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Kでメl●οrttF nervous syster卜specific protein―
一development一 一rnonocional antibody一―

irlrnunochcHlistry一一optic tcctuHl一―cerebCHum

Proteins S5,S6,and S54(mol.WtS・ 95,000,100,000,and l10,000 Da)appear characteristically at certain developmental stagcs in

the chick brain(ShiraO,T.and Obata,K.,J.Nビ ″/οcカタ初.,44(1985)1210-1216).In the present study polyclonal and monoclonal anti‐

bodies wcrc developcd against clectrophorctically purined s5 and S6 proteins.Each polyclonal and lnonoclonal antibody specifically

recognized ali 3 proteins,S5,S6,and S54,by inllnunoblot analysis.The tissue specificities of these proteins were exaHlincd by iHllnu―

noblot analysis with these antibodies,Proteins S5 and S6 were found in the neuraltissue and in some non―neural tissues of chick em―

bryo.In the adult chicken,howevcr,thcy werc detected neitherin neural norin non―neuraltissues with the cxception ofthe spinal gan―

」的n Prddn s54,on he tther hand,was ttund both h tte embryo苗
爛 そ躍 r鯖 群暑活樹 塔野 揺 ぼ貫 盤腎!&鮒 苫督 i岳nor in adult non―neural tissues.I「IInunohistochernical analysis of

neurons.Thereforc it is concluded that S54 protein is a neuron―specinc protein.Developmental changes of localization of these pro―

teins were then exarnined by iHllnunohistochernistry. In the developing brain,iHllnunostaining was first observed in newly diffcr―

entiated neurons,later becorning localized in the neuronal processes.In the adult brain,the immunoreactivity was rnainly localized in

certain types of synaptic regions,butit was also observed in a small population of neuronalsomata.

INTRODUCTION

In thc coursc of the dcvclopmcnt of the ncrvous

system, neurons are generated in the ventricular

zone, Inigrate fronl there to their permanent loca―

tion, extend axonal and dendritic processcs in the

proper direction,and forrn synapses selectively with

thetr appropriate partners.These cvents appear to

require the temporal expression of certain specific

proteins7.11.ユ
1-33 。r mOdulation of certain existing

proteins2.3.9.For example,Skene andヽ Villard31 haVe

reported that two polypeptidcs(GAP-23 and GAP…

43)are eXpressed specifically in association with peri―

ods of axonal gro、vth or synaptogenesis in the maHl―

malian centrai nervous system.They proposed a hy―

pothesis that the neuronal gro、vth state can be de…

fined as an altered progranl of gene expression.

We have recently analyzed 54 proteins(Sl―S54)in

the chick optic tectum by two―dilnensional electro―

phoresis and demonstrated that 8 proteins change re―

markably in thcir conccntration during devel―

。pment3().Proteins S5 and S6 appear temporarily at

the developmental stages corresponding to the gene―

ration of neurons,and with the growth of neuronal

processes,respectively,They are present in all brain

regions at certain embryonic stages,but they are not

detected in the adult brain3().On the other hand,S54

protein appears in parallel with further rnaturation of

the nervous system. and is present in the adult

brain3().Thercfore we have suggcsted that thcse pro‐

teins may play major rolesin brain development.The

mol.、vts.of S5,S6,and S54 proteins are 95,100 and

l10 kDa,respectively,and their isoelectric points are

about 4.5.Protcins S5 and S6 have been purified to

homogeneity frona chick embryonic brains.There is a

high degree of structural homology bet、veen S5 and
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S6 proteins3(). ェn the present investigation we pro‐

duced polyclonal and lnonoclonal antibodies agaillst

purificd S5 and S6 protcins.Vヽith these antibodies、ve

first exarllined the silnilarities and differences in anti―

3enicity bctwcen S5,S6,and S54 proteins,We then

analyzed the tissue specificities of these proteins by

i町lrnunoblot techniquc,and also the developmental

changes occurring in their distribution within the

chicken nervous system using irnmunohistochernis‐

try.

MATERIALS AND METHODS

舟イαrタガαな

The fo1lo、ving rllaterials、vere purchased frona the

sources indicatedi fluorcsccin isothiocyanate―conju‐

gated goat anti-lmouse lgG and horseradish perox‐

idase‐conjugated goat anti― mouse lgG from Cappeli

Vcctastain ABC Kit from Vcctor Laboratories.Thc

other materials used 、vere as described previous―

ly+、
3().

