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てで、',ザθ/♂sf Braint Devclopmcnti Gcnc cxpressioniぶブrcsscngCr ribonuclcic acidi Ncrvous systern‐specific protcint Dendritetえgtll

Aえ gtll cE)NA library frorl1 1()―day―old chicken embryo、vas screened i「linunologically using an antiscruHl against drcbrins E l、E2

and A、protcins prcviously dcsignatcd S5,S6and S54.rcspcctivcly.A cE)NA cionc for a corllmon domain of drcbrin、vas isolatcd.

Northcrn biot analvsis of chickcn brain indicated that drebrin inR卜しへs are about 2.7 kllobascs in lnolccular size and that cxpression of

thcsc protcins is dcvclopmentally regulatcd

Drebrins E l.E2and A are developrnentally regu―

lated protcins.、vhich、vere prevlously designated as

proteins S5、 S6and S54. respectivelyl()・
11. Drebrins

El. E2 and A nligratc 、 vith apparent molecular

、veights of 95. 100 and l10 kDa on sodiurn dodecyl

sulfatc (SDS)一polyacrylanllde gels. and their iso―

electric points are about 4.51().All of therll are local…

izcd in the cytosol of ncuronsll.butthc tilnc course of

appearance for each protein differs completely from

one anotherit), Specifically、 drebrin El is first ex―

pressed irllmediately after neurons have finished

thcir final rllitosisH.ヽVhile these neurons are extend‐

ing thcir axons and dcndritcs.drcbrin E l is displaccd

by drebrin E21().Thc amount of drcbrin E2 declines

as drebrin A appcars in parallcl、vith further inatura―

tion of the nervous system. Finally、in mature neu―

ronsi drebrin A is iocalized in certain types of den―

dritesllヽ
12.Itis proposed that drebrin A is involved in

modification of the structure of dendrites12.Drebrins

El.E2and A have a high degree ofstructural homo‐

logy as deterrnined by peptide mapping of purified

drebrins10.It therefore、vould be interesting to deter―

Hline、vhcther each ofthese drebrin types is coded by

a uniquernRNA or、 vhether the 3 forms arise individ―

ually as a result of posttransiational lnodifications of

a single protein precursor,In this study,we have iso‐

lated a cE)NA for a coHllnon polypeptide domain

shared by drebrins El, E2 and A and investigated

their respective HlRNAs using Northern blot analy―

sist We report here rnolecular sizes of drebrin rnRNAs

and developmental change of the amount of thcse

mRNAs.

A cDNA library constructed in theえ gtll vector
using 10-day‐old whole―chickcn embryo tissuc(Clon―

t e c  L a b s , C A ) w a s  s C r e e n e d  u s i n g  a  r a b b i t  a n t i s e r u m

to drebrin. designated RS6 which recognizes the

corninon polypeptide domain shared by drebrins El,

E2and A.Preparation and characterization of this

antiserunl has been previously describedil. The

c D N A  l i b r a r y  w a s  i n f e c t e d , p l a t e d  o nど. cθ′どY 1 0 9 0

at a density of 50,000 phage per 15-crn plate,and in―

cubated at 42°C for 3 h. The plates were overlaid

、vith a dry nitrocellulose filter,prcviously saturated

with 10 mM isopropyl β―D―thiOgalactoside,and then

incubated at 37°C for 12 h.The standard protocol of

Young and Davis14、vaS followed forincubation ofthe
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F i g . l  R e s t r i c t i o n  m a p  o f  t h e  c D N A  i n s e r t  f r o m  t h e  c 1 0 n e

g D c w l . T h c  c D N A  w a s  m a p p e d  b y  s i n g l c  d i g c s t i O n  w i t h  c n d o―
nuclcascs.E)igestcd DNA was cicctrophOrescd on lウろagarose

gels or 5ワろacrylarnide gels. The vertical lines indicatc thc re―

striction endOnucleascs site.E,どcοRI;Sm)Sttα I;P,PsrI;A,
ス′″I; S, s,cII; M, 〃 bθI. The fol10wing rcstriction cndOnu―
cleases do nOt cut within the scquence covered by the cE)NA:

比れdIII,βαttHI,助れI,ゆ I々,SαCI and`税θI.

filters in the anti―drebrin antiserum RS6(1:1000 dilu―

tion in THs―buffered saline(50 mM Tris,pH 7.4,150

mM NaCl)with 5%bovine serum albumin).ThiS an‐

tiserurll had been preabsorbed by incubation、vithど.

