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ABSTRACT

M ic ro fila m e n ts  w ith  a c t i n - l i k e  p r o p e r t i e s  a re  d em o n stra ted  in  

e x t r a c t s  o f  E s c h e r ic h ia  c o l i  B / r .  A ttem pts  to  e x t r a c t  an a c t i n - l i k e  

p r o te in  from th e  g l id in g  m yxobacter Myxococcus x a n th u s , by s e v e ra l  

m ethods, re v e a le d  s im i la r  f i la m e n ts .  The a c t i n - l i k e  n a tu re  o f  th e  

m yxobacter f i la m e n ts  was n o t c o n c lu s iv e ly  d e m o n s tra ted . O th e r 

p ro d u c ts  o f  th e s e  e x t r a c t io n s  in c lu d e  l a r g e ,  f ib r o u s  com plexes, and 

r in g -sh a p e d  s t r u c tu r e s ^  w hich m ight be im p lic a te d  in  th e  g l id in g  

m o t i l i t y  mechanism.

I V
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INTRODUCTION

C e l l u l a r  lo co m o tio n  among m icro b es  o c c u rs  by v a r io u s  m eans. The 

c i l i a t e s  and f l a g e l l a t e s  r e l y  upon a d y n e in -m ic ro tu b u le  system  f o r  

movement ( S a t i r  1 9 7 6 ), w h ile  amoeboid form s ap p e a r  to  move th ro u g h  th e  

i n t e r a c t io n s  o f  m u s c le - l ik e  c o n t r a c t i l e  p r o te in s  (H itc h co ck  1977, Korn 

1978, P o l la r d  and V/eihing 1 9 7 4 ). B a c te r i a l  movement has been  a t t r i b u t e d  

to  th e  r o t a t i o n  o f  e i t h e r  th e  h e l i c a l  f la g e l lu m  o f  e u b a c te r ia  (S ilv erm an  

and Simon 1974) o r  th e  'a x ia l  f i l a m e n ts ' o f  s p i r o c h e te s  (Bromely and 

Charon 1979, C a n a le -P a ro la  1978, C a r le to n  e t  ^  1 9 7 9 ). However, a sm all 

y e t  d iv e r s e  g ro u p , th e  g l id in g  b a c t e r i a ,  undergo  a form  o f  movement 

t h a t  h a s  y e t  t o  be m e c h a n is t ic a l ly  u n d e rs to o d .

G lid in g  i s  a n o n - f l a g e l l a r  form  o f  s u r f a c e  t r a n s l o c a t i o n  in  which 

th e  movement c o n tin u o u s ly  and r e g u la r ly  fo llo w s  th e lo n g  a x is  o f  th e  c e l l  

(H en rich sen  1 9 7 2 ). To d a te ,  no s p e c i f i c  o r g a n e l le  has  been  a s s o c ia te d  

w ith  g l i d in g ,  th o u g h  in te n s iv e  u l t r a s t r u c t u r a l  s tu d ie s  have been  c a r r i e d  

o u t .  F r e e z e - f r a c tu r e  p r e p a r a t io n s  o f  th e  g l id in g  cyanophy te  O s c i l l a t o r i a  

p r in c e p s  have r e v e a le d  p a r a l l e l  a r r a y s  o f  h e l i c a l l y  wound, 5 to  8 nm 

f i la m e n ts  on th e  s u r f a c e  o f  th e  tr ic h o m e  (H a lfen and C as te n h o lz  1 9 7 0 ).

A s im i la r  s tu d y  o f  th e  g l id in g  m yxobacter Myxococcus x an th u s  d em o n stra ted  

p e r ip la s m ic  p a r t i c l e s  w hich a r e  o c c a s io n a l ly  seen  a s  a l i n e a r  o rg a n iz a t io n  

(B urchard  and Brown 1 9 7 3 ). T h in  s e c t io n s  o f  M. x a n th u s  have r e v e a le d  

i n t r a c e l l u l a r  m ic ro f i la m e n ts  and p e r io d ic  s t r u c t u r e s  a r ra n g e d  lo n g i tu d in ­

a l l y  w ith in  th e  c e l l s  (B urchard  1977, S ch m id t-L o ren z  and K uhlw ein 1 9 6 8 ). 

However, none o f  th e s e  u n c h a r a c te r iz e d ,  f i b r i l l a r  s t r u c t u r e s  have been 

a s s o c ia te d  w ith  g l id in g  m o t i l i t y .

The f l e x i b i l i t y  o f  some g l i d e r s ,  such  a s  th e  m y x o b ac te ria  (H enrichsen
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1972) and p a r t i c u l a r l y F le x ib a c te r  which a c t iv e ly  f le x e s  v ;h ile  moving 

(D ay re l1 -H art 1979), su g g e s ts  th e  involvem ent o f  a c o n t r a c t i l e  p ro c e s s .  

The h e l i c a l  ap p earan ce  o f  a c l a s s  o f  m o t i l i t y  m u tan t o f  Myxococcus 

x a n th u s . i s o l a t e d  by MacRae and McCurdy 1976), may in d ic a te  th e  p re se n c e  

o f a c o n t r a c t i l e  a p p a ra tu s  gone verong.This m utan t i s  p a r t i c u l a r l y  

i n t e r e s t i n g  in  view  o f  th e  d is c o v e ry  o f  a s p i r a l - s h a p e d ,  g l id in g ,  

m ycoplasm a-like organism  (D avis and lYorely 19 7 3 ), though  th e  p o s s i b i l i t y  

o f  th e  shape o f  th e s e  c e l l s  be in g  due to  c e l l  w a ll f a c to r s  and n o t a 

c o n t r a c t i l e  mechanism can n o t be ig n o re d  (C a r le to n  ^  ^  1979, M endelson 

1976).

In  many c o n t r a c t i l e  p ro c e s s e s  th e  i n t e r a c t io n  o f  th e  p r o t e i n s , a c t i n  

and m yosin, has been im p lic a te d  a s  th e  mechanism o f  c o n t r a c t io n .  The 

p resen ce  o f  an a c t i n - l i k e  p r o te in ,  i d e n t i f i e d  by th e  c o n co m itan t e x i s t ­

ence o f  a 45 ,000  d a l to n  p o ly p e p tid e  w ith  6 nm d ia m e te r ,  Hf,îM-decorating 

f i la m e n ts ,  has  se rv ed  as  th e  m arker o f  an actom yosin  system  (P o l la r d  and 

Weihing 1974). With th e  su g g e s tio n  o f  an a c t i n - l i k e  p r o te in  p o s s ib ly  

e x is t in g  in  th e  b ac te riu m  E s c h e r ic h ia  c o l i  (M inkoff and Damadian 1976) 

i t  became e x p e d ie n t to  se a rc h  f o r  such a p r o te in  in  a g l id in g  b ac te riu m  

i f  th e  c o n t r a c t i l e  mechanism o f  g l id in g  was to  be a rg u ed .

T h is  i n v e s t ig a t io n  i s  i n i t i a l l y  in v o lv e d  w ith  a p p ly in g  th e  

d e f i n i t i v e  c r i t e r i a  f o r  a c t i n  to  th e  *a c t i n - l i k e  p r o t e i n ' o f  E. c o l i . 

a s  o b ta in e d  by th e  M inkoff and Damadian (1976) p ro c ed u re  • F o llow ing  

t h a t ,  th e  same p ro ced u re  as  w e ll a s  o th e r  a c t i n - i s o l a t i n g  m ethods a re  

a p p lie d  to  th e  g l id in g  m yxobacter Myxococcus x an th u s  , w ith  th e  hope o f  

e s ta b l i s h in g  th e  p re se n c e  o f  an a c t i n - l i k e  p r o te in  in  a g l id in g  b ac te riu m  

and th e re b y  im p lic a te  an actom yosin  system  in  th e  g l id in g  m o t i l i t y  

mechanism.
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mTERIALS AND METHODS

M icroorganism s

A ll  c u l tu r e s  w ere o b ta in e d  from  th e  U n iv e r s i ty  o f  W indsor c u l tu r e  

c o l l e c t i o n .

