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揚鍋胞タトマトリックス分子SPACRの=つのフォーふと繍鎖結合
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SPACR (sialopro旬in出回ciatedwi也∞n白血.drods) which has a mol田ul釘 weightof 150KDa，is a 

gly'∞'protein around the photoreceptor in chick IPM(inteゆ0抑制ptorm釘凶x).Anew fonn of chick 
SPACR w田 identifiedby two anti加dies046・Fand MY・174.046・Fis SPACR C・，tem血al戸:ptide

polyclonal antibody，MY・174is a monωlonal antibody which伺nreactωchickSPACR(I).The new fonn 

hasamolωlarwei悼tofl∞'kDa.Bo也of150kDa and 1ω'kDa werel油eledwi血biotin-hyaluronanand 

bio伽却卵白.Theactivity binds to he卵白oftwo fonns were tested by hep釘ina飾的chromaω'graphy，

l00kDa bindingωthe he伊血withlow affinity， 150kDa bindingωbe of high affinity.He卵白1泊脳協
hyaluronan binding to 150kDa， which叩.ggests白紙h叩釘担姐.dhyaluronan bin必ngsite of SPACR are 

clo舘lyrelated. 

民~'"胎rCI SPACR ， fonn， interphoωre切:ptormar凶x，chick

In匂'Oductl・m
百leIPM is 10伺Itedbetw田n血ene山富1retina and the retinal pigment epithelium泊 thever飽:brate

eye(2).A number of activities of fun伽men凶加戸市n白色rvision are血oughtto be media:凶by也e

IPM，including retinal adhesion， visual pigment chromophore exchange，metaboli旬加盟cking，

photor田eptor aligment and membrane 加mover(3).τ'he IPM∞nsists of叫ueo凶・e油邸匂Ible
mol邸叫es，and fixed ma凶x 由at resists aqu回国 砿往邸tion.Gly，∞'prote泊s，prot，ωglyc岨s and 

hyaluronan(HA) are血emajor∞mpone附 inthe fixed matrix(3，4，S). 
SPACR w:槌 isolatedand characterized in the in鈎 lubleIPM of human.Immunωytochemis町

localizes SPACRωthe ma:凶xsurrounding rods and cones(6).SPACR is a glycoprotein in huma:n，monkey 

and chick (1，6，7，8) and a pro陶，glycanin mo田e，ratand bovine(8，9).Functional studies demo田岡.te也at

SPACR bind hyaluronan，suggesting白紙thesemolecules may help stabilize the hyaluronan scaffold白紙

fonns曲e企ameworkof肘 insolubleIPM(I，5，7). 
Ex回:ptfor SPACR bindωhyalurona:n，other properties or nmctional roles is not cl伺 r.To clariか也e

other biological functions of SPACR， we isolated、purifiedand characterized SPACR from a.dult chick 

IPMbyDEAE田:phaω1∞lumn.
In悦 sternblots of IPM ex回出， 046・Fimmunoreactive bands were present at approximately 

150kDa and 1ωkDa，也eIS0kDa is SPACR which we have identified(I).In Westem blots probed with 

MY.・174，immunoreactive bands were present like 046・F，bothof IS0kDa and l00kDa were 
labeled，lea必ngustopos加late伽 tmaybe也isl00kDa protein is a different fonn企omSPACR.
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M.t.rI・1..nd m.thod. 

Protein Isolation 

百leretina of adult white 1曙hornswere pr句aredaccording to re卯rtedprocedur，叫6，η.The

insoluble samples企omretina were suspended in 10X volume of 50mM Tris・HCLPH 8.0， 0.15M 

NaCL，10mM EDTA，lmM PMSF，after for 4 hr at 4.C with gentle agitation，the叩spensionwas 

centriぬgedat 8000g for 30 min at 4"C，the suspemat佃 tw鎚 immediatelyloaded at 0.5m11min onto a 

DEAE sephacel column in the above solution，after thorough washing，the band proteins were eluted 
with a linear gradient 0.15M-1M NaCL in above solution，the elution ofO.4M -O.6M were dialyzed 

against 50mM Tris・HCLPH8.0，0.15MNaCL.