ごοFli Y1089 1ysate13.Filters were washed twice in Tris―

buffered saline,and incubatcd in Tris_buffered salinc

、vith 125ェ_labeled Srqβカメ′θごθcc″ざ α″/ご″s protein A.

After、vashing,the filters were dried and exposed to

Kodak X‐ Omat AR film with an intensifying screen

at-70° C.

One putative drebrin cione(gDcwl)waS identified

among 2 ×  10S clones that 、vere screened.After

plaque purification.the cE)NA insert、vas excised by

digestion 、vith restriction endonuclease どcθRI and

its size、vas estimated to be l.4 kb pairs,Restriction

endonuclease analysis ofthe cE)NA insertis shO、vn in

Fig.1.Using the rcstriction endonudcases、
β″I and

SsrI, 、vhich have restriction sites Only 、vithin ttgtll

vector,as、vell as PsrI,Orientation of the cE》NA、 vas

d c t e r m i n e d  b y  m a p p i n g  t h e  e n t i r e  g D c w l  D N A .

This clone 、vas further characterizcd as drebrin

cDNA using 4 monoclonal antibodies(MAbs)

W12A6,W12E7,N12F6and W12Hl‐ each of which rec_

ognizes a different epitopc in the cornimon domain of

drebrins El.E2and A,to identify the drebrin fusion

protein in九
―lysogens.The production and charactcr‐
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盟 総 船 甜 i鮮 艦 抽 温 を配 」憐 まと仕troblotting fOr 12 h at 200 mA9.The shcet was cutinto 5 strips and all strips(eXCept that fOrlancs l and 2)wcrc incubatcd in Tris‐

buf―fercd saline(pH 7.4)containing 5%bovinc scrum albumin for 60 min.Each strip was then furtherincubatcd with a monociOnal anti―

b O d y ( S e c  b c 1 0 w ) i n  t h e  s a m c  b u f f e r  f O r  9 0  m i n . A f t e r  w a s h i n g s  t h e  s h e e t s  w c r e  i n c u b a t e d  w i t h  h O r s e r a d i s h  p e r o x i d a s e‐
c o n j u g a t c d

goat anti‐inOuse lgG in the abOvc buffer fOr 60 inin.The blots、vcre devc10pcd using O.051ろ4-chloro‐1_naphthOl and O.ol%hydrogcn
peroxide6.PrOteinsin iane l and 2、vere stained with Arnido black,Lancs 3 and 4,いッIAb M2A6;lanes 5 and 6,MAb M2E7;lanes 7 and
8,MAb M2Hl;lanes 9 and 10,MAb M2F6.The open trianglc indicatcs thc fusiOn prOtein and the closed thangle indicatesβ

―galactOsi_dase protein.
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ization of these monoclonal antibodics havc bcen

previously describedll.

gDc、vl and intact ttgtll lysogens、vere established

in】gi cο′F Y1089.Each ofthese lysogcns、 vas gro、vn at

32°Cto O.D.6(X)=0.5 and incubated at 42° C for 20

min・Isopropylβ―D―thiOgalactoside wasthen added to
l mM and the culture、vasincubated for 2 h at 37°C.

Thc induced bactcria were recovered by centrifuga…

tion.resuspended in phosphate― buffered saline(pH

7.4),and SOnicated.Then the lysate was electropho―

rcscd on an SDS― polyacrylamide gel(8%)accOrding

to the procedure of Laenllnli7 and irnmunoblotted

、vith each of the 4 monoclonal antibodies as de―

scribed previouslyll.As shown in Fig。 2, WIAbs

1ヽ2A6,い 江2E7and W12F6 specifically bound to a fu…

slon protein of about 180 kDa(laneS 3, 5 and 9),

which is not present in the ttgtll lysogen(laneS 4.6

and 10).MAb M2Hl did not recognize any protein

either in the gDcwl orttgtll lysogen(lanes 7 and 8).

NlAb M2E7 stained additional bands in the gDcwl

l y s o g e n ( l a n e  5 )。S i n C C  M A b  M 2 E 7  c o u l d  r e c o g n i z e

proteolytic fragments of purificd drebrins gencrated

with Sr?βんノθCθCC″ざα″rご″s V8 protease(data nOt

shown),theSe additional bands were thought to be

degradation products of thc fusion protein.These re…

sults indicate that this cE)NA cncodes atleast a part

ofthe coHllnOn dOmain of drcbrins El,E2and A.