E s c h e r ic h ia  c o l i  s / r ,  grovm on T-Soy a g a r  (D ifc o ) ,  was in n o c u la te d  

in to  400 ml o f  KA medium (M inkoff and Damadian 1976) and shaken a t  30°C. 

A f te r  12 h r . ,  th e  e x p o n e n t ia l ly  grow ing c u l tu r e  v/as in n o c u la te d  in to  

8 l i t r e s  o f  th e  same medium in  a 12 l i t r e  ca rb o y , a e r a te d  by a s p a rg e r  

w hich v/as a t ta c h e d  to  a  f i l t e r e d  a i r  su p p ly , and in c u b a te d  a t  30°C. 

Grov/th v/as m o n ito red  w ith  a K lett-S um m erson  c o lo r im e te r ,( e q u ip p e d  v /ith  a 

No.57 g re en  f i l t e r ) a f t e r  a s e p t i c a l l y  w ithdrav /ing  sam p les . C e l ls  in  

l a t e  lo g a r i th m ic  g row th  w ere h a rv e s te d  a t  18 h r .  by b a tc h  c e n t r i f u g a t io n  

a t  10,400 g f o r  20 m in .,  and washed tw ic e  w ith  p h o sp h a te  b u f f e r  (pH 7 .0 ) .  

C e l ls  w ere s to r e d  a s  a p e l l e t  a t  -2 0 °C .

Myxococcus x a n th u s  s t r a i n s  M36 and M300 w ere c u l t i v a t e d  i n  30 m l. 

o f  e i t h e r  CT b r o th  (Dv/orkin 1962) o r  SP b ro th  (McCurdy 19 6 3 ). A f te r  24 

h r .  th e  c u l tu r e  was in n o c u la te d  in to  1 l i t r e  o f  medium in  2 .8  l i t r e  

f la s k s  and shaken i n  th e  d a rk  a t  30°C . A f te r  30 h r . ,  th e  lo g a r i th m ic a l ly  

grov/ing c e l l s  w ere h a rv e s te d  by c e n t r i f u g a t io n  and s to r e d  a s  m entioned  

above. P la te  c u l t u r e s  o f  M36 w ere grov/n on SP a g a r  (ivIcCurdy 1963) a t  

30°C in  th e  dark  i n  s e a le d  v e g e ta b le  c r i s p e r s .  A f te r  40 to  48 h r .  th e  

c e l l s  were washed w ith  p h o sp h a te  b u f f e r  (pH 7 .0 )  , c o l l e c te d  by c e n t r i ­

fu g a t io n  and s to r e d  a t  -20°C  .
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C hem icals and P r o te in s

A ll c h em ica ls  u sed  were r e a g e n t  g ra d e . E le c tr o p h o r e s is  r e a g e n ts  

were o b ta in e d  from  B io Rad. M o le c u la r  w e ig h t m a rk e rs , t r y p s i n ,  soyabean  

t r y p s in  i n h i b i t o r ,  D EA E-Cellulose and d ip o ta s s iu m  a d en o s in e  t r ip h o s p h a te  

were o b ta in e d  from  Sigma Chem ical Co. A ll  s o lu t io n s  w ere p re p a re d  in  

doub le  d i s t i l l e d  w a te r .

E le c tro n  M icroscopy

Sam ples w ere a p p l ie d  d ropw ise  o n to  fo rm v a r-c o a te d , c a rb o n -re in fo rc e d ^  

200 mesh copper g r id s ,  u s in g  a c a p i l l a r y  p i p e t t e .  A f te r  1 m in. th e  

sam ple was w ithdraw n and a drop  o f  f i l t e r e d  1% U ranyl A c e ta te  was a p p lie d  

f o r  30 s .  A f i l t e r  p a p e r  wedge was u sed  to  b l o t  o f f  th e  s t a i n ,  and th e  

g r id  was a i r  d r ie d  .

To t e s t  f o r  d e c o r a t io n  by heavy  m erom yosin (HÎ/M), a f t e r  th e  i n i t i a l  

a p p l i c a t io n  o f  th e  sam ple , a d rop  o f  Hf&l C 350 p g /m l  i n :  10 mf.î T r i s - C l  

(pH 7 . 5 ) ,  1 mfvî e th y le n e d ia r a in e te t r a a c e ta te - te t r a s o d iu m  (EDTA), 1 mfvl 

B -m ercap to e th an o l (HSEtOH), 0 .1  M KClJ was a p p l ie d  to  th e  g r id  f o r  1 m in. 

The e x c e ss  was removed and th e  g r id  was s ta in e d  a s  abOve.

Specim ens w ere exam ined in  e i t h e r  a H i ta c h i  HU-12 a t  75 KV, o r  in  a 

P h i l l i p s  201c a t  60 KV, each  eq u ipped  w ith  a  c o ld  f in g e r .

P o ly ac ry lam id e  Gel E le c tr o p h o r e s is  i n  Sodium D odecyl S u l f a te  ( SDS-PAGE)

The g e l  system  o f  Laemmli (1970) was u sed  to  f a b r i c a t e  10^ g e ls  in  

e i t h e r  0.3%  8 .5  x 1 4 .0  cm. s l a b s ,  o r  1 0 .0  K 3 .0  cm. tu b e s .  S e p a ra t io n  g e ls  

w ere c a s t  th e  p re c e d in g  day and 3% s ta c k in g  g e ls  w ere c a s t  p r i o r  to  each  

ru n .  Sam ples in  th e  sam ple b u f f e r  o f  Laemmli (1970) w ere s ta c k e d  a t  3 mA 

p e r  g e l and s e p a ra te d  a t  10 mA p e r  s l a b . o r  3 mA p e r  tu b e  g e l  in  

B io Rad s la b  and tu b e  e l e c t r o p h o r e s i s  u n i t s .  V/hen n e c e s s a ry ,  sam ples

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



5

w ere d ia ly z e d  o v e rn ig h t  a g a in s t  sam ple b u f f e r  ( l e s s  g ly c e r o l )  to  r i d  

them o f  p o ta ss iu m  and to  av o id  p r e c i p i t a t i o n .  The g e ls  w ere s ta in e d  a t  

30°C and d e s ta in e d u s in g  B io Rad d i f f u s io n  d e s t a in e r s ,  a c c o rd in g  to  th e  

method o f  F a irb a n k s  e t  a l  (1 9 7 1 ). E le c tr o p h o r e t ic  m o b i l i t i e s  o f  p r o te in  

bands in  tu b e  g e ls  w ere c a lc u la te d  by th e  fo rm u la  o f  Weber and O sborn 

(1 9 6 9 ).

