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regulated brain proteins,

INTRODUCT10N

The diffcrentiation and further development of

neurons lnust involve particular sets of the gene ex‐

pression arranged temporally and spatially. Such

genes arc likely to encode molecules that are con…

cerned 、vith the processes of neural development,

such as diffcrcntiation and nligration of neurons,

elongation of axons and dcndrites and the forrllation

of spccific connections.

Vヽe previously demonstrated thatthe amounts of 3

proteins.named drebrins E l‐ E2(embryOnic typcs)

and A(adult typc)、 wcrC dCVelopmentally regulated

in chicken brain21)・
21. The molecular、veights of dre‐

brins E l.E2and A Ineasured by sodiunl dodecylsul…

fate一polyacrylamidc gel electrophoresis (SDS―

PAGE)arc 95、 1()()and l10 kDa.respcctivcly,and

their isoelectric points are about 4.5.Drebrin E l first

appears as soon as neuronal cells have finished the fiぃ

embryonic drebrins,developmentally

and developmental change in their

mRNAs

nal rnitosis.ヽVhile neuronal celis are extending their

axons and dendritcs. drebrin E2 takes the place of

drebrin E l and then declines as drebrin A emergesin

parallel、vith furthcr inaturation of neurons.Finally,

drebrin A is sho、vn to be present throughout the re―

maining life span.IrllinunocytocheHlical studies have

shown that aH 3 drcbrins are localized in the cyto‐

plasm of neuronsi drebrin A being espccially local―

ized in certain types of the dendrites22.ェtis proposed

that drebrins E l.E2and A might play some role in

cell Hligration.extension of ncuronal processes and

plasticity of dendrites. respectivcly21ヽ
22. sincc the

tirnc courses of appearance of these 3 drebrin mole―

cules are completely different from each other, ex―

presslon of each drebrin genc lnight be independent―

ly regulated during neural dcvelopment.However,it

has bccn sho、vn that these structurcs arc closely rc―

lated to each other by analysis of peptide mapping2()

and cross―reactivity of rnonoclonal antibodies against
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Drcbrins arc dcvclopmcntally rcgulatcd protcins found in chicken brain and arc classificd into t、vo forms ofthc cmbryonictype(El

and E2)とind Onc rOrm ofthc adulttypc(A).Aithough thc timc courscs of thcir appcarancc are difFcrent fronl cach othcr、thc struc‐
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brary ofthc chickcn cnlbryo and thcir nucleotidc scquenccs、vcrc dcterHlined.Their sequcnces、vere entirely identical cxcept ror a dc_

letion ofをin intcrna1 129-nuctcotidc scqucncc、and the gDcw17 insert contained an opcn rcading frame capabic ofcncoding 6()7 aHlino
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hydrophilic and havc prolinc‐rich scqucnces and iong stretches of giutamate in thc carboxyl‐ternlinal region.RNA dot‐blot analysis

using thc drcbrin cE)NA as a probc dcmonstratcd thatthc amounts of drcbrin lnRNAs wcre also dcvclopmcntaHy rcgulatcd asthosc of

drcbrins Southcrn blot analysis sho、vcd thatthc chickcn gcnomc has a single copy ofthe drebrin gcne per haploid complcment.Thcsc

findings suggcst that thc multiplc forms of drcbrins rcsult froHl altcrnativc splicin3 0f thC single drcbrin gcne during ncural dcvclop―
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drebrins21.These findings led us to conclude that the

genes encoding these 3 1molecules seemed to be close―

ly related to each other, In order to elucidate their

molecular structures and genetic relationship to each

other、 、ve attemptcd to isolate and characterize the

cE)NAs encoding drebrins.In a previous paper23,we

reported the isolation of cE)NA clones encoding part

of the drebrin lnolecule.In the present study,we ob‐

tained t、vo types of cE)NA clones、vhich covered the

、vhole stretch of drebrins,and deterHlined their nu―

c l e o t i d e  s e q u e n c e s . U s i n g  t h e s e  d i f f e r e n t  c D N A s  a s

probes‐we investigated the genes encoding drebrins

and thetr expression during neural development.

