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ABSTRACT We pr epar ed a monocl onal ant i body t o mi cr ot ubul e- associ at ed pr ot ei n 1 ( MAP

1) , one of t he t wo maj or hi gh mol ecul ar wei ght MAP f ound i n mi cr ot ubul es i sol at ed f r om

br ai n t i ssue . We f ound t hat MAP 1 can be r esol ved by SDS PAGE i nt o t hr ee el ect r ophor et i c

bands, whi ch we have desi gnat ed MAP ] A, MAP 113, and MAP 1 C i n or der of i ncr easi ng

el ect r ophor et i c mobi l i t y . Our ant i body r ecogni zed excl usi vel y MAP 1A, t he most abundant

and l ar gest MAP 1 pol ypept i de . To det er mi ne t he di st r i but i on of MAP 1A i n ner vous syst em

t i ssues and cel l s, we exami ned t i ssue sect i ons f r om r at br ai n and spi nal cor d, as wel l as pr i mar y

cul t ur es of newbor n r at br ai n by i mmunof l uor escence mi cr oscopy . Ant i - MAP 1 A st ai ned whi t e

mat t er and gr ay mat t er r egi ons, whi l e a pol ycl onal ant i - MAP 2 ant i body pr evi ousl y pr epar ed

i n t hi s l abor at or y st ai ned onl y gr ay mat t er . Thi s conf i r med our ear l i er bi ochemi cal r esul t s,

whi ch i ndi cat ed t hat MAP 1 i s mor e uni f or ml y di st r i but ed i n br ai n t i ssue t han MAP 2 ( Val l ee,

R . B. , 1982, / . Cel l Bi ol . , 92 : 435- 442) . To det er mi ne t he i dent i t y of cel l s and cel l ul ar pr ocesses

i mmunor eact i ve wi t h ant i - MAP 1A, we exami ned a var i et y of br ai n and spi nal cor d r egi ons .

Fi br ous st ai ni ng of whi t e mat t er by ant i - MAP 1A was gener al l y obser ved . Thi s was due i n par t

t o i mmunor eact i vi t y of axons, as j udged by exami nat i on of axonal f i ber t r act s i n t he cer ebr al

cor t ex and of l ar ge myel i nat ed axons i n t he spi nal cor d and i n spi nal ner ve r oot s . Cel l s wi t h

t he mor phol ogy of ol i godendr ocyt es wer e br i ght l y l abel ed i n whi t e mat t er . I nt ense st ai ni ng of

Pur ki nj e cel l dendr i t es i n t he cer ebel l ar cor t ex and of t he api cal dendr i t es of pyr ami dal cel l s

i n t he cer ebr al cor t ex was obser ved . By doubl e- l abel i ng wi t h ant i bodi es t o MAP 1A and MAP

2, t he pr esence of bot h MAP i n i dent i cal dendr i t es and neur onal per i kar ya was f ound . I n

pr i mar y br ai n cel l cul t ur es ant i - MAP 2 st ai ned pr edomi nant l y cel l s of neur onal mor phol ogy .

I n cont r ast , ant i - MAP 1A st ai ned near l y al l cel l s . I ncl uded among t hese wer e neur ons,

ol i godendr ocyt es and ast r ocyt es as det er mi ned by doubl e- l abel i ng wi t h ant i - MAP 1A i n

combi nat i on wi t h ant i body t o MAP 2, myel i n basi c pr ot ei n or gl i al f i br i l l ar y aci di c pr ot ei n,

r espect i vel y . These r esul t s i ndi cat e t hat i n cont r ast t o MAP 2, whi ch i s speci f i cal l y enr i ched i n

dendr i t es and per i kar ya of neur ons, MAP l A i s wi del y di st r i but ed i n t he ner vous syt em.

Mi cr ot ubul es pur i f i ed f r om a var i et y of sour ces have been

shown t o consi st of bot h t ubul i n, t he pr i nci pal st r uct ur al

pr ot ei n, and a di ver se gr oup of mi cr ot ubul e- associ at ed pr o-

t ei ns, or MAP ( 5, 6, 27, 34, 45, 46) . The MAP have been

i mpl i cat ed i n t he r egul at i on of mi cr ot ubul e assembl y ( 26, 46) ,

and. i n medi at i ng t he i nt er act i on of mi cr ot ubul es wi t h ot her

st r uct ur al el ement s of t he cyt opl asm ( 1, 3, 12, 13, 15, 22, 32,

33, 35) .

I n br ai n, t he most pr omi nent MAP ar e hi gh mol ecul ar

wei ght pr ot ei ns . These pr ot ei ns have been di vi ded i nt o t wo

cl asses, MAP 1 and MAP 2, on t he basi s of t hei r el ect r opho-

r et i c mobi l i t y ( 34) . MAP 2 ( M, 270, 000) r emai ns sol ubl e

when mi cr ot ubul es ar e exposed t o el evat ed t emper at ur e, a

pr oper t y t hat al l ows t hi s pr ot ei n t o be r eadi l y separ at ed f r om

MAP 1 ( 14, 17) . MAP 2 pur i f i ed i n t hi s way i s seen as a f i ne

f i l ament ous ar mon t he sur f ace of mi cr ot ubul es and pr omot es
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mi cr ot ubul e assembl y i n vi t r o . MAP 2 pur i f i ed under l ess

sever e condi t i ons cont ai ns l ow mol ecul ar wei ght subuni t s of

Mr 70, 000, 54, 000, and 39, 000 ( 42) . The l at t er t wo of t hese

pr ot ei ns r epr esent t he r egul at or y and cat al yt i c subuni t s of a

t ype I I cAMP dependent pr ot ei n ki nase, whi ch i s associ at ed

wi t h t he MAP2 ar m( 36, 42) and whi ch ext ensi vel y phospho-

r yl at es MAP 2 i t sel f ( 34, 37, 39) . MAP 2 i s unusual l y sensi t i ve

t o di gest i on by chymot r ypsi n and t r ypsi n, whi ch r esul t s i n t he

r api d r el ease of t he ar m por t i on of t he pr ot ei n f r om t he

mi cr ot ubul e ( 39, 41) . The pr ot ei n bi nds t o act i n i n vi t r o ( 13,

32) and t o i nt er medi at e f i l ament s i n cul t ur ed cel l s ( 3) .

Li ke MAP 2, MAP 1 ( M, - 350, 000) appear s as a f i l amen-

t ous ar m of si mi l ar di mensi on on t he mi cr ot ubul e sur f ace

( 43) , and pr omot es mi cr ot ubul e assembl y ( 20, 43) . MAP 1 i s

as sensi t i ve t o pr ot eases as MAP2 ( 41) and much of t he mass

of MAP 1, as wel l as MAP 2, i s r api dl y r el eased f r om t he

mi cr ot ubul es dur i ng pr ot ease t r eat ment . MAP 1 i s as st abl e

as MAP 2 t o some denat ur ant s ( 43) , but i s i nsol ubl e at

el evat ed t emper at ur es ( 14, 17) . Li ke MAP2, MAP 1 cont ai ns

l ow mol ecul ar wei ght subuni t s, but t hese ar e di st i nct i n mo-

l ecul ar wei ght ( Mr 28, 000 and 30, 000) and st oi chi omet r y f r om

t hose associ at ed wi t h MAP 2 ( 43) . MAP 1 i s onl y sl i ght l y

phosphor yl at ed i n vi t r o compar ed wi t h MAP 2 ( 34, 39) . I n

addi t i on t o t hese di st i nct i ons, ant i bodi es, t o MAP 2, t he

smal l er of t he t wo pr ot ei ns, have not been obser ved t o r eact

wi t h MAP 1 ( 3, 16, 29) .

