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ABSTRACT

BIOCHEMICAL PROPERTIES OF MICROTUBULAR PROTEIN IN BRAIN SUBCELLULAR 

FRACTIONS.

Chick b ra in  was e a r ly  shown to  be a r ic h  source o f micro tu b u la r  

p r o te in ,  b u t had n o t been p re v io u s ly  employed to  in v e s t ig a te  i t s  sub

c e l l u l a r  d i s t r i b u t io n .

D uring th e  course o f t h i s  work, s u b c e l lu la r  f r a c t io n s  o f 1 -3  day 

o ld  ch ick  b ra in  were p repared  u s in g  d i f f e r e n t  p rocedures based on 

f lo a ta t io n -s e d im e n ta t io n  c e n tr i fu g a t io n  te ch n iq u es . The s u b c e llu la r  

d i s t r i b u t io n  o f  micro tu b u la r  p r o te in  was determ ined by assay in g  th e  

c o lc h ic in e -b in d in g  (CB) a c t i v i t y  in th e  v a rio u s  f r a c t io n s  o b ta in ed .

I t  was shown th a t  b o th  th e  so lu b le  and sy n ap tic  plasma membrane- 

c o n ta in in g  f r a c t io n s  were en rich ed  in  CB a c t i v i t y .  A membrane f r a c t io n  

en rich ed  in  m yelin was a lso  found to  b in d  c o lc h ic in e , b u t th e  CB in  th i s  

case  was a ty p ic a l  s in ce  i t  was n o t  s ta b i l iz e d  by v in b la s t in e .

The d i s t r i b u t io n  o f  v in b la s t in e -b in d in g  a c t i v i t y  was a lso  in v e s tig a te d , 

The m yelin f r a c t io n  showed th e  h ig h e s t  b in d in g  a c t i v i t y  f o r  t h i s  a lk a lo id .

F urtherm ore, th e  polym erization-com petence o f  tu b u lin  p re se n t in  

so lu b le  e x t r a c ts  o f  synaptosom es, p repared  from ch ick  b ra in  accord ing  to  

two d i f f è r e n t  m ethods, was in v e s t ig a te d .  P re lim in a ry  a ttem p ts  f a i le d  to  

dem onstra te  th e  p o ly m eriza tio n  o f  tu b u l in  in  such synap toso l p re p a ra tio n s  

in cu b ated  un d er ty p ic a l  m ic ro tu b u le  assem bly c o n d itio n s , a lthough  SDS- 

PAGE a n a ly s is  showed th e  p re sen ce  o f  b o t h » -  and ^ - l ik e  p ro te in  bands.

However, in c o rp o ra tio n  o f  g ly c e ro l and DMSO, as  micro tu b u le  

s t a b i l i z i n g  a g e n ts , d u rin g  e x tr a c t io n  o f  synaptosomes c a r r ie d  ou t a t  

room tem p era tu re  was found to  y ie ld  a sedim entable  form o f  CB-protein



which a p p a re n tly  re p re se n te d  s t a b i l i z e d  m icro tu b u la r  s t ru c tu re s  and 

accounted  f o r  c a . 10^ o f th e  t o t a l  tu b u l in  (C B -protein) co n ten t o f 

synaptosom es. Such s t ru c tu re s  were r e a d i ly  s o lu b il iz e d  in  th e  cold 

and could be reassem bled  in to  filam en to u s  elem ents under standard  ' 

m ic ro tu b u le  assem bly c o n d itio n s . The non-sed im entab le  form o f  tu b u lin  

(c a .  koio o f  t o t a l  synaptosom al tu b u l in )  p repared  under th e se  co n d itio n s  

was n o t p o ly m eriza tion -com peten t and p robab ly  re p re se n ts  th e  f r e e  tu b u lin  

su b u n it poo l o f  synaptosom es. The rem ainder (c a . 50^) o f  CB-protein 

p re s e n t  in  synaptosomes was f irm ly  a s so c ia te d  w ith  membrane s t ru c tu re s .

F ilam en ts  reassem bled from synaptosome e x tr a c ts  appeared to  be 

en rich ed  in  an anomalous slow er form  o f  a - tu b u l in  as  judged by SDS-PAGE 

a n a ly s is .  In  a d d i t io n ,  th e se  f i la m e n ts  were en riched  in  a  fa s te r -m ig ra tin g  

p r o te in  component which m igrated  s l i g h t ly  ahead o f  a c t in .

P o s s ib le  reaso n s f o r  th e  f a i l u r e  to  reassem ble ty p ic a l  micro tu b u le s  

from synaptosome e x tr a c ts  a re  d is c u s s e d .
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Chapter I Introduction

1 .1  G eneral fe a tu re s  o f m icro tubu les

1 .1 .1  Occurrence and s t ru c tu re  o f m icro tubu les

} iic ro tu b u les  a re  a c la s s , o f o rg a n e lle  whose u b iq u ity  in  eukaryo tic  

c e l l s  th roughou t th e  anim al and p la n t  kingdoms i s  now w ell recogn ised .

They have been id e n t i f i e d  by e le c tro n  m icroscopy in  f l a g e l l a  and c i l i a ,  

di% âding c e l l s ,  nerve c e l l  d e n d r ite s  and axons, blood p l a t e l e t s ,  sec re to ry  

c e l l s  and some s p e c ia liz e d  o rg a n e lls  o f  p ro tozoa  such as th e  ax o sty le s  o f 

z o o f la g e l la te s ,  axopodia o f h e lio z o a , e tc .

However, i t  should be p o in ted  ou t t h a t  even b e fo re  th e  advent o f th e  

e le c tro n  m icroscope, s t ru c tu re s  now recogn ised  as c o n s is tin g  o f in te rc o n 

nec ted  a rra y s  o f m ic ro tu b u le s , were seen in  d iv id in g  c e l l s  (m ito tic  sp ind le  

a p p a ra tu s ) , in  nerve c e l l s  ( to g e th e r  w ith  o th e r  c la s s e s  o f f ilam e n ts  making 

up th e  ’n e u r o f ib r i l l a r y  a p p a ra tu s ’ ) o r in  c i l i a  by l i g h t  m icroscopy o f 

f ix e d  and s ta in ed  c e l l s ,  o r in  l iv in g  c e l l s ,  due to  t h e i r  b ire fr in g e n c e  

( P o r te r ,  I 966; Wuerker & K irk p a tr ic k , 1972; S chm itt, I 968) .

As i l l u s t r a t e d  d iag raram atica lly  in  f i g .  1 .1 , m icro tubu les  seen under 

th e  e le c tro n  m icroscope, appear as s t r a ig h t ,  hollow  c y l in d r ic a l  s tru c tu re s  

w ith  an o u te r  d iam eter o f  about 25 nm and o f  v a r ia b le  le n g th , from le s s  

th an  0 .5  /nm ( in  c e n tr io le s )  to  se v e ra l m icrom eters in  f l a g e l l a  o f c e r ta in  

sperm atozoa o r  .compound c i l i a .  In  c ro s s - s e c t io n , th e  wiall o f  th e  m icro- 

tu b u le  i s  about 4-5  nm in  th ic k n e s s , w hile  lo n g i tu d in a l ly  i t  c o n s is ts  o f 

p ro to f ila m e n ts  composed o f  g lo b u la r  u n i t s  o f  about 4-5 nm in  d iam eter.

A t o t a l  number o f 13 p ro to f ila m e n ts  was f i r s t  re p o rte d  by L ed b e tte r  and
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a)
Microtubule
surface
la t t i c e

©  subunit

O | 3 ” subunit

b)
Crossect ion  
through a 
microtubule

I o  I ,  250_ & .

F ig . 1 .1 Diagrainmatic i l l u s t r a t i o n  o f th e  m icro tu b u le  

c y l in d r ic a l  s t r u c tu r e .  For d e t a i l s  see t e a t ,  

s e c t io n  1 .1 . 1 .



P o r te r  (1 9 ^ 0  and has r e c e n t ly  been confirm ed by I-lizuriah & Futaesaku 

(1971, 1974) and T iln ey  e t  a l ,  (1973)» However, th e  ex is ten ce  o f  

m ic ro tu b u les  ^ lith  e i th e r  12 o r I 5 p ro to f ila m e n ts  has a lso  been rep o rted  

by Burton e t  a l .  (1975)*

S ta b le  m ic ro tu b u les  a re  th e  main f ib ro u s  elem ents in  th e  m o tile  

c i l i a  and f l a g e l l a  o f u n ic e l lu la r  as w e ll as  o f  metazoan organism s, 

where th e y  a re  c h a r a c t e r i s t i c a l l y  p re se n t in  a p a t te r n  re fe r re d  to  as 

th e  ”9 + 2” which i s  d iag ram m atica lly  i l l u s t r a t e d  and d esc rib ed  in  f i g .  

1 .2 .  S o p h is tic a te d  s tu d ie s  combining e le c tro n  m icroscopy and biochem ical 

a n a ly s is  le d  to  th e  view  t h a t  in  m o tile  o rg a n e lle s , f l a g e l l a r  movements 

in v o lv in g  bending and b e a tin g  a re  based on a s l id in g  mechanism o ccu rring  

between a d ja c e n t p a i r s  o f th e  o u te r  d o u b le t m ic ro tu b u les , d riv en  by 

c y c l ic a l  in te r a c t io n s  between th e  AT P a se -co n ta in in g  ’d^/nein* side-arm s 

o f  th e  A -tubule s u b f ib e r  w ith  th e  B s u b f ib e r  o f th e  neighboring  d o u b le t 

(se e  S a t i r ,  I 968, 197^; Gibbons, 1975; Summers, 197^; Summers & Gibbons, 

1973; Hiramoto, 197^; Gibbons & Gibbons, 197^).

In  sensory  re c e p to r  c e l l s  ( e . g . ,  r e t in a  rod  c e l l s ) ,  a s im p lif ie d  

v e rs io n  o f t h i s  p a t te r n  i s  seen where m ic ro tu b u les  a re  arranged in  a 

”9 + 0" p a t te r n  (S jo s tra n d , 1953); t l i i s  le d  to  th e  sug g estio n  th a t  sensory  

re c e p to rs  a re  a form o f ’m odified  c i l i a * .

Large numbers o f  m ic ro tu b u les  have a lso  been shoi-m to  be p re se n t in  

th e  cytoplasm  o f  th e  cutaneous m echanoreceptor c e l l s ,  o r  catToanifdrm 

s e n s i l i a ,  o f  th e  cockroach le g .  In  t h i s  c ase , th e  in te r - tu b u la r  l in k s  

a re  v e ry  ra re  as compared to  th o se  o ccu rrin g  between th e  in d iv id u a l m icro

tu b u le s  and th e  cy toplasm ic plasm a membrane, wiiich re p re se n t th e  main type 

o f  fu n c tio n a l l in k a g e  observed (Koran and V a re l la , 1971)«
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r- spoke head

subf ibre

subfibre
radial spoke

doublet microtubulearms

c e n t r a l  microtubule

A

F ie . F la g e l la r  s t r u c tu r e ,  a) cutaway diagram  o f  f lag e llu m ;

b) tra n s v e rse  s e c tio n  viewed from b a s a l  su rfa ce  showing th e  

•'9 + 2** p a t te r n  o f  m icro tubu les  (se e  t e x t ,  s e c tio n  1 , 1 , 1 ) ;

c) arrengem ent o f  su b u n its  in  o u te r  d o u b le t.



1

W ith th e  in tro d u c tio n  o f g lu ta ra ld eh y d e^as  a f ix in g  agen t in  

e le c tro n  m icroscopy (S a b a tin i  e t  a l . ,  19 ^3 ), m icro tubu les were id e n t i 

f ie d  as norm al c e l l u l a r  ’ o rg an e lles*  in  eu k a ry o tic  c e l l s  a t  in te rp h a se . 

However, tho  abundance o f  m icro tubu les in  th e  m ito tic  sp in d le  appara tu s 

(a s  many as 3,000 p e r  sp in d le ; see Rebhun & Sander, I 967) ,  made i t  

p o s s ib le  to  d e te c t  them by e le c tro n  m icroscopy, even vâ th o u t g lu ta ra ld e -  

hyde f ix a t io n ,  oven though sp in d le  m icro tubu les  a re  g e n e ra lly  regarded  

as  l a b i l e  s t r u c tu r e s .

In  g e n e ra l, i t  vrould appear t h a t  m ic ro tubu les v a ry  co n sid erab ly  in  

t h e i r  s t a b i l i t y ,  depending on t h e i r  o r ig in ja n d  th a t  even v d th in  a s in g le  

c e l l ,  s e v e ra l c la s s e s  o f  m ic ro tu b u les  can be d i f f e r e n t ia te d  on th e  b a s is  

o f  t h e i r  s t a b i l i t y  to  h igh  and low  tem p e ra tu res , to  pH and to  th e  a c tio n  

o f  p ro te a se s  (Behnke & F o re r , 19^7).

1 .1 .2  C h a ra c te r iz a t io n  o f  th e  m ic ro tu b u la r o ro te in

The c lue  f o r  c h a ra c te r iz in g  m ic ro tu b u la r p ro te in  was prov ided  by 

th e  success o f  Gibbons (19 63) in  i s o la t in g  and c h a ra c te r iz in g  micro tu b u le -  

a s s o c ia te d  ’dynein* ATP ase  from Tetrahymena c i l i a .  The s ta b le  m icro tubules 

p re s e n t  in  c i l i a  and in  sea -u rc h in  sperm t a i l  axonemes (o u te r  d o u b le ts ) 

were th e  f i r s t  sou rces f o r  th e  i s o la t io n  o f  m ic ro tu b u la r sub u n it p ro te in .  

T h is  WS.S r a p id ly  foUovred by th e  i s o la t io n  o f  m ic ro tu b u la r p ro te in ' from 

o th e r  sources ( e .g .  b ra in s )  based  on th e  use o f  c o lch ic in e  as a  s p e c if ic  

probe f o r  m icro tubu le  su b u n its  (see  s e c tio n  1 ,4 .1 )

Working on th e  i s o la te d  o u te r  d o u b le ts  o f  sea -u rc h in  sperm f l a g e l l a ,  

H ohri e t  a l .  (1967, 1968) found t h a t  th e  m ic ro tu b u la r p ro te in  th e re  

d i f f e r e d  from a c t in ,  e s p e c ia l ly  in  i t s  in te r a c t io n  w ith  myosin and in  th e  

n a tu re  o f  i t s  bound n u c le o tid e s ;  and hence th e y  proposed th e  name tu b u lin



f o r  m ic ro tu b u la r su b u n it p ro te in .

The e a r ly  vjork on tu b u lin  i s o la t io n  (S helansk i and T ay lo r, 1967,

1 9 ^ ;  Renaud e t  a l . . 1968; S tephens, 1968 a , 1970) showed t h a t ,  in  aqueous 

s o lu t io n , i t  e x is t s  as a 6 S dim er o f IIJ 110,000 -1 2 0 ,0 0 0 . The u l t r a c e n 

t r i f u g a t io n  o f  th e  p ro te in  in  8 11 u re a  and i t s  s e p a ra tio n  on SDS po ly acry -
*

1 amide g e l e le c tro p h o re s is  rev ea led  th e  p resence  o f  a s in g le  peak o r  band 

re p re se n tin g  a monomeric form o f  50,000 -  60,000 m olecu lar w eigh t. The 

monomer was t e n ta t iv e ly  id e n t i f i e d  w ith  th e  4 nm s t r u c tu r a l  u n i t  (see  

s e c tio n  1 .1 )  in  th e  micro tu b u le  w’a l l  (K ohri 6 Shimomura, 1973; Shelanski 

and T ay lo r, 19 67, I 968; H eisenberg  e t  a l . ,  I 968; Olmsted e t  a l .  « 1970).

The f i r s t  in d ic a t io n  th a t  tu b u l in  dim er c o n sis te d  o f tw’o d i s t i n c t  

forms o f  th e  p ro te in  o f  s im ila r  m olecu lar w eight came from th e  vrork o f 

Renaud e t  a l .  (1963)^ who shovred th a t  tu b u lin  from c i l i a r y  o u te r  d o u b le ts  

d is s o c ia te d  in to  two bands when e lec tro p h o resed  on polyacrylam ide g e ls  

in  th e  p resence  o f  8 M u re a . These were f i r s t  though t to  correspond to  

tu b u lin s  o r ig in a t in g  r e s p e c tiv e ly  from th e  A- and B -tu b u le s . B ut,soon, 

i t  icas found t h a t  tvro sp ec ie s  o f  tu b u lin  were p re se n t in  A- and B -tubules 

as  Well as cy top lasm ic m ic ro tu b u les . They were a lso  found to  be p re se n t 

in  rough ly  equal amounts and were d e s ig n a ted  as a -  ( th e  slow er moving) 

and /3- ( th e  f a s t e r  moving) tu b u lin  (Hitman e t  a l . ,  1972; F e i t  et_ a l^ ,  197^^5 

E v e rh a rt, 1971; Bryan and W ilson, 1971; Olmsted e t  a l . .  1971), ànd ‘having 

m o lecu lar w eights o f about 54,000 -  53,000 and 46,000 -  54,000, re s p e c tiv e ly  

( F e i t  e t  a l . .  1971; Olmsted e t  a l . .  1971; Lagnado e t  a l . . 1972; R aff and 

Kaumeyer, 1973; Sakai & Kuriyama, 1974; Ohtsubo e t  a l . .  1973)*

The t\jo  tu b u lin s  in  f a c t  re p re se n te d  p e p tid e s  o f  id e n t ic a l  m olecular 

weighi^^, and th e  d if f e r e n c e  in  m o b ility  o f  th e  ct and /3 p o ly p ep tid es  on
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SDS polyacrylaiîiido g e ls  in  th e  p resence  o r absence o f u rea  i s  ap p aren tly  

due to  a d if f e re n c e  in  th e  n e t charge o f  th e  p ro te in  (E ryan, 1974). 

Iloi-rever, f u r th e r  in v e s t ig a t io n s  showed th e  t̂ -jo tu b u lin s  to  be d i f f e r e n t  

in  many a sp e c ts ; one example i s  th e  p a r t i a l  amino ac id  sequence n e a r the  

N -te rm in a l (Luduena e t  a l . . 1973)* This h e te ro g e n e ity  might c o n trib u te  

to  d if f e r e n c e s  in  s t a b i l i t y  found amongst m icro tubu les  i/jith in  a given c e l l  

(Behnke & F o re r , 19^7; L inck , 1973), and to  immunological d if fe re n c e s  

(F u lto n  e t  a l . ,  1971; Yanagisa'-jas e t  a l . ,  1973) amongst tu b u lin  d e rived  

from a s in g le  c e l l  ty p e . Ilore re c e n t ly ,  Lu and E ls in g a  (1975) rep o rted  

th e  s e p a ra tio n  o f  th re e  forms o f  tu b u lin s  ( a ^ ,  a  £» ) Ly column cliroma-

to g rap h y  o f b ra in  micro tu b u le  p ro te in  on h y d ro x y ap a tite  under denatu ring  

co n d itio n s  (see  C hapter V I I ) •

Y ic ro tu b u le  su b u n it p ro te in  (6S  u n i t )  i s o la te d  from many sources 

has been observed to  be a s s o c ia te d  w ith  guanine n u c le o tid e s  (S helansk i 

and T ay lo r, 1968; H eisenberg  e t  a l . . 1963; Bryan, 1972), and i t  ;-jas 

proposed th a t  th e se  n u c le o tid e s  s t a b i l i s e d  th e  n a tiv e  c o n fig u ra tio n  o f 

th e  p ro te in  (H eisenberg  e t  a l . ,  1968). D e f in i t io n  o f th e  b ind ing  p ro p e r

t i e s  o f  th e  p ro te in  in d ic a te d  th a t  up to  2 moles o f  guanine n u c le o tid e  

-was bound p e r  tu b u lin  d im er, o f which one mole was r e a d i ly  exchangeable 

and th e  o th e r  was t i g h t l y  bound (B erry  and S h e lan sk i, 1972; Levi e t  a l . ,  

1974; Jacobs, 1975).

1 .2  D is tr ib u t io n  o f  m icro tubu les in  neurones

îrücro tubu les  have been d e sc rib e d  a s  c o n s ta n t components o f nerve 

c e l l s ,a n d  th u s  n eu ro n a l o rg an e lles ,w h o re  th e y  a re  im p lica ted  in  th e  

movement o f  sub stan ces  w ith in  th e  cytoplasm , a p ro cess  c a lle d  cytoplasm ic 

flow  (S ch m itt, 1963). T h is cy top lasm ic movement occurs a lso  in  th e



d e n d r ite s  (Globus e t  a l . .  I 968) and c e l l  body (Pomerat e t  a l . . 1967)̂  

where indeed  most o f  th e  p ro te in  sy n th e s is  in  th e  nerve c e l l  ta k e s  

p la c e . The e a r ly  o b se rv a tio n  showed t h a t  m icro tubu les end sh o rt o f 

th e  sy n ap tic  c o n ta c t in  an axon w ith  a  s in g le  ’bouton te rm in a l ’̂  and ' 

avoid  th e  whole sy n ap tic  complex in  th e  case o f m u ltip le  co n tac ts  o r 

’bouton en p a s s a n t’ (Gray and G u ille ry , I 966; Wuerker and K irk p a tr ic k , 

1972) .  The re c e n t evidence o f  a c lo se  a s s o c ia t io n  between m icro tubules 

and sy n ap tic  s t r u c tu r e ,  and t h e i r  p re s e rv a tio n  in  synaptosomes (see  Gray, 

1975; B ird , 1976; E a jo s , 1976) m i l  be d e sc rib ed  below. .

M icro tubu les  a re  very  abundant in  th in  axons and th e  d i s t a l  ram ified  

p a r t s  o f  th e  d e n d r i te s ,  whereas th e  f ib ro u s  elem ents in  la rg e  m yelinated 

axons c o n s is t  m ainly o f n eu ro filam en ts  (100 2. in  d iam eter) d i s t i n c t  in  

t h e i r  chem ical s t ru c tu re  from m icro tu b u les  (Huneeus and Davidson, 1970; 

G i lb e r t ,  1975)* Furtherm ore, th e  cytoplasm  o f th e  d e n d r i te s ,  which have 

th e  h ig h e s t  su rfa c e  to  volume r a t i o ,  i s  f i l l e d  w ith  a s t r ik in g  number o f 

lo n g , s le n d e r  unbranched m icro tu b u les  (G onatas & R obbins, 1965) .  They 

a re  c h a ra c te r iz e d  by a s t r a ig h t  e q u id is ta n t  arrangem ent which g iv es  th e  

i n t e r i o r  o f  th e  d e n d r ite  a  l a t t i c e - l i k e  appearance as rev ea led  by e le c tro n  

m icrograph . c ro ss  se c tio n s  (Wuerker and K irk p a tr ic k , 1972).

So f a r ,  th e re  i s  l i t t l e  ev idence f o r  a  d i r e c t  s t r u c tu r a l  l in k  among 

th e  m ic ro tu b u les  o r  between them and o th e r  c e l l u l a r  e lem ents. However, 

re c e n t s tu d ie s ,  u s in g  lanthanum  s ta in in g  te ch n iq u es , rev ea led  th e  presence 

o f  amorphous ’ filam en to u s ’ ex ten s io n s  on th e  su rface  o f m icro tubu les in  

v a r io u s  in v e r te b ra te  nerve cords (B urton and Fernandez, 1973)* Such 

e x ten s io n s  would presum ably p a r t i c ip a t e  i n  in te r tu b u la r  l in k s .  I t  was 

a lso  suggested  t h a t  n eu ro tu b u les  and n eu ro filam en ts  a re  involved  in  a 

th re e  d im ensional netw ork (M etuzals, 1963) .



4
J-L <

Tho e a r ly  s tu d ie s  o f  m ic ro tu b u les  in  nerve endings showed th a t  

th e y  do n o t forra p a r t  o f  th e  sy n ap tic  complex and th a t  th e y  end sh o rt 

o f  th e  sy n ap tic  c o n ta c t (Gray and G u ille ry , I 966; P e te rs  e t  a l . .  I 970) .  

Based on th e  o verlapp ing  observed between m icro tubu les and v e s ic le s ,  

some a u th o rs  suggested  th a t  v e s ic le s  tTere formed by budding from m icro

tu b u le s  (P e lle rg in o  de I  r a id i  and De R o b e r tis , I 968) .  Very re c e n t 

s tu d ie s  have shorn a c le a r e r  and more r e a l i s t i c  c lo se  a s s o c ia tio n  o f 

m ic ro tu b u les  m th  sy n a p tic  v e s ic le s ,  p re sy n a p tic  dense p ro je c tio n s , and 

smooth re tic u lu m - lik e  membranes in  th e  axon te rm in a ls  (Gray, 1975» 1976; 

B ird , 1976) .  F u r th e r  in v e s t ig a t io n s  a lso  showed th a t  m icro tubules in  

m ature and immature c e n tr a l  nervous system  synapses, e x i s t  in  c lo se  

r e la t io n s h ip  v jith , o r  a re  a p p a re n tly  a tta c h e d  to  c e r ta in  membrane sp ec ia 

l i z a t i o n s  u n d e rly in g  th e  p o s tsy n a p tic  membrane, in c lu d in g  p o s tsy n a p tic  

’ th ic k e n in g s’ t h a t  a re  sometimes r e fe r re d  to  as p o s tsy n a p tic  d e n s i t ie s  

(PSDs) (Hestrum and Gray, 1977)* Suck o b se rv a tio n s  a re  in  keeping :<dth 

iramuno cyto  chem ical and b iochem ical s tu d ie s  shoi-jing th a t  tu b u lin  i s  a 

m ajor p ro te in  o f  sy n ap tic  ju n c tio n a l  complexes ( e .g . .  Banker e t  a l . ,  1974; 

l^Iatus e t  a l , .  1975; W alters and Ma tu s ,  1975; Kadota e t  a l . , 1976). Eased 

on th e  above d e sc rib e d  a s s o c ia t io n  between m icro tubu les and p o s tsy n a p tic  

’ th ic k e n in g s ’ , Westrum and Gray s u g g e s te d ,th a t m icro tubule  may p la y  an 

im p o rtan t ro le  i n  th e  i n i t i a t i o n  and fo rm ation  o f  th e  synapse, and i t s  

m aintenance l a t e r  when i t  i s  m ature .

1 .3  Assembly o f m ic ro tubu les

1 . 3 .1  In  vivo assem bly

The l a b i l i t y  o f  cy top lasm ic m ic ro tubu les  p re se n t in  nerve p ro cesses  

i s  i re l l  e s ta b lis h e d  and c a r  be c o r re la te d  wdth t h e i r  e x is ten c e  in  a s ta to



18

o f dynamic e q u ilib riu m  w ith  t h e i r  su b u n its  ( tu b u l in s ) . In  an e leg a n t 

s e r ie s  o f  experim en ts, u s in g  a s e n s i t iv e  p o la r is in g  m icroscope, Inoue 

(1952, 1953 and 1964) s tu d ie d  th e  e f f e c t s  o f  v a rio u s  f a c to r s  on th e  

s t a b i l i t y  o f  m ito t ic  sp in d le  m ic ro tu b u la r  bundles in  v a rio u s  ty p es  o f 

l i v in g  c e l l s ,  by b ire f r in g e n c e  changes. He found th a t  tem peratu res  

below  10°C induced a r e v e r s ib le  lo s s  o f  sp in d le  f i b e r  b ire f r in g e n c e .

The re tu rn  to  normal tem p era tu re  r e s to re d  th e  b ire f r in g e n c e  in  th e  

course  o f a few m inu tes , w h ile  in c re a s in g  th e  te n p e ra tu re  to  37°C 

b rough t about a maximum in c re a s e  in  b ire f r in g e n c e . Furtherm ore, t h i s  

r e v e r s ib le  d is in te g r a t io n  o f th e  m ito t ic  sp in d le  was a lso  observed when 

th e  p re p a ra t io n  i-jas t r e a te d  w ith  c o lc h ic in e  (see  diagram  below ).

Favoured by in c re a s e  in  te irp e ra tu re  

by a d d i t io n  o f  D2O

M icro tu b u la r

su b u n its

Favoured by lo w erin g  te n p e ra tu re  

by a p p lie d  p re s su re  

by a d d i t io n  o f  c o lc h ic in e

[M icrotubules

L a te r ,  when th e  thermodynamic a s p e c ts  o f  t h i s  p rocess were in v e s t ig a te d  

( Inoue and S a to , 1 9 67) ,  i t  was found t h a t  assem bly vjas an endotherm ie 

p ro cess  a s s o c ia te d  m th  a la r g e  in c re a s e  in  en tro p y . Such d a ta  a re  in  

keeping  w ith  e a r l i e r  experim ents concern ing  th e  thermodynamic a sp e c ts  

o f  monoraer-polymer tra n s fo rm a tio n  d u rin g  th e  p o ly m eriza tio n  o f  a c t in  

(Asakura e t  a l .  i 960) and o f  tobacco  m osaic v iru s  co a t p ro te in  (L au ffe r ,
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1953).

Since i t  m s  suggested  th a t  most o f th e  b ire fr in g e n c e  vjas accounted 

f o r  by th e  o rdered  a rra y  o f m ic ro tubu les in  th e  sp in d le  (Luyks, 19?0), 

i t  was g e n e ra lly  assumed th a t  a l t e r a t i o n  in  b ire fr in g e n c e  r e f l e c t s  changes 

i n  micro tu b u le  assem bly. In  p a r t i c u l a r ,  i t  has been proposed th a t  th e  

d is ru p t io n  o f  m ic ro tu b u les  by c o lc h ic in e ,and o th e r  a n t im ito t ic  a lk a lo id s , 

i s  c re a te d  by s h i f t in g  th o  eq u ilib riu m  to tia rd s  th e  monomeric s ta t e  f o l l o 

wing th e  b in d in g  o f  th e  drug to  f r e e  m ic ro tu b u la r su b u n its  (B orisy  and 

T a y lo r, 1 9 6 ?).

The f in d in g s  t h a t  p ro te in  sy n th e s is  in h ib i to r s  ( e .g . ,  actinom ycin 

and chloram phenicol) do n o t p rev en t th e  reappearance o f  b ire fr in g e n c e  

fo llo w in g  th e  removal o f  th e  sp in d le  d is ru p tin g  ag en t (colceraid) by 

s e v e ra l  Tjashings (Inoue and S a to , 196?) suggested  t h a t  th e  refo iT iation  

o f  th e  m ito t ic  sp in d le  f ib e r s  m s  due to  th e  p resence  o f  a pool o f  re a d ily  

a v a i la b le  su b u n its  and n o t to  de novo sy n th e s is  o f monomers. Based on 

th e se  f in d in g s , a  dynamic e q u ilib riu m  th e o ry  was proposed by Inoue; He 

suggested  th a t  m icro tu b u le  monomers and polym ers e x is te d  in  an eq u ilib riu m  

s t a t e  which i s  n a tu r a l ly  a l te r e d  du rin g  th e  fo rm ation  o f  th e  m ito tic  

s p in d le . Tliis same concept i-jas a lso  found to  app ly  f o r  th e  re v e rs ib le  

assem bly-d issassem bly  o f  m ic ro tu b u les  s tu d ie d  in  th e  axoneme o f  

ActinosnhaeriALm (T iln ey  and P o r te r ,  196?).

The p re c is e  f a c to r s  invo lved  in  i n i t i a t i n g  m icro tubu les in  vivo 

and i n  c o n tro l l in g  th e  e x te n t and d i r e c t io n  o f t h e i r  grovrth, a re  a l l  a t  

th e  moment r a th e r  hazy. However, a ntu.iber o f  o b se rv a tio n s , now a v a ila b le ,  

makes i t  p o s s ib le  to  su pport th e  concept o f  m icro tubu le  o rgan iz ing  c en tre s  

o r  MTOCs as r e fe r re d  to  by P ick e tt-H eap s  (19^9). Such c e n tre s  o r n u c lea 

t in g  s i t e s ,  as  th e y  have a lso  been c a l le d ,  a re  n o t n e c e s s a r i ly  rep re sen ted



by r ig i d ly  d e fin ed  o rg a n e lle s  o r  e le c tro n  m ic ro sco p ica lly  observed 

s t r u c tu r e s .  S ev e ra l w orkers have p o s tu la te d  th e  e x is ten c e  o f MOCs 

on th e o r e t i c a l  and o b s e rv a tio n a l grounds (T iln ey , I 968; P o r te r ,  1966;

Inoue and S a to , I 967) ,  and in  one case th ey  have even been equated 

w ith  sm all amorphous e le c tro n -d e n se  a re as  a sso c ia te d  w ith  th e  m icro- • 

tu b u le  ends. However, i t  should be emphasized t h a t  th e re  i s  no c le a r  

and convincing  in d ic a t io n  y e t  o f th e  id e n t i ty  o f th e  PITOC m a te r ia l .  

C a u tio u s ly , MOTC could be considered  as sm all, inconspicuous dynamic 

s t ru c tu re s  (R o b erts , 1974)*

1 . 3 .2  In  v i t r o  assem bly

The e a r ly  work on th e  i s o l a t i o n  and c h a ra c te r iz a t io n  o f  tu b u lin  

produced enough in fo rm atio n  to  enab le  se v e ra l in v e s t ig a to r s  to  search  

f o r  th e  a p p ro p r ia te  c o n d itio n s  under which m icro tubu les  could be 

polym erized in  v i t r o .  The f i r s t  a ttem p ts  were perform ed on p u r if ie d  

b ra in  tu b u l in  in  th e  p resence  o f  GTP s in ce  i t  was shown to  be bound to  

tu b u lin .a n d  to  s t a b i l i z e  i t s  c o lc h ic in e  b in d in g  p ro p e r t ie s  (B orisy  e t  a l . . 

1972)* Under such c o n d itio n s , n o n -tu b u lin  filam en tous ag g reg a te s , 

o c c a s io n a lly  beaded, were observed and were found to  be tem peratu re  and 

GTP dependent. At about th e  same tim e , H eisenberg (1972) re p o rted  th e  

f i r s t  su c c e ss fu l micro tu b u le  assem bly in  v i t r o  from crude r a t  b ra in  

e x tr a c ts  in  th e  p resence  o f  GTP, in d ic a t in g  th a t  th e  m aintenance o f low 

c o n c e n tra tio n s  o f  f r e e  C a ^  m s  m andatory to  ach ieve th e  assembly in  v i t r o  

o f p a te n t  m ic ro tu b u le s . Indeed , excess C a ^  was l a t e r  shown to  promote 

d lssasse rab ly  o f formed m ic ro tu b u les  in  v i t r o .  Follow ing t h i s  i n i t i a l  

r e p o r t ,  s tu d ie s  have been d ir e c te d  toward c h a ra c te r iz in g  th e  po lym eriza tion  

r e a c t io n . These in v o lv e d ;-



a) E s ta b lis h in g  io n ic  and, b u f f e r  requ irem ents

I t  iras found th a t  p o ly m érisa tio n  occurs maximally a t  moderate 

io n ic  s tr e n g th , 0 .15  H f o r  Ila"^, 0 .1  mil -  1 mil fo r  and Ca*^, n ea r

n e u t r a l  pH, 6.0 to  7 -5 , a t  p h y s io lo g ic a l tem p era tu re , 25 -  37°C and in  

th e  p resence  o f  GTP (Olmsted and B o risy , 1973; Lee e t  a l . . 1974;

Olmsted and Eori.sy, 1975)» The minimal p ro te in  co n ce n tra tio n  ( i . e . ,  

t o t a l  p ro te in )  a t  wliich p o ly m eriza tio n  in  b ra in  e x tra c ts  could occur 

m s  about 4 mg/ml.

b) D eveloping p rocedures f o r  n u r i  firing  assem bly-com netent micro tu b u le  

p ro te in

Shelansl-d. e t  a l .  (1973) re p o rte d  t h a t  th e  p resence  o f  4 K g ly c e ro l 

o r  1 Î-Î sucrose  in  th e  assem bly b u f f e r  m arkedly enhanced th e  p o ly m erisa tio n  

o f  tu b u l in .  The m ic ro tubu les ob ta in ed  under th e se  co n d itio n s  i-rere found 

to  be much more s ta b le  to  low tem p era tu re  and c o lc h ic in e  tre a tm e n t. The 

rem oval o f  g ly c e ro l o r  sucrose  r e s e n s i t iz e d  th e  m icro tubu les  to  co ld  and 

c o lc h ic in e  e f f e c t s .  The y ie ld  in  pure tu b u lin  was over 90^ when two 

c y c le s  o f  assem bly in  g ly c e ro l a t  37°C and d i s sassem bly in  th e  absence o f 

g ly c e ro l were perform ed.

c) Exa.mining th e  ro le  o f  accesso ry  p ro te in s  in  th e  p o ly m eriza tio n /p ro cess

The p resence  o f  a number o f  minor p ro te in  components copurifaring 

w ith  tu b u l in  had been shown to  be independent o f  th e  p resence o r  absence 

o f  g ly c e ro l d u rin g  assem bly. These components comprised liigh m olecu lar 

w eight p ro te in s  (lEJ ca . 200,000 -  350»000)) which rep re se n te d  up to  15^ o f  

th e  t o t a l  p ro te in ,  medium m o lecu lar w eight p ro te in s  (LH ca. 110,000 -  

170,000) and an a c t i n - l ik e  p ro te in  (LH ca. 4 5 ,0 0 0 -4 3 ,0 0 0 ) . I t  has been
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found t h a t  th e se  co p u rify in g  p ro te in s  a re  e s s e n t ia l ly  re q u ire d  fo r  

m ic ro tu b u le  assem bly (Murphy and B o risy , 1975; H eingarten  e t  a l . , 1975) *

I t  i s  p o s s ib le  th a t  th e se  accesso ry  f a c to r s  i n t e r a c t  d i r e c t ly  w ith  

tu b u l in  su b u n its  to  form a sh o r t  segment o f th e  m icro tubule  l a t t i c e  

which th e n  serv es  as a n u c le a tin g  c e n tr e .

d) P re se n tin g  evidence th a t  m icro tubu le  p o ly m eriza tio n  uroceeds by a 

n u c lea te d  assem bly mechanism

I t  was e a r ly  shown (B o risy  and Olmsted, 1 9 7 2 )/th a t tu b u lin  in  h igh

speed su p e rn a tan t from p o rc in e  b ra in  tjould n o t polym erize under th e  

co n d itio n s  d e sc rib ed  by H eisenberg  (1972), b u t Tfjould r e a d i ly  do so when 

p re s e n t  in  low -speed e x t r a c t s .  The exam ination o f  th e  low -speed e x tra c ts  

by  sed im en ta tio n  t e  clinique and e le c tro n  m icroscopy rev ea led  th e  presence  

o f  30 S p a r t i c l e s  which were id e n t i f i e d  as 290 2 -  d iam eter d i s c - l ik e  

s t r u c tu r e s .  At a tem p era tu re  fav o rin g  tu b u le  fo rm atio n , th e  amount o f 

th e se  ’ r in g s ’ viould d e c re a se , and in c re a se  when e x is t in g  m icro tubu les a re  

depolym erized by co ld  o r  o th e r  means. T his le d  to  th e  suggestion  th a t  th e  

d is c s  m ight be in c o rp o ra te d  in to  th e  form ing m icro tubu les and may a c t  as 

n u c le a tin g  c e n tre s  to  i n i t i a t e  m ic ro tu b u les  p o ly m eriza tio n .

F u r th e m o re , eiroerim ents, based on sed im en ta tion  velocit^r a n a ly s is  

and aimed a t  d e te rm in in g  th e  p ro te in  a t  e q u ilib riu m  and th e  re a c tio n s  

t h a t  determ ine th e  e q u ilib riu m  c o n c e n tra tio n  o f  each sp e c ie s , rev ea led  

th e  p resence  o f  two components: a r a p id ly  sedim enting sp ec ies  ( >  300 S) 

correspond ing  to  m icro tubu le  polym er,and a slow ly sedim enting sp ec ies  

co rresponding  to  th e  6 S tu b u l in  h e terod im er (Johnson & B o risy , 1975; 

Jolinson, 1975)* Follow ing th e  sed im en ta tion  o f th e  poljnmer, th e  only 

d e te c ta b le  sp ec ie s  rem aining in  s o lu tio n  was th e  6 S tu b u l in .  Thus, i t
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vras t e n ta t iv e l y  id e n t i f i e d  as th e  monomer u n i t  w ith  re s p e c t  to  th e  

p o ly m eriza tio n  re a c t io n .  , .

To show th a t  th e  6 S sp ec ie s  ^zas in  e q u ilib riu m  w ith  m ic ro tu b u les , 

some samples were f i r s t  polym erized a t  h igh  p ro te in  c o n ce n tra tio n , then  

d i lu te d  to  a llo w  d ep o ly m eriza tio n , and o th e rs  were i n i t i a l l y  polym erized 

a t  th e  low er c o n c e n tra tio n . In  b o th  c a se s , th e  d e te rm in a tio n  o f p ro te in  

d i s t r ib u t io n  in  th e  f i n a l  e q u ilib r iu m  s t a t e  gave th e  same amounts o f  . 

monomer and polym er.

F u r th e r  experim ents to  c h a ra c te r iz e  th e  p o ly m eriza tio n  re a c tio n  

invo lved  th e  d e te rm in a tio n  o f th e  d i s t r ib u t io n  o f  p ro te in  in to  monomer 

and polymer f r a c t io n s  as a  fu n c tio n  o f  th e  t o t a l  p ro te in  co n ce n tra tio n .

The f in d in g s  rev ea led  th e  e x is te n c e  o f  a c r i t i c a l  p ro te in  co n cen tra tio n  

below  which no polymer vzas form ed, and t h a t  th e  i n i t i a t i o n  o f  polymer 

fo rm ation  b eg ins w ith  an ab ru p t t r a n s i t i o n  s te p , a t  t o t a l  p ro te in  concen

t r a t i o n  above t h i s  c r i t i c a l  v a lu e . The amount o f  polymer formed m s  found

to  be p ro p o r tio n a l to  th e  t o t a l  p r o te in  c o n c e n tra tio n , whereas th e  concen- 
.
t r a t i o n  o f  monomer in  e q u ilib riu m  w ith  polym er icas found to  be independent 

o f  th e  t o t a l  p ro te in  c o n c e n tra tio n  when t h i s  one was above th e  c r i t i c a l  

v a lu e . Experim ents in  irhich th e  m ic ro tu b u les  were sheared  rev ea led  th a t  

th e  e q u ilib riu m  c o n ce n tra tio n  o f  6 S tu b u l in  above th e  c r i t i c a l  concen tra 

t io n  wa.s independent o f  th e  m ass, average le n g th  and number co n cen tra tio n  

o f  polym er. These r e s u l t s  were accounted  fo r  by a ty p e  o f  re a c tio n  

r e f e r r e d  to  a s  a condensation  p o ly m eriza tio n  mechanism accord ing  to  tdiich 

e lo n g a tio n  occurs by th e  co n secu tiv e  a d d itio n  o f  monomer u n i t s  to  th e  

end o f th e  micro tu b u le  (see  a ls o  i l l u s t r a t e d  scheme in  f i g .  1*3) • The 

e q u ilib riu m  would be w r i t te n  a s : -
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^2
S + lin " î!n + 1

K-1

where S i s  th e  su b u n it, Mn and Mn + 1 a re  m icro tubu les c o n s is tin g  o f 

n o r  n + 1 su b u n its , r e s p e c t iv e ly ,  and K29 X - 1  a re  th e  r a te  co n stan ts  

f o r  a s s o c ia t io n  and d is s o c ia t io n  . In  t h i s  c a se , th e  eq u ilib riu m
X

• c o n s ta n t Ke -would be equal to  —  ,
S

In  a d d it io n , th e se  r e s u l t s  im plied  th e  need o f  a d i s t i n c t  n u c lea tin g  

s te p  to  i n i t i a t e  m icro tubu les fo n d a tio n ,

e) C h a ra c te r iz in g  o ro te in  so ec ie s  p re se n t under d.e'colvmerizin? co n d itio n  

o r  d u rin g  th e  e a r ly  s tag e s  o f  p o ly m eriza tio n

E lec tro n  m icroscopic  exam ination o f  th e  tu b u lin  fo rm s,d u iin g  th e  

e a r ly  s tag e s  o f  p o ly m e riz a tio n ,re v ea le d  th e  p resence  o f ribbons o r  sh ee ts  

o f  up to  12 p ro to  f ila m e n ts  (E rick so n , 1974), I t  x*7as suggested  th a t  th e  

e lo n g a tio n  o f  th e se  sh e e ts , d u rin g  p o ly m eriza tio n , r e s u l te d  from th e  

a d d it io n  o f  su b u n its  and p ro to  f ilam e n t s . L a te r ,  i t  t-ias found th a t  

dep o ly m eriza tio n  o f  m icro tubu les a t  0°C gave r i s e  to  bo th  6 S dim ers and 

curved o r  rin g -sh ap ed  s t ru c tu re s  (E rickson) which were separa ted  chromato- 

g ra p h ic a lly , and t h e i r  p ro p e r t ie s  s tu d ie d  in  r e l a t io n  to  th e  p o ly m eriza tion  

p ro c e ss . The r in g  forms were found to  reassem ble ra p id ly  in to  m icro tubules 

a f t e r  u n c o ilin g  in to  p ro to f ila m e n ts  ̂ which in  tu rn  formed th e  tu b u le  w all 

th rough  l a t e r a l  a s s o c ia t io n .  The 6 S ^>rould n o t assem ble in to  m icro tubules 

on i t s  own, b u t m s  found to  r e a d i ly  in c o rp o ra te  in to .tu b u le s  in  a d d itio n  

o f some r in g  ’ seeds* (see  f i g .  1 A ) . S im ila r  o b se rv a tio n s  were a lso  

re p o rte d  by K irsch n er e t  a l .  (1974, 1975*

I t  i s  notew orthy th a t  t l i i s  assem bly model as d e sc rib ed  by E rickson
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Fig, 1 .3  K ic ro tu b u le  assembly scheme (Johnson; see  t e x t ,  

s e c tio n  1 .3*2  d ) .  Diagrammatic r e p re s e n ta t io n  o f  

m icro tu b u le  p o ly m eriza tio n  by a s s o c ia t io n  o f  6s 

tu b u lin  dim er sub u n its  a t  th e  end o f  th e  m ic ro tu b u le .