MATERIALS AND METHODS

cDNAcrο れど″g

A cDNA library of 10-day‐old chicken embryo tis‐

sues constructed with ttgtll(Cionetech Labs),Was

used for screening.Approxilnately l × 106 reCOmbi‐

nant phages 、vere platcd with ど。 cθ′′ LE392 and

transferred to a nylon membrane(HybOnd_N、

Amersham).Plaquc hybridization was performed

using a previously isolated cDNA fragment,gDcwl

( S e e  r e f . 2 3 ) , a s  a  p r O b e . T h e  p r o b e  w a s  l a b e l e d  w i t h
32P uSing nick‐

translation kits(Nippon Gene and

Amcrsham).

近)ブVノ1ざβ?冴βれC′れg

The cE)NAs encoding drebrins were subcloned

into pUCl19,and then the subclones having various

lengths of cE)NA、vere prepared by a kilo‐sequencing

method24. The intact clones and their deleted mu…

tants,which overlapped each other and perrllitted to

duplicate the sequence deterHlinations, were sc‐

qucnced by the didcoxy chain―terrlllination IIlethod of

Sanger et al.19 using denatured double― stranded

E)NAs as templates7. A deoxy‐ 7-deaza sequcncing

kit(Takara Shuzo)was uSed according to the condi―

tions recoHllnended by the supplier.The orientation

and the reading frame of these cE)NAs、 vere deter―

「lined by irnmunoblot analysis of the fusion pro―

teins25。f these clones and a series of thetr dclctcd

mutants.

RNAttθr―b′θr αれαゥs,s

T h e  o p t i c t e c t u m  w a s  r e m o v e d  f r o m  c h i c k  e m b r y o s

(4-20 days of incubation)and newly hatched chicks

(White Leghorn)and then quickly frozen on dry ice.

Total RNA was extracted from the optic tectum

(10-100 mg Wet wt./sample)by the guanidium thio―

cyanate method4 and precipitation 、vith lithium

chloride using an RNA extraction kit(Amersham).

Extracted RNA was denatured with formaldehyde

and then 10 μ g of RNA wasspotted onto nylon lneHl‐

brane(GeneScreenP′ ″s. New England Nuclear)

using a Blo‐Dot apparatus(Blo‐ Rad).Hybridization

、vas perforrned as described belo、v.The relative in…

tensities of hybridized probes on autoradiograms

wcrc measurcd with a lascr densitometer(ChrOmo‐

scan 3,Joyce― Loebl).

Sθ″rんで/″b′θr α″α′ッs,s

For Southern blot analysis, genonlic DNA was

prepared fronl aduit chicken blood corpuscles,

digested、vith restriction endonucleases,and electro‐

phoresed(5 μg per lane)in a o.8%agarose gel.As

previously describedl()、the nucleic acids were trans‐

ferrcd to nylon lnembrane and hybridized with nick‐

transiated or multi―primc labeling(Amersham)

probes in a solution containing O.02夕うeach of Ficoll,

bovine serunl alburnin and polyvinylpyrrolidone,6×

SSC. 1% SDS and 100 μ g/1ml of denatured salrnon

s p e r m  D N A  a t  6 8°C  f o r  1 6 - 2 4 h . T h e  n y l o n  m e m―

branes、vere、vashed t、vice in O.1 × SSC containing

l%SDS at 42° C, Hybridized probes、 vere detected

by autoradiography at-70° C using an intensifying

screen.

Cを″ダαrFο々げα″rなヶ″初αgαどれざrrんビッ″rんgr,cβ?rJttα
A peptide consisting of 25 aHlino acid residues de―

duced fronl the cE)NA、 vas produced using a solid―

phase peptide synthesizer(430A, Applied Blo‐

systems).Ten mg ofthc synthetic peptide was conju―

gated with 5 mg of porcine thyroglobulin using Blu―

taraldehyden and then emulsified with Freund・s coHl―

pにte adjuvant.A rabbit(Ncw Zc】and White)waS
injected with the emulsion(ca.50 μg of conjugates)
into each side ofthe inguinallymph node as previous―

ly described6.17.A booster hypodermic injection(ca.