τ'wo・dimensionalgel electrophoresis and western blot analyses 
Samples were solubilized at a protein concentration of -lmglml in 1.6% Bio-l拘 5/7

amp加l拘，0.4%Bio-lyte 3/10 amphol抑，9.5M 町伺，2.~も Triton X-l00，5% s・mer四，ptoethanol.

I叩electricゐωsingof20川 sampletook place in 0.9X57mm tube gels，the frrst-dimension isoelectric 

おωsingw田 performedat 500V for 10 min and then at 750V for 4h.after the isoelectricおωsing，the
tube gels were extruded and placed on top of a 7.5% polyacrylamide gel，the s民ond・dimensiontook 

pla切 ata 75V for 20 min，120V for lh.The protein回paratedby polyacrylamide gel electrophoresis in 

the presen回 ofsodium dodecylsulfate(SDS-PAGE) w創出enelectrotransferred on to a nitrωellulo鴎

membrane，the transfeπed membrane was developed with MY 174(115∞0) antibody. The membrane 
W踊 incubatedat 11∞m temperaωre for 30 min in stripping bu偽九andth朋 washwith PBS・Tw偶nfOT 
removing t恥 reactionsolution，the stripping membrane w錨 developedwith 046F(1I1∞0) 
anti加dy，and b-hyaluronan(1/5∞O)，b・Hep(I/5∞0).
Affi凶tychromatography on heparin・回Trapcolumn 

The heparin binding abilities were t邸tedby heparin affinity chromatography.3 ml鴎mpleafter 

dialyed were added lmM PMSF and 10mM Ca2+ then applied to a heparin・回Trapcolumn (lml) at a 

t10w rate of 0.5mVmin，equilibrated with the same buffi釘創tdbond prc陶insw釘'eeluted with a 20ml 

lin伺rgradient 0.15M-IM NaCL in above solution. The t10w through and企'actionwere pooled and run 

on 7.5% SDS・PAGEgels，proteins were釘'ansferredto a nitrocellulose membrane，then developed with 

046F anti加dy.

Inhibition ofhyaluronan binding to SPACR by heparin 

To test the effi回tof heparin on the b-hyaluronan binding ability of 150kDa， w田ternblot ana]yses 

were戸市nned，transferredmembranes were blocked ，then incubated for lh at room tempera加rewith 

b・hyaluronanin the absence and pre田n関 ofheparin(0.6mg/mJ)，a食釘washing，membraneswere fu刈ler

incubated with peroxida田∞吋ugateds釘eptavidinfor lh at rl∞m temperature.the membranes were 

washed and developed. The films were digitized with a image闘 nnerthen analysed using Nlli image 

m伽 'are.

R・.ults
I.A new form of SPACR 

Insoluble IPM 偲 trac飽食om the chick retina separated with two-dimensional gel 

electrophoresis，then developed with MY・174antibody， the鈍rnemembrane 錦町strippingand develop吋

with 046F antibody and b・HAresp回tively.Fig1 show arrows 10伺，tedapproximately at 150kDa 
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repres削除 1郎副onof SPACR(I).A new band appears at l00kDa(arrowheads) which react with 

MY・174，046Fand b-HA like 105kDa 
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Fig 1 Insoluble IPM of cbick re出a側 ractsfrom也eDEAE column separ酒ied叫血two-dimensional

gel elec回，phoresis.Mol田叫arm邸smarker positions are泊di伺 1edon白eleft.PI is泊diωtedat the 

top.Isoel郎副c品C田泊.gin the horizontal dimension with the anode is on the left. A， develol凶 wi曲

MY・174antibody dilu凶 1:5000.B，C，D the immunoblot of白銅memembrane泊 Aafter stripping 
and developed wi也046F佃 lti以x1y(1:1ω0)，b・HA(I:5∞0)，b-Hep (1:5ω0) respectively. 