E x tr a c t io n  and P u r i f i c a t i o n  o f  R ab b it M uscle C o n t r a c t i l e  P r o te in s  

a/  M uscle P re tr e a tm e n t

A r a b b i t  was k i l l e d  by e th e r  a n a e s th e s ia ,  r a p id ly  skinnec^ e v i s c e r ­

a te d ,  and packed in  i c e  w a te r  f o r  15 m in u te s . In  th e  c o ld ,  th e  back and 

h in d  q u a r te r s  m u scles  were c u t  o f f  and m inced in  a m eat g r in d e r .  The 

mince was th e n  t r e a t e d  by th e  method o f  F eu e r e t  a l  (1 9 4 8 ), e x c e p t t h a t  

a l l  s te p s  were c a r r i e d  o u t in  th e  c o ld ,  t h a t  th e  m ince was hom ogenized
I

in  a W aring b le n d e r  i n  th e  h ig h  s a l t  b u f f e r ,  and t h a t  th e  hom ogenate 

was c e n tr i f u g e d  a t  10,400xg f o r  20 m in u te s . The f ib r o u s  p e l l e t  was u sed  

f o r  e x t r a c t in g  a c t i n ,  and th e  s u p e rn a ta n t  was u sed  f o r  e x t r a c t in g  m yosin 

a f t e r  i t  was f i l t e r e d  th ro u g h  s e v e ra l  l a y e r s  o f  ch eese  c l o t h .

B / A c tin  E x tr a c t io n

A f te r  a w ashing  w ith  0 .0 1  M c a rb o n a te -b ic a rb o n a te  b u f f e r  (F eu er e t  

a l  1 9 4 8 ), th e  f ib r o u s  p e l l e t  was e x t r a c te d  tw ic e  in  c o ld  (-20°C ) a c e to n e . 

The f ib r o u s  mass was c o l l e c te d  on f i l t e r  p a p e r  i n  a B uchner fu n n e l ,  by 

vacuum f i l t r a t i o n .  T h is  f i b r e  was v acu u m -sto red  o v e rn ig h t  o v e r  d e s s ic a n t  

and p a r a f f i n ,  i n  th e  c o ld .  A d e s s i c a t o r ,  a t  -20°C  was u sed  f o r  long  te rm  

s to r a g e .

T h ir te e n  gm. o f  th e  d r ie d  f i b r e  was sh red d ed  and suspended  in  200 

m l. o f  low  io n ic  s t r e n g th  b u f f e r  (3mM im id a z o le ,  0.1mM.CaCl2, 0.5mT>Æ ATP, 

ImM B-HSEtOH, pH 7 .5  w ith  HCl. Gordon e t  _al 1976) , s t i r r e d  30 m in u tes
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i n  th e  c o ld  , and spun a t  10,400xg f o r  30 m in. The c lo u d y  s u p e rn a ta n t  

was spun a g a in  a t  100,000xg f o r  1 .5  h r .  T h is  s u p e rn a ta n t  was a p p l ie d  to  

a D EA E-Cellulose column and e lu te d  a c c o rd in g  to  th e  m ethod o f  Gordon 

e t  a l  (1 9 7 6 ). A l te r n a te  f r a c t i o n s  were scanned  a t  290 nm, and th e  KCl 

c o n c e n tr a t io n  i n  each  was m easured u s in g  a P h i l l i p s  c o n d u c t iv i ty  

m ete r w ith  a 1 cm d ip - ty p e  e le c t r o d e ,  c a l i b r a t e d  v /ith  KCl s ta n d a r d s ,

c/ f.lyosin P u r i f i c a t i o n

F o llo w in g  th e  m ethod o f  Lowey and Cohen (1 9 6 2 ), th e  h ig h  s a l t  

s u p e rn a ta n t  from  m uscle  p r e tr e a tm e n t  was d ia ly z e d  a g a in s t  10 volum es o f  

5 mix HSEtOH o v e r n ig h t .  The r e s u l t i n g  p r e c i p i t a t e  was c o l l e c te d  by c e n t r i ­

fu g a tio n  a t  10 ,400xg f o r  30 m in. The p e l l e t  was suspended  in  10 mM 

p h o sp h a te  b u f f e r  (pH 6 . 8 ) ,  c o n ta in in g  0 .5  M KCl, 5mM HSEtOH, and homo­

g en ized  in  a T e f lo n - g la s s  hom ogen izer. T h is  s o lu t io n  was made to  200 m l. 

in  th e  same b u f f e r ,  s t i r r e d  f o r  1 h r . ,  th e n  spun a t  30 ,000xg  f o r  1 h r .

The s u p e rn a ta n t  was th e n  p r e c i p i t a t e d  a s  b e f o re ,  th e  f i n a l  p e l l e t  was 

re su sp en d ed  in  5 ml̂ l HSEtOH.

Using th e  p ro c e d u re  o f  Tsao (1 9 5 3 ), th e  40-60  % ammonium s u l f a t e  

p r e c i p i t a t e  was o b ta in e d .  T h is  su sp e n s io n  was spun a t  1 0 ,4 0 0 x g , th e  

p e l l e t  c o l l e c t e d  and d is s o lv e d  in  0 .5  M KCl, 5 mM HSEtOH, 10 m?4 phospharte 

b u f f e r  (pH 6 . 8 ) ,  th e n  d ia ly z e d  a g a in s t  400 volum es o f  5 mI4 HSEtOH 

o v e rn ig h t .  The r e s u l t i n g  p r e c i p i t a t e  was c o l l e c t e d  a g a in  by c e n t r i f u g a t io n  

and d is s o lv e d  i n  1 M KCl, 20 mJA PIPES-NaOH (pH 6 . 8 ) ,  10 mf.l HSEtOH. I t  was 

th e n  spun a t  30 ,000xg  to  c l a r i f y ,  and th e  f i n a l  s u p e rn a ta n t  was mixed 

1 :1  w ith  g ly c e r o l  and s to r e d  a t  -20°C .
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Heavy Meromyosin P r e p a ra t io n

The c o ld - s to r e d  m yosin was d ia ly z e d  a g a in s t  th e  r e a c t io n  b u f f e r  

o f  Lowey and Cohen (1 9 6 2 ), th e n  d ig e s te d  a c c o rd in g  to  t h e i r  m ethod.

A f te r  s to p p in g  th e  r e a c t io n  w ith  1% soyabean t r y p s i n  i n h i b i t o r ,  th e  

m ix tu re  was d ia ly z e d  a g a in s t  10 mI4 p h o sp h a te  b u f f e r  (pH 7 .0 )  o v e rn ig h t ,  

th e n  spun f o r  2 h r .  a t  48,000xg . The s u p e rn a ta n t  was d ia ly z e d  a g a in s t  

0 .1  M KCl, 20 mf4 T r is - C l  (pH 7 . 5 ) ,  1 mM EDTA, 5 mM HSEtOH o v e r n ig h t ,  

mixed 1 :1  w ith  g ly c e r o l ,  and s to r e d  a t  -20°C .

To t e s t  f o r  th e  p re se n c e  o f  c o n ta m in a tin g  a c t i n ,  th e  p r e p a r a t io n  

was an a ly z ed  by SDS-PAGE. A c t iv i ty  o f  th e  p r e p a r a t io n  was d e te rm in e d  by 

i t s  a b i l i t y  to  form  arrow head com plexes v d th  r a b b i t  m uscle  a c t i n .

E s c h e r ic h ia  c o l i  ALP E x tr a c t io n

An a c e to n e  powder was p re p a re d  from  th e  frag m en ted  c e l l s  o f  E. c o l i  

B /r  and e x t r a c te d  a c c o rd in g  to  th e  method o f  M inkoff and Damadian (1976) 

a s  o u t l in e d  i n  F ig .  1 .