100μg of conjugates)waS then administered 3 weeks
after the initial injection.Collection of antiserum was

started at the same time.Antiserum was purified

with an affinity column(Affigel-10,Bio― Rad)cou―

pled、vith the synthetic pcptidc bcforc use for irnlnu―

noblot analysis,



6‐冴冴gcr/οβんο/でsなαれ冴′″初″湾θbFθr α″αゥsな
The prodecures used for irnlnunoblot analysis have

bcen described in detail previouslySヽ21. ェn brief,

S D S―P A G E  a n d  t w o―d i m e n s l o n a l  g e l  e l e c t r o p h o r e―

sis、vere perforrned by the lnethods of Laerninli14 and

O'Farrell18. reSpectively. After the electrophoresis,

the proteins、vere transferred to nitrocellulosc lneHl‐

brane shects(ToyO Roshi)by electroblotting.The

sheets wcre blocked with Tris―buffcrcd saline,pH

7.4、containing 3%bovine serunl albunlin,follo、ved

by incubation、vith thc antibodies.After、vashing,the

sheets、vere further incubated with horseradish per―

oxidasc‐conjugated goat anti‐mouse or rabbit lgG.
The blots 、vere dcvelopcd using O,05ウ ろ 4-chloro-1-

naphthol and O.01夕うhydrogen peroxide.

RESULTS

るθ′αrFο″ザ冴/あガ″CDArAs
As described in a previous paper23. 。 ne CE)NA

clone,designated gDcwl(Fig.lA),was iS01ated

from the chicken embryo cE)NA library by iHlrnuno―

logical screening 、vith anti―drebrin antiserum. The

fusion protein of gDc、vl reacted with 3 of 5 individual

monoclonal antibodies for drebrins.The length of

the gDcwl insert was about half of that of drcbrin

m R N A ( c a . 2 . 7  k b ) , d e t e c t e d  b y  N o r t h e r n  b l o t  a n a l―

ysis23, TheSe results demonstrate that gDc、vl does

not cover the entire cE)NAs for drebrins.To isolate

the cE)NAs encoding the full― length drebrin se‐

quence,gDcwl was employed as a probe to rescreen

the same library. Consequently, 74 positive clones

w e r e  i s o l a t e d . T h e s e  c D N A  i n s e r t s  w e r e  s t r o n g l y  h y―

bridized to the probe, but their digestion patterns

produccd by restriction endonuclcases were dividcd

into two groupst One had ca.0.2 kb of the internal

Fなr l fragment,but thc other did not(Fig.lA).For

further characterization of these cE)NAs, gDc、 v17

and gDcw6,each of、 vhich wヽas longer than the other

ciones of each groups, were subcloned into a plas―

mid,pUCl19(designated pDcw17 and pDcw6,re―

spectively).

ざβ?冴御 c g sザ rんC C D N A sα ″冴αれ,れθ αcど冴sβ?冴御ごg Sザ

冴/ごう/どれざ

Thc nucleotide sequences of pDcw6(1889 bp)and

pDcw17(2102 bp)were separately determincd.The
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complete nucleotide sequence and the deduced

anlino acid sequcnce of pDc、 v17 are sho、 vn in Fig.

lB.The pDcw6 insert covered the sequence from

position 68 to position 2081 in the pDc、 v17 insert.

Within this region,both sequences of pDc、 v6and 17

were entirely identical except that an internal 129-

nucleotide sequence (pOSitions 1005-1133)、  desig―

nated insl, was deleted in pDc、 v6.Both of the nu‐

cleotide sequences were rich in GttC(ca,687う。The

characteristic sequence,GAGGAGGAG.including

sequences in、vhich one or t、vo substitutions occur,

、vas repeated 26 tirnes throughout the entire regions

o f  t h e  c D N A s . I n  p D c w 1 7 . n u c l e o t i d e  s c q u e n c e s

around the presumed initiation codons satisfied Ko―

zak's criteria12. supporting the possibility that the

f i r s t  A T G ( p o s i t i O n  6 0 ) w a s  t h C  t r a n s l a t i o n  i n i t i a t i o n

site.The pDc、v6insert、vas 8 nucleotides shorter than

the site in the pDc、v17 insert. In‐frame terrnination

c o d o n s ( T A G ) w e r e  f O u n d  a t  p o s i t i o n  1 8 2 2 . T h e r e‐

fore, the pDc、v17 insert contains an open reading

frame capable of encoding 607 aHlino acid residues.

The sequence of insl corresponds to 43 anlino acid

residues. The predicted drebrin molecules from

pDcw6 and pDcw17 were estimated to have molec―

ular wcights of 62,165 and 66,553. respectively.

ProHlinent features of the anlino acid sequences of

drebrins were an abundancc of prolinc and stretchcs

of 2-9 glutamate residues in the carboxyl…terrninal

reglont The calculated net charge of both translates

was-66.5, being consistent 、vith the fact that dre―

brins are acidic proteins,as reported previously2().