P/?α/αrFο″げ′″初″″οgtt βrοrご′″S夕″冴α″r,sg/α
Each of S5 and S6 proteins、vas purified frona chick

embryonic brain as described prevlously30. ェn brief,

the soluble fraction obtained frorn whole brains of ll―

day chick embryos、 vas brought to pr1 5.5.The sus―

pcnsion was ccntrifuged、 and thcn thc supernatant

was subjected to DEAE‐Sepharose column chro―
matography and anllnonium sulfate precipitation.

This 20-30%aHlrlloniunl sulfate fraction highly en―

riched with S5,S6,and S54 proteins was subjected to
sodium dodecyl sulfate―polyacrylaHlide gel electro―

phoresis as described by Laerllnli12.Each band of S5

or S6 protein、vas excised from the Coomassie blue―

stained gel,homogenized and reapplied separately to

sodiuHl dodccyl sulfate―polyacrylaHlidc gcl.Aftcr rc―

electrophoresis. S5 or S6 protein、vas excised from

the gel.

The gei slice containing S5 protein(ca,0.l mg of

protein)waS hOmOgenized with a glass homogenizer,

and cmulsified with Freund's complete adjuvantt On

thc othcr hand,S6protein(0.l mg Of protein)waSb

eluted from the gel shce electrophoretically,and then

emulsified with Freund's complete adjuvant.A white
rabbit was injected stc.with S5 protcin containing gcl
homogenate14、21.A booster injection containing

Freunds`incomplete adjuvant was then administered

3 weeks after the initialinjection.Another rabbit was
injected with eluted S6 protein,and a booster injec―
tion was administered 9 weeks after the initial injec―
tion.Collection of antisera was started one week af‐

ter the last injection.

C2れを/αrJθれ。メ初θれθC′θれα′αれrわθ冴ルざ̀MAbs)
Purified S6 protein eluted from the gel、vas used as

an immunogen.The sample(0.l mg Of protein)was

emulsified with Freund's complete adjuvant and ad―

Hlinistered to a female BALB/c mouse i.p. Six
months iater, intravenous booster injection was

given with the same sample(0.l mg Of protein)with―
out adjuvant.After 3,5 days,splenocytes(1.2× 108
cells)were Obtained from the mouse and combined

with X63-Ag8‐ 653 myeloma celis(3.6× 107 cellS).

These were treated with polyethylene glycol 1000 to

achieve fuslon4.The Cells、vere plated into 192 wells

and cultured according to a standard procedure26.

Their culture supernatants were screened by iHllnu―

nohistochernistry on frozen sections of the optic tec―

tunl of 7-day chick embryos or by iHllnunoblot analy―

sis of extract from the optic tcctuln of an ll―day chick

embryo(see be10w).Cloning Was performed by lim‐

iting dilution.障IAbs were obtained as culture super―

natant.

C冴?′ビcr/?βんο/gsなα″ダ′″初″″θttθr α″αゥびな

The procedures used for gel electrophoresis and

iHlrllunoblot analysis have been described in detail

prevlously4、
30.ェn brief,isolated tissues were homoge―

nized in 10 vols.ofsample buffer composed of2ワろso―

dium dodecyi sulfate, 5% 2-inercaptoethanol, 10%

g l y c e r o l , l m M  E D T A , 4 0  m M  T r i s n a n d  2 4 0  m M  g l y―

cine at pH 8.5.After being boiled in water for 3 Fnin,

samples were subjected to sodium dodecyl sulfate―

polyacrylaHlidc gel electrophoresis according to the

procedure of Laernmli12.ェn SOrne cases isolated tis―

sues、vere homogenized in 10 vols.of isoelectric fo―

cusing lysis buffer containing 9 Wl urea,2%Nonidet

P‐40(w/v),2%Ampholine(1.6%,pH range 5-7 and

O。4%,pH range 3.5-10),and 5%2-mercaptoetha‐

nol,Then samples were subjected to two‐dimension‐
al gel clectrophorcsis according to the method of

C) F`arrel124 with some rnodifications as described pre―

viously18.Aftcr the electrophoresis the proteins、vere

transferred to nitrocellulose sheets by electroblotting

for 2-12 h at200 mA(see rCf.25).In sOmc cases the



b l o t s  w e r e  s t a i n e d  w i t h  A m i d o  b l a c k  f o r  d e m o n s t r a…

tion of protein. Nitrocellulose shects containing the

transfcrred proteins、vere incubatcd in Tris―buffcrcd

salinc(pH 7.4)containing 5%bovinc scrum albumin

for 60 1nin and then furtherincubated、vith antibodies

in thc same buffer for 90 rllin. After、vashing. the

sheets、vere incubated、vith horseradish peroxidase…

conjugated goat anti― mouse lgG in the above buffer

for 60 1nin.The blots、vcrc developed using O.051ろ4-

chloro-1-naphthol and O.01夕小hydrogen peroxideS.