Thus, i t appear s t hat whi l e MAP 1 and MAP 2 ar e t wo

member s of a cl ass of st r uct ur al pr ot ei ns associ at ed wi t h

mi cr ot ubul es, t hey have sever al di st i nct i ve f eat ur es . Pr esum-
abl y, t hese f eat ur es i ndi cat e t hat t he pr ot ei ns ar e f unct i onal l y
di st i nct as wel l . I n suppor t of t hi s cont ent i on we have r ecent l y
obt ai ned bi ochemi cal evi dence t hat MAP 1 and MAP 2 ar e
di f f er ent i al l y di st r i but ed i n mi cr ot ubul es i sol at ed f r om cal f
cer ebr al cor t ex and cor pus cal l osum ( 40) . These t wo br ai n
r egi ons cont ai n di st i nct cel l ul ar and subcel l ul ar el ement s .
Neur onal cel l bodi es, dendr i t es and axons, as wel l as gl i al
cel l s, ar e pr esent i n cer ebr al cor t ex gr ay mat t er , whi l e onl y
axons and gl i al cel l s ar e pr esent i n whi t e mat t er . MAP 2 i s
most abundant i n mi cr ot ubul es i sol at ed f r om cal f cer ebr al
cor t ex, but i s gr eat l y di mi ni shed i n mi cr ot ubul es i sol at ed f r om
cal f cor pus cal l osum. MAP 1, i n cont r ast t o MAP 2, i s pr esent
i n i dent i cal amount s i n mi cr ot ubul es f r om t he t wo br ai n

r egi ons . Consi st ent wi t h t he nonuni f or mdi st r i but i on of MAP
2 i s t he obser vat i on t hat ant i body pr epar ed agai nst MAP 2

i nt ensel y st ai ns neur onal cel l bodi es and dendr i t es i n r at br ai n

gr ay mat t er , but f ai l s t o st ai n gl i al cel l s and axonal pr ocesses

appr eci abl y i n whi t e mat t er t r act s ( 8, 24; see Fi gs . 3 and 8 i n

t hi s paper ) . These obser vat i ons i ndi cat e t hat MAP 2 has a

r el at i vel y r est r i ct ed cel l ul ar and subcel l ul ar di st r i but i on, con-

si st ent wi t h obser vat i ons on cul t ur ed cel l s ( 3, 16, 29) , r adi oi m-

mune assays of t i ssue ext r act s ( 38) , and an i mmunocyt ochem-

i cal st udy usi ng an ant i body t o unf r act i onat ed hi gh mol ecul ar

wei ght br ai n MAP ( 23) . I n t he l at t er st udy i mmunor eact i vi t y

was not det ect ed i n whi t e mat t er t r act s, suggest i ng t hat nei t her

MAP 1 nor 2 i s pr esent i n axonal pr ocesses or nonneur onal

cel l s of cent r al ner vous syst em t i ssue . Thi s cont r ast s our own
bi ochemi cal wor k descr i bed above ( 40) , whi ch i ndi cat es t hat
MAP 1 i s abundant i n whi t e mat t er .

I n t he pr esent st udy, we sought t o def i ne t he cel l ul ar and
subcel l ul ar di st r i but i on of MAP 1 and t o compar e t he di st r i -
but i on of t hi s pr ot ei n wi t h MAP 2 . To t hi s end we have
pr epar ed a monocl onal ant i body t o MAP 1 . We f ound t hat
MAP 1 i s a compl ex of el ect r ophor et i c bands t hat can be

di vi ded i nt o t hr ee bi ochemi cal l y di st i ngui shabl e speci es . Our

ant i body r ecogni zes t he most abundant of t hese speci es, t o

whi ch we now r ef er as MAP 1A. Consi st ent wi t h our ear l i er

bi ochemi cal r esul t s ( 40) , we f i nd t hat t he i mmunor eact i ve

MAP 1 speci es i s wi despr ead i n br ai n and spi nal cor d com-

par ed t o MAP 2 . I n t he accompanyi ng paper ( 4) we sur vey a

br oad var i et y of cel l s der i ved f r omdi ver se t i ssues and show

t hat MAP I A i s commonl y f ound out si de of t he ner vous

syst em as wel l .

MATERI ALS AND METHODS

Monocl onal Ant i body Pr oduct i on :

	

A BALB/ c mouse was i n-

j ect ed subcut aneousl y wi t h MAP 1 on t wo occasi ons spaced 6 wk apar t . The

i mmunogen was i sol at ed f r ommi cr ot ubul es pr epar ed f r omcal f br ai n cer ebr al

cor t ex by t hr ee t emper at ur e- dependent assembl y cycl es ( 42) . The mi cr ot ubul e

pr ot ei ns wer e separ at ed by SDS PAGE on a 9%pol yacr yl ami de sl ab gel , whi ch

was st ai ned wi t h Coomassi e Br i l l i ant Bl ue R250 . A st r i p of t he gel cont ai ni ng

t he t hr ee MAP I bands ( see Resul t s) was exci sed, homogeni zed i n 20 mM

sodi um phosphat e, pH 7 . 4/ 150 mMNaCl , and emul si f i ed by soni cat i on wi t h

an equal vol ume of Fr eund' s compl et e adj uvant . 10 d af t er t he second i nj ect i on,

t he mouse was gi ven a f i nal i nt r aper i t oneal boost of nat i ve MAP 1 pr epar ed

f r omcal f br ai n whi t e mat t er ( 43) .

4 d af t er t he f i nal i nj ect i on, i mmune spl eni c l ymphocyt es wer e col l ect ed and

f used ( 18) wi t h P3- NSI / 1- Ag4- l ( NS1) mouse myel oma cel l s i n a sol ut i on

cont ai ni ng RPMI 1640 ( Gi bco Labor at or i es, Gr and I sl and Bi ol ogi cal Co. ,

Gr and I sl and, NY) , 37% pol yet hyl ene gl ycol 1000 ( Koch- Li f e Labor at or i es,

Lt d . ; Col nbr ook, Bucki nghamshi r e, Engl and) and 5%DMSO( Si gma Chemi cal

Co. , St . Loui s, MO) . Cel l s wer e pl at ed i n 24- wel l t i ssue cul t ur e di shes ( Fal con;

Bect on Di cki nson Labwar e, Oxnar d, CA) , wher e t hey wer e mai nt ai ned i n HAT

sel ect i ve medi um f or 24 h t o 2 wk post f usi on. Cel l s wer e cl oned by l i mi t i ng

di l ut i on i n 96- wel l di shes ( Fal con) i n a medi umcont ai ni ng RPMI 1640, 20%

f et al cal f ser um( Hy- Cl one ; St er i l e Syst ems, Logan, UT) and pen/ st r i p ( Gi bco

Labor at or i es) . St abl e cl ones wer e mai nt ai ned i n medi umcont ai ni ng 10% f et al

cal f ser um.

Hybr i domas, bot h uncl oned and cl oned, wer e scr eened f or ant i body pr o-

duct i on by i mmunof l uor escence mi cr oscopy of pr i mar y br ai n cel l cul t ur es ( see

bel ow) usi ng condi t i oned hybr i doma medi um. I mmunor eact i ve pr ot ei ns wer e

subsequent l y i dent i f i ed by i mmunobl ot anal ysi s ( see bel ow) , al so usi ng condi -

t i oned medi um. Ant i body i sot ypes wer e det er mi ned by doubl e i mmunodi f f u-

si on ( 28) wi t h r abbi t ant i bodi es speci f i c f or mouse ant i body i sot ypes ( Bi onet i cs

Labor at or y Pr oduct s, Kensi ngt on, MD) .

i mmunocyt ochemi st r y and I mmunochemi st r y : Br ai n and

spi nal cor d t i ssues wer e obt ai ned f r om young adul t ( 3- 4- mo ol d) f emal e r at s .