The hydropathy profiles ofthe deduced anlino acid

sequences of drebrins、vere analyzed by the method

of Kytc and Doolittle13(Fig.2).The predicted dre―

brin molecules、vere highly hydrophilic.Although a

srnall hydrophobic rcglon、vas observed at residues

42-120,the degrec of hydrophobicity、 vas not great

for constitution ofthe inembrane―spanning regionsll.

Thc grand avcrages of hydropathy values(-0・ 53 and

-0。56,respectively)are significantiy smaller than the

mean for soluble proteins(-0.41)13.TheSe results are

consistent、vith the facts that drebrin molecules were

enriched in the solublc fraction21)and that irnlnunorc―

activity with anti―drebrin antibodies、vas observed in

the cytoplasrll of neurons21｀
22.

In ordcrto compare the nature ofthc cE)NA trans‐

latc and that of thc drebrins themselvcs,the fuslon

protein of pDcw17 was analyzcd by gel clectrophorc―
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中AAS

Dcwl

Dcw17

DcwG

200bp

―
CCCACACACTCCCCCACCCCCCCGTCCCTCCGGTCCCCCCCCAACATCCCCACCCCCCC 題  6ぐT CCC GTC CCC TTC CCG GCC CAC CCC

Asp―cly―Sor―Asp―AsP―l ell-1ンS~lCuヽ ハ13-ハ'a―Scr-61ン ーGly―Glン~Clンーleu―I●u―Cl、1-Lcu―Ser-61ン H`iS~Phc― Ciu-1lc 6o

:'9_台:!得↑:_合':_↑i↑18',台:f:↑官S:f_宗台:千,f_景:'_t':9:i_S:!紺合景f:8P,1,:合:f FF「::F:::F岳::FF:頭335

:'8_R,:_S:f_4骨,_:'8_f::_8f,,8↑:_8↑f_景f:_↑ff_景,:、景f:_:f'_景f:_8↑合_8↑岳_↑ff_::8_Rf合_↑需f_:::_4,ど1保台:_g:, 360

1815 ATC CAC A「 C ACG T6C TCG CAC ACC CAC CCC CTC CCC rJAC GAC CAC CAC ACC TTC CCC CCC CCC CTC tt CCCCACC

一

F i g . 1 . A : r c s t r i c t i o n  m a p s  o f  d r c b r i n  c D N A s . R c s t r i c t i o n  s i t c s  i n  g D c w l  o f  S h i r a o  c t  a l . 2 3  a n d  O t h c r  d r c b r i n  c D N A s , g D c w 6  a n d

gDcw17 arc shown forム βα I(A).rr,沌 fI(H),PSr I(P)and S″ αI(S).The putative initiation codon(☆ )and the termination codon(・ )
arc also indicatcd.Bi nucleotidc sequencc of pDcw17 and deduccd amino acid sequencc of drebrin.Thc start and thc cnd of pDc、 v6

are indicatcd by the arro、 vs abovc and belo、 v thc scqucncc. respectively. Thc 129-nucleotidc scqucncc dclcted in pDc、 v6、 insl is

boxed.The undcrlinings indicate the putative initiation codon as、 vell as the terrnination codon.
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Fig.2 H)'dropとith)'profilc of drcbrin.Thc hydropathy profile、vas obtaincd by thc rncthod of Kyte and Doolittlc13、vith a span sctting

of 9 rcsidtlc、 ~「hc rcgion ofthc anlinoをiCid Scqucncc dcduccd from insl is indicatcd by thc dottcd arca

sis and inllllunoblot analysis(Fig,3).Thc prOduct of

pDcw17、 which was transcribed and transiated inど .

ごθrli JM l()3. sho、vcd rcaction、 vith anti…drcbrin anti―

bodics and nllgratcd ncar the spots of drebrins on

t Vヽo―dilnensional gel electrophoresisi the estirllated

molecular、 veight and isoelectric point、 vere ca. 110

-3EF

A、

E2-も

こ1″

kDa and ca.4.5. respectively.Therefore, the pro―

duct of pDcw17 showed similarity to drebrins,aト

though this protcin fused、 vith thc product including

23 amino acids ofβ ―
galactosidase and 21 amino acids

transiated from the 5′non―coding reglon;calculated

molecular weight was 4844,atthe amino― terminus.
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Fig.3.Idcntification of thc fusion protcin of drcbrin cE)NA ont、vo‐dilncnsional gel electrophoresis.Homogcnatc ofthe brain of a 12‐

day chick cmbryo(A)and cXtract ofthc transformant of pDcw17 aftcr induction with isopropyl― β―D―thiOgalactopyranosidc(1()mM)