Mvxococcus x an th u s  E x tr a c t io n s  

a/  Method o f  M inkoff and Damadian (1976)

One hundred  gm. o f  s t r a i n  M36, c u l t i v a t e d  in  SP b r o th ,  v/as s u b je c te d  

to  t h i s  p ro c e d u re . The f i n a l  p ro d u c t was th e n  t r e a t e d  v /ith  0 .6  M KCl a s  

o u t l in e d  by S to s s e l  and H artw ig  (1976) to  i n v e s t i g a t e  th e  p o s s ib le  

e x is te n c e  o f  an * a c t in -b in d in g  p r o te in * .

B / Method o f  Neimark (1977)

N in e ty  gm. o f  SP b ro th  c u l t i v a t e d  M36 was t r e a t e d  by th e  method 

a s  o u t l in e d  i n  F ig .  2 .
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F ig u re  1 METHOD FOR EXTRACTING ACTIN-LIKE PROTEIN

FROM ESCHERICHIA OOLI (M inkoff and Damadian 1976)

(1) Fragm ent c e l l s  a t  6000 p s i

1
(2) E x tr a c t  w ith  c o ld  a c e to n e , 

c o l l e c t  p r e c i p i t a t e  and a i r  d ry

1
(3) Mix powder in  D epo lym eriz ing  S o lu t io n  *

I
(4) D ia ly ze  v s .  D .S . o v e rn ig h t

r
(5 ) 100,000 xg 2  h r .

I
(6) A d ju s t s u p e rn a ta n t  to

50 mI4 KCl, 0 .2  mM MgSO^

1
(7 ) S t i r  o v e rn ig h t

I
(8) 100,000 xg 2  h r .

I
(9) Homogenize p e l l e t  i n  D .S .

i
R epeat s te p s  4 -9  tw ic e  more

I
A c t in - l ik e  P r o te in  F r a c t io n

*  D epolym erizing  S o lu t io n  (D .S .) :  0 .2  ntfA ATP, 0 .5  mM HSEtOH, 10 mîA 
T ris -H C l (pH 7 .6 ) .
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F ig u re  2 MYXOOOCCUS XANTHUS M36 EXTRACTION

BY THE METHOD OF NEIfAARK (1977)

(1) 90 gm. c e l l s  suspended in  200 m l. o f  :

0 .6  M KCl, 15 mM T r is -C l (pH 8 .5 ) ,  2.5% n -b u ta n o l,  5 mîA DTT. 

Homogenize and s t i r  16 h r .  a t  4® C

(2) j 30 ,000xg , 30 m in.

(3) S u p e rn a ta n t (S l)
D ilu te  7 - fo ld  w ith  10 mM 
a c e ta te  b u f f e r  (pH 6 .3 )

(4) -30 ,000xg , 30 min,

P e l l e t  (P2)
(5) D isso lv e  i n  8 mM T r is -C l (pH 7 .5 ) ,

0 .6  M KCl, 3 mlA DTT.

(6) j 140,000xg 1 h r .

(7) S u p e rn a tan t (S )
a d ju s t  to  5 mfi/l Mg-ATP

(8) I 140,000xg 1 h r .

P e l l e t  (P4) 
r e p e a t  s te p s  5 to  8

AP e l l e t  (P5) S u p e rn a ta n t (85)
D ia ly ze  v s .  0 ,075  M KCl,
3 mfA DTT., 10 mfA T r i s - a c e ta t e  
( pH 6 .5  )

10,400xg, 20 m in.

S u p e rn a ta n t (S6)
In cu b a te  a t  4®C o v e rn ig h t
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c /  Method o f  Gordon ^  .a l (1976)

Two a t t e n p t s  to  e x t r a c t  a c t i n - l i k e  p r o te in  from  th e  two s t r a i n s  o f  

M. x an th u s  w ere c a r r i e d  o u t ,  u s in g  t h i s  m ethod.

( i )  E ig h ty - f iv e  gm. o f  p la te -g ro w n  M36 were d is p e r s e d  in  200 m l. o f  low 

io n ic  s t r e n g th  b u f f e r  w ith  a T e f lo n - g la s s  hom ogen izer. The c e l l  p a s te  

was p a s se d  th ro u g h  a F rench  P re s s u re  C e l l  a t  10 ,000  p s i ,  made to  250 m l. 

in  th e  same b u f f e r ,  and spun a t  30 ,000xg f o r  30 m in. The s u p e rn a ta n t  was 

spun a g a in  a t  100,000xg f o r  1 .5  h r . ,  and th e  r e s u l t i n g  s u p e rn a ta n t  was 

a p p lie d  to  th e  D EA E-Cellulose column and e lu te d  in  25 m l. f r a c t i o n s

a t  a p p ro x im a te ly  50 m l. p e r  h r .

( i i )  I n  a m o d ified  v e r s io n  o f  t h i s  p ro c e d u re , an a c e to n e  powder was 

p re p a re d  from 180 gm. o f  fragm ented  M300 c e l l s ,  grown i n  CT b r o th .  The 

powder was e x t r a c te d  a c c o rd in g  to  th e  method o f  M inkoff and Damadian 

(1 9 7 6 ), and th e  r e s u l t i n g  h ig h  speed  s u p e rn a ta n t  was th e n  a p p l ie d  to  th e  

D EA E-Cellulose column and e lu te d  i n  8 m l. f r a c t i o n s  a s  b e f o re .

Myosin A denosine T r ip h o sp h a ta se  A ssay

To t e s t  th e  a c t i v i t y  o f  th e  m yosin p r e p a r a t io n ,  th e  p ro c e d u re  o f  

Mabuchi (1976) was u s e d . A c tin  a c t i v a t i o n  o f  m yosin ATPase was assay ed  

u s in g  th e  p ro ce d u re  o f  Burke e t  al, (1 9 7 4 ). The r e l e a s e  o f  in o rg a n ic  

p h o sp h a te  was m easured  by a m o d ified  v e r s io n  ( lO - fo ld  volume re d u c t io n )  

o f  th e  method o f  M a rtin  and D oty (1 9 4 9 ).

P r o te in  Q u a n t i ta t io n

P r o te in  was m easured  by th e  d y e -b in d in g  method o f  B rad fo rd  (1 9 7 6 ). 

For sam ples w ith  l e s s  th a n  10 ug p r o t e in  p e r  m l . ,  th e  m o d if ic a t io n  o f  

S p e c to r  (1978) was em ployed.
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EXPERIMENTAL RESULTS

E. c o l i  E x tr a c t io n  '

A p r o te in  f ra c t io i>  ^vhich was o b ta in e d  by p o ly m e r iz a tio n  c y c le s  o f  

th e  M inkoff and Damadian (1976) method, ap p ea red  i n  E.M. p r e p a ra t io n s  

a s  f i la m e n t  b u n d le s , o b scu red  f i la m e n ts  and a s  th e  o c c a s io n a l  b a re  

f i la m e n t  o f  6 nm d ia m e te r  (F ig s .  3 a b c ) .  A ttem p ts  to  d e c o ra te  th e s e  

f i la m e n ts  w ith  Hi-lf.l le d  to  th e  ap p earan ce  o f  'a rrow head*  com plexes a lo n g  

s h o r t  le n g th s  o f  some o f  th e  f i la m e n ts ,  w ith  a p e r i o d i c i t y  o f  39 nm 

(F ig s .  3 d e ) .