S , su b u n it; m ic ro tubu le  c o n s is t in g  o f  n

o r  n  + 1 su b u n its  re s p e c tiv e ly ;  and k _ i ,  r a t e  

c o n sta n ts  fo r  a s s o c ia tio n  and d i s s o c ia t io n ,  re sp e c tiv e ly ; 

(m odified  from B orisy  e t  a l .  19?6 ).

Summary scheme o f  th e  m icro tubu le  assembly pathways 

(E rickson ; K irschner e t  a l . ; :see  t e x t ,  s e c tio n  1 .3*2  e ) .  

The box on th e  l e f t  co n ta in s  th e  so lu tio n  sp e c ie s  thought 

to  be a t  eq u ilib riu m  a t  low  tem p era tu re . The 18S and 305 

o ligom ers a re  re p re se n te d  as s in g le  and double r in g s ,  

r e s p e c t iv e ly .  The h e l ic a l  s ta c k  and v a rio u s  h e l i c a l  

s tra n d s  re p re se n t p o s s ib le  assembly in te rm e d ia te s  though t 

to  d e r iv e  e i th e r  by u n c o ilin g  o f  th e  r in g  oligom ers o r  by 

a s s o c ia t io n  o f  th e  6s dim er and n o n -tu b u lin  accesso ry  

p ro te in s  (H'EJ). M te r  th e  nucleus i s  formed, e lo n g a tio n  

o f  th e  m icro tubu le  proceeds by a d d itio n  o f  6s su b u n its  

p r e f e r e n t i a l ly  a t  one end (m odified from B orisy  e t  a l .  

1976).



2 f i

S + Mn Mn + i

3 7 ° C;  D2O; Glycerol.

STACK

3  STRAMOc 5 Maw 30s
88 8 8

/ / / / /
S  STRAND

UlCROTUSULE

SSSSSSW''
# s t r a n d

IS  s t r a n d

C old ;  Ca*^; Colchic ine;  Pressure



A Vinblastine

27

N OH
CHgCH

CM 0 - C - C H
0 = C - 0 - C H CH 0 = C - 0 - C H

B Colchicine

NHCOCH

F ie .  1 .5  Chemical s t ru c tu re s  o f  v in b la s t in e  (A) and co lch ic in e  (B ).

See a lso  t e x t ,  s e c tio n s  1 .4^1  and 1 .4 .2 .
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and K irsch n er, i s  n o t c h a ra c te r is e d  by d i s t i n c t  phases o f  n u c léa tio n  

and e lo n g a tio n , as in  th e  case o f th e  model proposed by B orisy  and 

co-TO rker. Furtherm ore, th e  suggestion  by Johnson th a t  e lo n g a tio n  o f 

m ic ro tu b u les  occurs by th e  a d d itio n  o f 6 S dim er su b u n it to  th e  grovang 

end o f  th e  m icro tu b u le , i s  a lso  d i f f e r e n t  from. K irs d in e r  and E rickson 

p ro p o sa ls , where th e  p o ly m erisa tin g  u n i t  i s  p r im a rily  th e  u n co iled  

o ligom er ( c f .  f i g ,  I .3  and 1 . 4 ) .

1 .4  A lk a lo id -b in d in g  n ro o e r tie s  o f tu b u lin

1 .4 .1  C o lch icine

The s e le c t iv e  b ind ing  o f th e  m ito tic  sp in d le  in h ib i to r  co lch ic in e  

(se e  f i g .  1 .5  A f o r  s tru c tu re )  to  th e  m icro tubule  p ro te in  i s  now w ell 

e s ta b lis h e d  (B orisy  and T ay lo r, 19^7) and i s  being  used as a means to  

p u r if y  and assay  tu b u lin  from v a rio u s  sources (W eisenberg e t  a l . , 1968) ,  

The g e n e ra l id e a  i s  th a t  each tu b u lin  dim er (6  S; 120,000 IZ'O has one 

c o lc h ic in e  b in d in g  s i t e  (S helansk i and T ay lo r, I 96S ). This concept tias 

f u r th e r  supported  by o th e r  in v e s t ig a to r s  ( e .g . ,  W ilson, 1970), and 

a d d i t io n a l  f in d in g s  t h a t  th e  monomer i t s e l f  does n o t u s u a lly  bind co lc lii-  

c in e  1-jere re p o rte d  to g e th e r  xd th  d a ta  shox-dng th a t  th e  dimer lo s e s  ra p id ly  

i t s  b in d in g  a b i l i t y  by undergoing conform ational changes in  i t s  s tru c tu re  

(V e n ti l la  e t  a l . .  1972).

The c o lc h ic in e  b in d in g  p ro cess  i s  a r e v e r s ib le  re a c tio n  w ith  an 

optimum tem p era tu re  o f  30°C and optimum pK o f  6 .8  -7 * 0 •  The dimer 

b in d in g  c a p a c ity  i s  g e n e ra lly  l o s t  in  th e  i n t a c t  tu b u le  excep t p o ss ib ly  

a t  th e  f r e e  'ends* o f  micro tu b u le s  ( lia rg o lis  e t  a l . , 1978) .

F u r th em o re , i t  i s  novr g e n e ra lly  accep ted  th a t  th e  d is ru p tin g  e f f e c t
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o f  c o lc h ic in e  on cytoplasm ic n iicro tubu les i s  due to  i t s  b ind ing  to  th e  

f r e e  so lu b le  d im er, thus s h i f t in g  th e  thermodynamic eq u ilib riu m  in  favour 

o f  m icro tubu le  d issassem bly  by removing th e  a v a ila b le  pool o f a c tiv e  

su b u n its .

R ecent s tu d ie s  a lso  shox̂ r th a t  th e  reduced t h io l  groups a re  e s s e n t ia l  

f o r  th e  b in d in g  re a c tio n  and th a t  h igh  c o n cen tra tio n s  o f g ly c e ro l o r 

su crose  g re a t ly  in c re a se  th e  h a l f - l i f e  o f  tu b u lin  co lc liic in e -b in d in g  

a c t i v i t y  in d ependen tly  o f th e  bound n u c le o tid e s  (BSdlomon e t  a l . . 1973) .

O ther a n t im i to t ic  drugs ( e .g . ,  th e  Vinca a lk a lo id s ,  v in b la s t in e  end 

v in c r i s t in e )  were found to  s t a b i l i s e  c o lch i c in e -b in d in g  a c t i v i ty ,  most 

p ro b ab ly  th rough  b ind ing  a t  a sep a ra te  s i t e  (W ilson, 1970).

On th e  o th e r  hand, a s ig n if ic a n t  co l ch i c in e -b in d in g  a c t i v i t y  x-as 

found to  be a lso  a sso c ia te d  m th  th e  membrane f r a c t io n s  o f  b ra in  e x tra c ts  

(Lagnado and Lyons, 1971; Lagnado e t  a l . . 1971), where i t  Xvas suggested 

to  in t e r a c t  w ith  a s ta b i l i s e d  and membrane-bound form o f  tu b u lin . S im ila r 

h ig h  c o lc liic in e -b in d in g  a c t i v i t y  was a lso  found in  chrom atin and membrane 

f r a c t io n s  o f  l i v e r  c e l l  homogenates (S ta d le r  and Franke, 1972). F u r th e r  

r e p o r ts  by th e  same x-jorkers (S ta d le r  and Franke, 1973) rev ea led  a d i s t in c 

t i o n  between tu b u lin  and membrane-bound c o lc liic in e -b in d in g  f r a c t io n  in  

l i v e r ,  as  lu m in o co lch ic in e  (a  photoisom er o f  co lch ic in e )  b inds to  th e  

membrane-bound p ro te in  b u t n o t to  tu b u lin ;  hox-rever, th ey  show^ed th a t  in  

th e  case  o f  b ra in  e x t r a c ts ,  very  l i t t l e  lumino c o lch ic in e  x-as bound to  th e  

membrane f r a c t io n ,  f u r th e r  sup p o rtin g  th e  viex-r th a t  in  t h i s  t i s s u e ,  

membrane bound a c tix r lty  xjas p robab ly  due to  tu b u l in - l ik e  m a te r ia l .

1 .4 .2  V in b la s tin e

Another a lk a lo id  xdiose b ind ing  p ro p e r t ie s  to  tu b u lin  have been much
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ex p lo red , i s  v in b la s t in e  (see  f i g .  1 .^  B fo r  s t r u c tu r e ) .  Although i t  

seems to  be l e s s  s p e c if ic  in  i t s  b in d in g  p ro p e r t ie s  th an  co l clii c ine 

(W ilson e t  a l . .  1970), i t  i s  used as a standard  means o f  tu b u lin  p repa

r a t io n  as i t  p r e c ip i ta te s  tu b u lin  bo th  in  vivo ( in  th e  form o f i n t r a  -  

c e l l u l a r  p a ra c ry s ta ls  (Eensch and I-Ialawista, 19^9; Behnke and F o rer, 

1972) ,  and in  v i t r o  from t i s s u e  homogenate su p ern a tan ts  (W eisenberg and 

T im asheff, 1970; lla ran tz  and S h e lan sk i, 1970). The r e l a t iv e  y ie ld  o f  

v in b la s tin e - in d u c e d  p a ra c ry s ta ls  was shorn to  in c re a se  in  th e  presence  

o f  c o lc h ic in e  (S tra h s  and S ato , 1973), w hile th e  p r e c ip i ta t io n  re a c tio n  

in  v i t r o  l a s  found to  be c o n tro lle d  by th e  r e l a t iv e  ainounts o f  p ro te in , 

v in b la s t in e  and lig*^ p re se n t (W eisenberg and T im asheff, 1970).

No c le a r  p ic tu re  has y e t  emerged concerning th e  chem istry  o f  th e  

v in b la s t in e  tu b u lin -b in d in g  re a c t io n . S evera l in v e s t ig a t io n s  have 

re v e a le d  th a t  1 mole o f v in b la s t in e  b inds tx-ro moles ( 2‘-K),000 g) o f  

tu b u l in  (W eisenberg and T im asheff, 1970; B erry  and S h e lan sk i, 1972; 

Ox-rellen e t  a l . . 1972). T h is , to g e th e r  xd th  th e  su g g estio n  th a t  th e  

r e le a s e  o f  GTP from th e  non-exchangeable s i t e  i s  e s s e n t ia l  f o r  th e  p re 

c ip i t a t i o n  o f  tu b u l in  by th e  drug (B erry  and S h e lan sk i, 1972), has le d  

to  th e  p o s tu la t io n  th a t  v in b la s t in e  may l in k  tx-70 d im ers, p o ss ib ly  by 

t h e i r  non-exchangeable n u c le o tid e  s i t e .  The exchangeable n u c leo tid e  i s  

n o t re le a s e d  and h a l f  o f i t  i s  p ro te c te d  from exchange d u ring  p r e c ip i ta 

t io n .

1 .5  S u b c e llu la r  d i s t r ib u t io n  o f th e  tu b u lin -b in d in rr a c t i v i ty

E a rly  work on th e  s u b c e llu la r  d i s t r ib u t io n  o f  co l clii c in e-b in d in g  

a c t i v i t y  p re s e n t in  r a t  b ra in  homogenates shoxred th a t  a s ig n if ic a n t  

p ro p o r tio n  o f  th e  c o lc h ic in e  b in d in g  was lo c a te d  in  a  f r a c t io n  enriched
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i n  sy n a p tic  plasm a membranes (Lagnado e t  a l . .  1971). More re c e n t 

ev idence  s u b s ta n t ia te s  th e  viex-r th a t  co lch ic in e  b ind ing  in  s u b c e llu la r  

f r a c t io n s  from mammalian b ra in s  i s  m ainly a sso c ia te d  xd th  is o la te d  

s y n a p tic  ju n c tio n a l complexes, as xrell as p e r ik a ry a l and synaptosomal 

so lu b le  f r a c t io n s  (Lagnado e t  a l . ,  1975).

F urtherm ore, in v e s t ig a t io n  o f th e  d i s t r ib u t io n  o f  v i n c r i s t i n e -  

b in d in g  a c t i v i t y  in  r a t  b ra in  homogenates (Tan, 1975) rev ea led  th a t  th e  

b in d in g  X'jas m ainly a sso c ia te d  xd th  th e  p a r t i c u la te  f r a c t io n ,  i . e .  n u c lea r, 

m ito c h o n d ria l and microsom al, d ecreasin g  in  t h a t  o rd e r . T his same x-jork 

a ls o  showed t h a t  amongst th e  ly s e d  crude n d to ch o n d ria l su b fra c t io n s , th e  

s o lu b le  e x t r a c t  had th e  h ig h e s t b in d in g  a c t ix d ty  f o r  bo th  co lch ic in e  and

v in c r i s t i n e ,  xdiereas th e  m yelin f r a c t io n  con tained  a Mgh ■ v in cris tine-

b in d in g  a c t ix d ty  as compared to  a r e l a t i v e ly  loxf one fo r  c o lc h ic in e .

1 .6  F unctions o f m icro tubules

The w idespread occurrence o f  m icro tubu les in  c e l l s  and organisms 

su g g es ts  t h a t  th e y  a re  involved  in  many c e l l u l a r  fu n c tio n s . T h e ir 

c h a r a c t e r i s t i c  arrangem ent in  c i l i a ,  f l a g e l l a  and sperm t a i l s  (see  

s e c t io n  1 . 6 . 2) ,  f o r  in s ta n c e , s ig n ify  t h e i r  involvem ent in  th e  m o ti l i ty  

o f  th e se  a c t iv e  s t r u c tu r e s .  During c e l l  d iv is io n , th e  chromosomes move

ment i s  very  much dependent on th e  i n t e g r i t y  o f th e  m icro tubules forming 

th e  m ito t ic  sp in d le  ap p a ra tu s . In  e longated  c e l l s  such as nerve c e l l s ,  

m icro tu b u le s  could p la y  a double ro le*  On th e  one hand, th ey  a c t  as a

c y to s k e le ta l  support to  th e  c e l l u l a r  p ro c e sse s ; on th e  o th e r  liand, they

a re  in vo lved  in  t r a n s p o r t in g ,  from th e  c e l l  body to  th e  d i s t a l  p a r ts  o f 

* th e  c e l l ,  a l l  s t r u c tu r a l ,  fu n c tio n a l and m etabo lic  m a te r ia l needed fo r

th e  grox-th, m aintenance and fu n c tio n  o f  th e  c e l l .  Some asp ec ts  o f



m ic ro tu b u la r  fu n c tio n s  xzill noxr be d e sc rib ed  in  g re a te r  d e t a i l ,

1 .6 .1  M ito tic  riovemont

The m olecu lar mechanism o f  m ito s is  in  h ig h e r eu k ary o tic  c e l l s  i s  

l a r g e ly  un’cnown. Very re c e n tly , a nexr model o f  m ito tic  movement based 

on i n t r i n s i c  micro tu b u le  behaviour xfas proposed (l-Iargolis e t  a l . ,  19?3)

I t  was based on tx:o ev en ts; p o lex ja rd -s lid in g  o f  a n t i  - p a r a l l e l  m icro tubules 

and an o p p o site  end assem bly/, d isassem bly  o f  a l l  micro tu b u le s , bo th  

occuring  c o n s ta n tly  th roughout m ito s is  and a c tin g  c o o rd in a te ly  to  produce 

m ito t ic  movement.

The au th o rs  have envisaged a co n stan t assem bly o f  m icro tubules a t  

th e  e q u a to r ia l  re g io n  o f th e  sp in d le  and a t  th e  k in e to ch o res , coupled 

x d th  a polex'jard m ig ra tio n  o f su b u n its  x iith in  th e  micro tu b u le s  as th ey  

floxr to x u rd s  th e  d isassem bling  ends. In  each h a l f  sp in d le , th e  m icro

tu b u le s  have a p a r a l l e l  o r ie n ta t io n , whereas in te r - p o la r  micro tu b u le s , 

i . e .  m ic ro tu b u les  o r ig in a tin g  n ea r o r  a t  th e  po le  and n o n -a ttached  to  a 

k in e to c h o re , from each h a l f  sp in d le  o v erlap  in  th e  e q u a to r ia l  reg io n  in  

an a n t i - p a r a l l e l  fa s liio n . A co n stan t poleward s l id in g  o f  a n t i - p a r a l l e l  

m ic ro tu b u les  p a s t  each o th e r  xrorks a g a in s t  th e  k in e to ch o re  lin k a g e  to  

produce an iso m e tr ic  te n s io n  th a t  i s  transform ed  to  xTork by th e  

uncoupling  o f s i s t e r  chrom atids in  anaphase. A system o f  co n stan t 

m icro tu b u le  assem bly and d isassem bly , o f a n t i - p a r a l l e l  m acrotubule 

s l id in g ,  and o f p a r a l l e l  m icro tubu le  lin k a g e s  produces an o rg an e lle  

whose s t r u c tu r a l  i n t e g r i t y  i s  m ain tained  by th e  o p p o sitio n  o f  fo rc e s  in  

a  s t a t e  o f  dynamic te n s io n .

1 .6 .2  M o ti l i ty

The r o l e . o f  m ic ro tu b u les  in  c i l i a ,  f l a g e l l a  and sperm t a i l  movements
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was p re v io u s ly  r e fe r re d  to  du rin g  th e  d e s c r ip t io n  o f  t h e i r  s tru c tu re  

and p a t te r n  in  such organism s (see  se c tio n  1 .1 ) .  I t  i s  g e n e ra lly  

assumed th a t  th e  tu b u le s  o f th e  ”9 + 2" complex s l id e  over one an o th er, 

u s in g  energy d eriv ed  from th e  h y d ro ly s is  o f ATP. The p rocess being 

p ro b ab ly  m ediated by th e  ATP-ase arms, o r dynein  arms th a t  a re  a tta ch ed  

to  th e  A -tubu les  o f  o u te r  d o u b le ts  (Gibbons & Gibbons, 1973; S a t i r ,  1974). 

F u rtherm ore , th e  d i r e c t  involvem ent o f  m icro tubu les in  m o t i l i ty  i s  

supported  by th e  f in d in g  th a t  c o lc h ic in e , th rough i t s  d is ru p tiv e  a c t i v i ty  

on cy top lasm ic  micro tu b u le s , le d  to  a lo s s  o f  o r ie n te d  movement and 

e x te n s io n  o f  pseudopodia in  c u ltu re d  c e l l s  ( e .g . ,  f ib r o b la s ts ;  see Goldman,

1 9 7 1 ).

1 .6 .3  C:rto s k e le ta l

Many m icro tubu le  d is ru p tiv e  f a c to r s ,  such as low  tem peratu re  (T ilney  

and P o r te r ,  1 9 67) ,  h igh  p re ssu re  (T iln e y e t  a l . ,1 9 6 6 ),u re a (Shegenak'a e t  a l . . 

1971) o r  c o lc h ic in e  (T iln ey , 1963), had been shoxm to  c re a te  a r e t r a c t io n  

in  th e  axopods o f  A ctinosnaeriura. The e f f e c t s  o f  p re s su re  and loxr 

tem p era tu re  were p reven ted  by D£0 xjhich x-jas a lso  found to  r e a c t  as a 

s t a b i l i s e r  o f  sp in d le  m ic ro tu b u les . Furtherm ore, th e  a d d itio n  o f  loxr 

c o n c e n tra tio n s  o f  co lch ic in e  to  groxdng nerve c e l l s  xjas found to  s e l e c t i 

v e ly  p re v e n t th e  outgroxfbh o f  axonal and d e n d r i t ic  p rocesses (Seeds e t  al._, 

1970; Yamada e t  a l . .  1970). Such o b se rv a tio n  confirm s c le a r ly  th e  ro le  

o f  m icro tu b u le s  in  th e  form ation  and m aintenance o f  assy m etric  c e l l  s t ru c tu re s .

1 .6 .4  Axonlasmic t r a n s p o r t

M icro tubu les a re  a very  common and abundant s t ru c tu re  in  nerve c e l l s ,  

where th ey  a re  re fe r re d  to  as n eu ro tu b u le s . T h e ir ro le  in  sucn hi^^nly 

s p e c ia l iz e d  c e l l s  has been th e  su b je c t o f  a v a s t  amount o f re sea rc h .
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A lso p re s e n t in  nerve c e l l s  a lon g sid e  th e  n eu ro tu b u les , i s  an o th er c la s s  

o f  f ib ro u s  e lem ents, th e  n eu ro filam en ts , x;hich a re  ap p a ren tly  composed 

o f  a su b u n it p ro te in  q u ite  d i s t i n c t  from tu b u lin  (Anderton c t  c l . .  I 976) ,

M ith in  th e  e longated  nerve c e l l ,  m a te r ia ls  a re  tra n sp o r te d  from th e  

c e l l  body to  th e  axonal (and d e n d r i t ic )  e x tre m it ie s .  Such tra n s p o r t  has 

been  found to  occur a t  txjo d i f f e r e n t  r a t e s ,  a s p e c ia liz e d  f a s t  floxr o f 

c e r ta in  m a te r ia ls  along d e fin ed  cytoplasm ic channels (200 -  50O mm/day) 

and a slow  mass flovr o f m a te r ia ls  (1 -2  ran/day) ( J e f f re y  and A ustin , 1974)

The involvem ent o f  neuro tu b u le  s in  th e  f a s t  floxr mechanism has been 

suggested  by se v e ra l in v e s t ig a t io n s .  Baiiks e t  a l .  (1971) shoxred th a t  

c o lc h ic in e  s im ultaneously  d isassem bled tu b u le s  and r e s t r i c t e d  th e  f a s t  

flo w  o f  n o ra d re n a lin  s to rag e  g ran u les  x iith in  th e  axon. S im ila r observa

t io n s  on th e  d is ru p tio n  o f  tu b u le s  and axoplasm ic floxr o f  p ro te in  xœre 

re p o r te d  by England e t  a l .  (1973)* S chm itt (1968) p re sen ted  a model in  

x:hich th e  v e s ic le  movement along th e  axons involved  a s e r ie s  o f  c ro s s 

b r id g e s  x jith  micro tu b u le  s . Smith e t  a l .  (1970) shoxred a s e r ie s  o f 

p ic tu r e s  in  xrliich sy n ap tic  v e s ic le s  xiere arranged  p a r a l l e l  t o ,  and c lo se  

t o ,  a r ra y s  o f n e u ro tu b u le s . Such a ss o c ia tio n s  o f  m icro tubu les xjith 

v e s ic le s  t ra n s p o r te d  in  th e  axoplasm, xrere l a t e r  suggested  on th e  b a s is  

o f  au to rad iog raphy  s tu d ie s  by Lentz (1972)• Furtherm ore, th e  involvem ent 

o f  neuro f ilam e n ts  in  f a s t  t r a n s p o r t  xras as x je ll suggested  (Yamada e t  al._, 

I 97I ;  Ochs, 1972) and a 't r a n s p o r t  f ilam en t model' xms d esc rib ed  in  th i s  

co n n ec tio n .

R ecent evidence in d ic a te s  th a t  m icro tubu les and neuro filam en ts  are  

them selves tra n s p o r te d  in  th e  slow component (Hoffman and Lasek, 1975)* 

Such s tu d ie s  were supported  by la b e l l in g  experim ents, which suggest th a t



"the slow  component nay re p re se n t th e  continuous movement o f  a netvjork 

o f  axonal c y to s k e le ta l  elem ent ( i . e .  m icro tubules and n o u ro filam en ts ) , 

judged by SDS polyacrylam ide g e l a n a ly s is  o f  m a te r ia l undergoing t r a n s p o r t  

a long  th e  le n g th  o f  th e  axones as a fu n c tio n  o f tim e .

1 . 6 . 5 Sensor '' tra n sd u c tio n

The su g g estio n  th a t  m icro tubules a re  invo lved  in  sensory  tra n sd u c tio n  

( P o r te r , 1966; S c lm itt and Samson, 1968) i s  based on th e  a s so c ia tio n  

betw een c i l i a  and sensory  re c ep to rs  such as occurs in  o lfa c to ry  c e l l s  

(R eese, 1965) ,  v e r te b ra te  rods and cones (S jo s tra n d , 1953) and vario u s  

i n s e c t  re c e p to rs  (Gray and Pumphrey, 1958) • L a te r  v:ork shox-jed a c lo se  

fu n c tio n a l  a s s o c ia t io n  o f  m icro tubu les w ith  th e  plasmalemma in  a sensory 

organ o f  th e  c r ic k e t ,  Moran and V arela (1971) came ou t w ith  more d i r e c t  

ev idence by e s ta b l is h in g  th e  f a i lu r e  to  evoke a c tio n  p o te n t ia ls  in  th e  

m echanoreceptors o f  cockroach le g  ( campanif orm sen s illiu m ) xjhen micro tubule- 

d is ru p t in g  ag en ts  ( i . e .  c o lch ic in e  o r  v in b la s t in e )  x^re a p p lie d .

1 .6 .6  Hormone and t r a n s m it te r  re le a s e

S ev e ra l in v e s t ig a t io n s  on th e  e f f e c t  o f  c o lch ic in e  and Vinca a lk a lo id s  

on s e c re t io n  suggest tha .t tu b u lin  may be involved  in  th e  re le a s e  o f  in s u l in  

from ^ c e l l s  o f  th e  pancreas (Lacy e t  a l . ,  1968; H a la is se  e t  a l . , 197L) 

o f  th y ro x in  and io d in e  from th e  th y ro id  gland (w illiam s and W olff, 1970) 

and o f  catecholam ines from ad ren a l medxilla (P o isn e r and B ern s te in , 1971) •

The blockage o f sy n ap tic  tran sm iss io n  by c o lc h ic in e  was a lso  r e la te d  

to  th e  d is ru p t iv e  e f f e c t ,  on th e  axoplasm ic t r a n s p o r t ,  induced by th e  

d rug  ( P e r i s ic  and Cuenod, 1972; R obert and Cuenod, 1 9 ^ )*  However, th i s  

does n o t ru le  ou t th e  p o s s ib i l i ty  t h a t  nerve te rm in a l membrane may as
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w e ll be th e  s i t e  o f  a c tio n  o f  th e se  a n tim ito t ic  d ru g s . Katz (1972) has 

observed  a d ecrease  in  th e  moan o u an ta l co n ten t o f th e  en d -p la te  poten

t i a l  (epp) o f  th e  fro g  s a r to r iu s  m uscle, under bo th  co l clii c ine and 

podopnyllotozcin, th u s  suggesting  an in te r a c t io n  o f th e se  drugs w ith  the  

plasm a membrane. Using s im ila r  neurom uscular ju n c tio n  p re p a ra tio n s , 

iu rk a n is  (1973) observed a s ig n if ic a n t  decrease  in  th e  m in ia tu re  end- 

p la t e  p o te n t ia l s  (mepp) when co l clii c ine  and v in b la s t in e  were used .

1 .7  S ta b i l iz a t io n  o f  micro tu b u le s

I t  i s  g e n e ra lly  thought th a t  v a rio u s  cy toplasm ic m ic ro tu b u le -b a se d  

fu n c tio n s  depend on th e  s ta t e  o f  po ly m eriza tio n  o f th e  p ro te in , i . e .  on 

th e  e:{tent to  which m icro tubules a re  p re s e n t as tu b u le s  o r  f r e e  su b u n itk  

To v a l id a te  t h i s  assum ption, i t  xrould be n ecessa ry  to  a sse ss  th e  p ropor

t io n  o f  tu b u lin  t h a t  i s  polym erized in  t i s s u e s  accord ing  to  t h e i r  

fu n c tio n a l  s t a t e .  Most b iochem ical work simply' m easures th e  t o t a l  tu b u lin  

co n ten t p re s e n t in  so lu b le  ez-ctracts p repared  in  th e  c o ld ^ i .e .  tu b u lin  

d e riv e d  from polymers (co ld  l a b i l e ) ,  from th e  f r e e  su b u n it, pool (P ip e lee rs  

e t  a l . ,  1977 a; 1977 b) and perhaps a lso , tu b u lin  which i s  lo o s e ly  a sso c ia te d  

x d th  membranes in  s i t u . Recent o b se rv a tio n s  in d ic a te  th a t  a number o f 

s t a b i l i z i n g  ag en ts  can a p p a ren tly  p re se rv e  m icro tubu les during  th e  e x tra c 

t i o n  o f  t i s s u e ,  i n  p a r t i c u la r  when such e^ctraction  i s  c a r r ie d  ou t a t  room 

te m p era tu re .

The most poxjerful amongst th e se  ag en ts  i s  th e  so lv en t d im e th y l-  

su lfo x id e  (DMSO). I t  has been used to  s t a b i l i z e  and. subsequen tly  i s o la te  

p iic ro tu b u les  from b ra in  homogenates (F iln e r  and Behnke, 1973). y i t r p , 

p o ly m eriza tio n  o f  tu b u lin  xjas a lso  shoxm to  occur more ra p id ly  when DI-ISO 

îÆLs p re s e n t i n  th e  medium and a t  an optimum' c o n ce n tra tio n  o f 10^ ,



m icro tu b u les  were s ta b i l iz e d  a g a in s t  th e  depolym erizing a c tio n  o f 

c o o lin g  and h igh  io n ic  s tre n g th  ( F i ln e r  and Behnke, 1973; Dulak and 

C r i s t ,  1974) .  Very re c e n tly  i t  xms re p o rte d  t h a t  tu b u l in  p u r if ie d  

from  bovine b ra in ,  would reassem ble in to  micro tu b u le s  a t  co n cen tra tio n s  

a s  low  a s  1  mg/ml in  th e  absence o f  o th e r  a sso c ia te d  p ro te in s  i f  10^

DMSO i s  in c lu d ed  in  th e  medium (Himes e t  a l . . 1977)» T h ere fo re , such

an  ag en t i s  p o te n t i a l ly  u s e fu l to  e s tim ate  th e  r a t i o  o f polym erized

and f r e e  tu b u l in  dim ers in  t i s s u e  e x tr a c ts .
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2 .1  In tro d u c tio n

T his  c h ap te r  d e sc r ib e s  a l l  th e  g en era l methods used throughout 

th e  course o f  t h i s  experim ental work. Any a l te r a t io n s  in troduced  to  

such methods and any o th e r  s p e c if ic  method used f o r  a p a r t i c u la r  pur

pose a re  d e sc rib e d  s e p a ra te ly  in  th e  a p p ro p ria te  c h ap te r .

2 .1 .1  Chemicals

A ll th e  s tan d ard  chem icals used in  t h i s  work were o f  th e  h ig h e s t 

p u r i ty  a v a i la b le .  A ll ra d io a c tiv e  chem icals were ob ta ined  from th e  

Radiochem ical C entro , Aaersham Bucks, U.K. T r i t i a te d  v in b la s tin e  was 

a  g i f t  from th e  same firm . N o n - tr i t ia te d  v in c r i s t in e  and v in b la s tin e  

were a lso  g i f t s  from E l i  L i l l y  C o., L td . ,  B asingstoke , U.K. U nlabelled  

n u c le o tid e s  were supp lied  by E oehringer C orporation  L td . O ther drugs 

used  w i l l  be sp e c if ie d  in  th e  t e x t .

The p u r i ty  o f  la b e l le d  drugs was p e r io d ic a l ly  checked by th in  

l a y e r  chromatography as d e sc rib ed  in  s e c tio n  2 .5 , &nd ap p ro p ria te  

c o r re c t io n s  xrere made in  th e  d e te rm in a tio n  o f  s p e c if ic  r a d io a c t iv i t i e s ,  

i n  th e  use o f t r i t i a t e d  compounds, to  account f o r  th e  lo s s  o f la b e l  

th rough  exchange re a c t io n s  in  aqueous so lv en ts  (see  Oldham, 1968; Evans 

e t . a l .  1970).

2 .1 .2  P re p a ra tio n  o f crude h ieh -sneed  b ra in  e x tra c ts

B ra ins ex c ised  from e th e r is e d  anim als ( r a t s  o r 1 -3  day o ld  chicks) 

W"ere k e p t on ic e  w hile  c le a r in g  them from blood v e s s e ls  and meninges. 

The t i s s u e  x t e s -weighed ( r  e fe rred  to  as  wot w eight) and homogenized in
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9 volumes o r  1 .5  volume ( f o r  10^ & 40$̂  homogenates re sp e c tiv e ly )  o f  • 

an ic e - c o ld  so lu tio n  o f 0 .1  M 2-(îî m orpholino) e thanesu lphonic  ac id  

(MES) b u f f e r  pH 6 .5  co n ta in in g  1 mH e th y len e  g ly  c o lb i s -  ( amino e th y l-  

e t h e r - t e t r a - a c e t i c  a c id  (EGTA), 1 mî-î GTP and 0 .5  mH MgCl^. T his was 

ach ieved  by u sin g  a m oto r-d riven  g la s s  homogeniser w ith  T eflon  p e s t le  

(c le a ra n c e  0 .003 -0 .005  i n ) .  The homogenate was cen tr ifu g ed  f o r  6o min 

a t  100,000 g (u s in g  an MSB SS^K)) to  y ie ld  a so lu b le  f r a c t io n  o r  h igh

speed e x tr a c t  from which tu b u lin  was i s o la te d .

2 .2  Tubulin  p u r i f ic a t io n

T ubulin  was p repared  from b ra in s  o f v a rio u s  sp ec ie s  such as guinea 

p ig ,  r a t ,  and c h ick s . The most commonly used sp ec ie s  was ch ick  (1 -3  

day o ld ) s in ce  such anim als xrere r e a d i ly  o b ta in a b le  from th e  Open Uni

v e r s i t y .  The whole p u r i f i c a t io n  p rocedure was c a r r ie d  ou t betxreen 2-4°C 

u n le s s  o therw ise  s p e c if ie d .  The method used xias based on th a t  d esc rib ed  

by  S h e lan sk i e t . a l .  (1973) , in  xh ich  tu b u lin  xias d e rived  from in  v i t r o  

reassem bled m icro tu b u le s  (see  follo-wing s e c t io n ) ;  o c c a s io n a lly  tu b u lin  

xms p a r t i a l l y  p u r i f ie d  f o r  id e n t i f i c a t io n  pu rposes, by p r e c i p i t a 

t i o n  xd-th V inca a lk a lo id s  (see  s e c tio n  2 .2 .2 ) .

2 .2 .1  P o ly m eriza tio n  method

T h is  wras based on th e  method f i r s t  d e sc rib ed  by S helansk i e t . a l .  

(1 9 7 3 ) ' F re sh ly  ex c ised  r a t  o r  1 -3  day o ld  ch ick  b ra in s  xrere free d  from 

b lood v e s s e ls  and homogenized x d th  1 .5  v o l .  ic e - c o ld  assem bly b u f fe r  

(0 .1  M îffiS 1 mM EGTA, 0 .5  id-I MgCl^, 1 mM GTP pH 6 .9) in  a  g la ss  homoge- 

n iz e r  f i t t e d  x d th  a  m oto r-d riven  T eflo n  p e s t l e  (200 rpm) by 10 up and 

doxm s tro k e s .



42

The homogenate was c en tr ifu g e d  a t  100,000 g f o r  60 min a t  4°C 

and th e  r e s u l t in g  su p ern a tan t (S^) xms mixed w ith  an equal volume o f 

assem bly b u f f e r  co n ta in in g  8 M g ly c e ro l. Folloxdng th e  in cu b a tio n  o f 

th e  m ixture a t  37°C f o r  30 min, to  a llo w  th e  reassem bly o f th e  tu b u lin , 

th e  p re p a ra t io n  xms p e l le te d  a t  100,000 g f o r  6o min a t  room te n p e ia -  

t u r e .  The p e l l e t  (? £ ) , en riched  in  m ic ro tu b u les , xjas re  suspended in  a 

volume o f  ic e -c o ld  reassem bly b u f f e r  e q u iv a len t to  one th i r d  o f the  

f i r s t  su p e rn a ta n t (S^) f r a c t io n  by g e n tle  hom ogenization (3 -4  s tro k es  

by hand) in  a T e flo n -g la ss  homogenizer. A fte r  s tan d in g  on ic e  fo r  30 

m in, to  a llo w  th e  d issassem bly  o f  micro tu b u le s , th e  suspension xjas cen- 

t id fu g e d  a t  100,000 g f o r  6o m in^at 4^C. T his re s u l te d  in  th e  sedimen

t a t i o n  o f a p a r t ic u la te  m a te r ia l  (P ^ ), c o n s is tin g  m ainly o f n o n -tu b u la r 

a g g reg a te s  as rev ea led  by e le c tro n  m icroscopy (L.P Tan unpublished  obser

v a t io n s ) .  The corresponding  su p ern a tan t (S^) xjas h ig h ly  en rich ed  in  depo- 

ly m erized  m icro tu b u le s  o r  tu b u l in .  F or f u r th e r  p u r i f ic a t io n  o f su.ch tubu

l i n ,  (3^) xTEs mixed w ith  an equal volume o f  assem bly b u f fe r  co n ta in in g  8 H 

g ly c e r o l ,  in cu b a ted  f o r  30 min a t  37^0 and c en tr ifu g e d  under th e  same con

d i t io n s  as  (S ]_),(see c e n tr ifu g a tio n  scheme, f i g .  2.1), to  y ie ld  a p e l l e t  

(P^P c o n s is t in g  m ainly o f  polym erized micro tu b u le s . The p u r i ty  o f th e  

p re p a ra t io n  xms a sse ssed  by polyacrylam ide g e l e le c tro p h o re s is  ;as shoxm 

in  f i g .  2 .2 . and e le c tro n  microscopy (see  f ig  2 .3 )•

2 .2 .2  P r e c ip i ta t io n  x iith  Vinca a lk a lo id s

I n  th e  p re s e n t xjork, t h i s  p a r t i c u la r  techn ique  was used as  a means 

t o  d e te c t  th e  presence  o f  tu b u lin  r a th e r  th an  as a  p u r i f ic a t io n  method 

f o r  th e  m ic ro tu b u la r p ro te in  i t s e l f .

I t  was found t h a t  th e  a d d itio n  o f  10"^ M v in b la s t in e  (Vb) to  p u i i -
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F5.g. 2 .1  Scheme f o r  p u r i f ic a t io n  o f  micro tu b u la r  p ro te in s  by one cycle 

o f  assem bly /d isassem bly , based on th e  S helansk i method (see 

t e x t ,  s e c tio n  2 .2 .1 ) .  P e l l e t  and su p ern a tan t f r a c t io n s  a re  

d e sig n a ted  as  P and S re s p e c tiv e ly .



Fig* 2.2 Polyacrylamide gel e lec trophoresis  p a tte rn s  of samples

obtained during the p u rif ic a tio n  of micro tubu lar p ro tein  (see 

te x t ,  section  2. 2. 1) from chick b ra in , by one cycle o f 

assembly/disassembly in  the presence o f g lycero l. E lectrophoresis 

was carried  out in  tr is -g ly c in e  b u ffer system in  the presence of 

urea (see te x t ,  section  2. 7) .  = i n i t i a l  high-speed supernatant,

^3 Gnd Pjî  re fe r  to  p e l le ts  obtained subsequently as indicated 

in  f ig .  2.1 (see also  te x t ,  section 2 .2 .1 ) . Note in  frac tio n  

the  f in a l  raicrotubular p e l le t ,  the minor high molecular weight 

components (HlfJ) near the  o rig in  (O r),. as w ell as the main 

tu b u lin  (a a n d /3 ) bands. Df = dye fro n t.



IS

Fig . 2.3  E lectron micrograph of a negatively  stained sample of ?£

obtained during the polym erization of microtubules in  v itro  

(see f ig .  2.1 and te x t ,  section  2 .2 .1 ) . The corresponding 

polyacrylamide gel i s  shown in  f ig .  2 .2 . M agnification = 7 K,
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f i e d  ra icro tubu le  p ro te in s  o r  to  h igh-speed  su p ern a tan ts  from p ig  b ra in , 

r e s u l te d  in  th e  ra p id  appearance o f a f in e  p r e c ip i ta te .  I t  a lso  induced 

th e  p r e c ip i ta t io n  o f  about 99/̂  o f th e  co l elm. c in e -b in d in g  a c t i v i ty  p ro sen t 

i n  e i th e r  p re p a ra tio n  (M arantz e t . a l .  1969). In  th e  p re se n t e}q)eriments, 

sam ples co n ta in in g  about up to  ^ mg o f p ro te in /m l were incubated  f o r  30 

min a t  37°C w ith  500 ( f i n a l  co n cen tra tio n ) o f  th e  Vinca a lk a lo id s  

(v in b la s t in e  o r  v in c r i s t in e )  d u ring  whi.ch th e  so lu tio n  became f a in t ly  

tu rb id *  A fte r  co o lin g , th e  in cu b a tio n  m ix tures were c en trifu g ed  a t

100,000 g f o r  6o min a t  The p e l l e t  and su p ern a tan t f r a c t io n s  th u s

o b ta in e d , as w e ll as th e  corresponding f r a c t io n s  from th e  c o n tro l sample 

in cu b a ted  w ith o u t th e  Vinca a lk a lo id ,  were assayed f o r  co lch ic in e -b in d in g  

a c t i v i t y  by th e  ch arco a l method d esc rib ed  in  s e c tio n  2 . 3*3 (below) and 

th e  p ro te in s  in  each f r a c t io n  were analysed  by SDS-PAG3 and compared to  

th e  p a t te r n  p u r i f ie d  by th e  p rev ious assembly method (see  s e c tio n  2 . 2 . 1) .