r初初″″θんFsrθご′で,,7なrry

Samples of brain or other tissues were obtained

frolll chick cmbryos(4-20 days of incubation)and

newly hatched chicks(White Leghorn).Young

chickens(5 months old)and adult hcns(ca.1.5 years

0 1 d ) W e r e  a l s o  u s e d . T h e  a n i m a l s  a f t e r  h a t c h i n g  w e r e

anesthetized 、vith ether and perfused 、vith phos―

phatctbuffered saline(pH 7.4)containing 10%for―

m a l i n . D i s s e c t c d  t i s s u c s  w e r e  f i x e d  w i t h  1 0 % f o r m a―

lin in phosphate…buffered salinc for rnore than 12 h.

Tissue specilmens for use as paraffin sections、vere

dehydrated in a gradcd ethanol and xylcne series、

embedded in paraffin,and sliccd into 3平どIn―thiCk sec―

tions. Thc sections were stained using the avidin一

biotin一peroxidase complex method 、 vith WlAbs as

described previously6・1(). In briefi the deparaffinated

sections 、vere incubated 、vith 臣IAbs. 、vith biotiny―

latcd anti―Inousc lgG.and then、vith a solution of avi―

din―biotinylated horseradish peroxidase complex.

Pcroxidasc activity、vas identified by incubating、vith

a solution of O.05% 3.3′―diaHlinobcnzidinc tctrahy―

drochloride and O.01%hydrogen peroxide in phos―

phate―buffered salinc. In some cases sections 、vere

counterstained、vith hematoxylin.

Tissue specilnens to bc used for frozen sections

wcrc cquilibrated 、vith 301を sucrosc in phosphate―

buffered sahne.Frozen sections 12-14と ィIn in thick‐

ness、vere cut on a cryostat inicrotome、and indirect

i町lrnunohistochenlistry 、vith fluorescein isothiocya―

nate―conjugated goat anti―mouse lgG was pcrformed
as described prevlouslyl・22.23.

r″初ιど″θgFοb″′′′?ご′βN● フデ′?g

The immunoglobulin class of 障 lAbs was dctcr―

rllined histochcHlically、vith a IIlixture of rhodalllinc―

COniugated goat lgG spccific to mouse)んchain and

auorescein‐conjugated goat igG specinc to mouse/ィー
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chain,IgG単 生Abs、vere stained by rhodarnine bui not

by fluorescein,、vhile the converse、vas obtained、vith

lg「vl〕ッlAbs4.

P/θrで,″冴grg/′竹′″αr,θ″

Protein 、vas assayed by the method of Lo、 vry et

al.17.

RESULTS

Cんαrαcrご/′zαr,θ″げβθゥご′θ″α′α″冴初θ″θご′θ′?α′β″rF―
うθttFcs αgαル,sr S5,Sb α/7rF SD~イノrθrビル:s

Polyclonal and monoclonal antibodies、 vere pro―

duccd against S5 protein or S6 proteins as described

in Wlaterials and Wlethods,Each of the resulting anti―

sera(RS5 and RS6)and MAbs(M2A6.M2D8.

M2E7、 M2F6and M2Hl)waS examined forits speci‐

ficity for the 3 proteins S5,S6.and S54 in terms ofthe

follo、ving 3 features. First, thesc antibodies 、verc

used for irninunoblot analysis of extract from the opぃ

tic tectuHl of an ll―day chick embryo.Each antibody

bound specifically to two intense bands(m01.Wts.95

and 100 kDa)and One faint band(110 kDa)in sOdium

dodecyl sulfate―polyacrylaHlide gel electrophoresis

(Fig.lA),or t0 3 spots in two― dimensional gel elec―

trophoresis(Fig.lB).The migration patterns of

these 3 bands or spots in electrophoresis、 vere identi‐

calto thosc of S5,S6,and S54 proteins3().second.in

thc chick embryonic optic tectunl S5 protein is kno、 vn

to increase from day 4 to day 7, after、 vhich it de―

creases again. On the other hand、  S6 protein in―

crcascs frorll day 7 to day 9.and dccrcascs aftcr day

18. Protein S54 appears by day ll, and then in‐

crcasest As sho、 vn in Fig. lC. the developmental

changes observed in the amounts of the antigens

、vere consistent 、 vith the above‐ described changes

occurring in S5.S6n and S54 proteins.Finally.the an―

tigens、vere found to bc cnriched in the 20-30%aHl―

moniunl sulfate fraction that、 vas rich in S5,S6.and

S54 proteinsS().In contrast to this、 β
―tubulin recog―

n i z e d  b y  M A b  1 5 2 H 6 ( u n p u b l i S h e d ) a n d  O n e  O f t h c

