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ABSTRACT

	

The

ef f ect of t he ant i mi t ot i c dr ug t axol on t he associ at i on of MAPS ( mi cr ot ubul e-

associ at ed

pr ot ei ns) wi t h mi cr ot ubul es was i nvest i gat ed

.

Ext ensi ve mi cr ot ubul e assembl y

occur r ed

i n t he pr esence of Taxol at 37° C, at 0° C, and at 37° C i n t he pr esence of 0

. 35

MNaCl ,

over comi ng

t he i nhi bi t i on of assembl y nor mal l y obser ved under t he l at t er t wo condi t i ons

.

At

37° C

and at 0° C, compl et e assembl y of bot h t ubul i n and t he MAPS was obser ved i n t he

pr esence

of Taxol

.

However , at el evat ed i oni c st r engt h, onl y t ubul i n assembl ed, f or mi ng

mi cr ot ubul es

devoi d of MAPS

.

The MAPS coul d al so be r el eased f r om t he sur f ace of pr ef or med

mi cr ot ubul es

by exposur e t o el evat ed i oni c st r engt h

.

These pr oper t i es pr ovi ded t he basi s f or a

r api d

new pr ocedur e f or i sol at i ng mi cr ot ubul es and MAPS of hi gh pur i t y f r om smal l amount s

of

bi ol ogi cal mat er i al

.

The MAPS coul d be r ecover ed by exposur e of t he mi cr ot ubul es t o

el evat ed

i oni c st r engt h and subj ect ed t o f ur t her anal ysi s

.

Mi cr ot ubul es and MAPS wer e

pr epar ed

f r om bovi ne cer ebr al cor t ex ( gr ay mat t er ) and f r om HeLa cel l s

.

MAP 1, MAP2, and t he

t au

MAPS, as wel l as speci es of Mr = 28, 000 and 30, 000 ( LMW, or l ow mol ecul ar wei ght , MAPs)

and

a speci es of Mr = 70, 000 wer e i sol at ed f r om gr ay mat t er

.

Speci es i dent i f i ed as t he 210, 000

and

125, 000 mol wt HeLa MAPS wer e i sol at ed f r om HeLa cel l s

.

Mi cr ot ubul es wer e al so pr epar ed

f or

t he f i r st t i me f r om whi t e mat t er

.

Al l of t he MAPS i dent i f i ed i n gr ay mat t er pr epar at i ons wer e

i dent i f i ed

i n whi t e mat t er , but t he amount s of i ndi vi dual MAP speci es di f f er ed

.

The most

st r i ki ng

di f f er ence i n t he t wo pr epar at i ons was a f i vef ol d l ower l evel of MAP 2 r el at i ve t o

t ubul i n

i n whi t e mat t er t han i n gr ay

.

The hi gh mol ecul ar wei ght MAP, MAP1, was pr esent i n

equal

r at i o t o t ubul i n i n whi t e and gr ay mat t er

.

These r esul t s i ndi cat e t hat MAP 1 and MAP2,

as

wel l as ot her MAP speci es, may have a di f f er ent cel l ul ar or subcel l ul ar di st r i but i on

.

Taxol

i s an ant i mi t ot i c agent der i ved f r om t he west er n yew

pl ant

( 43)

.

Thi s compound has been shown t o st i mul at e dr a-

mat i cal l y

t he pol ymer i zat i on of mammal i an cyt opl asmi c mi -

cr ot ubul es

i n vi t r o ( 32) and i n vi vo ( 33)

.

Taxol was f ound t o be

ef f ect i ve

i n pr omot i ng mi cr ot ubul e assembl y at cl ose t o a 1

: 1

mol ar

st oi chi omet r y t o t ubul i n, t he pr i nci pal subuni t of t he

mi cr ot ubul e

pol ymer

.

Under condi t i ons nor mal l y f avor i ng t he

assembl y

of cyt opl asmi c mi cr ot ubul es i n vi t r o, t axol r educed

t he

cr i t i cal concent r at i on of f r ee t ubul i n subuni t s i n equi l i b-

r i um

wi t h t he mi cr ot ubul e pol ymer

.

I n addi t i on, t he dr ug

pr omot ed

mi cr ot ubul e assembl y i n t he pr esence of el evat ed

concent r at i ons

of cal ci um i on and at l ow t emper at ur es, condi -

t i ons

t hat ar e nor mal l y unf avor abl e f or mi cr ot ubul e assembl y

.

Taxol

i n par t mi mi cs t he ef f ect of a gr oup of nat ur al l y

occur r i ng

pr ot ei ns i n eukar yot i c cel l s, t he MAPs ( mi cr ot ubul e-

associ at ed

pr ot ei ns

;

36)

.

These pr ot ei ns ar e component s of

cyt opl asmi c

mi cr ot ubul es t hat pr omot e t he assembl y of t ubul i n

i n

vi t r o, and possi bl y i n vi vo ( 30)

.

MAPs have been i sol at ed
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and

ext ensi vel y char act er i zed f r om t wo sour ces, br ai n t i ssue

and

HeLa cel l s

.

Under condi t i ons wher e t ubul i n, t he maj or

subuni t

of t he mi cr ot ubul e st r uct ur e, f ai l s t o sel f - assembl e,

bot h

br ai n ( 5, 16, 19, 26, 37, 46) and HeLa cel l ( 6, 45) MAPs

pr oduce

a mar ked st i mul at i on of assembl y

.

The MAPs bi nd

uni f or ml y

al ong t he l engt h of t he mi cr ot ubul e pol ymer wi t h a

def i ned

st oi chi omet r y ( 1, 19)

.

Li ke Taxol , t he MAPs appear t o

f unct i on

i n pr omot i ng mi cr ot ubul e assembl y i n a st oi chi omet r i c

r at her

t han a cat al yt i c manner ( 5, 28, 47)

.

Thus,

Taxol behaves l i ke t he MAPs, t hough t he dr ug i s

ef f ect i ve

i n pr omot i ng mi cr ot ubul e assembl y under a wi der

r ange

of condi t i ons t han t he MAPs

.

I i ni t i at ed t hi s st udy t o

f ur t her

compar e t he i nt er act i on of t he t wo agent s wi t h mi cr o-

t ubul es

and t o det er mi ne how Taxol woul d af f ect t he associ a-

t i on

of MAPs wi t h mi cr ot ubul es

.

I have f ound t hat under

sol ut i on

condi t i ons t hat ar e f avor abl e f or mi cr ot ubul e assembl y

i n

vi t r o and whi ch ar e used f or most st udi es on MAP- cont ai n-

i ng

mi cr ot ubul es, t he associ at i on of MAPs wi t h mi cr ot ubul es

435



i s not det ect abl y af f ect ed by Taxol . I n addi t i on, I have f ound

t hat at el evat ed i oni c st r engt h t he associ at i on of t he MAPS wi t h

mi cr ot ubul es i s abol i shed, whi l e t he st abi l i zat i on of mi cr ot u-

bul es by Taxol i s unaf f ect ed . I have appl i ed t hese f i ndi ngs t o
t he i sol at i on of MAP- cont ai ni ng mi cr ot ubul es as wel l as MAPS

by a novel met hod whi ch t akes advant age of t he dr amat i c

mi cr ot ubul e assembl y- pr omot i ng act i vi t y of Taxol .