2 .3  D eterm ination  o f  co lch ic in e -b in d in g  a c t i v i t y

The f a c t  t h a t  c o lc h ic in e  b inds s p e c i f ic a l ly  to  tu b u lin  p rov ides a 

s u i ta b le  means f o r  de term in ing  th e  amount o f  tu b u lin  p re se n t in  t i s s u e  

e x t r a c t s .  VJhen samples co n ta in in g  tu b u lin  a re  incubated  id .th  -^H-colchi- 

c in e , a tu b u lin -c o lc h ic in e  complex i s  formed. V arious methods a re  av a i

l a b le  to  se p a ra te  such complexes from f re e  ^H -co lch ic ine; th ey  in vo lve ; 

column chromatography on Sephadex 100, s e le c t iv e  ab so rp tio n  o f th e  complex 

on to  Sephadex DEAE A 5 0 ,o r onto DE 81 f i l t e r  d is c  (Whatman), and f re e  

c o lc h ic in e  r e te n t io n  by  c h a rco a l. Amongst th e s e , on ly  th e  l a s t  two methods 

w ere employed in  th e  p re s e n t work (se e  se c tio n s  2 . 3*2 and 2 . 3*3 ^or desc

r ip t io n )  .

The amount o f  tu b u lin  was in d i i 'e c t ly  measured by th e  ra d io a c t iv i ty



r e ta in e d  in  th e  sample, on th e  b a s is  t h a t  each tu b u lin  dim er b inds up 

to  one mole o f c o lch ic in e  (W eisenberg e t . a l .  1968). T h is , o f cou rse , 

assumes t h a t  tu b u lin  re p re se n ts  a s in g le  sp ec ie s  o f p ro te in  homogenous 

■with re s p e c t  to  i t s  a b i l i t y  to  b ind  c o lc h ic in e .

2 . 3 .1  In cu b a tio n  co n d itio n s

The medium in  which th e  p ro te in  (up to  50O ^ g  in  th e  f i n a l  m ixture)

was assayed  f o r  c o lch ic in e  b ind ing  con tained  10 laM sodium phosphate b u f fe r

w ith  5 lif'I MgCl2 a d ju s ted  to  pH 6. 5 . The re a c t io n  Was s ta r te d  by th e  ad d i- 
3

t i o n  o f H -co lch ic in e  to  g ive a f i n a l  co n cen tra tio n  o f  5/-̂  K in  an incuba

t i o n  m ixture volume ro u t in e ly  k ep t a t  0 .5  ml. The in cu b a tio n  ^ras c a r r ie d  

o u t f o r  90-120 min a t  37^C in  th e  dark  to  p rev en t any l i g h t  induced degra

d a t io n  o f c o lc h ic in e  to  lumino c o lc h ic in e  ( « , ) ,  a d e r iv a tiv e  which does

n o t show h igh  a f f i n i t y  b in d in g  to  tu b u lin  (W ilson and F re id k in , i 960) .

The re a c t io n  \t8.s stopped by co o ling  th e  m ixture on ic e  fo r  10 min and 

a l iq u o ts  o f 0 .1  ml were used fo r  d e te rm in a tio n  o f  th e  p ro te in -bound  ra d io 

a c t i v i t y  by one o f th e  methods d esc rib ed  below. IVIien v in b la s tin e  (Vb) \ts.s 

u sed  to  s t a b i l i s e  th e  c o lc h ic in e  b in d in g , a  sm all volume (up to  50 i“ l )  o f 

n o n - la b e lle d  Vb was added to  th e  re a c t io n  m ixture to  give a f i n a l  concen

t r a t i o n  o f  50-100 ,uM.

2 . 3 .2  PE 81 f i l t e r  d is c  assay

T his method was adapted from th a t  d e sc rib ed  by W ilson (1970) and 

Lagnado e t . a l .  (1971). VHiatman DE 81 f i l t e r  d is c s  (25 nm in  d iam eter) 

were numbered and p laced  on a perspex  t r a y  ■vn.th sm all hollow  c y lin d r ic a l  

su p p o rts  having th e  same d iam eter as th e  d is c .  The ■whole t r a y  was p laced  

on ic e  and th e  f i l t e r  d is c s  were m oistened ■with ic e -c o ld  washing medium 

c o n ta in in g  10 mM sodium phosphate b u f f e r  and 5 MgCl2 a d ju s ted  to  pH 6. 8 .



An a liq u o t o f  0 .1  ml from th e  in cu b a tio n  mixtui'o was p ip e tto d  onto two 

superim posed f i l t e r  d is c s  and k ep t on ic e  f o r  10 min to  allow  th e  abso r

p t io n  o f  p ro te in -bound  r a d io a c t iv i ty .  The d is c s  were th en  immersed in  

a  b eak er co n ta in in g  ic e -c o ld  washing medium (30 ml p e r  d is c )  which was 

changed fo u r  tim e s , a t  5 min in te r v a l s ,  in  o rd e r to  remove unbound % - 

c o lc h ic in e . The d is c s  were th en  b lo t te d  b r i e f ly  on t i s s u e  paper and 

t r a n s f e r r e d  to  v i a l s  co n ta in in g  5 ml o f B ra y 's  s c i n t i l l a t i o n  f lu id  fo r  

coun ting  (see  s e c tio n  2 . 8 .1  below).. A ll assays were perform ed in  t r i 

p l i c a t e .

2 . 3 .3  C harcoal a b so rp tio n  assay

3T his method i s  based on th e  removal o f  f r e e  E -co l ch i cine by 

a b so rp tio n  to  ch arco a l a s  i t  was f i r s t  d esc rib ed  by S h e rlin e  e t . a l .  (1974).

Follow ing th e  stoppage o f  th e  co lch ic in e -b in d in g  re a c tio n  (see  s e c 

t io n  2 . 3 .1 ) ,  a l iq u o ts  o f  0 .1  ml o f  th e  sample re a c t io n  m ixture were added 

to  an equal volume o f 0 . 2}̂ (w/v) ic e -c o ld  slbuiTiine so lu tio n  u sin g  sm all 

p l a s t i c  tu b e s  immersed in  i c e .  A volume o f  1 ml o f  ic e -c o ld  a c tiv a te d  

c h a rco a l suspension  ( 5-10 mg/ml d i s t i l l e d  w a ter sw irled  v ig o ro u s ly  p r io r  

t o  each p ip e t t in g )  was added to  each tu b e  and th e  t o t a l  m ixture thoroughly  

shaken. A fte r  i t  was allow ed to  s e t t l e  on ic e  f o r  10 min, th e  suspension 

was c e n tr ifu g e d  a t  2,200 g f o r  10 min in  a  BECKMAN B m icrofuge kep t in  th e  

c o ld . A liq u o ts  o f  100-500 / i l  o f  th e  su p ern a tan t were th en  added to  5-10 ml 

o f  B ra y 's  s c i n t i l l a t i o n  f lu i d  fo r  counting  (see  s e c tio n  2 . 8) .  The co n tro l 

i n  such a ssay  con tained  th e  same co n ce n tra tio n  o f  ^H -co lch ic in e , b u t 

w ith o u t added m ic ro tu b u la r p ro te in .

2 . 3 .4  C om oarisonbf assay  methods

The two methods o f  a^say  d e sc rib ed  above w^ere compared in  o rd e r to
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a s s e s s  t h e i r  r e l i a o i l i t y *  I n  t h i s  connection , samples from r a t  b ra in  

h ig ii—speed s u p e n ia tsn t co n ta in in g  up to  500 o f p ro te in  were incubated
o

in  th e  p resence o f  ^H -co lch icine fo r  90 min a t  3?°C (see  s e c tio n  2 . 3*1)• 

T r ip l i c a te s  o f 0 .1  ml were assayed by th e  LE 81 f i l t e r  d is c  assay  and 

a c t iv a te d  ch arco a l m e th o d s ,re sp e c tiv e ly . The r e s u l t s  ob ta ined  showed 

t h a t  th e  v a r ia t io n s  between th e  t r i p l i c a t e s  in  th e  DE 81 methods ranged 

betw een 10 and 25^  o f th e  mean v a lu e , whereas th o se  o f  th e  charcoal method 

n ev e r exceeded 5- 10^*

Such h igh  v a r ia t io n s ,  in  th e  case  o f th e  f i r s t  method, could e a s i ly  

r e s u l t ,  e i t h e r  from th e  washing p ro cess  where sm all fragm ents from th e  

f i l t e r  d is c s  a re  l o s t  due to  p a r t i a l  d is in te g ra t io n  o f  th e  paper m a te r ia l, 

o r  d u rin g  th e  b lo t t in g  p ro cess  where some o f  th e  p ro te in -c o lc h ic in e  comp

le x e s  could have been absorbed by th e  b lo t t in g  t i s s u e .  Furtherm ore, the  

ease  and r a p id i ty  o f  th e  ch arco a l a b so rp tio n  procedure makes th e  p rocessing  

o f  m u ltip le  a l iq u o ts  o f  each sample more p r a c t ic a l  fo r  ro u tin e  assay s .

F in a l ly ,  th e  c o n tro ls  r e s u l t in g  fiom  th e  ch arco a l method proved to  

be very  low, in  te rm  o f  counts p e r  m inute, a s  compared to  th o se  ob ta ined  by 

u s in g  th e  f i l t e r  d isc s ,w h ich  were sho^jn to  r e t a in  h ig h ,co u n ts  o f  % - c o l -  

c h ic in e . T h is r e te n t io n  could be solved by in c lu d in g  n o n - t r i t i a te d  c o lc h i

c in e  in  th e  b u f f e r  used to  m oisten th e  d is c s ,  b u t a t  th e  same tim e could 

c re a te  a  s i tu a t io n  where th e  ”c o ld ” c o lc h ic in e  could exchange w ith  th e  

t r i t i a t e d  one in  th e  p ro te in -c o lc h ic in e  complex.

The p o s s ib i l i t y  o f  r e ta in in g  p ro te in  complexes by th e  charcoa l was 

reduced  by adding th e  0 . 2Jj albumin s o lu tio n  to  th e  assay ing  m ix tu re .

Thus, th e  ch arco a l method proved to  be f a r  more s u ita b le  th an  th e  Di 81 

f i l t e r  d is c  a ssa y , b u t u n fo r tu n a te ly  it-T ^ s? in tro d u c e d  a t  th e  l a s t  

s tag e  o f  th e  p re s e n t  xgork.
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2 .4  D eterm ination  o f  v i.n b la s tin e -b ln d in g  a c t iv i ty

I n  t h i s  c ase , th e  sane components used in  th e  co lch ic in e  re a c tio n  

m ix tu re  were in c lu d ed  excep t th a t  th e  b ind ing  re a c tio n  "was s ta r te d  by 

th e  a d d itio n  o f  v in b la s t in e  to  g ive a f i n a l  c o n cen tra tio n  o f 5

The in c u b a tio n  tim e was reduced to  15-20 min a t  37°C, and th e  

r e a c t io n  was te rm in a ted  by immersing th e  tu b es  in  i c e .  An a l iq u o t o f 

0 ,1  ml from each sample was tr a n s fe r r e d  onto a DEAS im pregnated f i l t e r  

d i s c  (VJhatnan DE 8l )  which had been p re v io u s ly  mounted on th e  IliI .lip o re  

f i l t r a t i o n  ap p ara tu s  and m oistened w ith  ic e -c o ld  10 ml! phosphate b u f fe r ,  

co n ta in in g  5 mli MgCl^ and a d ju s ted  to  pH 6. 8 . The f i l t e r  d is c  was washed 

th re e  tim e s , each w ith  10 ml o f  th e  same ic e -c o ld  b u f f e r ,  under m ild suc

t i o n .  Each d is c  was counted in  5 zmL o f  B ra y 's  s c i n t i l l a n t .  T r ip l ic a te  

d e te rm in a tio n s  were c a r r ie d  o u t on each sample, and th e  b lank  co n sis ted  

o f  samples in cu b ated  on ic e  fo r  th e  same p e rio d  o f  tim e .

2 .5  Thin la y e r  chromatography

The p u r i ty  o f  % -c o lc h ic in e  and ^ H -v in b las tin e  was checked ro u tin e ly  

by th in  l a y e r  chrom atography a n a ly s is  to  d e te c t  any im p u r itie s  o r  degra -  

d a tio n  compounds t h a t  m ight have re s u l te d  from s to ra g e .

3
2 .5 .1  H -co lch ic ine

L ab e lled  c o lc h ic in e  was chromatographed in  th e  presence o f pure 

c o lc h ic in e  (50 fjg] Sigma) on 0 .3  mm th ic k  s i l i c a  g e l G (K ie se lg e l; Lerk) 

p la te s  (20 x 20 cm). The p la te s  were developed w ith  methanol as d esc rib ed  

by W ilson and F r ied k in  (1966) and view ed, once d ry , under u l t r a - v i o l e t  (UV) 

l i g h t  to  lo c a te  th e  c o lc h ic in e  and any o th e r  im p u r it ie s .  U sually , one spot 

co rrespond ing  to  th e  c o lc h ic in e  was d e te c te d  w ith  an Rf value o f 0.5& under



th e  above system . D ire c t counting o f th e  g e l scrapes ( l  cm  ̂ per 

s c i n t i l l a t i o n  f l.u id -co n ta in in g  v ia l )  along th e  c o lch ic in e  sp o t, 

showed th a t  more th en  95/® o f  th e  r a d io a c t iv i ty  recovered  was asso 

c ia te d  w ith  th e  a u th e n tic  co lch ic in e  spo t revealed  under UV.

3,H -v in b la s tln e

Chromatography was c a r r ie d  out on Eastman Kodak chromatogram 

s h e e ts  (60 6l ) , 5 /wl o f % -v in b la s t in e  and 20 /ug u n la b e lled  v in b la s 

t i n e  were ap p lied  to  th e  chromatogram which vjas developed in  a ch lo - 

roform -m ethanol (1 :1 ) so lv en t system . The chromatogram sh ee ts  were 

th e n  d r ie d  and sprayed w ith  D ragendroff*s reag en t prepared according 

to  th e  method d esc rib ed  by M eunier and Macheboeuf (1951)* Most o f 

th e  Vinca a lk a lo id s  (p re se n t in  th e  range o f 20-50 /ug) r e a c t  w ith  th i s  

re a g e n t to  g ive an e a s i ly  d e te c ta b le  orange co lo u r.

In  th e  p re s e n t case , a s t r i p  o f th e  chromatogram co n ta in in g  th e  

p u re  u n la b e lle d  Vb sp o t (Rf = 0 .8 9  under th e  p re se n t system) was cu t 

in to  1 cm se c tio n s  and counted d i r e c t ly  in  B ra y 's  s c i n t i l l a t i o n  f lu id .  

Counts were co rre c ted  f o r  any quenching due to  th e  presence o f  suppor

t i n g  m a te r ia l ,  which decreased  th e  counts by 10-20^. The p u r i ty  o f th e  

t r i t i a t e d  Vb was determ ined accord ing  to  th e  percen tage  o f  recovered 

counts found to  com igrate w ith  th e  a u th e n tic  Vb. This u su a lly  ranged 

betw een 90^ and 95^*

2 .6  P ro te in  e s tim a tio n

2 .6 .1  D eterm ination  o f p ro te in  co n ten ts

The d e te rm in a tio n  o f  p ro te in  in  each p re p a ra tio n  was acliieved by
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a  method adapted from Lowry e t  aL. (1951). The so lu tio n s  involved 

inclu(ied  : -

i )  2^ Na2C0^ in  0 .1  H-KaOH (20 g Ka2C0^, anhydrous, added 4 g NaOH 

p e r  l i t e r  o f t o t a l  so lu tio n ; reag en t A).

i i )  0 .5 ^  Cu SO^, 5 E^O in  1^ triso d iu m  c i t r a t e .  2 ÏÏ2O (reag en t B).

i i i )  50 p a r ts  o f  A were f r e s h ly  mixed w ith  one p a r t  o f B̂ to  give 

re a g en t C_.

iv )  F o lin  C io c a lte a u  re a g en t (as  supp lied  by BDH) was d i lu te d  1:2*3 

w ith  d i s t i l l e d  w ater to  y ie ld  1 N so lu tio n  w ith  re sp e c t to  acid  

(re a g e n t ^ ,

v) P ro te in  s tan d a rd s  were p repared  from a s to ck  so lu tio n  co n ta in in g  

10 mg/100 ml o f  bovine serum album in.

F i r s t  4  ml o f  reag en t C_ were added to  sample s o lu tio n s  co n ta in ing  

up to  100 /ng o f  p ro te in  in  a t o t a l  volume o f 0 .8  ml, and allow ed to  

s tan d  f o r  10 m in .a t room tem p era tu re . Then 4 ml o f reag en t ^  was added 

and th e  m ix ture  shaken ra p id ly  and thorough ly ; a t  l e a s t  20 min were 

allow ed f o r  th e  b lu e  co lo u r to  develop , b e fo re  m easuring th e  absorbance 

a t  680 nm in  an KSE S p e c tro -p lu s  spectrophotom eter a g a in s t a  b lank  w ithou t 

added p ro te in .

A s tan d ard  curve was prepared  u s in g  samples from th e  bovine serum 

album in s o lu tio n  (see  f i g .  2 .4 ) .  I t  shows th a t  a t  680 nm th e  o p tic a l  

d e n s i ty  in c re a s e s  l in e a r ly  w ith  p ro te in  co n ce n tra tio n  w ith in  th e  range 

o f  0-100 g p ro te in .



5

O
(O *ao

s
054-»
2
CL

§
-PD> ®

iS
«H0

1
I
I
I
O
g

•H
(0w

w

•H



5

C orrec tio n  fo r  th e  In te rfe rin g ^  compounds

 ̂ Many o f  th e  p re p a ra tio n s  t e s t e d  f o r  t h e i r  p ro te in  co n ten t th rough

o u t t h i s  work con tained  v a rio u s  compounds ( e .g . ,  in d o le s  & g ly c e ro ls )  

which a re  known to  a f f e c t  th e  r e a c t io n  on which th e  above method i s  

b a sed . F or in s ta n c e ,  v in b la s t in e  (a  double in d o le  conç>ound), a t  a  

f i n a l  c o n c e n tra tio n  o f l m M  in  0 .8  m l, g ives an in c re a se  in  o p tic a l  

d e n s i ty  e q u iv a le n t to  80 /ug o f p r o te in ,  b u t below 0 .1  mM i t s  e f f e c t  

was n e g l ig ib le  (Tan, L .P . 1975)« G lycero l a t  c o n cen tra tio n s  between 

0 .5  M and 3 g iv e s  a l i n e a r  in c re a se  in  th e  co lou r in te n s i ty  c o rre s 

ponding to  40-125 /Wg. I t  was th e re fo re  n ecessa ry  to  in c lu d e  th e  appro

p r i a t e  b lan k  when any o f  th e se  compounds were p re se n t in  th e  p ro te in  

sam ple.

2 .7  Po lyacry lam ide g e l e le c tro p h o re s is

The p u r i ty  and m olecular w eight o f  tu b u lin  p re p a ra tio n s  were d e te r 

mined by po lyacry lam ide g e l e le c tro p h o re s is  in  th e  presence o f  sodium 

dodecy l (L au iy l)  su lp h a te  (SDS; F iso n s) used to  d is s o c ia te  p ro te in s  in to  

t h e i r  su b u n it p o ly p e p tid e s . Under th e se  c o n d itio n s , i t  was p o ss ib le  to  

c a lc u la te  th e  ap p aren t m olecu lar w eights o f  th e  in d iv id u a l p o lypep tides 

from t h e i r  m o b il i t ie s  on th e  b a s is  o f  a s tan d ard  curve ob ta ined  by 

p lo t t in g  th e  lo g a rith m  o f  m o lecu lar w eights ve rsu s  th e  m o b ility  f o r  a 

s e r ie s  o f  monomeric p ro te in s  o f  known m olecu lar w eight (see  Weber end 

A sbom , 1969) *

E le c tro p h o re s is  was c a r r ie d  o u t on 10^ acrylaraide g e ls  fo llow ing 

th e  p rocedure  d e sc rib e d  below .

I t  was found t h a t  po lyacry lam ide g e l e le c tro p h o re s is  o f  reduced
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carboxymetl-iylated and a lk y la te d  p re p a ra tio n  o f ch ick  b ra in  tu b u lin  

i n  an a lk a l in e  b u f f e r  system (T R IS -g lycine), re s u lte d  in  th e  s p l i t 

t i n g  o f  tu b u l in  in to  two c lo se ly  m ig rating  components which were 

d e s ig n a te d  as a  and /3 subun its  according  to  IÜPAC (Webb, 1964; Biyan'

& W ilson, 1971) .  L a te r , i t  was shown th a t  p u riH e d  tu b u lin  I-Tould a lso  

se p a ra te  in to  th e  same tiTO components when e le c tro p h o re s is  was c a r r ie d  

o u t i n  th e  p resence o f  2 .8  M u rea  under v a rio u s  b u f f e r  sy s te m s(F e it e t  a l . . 

1971 a ; Bryan & W ilson, 1971; F in e , 1971; Lagnado e t  a l .  1972).

Under such c o n d itio n s , i t  was necessa ry  to  reduce carbozym etly la te  ^ d  

a lk y la te  th e  p ro te in  in  o rd e r to  b r in g  about th e  re s o lu tio n  o f  tu b u lin  

in to  O' and ^ monomers.

Throughout t h i s  vTork, th e  two forms o f tu b u lin  were separa ted  in  

a d isco n tin u o u s  TRIS-glycine b u ffe red  system m odified from Laemmli (1970) 

i n  th e  p resence  o f  4- M u rea  according to  th e  method d esc rib ed  below.

2 . 7 .1  P re p a ra tio n  o f e e ls

The 10^ g e ls  were prepared  from a s to ck  acrylam ide so lu tio n  c o n ta i

n in g  20 g acrylam ide s p e c ia l ly  p u r if ie d  fo r  e le c tro p h o re s is  (BDH) and 

0 .1 5  g o f  KN’ -m ethylene b isacry lam ide  (BDH) d isso lv e d  i n  100 ml o f d i s 

t i l l e d  vTater.

To p rep are  10 g e ls  in  10 cm long  s i l ic o n is e d  g la ss  tu b es  ( in te r n a l  

d ia m e te r  5 r^m), 10 ml o f  g e l b u ffe r  (0 .75  TRIS-HCl, pH 8 .8 , 0 .2 ^ .SDS 

(w/v) 8 M u rea ) was mixed w ith  9 ml o f  s to ck  acrylam ide so lu tio n . The 

m ix tu re  was th e n  d e -a e ra te d  f o r  10 min b e fo re  adding 2 ml o f f re s h ly  

p rep a red  1 .5 ^  (w/v) aqueous ammonium p e r s u l f a te .  The po lym eriza tion  

was s ta r te d  by th e  a d d itio n  o f 3O-60 1 o f  N, N, îî*, K * -te tram e th y l-

e thy lened iam ine  (TSÎ'IED, K och-Light).



The com plete m ixture was im m ediately poured in to  th e  s i l ic o n is e d  

tu b e s ,  f ix e d  v e r t i c a l l y ,  stoppered a t  one end w ith  P a ra film , and a drop 

o f  w a te r was adoed to  m in iseus o f th e  forming g e l. G elling  u su a lly  

occured  w ith in  20 min, and th e  g e ls  could be used if i th in  an hour o f 

p r e p a r a t io n .

2 '7 "2  P re p a ra tio n  o f  p ro te in  samples and e le c tro p h o re s is

P ro te in  samples were mixed >7ith an equal volume o f  th e  in cu b a tio n  

b u f f e r  (0 .025 y. TPJS-HCl, pH 6 .8 , 0 .8 ^  SDS (w /v), Zp m ercaptoethanol,

2 M u rea ) such th a t  th e  r a t io  o f  SDS to  p ro te in  on a w eight b a s is  was 

k e p t between 2 -4  and incubated  a t  100°C fo r  5 min. The m ixture was 

f i r s t  alloi-red to  cool a t  room tem p era tu re , th en  a drop o f g ly c e ro l-  

bromophenol b lu e  (s a tu ra te d  aqueous so lu tio n )  m ixture (1 :1  (v /v ) ) was 

added to  th e  sam ple, and a liq u o ts  co n ta in in g  5-100 g o f  p ro te in , depen

d in g  on th e  p u r i ty  o f th e  sample, were app lied  on to p  o f  th e  g e ls  and 

covered  w ith  e le c tro p h o re s is  b u f f e r  (see  below ). The compartments o f  

th e  e le c tro p h o re s is  b a th  were f i l l e d  w ith  e le c tro p h o re s is  b u f f e r  (0 .0 2 5 M 

THIS- 0 .192 M g ly c in e , pH 8 . 3 , 0 .1 ^  SDS (w/v) and e le c tro p h o re s is  was 

perform ed a t  2 .5  mA/gel supp lied  from a Shandon-Unoplan Type 2541 power 

pack . Tdien th e  dye f r o n t  (Bromophenol B lue, BDH) reached th e  bottom  o f  

th e  g e ls  ( a f t e r  approxim ately  3-5 h o u rs ) , th e  power supply was cu t o f f  

and th e  g e ls  im m ediately removed from th e  b u f f e r  and re le a se d  from t h e i r  

g la s s  tu b e s .

2 .7 .3  F ix ing  s ta in in g  and destaining_

P ro te in s  in  th e  g e l were fix e d  in  10$ (w/v) s u lp h o s a lic y lic  ac id  

(SSA) f o r  a t  l e a s t  one hour, and s ta in e d  in  a 0 .25$ (w/v) so lu tio n  o f 

C o o m a ss ie -B rillia n t Blue R 250 (BDH) d isso lv e d  in  45 ml v f  50$ methanol
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and 46 ml o f  g la c ia l  a c e t ic  acid* For convenience, th e se  two s tep s  

were combined by m ixing I 3 .3  p a r ts  o f 10$ SSA viith- one p a r t  o f dye 

s o lu t io n ,  background s ta in in g  o f th e  g e ls  was removed by i«jashing I’j i th  

s e v e ra l  changes o f a d e s ta in in g  so lu tio n  co n ta in in g  7$ g la c ia l  a c e t ic  

a c id  in  5$ aqueous m ethanol.

2 . 7*4 M olecular w eight' d e term in a tio n  o f po ly p en tid es

^7 m easuring th e  le n g th  o f the  g e l ,  th e  d is ta n c e  m igrated  by th e  

dye f r o n t ,  b e fo re  f ix in g ,  and th e  le n g th  o f th e  g e l end d is ta n c e  migra

te d  by each p ro te in  band a f t e r  d e s ta in in g , th e  m o b ility  o f  each p ro te in  

was e stim ated  on th e  b a s is  o f th e  fo llow ing  equation :

Gel le n g th  b e fo re  f ix in g  D istance  m igrated by p ro te in
M o b ility  = ------------------------------------------x

Gel le n g th  a f t e r  f ix in g  D istance  m igrated  by dye f ro n t

By p lo t t in g  th e  lo g a rith m  o f th e  m olecu lar w eight a g a in s t th e  mobi

l i t y  o f  s tan d a rd  p ro te in s ,  a l i n e a r  standard  curve v-ias o b ta in ed , from 

which th e  m o lecu lar ife igh t o f  th e  unknown p ro te in  could be derived  (see  

f i g .  2 .5 ) .  From t h i s  s tandard  curve, th e  m olecu lar w eight o f a  and /3 

tu b u l in  su b u n its  was found to  be 54,000 and 57,000 re s p e c tiv e ly  (see  f ig .  

2 . 6).

2 .7 .5  D en s ito r ie tr ic  scanning o f g e ls

T his was perform ed on a V ita tro n  d en sito m ete r u s in g  a yellow  Ü-12 

f i l t e r .  The re c o rd e r  was f i t t e d  vd th  a m echanical in te g r a to r  th e  tra c e  

o f  which was used to  c a lc u la te  th e  a rea  under th e  in d iv id u a l peaks (see

f i g .  2 .6 ) .
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Fig« 2 .5  s tan d a rd  curve f o r  m olecu lar w eight d e te rm in a tio n  o f  p u r if ie d  

b ra in  tu b u lin  and o th e r  p ro te in  conç)onents sep a ra ted  by SDS- 

PAGS (see  t e x t ,  s e c tio n  2 * 7 .4 ). E lec tro p h o re s is  \7&s c a r r ie d  

o u t in  t r i s - g ly c in e  b u f f e r  system  u s in g  p ro te in ^  o f  known 

m olecu lar w e ig h t,
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FlR . 2 .6  Scaimiiig o f  an  S îB -p o ly ac iy lan id e  g e l l â t h  p u r if ie d  b ra in  

tu b u l in  o b ta in ed  by one cy c le  o f  a sse iab ly /d isassed b ly  in  

th e  p resence  o f  g ly c e ro l as  d e sc rib e d  i n  th e  t e x t ,  s e c tio n

2 .2 .1 .  Note m inor h igh  m olecu lar w eight components (EI'Z) 

n e a r  th e  o r ig in  (O r) . For d e t a i l s  see  a lso  t e x t ,  s e c tio n

2*7*5*
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2 .8  R ad io ac tiv e  counting

R ad io ac tiv e  samples were p laced  in  5 ml o f  Bray* s s c i n t i l l a n t  

(B ray, I960) and counted in  a T ri-C arb  Packard 3375 s c i n t i l l a t i o n  spec- 

tro p h o to m ete r. Vdien la rg e  volumes o f  ra d io a c tiv e  samples o r samples 

co n ta in in g  compounds -with h igh  quenching e f f e c t  were counted, th e  scin- 

t i l l a n t  volume was in c re ase d  to  10 ml.

The e f f ic ie n c y  o f  counting  i^as determ ined by m easuring th e  counts 

p e r  m inute (cpm) o f a s p e c if ie d  volume o f  ra d io a c tiv e  stock  so lu tio n  

o f  known d is in te g r a t io n s  p e r  m inute (dpm ):-

cpm X 10
E ff ic ie n c y  = ------   10^

dpm

I t  was found th a t  th e  e f f ic ie n c y  fo r  (% ) ^ras about 48^.

The s c i n t i l l a t i o n  m ixture used was t h a t  o f  Bray (I960) except th a t

m ethanol was rep laced  by ethoxy e th an o l (EDK) and th e  amount o f  n a p h ta 

l i n e  (BDH), 2 ,5 -b ipheny loxazo le  (PPG; F isons) and 1 ,4 -D i-2 -(5-phenyloxa- 

z o ly l)-b en zen e ) (POPOP;EDH), were in c re ase d  to  improve th e  counting e f f i 

c ien cy .

2 .8 .1  P re p a ra tio n  o f  ra d io a c tiv e  s o lu tio n s

The ra d io a c tiv e  chem icals o b ta ined  from th e  Radiochem ical C entre

were a d ju s ted  to  th e  re q u ire d  s p e c i f ic  a c t i v i t y  by th e  a d d itio n  o f  u n la 

b e l le d  compound.

T r i t i a t e d  c o lc h ic in e  ( r in g  C -  m e th o x y l-% -co lch ic in e ) was u su a lly  

o b ta in ed  as 250 Ci in  0 .2 5  ml o f  e th an o l i«7lth a s p e c if ic  r a d io a c t iv i ty  

o f  4 Ci/m mol. A liquo ts  o f  50 ^ 1  o f t h i s  s o lu tio n  were d ilu te d  id th  an
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a p p ro p r ia te  volume o f  u n la b e lle d  c o lc h ic in e  so lu tio n  to  give a f in a l  

c o n c e n tra tio n  o f  50 //M and 0 .2  Ci/m mol f i n a l  s p e c if ic  a c t i v i ty .  This 

formed th e  s to ck  so lu tio n  from which 50 /u l were added to  th e  0 .45  ml 

o f  sample in c u b a tio n  m ixture to  give a f i n a l  c o n cen tra tio n  o f  5 /xH and 

0 . 02/m mol s p e c i f ic  a c t i v i t y .

The t r i t i a t e d  v in b la s t in e  (G-%  v in b la s t in e  su lp h a te) was supplied  

a s  250 //C i in  1 .0  ml o f  m ethanol w ith  a s p e c if ic  r a d io a c t iv i ty  o f 6 .3  C i/ 

m mol. A volume o f  50 / / I  o f  t h i s  so lu tio n  was d i lu te d  w ith  an ap p ro p ri

a te  volume o f u n la b e lle d  v in b la s t in e  p re p a ra tio n  to  give a  f in a l  concen

t r a t i o n  o f  50 yuH and 0 .0 3  Ci/m mol f i n a l  s p e c if ic  a c t i v i ty .  From th i s  

s to ck  s o lu t io n , 50 / / I  were added to  th e  in cu b a tio n  m ixture (0 .45  ml) to  

g ive  a  f i n a l  c o n c e n tra tio n  o f 5 and 3 m Ci/m mol s p e c if ic  a c t i v i ty .

2 .9  E xpression  o f  d a ta

The r e s u l t s  o f th e  b in d in g  s tu d ie s  (b o th  f o r  co lch ic in e  and v in 

b la s t in e )  were expressed  e i th e r  in  term s o f  th e  number o f t o t a l  bound 

ra d io a c tiv e  counts p e r  m inute p e r  f r a c t io n  ( t o t a l  bd cpm), as s p e c if ic  

r a d io a c t i v i t i e s  ( i . e . ,  number p f  ra d io a c tiv e  counts p e r  minute p e r  mg 

protein(cpm /m g p r o te in ) ,  o r  as r e la t iv e  s p e c if ic  a c t i v i t i e s  (BSA) as 

g iven  below: -

^  cpm recovered  in  f r a c t io n
U.S.A. —

^  p ro te in  recovered  in  f r a c t io n

T his enabled b e t t e r  com parisons to  be made amongst va rio u s  f r a c tio n s , 

Taking th e  USA o f  th e  o r ig in a l  f r a c t io n  as 1 , v a lu es  g re a te r  than  1 would 

in d ic a te  a  r e l a t iv e  enriclim ent o f  th e  f r a c t io n  in  a c t iv e ly  b ind ing  pro -
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t e i n s .  The means o f t r i p l i c a t e  d e te rm in a tio n s  f o r  each sample were 

u s u a l ly  o b ta in e d , and formed th e  b a s is  on which th e  r e s u l t s  a re  exp

re s s e d . The v a lu es  given in  th e  ta b le s  throughout t h i s  work rep re sen t 

th e  averages o f  th e  d i f f e r e n t  means ob ta ined  from sep a ra te  experim ents.

2.10 Grid p re p a ra tio n  fo r  e le c tro n  rm.croscooy

G rids were m ainly p repared  f o r  samples where th e  p o ss ib le  polyme

r i z a t i o n  o f  m ic ro tu b u la r p ro te in s  was in v e s t ig a te d .

A drop o f  th e  incu b ated  sample was mounted onto a  G 400 o r  G 3OO 

Formvar carbon-coated  g r id .  The excess l iq u id  Trms d ra in ed  o f f  c a re fu lly  

w ith  th e  a id  o f  a f i l t e r  p ap er, th en  a drop o f  g lu ta ra ldehyde  was added 

(and d ra in e d  o ff )  fo llow ed by a wash vTith a drop o f  d i s t i l l e d  w ater.

The n eg a tiv e  s ta in in g  was- achieved by apply ing  1^ u ran y l a c e ta te  and 

q u ick ly  b lo t t in g  i t  o f f .  S ince any polym erized micro tu b u le s  from th e  

sy n ap to so l f r a c t io n  (which was th e  main f r a c t io n  in v e s t ig a te d )  were 

th ough t to  be v e iy  u n s ta b le , th e  g lu ta ra ld eh y d e , d i s t i l l e d  vjater, and 

u ra n y l a c e ta te  so lu tio n  used were kep t a t  3?°C, d u ring  th e  course o f  g rid  

p re p a ra t io n  in  o rd e r  to  p rese rv e  op tim al c o n d itio n s  fo r  s ta b i l i z a t io n .

The g r id s  were f i n a l l y  viewed in  a C orin th  275 o r  ASI 6B e le c tro n  

m icroscope, and s e le c te d  re p re s e n ta t iv e  a reas  were photographed a t  d i f f e 

r e n t  m a g n ific a tio n s .
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The d i s t r ib u t io n  o f c o lc h ic in e  end v in b la s t in e  rocen to r^  

in_ .g u b cellu lar, f r a c t io n s  from 1-3  day-o ld  ch ick  b rs in

3*1 In tro d u c tio n

C olc liic ine  and th e  Vinca a lk a lo id s ,  v in b la s t in e  end v in c r i s t in e ,  

a re  comimnly used as probes f o r  m icro tubule-dependent p ro cesses  in  

v a r io u s  c e l l  ty p es  (O liv e r e t  a l „  1974; Sdelman e t  a l .  1974; Me C lu re , 

1972i K ico lson , 1976) :  b o th  drugs a re  known to  s e le c t iv e ly  in h ib i t  m icro

tu b u le  assem bly in  v i t r o  and in  vivo and to  i n t e r a c t ,  through sep ara te  

h ig h  a f f i n i t y  b in d in g  s i t e s ,  vd th  tu b u l in ,  th e  subun it p ro te in  o f  m icro- 

tu b u le s  (W ilson e t  a l . , 1975» Olmsted & Bo r i  sy , 1973)*

E a rly  work on th e  s u b c e llu la r  d i s t r ib u t io n  on co lch ic in e -b in d in g  

a c t i v i t y  in  mammalian b ra in  homogenates showed th a t  a s ig n if ic a n t  p a r t  

o f  th e  a c t i v i t y  was lo c a l is e d  in  th e  synaptosom al f r a c t io n .  S u b frac tio 

n a tio n  o f o sm o tica lly  ly se d  synaptosomal p re p a ra tio n s  from r a t  b ra in  

f u r th e r  in d ic a te d  th a t  c o lch ic in e  re c e p to rs  were p re se n t in  th e  synapto

s o l  f r a c t io n  a s  w e ll as  in  sy n ap tic  plasma membranes (see  Lagnado e t  al,... 

1971 a ; Lagnado & Lyons/ 1971)* The presence  o f  tu b u lin  in  i s o la te d  nerve 

ending was re c e n t ly  co rro b o ra ted  by more d i r e c t  evidence based on chemical 

a n a ly s is  o f  p u r if ie d  sy n ap tic  ju n c tio n a l  f r a c t io n s  th a t  were enriched in  

p o s t-s y n a p tic  d e n s ity  m a te r ia l  (W alters & M atus, 1975)j snd by e le c tro n  

m icroscopic  o b se rv a tio n s  (Gray, 1975), showing th e  p resence o f  micro tu b u les  

in  p re sy n a p tic  elem ents o f  c e re b ra l  c o rte x  t i s s u e  examined in  s i tu .

Taken to g e th e r ,  th e se  o b serv a tio n s  suggest t h a t  some o f th e  observed 

pharm acolog ical e f f e c t s  o f  a n t i tu b u l in  drugs on sy n ap tic  fu n c tio n  (ivatz, 

1972; E anbauer e t  e l .  1974; Wooten e t  a l .  1975s P o isn e r, 19735 Sorimachi
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Gt a l .  1973) Diay bo r e la te d  to  a d i r e c t  in te r a c t io n  o f  th e  drugs id th  

tu b u l in  a s so c ia te d  td th  sy n ap tic  components.

The main o b je c t o f  th e  p re se n t work was to  s tudy  th e  d is t r ib u t io n  

o f  b o th  c o lc h ic in e  and v in b la s t in e  re c e p to rs  in  th e  so lu b le  and p a r t ic u 

l a t e  s u b fra c t io n s  o f ch ick  b ra in  homogenates. For t h i s  purpose, chick 

b ra in  homogenates were p repared  and f ra c t io n a te d  by th e  rap id  sedim enta- 

t i o n - f l o t a t i o n  p rocedure o f Jones and Matus (1974), m odified in  such a 

way as to  y ie ld  an a d d it io n a l  subsynaptosomal so lu b le  f r a c t io n  which I  

w i l l  r e f e r  to  as  th e  sy n ap to so l. The e f f e c t s  o f  v in b la s tin e  on th e  

c o lc liic in e -b in d  in  g a c t i v i t y  o f in d iv id u a l f r a c t io n s  i-ms a lso  s tud ied , 

s in ce  t h i s  drug i s  kno&ni to  in c re a se  co lc liic in e -b in d in g  a c t i v i ty  through 

s t a b i l i z a t i o n  o f  c o lch ic in e  b ind ing  s i t e s  a g a in s t the im al in a c t iv a t io n  

(se e  C hapter I ) .  E le c tro n  m icroscopy was used to  a sse ss  th e  homogenates 

o f  th e  f r a c t io n  ob ta ined  and l im ite d  in v e s t ig a t io n s  on th e  enzymic p roper

t i e s  o f  th e  f r a c t io n  were a lso  c a r r ie d  o u t.

3 .2  Methods

3 .2 .1  S u b c e llu la r  f r a c t io n a t io n

^-Jhole b ra in s  from 1 -3  day -o ld  ch icks were homogenized and f ra c t io n a 

te d  acco rd ing  to  th e  method o f Jones and Matus (1974) ; except th a t  a 

phosphate-m agnesium  b u f f e r  (2  mM sodium phosphate , 5 MgCl^, ad ju sted  

to  pH 6 .8) re p laced  th e  T r is -ca lcium  b u f fe r  system  used by Jones and Matus 

i n  th e  homogenizing medium. T his b u f f e r  was a lso  in co rp o ra ted  in to  the  

su cro se  g ra d ie n t s o lu t io n s . L ysis  o f  th e  *crude ro itochondrial p e lle t*

(P^2 f r a c t io n ,  see f i g .  3 . I )  was caiT ied  out in  th e  absence o f sucrose and 

a f t e r  a d ju s t in g  th e  pH to  8 . 1 .  • A ll p a r t ic u la te  f r a c t io n s  were r e  suspended
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lOÿ homogenate 
in

2 mx-I Ka P b u ff  o r , 50 HgClp, 10^ sucrose 
pH 6 .8

20 min

N uclear p e l l e tP o s t-n u c le a r  su p ern a tan t

20 min9 ,000 g 

^2

Po s t-m ito  ch o n d ria l supe m a ta n t  

100,000 g I ^  min

— ;
S3

P o s t-m i crosom al 
su p e rn a ta n t

Crude mi <^0 some 3 
sm all nerve endings

Resuspended in  homogenizing 
b u f f e r  m t h  34^ sucrose

02

Crude m itochondria 
resuspended in  
1 ml-I Na P pH 8 .1  ; 
+ so n ica tio n

?2  Lysed crude
m itochondria

20 min100,000 g

?2 so l 
synap toso l

P*

10^

28.5^

m

3 X 25 ml stdng ou t

75,000 g
60 min

lOP

28. 5$:

î^'-elin

Synaptic  plasma 
membranes (SPM)

I'litochondria

F ig . 3 .1  ' Scheme f o r  th e  s u b c e llu la r  f r a c t io n a t io n  o f cliick b ra in s  

i n  sodium phosphate b u f f e r ,  accord ing  to  th e  Jones and

Matus method. See a lso  t e x t ,  s e c tio n  3*2.1.
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a t  4°C in  th e  phosphate-magnosium b u f fe r  (pH 6.8) im m ediately b e fo re  

a ssa y s  (see  below ).