ncurofilament proteins recognized by WIAb 82E10

(See ref.4)were nOt enriched in this fraction(Fig,

lD).A rabbit antiserum RS6 faintly stained some

other bands besides thosc of S5,S6,and S54 proteins

(Fig.lD;lane 10).These were probably breakdown

products of S5,S6,and S54 proteins or their aggre―

gates.
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Fig` 1.IHllmunoblot analysis of antisera and monoclonal anti‐

bodies.An extract of tissuc homogenate(600 μ g of protein)

(A)or a partially purified fraction(20/tg of protein)(D)was
electrophoresed on sodiuHl dodccyl sulfate―polyacrylaHlide gel

(7%),and electroblotted onto a nitrocellulose sheet.The sheet
was cut into 12 strips and each strip(lanes l-11)eXCept ianc 0

was treated for staining with MAbs or antisera as described in

NIaterials and Methods.Lanesin A,D:1,M2A6;2,M2D8;3,

M2E7;4,M2F6;5,M2Hl;6,β ―tubulin―spccinc 152H6(unpub―
lished);7,82E10(ref.4);8,mycloma culturc supernatant;9,
RS5;10,RS6;11,rabbit prcilnmune serum,Proteins in iane 0

wcre stained with Arnido black.B:tissuc homogenate was sub―

jectcd to two―dilncnsional gel elcctrophoresis, elcctroblotted

onto a nitrocellulose sheet, and ilnmunostained with MAb

M12F6. Ci thc blots of tissue homogcnate at various devcl―

opmcntal stagcs wcrc iFninunostaincd with MAb M2F6.Lancs

in Cil,day 4;2,day 7;3,day 9;4,day 16 ofincubation;5,10

days posthatching, The arrows indicate S5, S6and S54 pro―

tclns.

These observations indicate that each of the poly―

clonal and monoclonal antibodies obtained in the

prescnt study is spccific for S5‐S6、and S54 protcins

in the chickcn,Sincc nonc ofthe obtained antibodies

could rccognize S5. S6, and S54 proteins distinc―

tively,these 3 proteins seerll to have very sirnilar an‐

tigenicity.

C)ther propertics of the obtained WlAbs are surll―

m a r i z e d  i n  T a b l e  I . A l l  M A b s  w e r e  l g G s . T h e y

bound to the antigens on frozen sections of chick eHl‐

bryonic optic tectum.On paraffin―embedded tissucs.

the irninunoreactivity、vas prescrvcd only for WlAbs

W12D8,「 班2E7. and 出 12F6.Three WlAbs cross―

reacted with the rat and guinea pig antigens in irnrllu‐

noblot analysis but the remaining t、vo did not.These

observations indicate that the epitopes recognized by

WlAbsヽ 42A6,W12E7.W12F6,and出 12H l are different

frorl one another.Therefore it is concluded that S5.

S6,and S54 proteins have atleast 4 different epitopes

in conlrllon.

Dなどガb″r,ο″ざ。/S5,Sb,α″冴S5イβ/θrで,″sF″″ο″―″ご″―

/α′α″冴βヶ″カビ/α′″ビ/ッθ″SrなS,ござ

The distribution of S5,S6.and S54 proteins among

non―neural and peripheral nervous tissues、vas cxarll―

ined by inllmunoblot analysis with臣lAb障 12F6.In an

ll―day chick embryos S5 and S6 proteins、 vere found

in the muscle and intestine.but not in the liver(Fig.

2A).In the intestine in particular.S6protein was

present at a lcvcl comparable to that in the optic tec‐

tum.On the other hand,none of S5,S6.or S54 pro―

teins were detected in the adult non―neural tissues

(liVer,heart,pectoral muscle.and intestine;Fig.

2B).SeVeral faintly stained bands were observed as

seen in Fig。2B.Ho、 vcver,they appeared to be non…

specific.because these bands、vere also stained、vith

myeloma culture supernatant. By irnlnunohistoche―

Hlistry of the intestine on day ll of incubation. in…

tense iHllnunostaining was observed in the longitudi―

nal rnuscular layer.The intestinal epithelium、vas not

stained.On day ll ofincubation pectoral rnuscle、vas

iHlrnunostaincd faintly.On day 2 ofincubation.ho、v…

ever,myotome was intcnsely irllinunostained.These

obscrvations indicate that S5 and S6 proteins are

present in developing smooth and skeletal rlluscle in

addition to neuronal cellsin the chick cmbryo.