(B)WCrc clcctrophorcscd by thc mcthod of ORFarrclllぷ  In C.thc homogcnatc shown in A was coclectrophorcscd with thc cxtract

shownin B Onc(uppCr pそ incl)waS Staincd with silver and thc other(lower panel)was b10tted for staining with anti‐drcbrin monocio―

nal antibody白いッ12F6(rcf 21)ThC arrow hcadsindicatc thc fusion protcin of pDc、v17.
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′ごβでβrrrFで

In order to deterlllinc the drebrin to 、vhich cach

c D N A  c o r r e s p o n d e d . w c  r a i s e d  a n  a n t i s e r u m  a g a i n s t

thc synthctic peptide.which covered part of the de‐

duced anlino acid sequence(reSidues 334-358)of

insl. designated pepl, and perforrlled irnmunoblot

analysis of this antiserum.As shown in Fig.4,anti―

pepl antiserunl spccifically rcactcd、vith drebrins E2

and A、 but not El.This finding suggested that dre―

brins E2 and A had the sequence of pepl.、 vhereas

El did not.Thcrcfore.pDc、 v6.、vhich did not contain

the sequence of insl,seemed to correspond to dre―

brin El.

Sθttrんで/″bFοr α″α,sなヴrんで冴/め/,ヵg御で
In order to deterHline the organization of the dre―

brin gene in the chickcn genome, genoHlic E)NA

from chickcn blood corpusclcs was digestcd、vith scv―

eral restriction endonucleases and analyzed by

=A
← E2
革

El

Fig.4,Immunoblot analysis of anti―pepl antiserum.Homoge‐
natc of brain of a 12‐day chick cmbryo、 vas loaded onto SDS

polyacrylaHlidc gcl をind blottcd for staining、vith scvcral anti‐

bodies. Lanes: 1,protein staining、vith anlide blackt 2.rabbit

p r c i m m u n c  s c r u m i  3 , a n t i―β―tu b u l i n  m o n o c l o n a l  a n t i b o d y

(152H6i Obata,unpublishcd)i4.を inti―drcbrin antiscrum(RS6‐

rcf.21)iS.anti_drcbrin monoclonal antibody(M2F6.ref.21)i

6、anti‐pcp l antiscrulll

Southern blot hybridization using drebrin cE)NAs as

probes.One strongly hybridized band and one addi―

tional、veak band、vere detected、vith the gDc、vl in―

sert in each digest(Fig.5a).TheSC hybridization pat―

tcrns wcre the same irrespective of whether pDcw6

or pDc、v17、vere used as probes. Vヽhen the 5' P,rI

fragments of gDc、v l、vere used as probes,only one

』α″HI DNA fragment(6.O kb)COuld be detccted

(Fig.5b).Furthermore.only one〃 r d々ェェI DNA frag―

m e n t ( 1 0 . 5  k b ) w a S  h y b r i d i z e d  w i t h  t h e  3′P 5・r  l  f r a g―

ment ofthe cDNA(Fig.5c).TheSe results suggested

that each drebrin、vas not a lnember of a subfaHlily of

closely related genes, but a product from a single

gene.Furthermoren the intensities of thc hybridized

bands、vere consistent with a single drebrin gene per

haploid chicken genome when compared 、 vith the

cDNA used as a standard(data nOt Shown).

Dタソ?′qβ初?″筋′c力α″g夕′″rんで′でソ冴ザ ダ/でbr,″初尺,Vン4s

Previously、ve analyzed proteins in the chick optic

tectum by two―dirncnsional gel electrophoresis and

H  B

子密      .

6532
BHBH

kb
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．
響

静

く
鰺熙霊弾

-4,4

-2.0

-0.56

Fig. 5 Southcrn blot analysis of the drebrin gene. GenoHlic

DNA prcparcd from chickcn blood corpusclcs was digcstcd

w i t h  r c s t r i c t i o n  e n d o n u c l e a s c  r r r r 2 d I I I ( H ) o r  βαttHI ( B ) a n d

elcctrophorescd on O.80そ agarosc gel, follo、vcd by blotting

骨,禄il盟胡評摂温鮒鮮析1鮮活播′概if懇8鉛
of gDcwl(c)and thc rcmaining 5′ Psr l fragmcnts of gDcw l

(b)。COnditions of hybridization arc dcscribcd in Matcrials and

Methods.Thc hybridizcd bands arc indicatcd by thc clcar tri―

angles.