The ani mal s wer e anest het i zed wi t h Nembut al and per f used t r anscar di al l y wi t h

2%par af or mal dehyde, 1 . 5% pi cr i c aci d i n 0 . 15 Mphosphat e buf f er at pH 7 . 3

bef or e di ssect i on of t he t i ssue . Fi xat i on was cont i nued over ni ght i n t he same

sol ut i on at r oom t emper at ur e. Vi br at ome sect i ons ( 20 Am) wer e col l ect ed i n

PBS and pr ocessed i n suspensi on f or si ngl e or doubl e i mmunof l uor escence

mi cr oscopy as we have descr i bed f or cul t ur ed br ai n cel l s ( 3) , wi t h t he f ol l owi ng

except i ons: t he 10%nor mal ser um( sheep or goat ) st ep was per f or med over ni ght

at 4° C i n t he pr esence of 0. 25% Tr i t on X- 100 ; al l subsequent sol ut i ons

cont ai ned 0 . 025% Tr i t on X- 100 ; ant i body i ncubat i ons wer e at 4° C f or 24- 48

hr . St ai ned sect i ons wer e mount ed on gel at i n- coat ed gl ass sl i des, coat ed wi t h a

t hi n f i l m of el vanol mount i ng medi um ( 10) and over l ai d wi t h gl ass cover sl i ps .

Pr i mar y cul t ur es of newbor n r at br ai n wer e pr epar ed and pr ocessed f or si ngl e

or doubl e i mmunof l uor escence mi cr oscopy af t er met hanol f i xat i on as we have

descr i bed ( 3) .

Ant i bodi es used f or t hese st udi es wer e as f ol l ows: Fi r st ant i bodi es : ant i - MAP

2, I A, monocl onal mouse I gGl , descr i bed above ; ant i - MAP 2, pol ycl onal

r abbi t ant i body ( 3, 8, 24, 36) ; ant i - gl i al f i br i l l ar y aci di c pr ot ei n, r abbi t pol ycl onal

ant i body suppl i ed by Dr . R. Li em( New Yor k Uni ver si t y School of Medi ci ne) ;

ant i myel i n basi c pr ot ei n, pol ycl onal r abbi t ant i body, suppl i ed by Sher yl L .

Pr est on and Dr . Ar t hur McMor r i s ( Wi st ar I nst i t ut e) . Second ant i bodi es : Fl uo-

r escei n conj ugat ed I gG f r act i on of goat ant i - r abbi t I gG was f r om Cappel

Labor at or i es ( Cochr anvi l l e, PA) . Rhodami ne conj ugat ed I gG f r act i on of sheep

ant i - mouse I gG was pr epar ed i n our l abor at or y by t he pr ocedur e of For ni ( 9)

f r omsheep ant i ser um t o mouse I gG ( Cappel Labor at or i es) .

Ni t r ocel l ul ose r epl i cas of SDS gel s wer e pr epar ed and st ai ned wi t h ei t her
condi t i oned hybr i doma medi um or asci t es f l ui d ant i body usi ng condi t i ons

desi gned t o obt ai n ef f i ci ent t r ansf er of hi gh mol ecul ar wei ght pol ypept i des ( 3) .
The second ant i body was per oxi dase- conj ugat ed I gG f r act i on of sheep ant i -

mouse I gG ( Cappel Labor at or i es) , whi ch was r eact ed wi t h 4- chl or o- I - napht hol

( Si gma Chemi cal Co. ) t o r eveal t he i mmunor eact i ve pr ot ei ns .
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RESULTS

El ect r ophor et i c and I mmunochemi cal Anal ysi s of

MAP 1

An i mmunobl ot of unf r act i onat ed r at br ai n pr ot ei ns st ai ned

wi t h t he monocl onal I gGI ant i body used t hr oughout t hi s

paper i s shown i n Fi g. 1 A. Not e t he speci f i c st ai ni ng of a

pr ot ei n at t he posi t i on of MAP 1 . MAP 1 was or i gi nal l y

def i ned as a si ngl e el ect r ophor et i c component on hi gh per cent

pol yacr yl ami de gel s ( 34) , but mul t i pl e bands have been seen

i n t he MAP 1 r egi on on l ow per cent gel s ( 11) . Fi g . 1 B shows

hi gh mol ecul ar wei ght br ai n MAP obt ai ned f r om cal f whi t e

mat t er ( 40) . MAP 1 i s mor e pr omi nent t han MAP 2 i n t hese

pr epar at i ons, and we f i nd t hat t he el ect r ophor et i c composi -

t i on of t he MAP 1 r egi on can be mor e r eadi l y anal yzed t han

i n mi cr ot ubul es pur i f i ed f r omwhol e br ai n or cer ebr al cor t ex .

Fi ve pol ypept i des wer e r eadi l y di st i ngui shed i n t he MAP 1 /

MAP 2 r egi on of t he gel ( Fi g. 1 B) . The t wo most r api dl y

mi gr at i ng pol ypept i des wer e sol ubl e at el evat ed t emper at ur es,

and r eact ed wi t h bot h pol ycl onal and monocl onal ant i - MAP

2 ant i bodi es pr epar ed i n our l abor at or y ( 44) . These t wo

pol ypept i des ar e t her ef or e consi der ed t o be component s of

MAP 2 ( 14, 17) , and we r ef er t o t hemas MAP 2A and MAP

2B. We r ef er t o t he t hr ee r emai ni ng pept i des of hi gher mol ec-

ul ar wei ght as MAP 1 A, MAP 1 B, and MAP 1 C i n or der of

i ncr easi ng el ect r ophor et i c mobi l i t y . MAP I A was t he most

pr omi nent of t he t hr ee pol ypept i des i n bot h gr ay mat t er ( not

shown) and whi t e mat t er mi cr ot ubul es. The band was br oad

and was occasi onal l y obser ved t o spl i t i nt o t wo di st i nct bands,

FI GURE 1 El ect r ophor et i c and i mmunochemi cal pr oper t i es of

MAP 1 . ( A) A newbor n r at br ai n was di ssol ved i n sampl e buf f er and

an al i quot was subj ect ed t o SDS PAGE on a 7%pol yacr yl ami de gel .

Lef t , Coomassi e Br i l l i ant Bl ue R250; r i ght , ni t r ocel l ul ose r epl i ca

st ai ned wi t h ant i - MAP 1A ( B) 4% gel of mi cr ot ubul es pur i f i ed by

t he t axol pr ocedur e ( 40) f r om cal f cor pus cal l osum. Lef t , Coomassi e

Bl ue ; r i ght ni t r ocel l ul ose r epl i ca st ai ned wi t h ant i - MAP 1A. The

posi t i ons of MAP I A, 1B, 1C, 2A, and 2B ar e i ndi cat ed . Not e t he

speci f i ci t y of t he ant i body f or MAP I A. ( C) 4%gel of mi cr ot ubul es

f r om cal f cor pus cal l osum ( see B) t r eat ed f or 10 mi n wi t h 0 . 33 I r gl

ml chymot r ypsi n . ( Lanes i n B and C wer e adj acent i n or i gi nal gel

and ni t r ocel l ul ose r epl i ca . ) Among t he hi gh mol ecul ar wei ght MAP,

MAP 1C al one was r esi st ant t o pr ot eol ysi s, i ndi cat i ng t hat t hi s i s a

pr ot ei n speci es di st i nct f r om MAP 1A and MAP 1 B. Lef t , Coomassi e

Bl ue ; r i ght , ni t r ocel l ul ose r epl i ca st ai ned wi t h ant i - MAP 1A.

32 2

	

THE JOURNAL OF CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 98, 1984

whi ch suggest s t hat even t hi s speci es may be het er ogeneous .
MAP 1 Bwas t he second most pr omi nent band and i t spl i t on
occasi on . MAP 1B was mor e pr omi nent i n mi cr ot ubul es
pur i f i ed f r om whi t e mat t er t han f r om gr ay mat t er ( not
shown) . The MAP 1C band was t he l east pr omi nent of t he

t hr ee bands. Thi s pr ot ei n coul d be r eadi l y di st i ngui shed f r om

MAP 1 A, MAP 1 B, and t he MAP 2 bands by exposur e of t he

mi cr ot ubul es t o l ow l evel s of chymot r ypsi n . Under t hese

condi t i ons ( Fi g. 1 C) , al l bands except MAP 1C wer e r eadi l y

dest r oyed ( 39, 41) .

