞uld be purified by Ni2+ iOlトchargedHiTrap Chela伽g∞lumnchroma旬伊，phy，the 
bound proteins being specifi伺 llyelu凶 byaffi凶tyelution with imidazole (21). As a∞ntr叫 fornon-s戸幻ificbinding， 
human Neu 3 without the tag epiω'pew槌 alsoexpre鉛 ed.Both Neu 3 forms showed sialidase郎 tivityat the田melevel. 
After affinity purification on HiTrap∞，lumn， fractions were analyzed by immurωblotting with姐 .ti以刈i田知 humanNeu 3 
加 dcaveolin・1(Fig. 4a). His-tagged Neu 3 w描 specificallyelu凶 byaffinity elution wi白 imidazole，while no binding旬

the column w槌 observedwith Neu 3 lacking the His-tag. Under these ∞，nditions endogenous caveolin-l and MAP-kinase 

co-eluted with His-tagged Neu 3，加t14-3-3 protein in the washing effluents. When theωU ly鴎 .tesfrom mutant Y181A 
with His-ぬ.gepi旬戸 wereapplied on a HiTrap∞，lumn， m回 tof caveolin・1protein w錨 de慨もedin the w錨 hings，even 
though all of the Neu 3 pro旬inin the affinity el闘蜘(Fig.4同.We fu同1erexamin吋 dir側部Sωiati叩 ofNeu 3 with 
caveolin・1by immun叩ぉcipitationwith加 tibodyωeithercaveolin・1or Neu 3 (Fig. 4c). Under the ∞nditions where 
almosteq田 1amount of endogenous caveolin・1w，槌 appliedfor immunop隠 cipitation(in the lower伊nel)，wild type Neu 3 
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W槌∞・immuno限 cipita凶 wi由 cavω，lin・1by anti・caveolin・1削除xly，wher，伺smuch less amount of mu凶 tNeu 3 

pro除inw部 r配 ove路d∞m戸red加 wildtype level. Consistent with the sucro田 g叫ientdata described above，出e戸。もein

level in the immunoprecipitates w踊 higherin mutant FI87R retaining some制 ivitythan in mutant Y 181A. Cav回 lin・lw部
not de胤 凶 inanti-Neu 3 immunoprecipita伽.Tb田edataω'ge也erindi伺 .tethat the戸 吋ic凶 caveolin剖 ndingmotif 
田quen回 inhuman Neu 3伺n田rve槌 aligand for the caveolin田affoldingdomain and白紙lossof the伺戸cityfor binding 
to caveolin and s山明田ntfailure of recrui加 ent旬伺.veol鶴間ultsin f同町edenz戸neactivity. 

DISCUSSION 

G組 glioside-specificsiali血seNeu 3 is a unique glycosidase in i包 l∞alizationwithin the pl個 mamembrane and the strict 
subs回 tespecificity. Unlike lysosomes， the membranes do notαm凶na set of gly，αlSi由民S旬 degr叫ategl)1∞.proteins and 
gly'叫 i戸ds(22)， suggesting削除u3 is involved in cell surf蹴 even飽叫防白剖伺鈎.bolismof gly，α m司uga回.In fact， 
there are田ve凶 observationssuggesting impo巾 ntfunctional rol田 ofsialidase in pl1∞邸時slike田 11differentiation (5， 23)， 
apop胸 is(24)，組dmali伊 剖t回 nsformati叩 (2'>沼:).However， no clear eviden偲 f目白e抑ysiologicalfunctions of Neu 3 
hashi伽巾慨npresen凶，to our knowledge. 
In白isstudy， we demons回 tedthat曲issialidase interacts directly with caveolin・1and that i包 activityis likely ωbe 
reg山陰dby伺veolin-media凶 recrui回 entω 伺.veolae・microdomains.Many伺.veolin-associa凶 pro飽insare now known 
ω∞n飽in回.veolin-bindingmotifs and也isis∞nsidered加 bea genera1 mechanism for伺.veolin-mediated田questrati叩
創tdsubs句uentin邸 tivati叩 within回 veolae.In the伺 seof Neu 3， mu凶 onof白e抑制vecaveolin-binding site ledωnot 
on1y bl∞king of the recrui回 ent旬国V印，laebut also suppression of the sialidase配 伽ity.This indi伺 陶 白 紙 Neu3 is a 
uniq鵬 memberof伺.veolin錨 socia凶 pro句inswhich is activa凶 rather由aninactivated by cav，ωUn-media凶
舘 q悶 stration，similar加悦伺田 ofthe ins叫inre偲 p伽 promotingIRS-l phospb田ylation(29). To似 ivateNeu 3 in vitro， 
de旬rge附 such部 TritonX-l00 are req凶red.There is no endogeno田制va回 l∞a制 inthe pl描 mamembrane known at 
present which伺 nbe replaced by the detergent. Since we have observed白紙 pbos凶olipids伺 nstimulate血eNeu 3 
siali由 民 館tivity(W:剖a，T. and Miyagi， T.， manusαiptin戸E抑制on)，it is mωt feasible that phospholipids∞nstiωting 
伺 .veolaemay配 tivateNeu 3 after fecruitment 
We戸-eviouslydem叩 stratedthat Neu 3∞ntains a hydrophobic加tnon・α-heli伺 1s悦 tch田 aputative transmembrane 