The labeled antigens、vere found in the spinal gan―

glion,but notin the sciatic nerve ofthe adult chicken.
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TABLE I

〃οれοc′οれα′αれr,bο沈容w2c"cルr節,Sb α″冴S5イク乃″れs

ムれrげbοり沌ο をC比否S 力切初″れθんなrθcんcmなどィノ r初閉″れθぅ′。′αれαゥsな

Froz夕れsccriθれ   PαrttiれSCCriθ湾 Cれ,cた夕れ C″れでαクを

M2A6

在ヽ2D8

M12E7

M2F6

M2Hl

Ｇ

Ｇ

Ｇ

Ｇ

Ｇ

十

十

十

十

■

十

十

+

+

十

十

十

+

十

+

+

+

+

+

A characteristic featurc of thc spinal ganglion of the

adult chicken、vas the presence of S6 protein in addi―

tion to S54 protein. On the other hand, S6protein

、vas detected neitherin the optic tectuHl nor in the ce―

rebellunl ofthe adult chickcn3().

〃′srθごんで初Fcα′αα初,″夕rrθ″。メrヵでダごだ′切ど″gc力,cた
oprたr?cr″刀々 α″冴cβ/であビ′′″初

I m m u n o h i s t o c h e m i s t r y  w a s  p e r f o r m e d  w i t h  a n t i―

serum RS6 and臣 IAbs M12A6,ヽ 42D8,W12E7,W12F6,

and臣 12H l. IHlinunostaining patterns of these anti―

bodies 、vere indistinguishable and the results 、 vere

analogous in paraffin sections stained with the avi―

din一blotin―peroxidase complex method and in fro‐

zen sections 、 vith the indirect irllmunofluorescent

method.

In the previous paper3()the developmental changes

of amounts of S5,S6,and S54 proteins、 vere investi―

gated in the chick embryonic optic tectum、vith twO_

dilmensional gel electrophorcsis. Therefore、ve first

exaHlined the deve10pmental changes of iHllmuno―

staining pattcrns in thc optic tectum.In the optic tec―

tuHl on day 4 ofincubation,ilnmunostaining、vas ob―

served in the sOmata and gro、ving processes of differ―

entiated neuronsin thc marginal zonc(the Superficial

cell―sparse layer;Fig。3A,B).On day 7 ofincuba―

tion,intense iHlrnunostaining of parallel ro、vs,cOrre―

sponding to the fasciculated tectobulbar tractS,、vas

observed(TB in Fig.3C).ThC marginal zonc werc

also intensely stained(WlZ in Fig。 3C).The Ventricu―

lar zone(VZ in Fig.3C),whiCh COnsists of undiffe―

rentiated cells,、vas not stained.On day l1 0fincuba―

tion the antigens were、videly distributed in the optic

tectunl except for the ventricular zone.Intense stain―

8765432432

い    H・ ― ・

工  A _

Fig 2 Tissuc specificity of S5.S6,and S54 protcinsin an ll‐day chick cmbryo(A)and an aduit chickcn(B)Thc b10ts of various tissuc
h o m o g c n a t c s ( 0 . 5  m g  w e t  w t . ) w e r c  i m m u n o s t a i n e d  w i t h  M A b  M 2 F 6 . L a n c s i n  A : 1 . o p t i c  t e c t u m i  2 , l i v e r i  3 . p c c t o r a l  m u s c l c  a n d  4、

intestinc.Lanesin B:1.optic tcctu「li 2、ccrcbcllurni 3‐spinal ganglion;4.sciatic ncrvei 5.livcr:6、hcart、7、pcctoral rnusclc and 8.in‐
testine.5,S5proteint 6.S6proteini 54,S54 protcin,
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Fig.3.Light‐ficid(A)and dark_field(B― F)photOmicrographs ofsagittal sections showing thc distribution of antigcns in thc cmbryon―

ic optic tectum at different dcvclopmcntal stagcs.A―E、vere staincd with MAb M2F6 A was countcrstained with hcmatoxylin F is a

control scction staincd、vith lllycloma culturc supcrnatant.A and Bi day 4 ofincubation.E)iffcrcntiatcd ncurons in thc supcrficiallaycr

are stained,Bars=20μ ιm Ci day 7 ofincubation.Bar=20μ m,D:day ll ofincubation.Bar=100μ m E、 F:day 16 ofincubation
Bars=100μ m P.pial surfacci Vn vcntricular surfacct EP、ependymat MZ.marginal zonet SG、stratum griscum ct fibrosum supcrfi―

cialci SO,stratum opticumi TB,tcctobulbar fiber layeri VZ,vcntricular zonc.