I mmunobl ot anal ysi s was per f or med on br ai n MAP t o
det er mi ne t he speci f i ci t y of t he monocl onal ant i - MAP 1

ant i body pr epar ed f or t hi s st udy. I t may be seen ( Fi g . 1 Band

C) t hat t he ant i body r ecogni zed onl y MAP I A, t he maj or

MAP 1 pol ypept i de. To i ndi cat e t he speci f i ci t y of t he ant i -

body, we r ef er t o i t i n t hi s and t he f ol l owi ng paper ( 4) as ant i -

MAP I A. To det er mi ne whet her t he ant i body r ecogni zed

ankyr i n, a maj or er yt hr ocyt e cyt oskel et al pr ot ei n r epor t ed t o

be i mmunol ogi cal l y r el at ed t o MAP 1 ( 2) , we used ant i - MAP

I A t o st ai n i mmunobl ot s of sheep er yt hr ocyt e ghost s and r at

er yt hr ocyt es ( not shown) . The ant i body di d not r eact wi t h t he

ankyr i n pr esent i n ei t her sampl e .

Local i zat i on of MAP 1A i n Axons

and Ol i godendr ocyt es

I n a pr evi ous bi ochemi cal st udy we f ound t hat MAP 1 and

MAP 2 wer e pr esent at di f f er ent r el at i ve concent r at i ons i n

mi cr ot ubul es pur i f i ed f r omcal f br ai n gr ay and whi t e mat t er

( 40) . MAP 2 was consi der abl y mor e abundant i n gr ay mat t er

t han i n whi t e. When sect i ons of br ai n t i ssue wer e exami ned

by i mmunof l uor escence mi cr oscopy, MAP2 was obser ved t o

be hi ghl y concent r at ed i n t he dendr i t i c pr ocesses of neur ons,

and was undet ect abl e i n axonal t r act s and gl i al cel l s ( 8, 24) ,

consi st ent wi t h t he bi ochemi cal r esul t . On t he ot her hand, t he

r at i o of MAP 1 t o t ubul i n was i dent i cal i n mi cr ot ubul es

i sol at ed f r om gr ay and whi t e mat t er ( 40) , suggest i ng a mor e

near l y uni f or m di st r i but i on f or t hi s pr ot ei n t han f or MAP 2 .

To eval uat e t he di st r i but i on of MAP 1 i n t i ssues of t he ner vous

syst em, we st ai ned sect i ons of t i ssue f r omr at br ai n and spi nal

cor d wi t h our ant i - MAP 1 A monocl onal ant i body .

Fi g . 2 a shows a l ow magni f i cat i on vi ew of r at cor pus

cal l osum whi t e mat t er and sur r oundi ng gr ay mat t er of t he

cer ebr al cor t ex st ai ned wi t h ant i - MAP I A. I mmunor eact i vi t y

was al most uni f or ml y di st r i but ed acr oss t he f i el d . Thi s r esul t

i s consi st ent wi t h our bi ochemi cal evi dence t hat MAP 1 i s

f ound at equal concent r at i ons i n mi cr ot ubul es i sol at ed f r om

cer ebr al gr ay and whi t e mat t er ( 40) , and suggest s t hat si gni f i -

cant l evel s of MAP 1 A may be f ound i n axons or gl i al cel l s,

as wel l as i n dendr i t es . No st ai ni ng was obser ved when un-

condi t i oned medi um was used ( Fi g. 2b) i n pl ace of condi -

t i oned hybr i doma medi umcont ai ni ng monocl onal ant i - MAP

I A. We f ound t hat maj or cer ebr al whi t e mat t er t r act s ot her

t han cor pus cal l osum gener al l y st ai ned br i ght l y wi t h ant i -

MAP 1 A, but ext r emel y weakl y wi t h ant i - MAP 2 . An exampl e

of t hese st ai ni ng pat t er ns i n t he ant er i or commi ssur e i s i l l us-

t r at ed i n Fi g. 3 . Her e, ant i - MAP- I A r eact i vi t y ( Fi g . 3a) was

subst ant i al , and was si mi l ar t o t hat obser ved i n t he adj acent

gr ay mat t er ( bed nucl eus of st r i a t er mi nal i s) . Ant i - MAP 2

( Fi g. 3 b) , i n shar p cont r ast , har dl y st ai ned t he ant er i or com-

mi ssur e, al t hough appar ent dendr i t es i n t he adj acent gr ay

mat t er wer e br i ght l y st ai ned .

The i mmunor eact i vi t y of whi t e mat t er wi t h ant i - MAP 1 A



FI GURE 2

	

Local i zat i on of MAP 1A i n r at cer ebr al whi t e mat t er . ( a) Sagi t t al sect i on of cor pus cal l osum whi t e mat t er ( cc) and

adj acent gr ay mat t er of t he cor t ex st ai ned wi t h ant i - MAP 1A ( condi t i oned hybr i doma cul t ur e medi um) . A por t i on of t he

hi ppocampus ( H) i s vi si bl e i n t he l ower r i ght cor ner . ( b) Cont r ol sect i on pr ocessed f or i mmunof l uor escence mi cr oscopy and

phot ogr aphed i dent i cal l y t o t he sect i on i n a, except t hat uncondi t i oned medi um was used i n pl ace of condi t i oned hybr i doma

medi um cont ai ni ng ant i - MAP 1A. Bar , 50 Am. x 200 .

FI GURE 3

	

Compar i son of MAP 1A and MAP 2 di st r i but i ons i n r at br ai n . A sagi t t al sect i on of r at cer ebr um was doubl e- l abel ed

wi t h monocl onal ant i - MAP 1A ( a) and r abbi t ant i - MAP 2 ( b) f ol l owed by r hodami ne sheep ant i - mouse I gG pl us f l uor escei n goat
ant i - r abbi t I gG. Vi si bl e i n t he sect i on ar e a caudal por t i on of t he ant er i or commi ssur e ( AC i n b) pl us adj acent gr ay mat t er ( Gi n b ;

t hi s r egi on cor r esponds t o t he bed nucl eus of t he st r i a t er mi nal i s) . Bar , 50 Am. x 240.

i ndi cat ed t hat MAP 1 A mi ght be l ocal i zed t her e i n axons,

gl i al cel l s, or bot h . Fi ne pr ocesses wer e gener al l y l abel ed by

t he ant i body i n whi t e mat t er r egi ons, whi ch coul d have r e-

f l ect ed t he pr esence of MAP l A i n ei t her axonal pr ocesses or

gl i al cel l pr ocesses . The i mmunor eact i vi t y of axons i n par t i c-

ul ar was evi dent i n cer t ai n r egi ons. Fi g . 4 shows a sagi t t al

sect i on of r at cer ebr umst ai ned wi t h ant i - MAP I A. Numer ous
l ongi t udi nal l y cut bundl es of axons i n t he i mmedi at e vi ci ni t y
of t he ant er i or commi ssur e wer e obser ved t o be i nt ensel y

st ai ned by t he ant i body . These f i ber t r act s r an f r om a vent r al -

caudal t o a dor sal - r ost r al posi t i on and pr obabl y cor r espond

t o t he st r i ohypot hal ami c t r act ( 19) . I n t hi s r egi on, t he axonal

st ai ni ng was as pr omi nent as t he st ai ni ng of dendr i t es and

neur onal cel l bodi es i n t he sur r oundi ng t i ssue . Fi g. 5 shows

l ar ge myel i nat ed axons i n t he dor sal r oot of a spi nal ner ve .
St ai ni ng was obser ved i n t he axopl asm of t hese pr ocesses, and
was absent i n t he myel i n sheat hs . The out er r i m of some
myel i n sheat hs was l i ght l y st ai ned and t hi s may have r epr e-
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FI GURE 4

	

Local i zat i on of MAP 1A i n axons . A sagi t t al sect i on of

t he cer ebr um was st ai ned wi t h ant i - MAP 1A. The r egi on shown i s

i mmedi at el y r ost r al t o t he ant er i or commi ssur e, whi ch l i es t o t he

r i ght of t he f i el d . The br oad f i ber bundl es i ndi cat ed by t he st ar s ar e

l ongi t udi nal l y cut axons, cor r espondi ng t o t he st r i ohypot hal ami c

t r act , whi ch i s cour si ng t hr ough t he nucl eus accumbens . Bar , 20

Am. x 400 .

sent ed t hi n r egi ons of Schwann cel l cyt opl asm sur r oundi ng

t he sheat h . Si mi l ar st ai ni ng by ant i - MAP I A was obser ved i n

vent r al r oot s of spi nal ner ves ( not shown) . Thus, i n t he

per i pher al ner vous syst em MAP l A was j udged t o be pr esent

i n axons of i dent i f i abl e sensor y ( dor sal r oot ) and mot or ( ven-

t r al r oot ) neur ons .