MATERI ALS AND METHODS

Chemi cal s

Taxol was obt ai ned f r om t he Nat i onal Cancer I nst i t ut e. I t was di ssol ved i n

di met hyl sul f oxi de ( DMSO) t o a st ock concent r at i on of 10 mMand st or ed at

- 80° C. DMSO was f ound t o have no ef f ect on mi cr ot ubul e assembl y at t he

concent r at i ons used.

The mi cr ot ubul e assembl y buf f er used i n al l exper i ment s, unl ess not ed ot her -

wi se, was 0. 1 Mpi per azi ne- NN- bi s ( 2 et hanesul f oni c aci d) , pH 6. 6, cont ai ni ng

1 . 0 mMEGTA, 1 . 0 mMMgSO, , and 1 . 0 mMGTP.

Pr ot ei n Pr epar at i ve Pr ocedur es

BRAI N MI CROTUBULES, REVERSI BLE ASSEMBLY METHOD:

	

Ml cr ot ubul e pr ot ei n

was pur i f i ed f r om whol e cal f cer ebr um by t he r ever si bl e assembl y met hod of

Bor i sy et al . ( 4) wi t h sl i ght modi f i cat i on ( 42) . Mi cr ot ubul e pr ot ei n was st or ed at

- 80° C af t er t wo assembl y/ di sassembl y pur i f i cat i on cycl es and car r i ed t hr ough

a t hi r d cycl e j ust bef or e use. Tubul i n was pur i f i ed f r ommi cr ot ubul es pr epar ed i n

t hi s manner by DEAE- Sephadex chr omat ogr aphy ( 41) .

BRAI N MI CROTUBULES AND MAPS, TAXOL/ SALT PROCEDURE: Pr epar at i on of

ext r act s was per f or med at 0° - 2° C. 1- 3 g of cal f cer ebr al cor t ex ( gr ay mat t er ) or

cor pus cal l osum ( whi t e mat t er ) was homogeni zed i n 1 . 5 vol of mi cr ot ubul e

assembl y buf f er mi nus GTPi n a Pot t er - El vej hem Tef l on pest l e t i ssue gr i nder at

2, 000 r pm. The homogenat e was cent r i f uged at 30, 000 g f or 15 mi n and t he pel l et

was di scar ded . The super nat e was t hen cent r i f uged at 180, 000 g f or 90 mi n and

t he pel l et agai n di scar ded . The super nat e at t hi s st age was r ef er r ed t o as t hegr ay

mat t er or whi t e mat t er cyt osol i c ext r act . Taxol was added t o 20 pMand GTP t o

1 mM. The sol ut i on was war med t o 37° C f or 10- 15 mi n and t he mi cr ot ubul es

t hat wer e f or med wer e cent r i f uged at t he same t emper at ur e f or 25 mi n t hr ough

a cushi on of 5% sucr ose i n mi cr ot ubul e assembl y buf f er cont ai ni ng 20 , UM t axol

i n ei t her a swi ngi ng bucket or a f i xed angl e r ot or . AL t hi s st age ( see Fi gs . 4 and

6) t he pel l et cont ai ned mi cr ot ubul es as pur e as t hose obt ai nabl e by sever al cycl es

of assembl y/ di sassembl y pur i f i cat i on wi t hout Taxol .

Subsequent st eps wer e used t o i sol at e MAPS. Taxol was pr esent i n al l st eps at

20 , aM. The mi cr ot ubul e pel l et was washed by r esuspensi on i n 1/ S t he st ar t i ng

vol ume of assembl y buf f er pl us Taxol and t he mi cr ot ubul es wer e r ecent r i f uged

at 30, 000 g f or 25 mi n . To di ssoci at e t he MAPS f r om t he mi cr ot ubul es, t he

mi cr ot ubul e pel l et was r esuspended t o vol ume i n assembl y buf f er pl us Taxol at

37° C, and NaCI was added t o 0. 35 M. The sol ut i on was cent r i f uged agai n at

30, 000 g f or 25 mi n, l eavi ng t he MAPS i n t he super nat e.

HELA MI CROTUBULES AND MAPS, TAXOL/ SALT METHOD: HeLa cel l ext r act s

pr epar ed as pr evi ousl y descr i bed ( 45) wer e gener ousl y suppl i ed by Dr . James

Weat her bee, or wer e pr epar ed ( 45) f r omcel l s suppl i ed by Dr . Thor u Peder son .

Fur t her st eps wer e t he same as f or br ai n t i ssue as descr i bed i n t he pr evi ous

sect i on, wi t h modi f i cat i ons as not ed i n Resul t s. I n a separ at e pr ocedur e t he HeLa

cel l s wer e swol l en i n H2Ocont ai ni ng I MMMgS0 4 and 1 mMEGTA. The cel l s

wer e di sr upt ed wi t h a Dounce t i ssue gr i nder i n t wo and a hal f t i mes t he or i gi nal

vol ume of packed cel l s and t hen f i o vol of x 10 assembl y buf f er mi nus GTPwas

added t o t he homogenat e . Subsequent st eps wer e as per f or med f or br ai n t i ssue .

I sol at ed HeLa MAPS wer e f ur t her anal yzed as f ol l ows . Af t er r ecover y of t he

MAPS by exposur e of Taxol - st abi l i zed mi cr ot ubul es t o 0 . 35 MNaCl f ol l owed by

cent r i f ugat i on, t he MAP- cont ai ni ng super nat e ( 0. 3 ml ) was passed over a 1- ml

col umn of Sephadex G- 25 ( Phar maci a Fi ne Chemi cal s, Di v . of Phar maci a, I nc . ,

Pi scat away, N. J . ) pr e- equi l i br at ed wi t h assembl y buf f er mi nus GTP. The MAPS

wer e t hen combi ned wi t h pur i f i ed br ai n t ubul i n ( 1 Vol of t ubut i n at 11 mg/ ml

combi ned wi t h 6 vol of MAPS) , GTP was added, and t he mi xt ur e war med t o

37° C t o al l ow pol ymer i zat i on t o occur . Fur t her mi cr ot ubul e pur i f i cat i on st eps by

t he r ever si bl e assembl y met hod wer e as r ef er r ed t o above ( 4) .

Anal yt i cal Met hods

SDSgel el ect r ophor esi s was per f or med accor di ng t o t he met hod of Laemmh

( 21) usi ng 9% acr yl ami de i n t he separ at i ng gel . Gel s wer e st ai ned wi t h Coomassi e

Br i l l i ant Bl ue R250 ( l 4) . Gel s wer e scanned wi t h a Hel ena Qui k- Scan, Juni or

scanni ng densi t omet er ( Hel ena Labor at or i es, Beaumont , Texas) . Quant i t at i on of

t ubul i n and t he MAPS was car r i ed out as descr i bed pr evi ousl y ( 42) . Mol ecul ar
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wei ght st andar ds wer e : cal f br ai n MAP 2, r abbi t skel et al muscl e myosi n, a-

act i ni n, bovi ne ser um al bumi n, act i n, and a- chymot r ypsi nogen . Pr ot ei n was

det er mi ned usi ng a modi f i cat i on ( 31) of t he pr ocedur e of Lowr y et al . ( 23) .