ing、vas observed in the cellular layer just above the

ventricular zone,in the developing straturl griseum

centrale13,in the cell‐sparse layers of the developing

stratuHl griseuHl ct fibrosunl superficiale,and in the

devcloping stratum opticum(SO in Fig.3D)、 whiCh iS

forrlled largely by the gro、ving retinal fibers13. The

irllrnunoreactivity in thc laycr of the tectobulbar fi‐

bers on day ll ofincubation、vas、veakerthan that on
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Fi3 4 Thc dcvcloping ccrcbclluHl on day 16 ofincubation staincd、vith MAb M2F6.Sagittal scctions.EG.cxternal granular iaycri

IG.intcrnal granular layeri PL,proliferativc zonc and PMゃprenligratory zonc of thc cxtcrnal granular laycr A:dark―ficld photoHll―

crograph Bar=40/tln B,Ci light― field photonlicrographs.The proliferativc zonc ofthc cxternal granulariaycris not staincd.but the

prcmigratory zone is intcnscly staincd.In the internal granular laycr(C)cCll SOmata are not staincd,but ccll proccsscs arc staincd
Bars=10μ m.H【cmatoxylin countcrstain.
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Fig`5 Light―ficld photolllicrographs of sagittal scctions of thc adult optic tcctum staincd、vith MAb M2F6.A:intensc iHlinunostaining

is visiblc in thc supcrficiallaminac in thc stratum griscum et fibrosum supcrficialc(SG)ThcrC iS nO immunostaining in thc stratum op―

ticum(SO).ThC insctis a controlscction staincd with mycloma culturc supcrnatant.B:high magnification ofthc supcrficiallaminac of

thc stratuHl griscunl ct fibrosunn supcrficialc IIninunorcactivc dots arc not prcsent in thc cytoplasln of somata.Barsin A= 100/でrn.

B a r i n  B = 5 / でm . H c r n a t o x y l i n  c o u n t c r s t a i n
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day 7 ofincubation(Fig。3;compare TB in C and D).

On day 16 ofincubation,intense iHll■unostaining was

observed in the superficiallaHlinae ofthe stratunl gri―

seunl et fibrosum superficiale where retinal fibers in‐

grow and terminate13.28(Fig。 3E).ImmunOstaining in

the layers of retinal ibers(the stratum opticum),and

of tectobulbar ttbers(the stratum album centrale)

was weak. At this developmental stage, iIIIInuno‐

staining was hardly observed in the cytoplasln of cell

somata.

In order to see whether such developmental

changes of the localization of antigens occur in other

brain regions,we exaHlined the cerebelluIIl,because

the histogenesis of the cerebellum has been investi‐

gated in detaill・
19'20,22. Fig. 4A shows a section of

chick cerebelluHl on day 16 ofincubation.Character―

istic iHllnunostaining was observed in the external

granular layer and in the internal granular layer,The

superficial zone of the external granular layer was

not stained, but the deeper zone was intensely

stained(Fig。4B;compare PL with PM).The fOrmer

probably corresponds to Altman's proliferative zone,

which contains only undifferentiated cells, and the

latter to the preIIligratory zone,in which post‐lnitotic

cells begin to differentiatel.In the internal granular

layer,areas of cell processes between the nests of cell

somata were intensely stained(Fig.4C).TheSe neuo

ropil areas consist of the dendrites of granule cells,

the axonal knobs of rnossy fibers and the cell pro‐

cesses of Golgi cells19'20,Most granule celi somata in

the internal granular layer were not stainedo Weak

iIIlinunostaining was observed in the molecular layer

a n d  w h i t e  m a t t e r .

「l i sゎc乃夕れたαr  a解れ,れα″θれげ 筋夕αあ ル統' Cた夕れれ夕/―

ソθ盟ぼざノS″閉れ

IHllnunoreactivity was widely distributed in the

adult optic tectuHl except for the ependyma and the

layer of the retinal ttbers(SO in Fig.5A).CloSer ex_

aHlination revealed that the staining consisted of

small dots(Fig.5B).The immunbreactivity was en‐

riched in the neuropil.Although in a young chicken

(5 months old)immunostaining was obsetted in

some neuronal somata,in an adult chicken(ca.1.5

years old)there was no immunostaining in cell somao

ta. In the stratum griseum et fibrosuHl superficiale

静

鶴
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Fig.6.Light―neld photoHlicrographs of sagittal sections of the adult cerebellunl stained with MAb M2F6.At iHllnunostaining is ob‐