I n t he spi nal cor d st ai ni ng of myel i nat ed pr ocesses was al so

obser ved ( Fi gs. 5 and 6) . I n addi t i on t o axonal st ai ni ng, ant i -

MAP 1 A st ai ned a cl ass of cel l s t hat wer e scat t er ed t hr oughout

whi t e mat t er . At hi gh magni f i cat i on ( Fi g. 6, c and d) i t coul d

be seen t hat bot h br oad and f i ne pr ocesses bel ongi ng t o t hese

cel l s wer e st ai ned . These pr ocesses appear ed t o cont act t he

out er l ayer of unst ai ned myel i n sheat hs, and di d not seemt o

cont act axons di r ect l y . These hi st ol ogi cal pr oper t i es ar e con-

si st ent wi t h t he i dent i f i cat i on of t hese cel l s as ol i godendr o-

cyt es . Thus, i t seemed t hat MAP 1 A i s pr esent i n bot h axons

and ol i godendr ocyt es, and may be especi al l y concent r at ed i n

t he l at t er .

Si mi l ar i t i es i n Ant i - MAP 1A and Ant i - MAP

2 I mmunor eact i vi t y

Whi l e MAP l A was al ways det ect abl e i n whi t e mat t er , t he

i nt ensi t y of st ai ni ng var i ed i n di f f er ent r egi ons, as di d t he

i nt ensi t y r el at i ve t o gr ay mat t er . I n t he cer ebel l um, f or ex-

ampl e ( Fi g. 7A) , whi t e mat t er st ai ni ng was r el at i vel y weak

compar ed t o t hat obser ved i n Pur ki nj e cel l s . Thus, t he over al l

st ai ni ng pat t er n wi t h ant i - MAP 1 Agave an i mpr essi on si mi l ar

t o t hat obser ved wi t h ant i - MAP 2 ( 8) , t hough di st i nct l abel i ng

of f i ber s i n whi t e mat t er was def i ni t el y det ect abl e wi t h ant i -

bodi es t o MAP 1 A, but not t o MAP 2 . The somat a and

dendr i t es of t he Pur ki nj e cel l s wer e among t he most pr omi -

nent l y st ai ned st r uct ur es i n t he cent r al ner vous syst em ( Fi g .

7, A and B) . St ai ni ng of Pur ki nj e cel l axons was al so seen

( Fi g. 7B) . I n f avor abl e sect i ons weaker st ai ni ng coul d be

obser ved i n gr anul e cel l and Gol gi neur ons i n t he gr anul e
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l ayer , and i n basket cel l s i n t he mol ecul ar l ayer . Fi ne i mmu-

nor eact i ve f i ber s ( Fi g. 7A) i n t he mol ecul ar l ayer may r epr e-

sent bot h dendr i t es and axons emanat i ng f r om basket cel l ,

Gol gi , and gr anul e cel l neur ons . Some of t hese pr ocesses wer e

obser ved t o cr oss t he Pur ki nj e cel l body l ayer f r omt he gr anul e

l ayer t o t he mol ecul ar l ayer . The f i ne cal i ber of t hese pr ocesses

i ndi cat es t hey may be cl i mbi ng f i ber or par al l el f i ber axons .

Si nce bot h MAP l A ( Fi g. 7) and MAP 2 ( 8, 24) wer e

pr omi nent i n dendr i t es and neur onal cel l bodi es, t hi s r ai sed

t he quest i on of whet her t he t wo pr ot ei ns coexi st i n t he same

neur on . To r esol ve t hi s poi nt we doubl e- l abel ed sect i ons of
br ai n and spi nal cor d wi t h ant i - MAP 1 A and ant i - MAP 2 .

Pr omi nent , coi nci dent l abel i ng of l ar ge pr ocesses and neu-

r onal per i kar ya i n gr ay mat t er by bot h ant i bodi es was gener -

al l y obser ved. Fi g. 8 shows exampl es of t hi s f r omt he spi nal

FI GURE 5

	

Axonal l ocal i zat i on of MAP 1A i n spi nal ner ve . A cr oss-

sect i on of t he dor sal r oot of a spi nal ner ve i n t he cer vi cal r egi on i s

shown . ( a) Ant i - MAP 1A st ai ned axopl asm ( sol i d ar r ow) , but not t he

sur r oundi ng myel i n sheat hs . Thi n hal os of i mmunor eact i vi t y ( open

ar r ow) wer e occasi onal l y obser ved sur r oundi ng t he sheat hs, and

t hese may r epr esent Schwann cel l cyt opl asm. The br i ght l y st ai ned

ar ea bel ow t he spi nal ner ve i s spi nal cor d whi t e mat t er , wher e bot h

axons and ol i godendr ocyt es ar e i mmunor eact i ve wi t h ant i - MAP l A

( see Fi g . 6) . ( b) Phase- cont r ast i mage of t he same f i el d . Axons ( sol i d,

l ong- st emmed ar r ow) ar e vi si bl e as phase- l ucent cor es sur r ounded

by phase- dense myel i n sheat hs . Phase- cont r ast i mage was pr i nt ed

dar kl y t o opt i mi ze cont r ast bet ween myel i n sheat hs and axonal

cyt opl asm. Bar , 20 , m. x 650 .



FI GURE 6

	

Local i zat i on of MAP 1A i n spi nal cor d whi t e mat t er . Cr oss- sect i ons wer e cut at t he cer vi cal r egi on of t he spi nal cor d .

( a) Low magni f i cat i on vi ew l abel ed wi t h ant i - MAP 1A, i l l ust r at i ng punct at e st ai ni ng of moder at e i nt ensi t y t hr oughout t he f i el d,
and occasi onal br i ght l y st ai ned cel l s . ( b) Low magni f i cat i on vi ew of a cont r ol sect i on pr ocessed f or i mmunof l uor escence

mi cr oscopy and phot ogr aphed i dent i cal l y t o t he sect i on shown i n a, except t hat uncondi t i oned hybr i doma medi um was used i n

pl ace of ant i - MAP 1A. ( c) Hi gh magni f i cat i on vi ew, i l l ust r at i ng cel l bodi es ( sol i d ar r ow) and pr ocesses ( open ar r ow) of br i ght l y
l abel ed cel l s i dent i f i ed as ol i godendr ocyt es . Less i nt ense pat ches of f l uor escence t hr oughout t he f i el d r epr esent pr i mar i l y axons

cut i n appr oxi mat e cr oss- sect i ons . ( d) Hi gh magni f i cat i on vi ew, i n whi ch t he cyt opl asm of an ol i godendr ocyt e ( open ar r ow) i s

obser ved t o enci r cl e a myel i nat ed axon . The l i ght l y st ai ned axopl asm ( sol i d ar r ow) i s separ at ed f r om t he ol i godendr ocyt e

cyt opl asm by t he unst ai ned myel i n sheat h . Bar s : ( b, f or a and b) 50 j m and ( d, f or c and d) 10 um. ( a and b) x 230. ( c and d) x

1, 150 .