El ect r on mi cr oscopy was per f or med usi ng a Phi l i ps 301 t r ansmi ssi on el ect r on

mi cr oscope. Mi cr ot ubul es wer e pel l et ed t hr ough a sucr ose cushi on at 30, 000 g at

37° C f or 25 mi n . Pel l et s wer e f i xed wi t h 2% gl ut ar al dehyde ( Ladd Resear ch

I ndust r i es, Bur l i ngt on, Vt . ) and post f i xed wi t h 0 . 1% OsO4 ( Ladd Resear ch

I ndust r i es) f or 30 mi n. Sampl es wer e st ai ned en bl oc wi t h ur anyl acet at e and i n

sect i ons wi t h ur anyl acet at e and l ead ci t r at e .

RESULTS

Ef f ect of Taxol on Mi cr ot ubul e Assembl y and

Composi t i on

Bot h Taxol and t he MAPS i nt er act wi t h t ubul i n and pr omot e

mi cr ot ubul e assembl y . I t seemed possi bl e, t her ef or e, t hat Taxol

mi ght i nt er f er e wi t h t he MAP- mi cr ot ubul e i nt er act i on . Thi s

woul d pr esent a maj or pr obl em i n t he use of Taxol f or i n vi vo

exper i ment s and i n t he pot ent i al use of Taxol f or t he i sol at i on

of MAP- cont ai ni ng mi cr ot ubul es ( t hi s r epor t ) . The f ol l owi ng

exper i ment s wer e per f or med t o det er mi ne t he ef f ect of Taxol

on t he associ at i on of MAPS wi t h mi cr ot ubul es, and al so t o

det er mi ne t he ef f ect of Taxol on mi cr ot ubul e assembl y under

condi t i ons t hat wer e subsequent l y used i n pur i f yi ng mi cr ot u-

bul es and MAPS. I t was f ound i n t he cour se of t hese exper i -

ment s t hat t he MAPS r epr esent ed a si gni f i cant f r act i on of t he

mass of t he mi cr ot ubul e pol ymer . Ther ef or e, t he MAP cont ent

of mi cr ot ubul es coul d be det er mi ned usi ng a mass assay f or

pol ymer i zat i on. Thi s assay and an el ect r ophor et i c assay of

mi cr ot ubul e composi t i on wer e used f or t he exper i ment s de-

scr i bed i n t he f i r st t wo f i gur es .

Fi g. 1 shows how mi cr ot ubul e pol ymer i zat i on was af f ect ed

by Taxol under sever al set s of condi t i ons. Ext ensi ve mi cr ot u-

bul e assembl y occur r ed at 37° C i n t he absence of Taxol . I n t he

pr esence of Taxol a sl i ght i ncr ease i n t he amount of pol ymer

was det ect ed . No decr ease i n pol ymer was obser ved at t he

hi ghest concent r at i on of Taxol used ( 100 , AM) . As wi l l be shown

bel ow, such a decr ease woul d be expect ed i f t he MAPS wer e

di spl aced by t he dr ug.

Mi cr ot ubul e assembl y was al so assayed at 0° C. Pol ymer i -

zat i on was dr amat i cal l y pr omot ed by Taxol at t hi s t emper at ur e

( Fi g. 1) . The maxi mal ext ent of pol ymer f or mat i on was i den-

OL- / / - i

0 10' 10 ,	 10 ,
TAXOL ( pM)

FI GURE 1

	

Pr omot i on of mi cr ot ubul e assembl y by Taxol . Taxol ( 10

mMi n DMSO) was added t o a ser i es of concent r at i ons t o cal f br ai n

mi cr ot ubul e pr ot ei n ( 2 . 0 mg/ ml ) t hat had been pr epar ed by t he

r ever si bl e assembl y pr ocedur e ( 4) . The f i nal concent r at i on of DMSO

was 1%. Pol ymer i zed mi cr ot ubul es wer e sedi ment ed at 30, 000 g f or

25 mi n at 37° C. The per cent of pol ymer i zat i on was obt ai ned by

measur i ng t he concent r at i on of pr ot ei n i n t he super nat es and sub-

t r act i ng t hese val ues f r om t he t ot al concent r at i on bef or e cent r i f u-

gat i on . Some mi cr ot ubul e assembl y or aggr egat e f or mat i on was

evi dent at 0° C i n t he absence of Taxol . Mi cr ot ubul e assembl y

condi t i ons wer e as f ol l ows : (" ) 37° C f or 15 mi n ; ( O) 0° C f or 60 mi n ;

( W37 ° C f or 15 mi n ; 0 . 35 MNaCl added bef or e pol ymer i zat i on .



t i cal t o t hat obser ved at 37° C. No decr ease i n pol ymer was

obser ved at t he hi ghest Taxol concent r at i ons, agai n i ndi cat i ng

t hat t he MAPs r emai ned associ at ed wi t h mi cr ot ubul es i n t he

pr esence of t he dr ug . Maxi mal pol ymer f or mat i on occur r ed

above 10 AM of Taxol , whi ch was appr oxi mat el y t he same

concent r at i on as t hat of t ubul i n i n t hi s exper i ment ( cal cul at ed

at 11 AM) . Thi s suggest s t hat Taxol i nt er act s wi t h t ubul i n at

cl ose t o a 1 : 1 mol ar st oi chi omet r y ( cf . r ef er ence 32) . I t may be

not ed t hat maxi mal pol ymer i zat i on occur r ed at t he same con-

cent r at i on of Taxol under al l condi t i ons exami ned ( Fi g. 1) .

Fr omt hese r esul t s i t was concl uded t hat Taxol di d not af f ect

t he associ at i on of MAPs wi t h mi cr ot ubul es . Thi s was di r ect l y

conf i r med by gel el ect r ophor esi s whi ch al so showed no det ect -

abl e decr ease i n t he MAP cont ent of mi cr ot ubul es at el evat ed

concent r at i ons of Taxol . These r esul t s, t her ef or e, suggest ed t hat

i t mi ght be possi bl e t o i sol at e MAP- cont ai ni ng mi cr ot ubul es

f r om cel l s and t i ssues usi ng Taxol t o pr omot e assembl y ( see

bel ow) . I n an at t empt t o obt ai n condi t i ons f or t he sol ubi l i zat i on

of t he MAPs obt ai ned i n such a pr ocedur e, t he ef f ect of i oni c

st r engt h on t he composi t i on of mi cr ot ubul es assembl ed i n t he

pr esence of Taxol was al so i nvest i gat ed. The sel ect i on of t hese

condi t i ons was mot i vat ed by t he obser vat i on t hat t he assembl y-

pr omot i ng act i vi t y of t he MAPs can be mi mi cked by pol ycat -

i ons ( 13) and i nhi bi t ed by pol yani ons ( 5) . Thi s suggest ed t hat

t he i nt er act i on of t he MAPs wi t h mi cr ot ubul es mi ght have an

i oni c basi s . Si nce i t was al so r epor t ed t hat mi cr ot ubul e assem-

NaCl ( M)

01

	

_J

	

- 10. 0

	

0. 1

	

0. 2

	

0. 3

FI GURE 2 Pol ymer i zat i on and composi t i on of mi cr ot ubul es as a
f unct i on of i oni c st r engt h . Cal f br ai n mi cr ot ubul es pr epar ed by t he
r ever si bl e assembl y pr ocedur e ( 4) wer e assembl ed at 37° C f or 10
mi n i n assembl y buf f er . Taxol was t hen added t o 20 pM ( 0. 2%

DMSO) , f ol l owed by NaCl added t o t he i ndi cat ed concent r at i ons,

The mi cr ot ubul e pr ot ei n ( 2 . 0 mg/ ml ) was cent r i f uged at 30, 000 g at
37° C f or 25 mi n t hr ough a cushi on of 15% sucr ose i n assembl y
buf f er pl us 20 pMTaxol . The pel l et s wer e r esuspended i n assembl y
buf f er , and t he pr ot ei n concent r at i on and el ect r ophor et i c compo-
si t i on wer e det er mi ned f or super nat es and pel l et s . The composi t i on
dat a f or t he pel l et s onl y ar e shown . A: pr ot ei n concent r at i on of
( i t mi cr ot ubul e pel l et s; and ( D) super nat es . B: amount of ( A)
t ubul i n; (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) MAP 1 ; and ( O) MAP 2 i n mi cr ot ubul e pel l et s, i n
ar bi t r ar y uni t s .

bl y i s st r ongl y i nhi bi t ed by i ncr eased i oni c st r engt h ( 29) , i t was

of i nt er est t o det er mi ne whet her Taxol woul d st abi l i ze mi cr o-

t ubul es under t hese condi t i ons .