domain which faces the extracytopl槌削cside at the N-termin凶 (3).on the other hand， our re印刷 workshowed伊 ssible
配 tivesite ar凶noacid residuesωbe distribut剖 allover the Neu 3 mol回 ule(4). Tb回etwo results make un偲 rtainw恥ther
t悩ssiali由民 is伺凶yticin the membrane-anc加制御teor ra伽叩 thec戸田olicside of出.emembrane，邸 itmay be 
n叙氾儲aryfi町 anappropriate te.凶arystruc仰向 foractivity (30). In曲isregard，加sed叩白eobservatiα1 that伺.vec:語inis a 
cy加'pl描 miωllyorien凶 integrョ1戸抑in，the human Neu 3 molecule may function on the cy陶 olicsi飽 ofthe membrane by 
interacting with caveolin，組dα'OSs-talkwith other signal回 nsducers.The reg凶ationm即 harrismsrequire further analysis. 
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Flg.l. Lωalizati叩 ofNeu 3 of HeLaωIIs in low density sucrose gr叫ientfracti叩 srich in伺 veolin・1.Tri蜘 X・1∞ly崎臨

ofHeLa侃llswere fr蹴 ωm凶叩asucrose density gr叫ient錨 descri恥din the “EXP殴 IMENTALPROCEDURES"， and 
the fr削 ionswere tes凶 forg加 gli倒 idesiali也se前 tivity(吟 andfi町伺veolin・1(a)， cSrc (軌却dNeu 3 (助 proteinsby 
immunobl叫 analysis.T加 S戸cificityof the mAb anti-human Neu 3 w田 evalua飽dusing homogenates (fracti叩H)from 
HeLa cells and only a 48 kD band∞rresponding to the Neu 3 w出品協t吋 byimmuno blot analysis (b). 
FIg.2.L<x沼li捌 onof human Neu 3 express凶 inCOS-l偲 llsin caveolin-rich fractions. The fractions on a sucrose density 
g叫ientwere描阻yedfor伊ngli田 idesialida鴎邸tivityand immunoblo恥 dfor Neu 3 and caveolin pr'叫einswith mAb anti-
human Neu3 and anti・伺V回Hn-l，間戸凶vely(a). As a∞'ntrol， cytosolic siali白seexpressed in COS-lω:lls w邸錨錨.yed
恥削vityf;ぽ4MU・NeuAc国 asubs岡修(b).
Flg. 3. Failu隠 ofreαui回 e則的伺veol館副dreducti叩 ofsialid個 eactivity by mutati叩 ofthe caveolin-binding motif 
within Neu 3. Mutants (FI87R and Y181A) and wild type were expressed in COS-l伺 llsand each Neu 3 protein w掴

de附則 byimmuno blωanalysis (祢 Celllysates of恥回邸f田刷tswere frac附 m凶 ona sucrose density gr叫ient
Suppression of sialid酪 eactivity組 dNeu3抑 制nlevel w拙油田W伺 inωv倒 in-richfrac伽 18from mutant cellly錨 .tes，
irrespective of enrichment of cavωHn -1 in low density s即 rosegr叫ientfractions (b). 
FlK.4. Co引国自国tionof polyhistidine~tagged hum踊 Neu3 with caveolin・1by Ni 1+ chelating column chroma句，graphyand

∞・immunoprecipitationof Neu 3 and caveolin・1.Human Neu 3 with町 withouta His・tagw錨 expressedin COS-l cells 
胡 dpt.回目edbyaffi凶tychromatography儲 describedin the “EXP殴 IMENTALPROCEDUR邸"(吟.In出eupper panel， 
washings and eluates were陶 tedfor Neu 3，伺V回 lin・1，MAP~kinase 叩d 14-3-3 pro飽insby immunoblot叩 alysiswith 
resがお“veanti以刈ies.In the lower牌nel，the protein∞ncen回 tionsof the fractions from the ∞lumn are shown and arrows 
indiωtes削 ofaffinity eluti叩 with却 mMimi血zole.A His~tag form of mutant Y 181A w踊 subjec凶旬 affinity
chromatography. and Neu 3 andωveolin-l proteins were叩 al戸edby immunoblo倒ng(b). Cellly館協 were∞lIecぬdfor 
immuno戸町ipitationwith anti-cav伺 lin叩 ti以:xly(polyclonal)，相dNeu 3 or caveolin-l in the immuno戸配ipita蜘 W部

品 協凶with叩ti以均ωhumanNeu3ぽ伺VωHn・1(m叩∞同凶)(c). 
Flgふ ReducedNeu 3 sialida田 activityby diss∞iation of Neu 3 from伺 Vωlin・1with _-cyclodex凶ntr鵠，tmentCells were 
悦鵡dwith 10 mM  _-cycl叫ex肘nfi町 50minat3アC，and the ly組制 of∞11配凶ce11swere価回yedfor sialidase叫 tivity
(札andfractionated 00 a sucrose density gr叫 ientfor det民 tionof Neu 3 activity加 dthe protein (b). 

注:本研究は、 2∞1年 10月 25日『第74回日本生化学会大会』にてポスター発表。

作成日:2002年 2月7日
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