The f r a c t io n a t io n  procedure i l l u s t r a t e d  in  f i g ,  3 .1  .̂jas c a rr ie d  

o u t as fo llo w s: u s u a lly  5-10 g o f b ra in  t i s s u e  were homogenized in  9 

volumes o f  b u f f e r  and c en tr ifu g e d  a t  800 g f o r  20 min g iv ing  a ‘ crude 

m ito ch o n d ria l p e l le t*  ( f r a c t io n  P^, f i g .  3 .1 ) ,  which formed th e  s ta r t in g  

m a te r ia l  f o r  f u r th e r  su b fra c t io n a tio n  by sucrose  g ra d ie n t c e n tr ifu g a tio n  

te c h n iq u e s , and a su p e rn a tan t which \ms su b jec ted  to  liigh speed c e n tr i fu 

g a tio n , 100,000 g f o r  6o min, to  y ie ld  th e  crude microsomal (P^) and 

so lu b le  (S^) p rim ary  f r a c t io n s  (see  f i g ,  3*1)•

The crude m ito ch o n d ria l p e l l e t  (P^) -was r e  suspended in  2mM sodium 

phosphate  b u f f e r  pH 8 .1  (2 ml o f  b u f fe r  p e r  g o f  i-jet -î^eight t i s s u e )  f o l lo 

wed ;by s ix  s tro k e s  in  a hand o pera ted  homogenizer and k ep t on ic e  fo r  30 

min to  l y s e .  VJhere employed, soni c a tio n  was e ffe c te d  by an Î4SE I 50 w att 

u l t r a s o n ic  d e s in te g ra to r  opera ted  a t  medium power vdth  optii-ial am plitude 

f o r  3 X 10 se c s . At th i s  s ta g e , an a d d it io n a l  s tep  Tzas added to  th e  Jones 

and Matus method and idiich involved  th e  c e n tr ifu g a tio n  o f th e  ly s a te ,  a t

100,000 g f o r  30 %nin in  th e  co ld , in  o rd e r to  e x t r a c t  th e  synap toso l 

(pg  s o l ) , p r io r  to  f u r th e r  su b fra c t io n a tio n  o f  th e  p a r t ic u la te  matei*ial 

(Van LeeuT^n, 19 7 Q • The l a t t e r  Tcas re  suspended in  3 ^  sucrose b u ffe r  

s o lu t io n  and r e d is t r ib u te d  onto th re e  25 ml tra n s p a re n t c en tr ifu g e  tubes 

which f i t t e d  in to  th e  buckets o f  th e  3 x  25 ml svdng ou t r o to r  (î-ISS).

The suspension  vjas o v e rla id  w ith  28.5^ (w/w) sucrose phase (10.0 ml), 

which in  i t s  tu rn  %jas o v e r la id  w ith  10^ (w/w) sucrose  (5*0 ml) b ring ing  

th e  t o t a l  f i n a l  volume to  around 20 ml (see  f i g .  3*1)* A fte r c e n tr ifu g a 

t i o n  a t  75)000 g f o r  60 min in  an MS3 superspee 40, th e  m yelin f r a c t io n  

was recovered  from th e  in te r f a c e  between th e  10^ and 28. 5w sucrose la y e r s .
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The sjT iap tic  plasm a membrane m a te r ia l was recovered  from th e  28*5^ 

and in te r f a c e  and th e  m itochondria l f r a c t io n  was ob ta ined  as a 

p e l l e t  (see  f i g .  3*1)•

The co n ten ts  and d i s t r ib u t io n  o f  p ro te in s  in  th e  d i f f e r e n t  f r a c t io n s  

o b ta in ed  ^jere determ ined  using  th e  F o lin  Lowry method (see  Chapter I I ,  

s e c t io n  2 .6 ) .

3« 2 .2  C o lch ic in e -b in d in g  a c t i v i t y

A liq u o ts , c o n ta in in g  200 to  ^ 0  fjrg p ro te in , from th e  f re s h ly  obtained  

f r a c t io n s  were in cu b ated  in  a t o t a l  volume o f  0 .5  ml in  th e  presence o f 

10 rdl sodium phosphate b u f f e r ,  co n ta in in g  5 mM KgCl^ (pH 6.8) sjid 50 /ul 

o f  an (% ) c o lc h ic in e  s o lu tio n  ( s p e c i f ic  a c t i v i t y  0 .2  Ci/m m ole), to  give 

a f i n a l  c o n c e n tra tio n  o f  5 juM c o lc h ic in e . VJhen th e  v in b la s tin e  e f f e c t  on 

c o lc h ic in e  b in d in g  was in v e s t ig a te d , th e  drug was added a t  a f in a l  con 

c e n tr a t io n  o f  100 fi M.

At th e  end o f  a 90 min in cu b a tio n  a t  37^0, th e  re a c tio n  vias stopped 

on ic e  and th e  f r a c t io n s  assayed f o r  b in d in g  a c t i v i ty  u s in g  th e  DE 81 

f i l t e r  d is c  a ssay  (see  C hapter I I ,  s e c tio n  2 .3 * 2 ).

3 .2 .3  V in b la s tin e -b in d in g  a c t i v i t y

T h is  'I'jas perform ed on th e  same f r a c t io n s ,  under th e  above-mentioned 

c o n d itio n s  excep t t h a t  th e  in cu b a tio n  tim e was reduced to  30 min, since  

i t  'was shown in  p re lim in a ry  experim ents t h a t  -v in b las tin e  b ind ing  remained 

c o n s ta n t bett-jeen 10-60 min in cu b a tio n  a t  37^0. G 3h ■vinblastine ( s p e c if ic  

a c t i v i t y  30 Ci/M ole) Tjas used a t  a f i n a l  c o n ce n tra tio n  o f 

b in d in g  a c t i v i t y  -was assayed u sin g  th e  a p p ro p ria te  DE 81 f i l t e r  d is c  

method (see  C hapter I I ,  s e c tio n  2 .4 ) .



2>4 E le c tro n  microscopy

The main f r a c t io n s  ob tained  from th e  sucrose g ra d ie n ts  (see  f ig ,  3 , 1 ) 

v:ere examined by e le c tro n  m icroscopy. P e l le t s  from th e se  t is s u e s  were 

c u t d i r e c t l y  (n o t more th an  1 mm cube in  s iz e )  in to  th e  f ix a t iv e  a t  room 

te m p era tu re .

The f ix a t io n  (2 h rs )  was in  5? g lu ta ra ld eh y d e  b u ffe red  I'lith disodium 

hydrogen phosphate and potassium  dihydrogen phosphate pH 7 .2 . Following 

a  thorough  i-jashing (2 x  1 h r  in  b u f f e r  o n ly ), th e  t i s s u e  was postfiiced 

( l  h r)  in  lyj osmium te t r o x id e ,  b u ffe re d  w ith  phosphate a t  pH 7*2 and 

r in s e d  tm c e  w ith  d i s t i l l e d  w a ter.

The d eh y d ra tio n  was perform ed in  an acetone s e r ie s  (30^, 50^, 70^, 

90^  and 2 x  100^ , f o r  15 min each) follow ed by 50:50 propylene oxide; 

ace tone  and 2 x  propylene ox ide , a lso  15 min each.

The samples were th en  i n f i l t r a t e d  w ith  a TAAB re s in  m ixture which 

was allow ed to  polym erize in  embedding moulds a t  60®C fo r  43 hours.

S ec tio n s  a t  750 -1000  2. th ic k n e ss  were th en  cu t from each sample 

u s in g  a HujdLey u ltram icro to m e. Such s e c tio n s  were fu r th e r  su b jec ted  to  

le a d  c i t r a t e  s ta in in g  (R eynolds), mounted on 200 F g r id s  and viewed in  

a  C o rin th  275 o r  AEI 6B e le c tro n  m icroscope.

S e lec ted  re p re se n ta tiv e  a re as  o f  th e  g rid s  were f in a l ly  photographed 

a t  d i f f e r e n t  m ag n ific a tio n s  fo r  each sample.

3 .3  R esu lts

3 . 3 .1  E le c tro n  m icroFranhs

AH th re e  p a r t ic u la te  su b fra c tio n s  o f  th e  ly sed  crude m itochondria
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"vjcr© examined by e le c tro n  m icroscopy.

Under such exam ination , f r a c t io n  1 , a w hite band sep a ra tin g  

betw een th e  10^ and th e  28, 5^ sucrose la y e r s ,  vias found to  c o n s is t 

m ain ly  o f p a r t i c l e s  ( 0 . 8 - 4 /xm in  d iam eter) surrounded by m u ltilay ered  

membranes \ih lch  a re  a c h a r a c te r i s t i c  m orphological fe a tu re  o f m yelin 

(se e  f i g .  3 .2  A and 3*2 B),

F ra c tio n  2, recovered  as a g rey  band a t  th e  in te r fa c e s  o f  th e  28. 5ÿ 

and 34^ su cro se  la y e r s  o f  th e  g ra d ie n t, showed m ainly empty membrane-bound 

p a r t i c l e s  ( 0 . 4 - 0 . 8  m in  d ia rae te r, see f i g .  3*3 A and 3*3 B ), s im ila r  in  

s iz e  and appearance to  th o se  d esc rib ed  as sy n ap tic  plasma membranes, SPI-I, 

i n  p u b lish ed  m icrographs ( e .g . ,  Leeuwen e t  s i . .  19?6; E ab ltch  e t  a l . .  19?6; 

Jo n es , D.H. Ph. D. T h e s is , 1976). O ccasio n ally , p o o rly  d e fin ed  m a te r ia l ,  

resem bling  sy n ap tic  v e s ic le s ,  can be seen w ith in  th e se  p a r t i c l e s .  Some 

o f  th e se  s t ru c tu re s  T̂ zere a sso c ia te d  w ith  reco g n isab le  sy n ap tic  c l e f t s  (see  

arrow s in  f i g .  3*3 A & 3*3 B). M itochondria l o r  m yelin p ro f i le s  were only 

r a r e ly  seen in  t h i s  f r a c t io n .  Also seen a lon g sid e  th e se  membrane-bound 

p a r t i c l e s  were o th e r  sm a lle r dense p a r t i c l e s  s im ila r  to  th o se  observed 

by  Jones and Matus (1974) (see  dp in  f i g .  3*3 A & 3*3 B). From th i s  d e s 

c r ip t io n ,  i t  i s  concluded th a t  t h i s  f r a c t io n  c o n s is te d  m ainly o f  SPM elem ents.

F ra c tio n  3, th e  brown p e l l e t  from th e  g ra d ie n t, appeared to  c o n s is t 

m ain ly  o f  mitochondr3.a in  which th e  in te r n a l  c r i s ta e  were sometimes 

c le a r ly  ap p aren t (see  f i g .  3*4 A & 3*4 B).

Thus, e le c tro n  m icroscopy in d ic a te s  t h a t  th e  m yelin , SPM and m ito

c h o n d ria l e lem ents vie re  f a i r l y  w ell sep a ra ted  on th e  b a s is  o f  th e  sucrose 

g ra d ie n t c e n tr ifu g a tio n  s te p , vihen th e  Jones and I-îatus method was ap p lied  

to  th e  crude m ito ch o n d ria l f r a c t io n  d e riv ed  from ch ick  o ra in  homogenates





F ig . 3 .2  A Random f i e l d  o f m yelin  f r a c t io n  showing

m ultilayered-m em brane p a r t i c l e s  (0 .8  -  4 ^m ). 

Note sm all v e s ic u la r  s t ru c tu re s  w ith in  each 

p a r t i c l e .  See a ls o  t e x t  s e c tio n  3 .3 .1 .  

M ag n ifica tio n  = 12 ,2 5 0 .

F ig . 3 .2  B R ep re se n ta tiv e  m yelin p a r t i c l e .  Note th e

m u ltila y e re d  membrane. M ag n ifica tio n  = 22,500.
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F ig , 3*3 A Random f i e l d  o f  SPM f r a c t io n  showing empty

membrane-bound p a r t i c l e s  (0 .4  -  0 .8  ^m ). Many 

sy n ap tic  ju n c tio n s  a re  re c o g n isa b le  (see  a rro w s). 

Note th e  poor p resen ce  o f sy n ap tic  v e s ic le s  

(marked v s ) . See a ls o  d e t a i l s  in  t e x t  s e c tio n

3 . 3 . 1 . M ag n ifica tio n  = 27,300.

F ig . 3 .3  B SPM f r a c t io n  showing r e p re s e n ta t iv e

sy n ap tic  ju n c tio n s  (see  a rro w s). 

M ag n ifica tio n  = 110 ,000 .



Fi 3.3 Ar

Fi 3 .3  B





F ig . 3 .4  A Random f i e l d  o f m ito ch o n d ria l f r a c t io n .

Some o f  th e  m itochondria  show c le a r ly  th e  

i n t e r n a l  c r i s t a e  s t ru c tu re s  (see  a rro w s). See 

a ls o  t e x t ,  s e c tio n  3 .3 .1 .  M ag n ifica tio n  = l6 ,0 0 0 .

F ig . 3 .4  B Random f i e l d  o f  th e  m ito ch o n d ria l f r a c t io n

a t  a h ig h e r m a g n ific a tio n  ( 22, 500) .
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a s  opposed to  r a t  b ra in .

3»3»2 Colchicino-bindinf? a c t iv ity

The r e s u l t s  in  ta b le  3 ,1  show th a t  20> o f  th e  co lchj.cine-b inding  

a c t i v i t y  in  ch ick  b ra in  p o s tn u c ie a r  su p ern a tan t (S^) was recovered in  

th e  crude m ito ch o n d ria l f r a c t io n  (?£)» th e  rem ainder (80^) being more 

o r  l e s s  eq u a lly  d is t r ib u te d  between th e  crude microsomal (P^) and 

so lu b le  (S^) f r a c t io n s ,  bo th  derived  from (see  ta b le  3 ,1 ) ,  I t  should 

be  no ted  however t h a t ,  under th e  p re se n t c o n d itio n s , f r a c t io n  P^ probably 

a ls o  co n ta in s  sm all nerve ending p a r t i c l e s  (see  L apetina  e t  a l . , 19^7)*

A s l i g h t  enrichm ent could be n o ticed  in  th e  so lu b le  su b frac tio n s  and 

(see  a lso  f i g .  3*5 A & 3*5 B) w ith  showing th e  h ig h est s p e c if ic  

a c t i v i t y  o f a l l  th e  p rim ary  su b fra c tio n s  in v e s t ig a te d  ( i . e .  P^, S y

P^; see a lso  f i g .  3*9, l i g h t  colum ns).

Amongst th e  su b fra c tio n s  o f th e  o sm o tica lly  ly sed  P^ f r a c t io n ,  marked 

d if fe re n c e s  trere observed, in  th e  r e la t iv e  d is t r ib u t io n  o f b ind ing  a c t iv i  -  

t i e s .  I t  i s  c le a r  from th e  RSA values shown in  ta b le  3*1 &ud f ig .  3*B 

t h a t  th e  ?2 s o lu tio n  'syn ap to so l*  and sy n ap tic  p lasm a.membrane (SPM) 

f r a c t io n s  were en riched  in  c o lc h ic in e -b in d in g  a c t i v i t y .  I t  i s  noteworthy 

t h a t  th e  d i s t r ib u t io n  p a t te r n - o f  th e  b ind ing  a c t i v i t y  amongst th e  sub frac

t io n s  o f  ch ick  b ra in  homogenates re p o rte d  here  i s  very  s im ila r  to  th a t  

p re v io u s ly  found fo r  r a t  b ra in  homogenates f r a c t io n a te d  by e n t i r e ly  d i f f e r e n t  

p rocedure  (see  Lagnado e t  a l . ,  1 9 71a).

3.3*3 E f fe c ts  o f  v in b la s t in e  on co lch ic in e -b in d in g  a c t iv i ty

The presence  o f  v in b la s t in e  (100 /ullf f i n a l  co n cen tra tio n ) in  th e  

r e a c t io n  m ix tu re , s t a b i l i s e d  th e  co lch ic in e -b in d in g  a c t i v i t y  in  a l l  th e
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Fin:. 3 .5  R e la tiv e  d i s t r ib u t io n  o f th e  c o lc h ic in e -b in d in g

a c t i v i t y  in  prim ary s u b c e llu la r  f r a c t io n s  o f  ch ick

b ra in  (see  te% t, s e c tio n  3 . 3 . 2) . _________________

S u b c e llu la r  f r a c t io n a t io n  \-rns c a r r ie d  o u t u s in g  a m o d if ica tio n  

o f  th e  method o f Jones and Matus to  y ie ld  f r a c t io n s :  (S g ), p o s t-  

m ito ch o n d ria l su p e rn a ta n t; (P02)» ly se d  crude m itochondria ; (S3) ,  

postraicrosom al su p e rn a tan t; (P3) ,  crude microsomes + sm all n e rv e - 

en d in g s . RSA = ÿ) bound c .p .m . reco v ered /^  p ro te in  reco v ered .

F ig . 3 .6  R e la tiv e  d i s t r ib u t io n  o f  th e  v in b la s tin e -b in d in g

a c t i v i t y  _in p rim ary  s u b c e l lu la r  f r a c t io n s  o f  ch ick  

b ra in  (see  t e x t ,  s e c tio n  

S u b c e llu la r  f r a c t io n a t io n  was c a r r ie d  o u t u s in g  a m o d if ica tio n  

o f  th e  method o f  Jones and Matus to  y ie ld  f r a c t io n s :  ($2) ,  p o s t-  

m ito ch o n d ria l su p e rn a ta n t; (PqS)> ly se d  crude m itochondria ; (S3) ,  

postm icrosom al su p e rn a ta n t; (P3) , crude microsomes + sm all n e rv e - 

en d in g s . RSA = ^  bound c .p .m . reco v ered /^  p ro te in  reco v ered .
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R e la tiv e  d i s t ib u t io n  o f th e  v in b la s tin e -b in d in g  

a c t i v i t y  in  su b fra c tio n s  o f crude ly sed  m itochondria  

from ch ick  b ra in  (see  te :c t, s e c tio n  3*3 »^)*

S u b fra c tio n s  were sep a ra ted  by th e  s e d im e n ta tio n -f lo a ta tio n  

g ra d ie n t tech n iq u e  (Jones & M atus), and in c lu d e d :su b f ra c tio n s ;  

(P2S0I ) ,  sy n ap to so l; (î-îy), m yelin ; (SPM), sy n ap tic  plasma membranes; 

(M it) , m itochondria . RSA = ^  bound c .p .m . rec o v e re d /^  p ro te in  

reco v e red .

F ig . 3 .8  R e la tiv e  d i s t r ib u t io n  o f  th e  c o lc h ic in e -b in d in g

a c t i v i t y  in  s u b fra c t io n s  o f  crude ly sed  m itochondria  

from clij-ck b ra in  (see  t e x t ,  s e c tio n  3 .3 .4 ) .

S u b fra c tio n s  were sep a ra ted  by th e  s e d im e n ta t io n - f lo a ta t io n .g ra d ie n t  

t e  clinique (Jones & M atus), and in c luded  s u b fra c t io n s ;  (P2S0I ) ,  . . .  

sy n ap to so l; (l-îy), m yelin ; (SPM), sy n ap tic  plasma membranes; (M it) , 

m ito ch o n d ria . RSA = $  bound c .p .m . reco v e red /^  p ro te in  reco v ered .



R.S.A

R.S.A

83

I----------1
Po-Sol

Vinb la stine
I ^2

2.8 My

2.4
SPM

2.0

Mit1.6

1.2

0.8

0.4

w m m m m m m m m m m m m m m  
6 0 8 00 4 02 0 10 0

% Protein

Fig.3 .7

Colchic ine

1.6

1.2

0.8 ■0.4

1000 8 06 020 4 0

% Protein

Fig. 3.8



6



FÎK. 3 ,9  D istrd -bu tion  o f c o lch ic in e -b iiid in g  a c t i v i t y ,  in  th e  

absence and p resence  o f v in b la s t in e ,  in  prim ary and 

ly se d  crude m ito ch o n d ria l su b fra c tio n s  o f ch ick  b ra in . 

L ig h t shaded coluiiis = c o lc h ic in e -b in d in g  a c t i v i t y  in  absence o f 

v in b la s t in e ;  d a rk  shaded colums = c o lc h ic in e -b in d in g  a c t i v i t y  in  

p resen ce  o f v in b la s t in e  (lOO M, f i n a l  c o n c e n tra tio n ) . For sub

f r a c t io n s  d e s c r ip t io n  see ta b le  3*1 and t e x t ,  s e c tio n s  3 »3*2 and 

3«3*3« S.A. , s p e c if ic  i* a d io a c tiv ity , re p re se n ts  bound c .p .m ./  

mg o f  p ro te in .

F ig . 3 «10 D is tr ib u t io n  o f  v in b la s t in e -b in d in g  a c t i v i t y  in

prim ary  and ly sed  crude m ito ch o n d ria l su b fra c tio n s  

o f ch ick  b ra in .

For s u b fra c t io n s  d e s c r ip t io n  see ta b le  3«2 and t e x t ,  s e c tio n  

3 » 3 '^ ' S .A ., s p e c i f ic  r a d io a c t iv i ty ,  re p re se n ts  bound c .p .m ./  

mg o f  p ro te in .
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priîiiary f r a c t io n s  and a l l  b u t one o f  th e  ly sed  m itochondria l su b frac tio n s  

(seo  f i s .  3 . 9 , dark  colum ns). The mj^elin su b fra c tio n  Trias the only one where 

v in b la s t in e  seemed to  a c t  as an in h ib i t in g  f a c to r  on th e  co lch ic in e  b inding 

s i t e s  (see  SA columns in  ta b le  3 .1 ) .  In  g e n e ra l, th e  in c rease  in  sp e c if ic  

a c t i v i t i e s  due to  s t a b i l i z a t io n  was more pronounced in  th e  so lub le  f r a c t io n s  

(1 .6  X th e  o r ig in a l  SA) than  in  th e  p a r t ic u la te s  (1 .3  x  th e  o r ig in a l  SA).

In  th e  case o f  th e  m ito ch o n d ria l f r a c t io n ,  h a rd ly  any e f f e c t  o f v in b la s tin e  

was observed .

From th e se  r e s u l t s ,  i t  can be in fe r r e d  th a t  th e  c h a r a c te r is t ic  stim u la

to r y  e f f e c t s  o f c o lc h ic in e  b ind ing  r e f le c t ,  th e  p resen ce , in  various f r a c t io n  

o f  tu b u l in  o r tu b u l in - l ik e  p ro te in  sharin g  a p ro p e rty  c h a r a c te r is t ic  o f 

so lu b le  tu b u l in  where th e  e f f e c t s  o f  v in b la s t in e  trere f i r s t  observed (see 

C hapter I ,  and p re s e n t C hapter, s e c tio n  3 .4 ) .  Conversely on th e  same b a s is ,  

i t  can be in fe r r e d  th a t  th e  co lch ic in e -b in d in g  a c t i v i t y ,  th a t  was a sso c ia te d  

w ith  th e  m yelin and m itochondria  s u b fra c t io n s , may be due to  non -tu b u lin  

b in d in g  e lem en ts. One p o s s ib i l i t y  would be t h a t  v in b la s tin e  in te r a c t s  >jith 

components, in  th e  m yelin and m itochondria  f r a c t io n ,  t h a t  a re  n o t r e la te d  to  

tu b u l in  ( i . e . ,  to  CB s i t e s ) .  F or t h i s  reaso n , sep a ra te  experim ents were 

undertaken  to  determ ine th e  s u b c e llu la r  d is t r ib u t io n  o f v in b la s tin e  b ind ing  

s i t e s  in  ch ick  b ra in  homogenates and th e  e x te n t to  which t h i s  could be 

c o r re la te d  w ith  th e  d i s t r ib u t io n  o f CB a c t i v i t y .

3 . 3 .4  ■ V in b lastin e-b in d in p : a c t i v i t y

The r e s u l t s  in  ta b le  3 .2  show th a t  th e  d is t r ib u t io n  o f v in b la s tin e -  

b in d in g  a c t i v i t i e s ,  amongst th e  prim ary  f r a c t io n s ,  i s  s im ila r  to  th a t  o f 

c o lc h ic in e , w ith  th e  postraicrosom al su p ern a tan t (S^) showing again th e  

h ig h e s t s p e c i f ic  a c t i v i t y  (see  a lso  f i g .  3 .1 0 ) . A s l ig h t  enrichment o f a l l
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th e  so lu b le  p rim ary  f r a c t io n s  ;ms a lso  observed in  t h i s  case (see  f ig ,

3 .6  A & 3 .6  B).

Ho-wever, th e  su b fra c tio n s  d e riv ed  from th e  ly sed  crude m itochondria l 

f r a c t io n  behaved d i f f e r e n t ly  in  th e  p re se n t case . The v in b la s tin e  b inding  

s i t e s  were co n cen tra ted  p r im a r i ly  in  th e  m yelin f r a c t io n  (My) wdien the  

a c t i v i t y  was expressed  on a p ro te in  b a s is  (see  ta b le  3 .2 , f i g .  3 .? ) .  I t  

should  be no ted  th a t  th e  * myelin* f r a c t io n  a lso  con ta in s  l i g h t  membranes, 

whose o r ig in  has n o t been determ ined . In  a d d itio n , th e  f r a c t io n  con tain ing  

sy n a p tic  plasm a membranes (SPM) vjas a lso  enriched  in  v in b la s tin e -b in d in g  

a c t i v i t y ,  w hile  l i t t l e  enrichm ent was seen in  th e  synap toso l f r a c t io n  as 

compared to  t h a t  found f o r  c o lc h ic in e  b ind ing  (see  ta b le  3*2, f i g .  3#7&3«S).

3 .4  D iscu ssio n  and conclusions

I t  i s  c le a r  from th e  above r e s u l t s  t h a t  th e  d is t r ib u t io n  o f co lch ic in e  

and v in b la s t in e  re c e p to rs  in  su b fra c tio n s  o f  th e  ly sed  crude m itochondria l 

f r a c t io n  o f  ch ick  b ra in s  (P2) i s  n o t s t r i c t l y  p a r a l l e l :  th e  main c o n tra s t , 

b e in g  th e  h ig h  co n ce n tra tio n  o f  v in b la s t in e  b ind ing  s i t e s  in  th e  crude 

m yelin  f r a c t io n .  I t  may be in te r e s t in g ,  in  t h i s  connection , th a t  w hile 

v in b la s t in e  s ta b i l iz e d  c o lch ic in e -b in d in g  a c t i v i t y  in  th e  synaptosol (p£ 

s o l)  and sy n ap tic  plasm a membranes (SPM) f r a c t io n s ,  c o lch ic in e  b ind ing  in  

th e  m yelin f r a c t io n  ttus c o n s is te n t ly  in h ib i te d  by about 20^ in  th e  presence 

o f  100 M v in b la s t in e .

F u r th e m o re , t h i s  observed s e le c t iv e  enrichm ent o f v in b la s tin e  b ind ing- 

a c t i v i t y  in  th e  crude mĵ ’e l in  f r a c t io n  may r e f l e c t  th e  presence in  t h i s  

m a te r ia l  o f  n o n -tu b u lin  b in d in g  s i t e s  f o r  v in b la s t in e  (see  a lso  Wilson 

e t  a l . . 1970) ,  th e  n a tu re  o f  which rem ains to  be c l a r i f i e d .  I t  i s  suggested 

t h a t  some o f  th e  d if fe re n c e s  observed in  th e  pharm acological e f fe c ts  o f
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c o lc h ic in e  end v in b la s t in e  on sy n ap tic  a c t i v i ty  (see  e .g . ,  K atz, L .,

1972) may be r e la te d  to  d if fe re n c e s  in  s p e c i f ic i ty  between th e  two d rugs.

One obvious problem connected w ith  th e  in te r p r e ta t io n  o f th e  d i s t r i 

b u tio n  s tu d ie s  d e sc rib e d  in  t h i s  C hapter r e l a t e s  to  th e  id e n t i f ic a t io n  o f 

th e  f r a c t io n s  o b ta in ed  by th e  c e n tr ifu g a tio n  scheme employed, s in ce  th i s  

was o r ig in a l ly  dev ised  fo r  r a t  b ra in  (Jones and M atus). The e le c tro n  

m icroscop ic  evidence p re sen ted  seems to  c o r re la te  reasonab ly  w ell viith 

t h a t  p re sen ted  by th e se  two au th o rs  f o r  r a t  b ra in .  However, fu r th e r  

experim ents c a r r ie d  out in  c o lla b o ra tio n  \r lth  U.K. Johnson (HRC Toxicology 

•U n it, CarshaLton) in d ic a te  t h a t  w hile  th e  SPM f r a c t io n  was c le a r ly  enriched  

in  a c e ty l  c h o lin e s te ra se  (AChE) a c t i v i t y ,  as compared to  th e  c y e lin  and 

m ito ch o n d ria l f r a c t io n ,  th e  d i s t r ib u t io n  o f  o th e r  plasma membrane marker 

enzymes in d ic a te d  s u b s ta n t ia l  contam ination  o f  th e  m itochondria l f r a c t io n  

v jith  (sy n a p tic )  plasma membrane components. For t h i s  reaso n , i t  was decided 

to  c a r ry  ou t f u r th e r  experim ents w ith  view  to  ach iev ing  a b e t t e r  re so lu tio n  

o f  th e  h e a v ie r  membrane components p re se n t in  th e  crude m itochondria l 

f r a c t io n .  At th e  tim e th e se  experim ents were p lanned , B abitch  e t  a l . , (1976) 

re p o rte d  t h a t  th e  sed im en ta tion  r a t e s  o f ch ick  b ra in  sy n ap to scm l membranes 

were h ig h e r  th an  f o r  th e  corresponding  membranes in  th e  r a t  b ra in . This 

d i f f e r e n c e  would e x p la in  anomalous d is t r ib u t io n ;  o f  plasma membrane marker 

■enzymes, re fe r re d , to  abovo^ 'during  th e  f r a c t io n a t io n  o f  ch ick  b ra in .

At about t h i s  tim e , a d e ta i le d  s tudy  on th e  " I s o la t io n  and p a r t i a l  

c h a ra c te r iz a t io n  o f  ch ick  b ra in  sy n ap tic  plasma membranes" "jjas published  

by Leeuwen e t  a l .  (197^) u s in g  a  m o d if ica tio n  o f  th e  f lo a t  a t  io n - s edimen- 

t a t i o n  c e n tr ifu g a tio n  tech n iq u e  o f Jones and Hat u s . In  t h i s  method, the  

sucrose  g ra d ie n t s te p , in  p a r t i c u la r ,  "was a l te r e d  to  enable a c le a r  cu t 

r e s o lu t io n  o f  m itochondria from o th e r  membrane components during  th e



p u r if ic a tio n  o f synaptic membranes. This procedure \ms used to  further  

study the sub c e llu la r  d is tr ib u tio n  o f co lch icine-b in d in g  a c t iv ity  in  

chick  brain .

F in a lly , i t  i s  in te r e s t in g  to  note th a t the synaptosol fraction  of 

chick brain , l ik e  th a t o f ra t brain (see  a lso  sec tio n  3*1)> was enriched  

in  co lch ic in e-b in d in g  a c t iv i t y .  The p o s s ib i l i t y  th at the tu bulin , present 

in  synaptosol, or ig in ated  from microtubular structures in  nerve endings, 

such as were described by Gray (1975) w il l  be the subject o f further work 

to  be described la t e r  (Chapter IV to  V I) .
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Chapter IV Prelim inary attempts to  oolymerizo microtubular protein  

present in  synaotosome so lub le e:d.racts Csynnotosol)

4 .1  Introduction

The p resence  o f l a b i l e  m icro tubu les  in  nerve c e l l  p rocesses i s  

w e ll e s ta b lis h e d  and can be c o rre la te d  vd th  th e  p resence , in  crude 

h igh -speed  e x tr a c ts  o f  b r a in ,  o f a  pool o f in  v i t r o  polym erisable 

m icro tubu le  su b u n it p ro te in  ( tu b u lin )  e x h ib itin g  high  a f f i n i t y  b ind ing  

s i t e s  f o r  c o lc h ic in e  and f o r  Vinca a lk a lo id s  such as v in b la s tin e  and 

v in c r i s t in e  (see  e . g . ,  Snyder and Me In to s h , 19?6; Samson, 1976; t h i s  

t h e s i s  C hapter I ) . Both ty p es  o f  drugs have been shown to  in te r r u p t  

sy n a p tic  fu n c tio n s  in d i r e c t ly ,  th rough in h ib i t io n  o f axonal flow  (Bank, 

197^;Me d u r e ,  1972)» o r  p o s s ib ly  th rough  d i r e c t  e f f e c t s  a t  th e  synapse 

(K atz , 1972; Sorim ach i e t  a l .  1973; Wooten e t  a l .  1975).

Ân obvious p o s s ib le  s i t e  o f a c tio n  o f th e se  drugs in  synapses would 

be m ic ro tu b u la r p ro te in  i t s e l f .  Indeed , a s  was shown in  th e  previous 

C hapter ( s e c tio n  3*3)» synaptosom es, to g e th e r  w ith  microsomes, accounted 

f o r  most o f th e  c o lc h ic in e -b in d in g  a c t i v i t y  th a t  occurred in  th e  p a r t i 

c u la te  f r a c t io n s  o f  ch ick  b ra in  homogenate, s im ila r ly  to  what has been 

observed f o r  r a t  b ra in  in  e a r l i e r  TTOrk (see  Lagnado e t  a l .  1971» F e i t  

e t  a l .  1971)* F urtherm ore, i t  was found th a t  o n e -th ird  to  h a l f  o f th e  

b in d in g  in  th e  synaptosome f r a c t io n  was recovered in  th e  so lu b le  sub frac 

t i o n  (= syn ap to so l o r P2- s o l )  ob ta ined  a f t e r  hyposomotic l y s i s  (see 

C hapter I I I ,  s e c tio n  3*3)« I t  was a lso  shown th a t  th e  a d d itio n  o f Vinca^ 

a lk a lo id s  (10-50 jx M) to  syn ap to so l e x tra c ts  induces th e  p r e c ip i ta t io n  o f 

p ro te in  c o n sid e rab ly  en rich ed  in  tu b u lin  (a s  judged by SDS-PAGE) and 

c o n ta in in g  most o f  th e  c o lc h ic in e -b in d in g  a c t i v i t y  o r ig in a l ly  p re sen t in



th o  syn ap to so l (see  Lagnado e t  a l .  1971): th u s  ex tending  th e  evidence 

th a t  a so lu b le  form o f tubu3.in, which m ight have o r ig in a te d  from m icro- 

tu b u le s ,  vTas p re se n t in  i s o la te d  nerve endings p re p a ra tio n s  (= synaptosomes).

The re c e n t d isco v e ry  th a t  m icro tubu les can be d e tec te d  in  nerve 

endings in  s i t u  , where they  appear to  be c lo se ly  a sso c ia te d  vdth both  

p re sy n a p tic  and p o s tsy n a p tic  membrane elem ents (Gray, 1975; Westrura and 

Gray, 197^), in d ic a te s  t h a t  p a r t ,  a t  l e a t ,  o f th e  tu b u lin  pool d e tec ted  

in  i s o la te d  synaptosomes m ight be competent f o r  reassem bly in  v i t r o .

T his p o s s ib i l i t y  i s  co n sid erab ly  s tren g th en ed  by re c e n t observations th a t  

m ic ro tu b u les  can a lso  be seen in  i s o la te d  synaptosomes (Gray, E.G. pe rso n al 

communication; H ajos, F. p e rso n a l communication).

T h e re fo re , based on th e  above in fo rm a tio n , th e  in  v i t r o  reassem bly 

o f m icro tubu les from synaptosom al so lu b le  e x tra c ts  was in v e s tig a te d  under 

assem bly c o n d itio n s  id e n t ic a l  to  th o se  used to  polym erize tu b u lin  from 

crude h igh-speed  e x tr a c ts  o f  b ra in .  In  t h i s  work, e le c tro n  microscopy 

(u s in g  n eg a tiv e  s ta in in g  tech n iq u es) was employed to  m onitor th e  form ation 

o f polym erized s t r u c tu r e s .  P a r a l l e l  experim ents were a lso  conducted to  . 

in v e s t ig a te  m icro tubu le  assem bly in  th e  p o s t-n u c le a r  (S^) and p o s t-  

m ito ch o n d ria l (Sgj so lu b le  f r a c t io n s  d e riv ed  from th e  same p rep a ra tio n s  

( i . e . ,  10^ (w/v) horaogenates o f ch ick  b ra in ) , s in ce  v i r t u a l ly  a l l  p revious 

s tu d ie s  on tu b u lin  assem bly were s o le ly  based on high-speed  supernatan ts  

from  co ce n tra te d  ( i . e . ,  4)-50%(w/v) homogenates o f  b ra in .  M icrotubule 

assem bly in  co n cen tra ted  e x tr a c ts  o f 1 -3  day-o ld  ch ick  b ra in  was a lso  

examined (by e le c tro n  m icroscopy) s in c e , to  r y  knowledge, a l l  p revious 

work shoving m icro tubu le  assembly in  v i t r o  was based on th e  use o f mammalian 

b r a in .



F or th e  reaso n s d iscu ssed  a t  th e  end o f th e  p rev ious ch ap te r , a 

new procedure, was in tro d u ced  to  f r a c t io n a te  homogenates o f  chick b ra in .

I t  was th ough t u s e f u l ,  a t  t h i s  s ta g e , to  in v e s t ig a te  th e  s u b c e llu la r  

d i s t r i b u t io n  o f p ro te in s  and co lch ic in e -b in d in g  a c t i v i ty  in  t is s u e  

f r a c t io n a te d  by th e  method o f Leeuwen e t  a l . ( see below) b efo re  proceeding 

to  th e  p o ly m eriza tio n  experim ents. During t h i s  work, th e  p ro te in  p a tte rn s  

o f  th e  i s o la te d  f r a c t io n s  vias a lso  examined by SD3-PAGE in  o rd er to  fu r th e r  

c h a ra c te r iz e  them and to  a ttem p t to  determ ine w hether any obvious c o rre la 

t i o n  could be e s ta b lis h e d  between th e  tu b u lin -co m ig ra tin g  p ro te in  and th e  

d i s t r i b u t io n  o f c o lc h ic in e -b in d in g  a c t i v i t y  amongst th e  va rio u s  p u r if ie d  

s u b c e l lu la r  f r a c t io n s .

4 .2  Methods

4 .2 .1  S u b c e llu la r  f r a c t io n a t io n

S ince 1 -3  day -o ld  ch icks were r e a d i ly  a v a ila b le  a t  th e  tim e t h i s  

p a r t i c u l a r  vrork was c a r r ie d  o u t, th e  f r a c t io n a t io n  method follow ed to  

e x t r a c t  sy n ap to so ls , was t h a t  d e sc rib ed  by Van Leeuwen e t  a l ,  (197&) 

u s in g  cliick b ra in  t i s s u e .  T his method was m ainly based on th e  f lo a ta t io n -  

sed im en ta tio n  c e n tr ifu g a tio n  tech n iq u e  adapted from Jones and Hatus (1974) 

and d e sc rib e d  in  th e  p rev io u s  ch ap te r (see  se c tio n  3*2. 1 ) .

The p re se n t f r a c t io n a t io n  procedure i s  d iag ram m atica lly  i l l u s t r a t e d  

in  f ig u re  4 .1 . A lÔ u homogenate from f r e s h ly  excised  whole chick b ra in  

was p rep ared  in  a  medium c o n s is tin g  o f  0 .3 2  M su cro se , 2 ml-I T r is  b u ffered  

w ith  1 rni-I phosphate pH 7*5* Following th e  f i r s t  c e n tr ifu g a tio n  (800 g 

f o r  5 m in ), th e  n u c le a r  p e l l e t  V7as washed by resuspension  in  th e  same 

medium ( to  h a l f  th e  o r ig in a l  volume o f  th e  homogenate) and c e n tr ifu g a tio n





Fig» 4 .1  Diagrammatic scheme f o r  th e  s u b c e l lu la r  f r a c t io n a t io n  

o f  ch ick  b ra in  by th e  method o f  Van Leeuwan e t  a l .

S u b fra c tio n s  o f  th e  ly sed  crude m itochondria  were sep a ra ted  on a 

su cro se  g ra d ie n t based on th e  f lo a ta tio n -s e d im e n ta tio n  c e n t r i 

fu g a tio n  tech n iq u e  o f  Jones and Matus (see  t e x t ,  s e c tio n  4 .2 .1 ) .  

Four su b fra c tio n s  were o b ta in ed ; Fj^, m yelin + 'ligh t'm em branes; 

F£ÿ sy n a p tic  plasma membranes; F ^ , 'l ig h t 'm ito c h o n d r ia  + sy n ap tic  

g h o s ts ; F j^ ,'h eav y 'm ito ch o n d ria , (see  a lso  t e x t ,  s e c tio n  4 .2 .1 ) .
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f o r  5 min a t  1000 g. Tho f i r s t  sup o m ato n t and wash were pooled to  

form th e  p o s tn u c le a r  su p e rn a tan t (S ^ ). ira.s cen trifu g ed  a t  17,000 g 

f o r  17 min to  g ive th e  crude m ito ch o n d ria l f r a c t io n  which \ms a lso  washed 

vrith  b u ffe re d  sucrose (v o l = h a l f  th a t  o f S^) and p e lle te d  by spinning 

f o r  17 min a t  17,000 g . Once more, th e  su p ern a tan t and wash were pooled 

to  g ive  th e  p o s tm ito ch o n d ria l su p e rn a tan t o r 82» T his l a t t e r  was fu r th e r  

c e n tr ifu g e d  a t  100,000 g f o r  60 min to  o b ta in  th e  microsomes and p o s t

m icrosom al su p e rn a ta n t S^. The washed crude m itochondria l f r a c t io n  was 

th e n  o sm o tic a lly  ly se d  in  50 mH KgClg (8 m l/g o r ig in a l  wet wt o f  t is s u e )  

by g e n tle  hom ogenization (6  s tro k e s)  and soni c a tio n  in  a  I 50 w att MS E 

u l t r a s o n ic  d e s in te g ra to r  o pera ted  a t  medium power w ith  optim al am plitude. 

The suspension  was re a d ju s te d  to  pH 7*5 vjith  HaOH and l e f t  on ic e  f o r  30 

mjji. The p e l l e t  (? 2-  H2O) ob ta ined  by sp inn ing  th e  so n ica ted  p rep a ra tio n  

f o r  30 min a t  48,000 g was re  suspended in  /xli MgCl2 , brought up to  34-̂  

(w /v) w ith  sucrose  and o v e rla id  on a 41^ (w/v) sucrose  la y e r  (see  f i g .  4 .1 ) .  

T h is  was c a r e f u l ly  topped by a 28. 5^ sucrose phase and f in a l ly  o v e rla id  

w ith  10^ (w/v) su cro se . The whole g ra d ie n t was c en tr ifu g ed  a t  77,000 g 

f o r  30 min and, accord ing  to  Leeuwen e t  a l  «, th e  fo u r f r a c t io n s  c o lle c te d  

from th e  th ro e  in te rp h a se s  and th e  p e l l e t  can be d e sc rib e d , on th e  b a s is  

o f  e le c tro n  m icroscopy and enzymic p r o f i l e s ,  as fo llow s ; -

1 -  F ra c tio n  1 , (F^) recovered  a t  th e  10^ and 28.5# in te rp h ase  and 

c o n s is tin g  m ainly o f  m yelin .

2 - F ra c tio n  2, (F^) recovered  a t  th e  28. 5# and 34-# in te rp h a se , and 

c o n s is ts  m ainly o f sy n ap tic  plasm a membranes.

3 -  F ra c tio n  3 , (F3) c o lle c te d  a t  th e  34# and 41# in te rp h ase  con tains 

a  mixt.ure o f  sy n ap tic  g hosts  and “light** m itochondria .



4 -  F ra c tio n  4 , (F^) a brown p e l l e t ,  which c o n s is ts  m ostly  o f  “heavy” 

m ito ch o n d ria .

4 . 2 . 2  C olchicino-binding a c t iv i ty

Samples from .a l l  th e  f r a c t io n s  and s u b fra c t io n s , ob tained  by t h i s  

method, were in cu b a ted  a t  37°C f o r  90 min in  th e  presence o f  %  c o lch ic in e . 

The in c u b a tio n  m ix ture  c o n s is te d  o f sodium phosphate b u f f e r  pH 6 .8  w ith 

400-500Mg o f sample p ro te in s  and 5 //H f i n a l  c o n cen tra tio n  o f c o lch ic in e .

The b in d in g  re a c t io n  was stopped on ic e  and each sample assayed , s e p a ra te ly , 

f o r  b in d in g  a c t i v i t y  u s in g  th e  DE 81 f i l t e r  d is c  method (see  Methods ch ap te r, 

s e c tio n  2 . 3 *2) .