Fi g. 1 shows t hat , i n t he absence of Taxol , mi cr ot ubul e

assembl y was abol i shed by t he pr esence of 0. 35 MNaCl .

Addi t i on of Taxol r esul t ed i n a dr amat i c st i mul at i on of assem-

bl y . However , t he maxi mal ext ent of assembl y was consi der abl y

l ower t han t hat obt ai ned at 37° C or at 0° C i n t he absence of

added NaCl ( Fi g. 1) . To l ear n t he basi s f or t hi s ef f ect , t he

ext ent of mi cr ot ubul e assembl y i n t he pr esence of Taxol was

det er mi ned as a f unct i on of i oni c st r engt h, and t he pol ymer

t hat was f or med was exami ned by el ect r ophor esi s ( Fi g . 2) .

Maxi mum assembl y was obser ved i n t he absence of added

NaCl . The amount of pr ot ei n pel l et abl e as pol ymer decr eased

as t he concent r at i on of NaCl was i ncr eased above - 0 . 1 Mbut

t hen r eached a const ant l ower l evel at hi gher NaCl concent r a-

t i ons ( Fi g . 2A) . The r ange of i oni c st r engt h over whi ch t he

decr ease i n pol ymer was obser ved was si mi l ar t o t hat r epor t ed

t o bl ock mi cr ot ubul e assembl y i n t he absence of Taxol ( 29 ; see

al so t hi s paper , Fi g . 1) . However , i n t he exper i ment s r epor t ed

her e, pol ymer i zat i on was not t ot al l y bl ocked but , r at her , onl y

par t i al l y r educed . When t he t ubul i n cont ent of t he pol ymer

t hat was f or med was assayed, i t was f ound t o be const ant over

t he ent i r e r ange of i oni c st r engt h exami ned ( Fi g . 2B) . On t he

ot her hand, t he MAP cont ent of t he mi cr ot ubul e pol ymer was

gr eat l y r educed as t he i oni c st r engt h was i ncr eased . Bot h MAP

2, t he maj or MAP speci es f ound i n mi cr ot ubul es pur i f i ed f r om

br ai n t i ssue ( see Fi g . 4 and 6) , and MAP 1, t he second most

pr omi nent MAP speci es i n br ai n mi cr ot ubul e pr epar at i ons,

wer e pr ogr essi vel y di spl aced f r om mi cr ot ubul es as t he NaCl

was i ncr eased above - 0. 1 M. ' The dependence on NaCl con-

cent r at i on of t he mi cr ot ubul e pol ymer mass and of t he MAP

cont ent of t he mi cr ot ubul es was qui t e si mi l ar . Thi s suggest ed

t hat t he change i n mass t hat was obser ved ( 30%) r epr esent ed

sol el y t he l oss of MAPs . I t may be not ed t hat al l MAPs

exami ned i n t hi s r epor t i n br ai n and HeLa cel l mi cr ot ubul e

pr epar at i ons wer e r emoved f r om mi cr ot ubul es by exposur e t o

NaCl ( see bel ow, Fi gs . 4, 5 and 6) . Thus, t he MAPs coul d be

r emoved f r om mi cr ot ubul es under condi t i ons t hat di d not

i nt er f er e wi t h t he st abi l i zat i on of t he mi cr ot ubul es by Taxol .

When mi cr ot ubul es pr epar ed i n t he pr esence of Taxol and

exposed t o 0. 35 MNaCI wer e exami ned by el ect r on mi cr oscopy

( Fi g . 3) i t was obser ved t hat t he f i l ament ous pr oj ect i ons nor -

mal l y det ect ed on t he mi cr ot ubul e sur f ace wer e absent . These

pr oj ect i ons have been shown t o cor r espond t o MAP 2 and,

possi bl y, MAP 1 ( 11, 16, 19, 26, 40) .

Use of Taxol t o Pur i f y Mi cr ot ubul es and MAPs

The r esul t s r epor t ed above suggest ed t hat Taxol mi ght ser ve

as a usef ul t ool i n t he pr epar at i on of mi cr ot ubul es and t he

anal ysi s of MAPs . Whi l e mi cr ot ubul es have been i sol at ed f r om

br ai n and f r om HeLa cel l s ( 4, 6, 35, 44) , pr epar at i on of MAP-

cont ai ni ng cyt opl asmi c mi cr ot ubul es has been di f f i cul t wi t h

many t i ssue and cel l syst ems . Thi s i s pr obabl y par t l y due t o

' MAP 2 ( 36) i s def i ned as a heat - st abl e pr ot ei n ( 16, 19) whi ch i s

obser ved as a cl osel y spaced pai r of bands ( M, = 255, 000 and 270, 000)

on el ect r ophor et i c gel s . These bands have al so been r ef er r ed t o as

HMW1 and 2 ( 4) . MAP 1 ( 36) r ef er s t o a si ngl e maj or el ect r ophor et i c

band ( M, = 350, 000) and possi bl y sever al mi nor bands of mol ecul ar

wei ght gr eat er t han MAP 2 . Pr el i mi nar y evi dence suggest s t hat t hi s

gr oup of pr ot ei ns may be het er ogeneous wi t h r egar d t o some bi ochem-
i cal pr oper t i es ( W. Theur kauf and R. Val l ee, unpubl i shed obser va-
t i ons) .
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FI GURE 3

	

El ect r on mi cr oscopy of mi cr ot ubul es wi t h and wi t hout MAP pr oj ect i ons . Cal f br ai n mi cr ot ubul es ( 2 . 0 mg/ ml ) pr epar ed

by t he r ever si bl e assembl y met hod ( 4) wer e pol ymer i zed f or 10 mi n at 37° C i n assembl y buf f er . Taxol was added t o 20 UM ( 0 . 2%

DMSO) . To one- hal f of t he sol ut i on NaCl was added t o 0. 35 M, whi l e no addi t i ons wer e made t o t he ot her hal f . The t wo sampl es

wer e l ayer ed over 15% sucr ose i n assembl y buf f er cont ai ni ng 201EM Taxol and cent r i f uged at 30, 000 g at 37 ° C f or 25 mi n . A: no

addi t i ons . B: 0. 35 MNaCl added t o r emove MAPS. x 74, 000.