s e r v e d  i n  t h e  g r a n u l a r  i a y e r . M L , m o l c c u l a r  l a y e r ; P L , P u r k i n j e  c e l l  l a y e r ; G L , g r a n u l a r  i a y e r ; W M , w h i t e  m a t t e r . B : h i g h  m a g n i n c a‐

tion ofthe granular layer illustrated in A.Intensely stained(indiCated by arrows)and hardly stained cerebellar giomeruli(indiCated by

an arrowhead)are ViSible.Barin A=50″ m.Barin B=5μ m.Hematoxylin counterstain.
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M2F6.A:immunoreactive dots(indicated by arrowheads)surrOund the neuronalsomata and primary dendrites.The cytoplasm ofthe

neuron is also weakly stained.Bar=20μm.Bt intensely stained(indiCated by arrowheads),Weakly stained,and hardly stained neu‐

ronalsomata(indiCated by arrows)are visible.No immunostaining is apparentin ttbers.Bar=20μm.

(SG in Fig.5A)immunOreactive dots were more nu―

merous and intense in the supericial laHlinac a一f

than in the deeper laHlinae.The retinal ganglionic fi―

bers terrninate on dendrites of tectal neurons in the

superficial laHlinae13.

Fig,6 shows the cerebellar cortex stained by lVIAb

M2F6.Intense iHllnunostaining was observed in the

granular layero Closer exarnination revealed that

strong inllnunoreactivity was presentin some but not

all of the cerebellar glomeruli, which are complex

synaptic arrangements involving mainly mossy fiber

terminals and granule cell dendrites27(Fig.6B).Aト

though rnany synapses are densely packed in the rno‐

lecular layer,irnmunostaining was hardly observed in

t h i s  l a y e r . P u r k i n j e  c e l l s  a n d  w h i t e  m a t t e r  w e r e  c o m―

pletely unstained.Thus the strong irninunoreactivity

seemed to be characteristic in certain neuropils.

Irnlnunoreactive dots were also observed in other

brain regions.In addition iHllnunoreactive cells were

found in some brain nuclei.Fig.7A shows a section of

the subtectal nucleus isthHll,pars parvocellularis.In

addition to the irllmunoreactive dots surrounding

neuronal somata and their dendrites,weak iHllmuno―

staining was observed in the cytoplasln of some so―

mata. In deep cerebellar nuclei,some neuronal so―

mata were also immunostained(not shOWn).Fur―

thermore, in the spinal ganglion, iHllnunostaining

was present only in neuronal somata(Fig.7B)。 MoSt

neurons were intensely or weakly stained,but some

were hardly stained. No iinmunostaining was ob‐

served in ibers in the spinal ganglion.These obser―

vations indicated that the antigens are also concen―

trated in some neuronal somata in addition to neuro―

pils.

DISCUSSION

In the previous study30 it had been concluded that

S5and S6 proteins forrl a farnily of structurally re―

lated developmentally regulated proteins.The pres‐

ent iinmunoblot analyses confirrlled this inding:

polyclonal and monoclonal antibodies developed

against purified S5 or S6 protein bound both ofthese

protcins, In addition,all of these antibodies bound
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S54 proteins in lnore developed chicken nervous sys―

tem.These observations indicate that S5,S6,and S54

proteins lnake a faHllly of proteins which has a corn‐

mon antigenicity and is developmentally regulated in

their expresslon.

The present inllnunohistochenlical analysis indi―

cated that:(A)in the brain this protein family first ac‐

cumulates in both the somata and cell processes of

newly differentiated neurons.(B)itthen becomesio―

calized in neuronal processes。(C)finally it is mainly

localized in synaptic regions. In the optic tectum of

thc 4-day embryo,irnmunoreactivity appeared in dif―

ferentiated neurons, but not in undifferentiated or

rnitotic cells. At the above developmental stage,S5

protcin is present in the optic tcctuHl,but S6 and S54

proteins are not30.Therefore the labeled antigen first

accumulating in ne、 vly differentiated neurons is

mainly S5 protein. The irnmunoreactivity in fiber

tracts was obscrved in the early developmental

stages, becoHling subsequently weaker, and even―

tually disappearing.The iHllnunohistocheHlical anal―

ysis of the developing cerebellurn showed that the la―

beled antigens were markedly accumulated in the

cells in the preFnigratory zone of the external granu‐

lar layer,but no such accumulation occurred in the

cells in the proliferative zone.Undifferentiated cells

are situated in the proliferative zone.When the cells

bccome postinitotic,they are transfcrred to thc pre―

Hligratory zone, and begin to extend their cell pro―

cessesl.IImmunostaining of the growing axons in the

molecular layer was not strong. In the cerebellum,

therefore, the labeled antigens in ne、 vly differ―

entiated neurons accumulate characteristically at the

beginning of neurite growth.