4 . 2 . 3  Gel e lec tro p h o resis

Samples from th e  same above f r a c t io n s  were loaded  on SDS p o ly ac ry la 

mide g e ls  f o r  p ro te in s  s e p a ra tio n . D u p lica tes  o f  th e se  g e ls  were run in  

th e  p resen ce  o f p u r i f ie d  tu b u lin  as a m arker (see  Methods c h ap te r, s e c tio n

2 .7 ) .

4 . 2 . 4  P olymeri Ration

Samples from S]_, $2 and th e  sy n ap to so l, vd th  enough pi*oteins, VTere 

used  f o r  p o ly m eriza tio n . T his was, in  th e  f i r s t  in s ta n c e , performed in  

th e  p resen ce  o f g ly c e ro l ,rI2S,EGTA, GTP and HgCl2 (S helansk i e t  al_«_ 1973) *

The p o s s i b i l i t y  o f  p o ly m eriza tio n  in  th e  synap toso l f r a c t io n  under d i f f e 

r e n t  c o n d itio n s , was a lso  in v e s t ig a te d .  These were m ainly: -

a -  I n  th e  p resence  o f  g ly c e ro l ,  MES, EGTA, GTP, EDTA. 

b -  In  th e  absence o f  g ly c e ro l (see  E o risy  e t  a l .  1975)* 

c -  I n  th e  p resence  o f  r e l a t i v e ly  v e ry  sm all volumes ( 0 .5 - 1  depending 

on th e  volume o f s o lu tio n  to  be polym erized) o f  Sĵ  and S2 i ii  “t-te
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sy n ap to so l u s in g  th e  Shelansîd. po l^nnerization  co n d itio n s . In  t h i s  case , 

th e  c o n tro l con ta ined  th e  same added volumes o f  and S2 b u t w ith  

po lym eidzation  b u f f e r  to  re p la c e  th e  sy n ap to so l.

4 . 2 .5  E lec tro n  m icroscopy

Towards th e  end o f  th e  in c u b a tio n , samples from th e  incubated  so lu 

t io n s  were mounted on 400 F g r id s .  A drop o f  warm 1# g lu tara ldehyde 

(37^C) \-jas added and washed tw ice  mth;.warm d i s t i l l e d  ifa te r (37*^C).

F or f ix a t io n ,  1# u ra n y l a c e ta te  ivas used (see  Methods ch ap te r, sec tio n  

2 . 10) .  The g r id s  "vrere f i n a l l y  vievzed under e le c tro n  m icroscope, and 

photographs id th  d i f f e r e n t  m ag n ific a tio n s  from re p re se n ta tiv e  a reas  taken  

f o r  each p re p a ra t io n  (see  Methods c h ap te r , s e c tio n  2 .1 0 ).

4 .2 .6  P ro te in  d e te rm in a tio n

The c o n ten ts  and d i s t r ib u t io n  o f  p ro te in s  i n  th e  d i f f e r e n t  f r a c t io n s  

o b ta in ed  were determ ined  u s in g  th e  F o lin  LoT-ny method (seeM ethods ch ap te r, 

s e c t io n  2 .6 .1 ) .

4 .3  R esu lts

4 .3 .1  D is tr ib u t io n  o f  -pro tein  and co l ch i c ine-b indirg : a c t i v i ty

The r e s u l t s  summarised in  ta b le  4 .1  show th a t  th e  d is t r ib u t io n  o f 

th e  b in d in g  a c t i v i t i e s  and th e  enrichm ents in  th e  prim ary f r a c t io n s  P^,

Sg, P^, and were s im ila r  to  th o se  ob ta ined  in  th e  p rev ious ch ap te r 

u s in g  th e  Jones and Matus method (see  s e c tio n  3*3*2, and fig* 4 .2  A & B,

4 .3  A & B ). However, th e  d i s t r ib u t io n  o f p ro te in  and co lch ic in e -b in d in g  (CB)

a c t i v i t y  between th e  so lu b le  (sy n ap to so l) and p a r t ic u la te  (P2“^2^^ d if fe re d  

m arkedly in  th e  tvm> s e ts  o f experim ents. Using th e  p re sen t p rocedure, 39#
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and 68# o f th e  p ro te in  and CB a c t i v i t y ,  re s p e c tiv e ly , were recovered 

i n  th e  so lu b le  f r a c t io n  g iv in g  an R3A va lue  o f 1 .7 4  fo r  th e  synaptosol 

( s e e  ta b le  4 .1  and f i g .  4 .3 A). This i s  in  marked c o n tra s t  to  th e  r e s u l t s  

found in  C hapter I I I  ( ta b le  3*1 and f i g .  3*^)3 where only 23 and 33# , 

r e s p e c t iv e ly ,  o f th e  p ro te in  and CB a c t i v i t y  were recovered  in  th e  S -so l 

f r a c t io n  g iv in g  r i s e  to  a low er RSA value  fo r  t h i s  f r a c t io n  o f 1 .43 .

I n  f a c t ,  i f  one compares th e  r a t i o  o f th e  percen tage  d is t r ib u t io n  o f CB 

a c t i v i t y  between th e  so lu b le  and p a r t i c u la te  f r a c t io n s  obtained by both  

m ethods, i t  i s  found to  be fo u r  tim es as  high under th e  p re sen t experim ental 

c o n d itio n s . These d if fe re n c e s  may be re la te d  to  th e  o b servation  th a t  th e  

crude m ito ch o n d ria l p re p a ra tio n  (P ^ ), from which th e  so lu b le  and p a r t ic u 

l a t e  f r a c t io n s  were d e riv e d , accounted f o r  about 27# o f th e  CB a c t iv i ty  

p re s e n t  in  th e  m other f r a c t io n  (see  ta b le  4 .1 ) as compared to  only 19^ 

in  th e  e a r l i e r  experim ents (see  ta b le  3 *1 )•

Furtherm ore, when one compares th e  d a ta  f o r  th e  p a r t ic u la te  su b tra c 

t io n s  o f  ?2  u s in g  b o th  methods, a d d it io n a l  d if f e re n c e s  were a lso  observed 

i n  th e  d i s t r ib u t io n  b o th  o f  th e  p ro te in  and CB a c t i v i t i e s .  Thus, i t  can 

be  re a d i ly  seen from th e  d a ta  summarised in  ta b le s  3*1 émd 4 .2  th a t  th e re  

i s  a  r e d i s t r ib u t io n  o f b o th  p ro te in  and CB a c t i v i t y  amongst th e  two l i g h t e r  

f r a c t io n s  o b ta ined  by e i th e r  methods. In  p a r t i c u la r ,  i t  i s  noted th a t  th e  

f r a c t io n  en riched  in  SPM ob ta ined  by th e  Leeuwen method, (F ^), i s  considerab ly  

en rich ed  in  CB a c t i v i t y  as compared to  t h a t  ob ta ined  by Jones and Matus.

T h is  seems to  be due, in  p a r t  a t  l e a s t ,  to  th e  r e d is t r ib u t io n  th a t  occurred 

betw een th e  m yelin and SPH f r a c t io n s  ( i . e . ,  and Tîiis however d id

n o t r e s u l t  in  a  s p e c if ic  enrichm ent o f  CE a c t i v i t y  in  th e  myelin f r a c t io n ,  

a s  can be seen by comparing th e  RSA v a lu es  fo r  t h i s  f r a c t io n  (see fig* 3*8 

and 4 .3  B ). Presum ably, th e r e f o r e ,  l i g h t  membranes poo rer in  CB a c t iv i ty
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were f lo a te d  in to  th e  m yelin f r a c t io n  by th e  Leeuwen procedure.

The d a ta  in  ta b le  4 .2  a lso  in d ic a te  t h a t  d e sp ite  th e  a d d itio n a l 

r e s o lu t io n  o f th e  “m ito ch o n d ria l frac tio n * ' in to  a f r a c t io n  con tain ing  

l i g h t  m itochondria  p lu s  sy n ap tic  ghosts (F^) and one con tain ing  p u r if ie d  

“heavy, m itochondria” (F ^ ), a s u b s ta n t ia l  p a r t  o f bo th  CB a c t iv i ty  and 

p ro te in  -ims recovered  in  th e  p e l l e t  f r a c t io n  obtained  by both  procedures. 

N o n e th e le ss , n e i th e r  o f th e se  f r a c t io n s  1-ra.s enriched  in  CB a c t iv i ty  when 

t h i s  i s  expressed  in  term  o f RSA v a lu e s . I t  i s  perhaps noteworthy th a t  th e  

F3 f r a c t io n  showed tho  low est RSA value  o f a l l  th e  f r a c t io n s  examined by 

e i t h e r  methods ( c f .  f i g .  3 . 6 & 4 .3  B). VThether in  f a c t  th e  s u b s ta n tia l  CB 

a c t i v i t y  observed in  th e  m itochondria  f r a c t io n  •̂zas due to  th e  tu b u l in - l ik e  

p ro te in  seems u n lik e ly  in  ' view  o f th e  la c k  o f s tim u la tio n  o f CB a c t iv i ty  

in  th e  f r a c t io n  by v in b la s t in e  (see  ta b le  3»l)* However, fu r th e r  ^zork i s  

re q u ire d  to  c l a r i f y  th e  n a tu re  o f th e  CB s i t e s  a sso c ia te d  w ith  th e  mitochon

d r i a l  f r a c t io n  and to  e s ta b l i s h  w hether t h i s  re p re se n ts  ty p ic a l  s p e c if ic  

b in d in g  s i t e s  c h a r a c te r i s t i c  o f  tu b u lin .

I n c id e n ta l ly  to  th e  work d e sc rib ed  above, i t  vzas found th a t  when th e  

crude m ito ch o n d ria l f r a c t io n  vias ly sed  by g e n tle  hom ogenization as opposed 

to  son i c a tio n , l e s s  p ro te in  could be recovered  in  th e  so lu b le  (synap toso l) 

f r a c t io n  as m ight be expected . On th e  o th e r  hand, i t  can be seen from the  

d a ta  summarised in  ta b le  4 .3  t h a t  t h i s  was n o t p a ra l le le d  by a s im ila r  

s o lu b i l iz a t io n  o f  CB a c t i v i t y .  From a comparison o f  th e  RSA values ootained 

i t  i s  ev id en t t h a t  th e  g e n t le r  hom ogenization procedure re s u lte d  in  a 

p r e f e r e n t i a l  re le a s e  o f CB p ro te in .  The reason  f o r  t h i s  d iffe re n c e  does 

n o t  appear to  be r e la te d  to  a s e le c t iv e  in a c t iv a t io n  o f  CB a c t iv i ty  by 

s o n ic a tio n , s in ce  t h i s  tre a tm e n t in  f a c t  s l ig h t ly  in c reased  th e  t o t a l  a c t i r .  

v i t y  recovered  from th e  t-wo f r a c t io n s  ( i . e . ,  ^ 2*^2^*^ S -s o l) .
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F ig . 4 .2  R e la tiv e  d is t id b u t io n  o f th e  c o lc h ic in e -b in d in g

a c t i v i t y  in  prim ary s u b c e llu la r  f r a c t io n s  o f ch ick  

b ra in  (see  t e x t ,  s e c tio n  4 . 3 . 1 ) .

S ubcellu lar*  f r a c t io n a t io n  was c a r r ie d  out u s in g  th e  method o f 

Van Leeuwan e t  a l .  to  y ie ld  f r a c t io n s :  S2 , postm ito ch o n d ria l 

s u p e r n a ta n t ; 'p 2 , ly sed  crude m itochondria ; S3 , postm icrosom al 

su p e rn a ta n t; P3 , crude microsomes. RSA = # bound c .p .m . 

reco v ered /#  p ro te in  recovered .

F ig . 4 .3  R e la tiv e  d i s t r ib u t io n  o f  th e  c o lch ic in e -b in d in g

a c t i v i t y  in  su b fra c tio n s  o f  ly sed  crude m itochondria  

from ch ick  b ra in  (see  t e x t ,  s e c tio n  4 .3*1)•

Lysed crude m itochondria  were f i r s t  sep a ra ted  in to  a m itochondria l 

p a r t i c u la te  (P2H2O) and m ito ch o n d ria l so lu b le  e x tr a c t  ( S - s o l) .  

PgHgO was s u b fra c t io n a te d ,,b y  th e  f lo a ta tio n -s e d im e n ta tio n  c e n t r i 

fu g a tio n  tech n iq u e , in to  fo u r f r a c t io n s ;  F^, m yelin + " l i g h t ” 

membranes; F2 , sy n ap tic  plasma membranes; F3 , " l i g h t ” m itochondria  

+ sy n ap tic  g h o sts; F/^, "heavy” m itochondria . RSA = # bound c .p .m . 

reco v ered /#  p ro te in  recovered .
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4 . 3 .2  Gel elcctro-ohoresis

4 . 3 .2 .1  Primary so lu b le  fra c tio n s

Samples from S^ and ^ le re  run  on SDS-PAGE in  th e  p resence  o f 

u re a .  The p a t te r n  o f p ro te in s  ob ta ined  in  each case , shoired c le a r ly  

th e  p resen ce  o f a double band corresponding  to  a. and ^  tu b u lin  (IM

54,000 and 57,000) on. th e  b a s is  o f i t s  com igration  m th  p u r if ie d  tu b u lin  

added as  a marker (see  f i g .  4 .4 ) .  T his Tzas confirm ed by g e l scans (d a ta  

n o t  sho-tzn) vh ich  in d ic a te d  th a t  tu b u lin  re p re se n ts  one o f  th e  major 

p ro te in s  p re se n t in  th e se  e x t r a c ts .

4 .3 .2 .2  I^Iitochondrial n a r tic u la te  subfractions

Amongst th e se  f r a c t io n s ,  ?2 snd F j showed th e  p resence o f  a and ^ 

tu b u l in  com igrating  p ro te in ,  as w e ll as an a c t i n - l ik e  p ro te in  (ALP) band 

(K/7 47,000; see f i g .  4 .5  A & 4 .5  B). S u rp r is in g ly , a lso  sho t^d , very  

c le a r ly ,  th e  p resence  o f  a  double band com igrating  w ith  tu b u lin  (see  f i g .

4 .6 )  i-diich i s  in  keeping  id .th  th e  p resence  o f  s ig n i f ic a n t  c o lc h ic in e -  

b in d in g  a c t i v i t y  observed in  t h i s  f r a c t io n  (see  s e c tio n  4.3*1 and ta b le  4 .2 ) .  

Re c e n tr i fu g a t io n  o f  th e  f r a c t io n  over a  9% su c ro se -so lu tio n  removed 

some, b u t n o t a l l  o f  th e  tu b u lin  m a te r ia l  p re se n t in  t h i s  f r a c t io n  ( f i g .  4 .6 ) .

4 . 3 . 2.3  The svnantosol

The n a tu re  o f  p ro te in s  p re se n t in  t h i s  f r a c t io n  was in v e s t ig a te d  by 

two s t e p s : -

-  F i r s t ,  sançiles from th e  whole synap toso l T̂ zere loaded  on g e ls .  In  th e  

re g io n  where a  double band o f  tu b u lin  was expected , only  one s i n ^ e  major band
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a p p a re n tly  com igrated m th  p u r i f ie d  a - tu b u l in  (see  f i g ,  4 .7  A), How’e v e r , 

p a r t  o f  t h i s  a  - l i k e  bend seemed to  m ig ra te  s l i g h t ly  more slow ly th an  th e

a  tu b u l in  component o f  th e  m arker. L a te r , when th e  lo ad  o f th e  g e ls  m th

sy n a p to so lic  p ro te in s  was reduced , th e  a - l i k e  band was found to  c o n s is t  

o f  a t i g h t ly  a rranged  d o u b le t, which i s  r e f e r r e d  to  as  a  ^ and a  ^ in  

f ig u re  4 .7  A, wiiere th e  f a s t e r  i component i s  seen to  com igrate w ith  

oc - tu b u l in .  High m o lecu lar w eight p ro te in s  (K17): two bands o f in  the  

re g io n  o f  330, 000, and in te rm e d ia te  m olecu lar w eight bands (HD7): tvjo

b ands, ilv ca . 80,000 and 100,000, were a lso  observed on th e  same g e ls ,

to g e th e r  m th  a f a s t  t r a v e l l in g  band, ahead o f  tu b u lin  (IL7 ca . 47,000) 

t h a t  i s . r e f e r r e d  to  as  ALP (see  f i g .  4 .7  A).

—  Second, a sample from th e  same synap toso l vzas incubated  w ith  v in b la s 

t i n e  (5 X 10*^ I-i) f o r  15 min a t  37°C w ith  a view  to  s e le c t iv e ly  p r e c ip i 

t a t i n g  tu b u lin  (see  methods c h ap te r , s e c tio n  2 .2 .2 ) .  The c en tr ifu g e d  

p r e c ip i t a t e  m s  resuspended in  sample b u f f e r  and run  on g e ls .  I n  t h i s  

c a se , a  double band com igrating  w ith  th e  a and /3 p o ly p ep tid es  o f  m arker 

tu b u l in  was c le a r ly  observed (see  f i g .  4 .7  B ), as w e ll as a band o f  2PJ ca . 

47 , 000, r e fe r re d  to  e a r l i e r  as ALP. The a  - l i k e  band o f  th e  v in b la s tin e  

p r e c ip i t a t e  seemed to  correspond to  th e  f a s t e r  a  ^ component o f  tu b u lin 

l i k e  p i 'o te in  seen in  u n fra c tio n a te d  synap toso l (see  f i g .  4 .7  B and above 

" f i r s t  s te p " ) .  Both o f  th e  EIIV bands were a lso  p r e c ip i ta te d  by v in b la s t in e ,  

w hile  o n ly  a  s l i g h t  amount o f  th e  80,000 band seemed to  be b rought down.

The d a ta  o b ta in ed  u s in g  e i th e r  added m arker tu b u ^ n ,  o r  v in b la s t in e , 

b o th  p o in t  to  th e  e x is te n c e  o f  r e l a t i v e ly  low  c o n cen tra tio n s  o f  tu b u lin  

in  th e  o r ig in a l  syn ap to so l e x t r a c ts  where th e  main band seen in  th e  

v i s c i n i ty  o f  tu b u l in  occupies a reg io n  which does n o t s t r i c t l y  co incide  

w ith  e i t h e r  a  o r  /3 tubuT In . I t  i s  p o s s ib le  t h a t  t h i s  main band co n ta in s
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F ig . 4 .4  Gel e le c tro p h o re s is  o f  prim ary so lu b le  f r a c t i o n s .

Samples from S^, p o s tn u c le a r , and $2 , p o s tm ito c h o n d ria l, f r a c t io n s  

were run  on SDS-PAGE in  th e  p resence  o f  u re a .  E le c tro p h o re s is  was 

c a r r ie d  ou t in  t r i s - g ly c in e  b u f f e r  system . and S2  g e ls  were 

compared a g a in s t  a m arker o f p u r i f ie d  tu b u l in  showing c le a r ly  th e  

o and ^  tu b u l in  (c a . 5^,000 and ^7,000 >îW, r e s p e c t iv e ly ) ,  as  w e ll 

a s  th e  a c t i n - l i k e  p ro te in  band (A .L .P ., 47,000 MW). See a ls o  t e x t ,  

4 . 3 .2 .1 .
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Fig. 4.5 A Gel electrophoresis of lysed mitochondria subfractions,

S a rn ie s  from ?2 ( sy n ap tic  plasma membranes f r a c t io n )  were run  

onSDS-PAGE in  th e  p resence  o f  u re a . E le c tro p h o re s is  was c a r r ie d  

o u t i n  t r i s - g l y c in e  b u f f e r  system . The g e l shows c le a r ly  th e  

p re s e n c e ,in  F2 , o f  a double band com !grating  w ith  th e  a and /? 

tu b u l in  o f th e  m arker (^4,000 and fl7,000 I-ÜI-J, r e s p e c t iv e ly ) .

A band com igra ting  m th  th e  a c t i n - l ik e  p ro te in  (ilLP) o f  th e  m arker 

was a lso  observed (see  t e x t ,  s e c tio n  4 . 3 . 2 . 2) .

F ig  4 .5  B Gel e le c tro p h o re s is  o f  ly sed  m itochondria  s u b f rs c t io n s .

Samples from F^ ( " l ig h t"  m itochondria  H- sy n ap tic  g hosts  

f ra c tio n )w e re  run  on SDS-PAGE as d e sc rib e d  above. Bands 

co m ig ra tin g  m th  a and /3 tu b u l in ,  as  w e ll as  th e  a c t i n - l ik e  p ro te in  

\(ALP) Tfjere again  observed in  t h i s  f r a c t io n  (see  t e x t ,  s e c tio n

4 . 3 . 2 . 2) .
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Fig. 4.6 Gel electrophoresis of lysed itiitochondria subfractions.

Samples from F^ (m y e lin  + " l ig h t"  membrane f r a c t io n ) ,  ^'^re 

ru n  on SDS-PAGE in  th e  p resence  o f u re a . E le c tro p h o re s is  tms 

c a r r ie d  o u t in  t r i s - g ly c in e  b u f f e r  system . The g e l showed v e ry  

c l e a r ly  th e  p resence  o f a double band com igrating  w ith  tu b u l in .  

Fĵ  w as a lso  h ig h ly  en riched  in  a c t i n - l ik e  p ro te in  (ALP) as 

judged by th e  dye in te n s i ty .F u r th e r  c e n tr ifu g a tio n  o f F^ over a 

9^ sucrose  s o lu tio n  removed some, b u t n o t a l l  o f  th e  tu b u lin  

m a te r ia l  p re se n t in  t h i s  f r a c t io n  (see  upper g e ls ;  and t e x t ,  

s e c tio n 4 .3 * 2 .2 ) .
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Fig. 4 .7 A Gel, electrophoresis of synartosol from lysed mitochondria.

Samples from S -s o l ,  crude m itochondria  su p e rn a ta n t o r sy n ap to so l, 

f r a c t io n  t-rere run  on SDS-PAGE in  th e  p resence  o f u re a . E le c tro p h o re s is  

%fas c a r r ie d  ou t in  t r i s - g l y c in e  b u f f e r  system . A m ajor s in g le  band 

co m ig ra ting  w ith  p u r if ie d  oC -tubulin  was observed . I t  was found to  

c o n s is t  o f a t i g h t l y  arranged  d o u b le t C(̂  and 0(2 where f a s t e r

component com igrated id .th  p u r i f ie d  a tu b u l in .  High m olecu lar w eigh t, 

"(B'M), and in te rm e d ia te  m olecu lar w e ig h t, (UDI), p ro te in s  were a lso  

observ ed , to g e th e r  w ith  a f a s t  t r a v e l l in g  band, ahead o f  tu b u lin  (IM 

c a . 47 , 000) ,  r e f e r r e d  to  as ALP. m i  = 300,0000 -  350,000 IGf. ;  IIGJ =

80,000 & 110,000 IGT.(see t e x t ,  s e c tio n  4 .3*2 .3 )*

F ig . 4 .7  B Gel e le c tro p h o re s is  o f  v in b la s t in e ,  (V b). n r e c io i ta te  from 

sv n ao to so l.

Samples from sy n ap to so lic  V b -p re o ip ita te  were ru n  on SDS-PAGE as 

d e sc r ib e d  above. A double band com igra ting  ^ jith  th e  OC and )3 p o ly 

p e p tid e s  o f  m arker tu b u lin  can c le a r ly  be observed , a s  w e ll a s  a  band 

o f  I'M c a . ' 47 , 000, (ALP). The (X - l i k e  band o f  Vb p r e c ip i ta te  seems to  

co rrespond  to  oC^coraponent o f  tu b u l in - l ik e  p ro te in  seen i n  u n tre a te d  

sy n a p to so l. Both o f th e  HIM bands were p r e c ip i ta te d  by VB, .as w e ll as  

s l i g h t  amount o f  th e  80,000 IM band. See a lso  t e x t ,  s e c tio n  4 .3*2.3*
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b o th  CL and a n o n -tu b u lin  com igrating  p ro te in  s in ce  one would expect a 

and /3 su b u n its  to  be roughly  in  equal p ro p o r tio n . The observation  th a t  

v in b la s t in e  p r e c ip i ta te s  a re  a p p a ren tly  enriched  in  bo th  th e  a  and A 

components in d ic a te s ,  n e v e r th e le s s , t h a t  th e y  a re  bo th  p re sen t in  th e  

sy n ap to so l. An a l te r n a t iv e  in te r p r e ta t io n  would be th a t  th e  synap toso l, 

as  compared to  whole b ra in  e x t r a c ts ,  co n ta in s  m ainly a form o f tu b u lin , 

and on t h i s  b a s is  one m ight expect d i f f e r e n t  k inds o f m icro tubu lar polymers 

in  nerve end ings.

C le a r ly , th e  p re s e n t s e m i-q u a n tita t iv e  d a ta ,  based on an e le c tro p h o re tic  

system  o f l im ite d  r e s o lu t io n ,  do n o t a llo w  to  d is t in g u is h  between th ese  two 

p o s s i b i l i t i e s .  Thus, w hile th e  synap toso l f r a c t io n  appears to  be r ic h  in  

c o lc h ic in e -b in d in g  a c t i v i t y ,  i t  should be s tre s s e d  th a t  th e  t o t a l  co lch ic in e  

b in d in g  recovered  in  th i s  f r a c t io n  re p re se n ts  a t  most 12^ o f th e  t o t a l  

so lu b le  CB a c t i v i t y  p re s e n t in  ch ick  b ra in  honogenates (see  ta b le  4 .1 ) .

T h is would be c o n s is te n t w ith  g e l d a ta  showing th a t  tu b u lin  as rep resen ted  

by b o th  a. and /3 su b u n its  c o n s t i tu te s  a r e l a t i v e ly  minor component o f th e  

sy n ap to so lic  p ro te in  on an ab so lu te  b a s is .  This may exp la in  th e  d i f f i c u l t i e s  

en co u n te red . in  th e  a ttem p ts  to  dem onstrate  th e  assembly in  synaptosol e x tra c ts  

a s  d e sc rib e d  below .

4 .3 .3  P o ly m eriza tio n  experim ents

The assem bly o f any p o lim e risa b le  p ro te in  p re se n t in  th e  synaptosol 

was in v e s t ig a te d  m ainly by e le c tro n  m icroscopy view ing o f th e  incubated 

p re p a ra t io n  (see  s e c tio n  4 .2 .4 ,  4 .2 .5  &nd Methods ch ap te r, sec tio n  2 .1 0 ).

I n  th e se  prim ary experim ents, samples o f th e  sy n ap to so l, and 

so lu b le  f r a c t io n s  were incu b ated  in  m icro tubule  assembly b u ffe r  con tain ing  

4  M g ly c e ro l, foU oviing th e  procedure d e sc rib ed  by Shelansld. e t  a l ^  (1973)
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(see  Methods c h ap te r , s e c tio n  2 .2 .1  f o r  d e t a i l s ) .

The m icrographs o b ta ined  f o r  th e  sy nap toso l showed no m icro tubules ' 

o r  any o th e r  filam en to u s s t ru c tu re s  (see  f i g .  4 .11  A & 4 .11  B ). In  

incubated  samples o f  and S^, however, m ic ro tu b u la r s tru c tu re s  o f 

v a rio u s  le n g th s  (up to  se v e ra l m icrom eters f o r  & S^) were observed 

(see  f i g .  4 .9  A & B and 4.10 A 6 B ). In  th e  case o f m icrographs a lso  

showed r in g  s t ru c tu re s  (c a . 20 nm i n  d iam eter) in  th e  background (see  f ig .

4 .9  A & B). On th e  o th e r  hand, ty p ic a l  m icro tu b u le s  could be re a d ily  seen 

a f t e r  in cu b a tio n  o f  h igh-speed  e x t r a c t s ,  from concen tra ted  chick b ra in  

homogenates, du ring  two p o ly m eriza tio n  cy c le s  (see  f i g .  4 .8 ) ,  to g e th e r  w ith 

some r in g  s t r u c tu r e s .

4 .3 .3 .1  The e f f e c t  o f g ly c e ro l

In  view o f  th e  re p o rte d  p o ly m eriza tio n  o f  micro tu b u le s  in  th e  absence 

o f  g ly c e ro l (B orisy  e t  a l .  1975) a ttem p ts  were made, in  th e  p re sen t case , 

to  in v e s t ig a te  w hether such c o n d itio n  could  be fav o rab le  f o r  su ccessfu l 

assem bly in  th e  sy n ap to so l, u s in g  and as c o n tro ls . Both th e  synaptosol 

and S2 f a i l e d  to  g ive any s o r t  o f  filam en to u s o r  r in g  s tru c tu re s  (see  f i g .  

4 .1 3  A and 4 .1 3  B ). The only  tu b u le s  o b ta ined  under th i s  co n d itio n  were 

from (see  f i g .  4 .1 2  A ). These were 25 nm in  w idth  and th e i r  presence 

in  any a re a  o f  th e  g r id  was n o t a s  ex ten s iv e  as  in  th e  p resence o f  g ly cero l 

( c f .  f i g .  4 .1 2  B and 4 .1 2  C).

4 . 3. 3 .2  The e f f e c t  o f  EDTA and Mg
n-

The p resence  o f  Mg (O.5  mM) and o th e r  io n s  a t  very  low co n cen tra tions 

had been shown to  be e s s e n t ia l  f o r  norm al p o ly m eriza tio n  (see  In tro d u c tio n ) . 

However, th e se  io n s ,  a t  m oderate to  h igh  c o n ce n tra tio n s  ( >  10 mM f o r  Mg ,

1  mM f o r  Ca** ,̂ and O .I5 M f o r  Na^ and K^) proved to  be in h ib i to ry  f o r  th e
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assem bly p ro cess  (see  Olmsted and B o risy , 1975, and B orisy  e t  a l . .  I 975) ,  

P o ly m erisa tio n  t-jas th e re fo re  c a r i ie d  ou t on S^, and th e  synaptosol 

fo llo w in g  b ra in  hom ogenization and sjmaptosome l y s i s  in  so lu tio n  c o n ta i

n in g  b o th  EGTA and EDTA b u t no added HgCl^. In cu b a tio n  o f samples in  

th e  g ly c e ro l-c o n ta in in g  micro tu b u le  assem bly b u f fe r  o f  Shelansld. e t  a l .

(s e e  s e c t io n  4 , 3*3) re s u l te d  in  th e  fo rm ation  o f r e l a t i v e ly  few, sh o rt 

m ic ro tu b u les  from and ( c f .  f i g .  4 .1 4  A, B and 4 .1 4  C f o r  end 

4 .1 5  A and 4 .15  B f o r  S ^ ), w h ile  on ly  r in g  s t ru c tu re s  ( 20 nm in  d ia m e te r) , 

s im i la r  to  th o se  p re v io u s ly  seen in  S]_, vrere observed a f t e r  in cu b a tio n  o f  

th e  syn ap to so l f r a c t io n  under th e se  c o n d itio n s  (see  f i g .  4 . l6  A & B).

4 . 3 . 3»3 The e f f e c t  o f Sg o r  p resence

Since and $2 'VTcre a c t iv e  sources o f  polym erization-com petent 

tu b u l in  (see  above) and presum ably con tained  tu b u lin  a sso c ia te d  p ro te in s  

re q u ire d  f o r  assem bly, i t  was th ough t t h a t  t h e i r  in c lu s io n  in  th e  synap- 

tosome m ight p rov ide  th e  re q u ire d  n u c le a tin g  elem ents fo r  th e  assembly o f 

sy n ap to so l tu b u l in ,  assuming th a t  th e  c o n ce n tra tio n  o f t h i s  p ro te in  ttjes 

s u f f i c i e n t .  T h e re fo re , assem bly o f  synap toso l tu b u lin  was in v e s tig a te d  

in  m a te r ia l  th a t  was "sp iked" w ith  sm all volumes o f  S .̂ o r S2* In  th ese  

experim en ts, c o n tro ls  were run  u s in g  b u f f e r  ( in s te a d  o f  synaptosol) c o n ta i

n in g  s im ila r  amounts o f  o r  S2. The m icrographs f o r  "S -so l + Sq" (fig*  

4 .1 7  A & B) and " S -so l + S2" (f ig *  4 .18  A & B) incubated  in  th e  presence 

o f  g ly c e ro l shoimd v e ry  few m icro tu b u les  as compared to  u n d ilu ted  samples 

o r  a lone ( see f i g .  4 .9  A,B & 4 .10  A,B, re s p e c tiv e ly )  * S im ila r ly , 

few  m icro tu b u le  s t-iere form ed, however, when th e  d i lu te d  samples o f  Sĵ  

and S2 were in cu b ated  i n  th e  absence o f  syn ap to so l fo r. c o n tro l purposes 

( f i g s .  4 .19  A,B and 4 .20  A,B, re s p e c t iv e ly .  This in d ic a te s  t h a t  th e  

jn ic ro tu b u le s  formed in  the: combined . f r a c t io n s  were p r im a r i ly  due to  

non-synapto  somal tu b u l in  assem bly. One p o s s ib i l i t y  f o r
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F ie . 4.8 R eprsentative microtubules see in  samples of 

incubated high-speed e x tra c ts , from concentrared chick brain  

homogenates, during tvro polym erization cycles. Note also the 

presence of some rin g  s tru c tu re s . See t e x t , : section 4.3»3* 

M agnification = 84,000.
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F ig . 4 .9  A R ep re se n ta tiv e  s in g le  m icro tu b u le  s t ru c tu re  from 

p o s tn u c le a r  su p e rn a ta n t, f r a c t io n .  For d e t a i l s  see below. 

M ag n ifica tio n  = 190,0000.

F ig . 4 .9  B R ep re se n ta tiv e  m ic ro tu b u la r  s t r u c tu r e s  ( s e v e ra l  

m icrom eters in  le n g th ) ,  seen i n  samples o f  p o s tn u c le a r  

su p e rn a ta n t (S^) in cu b ated  in  m icro tubu le  assem bly b u f f e r  in  th e  

p re sen ce  o f  4  M g ly c e ro l .  Note th e  p resence  o f  s e v e ra l r in g - l ik e  

s t r u c t r u r e s  (15 -  25 nm in  d ia m e te r ) . See t e x t ,  s e c tio n  4 .3 .3 .  

M ag n ifica tio n  = 87 ,000 .
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F ig . 4 .10  A H ighly  m agnified  m ic ro tu b u la r s t ru c tu re s  from 

th e  p o s tm ito ch o n d ria l su p e rn a tan t f r a c t io n ,  S2# For d e t a i l s  

s ee  below . M ag n ifica tio n  = 80 ,000.

F ig . 10 B R ep rese n ta tiv e  m ic ro tu b u la r  s t ru c tu re s  ( s e v e ra l  

m icrom eters in  le n g th ) ,  seen in  n e g a tiv e ly  s ta in e d  samples o f 

th e  p o s tm ito ch o n d ria l su p e rn a ta n t. In c u b a tio n  vjas c a r r ie d  ou t 

i n  assem bly b u f f e r  co n ta in in g  4  M g ly c e ro l .  The w id ths o f  th e  

p re s e n t  s t ru c tu re s  a re  s im ila r  to  th o se  ob ta in ed  from th e  

p o s tn u c le a r  su p e rn a ta n t, Sj^, under th e  same c o n d itio n s . Note 

th e  r e l a t i v e  absence o f  r in g  s t r u c tu r e s .  See a lso  t e x t ,  

s .ection  ;4 .3* 3* M ag n ifica tio n  = 3^,000 .
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F ig . 4 .11  A Random f i e ld  o f ly sed  m ito ch o n d ria l su p e rn a ta n t, 

o r  sy n ap to so l, incubated  in  assembly b u f fe r  co n ta in in g  4  M 

g ly c e ro l .  No m icro tubu les  o r any filam en to u s s t ru c tu re s  a re  

observed (see  t e x t ,  s e t io n  4.3*3)* M ag n ifica tio n  = 7,500*

F ig . 4 .1 1  B Random f i e l d  o f  sy n ap to so l f r a c t io n .  Samples Tzere 

in cu b a ted  as d e sc rib ed  above(see a lso  t e x t ,  s e c tio n  4.3*3)* 

M ag n ifica tio n  = 7 ,500 .
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F ig . 4 .1 2  A R ep rese n ta tiv e  tu b u la r  s t r u c tu r e s  from samples 

o f  th e  p o s tn u c le a r , Sj^, f r a c t io n  in cu b a ted  in  assem bly b u f f e r  

i n  th e  absence o f  g ly c e r o l . The observed w idth  i s  about 25 nm. 

Note th e  p resence  o f  o f  s e v e ra l r in g - l ik e  s t r u c tu r e s .  See a lso  

t e x t ,  s e c tio n  4 .3 .3 .1 .  M ag n ifica tio n  = 44 ,000.

F ig . 4 .12  B Random f i e l d  o f  th e  f r a c t io n ,  in cu b ated  in  

assem bly b u f f e r  in  th e  absence o f  g ly c e r o l , showing th e  

p re sen ce  o f  v e ry  few m ic ro tu b u la r  s t ru c tu re s  formed under th e se  

c o n d itio n s  (compare w ith  f i g .  4 .1 2  C below ). See t e x t ,  s e c tio n  

4.3*3*1* M ag n ifica tio n  = 3 ,000 .

F ig .  4 .1 2  C Random f i e l d  o f  th e  f r a c t io n ,  in cu b a ted  in  

assem bly b u f f e r  in  th e  p resen ce  o f  g ly c e ro l , showing th e  

e x te n s iv e  p resence  o f  m ic ro tu b u la r  s t r u c tu r e s  formed under such 

c o n d itio n s  ( conpare w ith  f i g .  4 .1 2  B above). See a lso  t e x t ,  

s e c t io n  4.3*3*1* M ag n ifica tio n  = 7 ,5 0 0 .
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F ie . 4 .1 3  A M icrograph r e s u l t in g  from th e  in c u b a tio n  o f th e  

ly s e d  m itochondria  su p e rn a ta n t, o r  sy n ap to so l, in  assem bly b u f fe r  

i n  th e  absence o f g ly c e ro l. No filam en to u s o r r in g  s t ru c tu re s  

cou ld  be observed Under such co n d itio n s  (see  t e x t ,  s e c tio n ,

4 , 3 . 3 . 1 ) .  M ag n ifica tio n  = 18 ,000 .

F ig . 4 .1 3  B M icrograph o f  samples from th e  p o s tm ito ch o n d ria l

su p e rn a ta n t, f r a c t io n  in cu b a ted  in  assem bly b u f f e r  in  th e

absence o f  g ly c e ro l . No filam en to u s o r  r in g  s t r u c tu r e s  could be 

observed under such c o n d itio n s  (see  t e x t ,  s e c tio n  <4.3.3*1). 

M ag n ifica tio n  = 18 ,000 .
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F ig . 4 .1 4  A M icro tu b u la r s t r u c tu r e s  from samples o f  

f r a c t i o n  e x tra c te d  in  th e  p resence  o f  BGTA and MgClp, and 

in cu b a ted  in  assem bly b u f f e r  in  th e  p resence  o f g ly c e ro l. 

See t e x t ,  s e c tio n  4 .3 .3 .2 .  M ag n ifica tio n  = 22,000.

F ig  4 .1 4  B R ep rese n ta tiv e  s in g le  m icro tu b u le  ob ta ined  

from  samples o f f r a c t io n  e x tra c te d  and t r e a te d  as  

d e sc r ib e d  above. M ag n ifica tio n  = 44,000.

F ig .  4 .1 4  C M icro tu b u la r s t ru c tu re s  from samples o f  

f r a c t io n  e x tra c te d  in  th e  n resence  o f  EGTA, EDTA and tj i th o u t 

added MgCl^ . In c u b a tio n  'was c a r r ie d  o u t in  micro tu b u le  

assem bly  b u f f e r  i n  th e  p resen ce  o f  g ly c e ro l .  Compared 

‘ïd . th 'f ig .  4 .1 4  A, r e l a t i v e ly  few and s h o r te r  m ic ro tu b u la r 

s t r u c tu r e s  a re  observed (se e  a lso  t e x t ,  s e c tio n  4 .3«3«2).

M ag n if ica tio n  = 22,000.
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Flp;. 4 .15  A Mi CTO tu b u la r  s t ru c tu re s  from samples o f  S2

f r a c t io n  e x tra c te d  in  th e  p resence  o f EGTA and TT'̂ Cl̂ , and 

in c u b a ted  in  assem bly b u f f e r  in  th e  p resence  o f  g ly c e ro l. 

} lic ro tu b u le s  a re  s e v e ra l m icrom eters in  le n g th . See a lso  

t e x t ,  s e c tio n  ^ .3*3*2.

M ag n if ic a tio n  = 3^>000*

F ig . 4 .1 5  3 i4 ic ro tu b u la r s t ru c tu re s  from samples- o f  $2 

f r a c t io n  e x tra c te d  in  th e  p resence  o f  EGTA, EDTA and -witliout 

added MgClp . In c u b a tio n  -was c a r r ie d  ou t in  ra ic ro tubu le  

assem bly b u f f e r  i n  th e  p resence  o f  g ly c e ro l . Compared w ith  

f i g .  4 .1 5  A, r e l a t i v e ly  fe-^jer and s h o r te r  m ic ro tu b u la r 

s t r u c tu r e s  irere observed (see  a lso  t e x t ,  s e c tio n  4 .3*3*2). 

M ag n if ica tio n  = 22,000.
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Fig> 4 .1 6  A R e p re se n ta tiv e , h ig h ly  m agnified  , m icrograph 

o f  sarapls from ly se d  m itochondria  s n p e m a ta n t, o r  sy n ap to so l, 

e x tra c te d  in  th e  p resence  o f  EGTA and EDTA, w ithou t added 

MgCl^ . In c u b a tio n  was c a r r ie d  ou t in  m icro tubu le-assem bly  

b u f f e r  in  th e  p resence  o f  g ly c e ro l . Under such c o n d itio n s  no 

filam en to u s  s t ru c tu re s  were observed , b u t only  r in g  s t r u c tu r e s ,  

s im ila r  to  th o se  observed e a r l i e r  on in  ( see f i g .  4 .9  A & 

]4.9 B ), could be seen (se e  a rro w s). See a lso  t e x t ,  sec . 4 .3*3*2» 

M ag n if ica tio n  = 78 ,000.

F ig . 4 .1 6  B Random f i e l d  o f  n e g a tiv e ly  s ta in e d  samples 

from  th e  sy n ap to so l f r a c t io n  p rep ared  incu b ated  as  d e sc rib ed  

above.' No m ic ro tu b u la r s t ru c tu re s  were formed under such 

c o n d it io n s . The r in g  s t r u c tu r e s  seen  a re  s im ila r  to  th o se  

observed  in  in cu b a ted  in  th e  p resence  o f  g ly c e ro l ,  w ith  

a  d iam e te r o f  about 20 nm (see  t e x t ,  s e c tio n s  4.3*3«1 aud 

4*3»3*2. M ag n ifica tio n  = 3^»000
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Fig. 4.17 A Microtubular structures from samples of the

synaptosol fr a c tio n  spiked vdth small volumes o f  Sĵ . Incubation  

was carried  out in  microtubule assembly b u ffer  in  the presence  

o f  4  M g ly c e r o l. Very few m icrotubular stru ctu res were obtained  

s im ila r  in  appearance to  those r e su lt in g  from Sj_ assembly (see  

f i g .  4 .9  A & B ). See% lso t e x t ,  sec tio n  4 .3  3«3«

K a g n ifica tip n '= 11 ,000 .