t he l ow concent r at i ons of t ubul i n and MAPS i n many cel l s and

t o t he r el at i vel y hi gh cr i t i cal concent r at i ons ( 15, 18) of mi cr o-

t ubul e subuni t s t hat must be exceeded t o al l ow assembl y t o

occur ( 6) . I n addi t i on, mi cr ot ubul e assembl y i s hi ghl y sensi t i ve

t o t he l ysi s ( 6, 44) and cent r i f ugat i on ( 3) condi t i ons empl oyed

i n pr epar i ng cyt opl asmi c ext r act s . Taxol of f er s t he pr omi se of

pr omot i ng mi cr ot ubul e assembl y under nor mal l y unf avor abl e

condi t i ons and, i n l i ght of t he exper i ment s r epor t ed her e, of

yi el di ng MAP- cont ai ni ng mi cr ot ubul es . The l i mi t at i on posed

by Taxol i s t he pot ent i al di f f i cul t y i n r esol ubi l i zi ng mi cr ot u-

bul es af t er pol ymer i zat i on, whi ch has t r adi t i onal l y been an

essent i al el ement i n mi cr ot ubul e pur i f i cat i on pr ocedur es ( 4,

35) . Thi s pr obl em has been ci r cumvent ed wi t h t he use of
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el evat ed i oni c st r engt h ( see bel ow) f or di r ect l y sol ubi l i zi ng

MAPs, whi ch may t hen be f ur t her anal yzed and pur i f i ed by

t r adi t i onal pr ocedur es.

Fi g. 4 shows t he st ages i n t he pr epar at i on of MAPs f r om

br ai n t i ssue usi ng Taxol t o pr omot e mi cr ot ubul e assembl y . I n

t he pr ocedur e used f or t hi s exper i ment t he br ai n homogenat e

was subj ect ed t o successi ve l ow- speed ( 30, 000 g) and hi gh-

speed ( 180, 000 g) cent r i f ugat i on, t he f or mer t o r emove l ar ge

cel l ul ar debr i s and t he l at t er t o r emove f i l ament s and smal l

vesi cl es whi ch r epr esent one maj or sour ce of cont ami nat i on i n

mi cr ot ubul e pr epar at i ons ( 2) . Thi s pr ocedur e can onl y be

per f or med wi t h t he ai d of Taxol , si nce mi cr ot ubul e assembl y

has been f ound t o be t ot al l y i nhi bi t ed by cent r i f ugat i on at hi gh



FI GURE 4

	

Mi cr ot ubul es and MAPS pr epar ed f r om cal f cer ebr al cor -

t ex by Taxol / sal t met hod . A cyt osol i c ext r act was pr epar ed f r om 2 . 7

g of cal f cer ebr al cor t ex ( gr ay mat t er ) as descr i bed i n Mat er i al s and

Met hods . Subsequent st eps t o i sol at e mi cr ot ubul es and MAPs wer e

per f or med i n compl et e assembl y buf f er cont ai ni ng 20 [ LM Taxol as

descr i bed i n Mat er i al s and Met hods . Sampl es f r om each st age i n

t he pr ocedur e wer e exami ned by gel el ect r ophor esi s and ar e l abel ed

as f ol l ows: 1, ext r act ; 2, f i r st super nat e, and 3, f i r st mi cr ot ubul e

pel l et ; 4, super nat e, and 5, mi cr ot ubul e pel l et af t er wash of mi cr o-

t ubul es i n assembl y buf f er pl us Taxol ; 6, MAP- cont ai ni ng super nat e,

and 7, t ubul i n- cont ai ni ng pel l et af t er wash i n assembl y buf f er

cont ai ni ng Taxol and 0. 35 MNaCl . Lanes 3- 7 wer e l oaded at f i ve

t i mes t he vol ume of sampl e used f or l anes 1 and 2. The yi el d of

mi cr ot ubul es was 2. 35 mg .

speed ( 3) . I n addi t i on, t he mi cr ot ubul es wer e pel l et ed t hr ough
a 5% sucr ose cushi on t o el i mi nat e a second maj or sour ce of
cont ami nat i on, sol ubl e cyt opl asmi c pr ot ei ns ent r apped i n t he
mi cr ot ubul e pel l et . The par t i cul ar pr ocedur e used f or Fi g. 4
l ed t o t he r api d i sol at i on of mi cr ot ubul es of a hi gh degr ee of
pur i t y . Ot her ext r act i on, cent r i f ugat i on and pol ymer i zat i on
condi t i ons wer e al so used successf ul l y and may be appr opr i at e
f or ot her t ypes of exper i ment ( see Fi g . 5 b, f or exampl e) .

Pol ymer i zat i on of br ai n mi cr ot ubul es i n t he pr esence of
Taxol l ed t o t he ext ensi ve r ecover y of MAPs . MAP 1 and MAP
2 as wel l as t ubul i n wer e depl et ed ( Fi g. 4, l ane 2) f r om t he
cyt opl asmi c ext r act ( l ane 1) and r ecover ed i n t he mi cr ot ubul e
pel l et ( l ane 3) . Densi t omet r i c scanni ng of l anes 1 and 2 i ndi -
cat ed t hat 90% of MAP 1 and MAP 2 co- sedi ment ed wi t h
mi cr ot ubul es . Washi ng of t he mi cr ot ubul es f ai l ed t o r emove
appr eci abl e quant i t i es of any of t he pel l et ed pr ot ei ns ( l anes 4
and 5) . Subsequent washi ng of t he mi cr ot ubul es wi t h assembl y
buf f er pl us 0 . 35 MNaCl , however , l ed t o vi r t ual l y compl et e
r emoval of t he MAPs ( l anes 6 and 7) . Al l of t he MAP speci es

FI GURE 5 Mi cr ot ubul es and MAPS pr epar ed f r om HeLa cel l s by

Taxol / sal t met hod . A: a sampl e of ext r act pr epar ed f r om soni cal l y

di sr upt ed HeLa cel l s ( 45) was ki ndl y pr ovi ded by Dr . James Weat h-

er bee . The ext r act was f ur t her cent r i f uged at 180, 000 g f or 90 mi n at

2° C. Ot her st eps wer e as f or br ai n mi cr ot ubul es, wi t h t he f ol l owi ng

di f f er ences . 10gMTaxol was used t hr oughout . The f i r st mi cr ot ubul e

pel l et was r esuspended t o 1/ 3 vol and was washed di r ect l y i n 0. 35 M

NaCl i n assembl y buf f er cont ai ni ng Taxol and 0. 35 NaCl , wi t hout an

i nt er medi at e l ow- i oni c- st r engt h washi ng st ep . Sampl es wer e exam-

i ned by gel el ect r ophor esi s and ar e l abel ed as f ol l ows. 1, hi gh- speed

ext r act ; 2, f i r st super nat e, and 3, f i r st mi cr ot ubul e pel l et ; 4, MAP-

cont ai ni ng super nat e, and 5, t ubul i n- cont ai ni ng pel l et af t er wash i n

el evat ed i oni c st r engt h sol ut i on . Lanes 3- 5wer e l oaded at f i ve t i mes

t he vol ume of sampl e used f or l anes 1 and 2. 8: 3 . 0 g of packed

HeLa cel l s wer e soni cal l y di sr upt ed i n 1 . 5 vol of assembl y buf f er

mi nus GTP, cont ai ni ng 1 mM DTT and 100 KI U/ ml t r asyl ol ( cf .