M. x a n th u s  E x tr a c t io n  by th e  Method o f  M inkoff and Damadian (1976)

S u b je c t in g  th e  c e l l s  o f  M. x a n th u s  M36 to  t h i s  p ro c e d u re  p roduced  

a f r a c t i o n  s im i la r  to  t h a t  o b ta in e d  from E. c o l i . When th e  s o lu b le  

e x t r a c t  was 'p o ly m erized *  by th e  a d d i t io n  o f  KCl and MgClg, f i la m e n t  

b u n d le s  and th e  o c c a s io n a l  b a re  f i la m e n ts  (F ig .  4 )  co u ld  be seen  amid 

l i n e a r  a r r a y s  o f  o b scu red  f i la m e n ts  (F ig  5 a )  fo llo w in g  o v e rn ig h t  in cu b ­

a t io n  a t  4°C . T h is  was a d i s t i n c t  change from  th e  am orphous ap p earan ce  o f  

th e  s o lu b le  e x t r a c t ,  p r i o r  to  th e  a d d i t io n  o f  s a l t s  (F ig .  5 b ) .

S in c e  i t  has been  r e p o r te d  t h a t  th e  e x is te n c e  o f  an  * a c t in -b in d in g  

p ro te in *  may o b sc u re  th e  ap p earan ce  o f  a c t i n  f i la m e n ts  ( S to s s e l  and 

H artw ig  1 9 7 6 ), th e  m yxobacter f r a c t i o n  was a d ju s te d  t o  0 .6  M KCl and 

spun a t  100 ,000  g f o r  1 h r .  The r e s u l t i n g  s u p e rn a ta n t  v/as d ia ly z e d  to  

low io n ic  s t r e n g th  and low  pH i n  5mIA T r is - m a le a te  b u f f e r  (pH 6 .9 ) .  

O v e rn ig h t ,a  p r e c i p i t a t e  form ed w hich was was c o l l e c te d  by  c e n t r i f u g a t io n  

and r e d is s o lv e d  i n  0 .6  m KCl, 10 m.M T r is - C l  (pH 7 . 5 ) .  When exam ined by 

E .M ., n e g a t iv e ly  s ta in e d  specim ens d em o n stra ted  a homogeneous p r e p a r a t io n

11
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F ig u re  3 . E le c tro n  m ic ro g ra p h s  o f  E. c o l i  ALP and r a b b i t  m uscle a c t i n .  

F ig .  3 a . F ila m e n t bu n d le  i n  E. c o l i  ALP p r e p a r a t io n .

F ig .  3b . O bscured f i la m e n ts  in  E. c o l i  ALP p r e p a r a t io n .

F ig .  3 c . B a re , 6 nm d ia m e te r  f i la m e n ts  (F) i n  E. c o l i  ALP p r e p a r a t io n .  

F ig .  3 d ,e .  d e c o r a t io n  o f  E. c o l i  f i l a m e n ts ,  d e m o n s tra tin g  arrow head  

com plexes ( in d ic a te d  by m a rk e rs ) .

F ig .  3 f . d e c o ra t io n  o f  r a b b i t  m uscle  a c t i n  ( arrow head  com plexes 

a re  in d ic a te d  by m a rk e rs ) .

In  th e s e  and a l l  o th e r  e l e c t r o n  m ic ro g ra p h s , u n le s s  o th e rw ise  n o te d , 

th e  b a r  r e p r e s e n ts  100 nm.

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  4 . E le c tro n  m ic ro g rap h s  o f  M, x a n th u s  M36 p r o te in  e x t r a c te d  by 

th e  p ro c e d u re  o f  M inkoff and Damadian (1 9 7 6 ).

F ig .  4 a . F ila m en t b u n d le s .

F ig .  4b . 6 nm d ia m e te r  f i la m e n t  ( F ) .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  5 . E le c tro n  m ic ro g rap h s  o f  M. x a n th u s  M36 p r o t e in  e x t r a c t ,  

p re p a re d  by th e  method o f  M inkoff and Damadian (1 9 7 6 ).

F ig .  5 a .  P o ly m erized  e x t r a c t  showing l i n e a r  a r r a y s .

F ig .  5b . S o lu b le  e x t r a c t .

I n  th e s e  f ig u r e s  th e  b a r  r e p r e s e n ts  1 m ic ro n .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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o f  't e t r a m e r ic  s t r u c t u r e s '  (F ig .  6 a ) .  SDS-PAGE a n a ly s is  o f  t h i s  f r a c t i o n  

d em o n stra ted  th e  e x is te n c e  o f  b u t a s in g le  com ponent, v d th  a m o lecu la r 

w e ig h t o f  ap p ro x im a te ly  1 0 ,0 0 0 d a l t o n s  (F ig .  6 b ) .

The rem ain in g  100,000xg p e l l e t ,  v/hen r e  suspended in  p o ly m eriz in g  

s o lu t io n  (M inkoff and Damadian 1976) and examined by E.M ., showed no 

a p p a re n t change, and th e  f i la m e n ts  th e r e in  d e f ie d  d e c o ra t io n  w ith  

(d a ta  n o t shown). T rea tm en ts  w ith  1 % SDS, 8 m u re a ,  o r  h e a tin g  to  60°C 

f o r  30 m in ., d id  not- d is p e r s e  th e  f ila m e n t b u n d les  n o r d i s s o c ia te  th e  

o b sc u rin g  m a te r ia l .

M. x an th u s  E x tra c t io n  by th e  Method o f  Neimark (1977)

A f te r  16 h r .  o f  in c u b a tio n  i n  th e  e x t r a c t io n  b u f f e r ,  o v e r  90 % o f  

th e  c e l l  su sp en s io n  was co n v e rte d  to  s p h e r o p la s ts ,  as  d e te rm in ed  by 

phase  c o n t r a s t  m icroscopy  (d a ta  n o t show n), l^ o n  c l a r i f i c a t i o n  by 

c e n t r i f u g a t io n ,  th e  c e l l  l y s a te  appeared  a s  a netw ork o f  l i n e a r  a r ra y s  

when examined by E.M. A n a ly s is  o f  th e  l y s a t e  by  SDS-PAGE d em o n stra ted  

a p o ly p e p tid e  band o f  ap p ro x im a te ly  45 ,000  d a l to n  (F ig .  7) com prising  

6 /o o f  th e  e x t r a c te d  p r o te in  (6 % o f  th e  t o t a l  a re a  o f  th e  g e l p r o f i l e  

s c a n , u s in g  a p la n im e te r . )

Upon d i l u t i n g  th e  e x t r a c t  s e v e n -fo ld  and lo w erin g  th e  pH to  6 .3  

v d th  a c e ta te  b u f f e r ,  th e  r e s u l t i n g  p r e c i p i t a t e  was c o l le c te d  by c e n t r i ­

fu g a t io n  and r e d is s o lv e d  in  h ig h  s a l t  b u f f e r .  A f te r  s p in n in g  to  c l a r i f y  , 

th e  r e s u l t i n g  s u p e rn a ta n t  was a d ju s te d  to  5 Mg-ATP and spun ag a in  a t  

h igh  sp eed . T h is  p e l l e t  (P 5 ) , when resu sp en d ed  i n  h ig h  s a l t  b u f f e r  and 

exam ined by E .M ., ap p eared  to  c o n s is t  o f  amorphous clum ps and l i n e a r  

a r r a y s .  The o c c a s io n a l bund le  o f  v /e ll r e s o lv e d  f i la m e n ts  and s in g le ,

6 nm d iam e te r  f i la m e n ts  were seen  i n  a d d i t io n  t o  l a t t i c e  s t r u c tu r e s

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  6 . T e tra m e r ic  p r o t e in  o f  M. x an th u s  M36.

F ig . 6 a . E le c tro n  m icro g rap h  o f  t e t r a m e r ic  p r o t e in s .

Fig. 6b. Photograph of SDS-PAGE tube gel showing a single, 10,000dalton 
polypeptide band (arrow) in the preparation.