静

争
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demonstrated that the amounts of drebrins E l、 E2

and A changed dtring developmentよ
).In orderto de―

terrline、vhether such changesin the amounts of drc―

brins、verc rcgulated atthe mRNA lcvcls,wc rnadc a

RNA dot― blot analysis ofthe developmental changes

i n  d r e b r i n  m R N A  l c v e l s i n  t h e  o p t i c  t e c t u m  u s i n g  t h e

pDcw17 insertを lS a probe.The pDcw17 insert did not

d i f f e r e n t i t i t c  b e t w c c n  m R N A s  f o r  3  d r e b r i n  m o l e‐

cules and thc hybridized signal、vould represent the

s u m  o f  d r e b r i n  m R N A s t  T h c  d c n s i t o m e t r i c  q u a n t i f i‐

cation is graphically represented in Fig.6.No notice―

able changc in the level of RNA hybridized、vith the

β
―aCtin prObe was observed throughout the develop…

mcntal stをlgeS vヽe investigated. On the other hand,

、vhen the pDc、v17 insert、vas used as a probe.the lev―

el of hybridized RNA changed significantly during

development.Transcripts of the drcbrin gcne could

be detcctcd on day 4 and slightly increascd until day

6`Thercaftern the level of hybridized signal gradually

decreased and finally became uniforrllly lo、v from

day 16 up through and including the postnatal period

(pOStnatal day 7).The levels on day 6 were about 7-

fold higher than those on day 18.The developmental

changc in the level of drebrin rnRNAs、vas consistent

、vith that in the amounts ofthe 3 drebrinsithe abun―

dancc of drebrinsis high in thc carly embryonic brain

and is gradually reduced as development proceedsユ1.
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1t is thercfore suggested that developmental changes

in the amounts of drebrins are controlled largely at

the levels ofthcir mRNAs.

DISCUSSION

We have investigated drebrins,proteins、vhich ap―

pear transiently at certain stages of development in

the chicken brain,using biochcnlica12()and irnlnuno‐

chenlica121.22 teChniques.In thc present study,cE)NA

clones encoding 2 ofthe 3 drebrins.、vere isolated and

sequenccd to sho、v the prilnary structurcs of drebrins

and to understand thc diffcrcnce bet、vccn thcir sc―

quencest Vヽe confirrlled that t、vo forIIls of drebrins

、vere entirely identical cxcept for the insertion or de…

letion of a 43-aHlino acid sequence transiated from

insl.Irnmunoblot analysis、vith thc antiserunl against

pepl. the sequence of、vhich、vas deduccd frorll the

appropriate part of insl.sho、ved that the pDc、v6in‐

s e r t  c o r r e s p o n d s  t o  m R N A  o f  d r e b r i n  E l . B o t h  d r e…

brins E2 and A havc the sequence of pcpl,and it is

n o t  y e t  d e t e r m i n e d  t o  w h i c h  m R N A  o f  d r e b r i n  E 2  o r

A the pDcw17 insert corresponds.However. it is

reasonable to assumc that pDc、 v17 encoded the

m R N A  o f d r e b r i n  E 2 . b e c a u s e  t h c  a m o u n t  o f  d r c b r i n

A was much lower than thosc ofthc two cmbryOnic

forrns in 10-day chick embryo2〔 )2ヽ1.and only t、vo kinds

。
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o f  c D N A  w e r c  i s o l a t e d  f r o m  a  c D N A  l i b r a r y  o f  1 0 -

day chick embryo.Ifthe individual HlRNA of drebrin

A  c x i s t s , t h e  c D N A  e n c o d i n g  d r e b r i n  A  p o s s i b l y  h a s

another sequencc inserted to pDc、v17. because the

molecular、veight of drebrin A is 10 kDa higher than

that of drebrin E2.