In thc adult optic tectuHl and adult cerebellar cor―

tex, the strong iHllnunoreactivity seems to be loca―

lized in somc synaptic rcglons. In both t、vo―dilnen―

sional electrophoresis30 and irnmunoblotting, the

adult optic tectunl and adult cerebellunl contain only

S54 protein.Therefore S54 protein seems to be con―

centrated in synaptic regions.Furthermore, iIIlinu―

noclectron inicroscopy(ShiraO et al.,in preparation)

showed that in the cerebellar glomeruli ilnmuno―

staining was observed diffusely in postsynaptic neu―

ronal processes facing the inossy fiber terrninals,but

not in glial elements. IHllnunostaining was not ob―

served either in the neuronal somata or in the axons

in fiber tracts.In some brain nuclel,however,irnmuぃ

noreactivity was also present in the cytoplasrn of

some neuronalsomata.One possible explanation for

these observations is that S54 protcin is concentrated

in both ilnmunoreactive synaptic regions and neu―

ronalsomata.S54 protein should be produced in neu‐

ronal somata,carried through axons or dendrites to

the synaptic regions,and then concentrated there.In

the iHllnunoreactive somata S54 protein may reach

the critical concentration detectable by the irllllnuno―

staining used in this study.

Another possible explanation for thc above obser―

vations is that S54 protein is concentrated only in syn―

aptic regions, and that another cross―reactive pro…

tein(S)(S5or S6 protein)acCumulate in immunoreac‐

tive neuronal somata.The amount ofthis cross―reac―

tive protein is possibly too smallto be detected by iHl―

munoblot analysis because only a small number of

the cells are iHllnunoreactive.The adult spinal gan…

glion contained some neuronal somata、vith strong

iHllnunoreactivity,and had S6 protein in addition to

S54 protein.The differential localization of two dif―

ferent proteins within a cell has been already re…

ported.The cerebellurn contains two forrrls of spec―

trin(brain and erythrocyte forms).The brain form of

spectrin is present in neuronal somata and in their

processes,but the erythrocyte forrn accumulates ex―

clusively in neuronal somata15.16.But Whether S6 and

S54 proteins arc diffcrcntially localized、vithin a cell

cannot be ans、vered without more discrilninating spe―

cific antibodies.

The prevlous study30 showed that in an ll― day

chick embryo S5 and S6 proteins are mainly present

in the central nervous systcm, but only in trace

amounts in the rest of the embryo. It was suggested

thatthis slight content could be explaincd by the exis―

tence of S5 and S6 proteins in the peripheral ncrvous

system.In the present study iHllnunoblot analysis re―

vealed the existence of S5 and S6 proteins in some

non―neuraltissues of an ll―day chick embryo.In par―

ticular,S6protein、vas present in the intestine at levぃ

els equivalent to that in the neural tissuc. Irnlnuno‐

histochenlical analysis also showed that irnmunoreac―

tivity was presentin non―neuronal celis in addition to

neurons in the chick embryo. Therefore S5 and S6

proteins seenl to be present in some non―neuronal

cellsc On the other hand, S54 protein was detected

neither in the embryonic nor in the adult non―neu―

ronal tissues by iHllnunoblot analysis. Furtherrnore,



iHlrnunohistocheHlical analysis of adult nervous sys―

ten■showed that S54 protein is present only in neu―

rons.Therefore it is concluded that S54 protein is a

neuron―specific protein.

The neural cell― adhesion moleculc exists in erll―

bryonic and adult forIIls.and thcse t、vo forIIls share a

variety of epitopes2り. It has been suggested that a

transition in thc carbohydrate portion of the mole―

cule occurs fronl cmbryonic to adult forrlls,and that

this transition rnay act to stabilize the final pattcrns of

interneuronal adhesion3、
9、29.The Orderly and tempo―

ral appcarances of S5. S6. and S54 proteins during

developrlacnt may be concerned in cell Hligration,

ncuritc gro、vth,and synaptogcnesis. It、 vill be of in―
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tercst in future investigation to elucidate whether

these developmentally regulated forms arise as a re―

sult of posttransiational rnodification of a singlc pro‐

tein or not.
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