FI GURE 7 Local i zat i on of MAP

1A i n cer ebel l um. Sagi t t al sec-

t i ons ar e shown at l ow and hi gh

magni f i cat i on . ( A) Low magni f i ca-

t i on vi ew i l l ust r at i ng t he hi st ol og-

i cal l ayer s of t he cer ebel l um: m,

mol ecul ar l ayer ; g, gr anul e cel l

l ayer ; wm, whi t e mat t er ; open ar -

r ow, Pur ki nj e cel l body ; cl osed

ar r ow, Pur ki nj e cel l dendr i t e . Bar ,

20 um. ( 8) Hi gh magni f i cat i on

vi ew of Pur ki nj e cel l s. Bot h den-

dr i t es ( sol i d ar r ow) and axons

( open ar r ows) of Pur ki nj e cel l s

cont ai n MAP 1A. ( C) Hi gh mag-

ni f i cat i on vi ew of whi t e mat t er .

Cel l ul ar pr ocesses, pr esumabl y

consi st i ng most l y of axons, wer e

moder at el y st ai ned t hr oughout

t hi s r egi on . Bar , 10 um. Magni f i -

cat i on f or B and C was t he same .

( A) x 250 . ( B and C) x 750 .
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FI GURE 8

	

Coexi st ence of MAP 1A and MAP 2 i n neur ons . Ti ssue sect i ons wer e doubl e- l abel ed wi t h monocl onal ant i - MAP 1A
and r abbi t ant i - MAP 2 . Second ant i bodi es wer e r hodami ne sheep ant i - mouse I gG and f l uor escei n goat ant i - r abbi t I gG. ( a) Sagi t t al
sect i on of cer ebr al cor t ex showi ng di st r i but i on of MAP 1A. Api cal dendr i t es ( sol i d ar r ow) and per i kar ya ( open ar r ow) of pyr ami dal

neur ons wer e pr omi nent l y l abel ed . ( b) Di st r i but i on of MAP 2 i n t he same sect i on . ( c) Cr oss- sect i on of spi nal cor d gr ay mat t er ( i n

mi d- cer vi cal r egi on) showi ng pr esence of MAP 1A i n per i kar ya of l ar ge ( sol i d ar r ow) and smal l ( open ar r ow) mot or neur ons, as
wel l as i n numer ous pr ocesses cut i n cr oss and l ongi t udi nal sect i ons . ( d) Di st r i but i on of MAP 2 i n t he same sect i on . Bar , 10 um.
x 700 .

cor d, wher e mot or neur ons and numer ous pr ocesses wer e
st ai ned by ant i - MAP I A and ant i - MAP 2, and f r om t he
cer ebr al cor t ex, wher e per i kar ya and api cal dendr i t es of py-

r ami dal neur ons wer e heavi l y l abel ed by bot h ant i bodi es .
Ot her r eadi l y i dent i f i abl e dendr i t i c pr ocesses, such as t hose i n
t he cer ebel l ar cor t ex, wer e al so st ai ned by bot h ant i bodi es
( not shown) . Thus, whi l e MAP l A al one was det ect abl e i n
axons and gl i al cel l s, bot h MAP I A and MAP 2 appear ed t o
be abundant i n dendr i t es and neur onal cel l bodi es .

I mmunof l uor escent Det ect i on of MAP 1A i n

Cul t ur ed Br ai n Cel l s

To obt ai n f ur t her i nf or mat i on on t he i dent i t y of cel l s
cont ai ni ng MAP I A, we exami ned pr i mar y cul t ur es of new-

bor n r at br ai n . Fi g . 9 shows cel l s doubl e- st ai ned wi t h ant i -

MAP 1 A ( Fi g . 9 a) and ant i - MAP 2 ( Fi g . 9 b) . The l at t er

ant i body st ai ned onl y a l i mi t ed number of cel l s i n t hese
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cul t ur es, as r epor t ed pr evi ousl y ( 3, 16, 29) . Most of t hese cel l s

wer e of neur onal mor phol ogy and cont ai ned r ecept or s f or

t et anus t oxi n ( 3) , consi st ent wi t h t he neur onal l ocal i zat i on of
MAP 2 f ound i n br ai n and spi nal cor d ( 8, 24) . I n cont r ast t o
MAP2, ant i - MAP l A st ai ned most cel l s i n t he cul t ur e, al bei t

wi t h var yi ng i nt ensi t y . The MAP 2- posi t i ve cel l s of neur onal

mor phol ogy wer e consi st ent l y st ai ned by ant i - MAP I A, al -
t hough wi t h onl y moder at e i nt ensi t y . An addi t i onal cl ass of
cel l s, whi ch wer e MAP 2- negat i ve and wer e char act er i zed by

smal l cel l bodi es and l ong pr ocesses, al so st ai ned wi t h ant i -

MAP I A. These cel l s appear ed t o cont ai n t he hi ghest concen-

t r at i ons of MAP I A f ound i n t he cul t ur es .

To det er mi ne t he i dent i t y of t hese cel l s, we st ai ned t he

cul t ur es wi t h ant i bodi es speci f i c f or gl i al cel l s . Fi g. 10 shows

t he r esul t of doubl e i mmunof l uor escence mi cr oscopy per -
f or med wi t h ant i - MAP I A and ant i myel i n basi c pr ot ei n, a

mar ker f or ol i godendr ocyt es ( 25) . Ant i - MBP ( Fi g. 10b) i n-

t ensel y st ai ned a f r act i on of t he cel l s i n t he cul t ur e . These



FI GURE 9

	

Di st i nct cel l ul ar expr essi on of MAP 1A and MAP 2 i n
pr i mar y cul t ur es of newbor n r at br ai n . A cover sl i p was l abel ed wi t h

monocl onal ant i - MAP 1 A ( a) and r abbi t ant i - MAP 2 ( b, f ol l owed by
r hodami ne sheep ant i - mouse I gG and f l uor escei n goat ant i - r abbi t

I gG . ( c) Phase- cont r ast i mage of t he same f i el d . Bar , 10 j cm. x 650 .

cel l s wer e t he same as t hose most i nt ensel y st ai ned wi t h ant i -
MAP 1 A ( Fi g. 10 a) . Si nce t he mor phol ogy of t hese cel l s i s
char act er i st i c not onl y of neur ons but of ol i godendr ocyt es as
wel l ( 25) , we concl ude t hat MAP l A i s abundant i n ol i goden-

dr ocyt es, consi st ent wi t h our obser vat i ons of sect i ons of cen-
t r al ner vous syst em t i ssue ( Fi g. 6) .

Fi g . 11 shows cel l s doubl e- st ai ned wi t h ant i body t o gl i al

f i br i l l ar y aci di c pr ot ei n, a speci f i c mar ker f or ast r ocyt es, and

ant i - MAP I A. Most of t he cel l s i n t he cul t ur e wi t h f l at , wel l -

spr ead mor phol ogy st ai ned wi t h ant i - GFAP and wer e j udged

on t hi s basi s t o be ast r ocyt es . Those cel l s al so st ai ned posi t i vel y

wi t h ant i - MAP I A, but t he i nt ensi t y of f l uor escence was

consi der abl y l ower t han f or ol i godendr ocyt es ( f or a di r ect

compar i son see Fi gs . 9 a and 10a) . Di vi di ng ast r ocyt es wer e

al so obser ved occasi onal l y, and t he mi t ot i c spi ndl es i n t hose

cel l s wer e br i ght l y st ai ned wi t h ant i - MAP I A. St ai ni ng of t he

spi ndl e was gener al l y obser ved i n di vi di ng cel l s i n t hese and

ot her cul t ur es, as wi l l be di scussed i n t he accompanyi ng paper

( 4) .

DI SCUSSI ON

Pr evi ous wor k f r omt hi s l abor at or y r eveal ed t hat MAP 1 was

as abundant i n mi cr ot ubul es pur i f i ed f r om bovi ne whi t e

mat t er as i n mi cr ot ubul es pur i f i ed f r omcer ebr al cor t ex ( 40) .

Thi s l ed us t o pr edi ct t hat , i n cont r ast t o MAP 2, MAP 1

FI GURE 10

	

Local i zat i on of MAP 1A i n cul t ur ed ol i godendr ocyt es .