2.SPACR bindi曙 hel即 inand∞m抑尚也eability of two forms旬 bindheparin 
Cell-substratum adhesion in chick neural retina depends upon protein-heparan sulfate interactions 

m回:ntly以潟nshown(ll)， we queried whether SPACR functioned邸 ahe戸rinbinding protein. 

Western blot analysis of purified SPACR伽 1both the 150kDa and白 l00kDaωnre鶴岡 with

b-he戸市1国伺nbe蹴 ninfig1 D. 

Elωion ofin却 lubleIPM from DEAE∞lumn were dialyzed，then appliedωa heparin-column，after 
W槌hing，proteinselu凶 with1泊伺rgr叫ient0.15M-IM NaCL were shown by SDS-PAGEσig 

2)，el回加'phoreti伺llyblo伽d加凶加cell叫ose，and developed wi也O46Fanti加dy，1∞'kDa(arrowb伺 d)

ω叫dnot be boundωcolumn at 0.15M NaCl，but 150kDa (:町。ws)can be bound and elu凶 withO.6M

NaCl，indi側面gtwo forms have different a血副esfor heparin. 
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Fig 2.The immunoblot of企action企'omheparin喝olumndevelo戸dwith叫6Fantibody. The 

elution from DEAE column were dialyzed，theo applied to he卵白.-column，flow也rough(O.lSMNaCl) 

(1加 l)，elu凶 withgradient NaCL(line 2，O.6M NaCl). Arrows represent lS0kDa， arrowhead 

時 resent1ωkDa. 

3.inhibition ofhyaluronan bind泊gωSPACRby heparin 

losoluble IPM of chick retina ex回cts伽mthe DEAEωlumn舘para絡dwith two-dimensional gel 

el田加'phoresis，勧 membranedevel明治 with b・HAin the油田n田(A) 姐 dpre回国e(B)of 
he阿 io(O.6mg/ml).Analysis白血ms凶泊gNIH image so食ware，itWi踊 shown白紙也edigital蜘 ge

m凶ned2S%.
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Fig 3.E能ctof hyaluronan binding to SPACR by heparin. 1nso1ub1e IPM extra飽食。m也.echick 

m血as叩抑制withtwo-d加.ensionalge1 e1田;trophoresis.A，deve10ped with b・HA，arrows 1ωa凶

lS0kDa represeot SPACR，arrowheads represeot 1∞kDa.B， deve10ped with b-HA in the presence 

ofhe戸rinshown decrease HA bindingω1 SOkDa.C，deve10pc吋wi也only streptavidin-horseradish 

peroxi伽鑓co吋噌ate回∞n加 1，00lS0kDa and l00kDa band in也e∞n回1.

B胸cu・・Ion
l.Two forms ofSPACR 

MY174 antigen in the chick IPM is identical ωchick SPACR，the 046・Fis a po1yc1onal antibody for 

148 



chick SPACR(I).Here we showed that there were two bands react with MY174， 046・Fanti加diesin 
the chick insoluble IPM.And one function of SPACR isωbind to hyaluronan in the IPM(I，7).百時

band w田 locatedabout 150KDa which is SPACR(I)， another located about l00KDa，the sωdies 
reported here that IPM in the chick retina express a protein having a molec叫arm蹴 ofl00KDa which 

加muno剣山gcharac加izationsimilar to SPACR(150kDa). 

SPACR may be consist of two di能，rentforms in chick IPM，the long form is 150KDa another short 

form which has a molecular weight of 1∞KDa，也eshort form may be resulted from the cleavage 
m邸:tionofthe long品，rmof SPACR. 