F ig . 4 .17  B R e p re se n ta tiv e , h ig h ly  m agn ified , m ic ro tu b u la r 

s t r u c tu r e s  from samples o f  th e  syn ap to so l f r a c t io n  incubated  in  

th e  p resen ce  o f  as  d e sc rib ed  above. The w idth o f  th e se  

s t r u c tu r e s  i s  between 20 & 30 nm. See a lso  t e x t ,  s e c t io n  4 .3*3*3 ' 

M ag n ifica tio n  = 112,000.
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F ig  4 .18  A R e p re se n ta tiv e , h ig h ly  m ag n ified , m ic ro tu b u la r 

s t r u c tu r e s  from saiq jles o f th e  sy n ap to so l f r a c t io n  in cu b ated  in  

th e  p resence  o f  Sg* In c u b a tio n  was c a r r ie d  ou t i n  m icro tubu le  

assem bly b u f f e r  in  th e  p resence  o f 4  M g ly c e ro l .  M icro tu b u la r 

s t r u c tu r e s  were v e ry  ra re  and n o t q u i te  s im ila r  in  appearance 

t o  th o se  r e s u l t in g  from assem bly (see  f i g .  4 .10  A & B ). The

w id th  o f  th e  tu b u le  was 25 -  30 nm. See a lso  t e x t ,  s e c tio n  

4 . 3» 3» 3* M ag n ifica tio n  = 3 2 ,0 0 0 .

F ig . 4 .1 8  B M icro tu b u la r s t r u c tu r e s  from samples o f  th e  

sy n ap to so l/f ra c tio n  incu b ated  i n  th e  p resen ce  o f  Sg a s  d e sc rib e d  

above. Note th e  r a r e  p resen ce  o f  such s t r u c tu r e s .  See a ls o  t e x t ,  

s e c t io n  4.3*3*3*

M ag n if ica tio n  = 15>000.
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F ig . 4 .19  A M icro tu b u la r s t ru c tu re s  from samples o f th e  

d i lu te d  f r a c t io n  incubated  in  assem bly b u f f e r  in  th e  p resence 

o f  4 H g ly c e ro l .  T his p re p a ra t io n  iras used as  a c o n tro l  f o r  th e  

synaptosol-Sj^ combined f r a c t io n  ( f i g .  4 .17  A & B ). S im ila r ly  to  

th e  sp iked  sy n ap to so l p re p a ra t io n , i t  showed very  few 

m ic ro tu b u la r  s t r u c tu r e s . ( s e e  t e x t ,  s e c tio n  4 .3 .3»3 )*  

M ag n if ica tio n  = 11 ,000 .

F ig . 4 .19  B R e p re se n ta tiv e , h ig h ly  magrmfied, m icix)tubular 

s t ru c tu re s  from san g les  o f th e  d i lu te d  S., f r a c t io n  in cu b ated  as 

d e sc r ib e d  above. These s t r u c tu r e s  were s im ila r  i n  appearance to  

th e  ones r e s u l t in g  from th e  in c u b a tio n  o f  n o n -d ilu te d  S^ f r a c t io n  

u n d er s im ila r  co n d itio n s  (see  f i g .  4 .9  A). S im ila r  r in g - l ik e  

s t r u c tu r e s  (c a . 20 nm in  d ia m e te r ) . were a lso  observed (see  

a rro w s) . M ag n ifica tio n  = 71 ,000 .
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F ig . 4 .20  A M icro tu b u la r s t r u c tu r e s  from san g les  o f  th e  

d i lu te d  S2 f r a c t io n  in cu b a ted  i n  assem bly b u f fe r  in  th e  p resence  

o f  4  M g ly c e ro l .  T h is  p re p a ra t io n  was used a s  a c o n tro l f o r  th e  

sy n ap to so l-S 2 combined f r a c t io n  ( f i g .  4 .18  A & B ). Both th e  

c o n tro l and sp iked  syn ap to so l f r a c t io n s  showed v ery  few 

m ic ro tu b u la r  s t r u c tu r e s  (see  t e x t ,  s e c t io n  4.3*3*3)* 

M ag n if ica tio n  = 29,000.

F ig . 4 .20  B R e p re se n ta tiv e , h ig h ly  m agn ified , m ic ro tu b u la r 

s t r u c tu r e s  from s a n i e s  o f  th e  d i lu te d  S2 f r a c t io n  in cu b ated  as 

d e sc r ib e d  above. These s t r u c tu r e s  were few and d i s s im i la r  in  

appearance to  th o se  r e s u l t in g  from  th e  in c u b a tio n  o f  co n cen tra ted  

S2 (se e  f i g .  4 .10  A)» The p re s e n t  tu b u le s  have th e  same w idth  

( c a .  30 nm) a s  th o se  observed i n  sam ples o f  syn ap to so l sp iked  

w ith  a  sm all volume o f  Sg. See a ls o  t e x t ,  s e c t io n  4.3*3*3* 

M ag n ifica tio n  = 50 ,000 .
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f a i l i n g  to  see p o ly aerig ed  micro tu b u le s  in  sy n ap toso ls  i s  th e  low 

c o n c e n tra tio n  o f  po lym eriza tion-com peten t tu b u lin  p re se n t th e re . I t  can 

th e re fo re  be concluded th a t  under th e  p re se n t expei-lmental co n d itions 

l i t t l e ,  i f  any p u ta t iv e  tu b u lin  p re se n t in  th e  synap toso l f r a c t io n  could 

be assem bled in  v i t r o .

4 ,^  D iscussion  and conclusions

I t  may be concluded t h a t  w hile  th e  synap toso l f r a c t io n  appears to  

c o n ta in  some tu b u l in ,  a s  judged by c o lc h ic in e  b ind ing  experim ents and by 

e le c tro p h o r e t ic  a n a ly s is ,  th e  amounts p re se n t trere in s u f f ic ie n t  to  support 

th e  assem bly p ro cess  under th e  c o n d itio n s  t e s t e d .  I t  i s  a lso  p o ss ib le  

t h a t  th e  anomalous b eh av iou r o f  tu b u l in - l ik e  p ro te in s  in  SDS g e ls  r e f l e c t s  

th e  p resence  o f  a  form o f  tu b u lin  d i f f e r e n t  from th a t  which can r e a d i ly  be 

polym erized in to  m ic ro tu b u le s .

The f a i l u r e  to  dem onstrate  micro tu b u le  assem bly in  synaptosol e x t r a c ts ,  

could  a lso  be due to  lo s s e s ,  d u rin g  th e  i s o la t io n  procedure used , o f  endo

genous accesso ry  f a c to r s  r e c ^ r e d  f o r  micro tu b u le  assem bly. Such fa c to r s  

would p robab ly  be d i f f e r e n t  from th e  Kîf/7 p ro te in s ,  s in ce  th e se  îjere p re se n t 

in  th e  sy n ap to so l, o r  from so lu b le  f a c to r s  p re s e n t in  f r a c t io n s  and Sg, 

s in c e  th e se  f r a c t io n s  w^ere n o t e f f e c t iv e  in  s tim u la tin g  po lym eriza tion  o f  

sy n ap to so l tu b u l in  (see  f i g .  4 .1 ?  A & B and 4 .18  A & B and te x t  above).

T h is  s i tu a t io n  i s  n o t unique to  synaptosomes s in c e , fo r  example, 

tu b u l in  p re se n t i n  neuroblastom a c e l l  e x tr a c ts  a lso  f a i le d  to  polym erize 

in  v i t r o  under s im ila r  co n d itio n s  (Wiche and Cole, 1976), d e sp ite  th e  

p resen ce  o f  n o n - lim itin g  amounts o f  tu b u lin  in  such e x t r a c ts .  Thus, a 

s tu d y  o f  th e  co n d itio n s  f o r  o b ta in in g  p o ly m eriza tion  o f  tu b u lin  in  sjm apto- 

some e x tr a c ts  shoiiLd p robab ly  co n cen tra te  on p re se rv in g  as much as p o s s ib le



any synaptosone f a c to r s ,  p o s s ib ly  a sso c ia te d  w ith  m ic ro tu b u la r s tn ic t i i r e s ,  

which m ight be re q u ire d  to  dem onstrate  th e  assembly p ro cess  in  v i t r o .

For th e se  re a so n s , c o n d itio n s  f o r  u s in g  synaptosomal p re p a ra 

t io n s  in  which m ic ro tu b u la r s t ru c tu re s  a re  s ta b i l iz e d ,  a s  a s ta r t in g  

m a te r ia l  f o r  o b ta in in g  assem bly-coir^etent tu b u lin , w i l l  be in v e s t ig a te d  

i n  subsequent c h a p te rs .
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Chapter_V Thp_ e f f e c t  o f  m ic ro tu b u la r s t a b i l i s in g  agen ts on th e  

d i s t r ib u t io n  o f c o lc h ic in e -b ln d in ?  p ro te in  in  so lub le  

and p a r t i c u la te  f r a c t io n s  o f r a t  b ra in

5*1 In tro d u c tio n

E arly work on the assembly o f micro tubules by Shelanski e t  e l .

(1973) showed t h a t  th e  in c lu s io n  o f  4  K g ly c e ro l in  th e  assem bly b u f fe r  

m arkedly enhanced th e  p o ly m erisa tio n  o f tu b u l in ,  and th a t  th e  micro tu 

b u le s  th u s  o b ta in ed  were much more s ta b le  to  low  tem peratu re  and c o lc h i

c in e  tre a tm e n t. Removal o f  th e  g ly c e ro l re s e n s i t iz e d  th e  micro tu b u le s  

t o  co ld  and c o lc h ic in e .

More r e c e n t ly ,  F i ln e r  e t  a l .  (1973) showed th a t  th e  in c lu s io n  o f  

10^ d im ethy l su lfo x id e  (BI-ISO) i n  th e  i n i t i a l  homogenizing medium le d  to  

th e  p re s e rv a tio n  o f  m ic ro tu b u la r forms o f tu b u lin  d u rin g  e x tra c tio n  o f  

cow b ra in s  id th  phosphate b u f fe r  a t  room tem p era tu re . M icrotubules s e d i-  

mented from such e x tr a c ts  by c e n tr ifu g a tio n  ( a t  room tem peratu re) could 

be p re se rv ed  f o r  s e v e ra l weeks a f t e r  re  suspension  in  a  medium co n ta in in g  

10^ DM30 and 8 M g ly c e ro l .  D ilu tin g  such suspensions 1 0 -fo ld  w ith  b u f f e r  

a lo n e  le d  to  an im m ediate d is in te g r a t io n  o f  th e  m ic ro tu b u les , even a t  

room tem p e ra tu re , w h ile  a  tw o -fo ld  d i lu t io n  on ly  made them la b i l e  in  th e  

c o ld . F urtherm ore, i t  was shown th a t  th e  p resence o f  th e se  s ta b i l iz in g  

ag en ts  d id  n o t by i t s e l f  appear to  induce any po ly m eriza tio n  o f  th e  p re 

e x is t in g  pool o f  so lu b le  tu b u lin  in  such e x t r a c ts ,  even a t  room tem pera

t u r e .

Eased on th e .ab o v e  c o n s id e ra tio n s , experim ents were designed to  

d eterm ine  th e  r e l a t i v e  d i s t r ib u t io n  o f  so lu b le , membrane-bound and m icro

tu b u la r  forms o f  tu b u l in  i-i homogenates p repared  accord ing  to  th e  p ro ce-
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duro  o f F i ln e r  e t  a l .  (1973) « In  th e se  experim ents, co lch ic in e  b in 

d in g  was used to  a ssay  th e  tu b u lin  co n ten ts  o f  so lu b le  and p a ii^ icu la te  

frac tio n s /o b ta in ed  by c e n tr i fu g a t io n .

Solub le  tu b u l in ,  i n  t h i s  c o n te x t, r e f e r s  to  th e  co l ch i c in e-b ind ing  

a c t i v i t y  p re s e n t in  th e  i n i t i a l  su p e rn a tan ts  ob tained  from homogenates 

p rep ared  in  th e  p resence  o f s t a b i l i z e r s  a f t e r  sp inn ing  a t  room tem pera

tu r e  (see  f i g ,  5 .1 , f r a c t io n s  and PS^).

M icro tu b u la r tu b u l in  i s  d e fin ed  as th a t  f r a c t io n  o f  c o lc h ic in e -  

b in d in g  a c t i v i t y  which can be re le a se d  in  so lu tio n  from p a r t ic u la te s  by 

e x tr a c t io n  in  s t a b i l i z e r - f r e e  b u f f e r  a t  4®C ( i . e . ,  f r a c t io n s  and PS^ 

in  f i g .  5*1); c o lc h ic in e -b in d in g  a c t i v i t y  in  th e  re s id u a l  p e l l e t  w il l  

be r e fe r re d  to  as  membrane-bound tu b u lin  ( i . e . ,  f r a c t io n s  P^ and PP^).

5 .2  Method s

VJhole f r e s h ly  ex c ised  r a t  b ra in s  wore homogenized w ith  th re e  volumes 

o f  a s o lu tio n  (see  F i ln e r  e t  a l .  1973) co n ta in in g  50^ (v /v ) g ly c e ro l, 10^ 

(v /v ) DMSO, 5 M'l MgCl2 and 10 mM sodium phosphate b u f f e r ,  a d ju s ted  to  pH 

6 .9  (m icro tubu le  s t a b i l i z in g  medium, MTM), by 10 up and dora s tro k e s  a t

2,000 rpm in  a g la s s  h o m o g en ize r-fitted  w ith  a m otor-driven  T eflon  p e s t le ,  

(c le a ra n c e  0 .0 8 - 0 .1 3  mm). The homogenate was th e n  f ra c tio n a te d  a c c o r 

d in g  to  th e  scheme sho ra  in  f i g .  5*1« I t  was f i r s t  c en tr ifu g e d  a t  12,000 g 

f o r  15 min ( a t  room tem peratu re) to  y ie ld  th e  prim ary f r a c t io n s ,  P^ and 

Si* 5]̂  r a s  f u r th e r  spun f o r  60 min a t  40,000 g ( a t  25~28°C) to  g ive a 

so lu b le  f r a c t io n  (S^) co n ta in in g  so lu b le  tu b u lin  and a p e l l e t ,  P^, co n 

ta in in g  b o th  s te b i l iz e d  mi cro tu b u le  s and membranes. F rac tio n  P^ was th en  

resuspended in  a s t a b i l i z e r - f r e e ,  m icro tubule  assem bly b u f f e r  ( to  I ia lf  

th e  volume o f  S ^ ), which co n ta in s  0 .1  M 2'îSS b u f f e r ,  1 mi'l EGTA, 0 .5  ïnH



MgCl^ and. 1 mil GTP, ad ju s ted  to  pH 6 .9  (soo a lso  C hapter I I ,  s e c tio n  

2 .2 .1 ) ,  and k ep t on ic e  f o r  20 min to  promote th e  depolym erization  o f 

m ic ro tu b u le s . The suspension  was th en  spun a t  100,000 g f o r  30 min a t  

4°C to  y ie ld  a so lu b le  m ic ro tu b u la r tu b u lin  f r a c t io n  (S^) and a r e s id u a l  

membrane f r a c t io n  (P ^ )•

A ll f r a c t io n s  were te s te d  f o r  co lch ic in e -b in d in g  a c t iv i ty  a f t e r  

d i l u t i n g  them in  th e  co ld  ir i th  2 volumes o f th e  above assembly b u f f e r .

One volume o f sample s o lu tio n  was added to  fo u r  volumes o f in cu b a tio n  

b u f f e r  (10 mî-î sodium phosphate b u f fe r  co n ta in in g  5 mM KgCl^ aïid ad ju s

te d  to  pH 6 ,5 ) and th e  re a c tio n  was s ta r te d  by th e  a d d itio n  o f 50 i“ l  o f  

(% ) c o lc h ic in e  (0 .2  Ci/mî-i; f i n a l  co n ce n tra tio n  5 0 /iH) and te rm in a ted  in  an 

ic e - b a th  a f t e r  2 hours in c u b a tio n  a t  37^0 (see  C hapter I I ,  s e c tio n  2 .3 * 1 ). 

S ince DMSO and g ly c e ro l were only  p re s e n t in  f r a c t io n  th ey  were added 

to  th e  r e a c t io n  m ix ture  f o r  a l l  th e  o th e r  f r a c t io n s  to  g ive th e  same f in a l  

c o n c e n tra tio n  ( l ^  end 0 ,3  H, re s p e c tiv e ly )  so th a t  the b ind ing  re a c t io n  

would ta k e  p lace  under th e  same co n d itio n s  in  a l l  sam ples.

C o lch ic in e -b in d in g  a c t i v i t y  was determ ined in  t r i p l i c a t e  by th e  DE 81 

f i l t e r  d is c  assay  (see  C hapter I I ,  s e c tio n  2 .3 .2 ) .

The p ro te in  co n ten t o f  th e  f r a c t io n  was determ ined by Folin-Lowry 

method (see  C hapter I I ,  s e c tio n  2 .6 ) .

F in a l ly ,  a d d i t io n a l  experim ents were c a r r ie d  ou t to  determ ine th e  

c o n tr ib u tio n  o f  f r a c t io n  P^ to  th e  t o t a l  c o lc h ic in e -b in d in g  a c t iv i ty  

p re s e n t  in  th e  i n i t i a l  homogenate. The d i s t r ib u t io n  o f c o l ch i c ine  -b in d in g  

a c t i v i t y  was a lso  determ ined  in  su b fra c tio n s  o f  P^ th a t  were d e riv ed  u sin g  

th e  method employed to  f r a c t io n a te  th e  prim ary f r a c t io n ,  S^.





ir

fc£

<d

13 CVJ
•Hcd•P ao OÜ Ipo o(a ®1—1 wcct

15
04 ' -p

©c ©o u•H+3O mcd 4Jf4k ©
0!OP4
ECv- o

ON orH
§* §

(d •i
©® E

4̂ <H© oP3 C»rl o•H
ffi t
O op.
'8 s.a p.
<D xi
s to
® a

Æ!
4^ cd



0

1bO
I
%

I
kn

•'P4
“ ■gO  cd

o
o

cl
rH

U
g
ê
©

l «

!;■\o
•H

I p.

I
o

I*.
&
I
CL,

r4_(O

•g
ri©P..

f
P ,

a
"g
' S  o

+3
O  Cd
o
o

I
•â 'P
8 > "
0  <Hi;
■gÆ

1  o&Ü
ë .g

ï §

W  + 3

N :
P .

I
01

s

I
. >4,4* ©I
I

rS C T -

1 5 in
-g-g .

O )

â îZ

I
m

w

f e© .  
m «H 
© o  
©

T ?©TlJ
© >4&<s

rÛ

P. A



!K5

5»3 Results

5»3»1 The effects of nlycerol and DMSO

I t  i s  ev id en t from th e  r e s u l t s  shora in  ta b le  5*1 th a t  a subs

t a n t i a l  in c re a se  in  th e  p ro p o rtio n  o f  c o lch ic in e  b ind ing  (C3) recove

re d  in  th e  p a r t i c u la te  f r a c t io n  t-tss found in  homogenates prepared 

in  th e  presence  o f bo th  g ly c e ro l and DMSO. S ince most o f t h i s  a c t i v i ty  

could be subsequen tly  re le a se d  under co n d itio n s  favo ring  depolym eriza

t i o n  o f m icro tubu les ( i . e . ,  s t a b i l i z e r - f r e e  b u f f e r  in  th e  cold) as seen 

from th e  d i s t r ib u t io n  and s p e c if ic  a c t i v i t y  (S .A .) va lues fo r  CB (see 

f r a c t io n  3^, ta b le  5*1» p a r ts  A & B ), i t  i s  probable th a t  f r a c t io n  

co n ta in s  tu b u lin  d e riv ed  from m icro tubu les p reserved  during  th e  i n i t i a l  

hom ogenization (see  a lso  below ). These r e s u l t s  confirm  and extend th e  

p re lim in a ry  observations o f F i ln e r  e t  a l .

However, th e  CB a c t i v i t i e s  in  th e  membrane f r a c t io n  (py) was re p ro -  

d u c ib ly  found to  be h ig h e r in  m a te r ia l  d e riv ed  from homogenates c o n ta i

n in g  g ly c e ro l a lone  as compared to  th a t  from homogenates prepared in  th e  

p resence  o f b o th  DMSO and g ly c e ro l (compare S.A. va lues f o r  f r a c t io n  

in  p a r t s  A & B o f ta b le  5«1)* T his may be c o rre la te d  w ith  th e  s l ig h t ly  

h ig h e r v a lu e  o f CB a c t i v i t y  found in  th e  3^ f r a c t io n  derived  from homoge

n a te s  p repared  in  th e  p resence  o f bo th  s ta b i l iz in g  ag en ts .

Thus, i t  would appear t h a t  DMSO p re se n t d u rin g  i n i t i a l  homogeniza

t i o n  a f f e c t s  th e  s t a t e  o f CB p ro te in  a sso c ia te d  w ith  th e  ?£ f r a c t io n  

( i . e . ,  c o n ta in in g  membranes and m ic ro tu b u le s ), as r e f le c te d  by th e  o bser

ved d if f e r e n c e s  in  th e  s o lu b i l i ty  o f P ^ -asso c ia te d  CB p ro te in  cu rin g  

subsequent e x tra c tio n  o f  P^ in  th e  cold  in  s t a b i l i z e r - f r e e  medium. This 

may r e f l e c t  d if f e r e n c e s ,  s p e c i f ic a l ly  induced by DMSO, in  th e  n a tu re  and
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e x te n t  o f microtubule-membrano in te r a c t io n s  (see  d is c u s s io n ) .

In  th e  p re se n t experim ents, i t  i s  a lso  apparen t th a t  a s im ila r  

enrichm ent o f C3 a c t i v i t y  was found in  th e  p u ta tiv e  m ic ro tu b u le -co n ta i

n in g  f r a c t io n s  (P^ & S^) when only g ly c e ro l was inc luded  as a s ta b i l iz in g  

a g en t, as can be seen from th e  s p e c if ic  a c t i v i ty  v a lues shown in  ta b le

5 .1  ( c f .  p a r ts  A & B ).

F urtherm ore, i t  i s  ev id en t th a t  f r a c t io n  S^, p repared  from homoge

n a te s  co n ta in in g  one o r  bo th  s ta b i l i z in g  a g en ts , was considerab ly  e n r i 

ched in  m ic ro tu b u la r p ro te in ,  s in ce  th e  CB s p e c if ic  a c t i v i ty  values f o r  

t h i s  f r a c t io n  were s e v e ra l- fo ld  h ig h e r than  th o se  seen in  a l l  o th e r  

f r a c t io n s  examined. Furtherm ore, i t  i s  a lso  c le a r  from th e  d a ta  shown 

in  p a r t  C o f  ta b le  5*1» th a t  t h i s  enrichm ent was much l e s s  apparen t in  

th e  co rresponding  (S^) f r a c t io n  p repared  in  th e  absence o f s ta b i l iz in g  

a g e n ts .

5 . 3 .2  The e f f e c t s  o f tem peratu re

Evidence th a t  mi cro tu b u le s  can be p reserved  in  b ra in  homogenates 

p rep ared  a t  room tem p eratu re  in  th e  presence  o f  s ta b i l iz in g  agents was 

p re se n te d  above. Eowerver, th e  r e l a t iv e  c o n tr ib u tio n  o f  s ta b i l iz in g  

ag en ts  and o f  tem p era tu re  c o n d itio n s  to  th e  p re se rv a tio n  o f  mi cro tu b u le  s 

could n o t be a sse ssed .

From th e  p rev io u s  r e s u l t s  shown in  ta b le  5*1 (p a r t  C), i t  can be 

seen  t h a t  a s l ig h t  enrichm ent in  CB a c t i v i t y  was found a f t e r  s o lu b i l iz a 

t i o n  in  th e  co ld  o f  th e  p u ta tiv e  m ic ro tu b u la r co n ta in in g  f r a c t io n  (P^) 

when t h i s  f r a c t io n  was p repared  ( a t  room tem peratu re) in  th e  absence o f  

added s ta b i l i z in g  a g en ts . However, i t  i s  w e ll known th a t  very  l i t t l e
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CB a c t i v i t y  can bo e x tra c te d  from b ra in  p a r t ic u la te  f r a c t io n s  by 

v a r io u s  b u ffe rs  when th e se  f r a c t io n s  a re  prepared  in  th e  cold  (see  

Lagnado e t  a l .  1971). T h e re fo re , i t  can be in fe r re d  th a t  th e  r e l a t i 

v e ly  sm all b u t s ig n i f ic a n t  CB a c t i v i t y  th a t  was s o lu b iliz e d  from f r a c 

t i o n  P^, when t h i s  was p repared  a t  room tem peratu re  in  th e  absence o f 

s t a b i l i z i n g  agen ts {k o f  as  compared to  60^; see ta b le  5 .1 , p a r t  C) 

p robab ly  r e p re s e n ts ,  in  p a r t  a t  l e a s t ,  m ic ro tu b u le -d eriv ed  p ro te in .

F u r th e r  experim ents s p e c i f ic a l ly  designed  to  t e s t  th e  e f f e c t  o f  

tem p era tu re  d u rin g  th e  i n i t i a l  hom ogenization c le a r ly  showed th a t  m icro- 

tu b u le s  were p reserv ed  to  a much l e s s e r  e x te n t a t  4®C than  a t  room tempe

r a tu r e ,  even when s t a b i l i z in g  agen ts  were inc luded  in  th e  i n i t i a l  homo

g e n iz a tio n  medium (see  ta b le  5*3)• Indeed , when homogenates were p repared  

and c e n tr ifu g e d  a t  4°C, 90^ o f  th e  CB a c t i v i t y  p re se n t in  th e  i n i t i a l  

su p e rn a ta n t f r a c t io n  (S^) remained in  so lu tio n  ( in  f r a c t io n  Sg), a f t e r  

th e  f u r th e r  c e n tr ifu g a tio n  s te p  to  p e l l e t  th e  • microtubular-membrane* 

f r a c t io n  (p£) j as compared to  v a lu es  o f 70^ found a t  room tem peratu re  (see  

ta b le s  5 .2  & 5*3)• These d if fe re n c e s  a re  due to  a  s e le c t iv e  r e d i s t r i b u 

t io n  o f CB a c t i v i t y  as can be seen from th e  RSA va lu es  shown in  ta b le  5.3»

I t  i s  concluded th a t  th e  presence  o f s ta b i l i z in g  agen ts by i t s e l f  i s  

n o t a s u f f ic ie n t  c o n d itio n  f o r  th e  p re se rv a tio n  o f  mi cro tu b u le s  during  

th e  i n i t i a l  hom ogenization even though, once formed, m ic ro tubu lar s t ru c 

tu r e s  can be p re se rv ed  a t  4°C o r  indeed a t  -10°C in  th e  presence o f s ta b i 

l i z i n g  ag en ts  (see  below ). I t  i s  in fe r r e d  th a t  th e  s ta b i l iz in g  agen ts 

d id  n o t in c re a se  th e  co n ten t o f  m icro tubu les th rough  a d i r e c t  e f f e c t  in  

prom oting m ic ro tu b u la r assem bly from so lu b le  tu b u l in  p o o ls , b u t r a th e r  

e x e r ted  a s t a b i l i z in g  in f lu e n c e  on formed m icro tubu les a lread y  p re se n t 

in  th e  t i s s u e  b e fo re  e x tr a c t io n . I t  can be concluded, moreover, th a t
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th e  p resen ce  o f  th e se  ag en ts  could n o t p rev en t th e  ra p id  cold-njiduced 

d is s a s s e n b ly  o f  m ic ro tubu les  wliich presum ably occurred during  th e  tim e 

ta k e n  f o r  homogenizing th e  t i s s u e  a t  4°C. These r e s u l t s  do n o t th e re 

f o r e  c o n tra d ic t  th e  o b se rv a tio n s  o f  F i ln e r  e t  a l .  and my ovm unpublished 

o b se rv a tio n s  t h a t  p e l le te d  m icro tubu les  re  suspended in  th e  p resence o f 

g ly c e ro l  and DIISO can be p reserv ed  f o r  s e v e ra l days a t  tem perature  rang ing  

betw een 4°C and -10°C. P rev io u s iTork has a lso  shown th a t  c o lc h ic in e -  

b in d in g  a c t i v i t y  o f p re p a ra t io n s  s to re d  under th e se  co n d itio n s  can a lso  - 

be p re se rv ed  f o r  th e  same p e rio d  o f  tim e (Lagnado, Tan and Heddington, 

u n pub lished  o b se rv a tio n s ) .

5 . 3 ,3  Comparison o f  b u f fe r  svstems

In  th e  above experim ents, m icro tubule  assembly b u ffe r  (see  s e c tio n  

5 . 2) I'jas employed to  s o lu b i l iz e  m ic ro tu b u la r p ro te in  w hile phosphate 

b u f f e r  was used d u ring  th e  i n i t i a l  hom ogenization o f th e  t i s s u e .  F u r th e r 

ex p erirm n ts  were c a r r ie d  ou t to  in v e s t ig a te  w hether th e  i n i t i a l  homogeni

z a tio n  o f th e  t i s s u e  in  a  b u f f e r  fav o rin g  m ic ro tu b u la r assembly m ight a l t e r  

th e  y ie ld  o f  CB a c t i v i t y  in  m ic ro tu b u le -co n ta in in g  f r a c t io n s  deriv ed  from 

t i s s u e  homogenates co n ta in in g  mi c ro tu b u le - s t a b i l i  zing ag en ts .

The r e s u l t s  shot-m i n  ta b le  5*2 in d ic a te  t h a t  th e  CB a c t i v i ty  in  th e  

m ic ro tu b u la r  f r a c t io n s  d e riv e d  from t i s s u e  e x tra c te d  in  assembly b u f fe r  

was up to  50^  h ig h e r  th a n  t h a t  found f o r  th e  corresponding f r a c t io n s  d e r i 

ved from p h o sp h ate -b u ffe red  homogenates (compare s p e c if ic  a c t i v i t y  va lues 

f o r  in  ta b le s  5*2 and 5*1, p a r ts  A & B).

However, s im ila r  d if f e re n c e s  t^ere a lso  apparen t f o r  th e  mother 

f r a c t i o n  (?£) and f o r  th e  so lu b le  tu b u l in  f r a c t io n  (S2) * On th e  o th e r  

hand, th e  CB a c t i v i t i e s  in  th e  membrane f r a c t io n s  were vf ry  s im ila r  u s in g
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th e  two ty p es  o f  b u f f e r  c o n d itio n s  when DIISO a n d 'g ly c e ro l were used as 

s t a b i l i z i n g  ag en ts  (compare va lues f o r  in  ta b le s  5 ,1  & 5 . 2, p a r ts  A 

and B ), whereas th e  g en e ra l in c re a se  in  CB a c t i v i t y  observed, u sing  

assem bly b u f f e r ,  was a lso  apparen t in  th e  membrane f r a c t io n s  when g lyce

r o l  a lone was used as a s t a b i l i z in g  ag en t. I t  i s  in te r e s t in g  to  no te  

t h a t  th e  r e l a t iv e  in c re a se  observed in  th e  CB a c t i v i t y  o f f r a c t io n  (P^) 

when t h i s  was d e riv e d  from DMSO-containing homogenates (see  ta b le  5 .2 ) ,  

was confirm ed in  th e  p re se n t experim ents (compare values f o r  P^ in  p a r ts  

A & B o f  ta b le  5 .2 ) .

I t  seems, th e re fo re ,  t h a t  CB a c t i v i t y  i s  g e n e ra lly  b e t t e r  p reserved  

th ro u g h o u t th e  v a rio u s  f r a c t io n s  when th e  i n i t i a l  homogenization i s  c a r r ie d  

o u t u s in g  m ic ro tu b u la r assem bly b u f f e r  r a th e r  th a n  th e  phosphate b u f fe r  

employed by F i ln e r  e t  a l .  However, i t  cannot be deduced, from th e  p re se n t 

experim ents i f  th e  d if fe re n c e s  observed a re  r e la te d ,  p e r se , to  th e  po ly 

m eriza tion -p rom oting  p ro p e r t ie s  o f th e  b u ffe r  (which could a f f e c t  th e  

p h y s ic a l s ta t e  o f  th e  p ro te in  in  such a way as to  p reserv e  c o lc h ic in e -  

b in d in g  s i t e s ) ,  s in ce  i t  i s  n o t Imown w hether f a c to r s  which in flu en ce  th e  

assem bly-corapetence o f  tu b u lin  a re  in  any way r e la te d  to  those which p re  -  

se rv e  th e  CB p ro p e r t ie s  o f  tu b u l in . Since calcium  ions do n o t ap p aren tly  

a f f e c t  CB a c t i v i t y  (see  Lyons, C ., 1977), i t  seems u n lik e ly  th a t  th e  d i f f e 

re n c es  observed w ith  th e  two b u f f e r  systems a re  due to  th e  in c lu s io n  o f  

iEGTA i n  th e  assem bly b u f f e r .  On th e  o th e r  hand, i t  i s  w e ll known th a t  GTP 

p re se rv e s  tu b u l in  in  r e s p e c t  o f b o th  i t s  CB a c t i v i t y  and i t s  competence 

f o r  p o ly m eriza tio n  (see  C hapter I ,  s e c tio n  1 .8 ) .  Since GTP was n o t in c lu 

ded in  th e  phosphate b u f f e r  system o f  F i ln e r  e t  a l . . i t  i s  te n ta t iv e ly  

concluded t h a t  GTP was m ainly re sp o n sib le  fo r  th e  d if fe re n c e s  in  CB a c t i 

v i t y  found in  th e  two s e r ie s  o f  experim ents d e sc rib ed  above.
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5.3.^1- Further stu d ies on the d is tr ib u tio n  o f  CB protein  in  the  

s ta b iliz e d  homorerates

During the course o f  t h is  work, the d is tr ib u tio n  o f CB activ ity- 

p resen t in  the i n i t i a l  homogenate was in v estiga ted  in  fra ctio n s derived  

from a low -speed ezctract (fra c tio n  containing the s ta b iliz e d  micro- 

tu b u le s . Further experiments were undertalcen to  determine the extent to  

which microtubular forms o f  tu bu lin  might have been l e f t  in  the low-speed  

p e l l e t  fr a c tio n  (see  f i g .  5 *1 ) th a t was normally discarded.

To in v e s t ig a te  th is  p o s s ib i l i t y ,  homogenates izere prepared in  assembly 

b u ffe r  contain ing 10^ (v /v ) DMSO and 50^ (v /v ) ^ y c e r o l and the r e la t iv e  

d is tr ib u tio n  o f CB acti-v ity  in  the and primary fra c tio n s , as w e ll  

as in  th e ir  resp ec tiv e  subfractions was determined. was fractionated  

as p rev iou sly  d escribed , as was the Pĵ  fr a c tio n , foUo^ring i t s  resuspen

sio n  a t room temperature in  a volume o f homogenizing bu ffer  (containing  

s ta b il iz e r s )  equivalent to  th a t o f  S^.

As can be seen from the data summarized in  ta b les  5*^ and 5*5, most 

o f  th e CB a c t iv i t y  and p ro te in  present in  the re suspended P  ̂ fra ctio n  

was recovered in  the p e l le t  obtained by further cen tr ifu gation  a t room 

temperature (P2 ) , even though no enrichment o f  CB was found in  th is  fra c

t io n  ( c f .  SA & RSA values fo r  ? 2  and S2 , ta b le  5*5) • This ĵas in  marked 

co n trast "to th e r e s u lt s  found fo r  the P2  fra c tio n  derived from S  ̂ in  th is  

(ta b le  5»^) and in  pre-vLous experiments (ta b le s  5*2, part A; & 5*3» part A).

Furthermore, i t  was found th a t resuspension o f the p e l le t  (P2 ) prepa

red a t  room temperature from the p a r ticu la te  (Pq) in  s ta b iliz e r - fr e e  buxxer 

resu lted  in  very l i t t l e  s o lu b iliz a t io n  o f CB a c t iv i ty  ( tab le  5*5) î most 

o f  th e acti-vLty remained membrane-bound ( c f .  data in  ta  ole 5»^ ^ 5*5) •
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Thus, i t  i s  concluded t h a t  the  bu lk  o f  th e  CB a c t i v i t y  o f  f r a c t i o n  

vras a s s o c ia t e d  mith  t h e  membrane f r a c t i o n .  Furthermoi*©, the  d a ta  

summarized i n  t a b l e  5*6 i n d i c a t e  t h a t  mic ro tubula r  tu b u l in  ( =  CB i n  S^) 

c o n t r i b u t e d  l e s s  than  10^ o f  th e  t o t a l  CB a c t i v i t y  o f  the  low-speed pa r 

t i c u l a t e  (P ^ ) , as  compared -with va lues  more than  20ÿ found f o r  the  micro- 

t u b u l a r  f r a c t i o n  de r ived  from S^.

As can be seen from th e  d a t a  summarized i n  t a b l e  5 .6 ,  about 2/3 o f  

b o th  t h e  so lub le  and m ic ro tubu la r  t u b u l i n  f r a c t i o n s  p re sen t  i n  homogenates 

were recovered i n  t h e  low-speed so lub le  f r a c t i o n ,  whereas the  bulk  o f  

t h e  membrane-bound CB a c t i v i t y  was a s so c ia t e d  w i th  th e  low-speed p a r t i c u 

l a t e  f r a c t i o n ,  (P ^ ) . F i n a l l y ,  i t  can be seen t h a t  only  about 15/  ̂ o f  the  

t o t a l  CB a c t i v i t y  p re s e n t  i n  s t a b i l i z e d  homogenates o r ig i n a t e s  from micro- 

t u b u l e s ;  th e  remainder was d i s t r i b u t e d  f a i r l y  evenly between th e  so luble  

and t h e  membrane f r a c t i o n s .

5 .4  Conclusions

From t h e  d a t a  desc r ibed  i n  t h i s  chap te r ,  i t  can be i n f e r r e d  t h a t  

about  15^ o f  th e  co lch ic in e -b in d in g  a c t i v i t y  can be sedimented a t  room 

tem pera tu re  from homogenates prepared i n  th e  presence  o f  g lyce ro l  and 

DMSO. Furthermore ,  t h i s  f r a c t i o n  could be s o lu b i l i z e d  i n  the  cold  i n  

s t a b i l i z e r - f r e e  b u f f e r .  Thus, we a re  dea l in g  w i th  a l a b i l e  form o f  

agg rega tab le  m a te r i a l  wliich presumably p re s e n t s  micro tubular  form o f  

assem bly -corne ten t  t u b u l i n .

Indeed ,  a d d i t i o n a l  experiments  c a r r i e d  ou t  subsequently  by o th e r  

members o f  t h i s  l a b o r a t o r y  have demonstrated th e  polymeriza tion competence 

o f  th e  f r a c t i o n  r e f e r r e d  to  i n  t h i s  chap te r  as m ic ro tubula r  tu b u l in  ( i . e . ,  

f r a c t i o n  S^).  E lec t ro n  microscopy showed th e  presence  o f  numerous micro-
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t u b u l e s  i n  samples o f  which had been f u r t h e r  incubated  a t  y f ic  i n  

t h e  p resence  o f  added GTP, wi th  or wi thout  g ly ce ro l  (see  f i g ,  5.2)«

During th e se  exper iments ,  i t  iras a l so  shown t h a t  t u b u l i n  comprised about 

80^ o f  the  p r o t e in  p r e s e n t  i n  t h e  f r a c t i o n ,  as  judged by SDS-PAGE 

a n a l y s i s ,

• In  c o n t r a s t ,  a t tempts  t o  polymerize micro tubules  from th e  f r a c t i o n  

r e f e r r e d  t o  as  so lub le  t u b u l i n  ( i . e . ,  f r a c t i o n  were unsuccess fu l  under 

a v a r i e t y  o f  exper imental  cond i t ions  d e s p i t e  t h e  f a c t  t h a t  t h i s  f r a c t i o n  

was r i c h  i n  03 a c t i v i t y  (see  s ec t io n s  5 -3 .1  & 5 -3 .3 )  and contained a 

s i g n i f i c a n t  amount o f  t u b u l i n  d e t e c t a b l e  by SDS-PAGE.

Thus, an a d d i t i o n a l  conclus ion from th e  work descr ibed  above would 

be  t h a t  two forms o f  so lu b le  tu b u l in  a r e  p re s en t  i n  f r a c t i o n s  2 ^  and 

i n  b r a i n  homogenates prepared under t h e  condi t ions  desc r ibed ,  only one 

o f  which, t h a t  recovered i n  S^, appa ren t ly  o r ig i n a t e s  from c o l d - l a b i l e  

m ic ro tubu les .

The s ig n i f i c a n c e  o f  th e  membrane-bound CB a c t i v i t y  which was d e s c r i 

bed i n  t h i s  work remains t o  be e lu c id a te d .  I t  could,  f o r  example, r ep re 

s e n t  c o l d - s t a b l e  non-micro tubular  aggregates  o f  t u b u l i n ,  non- tubu l in  

membranous components capable  o f  b ind ing  c o lch ic in e  as  w e l l ,  perhaps,  as  

some t u b u l i n - l i k e  p r o t e i n  p re s e n t  i n  membranes* These v a r io u s  p o s s i b i l i 

t i e s  m i l  be  d iscussed  l a t e r  (Chapter VII)*

Having e s t a b l i s h e d  s u i t a b l e  cond i t ions  t o  a s s a y  t h e  d i f f e r e n t  formis 

o f  t u b u l i n  -  and i n  p a r t i c u l a r ,  t u b u l i n  o r i g i n a t i n g  from micro tuhules  — im 

crude b r a i n  e x t r a c t s ,  t h e  p o s s i b i l i t y  o f  extending  t h i s  approach t o  t h e  

s tudy o f  m ic ro tubu la r  p r o t e i n s  i n  de f ined  s u b c e l l u l a r  fmct- ions  o f  hraiju 

was i n v e s t i g a t e d ,  as w i l l  be desc r ibed  i n  t h e  n e x t  chapter*



Fie, 5.2 Representative micro tubule s from a microtubular 

tubulin-containing fraction, S^, separated by the Shelanski. 

method (see Chapter I I , section 2 .2 .1) and incubated in  

assembly buffer in  the presence of 4 M glycerol. For d eta ils  

see te x t, sect in  5*4) • Courtesy of Dr L.P. Tan. 

Magnification = 100,000.
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C h a p t e r  VI S t u d i e s  on  t h e  s t a b i l i z a t i o n  a n d  p o l y m e r i z a b i l i t y  

o f  chick  b r a i n  synaptosomal m ic ro tubula r  p r o t e i n _____

6 . 1  I n t r o d u c t i o n

P r e l i m i n a r y  a t t e m p t s  t o  r e a s s e m b l e  m i c r o t u b u l e s  f r o m  

c o n v e n t i o n a l l y  p r e p a r e d  s o l u b l e ,  e x t r a c t s  o f  s y n a p t o s o m e s  w e r e  

u n s u c c e s s f u l  ( s e e  C h a p t e r  IV ) ,  e v e n  t h o u g h  t h e  p r e s e n c e  o f  . 

t u b u l i n  a s  a  m a j o r  c o m p o n e n t  i n  s u c h  e x t r a c t s  was  e v i d e n t  

f r o m  b o t h  e l e c t r o p h o r e t i c  a n a l y s i s  ( C h a p t e r  IV), an d  

b i n d i n g  s t u d i e s  u s i n g  a n t i m i c r o t u b u l a r  d r u g s  ( s e e  C h a p t e r  I I I ) .

T h i s  c o u l d  b e  du e  t o  t h e  r e l a t i v e l y  low  p r o t e i n  c o n t e n t  

o f  s y n a p t o s o m a l  e x t r a c t s  i n v e s t i g a t e d  s i n c e  i t  i s  w e l l  known 

t h a t  t h e  p o l y m e r i z a t i o n  o f  t u b u l i n  d o e s  n o t  o c c u r  b e l o w  a  

s o - c a l l e d  " c r i t i c a l  c o n c e n t r a t i o n "  o f  t h e  p r o t e i n  ( s e e  C h a p t e r  IV) 

A n o t h e r  p o s s i b i l i t y  i s  t h a t  t u b u l i n  i t s e l f , o r  m i c r o t u b u l e -  

a s s o c i a t e d  p r o t e i n s  r e q u i r e d  f o r  a s s e m b l e  ( s e e  C h a p t e r  I ) ,  may 

h a v e  b e e n  a l t e r e d , a n d / o r  d e g r a d e d ^ d u r i n g  t h e  p r o c e d u r e s  

e m p l o y e d  t o  p r e p a r e  s y n a p t o s o m a l  e x t r a c t s  i n  s u c h  a  way a s  

t o  l i m i t  t h e  p o o l  o f  a s s e m b l y - c o m p e t e n t  m i c r o t u b u l a r  p r o t e i n ,  

t h u s  r e d u c i n g  s t i l l  f u r t h e r  t h e  c o n c e n t r a t i o n  o f  ' a c t i v e '  

t u b u l i n  f o r  p o l y m e r i z a t i o n .