A cover sl i p cont ai ni ng pr i mar y new bor n r at br ai n cel l s was doubl e

l abel ed wi t h monocl onal ant i - MAP 1A ( a) and r abbi t ant i - myel i n

basi c pr ot ei n ( b) f ol l owed by r hodami ne sheep ant i - mouse I gGand

f l uor escei n goat ant i - r abbi t I gG. Ant i - MAP 1A st ai ned t wo cel l s i n

t hi s f i el d ver y br i ght l y, and pr oduced l i ght st ai ni ng of numer ous

ot her cel l s. The br i ght l y st ai ni ng cel l s al so r eact ed wi t h ant i myel i n

basi c pr ot ei n, i dent i f yi ng t hem as ol i godendr ocyt es . Bar , 10 wm. x
650 .
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FI GURE 11

	

Local i zat i on of MAP 1A i n cul t ur ed ast r ocyt es . A cov-

er sl i p cont ai ni ng pr i mar y new bor n r at br ai n cel l s was doubl e

l abel ed wi t h monocl onal ant i - MAP 1A ( a and c) and r abbi t ant i - gl i al

f i br i l l ar y aci di c pr ot ei n ( b and d) , a mar ker f or ast r ocyt es . Second

ant i bodi es wer e r hodami ne sheep ant i - mouse I gG and f l uor escei n

goat ant i - r abbi t I gG. The l ar ge cel l shown i n a and b i s i n i nt er phase,

whi l e t he cel l i n c and d i s under goi ng mi t osi s . Bar , 10 ym. x 650 .

woul d be f ound i n axons, gl i al cel l s, or bot h . I n t he pr esent

st udy, we exami ned t he di st r i but i on of t he maj or pol ypept i de

component of MAP 1 by i mmunof l uor escence mi cr oscopy of

t i ssue sect i ons and pr i mar y cul t ur es of br ai n cel l s usi ng a

monocl onal ant i body . We have f ound t hat MAP 1 consi st s

of at l east t hr ee el ect r ophor et i c speci es, t he pr i nci pal one of

whi ch, desi gnat ed MAP I A, i s r ecogni zed excl usi vel y by our

ant i body . We f ound t hat MAP I A, l i ke MAP 2, i s pr omi nent

i n neur ons . I n cont r ast t o MAP2, MAP 1 Awas easi l y det ect ed

i n r at br ai n whi t e mat t er , whi l e bot h pr ot ei ns wer e abundant

i n gr ay mat t er , conf i r mi ng t he ear l i er bi ochemi cal r esul t s f r om

our l abor at or y . We have shown t hat MAP I A i s pr esent i n

i dent i f i abl e axons as wel l as i n i dent i f i abl e dendr i t es . I n

addi t i on, we have f ound t hat MAP I A, unl i ke MAP 2, i s

pr omi nent i n ol i godendr ocyt es and i s det ect abl e i n ast r ocyt es,

as wel l . Thus, our wor k st ands i n cont r adi ct i on t o t hat of

Mat us et al . ( 23) , who concl uded on t he basi s of st udi es usi ng

an ant i body pr epar at i on di r ect ed agai nst unf r act i onat ed hi gh

mol ecul ar wei ght MAP, t hat t hese MAP wer e absent f r om

axons and gl i al cel l s .

Het er ogenei t y of Map 1

Whi l e MAP 1 has been t r eat ed as a si ngl e bi ochemi cal

ent i t y, we not ed sever al el ect r ophor et i c bands i n t he MAP I

r egi on of SDS gel s. These bands wer e mor e st r i ki ng i n mi cr o-

t ubul es pr epar ed f r om whi t e mat t er t han f r om gr ay mat t er

( Bl oom and Vaf ee, unpubl i shed obser vat i ons) . We do not

know whet her t hi s r epr esent s a r eal concent r at i on di f f er ence
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i n MAP 1 B and MAP 1 C i n whi t e mat t er vs . gr ay mat t er , a

r esul t t hat i s pot ent i al l y of consi der abl e i nt er est , or whet her

MAP 1 B and MAP 1 C ar e obscur ed by t he heavy MAP 2

bands i n gr ay mat t er pr epar at i ons . Bot h MAP I A and MAP

1 B r an as r el at i vel y br oad el ect r ophor et i c bands . Thi s was

obser ved bot h on 4%pol yacr yl ami de gel s pr epar ed accor di ng

t o Laemml i ( 21) , as i n Fi g. 1, and on 3- 5%pol yacr yl ami de

gr adi ent , SDS- ur ea gel s ( not shown) pr epar ed accor di ng t o

Pf i st er et al . ( 31) . The basi s f or t hi s behavi or i s not under st ood,

t hough i t may i ndi cat e t hat MAP 1 A and MAP 1 B ar e

t hemsel ves composed of numer ous pol ypept i des di f f er i ng

sl i ght l y i n el ect r ophor et i c mobi l i t y .

The monocl onal ant i body we descr i bed her e r eact ed wi t h

t he ent i r e MAP 1 A band, i ndi cat i ng t hat i f MAP 1 A wer e

compl ex, t he component s of t hi s el ect r ophor et i c speci es must

be cl osel y r el at ed . I t i s possi bl e t hat MAP 1 B and MAP 1 C

r epr esent pr ot eol yt i c f r agment s of MAP I A l acki ng t he ant i -

geni c si t e r ecogni zed by our ant i body . Thi s possi bi l i t y can be

vi r t ual l y el i mi nat ed f or MAP I C because of t he r esi st ance of

t hi s band t o di gest i on by chymot r ypsi n ( Fi g. I C) . I f MAP I C

wer e der i ved f r om t he l ar ger pol ypept i des, t hey shoul d show

evi dence of a pr ot ease r esi st ant r egi on at l east as l ar ge as MAP

1C. I nst ead, MAP 1 A and MAP 1 B wer e t ot al l y di gest ed t o

pr oduct s of l ower mol ecul ar wei ght t han MAP 1C. The ques-

t i on of whet her MAP 1 B i s al so a di st i nct pr ot ei n or mer el y

a f r agment of MAP I A cannot be answer ed wi t h cer t ai nt y at

t hi s t i me . However , i n vi ew of t he r epr oduci bl e r at i o of t he

t wo bands t hat we have obser ved i n our pr epar at i ons, and, as

not ed above, evi dence of a speci f i c enr i chment of MAP 1 B

i n whi t e mat t er , we ar e i ncl i ned t o consi der MAP I A and

MAP 1 B di st i nct pr ot ei ns . I n t he f ol l owi ng paper ( 4) we

demonst r at e by i mmunof l uor escence mi cr oscopy t hat MAP

I A i s l ocal i zed on mi cr ot ubul es i n cul t ur ed cel l s, and i s

t her ef or e a t r ue MAP. At t hi s t i me we do not know whet her

MAP 1B and MAP 1Cbehave as MAPby i mmunocyt ochem-

i cal cr i t er i a. We ar e cur r ent l y r ai si ng ant i bodi es t o MAP I B

and MAP 1 C t o char act er i ze t hese speci es f ur t her .

Di st r i but i on of MAP 1A i n t he Ner vous Syst em

Sever al poi nt s r egar di ng t he di st r i but i on of MAP I A de-

ser ve comment . St ai ni ng of pr ocesses cl ear l y i dent i f i abl e as

axons was obser ved t hr oughout t he br ai n and spi nal cor d .

However , t he st ai ni ng i nt ensi t y of axons by ant i - MAP 1 A was

qui t e var i abl e . I n maj or cer ebr al whi t e mat t er t r act s ( see Fi gs .

2- 4) br i ght st ai ni ng was obser ved, whi l e whi t e mat t er t r act s

i n t he cer ebel l um and spi nal cor d ( see Fi g . 6) t ended t o be

l ess i nt ensel y st ai ned. Cl i mbi ng f i ber and par al l el f i ber axons

of t he cer ebel l ar cor t ex wer e al so weakl y st ai ned ( see Fi g. 7) .