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  7 . D ensitom eter scan  o f SDS-PAGE tu b e  g e l ,  showing th e  d i s t r i b ­

u t io n  o f  p o ly p e p tid e s  e x t r a c te d  from M. x an th u s  M36 by th e  p ro ced u re  o f

Neimark (1977). The r e l a t i v e  abso rbance  i s  p lo t t e d  a g a in s t  m qecular
/

w eig h t in  d a l to n s .  M olecu lar w eig h t m arkers a r e ;  lysozym e (14 ,000  

d a l to n s ) ,  t ry p s in o g e n  (2 4 ,0 0 0  d a l to n s ) ,  ovalbum in (45 ,000  d a l to n s ) ,  

bov ine serum album in (6 8 ,0 0 0  d a l to n s ) .  The 45 ,000  d a l to n  peak r e p re s e n ts  

6 % o f  th e  a rea  o f  th e  p r o f i l e .
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(F ig .  8 a ) .  The 6 nm f i la m e n ts  can be seen  t o  p o s s e s s  a p e r io d  o f 44 nm, 

a p p ro x im a tin g  t h a t  o f  r a b b i t  m uscle a c t i n  f i la m e n ts  (F ig .  9 ) .  The l a t t i c e  

s t r u c tu r e s  have a sp ac in g  o f  ab o u t 9 nm and ap p eared  to  be c lo s e ly  

a s s o c ia te d  v ;ith  f in e  f i la m e n ts  (F ig .  6 b ) .

SDS-PAGE a n a ly s is  o f  P5 r e v e a le d  a 45 ,0 0 0  d a l t o n  p o ly p e p tid e  band. 

R ea c tio n  o f  P5 w ith  Hf/J.l d id  n o t r e s u l t  in  th e  fo rm a tio n  o f  arrow head 

com plexes when exam ined by E .M .(d a ta  n o t shown).An a s sa y  o f  t h i s  

p re p a ra t io n * s  a b i l i t y  to  a c t i v a t e  th e  ATPase o f  r a b b i t  m uscle m yosin a t  

low io n ic  s t r e n g th  showed an a c t i v i t y  o n ly  s l i g h t l y . ,  above t h a t  o f  m yosin 

a lo n e ,  u n d er th e  same c o n d i t io n s  (T ab le  1 ) .

A f te r  th e  second ^^9-ATP p r e c i p i t a t i o n ,  th e  r e s u l t i n g  s u p e rn a ta n t  

(S5) was d ia ly z e d  to  lov; pH and low io n ic  s t r e n g th  in  a c e ta t e  b u f f e r  

to  p r e c i p i t a t e  any  d i s s o c ia te d  com ponents. F o llo w in g  c e n t r i f u g a t io n  o f  

th e  p r e c i p i t a t e ,  th e  r e s u l t i n g  s u p e rn a ta n t  (S6) , d em o n stra ted  in  E.M. 

p r e p a ra t io n s  la r g e  l i n e a r  a g g re g a tio n s  o f  a complex n a tu r e  (F ig * 1 0 a ) , 

a f t e r  s ta n d in g  o v e rn ig h t .  A ttem pts  to  s e p a r a te  th e s e  a g g re g a tio n s  from 

f in e  f i la m e n ts  (F ig .  1 0 c ) , le d  to  t h e i r  en rich m en t i n  p e l l e t s  (F ig .  1 0 c ) . 

C lo se  ex am in a tio n  o f  th e s e  a g g re g a tio n s  shows them to  be conposed o f  

f in e  f i la m e n ts  (F ig .  lOd) and g lo b u la r  com ponents (F ig .  lO e ) . A n a ly s is  

o f  th e  e n r ic h e d  p e l l e t ,  by SDS-PAGE, d em o n stra te d  th r e e  p o ly p e p tid e  

bands o f  10 ,000 and 80 ,0 0 0  d a l to n s  (F ig .  lO f ) .  A v e ry  f a i n t  8 5 ,000  

d a l to n  band was seen  a s  w e l l .

M. x an th u s  M36 E x tr a c t io n  bv th e  Method o f  Gordon e t  a l  (1976)

A 200 m l. volume o f  c e l l  l y s a t e  ( 1 2 .5  mg. p r o te in  p e r  m l.)  was 

a p p l ie d  to  th e  DEA E-Cellulose colum n. F r a c t io n s  o f  th e  e f f l u e n t  were 

scanned  a t  290 nm and ab so rb an ces  p l o t t e d  a g a in s t  e lu te d  volume (F ig .  11a)
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F ig u re  8 .  E le c tro n  m icrog raphs o f  P5, o b ta in e d  by th e  method o f  Neimark. 

F ig .  8 a . F ilam en t bund le  (B ), s in g le  6 nm d ia m e te r  f i la m e n t (F ) , l a t t i c e  

s t r u c tu r e  (L ) .

F ig . 8b . L a t t i c e  s t r u c tu r e  w ith  a s s o c ia te d  f in e  f i la m e n ts  ( f ) .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  9 . E le c tro n  m ic ro g rap h s  com paring a 6 nm d ia m e te r  f i la m e n t  o f  

M. x a n th u s  M36 (F ig .  9a) o b ta in e d  th ro u g h  th e  Neimark p ro c e d u re ,  w ith  a 

r a b b i t  m uscle a c t i n  f i la m e n t  ( F ig .  9 b ) .  The m ark ers  i n d i c a t e  th e  

a p p a re n t c ro s s o v e r  p o in t s  o f  th e  h e l i c a l  f i l a m e n ts ,  sp aced  44 nm 

(F ig .  9a) and 40 nm ( F ig .  9 b ) .
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F ig u re  10 . E le c tro n  m icro g rap h s o f  l i n e a r  a g g re g a te d  com plexes o b ta in e d  

by th e  th e  a p p l ic a t io n  o f  th e  Neimark p ro ce d u re  t o  Um x an th u s  M36 

(F ig s . 10a to  lOe) and p h o to g rap h  o f  SDS-PAGE tu b e  g e l o f  th e  concen­

t r a t e d  p r e p a ra t io n  (F ig .  lO f ) .  F in e  f i la m e n ts  ( f )  a re  seen  in  a s s o c i a t ­

io n  w ith  th e  com plexes. T hree  p o ly p e p tid e  band a r e  seen  in  th e  SDS-PAGE 

g e l ;  10 ,000  d a l to n s ,  80 ,000  d a l to n s ,  and a  v e ry  f a i n t  85 ,000  d a l to n s  

band .
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F ig u re  11 . D EAE-Cellulose io n -ex ch an g e  chrom atography  o f  M. x an th u s  M36 

whole c e l l  e x t r a c t  (F ig .  l i a )  and o f  e x t r a c te d  r a b b i t  m uscle  f i b r e  

(F ig .  l i b ) .  The ab so rb an ce  a t  290 nm ( s o l i d  l i n e s )  and th e  KCl c o n c en t­

r a t i o n  (d o tte d  l i n e s )  o f  a l t e r n a t e  f r a c t i o n s  i s  p l o t t e d  a g a in s t  th e  

e lu te d  volum e. The arrov/s in d ic a te  th e  lo c a t io n  in  th e  s a l t  g r a d ie n t  

where a c t i n  i s  ex p ec ted  to  e l u t e  (0 .1 8  M K C l).
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Upon superim posing  th e  s a l t ,  g r a d ie n t ,  a p o o r ly  re so lv e d  peak i s  o b serv ed  

in  th e  re g io n  where r a b b i t  m uscle a c t in  (F ig . l i b )  and Acanthamoeba a c t i n  

(Gordon e t  a l  1976) a re  e lu te d .