The anlino acid sequences presented in this study

support our earher conclusion that drebrins are solu―

ble proteins rich in negatively charged residues.Thc

c a l c u l a t c d  m o l e c u l a r  w e i g h t s  o f  t h e  d r e b r i n s ( 6 2  a n d

67 kDa)are abOut two― thirds of the molecular

weights obtained by SDS―PAGE(ca.100 kDa).Al―

though the initiation at the ATG selcctcd hcrc has

not been confirrned experirllentally. the product of

pDcw17 which fused with only 23 amino acids of β
―

galactosidase at the aHlino―terHlinus, closely re―

sembled drebrins 、vith regard to mobility on SDS

polyacrylaHlide gel. Therefore. thc discrcpancy bc―

t、汀een the molecular、 vcights of drebrins predicted

fronl the cE》NA sequences and the apparent lnolec―

u l a r  w e i g h t s  e s t i m a t e d  b y  S D S―P A G E  s e e m s t o  h a v e

resulted fronl the anomalous Hligration of drebrins

on SDS polyacrylaHlide gel,1.e.,drebrins seenl not to

bind a constant、veight ratio of SDS due to the unusu―

al features of their aHlino acid sequences,such as a

paucity of hydrophobic regions and an abundance of

negatively charged residues.A silnilar discrepancy in

the molccular、veights of other proteins has also been

reported. For examplen the molecular 、 veight of

GAP-43 calculated from the cDNA sequence was

about half of the molecular、veight estirnated from

SDS― PAGE,due to the lack of a hydrophobic rcgion

in GAP-431.Also.Napolitano et al.16 haVC reported

that over‐estimation of the molecular weight of the

m i d d l e  s u b u n i t  o f  n e u r o f i l a r l l e n t  b y  S D S―P A G E  w a s

duc to the presencc oflong stretches of glutamate in

the carboxyl―terHlinal extension.

Elucidation of the cE)NA sequence for drebrins al…

lowed comparison of the anlino acid sequences of

drebrins with those of other known proteins(NBRF

protein sequence data bank).USing Kanehisがs pro―

graH19, drebrins showed significant silnilarity only

with the collagen al(1)Chain8(3.18S.D.units).SeV―

eral identical sequences of 2 or 3 rcsidues can bc

found,such as Pro― Pro, Gly―Glu, Pro―Gly―Pro and

Gly―Pro―Pro.Nevertheless.it is clear that these pro‐

teins are quite distinct from each other.The presence

of glycine is essential in every third position in the

collagen moleculc in order to rnaintain thc triple heli―

cal structuret 'This arrangement is not found any‐

where in the drebrins.

We havc previously demonstrated that the tirne

courses of appearancc of drebrins 、 vere distinct

among the threc forms、 and that the tissue distribu―

tion of each drebrin、vas also different from that of

the others2()21.In irllinunohistocheHlistry,thc prerlli‐

gratory granulc cells in the cerebcllunl and the irllrna―

ture tectobulbar tract neurons in thc optic tcctum

、vere stained 、vith anti…drebrin antibodies but not

stained with anti― pepl antiserum(data not shown).

Therefore. the differences in the prirnary structures

ofthe drebrins among the thrcc rllolecules should rc―

flect the differences in their manner of expression

and biological functions.Southern blot analysis

s h o w e d  t h a t  t w o  t y p e s  o f  d r e b r i n  m R N A , c o r r e―

sponding to pDc、v6 and pDc、v17、 、verc transcribed

frorn a single gcnc. This finding suggcsts that thesc

t w o  d r e b r i n  m R N A s  w o u l d  r e s u l t  f r o m  a l t e m a t i v e

splicing of the drebrin gene.This splicing site selec‐

tion seems to be regulated developmentally and spa―

tially,It is possiblc that rrarls factors required for al‐

ternative splice site selection2ヽ3 lヽS may regulate the

expression of each drebrin moleculet lsolation of the

drebrin gcnc and investigation of its expression in

cultured celis or in vivo、vould lead to an understand―

ing of the mechanisFl regulating the expression of

each drebrin during development.

臣Iultiple substances reacting、vith anti―drebrin an‐

tibody were also detected in thc brains of rnarnlnals,

including rat,guinea pig21 and rabbit(OnOdan unpub…

lished data).A preliminary study has shown that the

drebrin…1lke substances in the rat、vere slightly larger

than drcbrins in the chicken.and that thc hcterogc―

neity of the molecules 、vas developmentally regu‐

latcd,as、vas thc casc in thc chicken. Although the

functions of drebrins in the nervous systeHl are still

not understood、 their、vide interspccific distribution

suggests that these moleculcs play a general role in

development ofthe nervous systcm.
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