r ef er ence 45) and cent r i f uged at l ow speed ( 60, 000 g f or 30 mi n at

2° C) . Mi cr ot ubul e assembl y was per f or med as descr i bed above i n

t he pr esence of 20 gMTaxol , and t he f i r st mi cr ot ubul e pel l et was

t aken up i n Y, o vol of assembl y buf f er cont ai ni ng Taxol pl us 0. 35 M

NaCl . Ot her det ai l s wer e as descr i bed i n A. The MAP- cont ai ni ng

super nat e was passed over a col umn of Sephadex G- 25 pr e- equi l i -

br at ed wi t h assembl y buf f er , combi ned wi t h pur i f i ed cal f br ai n

t ubul i n, and car r i ed t hr ough t wo cycl es of assembl y/ di sassembl y

pur i f i cat i on ( 4) . Gel l ane 6 shows t he r esul t i ng mi cr ot ubul e pel l et .

pr evi ousl y i dent i f i ed i n br ai n mi cr ot ubul e pr epar at i ons wer e

f ound i n t he MAP f r act i on ( l ane 6, and see Fi g. 6 c) , i ncl udi ng
MAP 1, MAP 2, t au ( 9) , and a pai r of LMW( l ow mol ecul ar
wei ght ) MAN( 2) . The cycl i c AMP- dependent pr ot ei n ki nase
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MAP I
TUBULI N

FI GURE 6 Mi cr ot ubul es and MAPs f r om gr ay and whi t e mat t er .

Mi cr ot ubul es wer e pr epar ed usi ng Taxol as descr i bed i n Mat er i al s

and Met hods ( see t he l egend t o Fi g . 4) , and MAPs wer e r el eased

f r om t he mi cr ot ubul es by exposur e t o 0. 35 MNaCl . The gr ay mat t er

pr epar at i on was t he same as t hat shown i n Fi g . 4 . The f i gur e shows

densi t omet r i c scans of gel l anes l oaded wi t h ( a) gr ay mat t er mi cr o-

t ubul es ; ( b) whi t e mat t er mi cr ot ubul es ; ( c) gr ay mat t er MAPs ; and

( d) whi t e mat t er MAPs . The amount of t ubul i n l oaded i n a vs . b

was t he same ( r at i o of t ubul i n i n a : b was 1 . 06) . The MAPs ar e shown

i n c and d at about f i ve t i mes t he scal e i n a and b . The ar r ow

i ndi cat es a put at i ve MAP speci es of - 200, 000 mol wt ( see t ext ) .

r ecent l y shown t o be associ at ed wi t h MAP 2 ( 42) al so co-
sedi ment ed wi t h mi cr ot ubul es i n t he pr esence of Taxol and
was r el eased f r om t he mi cr ot ubul es as a compl ex wi t h MAP 2

i n t he pr esence of 0. 35 MNaCl ( W. Theur kauf and R. Val l ee,

J. Bi ol . Chem. , i n pr ess) .

I n a separ at e exper i ment ( dat a not shown) , mi cr ot ubul es

wer e i nduced t o pol ymer i ze i n a br ai n ext r act at 0° C by
addi t i on of Taxol . The ext ent of mi cr ot ubul e assembl y and t he
composi t i on of t he mi cr ot ubul es wer e not det ect abl y di f f er ent

f r om t hose of mi cr ot ubul es assembl ed at 37° C. Pol ymer i zat i on

at 0° Cmay be usef ul f or ext r act s of cel l s and t i ssues cont ai ni ng

hi gh l evel s of pr ot ease act i vi t y .

To det er mi ne whet her t he Taxol / sal t pr ocedur e was appl i -

cabl e t o bi ol ogi cal mat er i al ot her t han br ai n t i ssue, mi cr ot u-
bul es wer e al so pr epar ed f r om HeLa cel l s ( Fi g . 5) . Sever al

pr ot ei ns wer e r el eased f r om t he mi cr ot ubul es by exposur e t o

0 . 35 MNaCl ( l ane 4) . The most pr omi nent of t hese pr ot ei ns

had an el ect r ophor et i c mobi l i t y i dent i cal t o t hat of t he maj or

MAP i dent i f i ed i n HeLa cel l s ( 6, 45) , ki ndl y pr ovi ded by Dr .

James Weat her bee ( Wor cest er Foundat i on f or Exper i ment al
Bi ol ogy) f or compar i son. Thi s pr ot ei n i s l abel ed 210, 000 i n Fi g.

5 ( 6) , t hough i t r an sl i ght l y bel ow myosi n i n t he pr esent

exper i ment s . A mi nor speci es l abel ed 255, 000 cor r esponds i n
mol ecul ar wei ght t o anot her HeLaMAP( 7) . Aband appar ent l y

r epr esent i ng act i n was al so obser ved i n t he mi cr ot ubul e and

MAP f r act i ons ( l anes 3 and 4) , as wel l as a LMWpr ot ei n ( Mr

= 29, 000) whi ch di d not behave l i ke a MAP accor di ng t o ot her

cr i t er i a ( see bel ow) .

MAPs i n t he mol ecul ar wei ght r ange 100, 000 t o 125, 000 ( 6,

45) wer e not det ect ed . The absence of t hese speci es was appar -
ent l y not an ef f ect of Taxol . HeLa mi cr ot ubul es pr ovi ded by

Dr . Weat her bee, whi ch cont ai ned MAPs i n t he mol ecul ar

wei ght r ange 100, 000- 125, 000, showed no change i n composi -

t i on t hr ough a compl et e cycl e of assembl y/ di sassembl y pur i -
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f i cat i on i n t he pr esence of 10 yMTaxol . To det er mi ne whet her

t he 100, 000- 125, 000 MAPs mi ght have been l ost i n t he hi gh-
speed cent r i f ugat i on empl oyed i n pr epar i ng t he HeLa cel l
ext r act ( Fi g. 5A) , t he speed of cent r i f ugat i on was r educed ( Fi g .
5 B) . Under t hese condi t i ons t he mi cr ot ubul e and MAP f r ac-
t i ons obt ai ned wer e l ess pur e t han af t er hi gh- speed cent r i f u-
gat i on . However , t he MANwer e easi l y i dent i f i ed by co- assem-
bl y wi t h pur e t ubul i n ( Fi g. 5, l ane 6) . The MANquant i t at i vel y
cosedi ment ed wi t h t ubul i n and pr omot ed i t s assembl y . Under
t hese condi t i ons of pr epar at i on a MAPspeci es of Mr = 125, 000
was det ect ed, cor r espondi ng t o t he second most pr omi nent
MAP i n HeLa mi cr ot ubul e pr epar at i ons ( 6) . Thus, t he MAPS
i dent i f i ed wer e i dent i cal t o t hose obser ved by Bul i nski and
Bor i sy ( 6, 7) and, i n addi t i on, t o t hose i dent i f i ed i n HeLa cel l s
by Duer r et al . ( 12) by sel ect i ve ext r act i on of HeLa cel l s . The
absence of t he 125, 000 mol wt band af t er hi gh- speed cent r i f u-
gat i on pr obabl y r ef l ect s t he t endency of t hi s speci es t o f or m
hi gh mol ecul ar wei ght aggr egat es ( 7) .