To a ssay  th e  p re se n c e  o f  an a c t i n - l i k e  p r o te in ,  2 mM MgCl2  was added 

to  1 m l. sam ples o f  th e  f r a c t i o n s  i n  th e  su sp e c t p eak . They were th e n  

in cu b a ted  a t  20° C f o r  1 h r .  Upon E.M. ex am in a tio n , f r a c t io n s  38 th ro u g h  

43 appeared  to  be s im i l a r i l y  composed o f  l i n e a r  a r ra y s  o f  o b scu red  

m a te r ia l  (F ig . 1 2 a ) . T h is  m a te r ia l  b e a rs  a resem blance to  r a b b i t  a c to -  

myosin u nder th e  same c o n d itio n s  (F ig .  1 2 b ). The o ccas icn a l bund le  o f 

3 nm d iam e te r f i la m e n ts  was a ls o  seen  i n  some o f  th e s e  f r a c t i o n s  (F ig .1 2 c ) .  

SDS-PAGE a n a ly s is  re v e a le d  a 40 ,000 d a lto n  component in  th e s e  f r a c t i o n s  

(F ig . 1 3 ).

F ra c t io n s  38 th ro u g h  43 were p o o le d , a d ju s te d  to  2 mM MgCl2  and spun a t  

100,000 g f o r  3 .5  h r .  a t  20°C. The p e l l e t s  were homogenized i n  depolym - 

e r iz in g  b u f f e r  (Gordon e t  ^  1976) and e x h a u s tiv e ly  d ia ly z e d  a g a in s t  th e  

same, th e n  spun a t  100 ,000 g f o r  3 h r .  V/hen examined by E.M ., t h i s  su p e r­

n a ta n t  appeared  a s  amorphous m asses (d a ta  n o t show n). Upon adding  KCl and

MgCl2  to  0 .1  and 2  mM r e s p e c t iv e ly ,  and a f t e r  1 h r .  a t  24°C, 3 nm

d iam ete r f i la m e n ts  co u ld  be seen  i n  th e  m asses (d a ta  n o t shown).

E x tra c tio n  o f M. x an th u s  M300 A cetone Powder bv th e  method o f  Gordon e t  a l  

A 200 m l. volume o f  e x t r a c t  from th e  ac e to n e  powder o f  M 300 (6 .9  mg 

o f p r o te in  p e r  m l. ) was a p p lie d  to  th e  DEAE-Cellulose colum n. The p l o t  

o f  290 nm ab so rb an ce  v e rsu s  e lu te d  volume i s  p re se n te d  in  F ig . 14a.

A n o n -d ia ly z a b le , v iv id ly  o range  p igm ent appeared  to  i n t e r f e r e  w ith  

absorbance re a d in g s  and may have le d  to  th e  p o o r ly  re so lv e d  p r o f i l e .

E.M. ex am in a tio n  o f  MgCl2 “ t r e a t e d  sam ples showed th e  w idesp read  

occurrence o f  l i n e a r  a r r a y s  o f  m a te r ia l .  The p re se n c e  o f  a 45 ,000  d a l to n

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  12 . E le c tro n  m icrog raphs o f  f ib ro u s  com ponents o f  M. x an thus M36 

D EAE-Cellulose chrom atography f r a c t i o n  41 (F ig s .  1 2 a ,c ) ,  and o f  r a b b i t  

m uscle actom yosin  (F ig . 12b)
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F ig u re  13. Photograph o f  SDS-PAGE tu b e  g e ls  o f  f r a c t io n s  e lu te d  from 

DEAE-Cellulose chrom atography o f  M. xan thus IA36 whole c e l l  e x t r a c t ,  

l )  lOOjOOOxg s u p e rn a ta n t o f  e x t r a c t ,  2) F r a c t io n  13 , 3) F r .  29,

4) F r .  32, 5) F r .  35, 6) F r .  36, 7) F r . 39 , 8) F r .  41 , 9 )  Pool o f  

f r a c t io n s  36 to  43 , 10) F in a l  p r e p a ra t io n ,  11) R ab b it m uscle a c t in ,

12) M olecu lar w eight m arkers: (from  to p  to  bottom ) bov ine  serum album in 

(68 ,000 d a l to n s ) ,  ovalbum in (45 ,000 d a l to n s ) ,  p e p s in  (35 ,000  d a l to n s ) ,  

t ry p s in o g e n  (24,000 d a l to n s ) ,  lysozyme (14 ,000  d a l to n s ) .  The arrow  

marks th e  approxim ate re g io n  o f  45,000 d a l to n s .

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



13

1 2 3 4 5 6 7 8 9 10 11 12

Reproduced with permisslorr of the copyright owner
. Further reproduction prohibited without permission.



38

F ig u re  14 . D EA E-Cellulose io n -ex ch an g e  chrom atography  o f  an e x t r a c t  o f  

M. x an th u s  M300 a c e to n e  pow der.

F ig .  14a. E lu t io n  p r o f i l e  o f  e x t r a c te d  a ce to n e  pov/der. Arrows mark th e  

bounds o f  th e  f r a c t i o n s  d e m o n s tra tin g  l i n e a r  a r r a y s  i n  E.M. sp ec im ens, 

and 45 ,000  d a l to n  p o ly p e p t id e .  These f r a c t i o n s  w ere p o o led  and 

rech ro m ato g rap h ed .

F ig .  14b. E lu t io n  p r o f i l e  o f  th e  rech ro m ato g rap h ed , p o o led  f r a c t i o n s .  

V e r t ic a l  b a r s  mark th e  peak  c o n ta in in g  f r a c t i o n s  vM ch  d e m o n stra te  

l i n e a r  a r r a y s  and 3 nm d ia m e te r  f i la m e n ts .
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p o ly p e p tid e  was e q u a lly  w id esp read  (F ig . 1 5 ) , though th e  bu lk  o f t h i s  

m a te r ia l  appeared  in  f r a c t i o n s  59 th ro u g h  109 c o n co ra itte n t w ith  th e  l i n e a r  

a r r a y s .  These f r a c t i o n s  were p o o le d , a d ju s te d  to  2 mM MgClg and spun a t  

h igh  speed w ith  th e  hope o f  c o n c e n tra t in g  any a c t i n - l i k e  component.

A f te r  hom ogenizing th e  p e l l e t  and e x h a u s tiv e ly  d ia lÿ z in g  in  d ep o ly m eriz - 

ing  b u f f e r ,  a h ig h  speed  s u p e rn a ta n t o f  t h i s  p r e p a ra t io n  was ag a in  

a p p lie d  to  a DEAE-Cellulose column ( 0 .5  cmx 20 cm ) .  T h is  t im e , th e  

sample was e lu te d  w ith  a more g e n t ly  in c re a s in g  s a l t  g r a d ie n t  (F ig . 1 4 b ). 

An A290 p l o t  o f  th e  e f f l u e n t  (F ig . 14b) re v e a le d  s e v e ra l  p e a k s , w ith  o n ly  

one co rresp o n d in g  to  th e  occu rence  o f  l i n e a r  a r ra y s  c o n ta in in g  3 nm 

f ila m e n ts  and few> s h o r t ,  6 nm f ila m e n ts  (F ig , 1 6 ) , when a d ju s te d  to  

0 .1  M KCl and 2 mM MgCl2 .  When th e s e  poo led  f r a c t io n s  were a ssay ed  f o r  

an a b i l i t y  to  a c t iv a te  m yosin Mg-ATPase, o n ly  a v e ry  low l e v e l  was 

o b se rv ed , as  was a low i n t r i n s i c  ATPase a c t i v i t y  (T able  1 ) ,  R eac tio n  o f 

t h i s  p r e p a ra t io n  w ith  HMfA f a i l e d  to  r e s u l t  i n  th e  ap p earan ce  o f  any 

arrow head com plexes in  E.M. p r e p a ra t io n s .