Thus, we cannot st at e as a gener al r ul e t hat al l axons cont ai n

hi gh concent r at i ons of MAP I A. Per haps t he concent r at i on

of MAP I A var i es wi t h axon t ype, or t he ant i geni c si t e

r ecogni zed by our par t i cul ar ant i body i s di f f er ent i al l y bl ocked

by i nt er act i on wi t h ot her pr ot ei ns . Al t er nat i vel y, t her e may

be r eal di f f er ences i n t he cyt oskel et al composi t i on of di f f er ent

axons f or r easons t hat ar e not yet cl ear .

The det ect abi l i t y of MAP 1 A i n axons di st i ngui shes t hi s

pr ot ei n f r omMAP 2 i n t er ms of subcel l ul ar di st r i but i on . The

di scover y of MAP I A i n t wo t ypes of gl i al cel l s f ur t her

di st i ngui shes t hi s pr ot ei n f r omMAP2 . Ol i godendr ocyt es wer e

br i ght l y st ai ned i n cul t ur e, and cel l s wi t h t he char act er i st i cs

of ol i godendr ocyt es wer e pr omi nent l y l abel ed i n spi nal cor d

whi t e mat t er ( Fi g. 6) and ot her whi t e mat t er r egi ons . Ast r o-

cyt es wer e al so posi t i ve f or MAP 1 A i n pr i mar y br ai n cel l



cul t ur es, t hough we wer e unabl e t o det ect MAP I A i n t hese

cel l s i n vi vo . Sever al f act or s may expl ai n why ast r ocyt es wer e

st ai ned by ant i - MAP I A i n cul t ur e, but not i n vi vo . Fi r st ,

i mmunof l uor escence mi cr oscopy i s mor e sensi t i ve f or cul -

t ur ed cel l monol ayer s t han f or t he t i ssue sect i ons, due i n par t

t o di f f er ences i n speci men t hi ckness ( no mor e t han a f ew j m

f or cul t ur es vs . 20 umf or t i ssue sect i ons) . Next , t he st ai ni ng

i nt ensi t y wi t h ant i - MAP 1 A was subst ant i al l y gr eat er f or

di vi di ng t han nondi vi di ng ast r ocyt es i n cul t ur e. Si nce mat ur e

br ai n and spi nal cor d cont ai n f ew, i f any, di vi di ng ast r ocyt es,

i t i s not sur pr i si ng t hat no such cel l s wer e st ai ned by ant i -

MAP l A i n t i ssue sect i ons . Fi nal l y, i mmat ur e ast r ocyt es, such

as t hose pr esent i n t he pr i mar y newbor n r at br ai n cul t ur es,

have been r epor t ed t o be f ar r i cher i n mi cr ot ubul es t han mor e

mat ur e ast r ocyt es, such as t hose f ound i n t he 3- 4- mo- ol d r at s

f r omwhi ch we obt ai ned br ai n sect i ons ( 30) . Col l ect i vel y, t hese

consi der at i ons may expl ai n why ast r ocyt es wer e st ai ned by

ant i - MAP 1 A i n pr i mar y br ai n cel l cul t ur es, but not i n t i ssue

sect i ons .

The di st r i but i ons of MAP l A and MAP 2 i n t he ner vous

syst em ar e cl ear l y di st i nct . However , si mi l ar i t i es i n t hei r di s-

t r i but i ons ar e not ewor t hy. Thr oughout br ai n and spi nal cor d

gr ay mat t er , bot h MAP l A and MAP 2 ar e heavi l y concen-

t r at ed i n neur onal dendr i t es and cel l bodi es . Doubl e i mmu-

nof l uor escence wi t h ant i bodi es t o t he t wo MAP have enabl ed

us t o demonst r at e t hat i ndi vi dual cel l bodi es and dendr i t es

may cont ai n hi gh l evel s of bot h MAP I A and MAP 2 .

Exampl es of t hi s i n t he cer ebr al cor t ex and spi nal cor d ar e

shown i n Fi g . 8 . Thus, whi l e axons, ol i godendr ocyt es and

ast r ocyt es expr ess det ect abl e l evel s of MAP I A onl y, t hi s

pr ot ei n may be f ound i n combi nat i on wi t h hi gh l evel s of

MAP 2 i n neur onal per i kar ya and dendr i t es.

Funct i onal Consi der at i ons

Two obser vat i ons r egar di ng t he di st r i but i on of MAP I A

and MAP 2 ar e r el evant t o t he quest i on of how t hese MAP

f unct i on i n cel l s . Fi r st , t he di st r i but i on of t he t wo pr ot ei ns i s

not i dent i cal . Thi s concl usi on was suggest ed by our ear l i er

bi ochemi cal r esul t s ( 40) , but can now be made mor e emphat -

i cal l y on t he basi s of i mmunof l uor escence mi cr oscopy. Wi t h

r egar d t o t hi s poi nt , we not e t hat di f f er ences bet ween MAP 1

and MAP2, such as t hose obser ved i n axons and i n gl i al cel l s,

may be r el at i ve r at her t han absol ut e . Thi s i s suggest ed by our
ear l i er obser vat i on t hat MAP 2 was not ent i r el y absent i n
whi t e mat t er , but was pr esent at l ow l evel s ( 40) , despi t e t he
absence of si gni f i cant i mmunor eact i vi t y i n whi t e mat t er ( 8,
24 ; Fi g . 3 b i n t hi s paper ) . Never t hel ess, whet her t he absence
of MAP 2 i n cel l s cont ai ni ng MAP l A i s absol ut e or r el at i ve,
i t seems r easonabl e t o concl ude now t hat t he t wo pr ot ei ns

cannot f unct i on cooper at i vel y i n cel l s i n a si mpl e st oi chi o-
met r i c f ashi on . Though MAP 1 and MAP 2 ar e i mmunol og-
i cal l y cr oss- r eact i ve, r espect i vel y, t o t he er yt hr ocyt e mem-

br ane pr ot ei ns ankyr i n and spect r i n ( 2, 7) , whi ch i nt er act wi t h
one anot her i n a def i ned st oi chi omet r y, our st udi es i ndi cat e

t hat MAP 1 A and MAP 2 ar e l i kel y t o act i ndependent l y i n

t he cel l . The second obser vat i on r el evant t o t he quest i on of

MAP f unct i on i s t he coi nci dent pr esence of MAP I A and
MAP 2 wi t hi n i ndi vi dual neur onal per i kar ya and dendr i t i c

pr ocesses ( Fi g . 8) . Her e, t he t wo pr ot ei ns may ser ve di f f er ent

f unct i ons wi t hi n t he same cyt opl asm.

Exi st i ng evi dence f r omt hi s l abor at or y i ndi cat es t hat MAP

2 i s i nvol ved at l east i n medi at i ng t he i nt er act i on of mi cr o-

t ubul es wi t h i nt er medi at e f i l ament s ( 3) . I n t he accompanyi ng

paper ( 4) we r epor t t hat no evi dence suppor t i ng such a f unc-

t i on f or MAP 1 A was obt ai ned . Rat her , t hi s pr ot ei n occur s i n

t he mi t ot i c spi ndl e of a wi de var i et y of cel l s, as wel l as on

cyt opl asmi c mi cr ot ubul es i n nondi vi di ng cel l s . The f unct i onal

i mpl i cat i ons of t hese f i ndi ngs and f ur t her obser vat i ons ar e

di scussed i n t he next paper ( 4) .

We t hank Sher yl L. Pr est on, Dr . Ar t hur McMor r i s, and Dr . Ron
Li em f or suppl yi ng ant i bodi es, Dr . Fot eos Macr i des f or hi s val uabl e
advi ce and suggest i ons, and Fr anci s C. Luca f or hi s excel l ent t echni cal

assi st ance . I n addi t i on, we ar e gr at ef ul t o Jacquel i ne Foss and Jody
Tuber t f or t ypi ng t he manuscr i pt .
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