I n addi t i on t o t he exper i ment shown i n Fi g. 5 i n whi ch
soni cat i on was empl oyed t o di sr upt t he HeLa cel l s, cel l s wer e
al so di sr upt ed i n a Dounce t i ssue gr i nder af t er hypot oni c
swel l i ng. The composi t i on of t he mi cr ot ubul es obt ai ned by t hi s

pr ocedur e was t he same as t hat obt ai ned af t er soni cat i on ( dat a
not shown) .

I sol at i on of Mi cr ot ubul es f r om Whi t e and Gr ay

Mat t er

The r esul t s r epor t ed her e i n pr ecedi ng sect i ons i ndi cat ed t hat

Taxol coul d be used t o i dent i f y and i sol at e MANf r om sour ces

f or whi ch t r adi t i onal pr ocedur es have been successf ul . The

f ol l owi ng exper i ment was per f or med t o assess t he usef ul ness of

t he new t echni que wi t h mat er i al not pr evi ousl y anal yzed.

Recent evi dence has suggest ed t hat HMWMAPs i n br ai n

mi cr ot ubul e pr epar at i ons may be pr ef er ent i al l y l ocal i zed i n t he

dendr i t i c pr ocesses of neur ons ( 25) . I n t hat st udy t he i dent i t y

of t he HMWMAPs was not est abl i shed, nor wer e ot her MAP

speci es i nvest i gat ed . Usi ng t he pr ocedur e out l i ned i n t he pr es-

ent r epor t , I have pr epar ed mi cr ot ubul es f r om bovi ne whi t e

mat t er and compar ed t hemwi t h mi cr ot ubul es f r om gr ay mat t er

as an i ndependent met hod of det er mi ni ng t he di st r i but i on of

MAPs i n ner vous t i ssue. The r esul t s ar e shown i n Fi g . 6 .

MAP 1 and MAP 2 wer e f ound i n bot h gr ay and whi t e

mat t er ( Fi g . 6 a and b) . The yi el d of t ubuhn f r om whi t e mat t er

was 57%of t hat f r om gr ay mat t er on t he basi s of t i ssue wet

wei ght . On t he basi s of r ecover ed t ubul i n, MAP 2 was pr esent

at a much l ower l evel i n whi t e mat t er t han i n gr ay . The r at i o

of MAP 2 t o t ubul i n i n gr ay mat t er was 0 . 13 and i n whi t e

mat t er 0. 025, a f i vef ol d di f f er ence . On t he ot her hand, t he r at i o

of MAP 1 t o t ubul i n i n mi cr ot ubul es f r om bot h whi t e and gr ay

mat t er was 0. 070. Thus, MAP 1 appear ed t o be evenl y di st r i b-

ut ed on mi cr ot ubul es i n di f f er ent br ai n r egi ons . I n whol e

cer ebel l um ( not shown) , MAP 1 and MAP 2 wer e pr esent i n

al most equal r at i o t o t ubul i n . The val ue f or MAP 1 was 0 . 067,

cl ose t o t he val ue i n cer ebr al gr ay and whi t e mat t er , and f or

MAP 2 0 . 064.

Two ot her cl asses of MAP- t au ( f our bands of Mr = 55, 000-

62, 000 [ 9] ) and t wo LMWMAPs ( 2) Mr = 28, 000 and 30, 000-

wer e al so pr esent i n bot h whi t e and gr ay mat t er at r oughl y

equal r at i o t o t ubul i n ( Fi g . 6 c and d) . Di f f er ences i n t he

i nt ensi t y of t he i ndi vi dual t au bands may be not ed. I n addi t i on

t o t hese est abl i shed speci es, a pol ypept i de ( ar r ow) t hat comi -

gr at ed on el ect r ophor et i c gel s wi t h t he HeLa MAP of Mr =

210, 000 was enr i ched i n whi t e mat t er ( see Fi g . 6) . Whet her t hi s



speci es r epr esent s a newMAP and whet her i t i s r el at ed t o t he

maj or MAP of HeLa cel l s ( Fi g . 5) r emai n t o be det er mi ned . A

speci es of M, = 70, 000 was enr i ched i n mi cr ot ubul es f r om gr ay

mat t er . Thi s speci es comi gr at ed on el ect r ophor et i c gel s wi t h a

pol ypept i de t hat appear s t o be associ at ed wi t h MAP 2 ( 42) ,

whi ch, as i ndi cat ed above, i s al so enr i ched i n mi cr ot ubul es

f r om gr ay mat t er . The i dent i t y of ot her mi nor speci es l yi ng

bet ween t au and t he LMWMAPs i s not known.

DI SCUSSI ON

I nt er act i on of MAPs and Taxol wi t h

Mi cr ot ubul es

I have devel oped a new pr ocedur e f or t he i sol at i on of

mi cr ot ubul es and MAPs usi ng t he dr ug Taxol t o pr omot e

mi cr ot ubul e assembl y . The mode of act i on of t hi s dr ug i s not

wel l under st ood, and sever al new obser vat i ons wer e made

r egar di ng i t s ef f ect on mi cr ot ubul es and on t he nat ur e of t he

MAP/ mi cr ot ubul e bond .

Fi r st , Taxol di d not i nhi bi t t he associ at i on of MAPs wi t h t he

mi cr ot ubul e sur f ace ( Fi gs. 1 and 3) . Compet i t i on was not

det ect ed at l evel s of Taxol as hi gh as 100 AM. Thi s r epr esent ed

appr oxi mat el y a t enf ol d excess over t ubul i n and, t her ef or e,

appr oxi mat el y a 100- f ol d excess over t he most pr omi nent MAP

i n br ai n mi cr ot ubul es, MAP 2 ( see 1, 16, 19) . Whi l e f ai l ur e t o

det ect compet i t i on may si mpl y i ndi cat e t hat t he MAPs bi nd t o

mi cr ot ubul es mor e st r ongl y t han does Taxol , t hi s seems un-

l i kel y si nce Taxol f ai l ed t o di spl ace t he MAPs even under

condi t i ons wher e t he dr ug was mor e ef f ect i ve t han t he MAPs

at pr omot i ng mi cr ot ubul e assembl y ( see Fi g . 1, 0° C sampl es) .

Ther ef or e, anot her expl anat i on may be cor r ect , t hat Taxol and

t he MAPs occupy di st i nct , i ndependent si t es on t he mi cr ot u-

bul e sur f ace . Si nce Taxol i nt er act s wi t h mi cr ot ubul es at cl ose

t o a 1 : 1 st oi chi omet r y wi t h t ubul i n ( 32 ; t hi s paper , Fi g . 1) i t i s

unl i kel y t hat Taxol woul d bi nd sol el y t o t he mi cr ot ubul e ends

as has been r epor t ed f or ot her ant i mi t ot i c dr ugs ( 24) . Thus, t he

bi ndi ng si t es f or Taxol and t he MAPs may be spat i al l y cl ose

but , nonet hel ess, i ndependent . Si nce al l of t he known MAPs of

br ai n and HeLa cel l s r et ai ned t he abi l i t y t o bi nd t o mi cr ot u-

bul es i n t he pr esence of Taxol ( Fi g. 4- 6) , al l of t he MAP

bi ndi ng si t es may be di st i nct f r om t he Taxol bi ndi ng si t e .