The r e c e n t  m o r p h o l o g i c a l  o b s e r v a t i o n s  o f  H a j o s  ( 1 9 7 6 )  

i n d i c a t e  t h a t  a b u n d a n t  m i c r o t u b u l a r  s t r u c t u r e s  c a n  be  s e e n  

i n  r a p i d l y  i s o l a t e d  s y n a p t o s o m e  p r e p a r a t i o n s  ( H a j o s , 1 9 7 5 ) ;  

t h e s e  a r e  p r e i n c u b a t e d  a t  room t e m p e r a t u r e  i n  i s o t o n i c  s a l i n e  

m e d i a  ( H a j o s , 1 9 7 6 )  b e f o r e  f i x i n g  a n d  s t a i n i n g  t h e  p a r t i c l e s



f o r  e l e c t r o n  m i c r o s c o p y .  No t u b u l e s  c o u l d  b e  s e e n  f o l l o w i n g  

p r e i n c u b a t i o n  a t  4 °C .  Prom t h i s ,  i t  c a n  be  c o n c l u d e d  

t h a t  m i c r o t u b u l e s  p r e s e n t  i n  n e r v e  e n d i n g s  a r e  v e r y  s e n s i t i v e  

t o  t e m p e r a t u r e  a n d  i o n i c  c o n d i t i o n s ,  s i m i l a r l y  t o  m i c r o t u b u l e s  

^ e e n  w i t h i n  a x o n a l  o r  d e n d r i t i c  p r o c e s s e s .  T h i s  s u g g e s t s  

t h a t  l y s i s  a n d  s u b s e q u e n t  e x t r a c t i o n  o f  s y n a p t o s o m e s  a t  

room  t e m p e r a t u r e ,  f o l l o w i n g  a  b r i e f  p r e i n c u b a t i o n  i n  

p h y s i o l o g i c a l  s a l i n e  ( a l s o  a t  room  t e m p e r a t u r e )  m i g h t  a l l o w  

some p r e s e r v a t i o n  o f  a s s e m b l y - c o m p e t e n t  m i c r o t u b u l a r  

p r o t e i n  s u b u n i t s  a s  w e l l  a s  o f  m i c r o t u b u l e s ,  w h i c h  c o u l d  b e  

s e d i m e n t e d  d u r i n g  c e n t r i f u g a t i o n  o f  t h e  c r u d e  l y s e d  e x t r a c t s .  

F u r t h e r m o r e ,  i n  v ie w  o f  t h e  s t a b i l i z i n g  e f f e c t s  o f  DMSO 

a n d  g l y c e r o l  on m i c r o t u b u l e s - ( s e e  C h a p t e r  V ) ,  i t  s eem ed  

w o r t h w h i l e  t o  i n v e s t i g a t e  w h e t h e r  t h e i r  i n c l u s i o n  d u r i n g  

t h e  p r e p a r a t i o n  o f  s y n a p t o s o l  e x t r a c t s  i n  t h i s  way m i g h t  

f a c i l i t a t e  t h e  i s o l a t i o n  o f  a s s e m b l y - c o m p e t e n t  t u b u l i n .

6 . 2  M eth o d s

6 . 2 . 1 .  S u b c e l l u l a r '  f r a c t i o n a t i o n .

The f i r s t  s t e p  i n  t h e  p r e s e n t  s u b c e l l u l a r  f r a c t i o n a t i o n  

e x p e r i m e n t s  i n v o l v e d  t h e  i s o l a t i o n  o f  s y n a p t i c  t e r m i n a l s  o r  

s y n a p t o s o m e s .  T h i s  was- a c c o m p l i s h e d  b y  f o l l o w i n g  t h e  m e th o d  

o f  P .  H a j o s  ( s e e  f i g .  6 . 1  A)_. Once o b t a i n e d ,  s u c h  s y n a p t o s o m e s  

w e r e  i n c u b a t e d  f o r  30 min  a t  room  t e m p e r a t u r e  i n  an  i s o t o n i c  

s a l i n e  s o l u t i o n  c o n t a i n i n g  80 mM N aC l ,  5 'niM KOI, b u f f e r e d  

w i t h  10 mM T r i s  HCl pH 7 . 4 ,  T h i s  i n c u b a t i o n  i s  m a i n l y  a im e d  

a t  r e s t o r i n g  t h e  m i c r o t u b u l a r  f o r m a t i o n s  d e s c r i b ; i i e d  by 

P .  H a j o s  ( u n p u b l i s h e d ) .
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The f o l l o w i n g  s t e p s  ( s e e  f i g .  6 . 1  B) i n v o l v e d a n  e x t e n s i o n  

o f  t h i s  m e t h o d ,  w i t h  v i e w  t o  i s o l a t i n g  s t a b i l i z e d  m i c r o t u b u l a r *  

s t r u c t u r e s .  F o r  t h i s  p u r p o s e ,  t h e  s y n a p t o s o m e s  w e re  p e l l e t e d
A

a n d  r e s u s p e n d e d  i n  a  4 - f o l d  d i l u t e d  a s s e m b l y  b u f f e r  

( c o n t a i n i n g  Mes,  GTP, EGTA, MgCl^ ; s e e  C h a p t e r  I I ,  s e c t i o n  

2 . 2 . 1 )  t o  h e l p  i n  t h e  l y s i s  p r o c e s s  w h i c h  was p e r f o r m e d ,  a t  

room  t e m p e r a t u r e ,  o v e r  a  p e r i o d  o f  20 min  w i t h  i n t e r m i t t e n t  

s o n i c a t i o n  ( 3x 10 s e c  i n  a n  MSE 1 5 O w a t t  u l t r a s o n i c  d e s -  

i n t e g r a t o r ,  o p e r a t e d  a t  medium p o w e r  a n d  op t im um  a m p l i t u d e ) .

The l y s e d  m a t e r i a l  was g e n t l y  h o m o g e n i z e d  by  h a n d  an d  

i n c u b a t e d  a t  37°C f o r  15 m in  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  

a  m i c r o t u b u l e  s t a b i l i z i n g  a g e n t  ( i . e . ,  10% ( v / v )  DMSO o r  

4 M g l y c e r o l ; s e e  C h a p t e r  V ) ,  a n d  c e n t r i f u g e d  a t  3 8 , 0 0 0  g 

f o r  30 m in  a t  room  t e m p e r a t u r e  t o  y i e l d  a  p u t a t i v e  m i c r o 

t u b u l e  - c o n t a i n i n g  membrane p e l l e t  ( -  SP^)  a n d  a  s u p e r n a t a n t  

(= S S ^ ) ,  c o n t a i n i n g  s o l u b l e  a n d  p r e s u m a b l y  n o n - p o l y m e r i z a b l e  

t u b u l i n .  The p e l l e t  was t h e n  r e s u s p e n d e d  i n  a s s e m b l y  b u f f e r  

( s t a n d a r d  c o n c e n t r a t i o n )  i n  t h e  a b s e n c e  o f  DMSO o r  g l y c e r o l ,  

a n d  k e p t  on i c e  t o  p r o m o t e  m i c r o t u b u l e  d e p o l y m e r i z a t i o n ,  

a n d  a n y  m i c r o t u b u l a r  s u b u n i t s  t h a t  may h a v e  b e e n  r e l e a s e d  

by  t h i s  p r o c e s s  w e r e  t h e n  s e p a r a t e d  f r o m  t h e  m embranes  by 

c e n t r i f u g a t i o n  a t  1 0 0 , 0 0 0  g f o r  60 min  a t  4 ° C . The c o l d -  

s o l u b l e  e x t r a c t s  ( S S ^ ) a n d  t h e  c o l d - i n s o l u b l e  p e l l e t  ( S P ^ ) 

w e r e  t h e n  u s e d  f o r  f u r t h e r  i n v e s t i g a t i o n s ,  i . e .  c o l c h i c i n e -  

b i n d i n g  a c t i v i t y ,  p o l y m e r i z a b i l i t y  a n d  g e l  e l e c t r o p h o r e s i s .  

F r a c t i o n  SP^ w o u l d  p r e s u m a b l y  c o n s i s t  o f  mem branes  an d  

p o s s i b l y ,  C O I d - i n s o l u b l e  f o r m s  o f  t u b u l i n  a g g r e g a t e s ,  w h i l e  

f r a c t i o n  SS^ i s  a s s u m e d  t o  b e  e n r i c h e d  i n  p o l y m e r i z a b l e  t u b u l i n  

d e r i v e d  f r o m  s t a b i l i z e d  s y n a p t o s o m a l  m i c r o t u b u l e s .



10^ Brain Homogenate
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10 min

Nuclear  p e l l e t
P o s tn u c lea r
superna tan t

20 min.9,000 g

Crude m i tochondr ia l  
p e l l e t

Resuspend i n  0*3 H 
sucrose ;  l a y e r  on 
t o p  o f  0 .8  M sucrose

Postmito chondria l  
supernatan t

9,000 g

3 m l /g wet \rt,

20 min.
.ssmtsisiasssatsisaBm

F lo a t in g  l a y e r  Synaptosomes
o f  myelin i n

(d iscarded)  0 .8  M. sucrose  l a y e r

”Eea'vy” Synaptosomes 
p e l l e t e d  wi th  Jl i tochondria  

(d iscarded)

D i l u t e  2*5x -VTith

10,000 g

d i s t .  H2O 

20 min.

Synaptosomal p e l l e t Synaptosomal *irash*

F ig .  6.1  A Diagrammatic scheme f o r  t h e  p u r i f i c a t i o n  o f

synaptosomes from chide b r a i n  accord ing t o  **he 

Eaios  method■ (1975) » See a l so  t e y t ,  sec t i o n  6.2.1.



Purified synaptosome pellet

Resuspend i n  i s o t o n i c  
keep a t  RT

10,000 E

s a l i n e  pH 7 .4  
20 min.

20 min.

Incuba ted  Synaptosomes 
(wi th  r e s t o r e d  mic ro tubules)

Resuspend i n  low i o n i c  
Sonica te  & keep a t  RT

concen t ra t ion  assembly b u f f e r  
f o r  20 min. t o  ly se

ADD STA BILIZIN G  AGENT

Incuba te  a t 37° f o r  15 min.

38,000 g 20 min.

SS^

Non-polymeri zable  tubulün- 
con ta in in g  f r a c t i o n

Soluble  depolymerized 
Tubul in

EP^

Synaptic  Plasma Membranes 
+ s t a b i l i z e d  microtubules

Re suspend i n  |  assembly bu f f ,  
Keep on i c e  i  20 min.

100,000 g

Synaptic 
' membranes

F ig .  6 .1  B F u r t h e r  f r a c t i o n a t i o n  o f  chick  b r a i n  synaptosomes,

p u r i f i e d  by  t h e  Hajos method, t o  e x t r a c t  so luble

synaptosomal t u b u l i n .  See t e x t ,  s ec t io n  6 .2 .1 .



Lysed Synaptosomes

In cuba te  a t 37; C 15 min

20 min.38,000 g

SS

(Soluble  t u b u l in )

+ 4 M 
Incuba te

100,000 g

g ly c e r o l  
370c 20 min.

60 min,
awajBTtWCiÆmmEwinK

P e l l e t  3 SS3

Supernatant

(Microtubular t u b u l in  + SPM)
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ï b r  m

100,000 g

20 min.
depolymeri za t ion

60 min,

SSg
(Micro tubular tubu l in )

SPn
(SPM)

+ 4 M 
Incubate

100,000 g

g lycero l  
37®C 20 min.

60 min,

NO PEIXET OBTAINED

F ie .  6.2  Scheme f o r  t h e  assembly o f  so lu b le ,  SS^, and micro tubula r ,  

SS^, ' t u b u l i n  from chick b r a i n  synaptosomes p u r i f i e d  by the  

_method o f  Ha.ios .For  MT  ̂ ge l  see t e x t ,  ' sec t ion  6 .1 . ?  f s s i %
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6 . 2 . 2  C o l c h i c i n e - b i n d i n g  a c t i v i t y

A l i q u o t s  f r o m  t h e  s y n a p t o s o m e  p e l l e t  (SP, and  SP_) and
1 2

s o l u b l e  (SS^ a n d  SS^)  f r a c t i o n s  w e r e  i n c u b a t e d  i n  t h e  p r e s e n c e  

o f  ( % )  c o l c h i c i n e  ( f i n a l  c o n c e n t r a t i o n  5^uM, s p e c i f i c  a c t i v i t y  

0 . 2  Ci/mM) f o r  90  m in  a t  37^C i n  s o d iu m  p h o s p h a t e  b u f f e r ,  

pH 6 . 8  ( s e e  C h a p t e r  I I ,  s e c t i o n  2 . 3 . 1 )  a n d  b o u n d  c o l c h i c i n e  was 

d e t e r m i n e d  u s i n g  t h e  DE 8 l  f i l t e r  d i s c  m e th o d  ( s e e  C h a p t e r  I I ,  

s e c i t o n  2 . 3 . 2 ) .  ■

6 . 2 . 3  M i c r o t u b u l e  a s s e m b l y

M i c r o t u b u l e  a s s e m b l y  was  i n v e s t i g a t e d  i n  b o t h  s y n a p t o s o l  

f r a c t i o n s  (SS^ a n d  SS^)  i n  t h e  c o n c e n t r a t e d  s t a n d a r d  a s s e m b l y  

b u f f e r  ( s e e  C h a p t e r  I I  s e c t i o n  2 . 2 . 1 )  c o n t a i n i n g  4M g l y c e r o l .

F o r  t h i s  p u r p o s e  v e r y  s m a l l  v o lu m e s  o f  h i g h l y  c o n c e n t r a t e d  

b u f f e r  s o l u t i o n  w e r e  a d d e d  i n  o r d e r  t o  m i n i m i z e  d i l u t i o n  o f  t h e  

p r o t e i n ,  s i n c e  s u c h  d i l u t i o n  w o u ld  r e d u c e  t h e  c h a n c e s  f o r  

d e t e c t i n g  a s s e m b l y .

The p o s s i b l e  f o r m a t i o n  o f  m i c r o t u b u l e s  i n  SS^ an d  SS^ 

was  e x a m i n e d  by  e l e c t r o n  m i c r o s c o p y  ( s e e  b e l o w )  o f  s a m p l e s  t h a t  

h a d  b e e n  i n c u b a t e d  a t  3 7 ° f o r  30 m in  i n  g l y c e r o l - a s s e m b l y  b u f f e r .

6 . 2 . 4  E l e c t r o n  m i c r o s c o p y

S a m p l e s  d i l u t e d  w i t h  e q u a l  vo lum e  o f  a s s e m b l y  b u f f e r  w e re  

m o u n te d  o n t o  g r i d s  a n d  n e g a t i v e l y  s t a i n e d  w i t h  u r a n y l  a c e t a t e  

a s  p r e v i o u s l y  d e s c r i b e d  ( s e e  C h a p t e r  I I  s e c t i o n  2 . 1 0 ) .  P h o t o g r a p h s  

a t  d i f f e r e n t  m a g n i f i c a t i o n s  w e r e  t a k e n  f r o m  s e l e c t e d  a n d  

r e p r e s e n t a t i v e  a r e a s  o f  e a c h  g r i d .
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6.3 Results

6 . 3 .1  E f f e c t s  o f  m i c r o t u b u l e  s t a b i l i z i n g  a g e n t s  on t h e

d i s t r i b u t i o n  o f  c o l c h i c i n e  b i n d i n g  i n  s y n a p t o s o m e s

I t  c a n  b e  s e e n  f r o m  t h e  d a t a  shown i n  t a b l e  6 . 1  an d  6 . 2  

t h a t , i n  t h e  a b s e n c e  o f  a d d e d  s t a b i l i z i n g  a g e n t s , t h e  s e c o n d  s y n a p t o s o l  

f r a c t i o n  ( S S ^ ) , w h i c h  i s  t h o u g h t  t o  r e p r e s e n t  m i c r o t u b u l a r  t u b u l i n  

( i . e .  d e r i v e d  f r o m  m i c r o t u b u l e s  p e l l e t e d  d u r i n g  t h e  f i r s t  

c e n t r i f u g a t i o n  a t  room  t e m p e r a t u r e  a n d  s u b s e q u e n t l y  r e l e a s e d  

i n  t h e  c o l d ) , a c c o u n t e d  f o r  13% t o  15% o f  t h e  t o t a l  c o l c h i c i n e -  

b i n d i n g  a c t i v i t y  i n  t h e  l y s e d i - ^ /  - » —► - »  —» -» —> — >

s y n a p t o s o m e s  ( i . e .  SP^ + S S ^ ) . M em b ran e -b o u n d  t u b u l i n  ( i n  SP^)^ 

a n d  n o n - p o l y m e r i z a b l e  s o l u b l e  t u b u l i n  ( i n  S S ^ ) ^ e a c h  a c c o u n t e d  

f o r  40% t o  4 5 % o f  t h e  r e m a i n i n g  CB i n  t h e  same f r a c t i o n .  ;

T h i s  d i s t r u b u t i o n  i s  s i m i l a r  t o  t h a t  p r e v i o u s l y  f o u n d  when w h o le  

b r a i n s  w e r e  e x t r a c t e d  u n d e r  s i m i l a r  c o n d i t i o n s  ( s e e  C h a p t e r  V, 

s e c t i o n  5 . 3 . 1 ) .

S i m i l a r l y ,  i t  i s  e v i d e n t  f r o m  t h e  RSA v a l u e s  g i v e n  i n  

t a b l e s  6 . 1  a n d  6 . 2  t h a t  t h e  s o l u b l i z e d  m i c r o t u b u l a r  f r a c t i o n  

SSg was c o n s i d e r a b l y  e n r i c h e d  i n  t u b u l i n ,  s u g g e s t i n g  t h a t  t h e  

c o l d - l a b i l e  m a t e r i a l  r e l e a s e d  f r o m  t h e  i n i t i a l  p e l l e t  p r e p a r e d  

a t  ro o m  t e m p e r a t u r e  (S P ^)  c o n s i s t e d ,  t o  a  l a r g e  e x t e n t ,  o f  

a  p a r t i c u l a t e ^ f o r m  o f  m i c r o t u b u l a r  p r o t e i n  ( i . e . m i c r o t u b u l e s  o r  

o t h e r  f o r m s  o f  c o l d - l a b i l e  t u b u l i n  p o l y m e r s )  t h a t  i s  s e d i m e n t a b l e  

w i t h  m em branes  d u r i n g  r e l a t i v e l y  s h o r t  c e n t r i f u g a t i o n  a t  room 

t e m p e r a t u r e .
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The i n c l u s i o n  o f  g l y c e r o l ,  a n d  t o  a  l e s s e r  e x t e n t  o f  

DMSO d u r i n g  t h e  l y s i s  s t e p ,  s e l e c t i v e l y  i n c r e a s e d  t h e  p r o p o r t i o n  

o f  CB a c t i v i t y  t h a t  c o u l d  b e  r e l e a s e d  by  c o l d  t r e a t m e n t  i n  

f r a c t i o n  SS^ f r o m  t h e  i n i t i a l  p e l l e t  SP^.  T h u s ,  i t  c a n  b e  s e e n  

f r o m  t h e  d a t a  shown i n  t a b l e  6 . 1  t h a t  t w i c e  a s  much a c t i v i t y  

was r e c o v e r e d  i n  t h i s  ’m i c r o t u b u l a r ’ f r a c t i o n  when g l y c e r o l  

was e m p l o y e d ,  w h i l e  a n  i n c r e a s e  o f  5 0 % was s e e n  w i t h  

DMSO ( T a b l e  6 . 2 ) .  M o r e o v e r ,  t h e s e  c h a n g e s  w e r e  a c c o m p a n i e d  by 

s m a l l  i n c r e a s e s  i n  t h e  p r o t e i n  r e c o v e r e d  i n  f r a c t i o n  S S ^ . H o w ev e r ,  

when t h i s  i s  t a k e n  i n t o  a c c o u n t  i t  c a n  b e  s e e n  t h a t  g l y c e r o l  

a n d  t o  a  l e s s e r  e x t e n t  DMSO b o t h  i n d u c e d  an  i n c r e a s e  i n  t h e  

r e l a t i v e  s p e c i f i c  a c t i v i t y  f o r  c o l c h i c i n e  b i n d i n g  i n  t h e  SS^ 

f r a c t i o n .  Thus  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  p r e s e n c e  o f  g l y c e r o l ,  

a n d  t o  a  l e s s e r  e x t e n t  DMSO, i n d u c e d  a  s e l e c t i v e  s t a b i l i z a t i o n  

o f  m i c r o t u b u l a r  s t r u c t u r e s .  i

I t  seem s  c l e a r  f r o m  t h e  a b o v e  d a t a  t h a t  a  s i g n i f i c a n t  

p r o p o r t i o n  o f  t h e  t u b u l i n  (= CB a c t i v i t y )  p r e s e n t  i n  s y n a p t o s o m e s  

i s o l a t e d  b y  t h e  H a j o s  p r o c e d u r e  c o u l d  b e  p r e s e r v e d  a s  m i c r o 

t u b u l a r  s t r u c t u r e s  d u r i n g  l y s i s  a n d  e x t r a c t i o n  p r o c e d u r e s  t h a t  

w e r e  d e v e l o p e d  t o  a l l o w  f o r  t h e  s e p a r a t i o n  o f  m i c r o t u b u l a r  t u b u l i n  

f r o m  s o l u b l e  an d  m e m b r a n e - b o u n d  f o r m s  o f  t h e  p r o t e i n .

A k e y  f e a t u r e  t o  t h e  p r o c e d u r e s  was t o  t a k e  i n t o  a c c o u n t  

t h e  known e f f e c t s  o f  t e m p e r a t u r e  on  m i c r o t u b u l e  i n t e g r i t y .

I t  w o u l d  b e  e x p e c t e d ,  t h e r e f o r e ,  t h a t  t h e  y i e l d  o f  ’m i c r o t u b u l a r ’ 

t u b u l i n  ( i . e .  i n  p a r t i c u l a r ,  t h e  CB- a c t i v i t y  r e c o v e r e d  i n  f r a c t i o n  

S S g ) s h o u l d  b e  s i g n i f i c a n t l y  d e c r e a s e d  i f  t h e  l y s i s  an d  s u b s e q u e n t  

e x t r a c t i o n  o f  t h e  s y n a p t o s o m e s  w e r e  c a r r i e d  o u t  a t  4 C.
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F o r  t h i s  p u r p o s e ,  f u r t h e r  e x p e r i m e n t s  w e r e  c a r r i e d  

o u t  : s y n a p t o s o m e  p r e p a r a t i o n s  i s o l a t e d  a n d  i n c u b a t e d  i n  i s o t o n i c  

• s a l i n e  a c c o r d i n g  t o  H a j o s  ( s e e  f i g .  6 . 1  A) w e r e  d i v i d e d  i n t o  

tw o  e q u a l  p o r t i o n s ,  o n e '  o f  w h i c h  was l y s e d  a n d  f r a c t i o n a t e d  

a s  d e s c r i b e d  a b o v e  ( s e e  a l s o  f i g .  6 . 1  B) e x c e p t  t h a t  t h e  

t e m p e r a t u r e  was m a i n t a i n e d  a t  4°C t h r o u g h o u t  t h e  l y s i s  and  

f r a c t i o n a t i o n  s t e p s .

U n d e r  t h e s e  c o n d i t i o n s  , i t  i s  a s s u m e d  t h a t  t h e  m os t  

o f  t h e  ’m i c r o t u b u l a . r ’ t u b u l i n  w o u l d  b e  e x t r a c t e d  i n  t h e  i n i t i a l  

s y n a p t o s o l  f r a c t i o n ,  S S ^ ,  i n s t e a d  o f  S S ^ ,  a s  i s  t h e  c a s e  when 

t h e  l y s i s  a n d  i n i t i a l  c e n t r i f u g a t i o n  s t e p s  w e r e  c a r r i e d  o u t  a t  

room  t e m p e r a t u r e .  To t e s t  t h i s  p o s s i b i l i t y  f u r t h e r ,  e x p e r i m e n t s  

w e r e  a l s o  c a r r i e d  o u t  i n  w h i c h  t h e  i n i t i a l  s o l u b l e  (SS^). f r a c t i o n  

p r e p a r e d  a t  4°C o r  a t  RT^ w e r e  i n c u b a t e d  a t  37^C i n  t h e  p r e s e n c e  

o f  m i c r o t u b u l e - a s s e m b l y  b u f f e r  c o n t a i n i n g  4M g l y c e r o l .  

M i c r o t u b u l a r  f o r m a t i o n  was a s s e s s e d  b y  e l e c t r o n  m i c r o s c o p y  

( s e e  f i g .  6 . 8 ) ;  C B - a c t i v i t y  on  any  ’m i c r o t u b u l e ’ p e l l e t  t h a t  ■ 

m i g h t  b e  f o r m e d  was a l s o  m e a s u r e d .

I t  i s  e v i d e n t  f r o m  t h e  d a t a  shown i n  t a b l e  6 . 3  t h a t  l y s i s  

a n d  c e n t r i f u v g a t i o n  o f  s y n a p t o s o m e s  a t  4^C r e s u l t e d  i n  a  m a rk e d  

i n c r e a s e  o f . C B - a c t i v i t y  a s  i n  t h e  i n i t i a l  s o l u b l e  f r a c t i o n  SS^ 

r e l a t i v e  t o  t h a t  f o u n d  i n  t h e  SS^ f r a c t i o n .  T h i s  i n d i c a t e s  

- t h a t  p a r t ,  a t  l e a s t ,  o f  t h e  CB i n  SS^ was  d e r i v e d  fo r m  c o l d -  

l a b i l e  m i c r o t u b u l e s .  I t  i s  i n t e r e s t i n g  t o  n o t e ,  m o r e o v e r ,  t h a t  

e v e n  i n  t h e  c a s e  o f  s o l u b l e  e x t r a c t s  d e r i v e d  f r o m  s y n a p t o s o m a l  

X p e l l e t s  ( S P ^ ;  s e e  f i g .  6 . 2 )  p r e p a r e d  a t  4 ° C ,  SS^ c o n t a i n e d  a 

c o n s i d e r a b l e  p a r t  o f  t h e  t o t a l  C B - a c t i v i t y  r e c o v e r e d .  P r e s u m a b l y
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t h i s  i s  d e r i v e d  f ro m  a  fo rm  o f  a g g r e g a t e d  t u b u l i n  t h a t  was n o t  

r e l e a s a b l e  i n  t h e  c o l d  d u r i n g  t h e  i n i t i a l  c e n t r i f u g a t i o n  o f  l y s e d  

s y n a p to s o m e s  ( u s e d  t o  p r e p a r e  SS^ a n d  S P ^ ) ,  b u t  becom e 

r e l e a s a b l e  s u b s e q u e n t l y  d u r i n g  r e - e x t r a c t i o n  o f  t h e  SP^ 

p e l l e t  f r a c t i o n  u s e d  t o  p r e p a r e  SSp.

6 . 3 « 2 M i c r o t u b u l e  a s s e m b ly

P r e l i m i n a r y  a t t e m p t s  t o  p o l y m e r i z e  m i c r o t u b u l e s  f ro m  SS^ 

i n  t h e  p r e s e n c e  o f  4 M g l y c e r o l  ( a t  37°C ) show ed  no more t h a n  

t h e  p r e s e n c e  o f  v e r y  few  r i n g  s t r u c t u r e s  ( 4 0 - 6 0  nm i n  d i a m e t e r ;  

s e e  f i g .  6 . 3 ) .  A t t e m p t s  w i t h  SS^ p r e p a r a t i o n s  r e v e a l e d  t h e  

p r e s e n c e  o f  s c a t t e r e d  f i l a m e n t s  ( 1 5 - 2 0  m a in  w i d t h ) ,  g e n e r a l l y  

s h o r t  ( c a .  1-2  ^ m ) ,  b u t  o c c a s i o n a l l y  much l o n g e r  ( s e e  f i g .  6 . 4 ) .  

T h e s e  f i l a m e n t s  h a d  a  b e a d e d  a p p e a r a n c e  a n d  w e re  f r e q u e n t l y  

r a m i f i e d  ( s e e  f i g .  6 . 5  a n d  6 . 6 ) a n d  i n  some a r e a s ,  t h e  b r a n c h i n g  

se e m e d  t o  o r i g i n a t e  f r o m  a  c e n t r a l  a m o rp h o u s  d e n s i t y ,  t h u s  

s u g g e s t i n g  a  p o s s i b l e  s i t e  o f  n u c l é a t i o n  ( s e e  f i g .  6 . 6  and  6 . 7 ) .  

A n o t h e r  i n t e r e s t i n g  f e a t u r e  o f  t h e  f i l a m e n t s  p o l y m e r i z e d  f ro m  

SSg i s  t h e i r  n o n - l i n e a r  ( d e n t i c u l a t e )  c o n t o u r  a s  co m p ared  t o  

t h e  u s u a l  s m o o t h e r  a p p e a r a n c e  o f  m i c r o t u b u l e s .

As d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n  ( s e e  a l s o  t a b l e  6 . 3 ) .  

SS^ w as e n r i c h e d  i n  C B - a c t i v i t y  when t h e  l y s a t e  was c o o l e d  a t  

4^C, U n d e r  t h e  sam e c o n d i t i o n ,  t h e  C B - a c t i v i t y  o f  ( d e r i v e d

f r o m  S P ^) d e c r e a s e d .  T h i s  r e s u l t  i s  i n  a w a y ,  r e f l e c t e d  

b y  t h e  n e g a t i v e  r e s u l t s  o f  a t t e m p t s  t o  d e t e c t  p o l y m e r i z a t i o n  i n  

SSg e x t r a c t e d  u n d e r  t h e  sam e c o n d i t i o n s ,  a s  c o m p ared  t o  t h e
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f o r m a t i o n  o f  f i l a m e n t o u s  s t r u c t u r e s  o b s e r v e d  when th e  same 

f r a c t i o n  (SS^) was e x t r a c t e d  from a l y s a t e  t r e a t e d  a t  RT 

( c f .  f i g  6 . 4 .  and 6 . 8 . ) .  Only r i n g  s t r u c t u r e s  c o u l d  de 

d e t e c t e d  when SSp was d e r i v e d  from c o l d - t r e a t e d  p r e p a r a t i o n s  

( s e e  f i g .  6 . 8 . ) .

P o l y m e r i z a t i o n  i n  t h e  a b s e n c e  o f  g l y c e r o l

A t t e m p t s  t o  p o l y m e r i z e  m i c r o t u b u l e s  from b o t h  SS^ 

and SS^ i n  t h e  a b s e n c e  o f  g l y c e r o l  were  n o t  s u c c e s s f u l .  The 

o n l y  s t r u c t u r e s  s e e n  under  t h e  e l e c t r o n  m i c r o s c o p e ,  under  

s u c h  c o n d i t i o n ,  w ere  r i n g s  a b o u t  40 mu i n  d i a m e t e r  f o r  b o t h  

f r a c t i o n s  ( s e e  f i g .  6 . 9  and 6 . 1 0 ) .

E f f e c t  o f  GTP

When t h e  SS2 f r a c t i o n  was i n c u b a t e d  i n  t h e  p r e s e n c e  o f  

a s s e m b l y  b u f f e r  w i t h  no added g l y c e r o l ,  b u t  w i t h  h i g h  

c o n c e n t r a t i o n s  o f  GTP ( 5 -IO  mM), . few  v e r y  s h o r t  f i l a m e n t s  

c o u l d  be  o b s e r v e d  un der  t h e  e l e c t r o n  m i s c r o s c o p e  ( s e e  f i g . .  6 . 1 1 ) 

B r a n c h i n g  was a l s o  n o t i c e a b l e ,  a s  w e l l  as  some r i n g  s t r u c t u r e s .

E f f e c t  o f  c o l c h i c i n e

When c o l c h i c i n e  (5 0  Ml was added t o  t h e  SS^ f r a c t i o n  

d u r i n g  i n c u b a t i o n  i n  t h e  p r e s e n c e  o f  g l y c e r o l ,  no p o l y m e r i z a t i o n  

was o b s e r v e d .  O c c a s i o n a l l y  v e r y  s m a l l  d e n s e  r i n g s  c o u l d  be  

o b s e r v e d  ( s e e  f . g .  6 . 1 2 ) .





Fifc 6 . 3 Random f i e l d  o f  so lu b le  tu b u l in - c o n ta in in g  f r a c t i o n  

o r  synap toso l 1 (SS^), incubated  i n  m icro tubule  assembly b u f f e r  

i n  th e  p resence  o f  4 M g ly c e r o l .  Only r in g  s t r u c tu r e s  (40-60 nm 

i n  d iam eter)  were observed (see  a rrow s) .

M ag n if ica t io n  = 45,000.

F ig .  6 .4  R ep resen ta t iv e  filam en tous  s t r u c tu r e s  seen i n  samples 

o f  m ic ro tu b u la r  tu b u l in - c o n ta in in g  f r a c t i o n ,  synap toso l 2 (SS2) ,  

in cu b a ted  i n  m icro tubule  assembly b u f f e r  in th e  p resence  o f  4  M 

g ly c e r o l .  Average le n g th  observed = 1 -  2*/xw^, and w idth  = I 5 to  

20 nm. See t e x t , s e c t i o n  6 .3*2, f o r  d e t a i l s .

M ag n if ica t io n  = 72,000.
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F ig .  6 .5  R ep re se n ta t iv e  filam en tous  s t r u c tu r e s  seen i n  

samples o f  incubated  m ic ro tu b u la r  tu b u l in - c o n ta in in g  f r a c t i o n  

( s e e  t e x t , s e c t i o n  6. 3 *2) ,  showing th e  beaded appearance 

r e f e r r e d  to  i n  t e x t .  M ag n if ica tion  = 45,000.

/

F ig .  6 .6  R ep rese n ta t iv e  f i lam e n ts  polymerized from SS2 

f r a c t i o n  (see  t e x t ,  s e c t io n  6, 3*2 f o r  d e t a i l s ) ,  showing th e  

n o n - l i n e a r ,  d e n t i c u l a t e ,  con tour as  compared to  th e  u su a l  

smoother appearance o f  m ic ro tu b u les .

M ag n if ic a t io n  = 72,000.
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Figo 6 .7  R ep resen ta t iv e  f i la m e n ts  polymerized from SS2 

f r a c t i o n  (see  t e x t ,  s e c t io n  6. 3 .2  f o r  d e t a i l s ) ,  showing th e

branch ing  o f  such s t r u c tu r e s  from a c e n t r a l  amorphous
)

d e n s i t y  ( s e e  a rrcw s) .  M agn if ica t io n  = 45,000.

F ig .  6.8 R ep resen ta t iv e  micrograph o f  m ic ro tu b u la r  tu b u l in -  

c o n ta in in g  f r a c t i o n ,  SS2 , ex tz^ c te d  from p u r i f i e d  synaptosomes 

ly s e d  i n  th e  co ld . In c u b a t io n  o f  SS2 was c a r r ie d  ou t i n  assembly 

b u f f e r  in th e  p resence  o f  4  M ^ y c e r o l .  Only r in g  s t r u c tu r e s  (40- 

50 nm i n  d iam eter) could be observed under such c o n d i t io n s .  See 

a l s o  t e x t , s e c t i o n  6 . 3 *2 , and c f .  f i g .  6 .4 .

M ag n if ica t io n  = 45,000.
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F ig .  6 .9  R ep re se n ta t iv e  micrograph o f  samples from th e  

s o lu b le  tu b u l in - c o n ta in in g  f r a c t i o n ,  SS^, incubated  i n  m icro- 

tu b u le  assembly b u f f e r  i n  th e  absence o f  g ly c e r o l .  Under such 

c o n d i t io n s ,  on ly  r in g  s t r u c tu r e s  ( about 40 nm i n  d iam eter) 

could  be observed . See a lso  t e x t ,  s e c t io n  6.3*2 f o r  d e ta i l s *  

M ag n if ica t io n  = 36,000.

F ig .  6.10 R ep re se n ta t iv e  micrograph o f  samples from th e  

m ic ro tu b u la r  tu b u l in - c o n ta in in g  f r a c t i o n ,  SS2, in cubated  i n  

m icrotubule, assembly b u f f e r  i n  th e  absence o f  g ly c e r o l .  Under 

such c o n d i t io n s ,  on ly  r i n g  s t r u c tu r e s  (about 40 nm i n  d iam eter) 

cou ld  be observed . See a ls o  t e x t ,  s e c t io n  6.3*2 f o r  de;^ails* 

M ag n if ic a t io n  = 36,000.
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F ig .  6.11 R ep re se n ta t iv e  micrograph o f  samples from SS2 

in c u b a ted  i n  assembly b u f f e r  m t h  no added ^ y c e r o l ,  bu t  w ith 

h ig h  c o n c e n tra t io n s  o f  GTP. Under such co n d it io n s  on ly  very  

s h o r t  f i la m e n ts  could be observed ( t h e i r  l e n g th  n o t  exceeding 

1  m icrom eter) . Note th e  b ranch ing  appearance p re v io u s ly  observed 

un d e r  g ly c e ro l  in c u b a t io n  ( c f .  f i g .  6 , 7 ) .  For more d e t a i l s ,  see 

t e x t ,  s e c t io n  6. 3 . 2 . M ag n if ica t io n  = 14 .500.

F ig .  6 .12  R e p re se n ta t iv e  micrograph o f  samples from SS2 

in c u b a ted  *in assembly b u f f e r  i n  th e  p resence  o f  g ly c e ro l  and 

50 fxK c o lc h ic in e .  Under such c o n d i t io n s ,  on ly  sm all dense r in g  

s t r u c t u r e s  were observed . See a lso  t e x t ,  s e c t io n  6. 3 . 2. 

M ag n if ic a t io n  = 11 ,000 .
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I n  c o n c l u s i o n ,  i n  no c a s e  w e re  t y p i c a l  m i c r o t u b u l a r  s t r u c t u r e s  

o b s e r v e d  d u r i n g  a s s e m b ly  e x p e r i m e n t s  u s i n g  e i t h e r  f r a c t i o n s  

SS^ o r  S S p . O n ly  r i n g s  a n d  f i l a m e n t s  c o u l d  b e  d e t e c t e d  when 

t h e  tw o f r a c t i o n s  w e re  i n c u b a t e d  u n d e r  t h e  u s u a l  p o l y m e r i z a t i o n  

c o n d i t i o n s .  H o w e v e r ,  i t  i s  n o t e w o r t h y  t h a t  t h e  f i l a m e n t o u s  

fo rm s  o b s e r v e d  w e re  o n l y  d e t e c t e d  when s y n a p to s o m e s  w e re  

p r e p a r e d  an d  e x t r a c t e d  a t  , rt i n  t h e  p r e s e n c e  o f  m i c r o t u b u l e  

s t a b i l i z i n g  a g e n t s , a n d  i n  t h o s e  s u b f r a c t i o n s  e x h i b i t i n g  

h i g h  c o l c h i c i n e - b i n d i n g  a c t i v i t y .  T h i s  i n d i c a t e s  t h a t  t h e  

p o ly m e r s  fo rm e d  w e re  p a r t l y ,  i f  n o t  c o m p l e t e l y  d e r i v e d  f r o m ,  o r  

d e p e n d e n t  on t h e  p r e s e n c e  o f  m i c r o t u b u l a r  p r o t e i n s .

6 . 3 . 3  G el e l e c t r o p h o r e s i s

S a m p le s  f ro m  S S ^ ,  S P ^ ,  SS^ a n d  SP^ w e re  r u n  on SDS-PAGE 

i n  t h e  p r e s e n c e  o f  u r e a .  The p a t t e r n  o f  p r o t e i n s  o b t a i n e d  i n  e a c h  

c a s e  i s  d e s c r i b e d  b e lo w .  I n  t h e s e  e x p e r i m e n t s  p u r i f i e d  t u b u l i n  

c o n t a m i n a t e d  w i t h  p r o t e i n  o f  M'W 4 5 ,0 0 0  was u s e d  a s  a  r e f e r e n c e  

m a r k e r .

F r a c t i o n  SS^

The r e l a t i v e l y  low  c o n c e n t r a t i o n  o f  p r o t e i n  i n  t h i s  f r a c t i o n  

d i d  n o t  a l l o w  a  l o a d i n g  o f  m ore  t h a n  20jugof s a m p le  on t h e  g e l s .  

N e v e r t h e l e s s ,  t h i s  sho w ed  c l e a r l y  t h e  p r e s e n c e  o f  a  d o u b le  b a n d  

c o r r e s p o n d i n g  t o  a a n d  /5 t u b u l i n  (MW 54 000  a n d  57 0 0 0 )  on t h e  

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

m a rk e r  ( s e e  f i g .  6 . 1 3 ) .  The g e l  a l s o  showed^ t h e  p r e s e n c e



o f  a  b a n d  ( i n  SS ^) c o m i g r a t i n g  w i t h  t h e  c o n t a m i n a n t  b a n d  

(MW 45 0 0 0 )  o f  t h e  p u r i f i e d  t u b u l i n .  I t  i s  p e r h a p s  n o t e w o r t h y  

t h a t  t h e  b a n d  c o r r e s p o n d i n g  t o o r t u b u l i n  was m ore i n t e n s e  t h a n  

t h a t  c o m i g r a t i n g  w i t h  t h e  ^ t u b u l i n  o f  t h e  m a r k e r .

H o w e v e r ,  s u b s e q u e n t  i n c u b a t i o n  o f  SS^ u n d e r  m i c r o t u b u l e  

a s s e m b l y  c o n d i t i o n s ( i n  a s s e m b ly  b u f f e r  c o n t a i n i n g  4 M g l y c e r o l )  

d i d  n o t  g i v e  r i s e  t o  a n y  f i l a m e n t o u s  s t r u c t u r e s  when s a m p l e s  

w e re  e x a m in e d  u n d e r  t h e  e l e c t r o n  m i c r o s c o p e  ( s e e  s e c t i o n  6 . 3 . 1 ) .  

N o n e t h e l e s s ,  a  m in u te  p e l l e t  c o u l d  b e  c o l l e c t e d  when t h e  

i n c u b a t e d  s o l u t i o n  was c e n t r i f u g e d  a t  1 0 0 ,0 0 0  g f o r  60 m in .  a t  

room  t e m p e r a t u r e  ( s e e  f i g .  6 . 2 ) .  E l e c t r o p h o r e s i s  o f  

t h i s  p e l l e t  y i e l d e d  tw o d i s c r e t e  b a n d s  w h ic h  c o m i g r a t e d ,  

r e s p e c t i v e l y ,  w i t h  t h e  or t u b u l i n  a n d  w i t h  t h e  4 5 ,0 0 0  MW 

c o n t a m i n a n t  b a n d s  o f  p u r i f i e d  t u b u l i n  ( F i g  6 . 1 3 ) .  The 

a p p a r e n t  a b s e n c e  o f  t h e  ^  c o m i g r a t i n g  b a n d  i n  t h e  p e l l e t  f r a c t i o n  

u n d e r  t h e s e  c o n d i t i o n s  s u g g e s t s  t h a t  t h e  s e d i m e n t e d  m a t e r i a l  

d i d  n o t  r e p r e s e n t  a  t y p i c a l  p o l y m e r i z a t i o n  p r o d u c t  o f  t u b u l i n  

a n d  i n d e e d  no f i l a m e n t  s t r u c t u r e s  w e re  o b s e r v e d  d u r i n g  t h e  a s s e m b ly  

i n c u b a t i o n  w hen s a m p l e s  w e re  e x a m in e d  b y  e l e c t r o n  m i c r o s c o p y .  