In many G-protein coupled recepω，rs SEA modules are found prot，印刷iccleavage site，and were 
cleaved during them residence in the ER(1町.SPACR∞ntaintwo SEA modules，l伺必ngusωpo臨Jlate
白紙maybe也isis one cleavage site品rSPACR.

百lebiologic凶purpo田 ofthe cleavage is not understood，白地er蜘 dieswill be req凶redto establish 

whe白erSPACR undergoes a prot印刷iccleav喝.e.

2.He抑rinbinding部鴎iyS

Hepar恒isapoly調印:haridebelon匝ngωtheGAG family，heparln has been implicated in modulating 

various biological proces舘 s，such邸 bl∞dclotting，cell adhesion recognition migration ，growthぬcωr
si伊副ng，andviral itu邸 tion.Thebiological function of he卵白 isp出narilymediated由roughits 

b泊ding and regulation of various proteins，including enzymes grow也 factors，c戸okines，and
ex館協ellularma:剖xproteins etc(12). 

Chick SPACR is not a chonl伽 tin吻pepro蜘 glycan(I)，where踊也悶aresome∞脱出国sitesfor 

GAGin戸司ptidesequen田sof chick SPACR.Our data showed chick SPACR回nbindinghepra也

Schubert indicated伽 Itretinal purpurin prote泊伺nin加邸tswith heparin and he戸rans叫fate，plays

a role in adhesive interactions of neural re也1acells(13). 

B田auseb加dingto he:戸市1may田rveto immobilize prote泊s面白.eextracellular matrix on回 11

surf蹴 sor in泊施ex'位協ell叫arspace，suggest may be this is ability to bind同 tore也alphotoreceptor 
.回Uslike hyaluronan. 

3.Com卵白性1e油ilityof two forms to 凶tdhe卵白

Two forms of SPACRωn bindωhe卵白1，we next∞m戸redthe ability of two formsωbind 
hepar加.回isshown in fig 4.100kDaωuld not bind to也is∞lumn胡lenw国 carriedout in the O.15M 
NaCL in 50mM TrisHCL PH 8.0，lmM PMSF 10mMCa2+.150kDa w田 ableto b泊dto白iscolumn 

andw部 elutedat about O.6M NaCL in 50mM TrisHCL PH 8.0，lmM PMSF 1000Ca2+. Solubilized 

prote泊smay bind to he.伊rin'mainly electrostatically and could be dissociated by changing ionic 

s帥n帥.

百ledifferen田泊NaCL∞ncen回 iionfor elution企omhe卵白columnw邸凶i伺lted白紙 150kDa
and 1∞回amay have di能rentbinding abili稲田tohe伊巾.1ω'kDabinding ωthe heparin with low 
a血肉~150kDabinding to be ofhigh aflinity. 

4. Addressing the question ofwhether heparin effect the hyaluronan binding to 150kDa，we performed 

westem blot analyses.lt w.国 shown偽athyal町'onanb泊dingω150】cDaw:邸 d回路部edby added 

heparin，analysis白efilms using NIH image回食ware，itw'錨 shownthat也.edigi凶 imageretained 25%. 

he戸血∞mpeteswi也hyaluronanfor 150kDa binding.Chick SPACR h邸 a280KEIHVLGFK288 may 

be is a伺ndidatefor hyaluronan binding motif(I)，and there are回me∞nsensussites for GAG in 
peptide釦quencesof chick SPACR，and the D伺restGAG binding site is 294 DGS296.may be this site 

involved泊也eb泊必ngofhe卵白1.0町 data加lply白紙hepar包阻dhyaluronan binding site of SPACR 
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are clo田:lyrela凶.

In conclusion，the pre鈎ntdata demonstrate 

1. SPACR have two fonns in chick retina，one have molecular mass of 150kDa another have 100印 a.

2. Two fonns ofSPACRωn bind to he抑巾

3. 百leheparin binding ability ofthem is difference. 

4. hyaluronan binding ability of SPACR伺nbe inhibited by he.戸血L
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