Whi l e Taxol di d not af f ect t he associ at i on of MAPs. wi t h

mi cr ot ubul es, t hi s associ at i on coul d be abol i shed at el evat ed

i oni c st r engt h ( Fi gs . 2 and 3) . The bi ndi ng of Taxol was

appar ent l y not i nf l uenced by i oni c st r engt h, as i ndi cat ed by t he

per si st ence of i t s assembl y- pr omot i ng act i vi t y over t he r ange

of i oni c st r engt h exami ned ( Fi g . 2) . Thus, t he mechani sm f or

t he associ at i on of Taxol and t he MAPs appear s t o be di f f er ent .

MAP 1 and MAP 2 ( Fi g. 2) as wel l as al l of t he ot her known

br ai n and HeLa MAPs ( Fi g . 5 and 6) l ost t he abi l i t y t o bi nd t o

mi cr ot ubul es over t he same r ange of i oni c st r engt h, suggest i ng

a common basi s f or t he i nt er act i on of al l of t he MAPs wi t h

mi cr ot ubul es . The pr esent r esul t s st r ongl y suggest a r ol e f or

i oni c bonds i n t hese i nt er act i ons . The ear l i er f i ndi ng t hat

pol ycat i oni c macr omol ecul es coul d subst i t ut e f or MAPs i n

pr omot i ng mi cr ot ubul e assembl y ( 13, 22, 27) i s consi st ent wi t h

t hi s concl usi on and suggest s t hat t he por t i on of t he MAP

mol ecul e i nvol ved i n bi ndi ng t o mi cr ot ubul es ( 39) may be r i ch

i n basi c ami no aci ds .

These r esul t s, may, at l east i n par t , expl ai n t he i oni c st r engt h

dependence of mi cr ot ubul e assembl y t hat has been obser ved

i n vi t r o ( 29) despi t e t he pr edomi nant hydr ophobi c char act er of

t he assembl y r eact i on ( see r ef er ence 17) . I n t hi s cont ext i t may

be not ed t hat t he f or mat i on of t he MAP- mi cr ot ubul e bond was

not det ect abl y t emper at ur e dependent ( Fi g. 1, cf . 0° C and

37° C sampl es at concent r at i ons of Taxol ?10 AM) , i n cont r ast

t o t he over al l assembl y r eact i on ( see, f or exampl e, Fi g . 1, 0° C

vs . 37° C sampl es i n t he absence of Taxol ) .

I sol at i on of Mi cr ot ubul es and MAPS

The bi ndi ng of t he MAPs t o Taxol - st abi l i zed mi cr ot ubul es

has pr ovi ded t he basi s f or a new pr ocedur e f or i sol at i ng MAP-

cont ai ni ng mi cr ot ubul es ( Fi gs. 4- 6) . Recover y of t he MAPs f or

f ur t her anal ysi s and pur i f i cat i on was t hen accompl i shed by

exposur e of t he mi cr ot ubul es t o el evat ed i oni c st r engt h . The

new pr ocedur e i s an addi t i on t o t he avai l abl e pr ocedur es f or

mi cr ot ubul e pur i f i cat i on ( 4, 30, 35) and f or t he i dent i f i cat i on

of MAPS ( 8, 10, 12, 20, 38) but of f er s sever al advant ages over

exi st i ng pr ocedur es . ( a) Taxol dr amat i cal l y pr omot es compl et e

mi cr ot ubul e assembl y under a var i et y of i nhi bi t or y condi t i ons .

( b) Recover y of MAPs was unaf f ect ed by Taxol as i t i s by ot her

assembl y- pr omot i ng agent s such as gl ycer ol ( 34, 44) . ( c) The

pr ocedur e can be per f or med on a mi cr oscal e ( pur e mi cr ot u-

bul es wer e i sol at ed f r om as l i t t l e as 200 mg of t i ssue- dat a not

shown) . ( d) The pr ocedur e can be per f or med i n t he col d, whi ch

i nhi bi t s pr ot eol ysi s . ( e) Rapi d r ecover y of MAPs at hi gh yi el d

can be obt ai ned.

The new pr ocedur e was used t o i sol at e mi cr ot ubul es f r om

br ai n and HeLa cel l s. Al l of t he wel l - char act er i zed MAPs f r om

bot h sour ces wer e i dent i f i ed and i sol at ed as MAPs wi t h t he

new pr ocedur e ( Fi gs . 4, 5, and 6) . The pr ocedur e was al so used

t o compar e t he composi t i on of mi cr ot ubul es i n gr ay and whi t e

mat t er f r om cal f br ai n ( Fi g . 6) . Di f f er ences as wel l as si mi l ar -

i t i es i n t he MAPs f r om t he t wo sour ces wer e obser ved . The

most st r i ki ng di f f er ence bet ween t he t wo pr epar at i ons was a

f i vef ol d l ower concent r at i on of MAP 2 i n whi t e mat t er mi cr o-

t ubul es t han i n gr ay ( Fi g. 6) . Thi s r esul t i s consi st ent wi t h a

r ecent i mmunohi st ochemi cal st udy ( 25) i ndi cat i ng t hat HMW

MAPs. f r om br ai n wer e pr ef er ent i al l y l ocal i zed i n t he dendr i t i c

pr ocesses of neur ons, whi ch ar e pr esent i n gr ay but not i n

whi t e mat t er . Whi l e MAP 2 was not speci f i cal l y i dent i f i ed i n

t he ant i gen pr epar at i on used i n t he ear l i er st udy, my r esul t s

ar e consi st ent wi t h t he pr ef er ent i al l ocal i zat i on of t hi s par t i c-

ul ar pr ot ei n i n dendr i t es and, possi bl y, neur onal cel l bodi es . '

My r esul t s do al l owf or t he possi bi l i t y t hat MAP 2 may al so be

pr esent i n axons, t hough at a l ower concent r at i on t han i n

dendr i t es, si nce some MAP 2 was det ect ed i n whi t e mat t er .

Thus, a r ol e f or MAP 2 i n axons cannot be r ul ed out , t hough

a r ol e i n dendr i t es now seems cer t ai n .

I n cont r ast t o MAP 2, MAP 1 was pr esent at equal concen-

t r at i on i n bot h gr ay and whi t e mat t er mi cr ot ubul es, i n appar ent

di sagr eement wi t h t he r esul t s of Mat us et al . ( 25) . No r eal

di sagr eement may exi st , however , si nce i t i s not cl ear whet her

MAP 1 was pr esent i n t he ant i gen pr epar at i on used i n t he

ear l i er st udy . I t i s al so possi bl e t hat , i f t he ant i ser umpr epar ed

by Mat us et al . cont ai ned ant i bodi es t o bot h MAP 1 and MAP

2, t he uni f or mdi st r i but i on of MAP 1 mi ght have been obscur ed

by t he nonuni f or m di st r i but i on of MAP 2 .

Why MAP 1 and MAP 2 shoul d have di f f er ent di st r i but i ons

i s not at pr esent cl ear . I t seems r easonabl e t o concl ude t hat t he

t wo pr ot ei ns, r at her t han oper at i ng i n concer t i n t he cel l , must

each be r esponsi bl e f or a separ at e cel l ul ar f unct i on . What t he

nat ur e of t hese f unct i ons may be r emai ns t o be det er mi ned .

' I n addi t i on, a monospeci f i c ant i body agai nst MAP2 has been f ound

t o r eact pr ef er ent i al l y wi t h dendr i t es and neur onal cel l bodi es ( P.
DeCami l l i , W. Theur kauf , and R. Val l ee, manuscr i pt i n pr epar at i on) .
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