In prevlous reportsl()｀1l the developmental changcs

of amounts of drebrin El. E2and A proteins have

been investigated using two―dirnensional gel electro―

phoresis and irnlmunoblot analysis. In the chick erl―

bryonic optic tectum,drebrin El is kno、vn to increase

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

cre ases.Drcbrin E2 increases from day 7 to day 9,

and decreascs after day 18. Drebrin A appears by

day ll, and then increases. In order to deterHlinc

w h e t h e r  t h e  a p p c a r a n c e  o f  t h e s e  m R N A s  c o r r e―

sponds to the dcvclopmental regulation of the dre…

brin proteins.Northern blot analyses of poly(A)十

RNAs frorll the optic tccta of day 7,day ll and day

1 7  c h i c k e n  e m b r y o s  w e r e  c a r r i e d  o u t . T o t a l  R N A s

、vere cxtracted from the brain tissue by the guanidine

hydroch10ride procedure2 and poly(A)十RNAs were

isolated by chromatography on oligo― dT cellulose

columnsl.RNAs、 vere fractionated on a dcnaturing

agarose gelS・S,blotted to a nylon lnembrane filter and

hybridized with[32P]cDNA insert from gDcwl

labeled by random priming with DNA polymerase 13.
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As sho、vn in Fig.3,the probe hybridized to a band

of 2,7 kb in molecular size.Although abundance of

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

developmcntal stages the molecular size ofthc hybri―

di z e d  m R N A  s p e c i e s  w a s  s i m i l a r i n  d a y  7 n  d a y  l l  a n d

day 17 embryos.Possibly each type of drcbrin is cn―

coded by a unique HlRNA that shares homology to

the other drebrin lnRNAs.and its developmental ex‐

pression is regulated independently. Ho、vever. it is

chick optic tectum m RNA

E7   Ell  E17

争…28S

‐-18S

Fig.3,Northcrn biot analysis of poly(A)十 RNA from chickcn

optic tectum Five/48 0f poly(A)十 RNA from optic tccta of 7-

day chicken embryo(lanC E7)、 11-day chickcn cmbryo(lanc

Ell)、 and 17‐day chickcn cmbryo(lanC E17)wcrc dCnaturcd

、vith 6ワら formaldchyde,clcctrophoresed on a ll花 agarose gcl

undcr conditions of dcnaturation. and transfcrred to a nylon

membranc filter Approxilnatcly 5 × 10S cpm of 32P_labelcd

cDNA(1× 108 cpm/rrg)Wcre added to hybndization buffcr

containing 6 × SSC、 10 × Denhardt s` solution and llる SDS.

Follo、ving hybridization for 12 h at 68°C、thc filtcr was、vashed

twicc in O,1× SSC and lワ をSDS for l h at42° C Thc Filtcr was

exposed to X― ray Sirn at-70° C in the presence of an intensify―

ing screen for l weck. rRNAs scrvcd as molccular sizc stan―

dards.
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not possible to distinguish size difference of 120-240

b、vhich、vould be expectcd forthe inRNAs of drebrin

specics、vith 5000-10、000 Da diffcrcnces in sizet ln

Fig.3 thc intensity of the band in each lanc reflects

t h e  t o t a l  a m o u n t  o f  a 1 1  3  d r e b r i n  m R N A s ; c o n s e―

quently the smaller amount of drebrin inRNAsin day

17 embryo compared、 vith those in day 7 and day ll

embrvos is consistent、vith the smaller amount of dre―

brin proteins as demonstrated previously in t、vo‐di―

mensional gel electrophoresis of the chick optic tec‐

tu■110.Since、ve have recently used gDcwl as a probc

to isolatc from the samc cE)NA library another

cE)NA clone.which does not possess the Fな すI site in

the 5′terminal region in Fig.1(Kojima et al.in prep―
aration).the possibility that each type of drebrin is

encoded by a uniquc lnRNA is high.In orderto con―

firHl this explanation.ho、vever.、ve have to a、vait Sl
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T h c i s o l a t i o n  o f a  c D N A  c n c o d i n g  t h e  c o m m o n  d o―

main of drebrin、vill no、v allo、v direct deterrnination

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

ent stages of development.And this cE)NA、vill also

make it possible to isolate the drebrin gene,and open

up approaches for the study ofthe lnolecular bases of

the developmental regulation and the cell―specificity

ofits expresslon.
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