F u r t h e r m o r e ,  i t  w o u ld  a l s o  a p p e a r  t h a t  t h e  t u b u l i n - l i k e  p r o t e i n s  

s e e n  i n  u n i n c u b a t e d  s a m p l e s  o f  SS^ may r e p r e s e n t  fo rm s  

o f  t u b u l i n  w h ic h  w e re  n o t  p o l y m e r i z a t i o n - c o m p e t e n t  e v e n  th o u g h  

t h e y  c o m i g r a t e d  w i t h  ot a n d  c o m p o n e n ts  o f  p u r i f i e d  t u b u l i n .

F r a c t i o n  SP^

I n  t h i s  f r a c t i o n ,  t h e  p a t t e r n  o f  p r o t e i n  show s t h r e e  d i s t i n c t  

b a n d s  c o m i g r a t i n g  w i t h  t h e . & , ^  a n d  t h e  45 000  MW c o n t a m i n a n t  

b a n d s  o f  t h e  p u r i f i e d  t u b u l i n  m a r k e r ,  . H ow ever i t  s h o u l d  b e  n o t e d



t h a t  t h e  a - a n d  ^ - l i k e  b a n d s  o f  t h i s  f r a c t i o n  a r e  s e p a r a t e d  by 

a  g a p  w i d e r  t h a n  t h a t  o b s e r v e d  i n  t h e  d o u b le  b a n d  f ro m  p u r i f i e d  

t u b u l i n .  F u r t h e r m o r e ,  t h e  a - l i k e  b a n d  seem s  t o  c o r r e s p o n d  m ore 

p r e c i s e l y  t o  t h e  s l o w e r  m i g r a t i n g  p o r t i o n  o f  t h e  o - t u b u l i n  b a n d ,  

t h u s  s u g g e s t i n g  h e t e r o g e n e i t y  a m o n g s t  t h e  t u b u l i n - l i k e  p r o t e i n  

( e . g . a ^ , a 2 : s e e  C h a p t e r  I )  i n  t h e  p r e s e n t  p r e p a r a t i o n ,  t h e  

s l o w e r  co m p o n en t  (ar^) b e i n g  p r e f e r e n t i a l l y  fo u n d  i n  SP^ ( s e e  

f i g .  6 . 1 4 ) .  I n  a d d i t i o n ,  i t  c a n  b e  s e e n  t h a t  a  nu m b er o f  

b a n d s  ( i n d i c a t e d  by  s m a l l  a r r o w s .  F i g  6 . 1 4 )  a r e  c h a r a c t e r i s t i c a l l y  

s e e n  i n  S P ^ . The i n t e n s e  p r o t e i n  s t a i n i n g  s e e n  i n  t h e  r e g i o n  o f  

t h e  d y e - f r o n t ,  p r o b a b l y  r e p r e s e n t s  p r o t e i n  d e g r a d a t i o n  p r o d u c t s  

a s  w e l l  a s  n a t i v e  s m a l l  MW p o l y p e p t i d e s .

F r a c t i o n  SS^

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

seem s  t o  c o r r e s p o n d  m a i n l y  t o  t h e  s l o w e r - m i g r a t i n g  p o r t io n  o f  the  

marker p r o te in  and ’ r e p r e s e n t s ,  a s  j u d g e d  by  t h e  dye  i n t e n s i t y ,  

on e  o f  t h e  tw o m a j o r  p r o t e i n  o f  p r e s e n t  i n  SS^ ( f i g  6 . 1 5 ) .

The o t h e r  m a j o r  p r o t e i n  s e e n  a s  m i g r a t e d  a h e a d  o f  t h e  45 000 MW 

c o n t a m i n a n t  o f  t h e  m a r k e r  t u b u l i n .  Such  a  b a n d  was n o t  o b v i o u s  

i n  t h e  p r e v i o u s  f r a c t i o n s ( c f  SS^ a n d  S P ^ ,  F i g s  6 . 1 3  a n d  6 . 1 4 ) .

Once a g a i n ,  i n t e n s e l y  s t a i n i n g  m a t e r i a l  w as a c c u m u l a t e d  i n  t h e  

r e g i o n  o f  t h e  d y e - f r o n t . F i n a l l y ,  i t  i s  e v i d e n t  t h a t  r e l a t i v e l y  

l i t t l e  m a t e r i a l  c o r r e s p o n d i n g  t o  /5 t u b u l i n  was a p p a r e n t  i n  

f r a c t i o n  SS .C. •

F r a c t i o n  SP^

The p a t t e r n  o f  p r o t e i n s  s e e n  f o r  S P g , was s i m i l a r  t o  t h a t  

a l r e a d y  o b s e r v e d  f o r  t h e  o t h e r  p a r t i c u l a t e  f r a c t i o n  S P ^ .
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F ig .  6 .13 Gel e le c t ro p h o r e s i s  o f  th e  so lu b le  tu b u l in  

f r a c t i o n ,  SS^, and o f  assembly m a te r ia l  

d e r iv ed  from i t .  I-Tg._______________________

Samples from S S f r a c t i o n  and MT3 p e l l e t ,  were run on SDS-

PAGE i n  th e  p resence  o f  u re a .  E le c t ro p h o re s is  was c a r r ie d

o u t  i n  t r i s -g ly c in e  b u f f e r  systems. I n  t h e 'c a s e  o f  SS^,
\

t h e  g e l  shows c l e a r l y  th e  p resence  o f  a double band 

com igra ting  w ith  th e  a  a rd  ^ tu b u l in  o f  p u r i f i e d  tu b u l in  

added a s  a marker (54,000 and 57,000 f o r  a a rd  ^ r e s p e c t iv e ly ) ,  

whereas g e ls  shewed th e  p resence  o f  an com igrating  band 

o n ly .  I n  b o th  f r a c t i o n s  a band comi g r a t i n  w ith  th e  contaminant 

band (11  ̂ 45,*000)of th e  p u r i f i e d  t u b u l in  (see  t e x t , s e c t i o n  6. 3*3)•

F ig .  6 .14  Gel e le c t ro p h o r e s i s  o f  th e 'm ic r o tu b u la r  t u b u l in  

+ membranes' f r a c t i o n .  SP^.

Saiî^les from SPj_ f r a c t i o n ;  were run  on SDS-PAGE i n  th e  p resence  

o f  u re a  as d e sc r ib ed  above. Three d i s t i n c t  bands com igrating  

w i th  th e  a  , /i and th e  45,000 W  contam inant bands o f  th e  

p u r i f i e d  t u b u l in  marker could be observed. Note t h a t  th e  o r- l ike  

band seems to  correspond to  th e  slower m ig ra t in g  p o r t io n  o f  

t u b u l i n  o r H i g h  m o lecu lar  weight (HMW), a s  w e ll  a s  in te rm e d ia te  

m o lecu la r  weight (D M ), p r o te in  a re  a lso  observed . A rrow s r e f e r  

t o  sm all m olecu lar  weight p r o t e in  c h a r a c t e r i s t i c  to  SPj[ (n o t  

observed i n  Èôluble f r a c t i o n s ,  S3- and S33) « F in a l ly  n o te  th e  

in te n s e  s t a in in g  n e a r  th e  dye f r o n t ,  Df. See a ls o  t e x t ,  s e c t io n

6 . 3 . 3 .
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Fig. 6>15 Gel electrophoresis of the microtubular tubulin

fraction.; SS?.

Samples from SS2  fr a c tio n  were run on SDS-PAGE as p rev iou sly  

described (see  f i g s .  6 . I 3  & 6 .1 4 ). The g e l shows the presence 

o f two major bands; one corresponding to  the slow er-m igrating  

p ortion  o f  the a tu b u lin  marker, the other m igrating ahead o f  

the 4 5 , 0 0 0  HT contaminant o f  th e  marker p ro te in  (F a st-  

tr a v e llin g  component, FC). The FC band was not obvious in  the  

previous fr a c tio n s  ( i . e  3Si & SPj^). Note the r e la t iv e ly  l i t t l e  

m ateria l corresponding to   ̂ tu b u lin  and the in te n s ly  stained  

m ateria l near the dye fr o n t. See a lso  t e x t ,  sec tio n  6 . 3 . 3 *

F ig . 6 . 1 6  Gel e lec tro p h o resis  o f the membranes fra c tio n .-S P p.

Samples from S? 2  fr a c tio n  vTere run on SDS-PAGE as described  

p rev io u sly  (see  f i g s .  6 . I 3  & 6 .1 4 ) . The pattern  o f  pro te in  on 

g e l i s  s im ila r  to  th a t observed fo r  SP  ̂ except fo r  the f a s t -  

tr a v e ll in g  band, FC (se e  above), which was obvious in  t h is  

ca se , though l e s s  prominent than tlia t found in  SS2 . More 

d e t a i l s  in  t e x t ,  s e c t io n  6 . 3 . 3 *
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H o w e v e r ,  i t  s h o u l d  b e  n o t e d  t h a t  an  a d d i t i o n a l  b a n d ,  m i g r a t i n g  

a h e a d  o f  t h e  45 000  MW c o n t a m i n a n t  ( s e e  a r r o w  f i g  6 . 1 6 1  

was a l s o  o b s e r v e d ,  s i m i l a r  th o u g h  l e s s  p r o m i n e n t  t h a n  t h a t  f o u n d  

i n  S S g ,  t h e  o t h e r  s u b f r a c t i o n  d e r i v e d  f ro m  SP^ ( c f  P i g  6 , 1 5 }.

T h i s  b a n d  was b a r e l y  d e t e c t a b l e  i n  t h e  i n i t i a l  s u b f r a c t i o n  

o f  t h e  l y s e d  s y n a p to s o m e  p r e p a r a t i o n ,  SP^ a n d  S S ^ ,  t h o u g h  a s  

n o t e d  e a r l i e r ,  i t  r e p r e s e n t e d  a  m a jo r  co m p o n en t  o f  t h e  

s o - c a l l e d  ' m d c r o t u b u l a r '  f r a c t i o n ,  S S ^ . S i n c e  t h e  r e l a t i v e  

i n c r e a s e  o f  t h i s  co m p o n en t  i n  SS^ see m e d  t o  c o i n c i d e  w i t h  t h e  

low  c o n t e n t  o f  p t u b u l i n  c o m i g r a t i n g  m a t e r i a l  i n  t h i s  f r a c t i o n ,  

i t  i s  c o n c e i v a b l e  t h a t  t h i s  f a s t e r - m i g r a t i n g  b a n d  r e p r e s e n t s  

a  d e g r a d a t i o n  p r o d u c t  o f  t u b u l i n  ( s e e  D i s c u s s i o n ) . .

6 .4  C o n c l u s i o n s

The f o l l o w i n g  c o n c l u s i o n s  may b e  d raw n  f ro m  t h e  f o r e g o i n g  

e x p e r i m e n t s  :

1 -  S t a b i l i z i n g  a g e n t s  a n d  h i g h e r  t e m p e r a t u r e s  p ro m o te  t h e  

f o r m a t i o n  a n d / o r  s t a b i l i z a t i o n  o f  a  CB f r a c t i o n  w h ic h  c a n  be  

s e d i m e n t e d  f ro m  l y s e d  s y n a p to s o m e  p r e p a r a t i o n s  t o g e t h e r  w i t h  membranes 

( S P ^ ) ,  a n d  s u b s e q u e n t l y  r e l e a s e d  f r o m  t h i s  f r a c t i o n  u n d e r  c o n d i t i o n s  

f a v o u r i n g  m i c r o t u b u b l e  d i s a s s e m b l y  ( i . e .  i n  t h e  c o l d )  t o  y i e l d  

a  f r a c t i o n ,  SS2 , t h a t  was h i g h l y  e n r i c h e d  i n  CB a c t i v i t y .

On t h i s  b a s i s  i t  i s  t e n t a t i v e l y  c o n c l u d e d  t h a t  f r a c t i o n  SSp 

was e n r i c h e d  i n  t u b u l i n  s u b u n i t s  t h a t  w e re  d e r i v e d  f r o m  p o l y m e r i z e d  

m i c r o t u b u l a r  s t r u c t u r e s  t h a t  w e re  fo r m e d  a n d  p r e s e r v e d  when 

s y n a p to s o m e s  w e re  p r e p a r e d  a c c o r d i n g  t o  t h e  m e th o d  o f  H a jo s  an d  

f r a c t i o n a t e d  i n  t h e  p r e s e n c e  o f  m i c r o t u b u l e  s t a b i l i z i n g  a g e n t s .
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The s e d i m e n t a t i o n  p r o p e r t i e s  o f  CB p r o t e i n s  un der  t h e s e  

c o n d i t i o n s  a r e  s i m i l a r  t o  t h o s e  fo u n d  when u s i n g  m i c r o t u b u l e  

s t a b i l i z i n g  a g e n t s  t o  p r e p a r e  cru d e  s o l u b l e  and p a r t i c u l a t e  

f r a c t i o n s  from w h o le  b r a i n .  I t  was a l s o  n o t e d ,  d u r i n g  t h e  

p r e s e n t  e x p e r i m e n t s ,  t h a t  some form o f  a g g r e g a t a b l e  CB p r o t e i n  

b e h a v i n g  s i m i l a r l y  t o  m i c r o t u b u l a r  p r o t e i n  was a l s o  p r e s e n t ,  

th o u g h  t o  a much s m a l l e r  e x t e n t ,  i n  t h e  i n i t i a l  s y n a p t o s o m a l  

p e l l e t ,  SP^, from w h ic h  i t  c o u l d  b e  s u b s e q u e n t l y  r e l e a s e d  i n  

t h e  c o l d ,  i n  S S - ,  when s y n a p t o s o m e s  were  i n i t i a l l y  p r e p a r e d  

and i n c u b a t e d  un der  c o n d i t i o n s  n o t  f a v o u r i n g  m i c r o t u b u l e  a s s e m b l y  

( s e e  t a b l e  6 . 3  and c o n t r o l s  i n  t a b l e  6 . 1  and 6 . 2 ) .  In  t h e s e  

c o n t r o l  e x p e r i m e n t s  t h e r e  was a c o n c o m i t a n t  i n c r e a s e  i n  t h e  

p r o p o r t i o n  o f  CB p r o t e i n  i . e .  t u b u l i n  r e c o v e r e d  i n  t h e  i n i t i a l  

s o l u b l e  f r a c t i o n  SS^ ( s e e  t a b l e s  6 . 1  -  6 . 3 ) .

Thus u n d er  c o n d i t i o n s  f a v o u r i n g  t h e  a s s e m b l y  and p r e s e r v a t i o n  

o f  m i c r o t u b u l e s ,  f r a c t i o n  SS^ w o u ld  m a i n l y  r e p r e s e n t  s o l u b l e  

n o n - m i c r o t u b u l a r  and non p o l y m e r i z a b l e  form o f  t u b u l i n ,  and t h i s  

f r a c t i o n  o f  t u b l i n  was i n d e e d  i n c r e a s e d  as  j u d g e d  by CB d a t a  ’ 

i n  c o n t r o l  e x p e r i m e n t s  ( s e e  t a b l e s  6 . 1  -  6 . 3 ) .

A t r u e  a s s e s s m e n t  o f  t h e  m i c r o t u b u l a r  t u b u l i n  p r e s e n t  i n  

f r a c t i o n  SS^ s h o u l d  t a k e  i n t o  a c c o u n t  t h e  c o n t r i b u t i o n  o f  t h e  

'b a c k g r o u n d '  CB a c t i v i t y  r e l e a s e d  i n  f r a c t i o n  SS^when t h i s  was  

d e r i v e d  from s y n a p t o s o m e s  p r e p a r e d  u n d er  c o n t r o l  c o n d i t i o n s .

2 -  The o b s e r v a t i o n s  t h a t  o n ly  f r a c t i o n  SS^ p r e p a r e d  fro m  

s y n a p to s o m e s  i n c u b a t e d  i n  t h e  p r e s e n c e  o f  s t a b i l i z i n g  a g e n t s ,  

y i e l d  f i l a m e n t o u s  s t r u c t u r e s ,  a f t e r  i n c u b a t i o n  u n d e r  m ic r o 

t u b u l e  a s s e m b ly  c o n d i t i o n s  ( f i g  6 . 4 ) ,  a r e  i n  k e e p in g  w i th  t h e



c o n c l u s i o n  t h a t ,  p a r t  a t  l e a s t ,  o f  t h e  CB a c t i v i t y  p r e s e n t  i n  

f r a c t i o n  SS^ r e p r e s e n t s  m i c r o t u b u l e - d e r i v e d  p o l y m e r i z a t i o n -  

c o m p e te n t  t u b u l i n .  H ow ever ,  i t  i s  e v i d e n t  t h a t  t h e  f i l a m e n t s  

s e e n  d i d  n o t  g i v e  t h e  a p p e a r a n c e  o f  t y p i c a l  m i c r o t u b u l e  

s t r u c t u r e .  S i n c e  su ch  f i l a m e n t s  w ere  n o t  s e e n  i n  t h e  p r e s e n c e  

o f  c o l c h i c i n e  ( f i g  6 . 1 2 )  o r  i n  t h e  c o l d  ( f i g  6 . 8 )  

i t  seem s  r e a s o n a b l e  t o  assume t h a t  t h o s e  f i l a m e n t s  do i n d e e d  

r e p r e s e n t  a t y p i c a l  t u b u l i n  p o l y m e r .  The r e a s o n s  o f  t h i s  a r e  

n o t  c l e a r .  H ow ever ,  i t  i s  i n t e r e s t i n g  t h a t  t h e  main p r o t e i n  

s e e n  a f t e r  e l e c t r o p h o r e s i s  o f  f r a c t i o n  SS2 , as  compared t o  t h a t  

s e e n  f o r  f r a c t i o n  SS^ ( c f  f i g  6 . 1 5  and 6 . 1 3  r e s p e c t i v e l y ) ,  i s  

r e p r e s e n t e d  by a f a s t e r  m i g r a t i n g  band (MW l e s s  t h a n  45 0 0 0 ,  s e e  

f i g  6 . 1 5  and a cco m p a n y in g  t e x t )  and t h a t  t h e  and i n  p a r t i c u l a r  

t h e  c o m i g r a t i n g  p e p t i d e s  were  p r e s e n t  i n  r e l a t i v e l y  low  

c o n c e n t r a t i o n s .  Thus t h e  s o - c a l l e d  m i c r o t u b l a r  f r a c t i o n  t h a t  

was e n r i c h e d  i n  CB a c t i v i t y  was n o t  a p p a r e n t l y  e n r i c h e d  i n  t h e  

t y p i c a l  a and  ̂ com ponents  o f  t u b u l i n .  One p o s s i b i l i t y  w h ic h  

w o u ld  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  i s  t h a t  t h e  p r o m in e n t  f a s t  

m i g r a t i n g  c om p on en t ,  t o g e t h e r  p o s s i b l y  w i t h  m a t e r i a l  a c c u m u l a t e d  

a t  t h e  d y e - f r o n t  r e p r e s e n t  d e g r a d a t i o n  p r o d u c t s  o f  t u b u l i n  w h ic h  

h a v e  r e t a i n e d  t h e  CB a c t i v i t y  b u t  l o s t  t h e  a b i l i t y  t o  form  

t y p i c a l  m i c r o t u b u l e  p o ly m e r s  ( s e e  C hap ter  V I I  f o r  f u r t h e r  

d i s c u s s i o n ) .
i ce

F u rt h e rm o re  i t  i s  n o t ’a b l e  t h a t  f r a c t i o n  SS^ d i d  n o t  a p p ea r  

t o  c o n t a i n  d e t e c t a b l e  amounts  o f  t h e  m in or  h i g h  m o l e c u l a r  

w e i g h t  (HMW) com ponents  o f  MW ca  3 0 0 , 0 0 0  -  3 5 0 , 0 0 0 ,  t y p i c a l l y
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fo u n d  i n  p o l y m e r i z a t i o n -  c o m p e te n t  p r e p a r a t i o n s  o f  m i c r o t u b u l a r  

p o r t e i n  ( s e e  C h a p ter  I  s e c t i o n  1 . 3 2 ) .  I t  s h o u l d  be s t r e s s e d  

h o w e v e r ,  t h a t  t h e  a p p a r e n t  a b s e n c e  o f  t h e s e  m inor  HMW p r o t e i n s  

c o u l d  be  due e i t h e r  t o  t h e i r  d e g r a d a t i o n  ( s e e  C h ap ter  V II )  

o r  t o  t h e  l a c k  o f  s e n s i t i v i t y  i n  t h e  e x p e r i m e n t a l  m ethods  em p lo y ed
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Chapter VTI Discussion and Conclusions

The main aim o f  th e  s tu d ie s  re p o rte d  in  t h i s  th e s i s  was to  

in v e s t ig a te  th e  polym er!zation-com petence o f  tu b u l in  p re s e n t in  

nerve end ings. I n t e r e s t  in  t h i s  a re a  stems from th e  re c e n t d iscovery ) 

t h a t  m ic ro tu b u les  can be v is u a l iz e d  in  th e  p re sy n a p tic  re g io n s  o f  

axons in  s i t u  u s in g  s p e c ia l  p ro cedu res o f  f ix a t io n  and s ta in in g  

(Gray, 1975 ,1976).

E a r l i e r  s tu d ie s  had shown t h a t  tu b u lin  was p re se n t i n  so lu b le  

e x tr a c ts  o f  synpatosoraes p rep a red  from, r a t  b ra in  as w e ll as 

membrane a s s o c ia te d  su b fra c tio n s  o f  r a t  b r a in  synaptosomes (Lagnado 

e t  a l  1971; 1975).

Chick b ra in  was e a r ly  shown to  be a  r ic h  source o f  m icro- *

tu b u la r  p r o te in ,  b u t  had n o t been  p re v io u s ly  ençloyed to  in v e s t ig a te  

i t s  sub c e l l u l a r  d i s t r i b u t io n .  I t  was inç )o rtan t f i r s t  to  e s ta b l i s h  

à  s u b c e l lu la r  f r a c t io n a t io n  method s u i ta b le  to  ch ick  b r a i n s i n c e  

u n t i l  r e c e n t ly  no such method was a v a i la b le .

A f i r s t  approach invo lved  th e  a p p lic a t io n  o f  th e  method o f  Jones 

and Matds (se e  C hapter I I I ) ,  which vjas adapted to  r a p id ly  se p a ra te  

synaptosom al s o lu b le  and membrane s u b f ra c t io n s , i n  which th e  d i s t r ib u t io n  

o f  c o lc h ic in e  b in d in g  could be s tu d ie d . Using t h i s  method, i t  was 

shown t h a t  b o th  th e  so lu b le  and SPM -containing f r a c t io n s  were en riched  

in  CB a c t i v i t y .  .D uring t h i s  work i t  was found th a t  a  membrane 

f r a c t io n  en rich ed  i n  m yelin  a ls o  bound c o lc h ic in e , b u t th e  CB i n  t h i s  

f r a c t io n  was a ty p ic a l^ s in c e  i t  was n o t s ta b i l iz e d  by v in b la s t in e .  A 

s im ila r  o b se rv a tio n  was p re v io u s ly  re p o rte d  f o r  microsomal membranes
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d e riv ed  from s e c r e to r y  t i s s u e s  ( ê * g .. pancreas) by Redman e t  a l  (1975). 

F u r th e rm o re ,it  was found ciiu^ing in v e s t ig a t io n s  o f  s u b c e llu la r  

d i s t r ib u t io n  o f  v in b la s tin e -b in d in g  a c t iv i ty ,  t h a t  m yelin showed 

th e  h ig h e s t b in d in g  a c t i v i t y  f o r  t h i s  a lk a lo id  s in ce  i t  i s  known 

t h a t  v in b la s t in e  may i n t e r a c t  t i i th  components o th e r  th an  tu b u lin  

(W ilson e t  a l  1970)%th e se  r e s u l t s  emphasise t h a t  some cau tio n  i s  

n ecessa ry  in  in te r p r e t in g  th e  use o f  CB d a ta  as  so le  in d ic a t io n  

o f  th e  p resence o f m ic ro tu b u la r p ro te in .  T his i s  in  keeping i^ith  

th e  view th a t  th e  observed e f f e c t s  o f  a n t im ito t ic  a lk a lo id s  on n e u ra l 

fu n c tio n  may n o t e x c lu s iv e ly  r e s u l t  from t h e i r  d i r e c t  in te r a c t io n  

w ith  m ic ro tu b u la r su b u n it p ro te in s  ( I t a n i  & Lagnado,197^)•

I n  th e  course  o f t h i s  work, an a d a p ta tio n  o f  th e  Jones and îia tu s  

m e th o d ,s p e c if ic a lly  designed  to  o b ta in  synaptosom al su b fra c tio n s  

from ch ick  b ra in  (Leeuwan e t  a l .  197Q appeared in  th e  l i t e r a t u r e .

T h is  method took  in to  account minor d if f e r e n c e s  observed in  th e  

sed im en ta tion  p ro p e r t ie s  o f  ch ick  b ra in  membrane components, as
e t  a l .

compared to  th o se  o f  r a t  b ra in  (see  Leeuiiran e t  a l . 1976 and B ab itch  197^)* 

I n  t h e i r  work Leewmn e t  a l  d id  n o t in  f a c t  c a r ry  ou t any b iocheiîiical 

in v e s t ig a t io n s  on th e  '  s y n a p to s o l 'f r a c t io n .  The r e s u l t s  d e sc rib ed  in  

Chapted IV c le a r ly  in d ic a te  th a t  th e  co n ten t o f  CB a c t i v i t y  in  th e  

sy n ap to so l f r a c t io n  p repared  by th e  Leeuwan method, ims tw ice  as  h ig h  

a s  t h a t  fomid in  th e  synaptosom al f r a c t io n  p repared  by th e  o r ig in a l  

Jones and K atus method. This d if f e re n c e  could be due to  a  b e t t e r  

p re s e rv a tio n  o f  tu b u lin  ( in  term s o f i t s  CB a c t iv i ty )  in  th e  synaptosome 

f r a c t i o n ,a n d /o r to  a  h ig h e r  y ie ld  o f  synaptosomes in  th e  crude 

m ito ch o n d ria l f r a c t io n  from which synaptosom al su b fra c tio n s  were 

d e riv e d  by th e  method o f  Leeuyjan e t  a l .
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For th e  purposes o f  in v e s t ig a t in g  th e  p ro p e r t ie s  o f  sy n ap ta so lic  

tu b u l in ,  th e  method o f  Leeuwan e t  a l  i s  th u s  c le a r ly  advantageous , 

and i t  was used in  f u r th e r  t-jork to  study th e  p o ly m eriza tio n  competence 

and c o lc h ic in e  b in d in g  o f  sy n a p ta so lic  tu b u lin  (see  C hapter IV ),

However, p re lim in a ry  in v e s t ig a t io n s  f a i l e d  to  dem onstrate  th e  

p o ly m eriza tio n  o f  tu b u lin  in  ch ick  b ra in  syn ap to so l p re p a ra t io n s  

in cu b ated  under ty p ic a l  micro tu b u le  asser.ibly c o n d itio n s . P o ss ib le  

reaso n s f o r  th e se  n eg a tiv e  r e s u l t s  were d iscu ssed  e a r l i e r  (see  C hapter 

V) and le d  to  p re lim in a ry  s tu d ie s  o f  th e  e f f e c t s  o f  m icro tubule  

s ta b i l i z in g  ag en ts  and tem pera tu re  on th e  p re s e rv a tio n  o f  m icro

tu b u la r  s t ru c tu re s  in  crude so lu b le  and p a r t i c u la te  p re p a ra tio n s  

from r a t  b ra in  homogenates.

From f u r th e r  work d esc rib ed  in  C hapter V based  on th e  use 

o f  c o lc h ic in e -b in d in g  a ssa y s , i t  i s  ap p aren t th a t  m icro tubule  d e riv ed  

tu b u l in  re p re se n te d  only  15^ o f  th e  t o t a l  tu b u l in  p re se n t in  s ta b i l iz e d  

homogenates, a s  compared to  th e  so lu b le , non-polym erizable f r a c t io n  

o f  tu b u lin  id iich  accounted f o r  40-45^ o f  th e  t o t a l  homogenate tu b u l in ,  

When th e se  d a ta  a re  tak en  in to  accoun t, i t  i s  ev id en t t h a t  only  

a  sm all p ro p o r tio n  o f  th e  t o t a l  tu b u lin  p re s e n t in  synaptosomes could  

be considered  as  po lym erisa tion -com peten t tu b u l in  (see  below), 

assuming t h a t  a  s im ila r  p ro p o rtio n  i o f th e  synaptosome so lu b le  

tu b u l in  was d e riv ed  from m icrotubular..' s t ru c tu re s  p re se n t in  

i s o la te d  synaptosom es.

The r e s u l t s  d e sc rib ed  in  C hapters IV and VI show c le a r ly  th a t  

around lO^ o f  th e  t o t a l  tu b u lin  i n  synaptosomes were e x tra c te d  in to  

th e  so lu b le  f r a c t io n ,  assuming th a t  only  about 15^  o f t h i s  m a te r ia l 

re p re se n te d  po lym erisa tion -com peten t tu b u l in  (see  above), th e  amount 

o f  synaptosom al tu b u l in  t h a t  could be expected  to  polym erize
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r e p re s e n ts ,  i n  term s o f  CB a c t i v i t y ,  l e s s  th a n  about 2^ o f  th e  t o t a l .

T h is  c le a r ly  re p re se n ts  a  v e ry  low p ro p o r tio n  . o f  th e  t o t a l  tu b u lin  

p re s e n t in  nerve end ings, which may p a r t ly  ex p la in  th e  complete 

f a i l u r e  (see  C hapter IV) o r  l im ite d  success (see  C hapter VI) in  

o b ta in in g  any m icro tubu les from sy nap toso ls  in cu b ated  under assem bly 

c o n d itio n s .

Another reason  why no micro tu b u le s  could be polym erized from 

so lu b le  synaptosom al e x tr a c ts  may be th e  la c k  o f  m ic ro tu b u le -a sso c ia ted  

p r o te in s .  To t e s t  t h i s  p o s s ib i l i t y ,  sm all amounts o f  co n cen tra ted  

h igh-speed  su p e rn a tan t from ch ick  b r a i n , which con tained  assem bly- 

competent tu b u lin , were added to  th e  sy nap toso l d u rin g  th e  assem bly 

in c u b a tio n . Such m a te r ia l  could p rov ide  s u f f ic ie n t  m ic ro tu b u le -a sso c ia ted  

p ro te in  to  s tim u la te  m icro tubu le  assem bly (see  C hapter IV ). Under 

th e se  c o n d itio n s , s t i l l  nc^sserably was n o ted , tîh ich  suggests  t h a t  one could  

be d e a lin g  w ith  a  t o t a l l y  d i f f e r e n t  form o f  tu b u l in ,o r  tu b u l in - l ik e  

p r o te in s , t h a t  b in d  c o lc h ic in e ,b u t a re  n o t r e a d i ly  po lym erizab le  under 

ty p ic a l  m icro tubu le  assem bly c o n d itio n s . In d eed , w hile  g e l e le c t r o 

p h o re s is  o f  th e  syn ap to so l f r a c t io n  p repared  u s in g  two d i f f e r e n t  

methods (Leeuwman e t  a l  197^ and Hajos 1975) showed th e  p resence  o f 

b o th  o -  and ^ -  l i k e  p ro te in  bands, th e  cr-like  band was a ty p ic a l  i n  t h a t  

i t  com igrated w ith  th e  slow er component o f  a tu b u l in ,  vihich was re f e r r e d  

to  a s  * 0 ^ ', (see  C hapters IV and V I).

F urtherm ore, i t  was found th a t  synap toso l f r a c t io n s  >enriched  

i n  '  mi cro  tu b u la r  * tu b u l in  (see  C hapters V I), con tained  as  a  m ajor 

a d d i t io n a l  component a  f a s te r -m ig ra t in g  p ro te in .  The n a tu re  o f  t h i s  

f a s t  m ig ra tin g  component i s  n o t Imown. H ow ever,it i s  tem pting  to  

s p e c u la te  t h a t  s in ce  tu b u l in  %ms c le a r ly  p re se n t a s  a  m ajor component 

i n  th e  syn ap to so l f r a c t io n ,  o r ig in a l ly  p repared  m th o u t s ta b i l iz in g  

a g e n ts , th e  appearance o f  t h i s  a d d i t io n a l  con^onent in  so lu b le  f r a c t io n s  o f
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synaptosomes e x tra c te d  in  th e  p resence  o f  s t a b i l i z in g  agen ts  a t

room tem p era tu re , and th e  r e l a t iv e  absence o f  ty p ic a l  tu b u lin

components in  t h i s  f r a c t io n ,  r e s u l t s  from th e  d eg rad a tio n  .o f tu b u lin

du rin g  th e  p re p a ra t io n  o f  S3 under th e se  c o n d itio n s . I n  t h i s  view2
g ly c e ro l and room tem peratu re  tre a tm e n ts  can be conceived as 

p re se rv in g  th e  a c t i v i t y  o f  so lu b le  p ro te a se s  a c tin g  on tu b u l in ,  a 

p o s s ib i l i t y  t h a t  i s  w e ll w orth f u r th e r  study in  view o f  th e  w e ll 

knoim enrichm ent o f  th e  synaptosomes in  p ro te o ly t ic  enzymes 

a c t iv e  under th e  pH and io n ic  co n d itio n s  used  in  t h i s  work (see  

G u ro ff, 1964) .  Thus a more su c c e ss fu l approach to  study th e  

assem bly competence o f  synaptosom al tu b u lin  might be to  c a r ry  out 

th e  experim ents in  th e  c o ld , in  th e  absence o f  s ta b i l i z in g  ag en ts , 

b u t in  th e  p resence  o f  pro  te a s e s  i n h ib i to r s .

A most i n t e r e s t in g  o b se rv a tio n  from t h i s  work i s  t h a t  d e sp ite  

th e  ap p aren t l im ite d  d eg rad a tio n  o f  tu b u lin  d iscu ssed  above, CB 

a c t i v i t y  was c le a r ly  p re se rv ed  and in d eed , on th e  b a s is  o f  CB a ssa y s , 

i t  vas  p o s s ib le  to  d e f in e  a  m ic ro tu b u la r tu b u lin  f r a c t io n  d e sp ite  

th e  i n a b i l i t y  o f  t h i s  f r a c t io n  to  form ty p ic a l  m ic ro tu b u la r s t ru c tu re s  

in  v i t r o  under th e  u su a l assembly c o n d itio n s . T his in d ic a te s  

th a t  th e  s t r u c tu r a l  requ irem en ts  o f  tu b u lin  f o r  co lch in c in e  

b in d in g  and f o r  assem bly may be q u ite  d i f f e r e n t .  A s im ila r  d if f e re n c e  

was r e c e n t ly  no ted  in  s tu d ie s  where th e  e f f e c t s  o f  SH re a g en ts  on 

CB a c t i v i t y  and p o ly m eriza tio n  were coi?pared(Kuryiama and Salcai, 1974 

and M ellon and Rebhun 197Q •
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Seven experimental groups each composed of IN , 1L and 1D animal were used, 
together with a further group containing 2N animals and 1D animal. Mean specific 
radioactivities for each fraction were calculated for each experimental group and 
normalized around a mean specific radioactivity in the homogenate of 1000  d.p.m./mg of 
protein. In addition the specific radioactivity ratios of L/N, D /N  and L/D were calcu
lated for each fraction in each experimental group. The normalized specific radioacti
vities are given in Table 1. There were no significant differences, or trends approaching 
significance, for any fraction or condition in the motor cortex. All observed effects thus 
showed a regional specificity. The 43 ±17% greater homogenate specific radioactivity 
for L rats as compared with D rats essentially replicates our earlier observations 
(Richardson & Rose, 1972). In the Pi fraction (for nomenclature, see Table 1), the value 
for L rats was higher, and for D rats lower, than that for N  rats, and the significant dif
ference was a 50 ±22% greater incorporation in L rats as compared with D rats. This 
too is compatible with our earlier observation that there is enhanced incorporation into a 
ribosomally bound fraction in the visual cortex of L animals (Jones-Lecointe eta l., 1976), 
as under these conditions of homogenization and centrifugation, ribosomes will appear 
in the Pi fraction. There were no significant differences in specific radioactivity between 
conditions in the Si fraction (nor in the Si fraction from which Si and Pi are derived). 
However, comparing incorporation in the Pi polymerized tubulin fraction, incorporation 
was 64 ± 19 % greater in N  rats, and 110 ± 28 % greater in L rats, as compared with D rats. 
This difference is the largest that we have found in any protein fraction in our experiments 
to date.

We conclude that incorporation of precursor into, and hence probably the synthesis 
of, a tubulin-enriched fraction is decreased in the visual cortex of dark-reared rats. On 
exposure to the light, there is a substantial increase in the synthesis of Pi protein, resulting 
in a doubling of the incorporation rate in the first hour of light exposure. Whereas the 
Pi fraction contains minor components other than tubulin, it would seem unlikely that a 
change of this magnitude in the specific radioactivity of the whole fraction could occur as 
a result simply of a change in such minor components. This would require a manyfold 
increase in their specific radioactivity, and comparable increases have not been 
observed in minor components of the soluble cell cytoplasm separated by chromato
graphic techniques,

Fellous et al. (1975) have claimed that amounts of tubulin in brain vary markedly 
during early development in the rat, whereas Cronly-Dillon & Perry (1975) reported 
that both the amount and rate of synthesis of tubulin increase substantially in the visual 
cortex in the period around eye opening in the rat. However, it is not clear from such 
observations if this increase is dependent on functional stimulation. The present experi
ments suggest that the rate of tubulin production in the visual cortex is indeed related to 
functional stimulation, and increases rapidly on the onset of such stimulation.

We thank Dr. J. R. Lagnado of Bedford College for advice concerning the purification of 
tubulin, L. Sinha for technical assistance, D. Spears for electron micrography, T. Hedges and 
S. Walters for animal maintenance and Dr. J. Schwartz and other members of the Brain 
Research Group for critical discussions.
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The Distribution of Colchicine and Vinblastine Receptors in 
Subcellular Fractions from 1-3-day-old Chick Brain

AHMED N. ITANI and JOHN R. LAGNADO

Department o f  Biochemistry, Bedford College, Regent's Park, London N W \ ANS, U.K.

Colchicine and the Vinca alkaloids, vinblastine and vincristine, are commonly used as 
probes for microtubule-dependent processes in various cell types (see, for example, 
Oliver et al., 1974; Edelman et al., 1974; Nicolson, 1976; McClure, 1972): both drugs 
are known to inhibit selectively microtubule assembly in vitro and in vivo and to interact, 
through separate high-affinity binding sites, with tubulin, the subunit protein of micro
tubules (Wilson et al., 1975; Olmsted & Borisy, 1973). Further, colchicine-binding 
studies in subcellular fractions from mammalian brain provide indirect evidence that 
tubulin is firmly associated with isolated synaptic junctional complexes, as well as being 
present in perikaryal and synaptosomal soluble fractions (for references, see Lagnado 
e t al., 1975). This was corroborated by more direct evidence based on chemical analysis 
of purified synaptic-junctional fractions enriched in post-synaptic density material 
(Walters & Matus, 1975) and by immunohistochemical (Matus et al., 1975) and electron- 
microscopic observations (Gray, 1975) on cerebral-cortex tissue in situ.

Taken together, these observations suggest that some of the observed pharmacological 
effects of anti-tubulin drugs on synaptic function (see, e.g., Katz, 1972; Hanbauer e t al. 
1974; Wooten et a l ,  1975; Poisner, 1973; Sorimachi et al., 1973) may be related to a 
direct interaction of the drugs with tubulin associated with synaptic components. To 
investigate further this possibility, the distribution of colchicine- and vinblastine-binding 
sites in subcellular fractions from chick brain was studied, with particular reference to 
subfractions derived from synaptosomes.

Whole brain from 1-3-day-old chicks was homogenized and fractionated by the 
method of Jones & Matus (1974), except that 2mM-sodium phosphate buffer, pH 6 .8 , 
and 50;^M-MgCl2 was incorporated into the sucrose solutions used throughout. The 
crude mitochondrial pellet (P2) was lysed for 30min at 4°C in 2mM-sodium phosphate 
buffer, p H 8.1, and spun at lOOOOÔ av. for 30min to extract the synaptosol (P2-S0 I), 
before further subfractionation of the particulate material. The crude post-mitochondrial 
supernatant (S2) was spun at lO O O O O ^av. for 60min to yield a crude microsomal (P3) and 
soluble (S3) fraction. Colchicine-binding activity was assayed in freshly obtained frac
tions as previously described (Lagnado e t al., 1971), except that vinblastine (100//M, 
final concn.) was incorporated in the assay mixtures which contained 200-400yug of 
protein in a final volume of 0.5 ml. Vinblastine binding was assayed in a similar manner 
(Owellen e t al., 1974), by using 5/iM-[G-^H]vinblastine sulphate (sp. radioactivity, 
30Ci/mol; The Radiochemical Centre, Amersham, Bucks., U.K.; batch 1).

The results summarized in Table 1 show that the distribution of binding activities for 
both drugs in subfractions of the postnuclear (S2, P2) and postmitochondrial (S3, P3) 
supernatants (Si and S2, respectively) were very similar and that for each drug, only a 
slight enrichment in binding activity was seen in the respective soluble fractions obtained 
(Table 1, last two columns). By contrast, marked differences were observed in the 
relative distributions of binding activities among the subfractions derived from the lysed 
crude mitochondrial fraction. The distribution of colchicine-binding sites was similar to 
that found previously for mammalian brain (Lagnado e t al., 1971), showing a relative 
enrichment in the synaptosol and synaptic-membrane-enriched fractions, but relatively 
little activity in other fractions. Vinblastine-binding sites, on the other hand, were 
concentrated primarily in the myelin fraction, which also contains light membranes, 
whose origin has not been determined. It may be noteworthy, in this connection, that 
although vinblastine stabilized colchicine-binding activity in the synaptosol and 
synaptic-plasma-membrane fractions, colchicine binding in the myelin fraction was 
consistently inhibited by about 20% in the presence of 100/^m-vinblastine (A. N. Itani, 
unpublished work). In addition, the fraction containing synaptic plasma membranes was
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also enriched in vinblastine-binding activity, whereas little enrichment was seen in the 
synaptosol fraction as compared with that found for colchicine binding.

Further work is clearly required to establish whether the differences observed in the 
distribution of colchicine- and vinblastine-binding activities among subsynaptosomal 
components are related to intrinsic differences in the nature of the receptors involved, 
or to other factors which might differentially affect the binding reactions for the two 
drugs. The possibility that Vinca alkaloids can also interact with non-tubulin components 
in other tissues has already been noted (see, e.g., Wilson et al., 1970). In conclusion, it is 
evident that some caution is needed in interpreting the observed effects of antimitotic 
alkaloids on neural function as resulting initially, from a direct interaction with micro
tubular subunit proteins.

We thank Dr. A. Sinha and colleagues from the Brain Research Group (Open University) 
for providing us with the chicks used in the present study and Dr. D. Greenslade from The Radio
chemical Centre, Amersham, for the kind gift of FH]vinbIastine used in this work.
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The Incorporation in vivo of [ ̂  Orthophosphate into Phospholipids
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Micro tubules purified from 1-3-day-old chick brain by two cycles of reassembly in vitro 
contain 2-4//g of phospholipid P per mg of protein. The specific radioactivity of micro
tubule-associated phospholipids from chick brain labelled for 2 h after intracerebral 
injection of [^^P]?i (200-400 ywCi/animal) was similar to that fotmd as phosphoprotein 
P (L a^ado  e t al., 1975; Lagnado & Kirazov, 1975), the greatest amount of labelling 
occurring in the phosphoinositide fraction.
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