A lso seen  in  t h i s  p r e p a ra t io n  were ' r in g -sh a p e d  s tru c tu re s *  o f 

abou t 15 nm d ia m e te r , i n  th e  form  o f l i n e a r  a g g re g a tio n s  and in  a s s o c ia t io n  

w ith  3 nm f ila m e n ts  (F ig  1 7 ) .
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F ig u re  15 . Photographs o f  SDS-PAGE s la b  g e ls  o f  s e le c te d  f r a c t io n s  o f 

DEAE-Cellulose chrom atography o f  M. x an th u s  M300 a c e to n e  powder e x t r a c t .  

F ig . 15a. 1) F ra c t io n  36, 2) F r .  38 , 3) F r .  59 , 4) F r .  65, 5) F r .  76 ,

6) F r .  87 , 7) F r .  92, 8) F r .  101, 9 ) F r .  109, 10) F r .  117, 11) a c t in  

(arrow ) and m yosin.

F ig .  15b. 1) F r ,  125, 2) F r .  133, 3) F r .  142, 4) F r .  149, 5) F r .  157,

6) F r .  176, 7) poo l o f  f r a c t io n s  134 to  148, 8) 186,000xg su p e rn a ta n t 

o f  e x t r a c te d  ace to n e  pow der, 9) 100,000xg s u p e rn a ta n t o f  e x tr a c te d  

ace to n e  powder, 10) 186,000xg p e l l e t  o f  e x t r a c te d  a ce to n e  powder,

11) a c t i n  (arrow ) and m yosin.
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F ig u re  16 . E le c tro n  m ic ro g rap h s  o f  M. x a n th u s  M300 3 nm ( f )  and 6 nm (F) 

f i la m e n ts  seen  in  e lu te d  f r a c t i o n s  o f  re ch ro m a to g ra p h e d , p o o le d  f r a c t i o n s  

( s e e  peak  m arked by v e r t i c a l  b a r s  i n  F ig .  1 4 b . ) .
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F ig u re  17 . E le c tro n  m ic ro g rap h s  o f  r in g -s h a p e d  s t r u c t u r e s  (R) o f  

M. x an th u s  M300, seen  i n  e lu te d  f r a c t i o n s  o f  rech ro m a to g rap h e d , p o o led  

f r a c t i o n s  ( s e e  peak  marked by v e r t i c a l  b a r s  in  F ig .  1 4 b . ) .  In  F ig .  17c 

3 nm d ia m e te r  f i la m e n ts  ( f )  a re  seen  i n  a s s o c ia t io n  w ith  r in g - s h a p e d  

s t r u c t u r e s  (R ).
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DISCUSSION

The r e s u l t s  d e m o n s tra tin g  6 nm d ia m e te r  f i la m e n ts  in  E c o l i  w hich d e c o r­

a te  w ith  h e a y  m eromyosin co n firm  th e  e x is te ;nee o f  an  a c t i n - l i k e  p r o te in  

in  t h i s  p ro k a ry o te .  M inkoff and Damadian (1976) had a tte m p te d  t o  a t t r i b u t e  

a c t i n - l i k e  p r o p e r t i e s  to  a p r o te in  o f  E .c o l i  s im p ly  by th e  c o se d im e n ta tim  

o f  a r e v e r s ib ly  a g g re g a tin g , 45 ,000  d a l to n  p r o te in  w ith  r a b b i t  m uscle 

m yosin; th e  s p e c i f i c i t y  o f  th e  i n t e r a c t io n  w ith  m yosin was n o t c l e a r l y  

shown. S u b se q u en tly  a s p e c i f i c  m yosin i n t e r a c t i o n  was d e m o n stra ted  by 

Nakamura and W atanabe (1978) w ith  a s im i la r  p r o te in  o f  E. c o l i  w hich was 

shown to  a c t i v a t e  th e  ATPase o f  r a b b i t  m u sc le  m yosin . These w o rk ers  a ls o  

d em o n stra ted  th e  e x is te n c e  o f  a m y o s in - lik e  p r o te in  a s  w e ll  in _ E . c o l i .

The f ila m e n to u s  n a tu re  o f  th e  E. c o l i  ALP was n o t d e m o n stra te d  by 

e i t h e r  o f  th e s e  s tu d i e s ,  p a r t i c u l a r l y  n o t by th e  r e v e r s i b l e  'a g g re g a tio n *  

d e s c r ib e d  by M inkoff and Damadian. T h is  'a g g re g a tio n *  co u ld  have been  a 

n o n - s p e c if ic  a s s o c ia t io n  o f  p r o t e in s ,  m ed ia ted  by th e  a d d i t io n  o f  s a l t s ,  

which would th e n  p e l l e t  by u l t r a c e n t r i f u g a t i o n .  The r e s u l t s  p r e s e n te d  in  

t h i s  t h e s i s  c l e a r l y  show th e  f ila m e n to u s  n a tu re  o f  th e  E. c o l i  ALP by 

th e  d e m o n s tra tio n  o f  f i la m e n t  b u n d les  and 6 nm d ia m e te r  f i la m e n ts  ( F i g .3 ) .

P re v io u s ly  i t  h as  been  su g g es ted  t h a t  E. c o l i  ALP i s ,  i n  f a c t ,  th e  

p r o te in  s y n th e s is  E lo n g a tio n  F a c to r  Tu (E f-T u) o f  E. c o l i  (Beck e t  ^  1978j 

Rosenbusch e t  a l  1 9 7 6 ). Ef-Tu was shown to  undergo p o ly m e r iz a tio n  u n d e r 

th e  c o n d it io n s  fa v o u rin g  E. c o l i  ALP 'a g g re g a t io n * , and t h a t  m a in ly  la r g e  

b u n d les  o f  f i l a m e n ts ,  a s  w e ll a s  s in g le  f i la m e n ts  would form  (Beck e t  ^

1 9 7 8 ). However, a t te m p ts  by th e s e  v /brkers to  d e c o ra te  th e  Ef-Tu f i la m e n ts  

w ith  HMfA f a i l e d  t o  p ro d u ce  arrow head com plexes. A lso , m yosin ATPase f a i l e d  

t o  be a c t iv a te d ;  i t  w as, i n  f a c t ,  i n h ib i t e d  by E f-T u . S u b seq u en t o p t i c a l

47
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d i f f r a c t i o n  a n a ly s is  and immunochemical s tu d ie s  o f  Ef-Tu have shown th e  

two p r o te in s  t o  be d i s t i n c t  (lYurtz ^  aJL 1 9 7 8 ). The HM/̂  d e c o ra t io n  o f  th e  

£• c o l i  f i la m e n ts ,  shown i n  t h i s  t h e s i s  (F ig .  3 ) ,  co n firm s t h e i r  a c t i n -  

l i k e  n a tu r e ,  d i s t in g u is h in g  them  from  Ef-Tu f u r t h e r .

The fu n c tio n  o f  E. c o l i  ALP has y e t  to  be c l e a r l y  d e m o n s tra te d .

M inkoff and Damadian (1976) have p r e s e n te d  ev id en ce  su g g e s tin g  th e  

invo lvem ent o f  ALP i n  th e  m ain ten an ce  o f  c e l l  't o n u s * ,  by  r e g u la t io n  o f  

sodium and p o ta ss iu m  t r a n s p o r t  a c ro s s  th e  c y to p la sm ic  membrane. The 

ev idence su p p o rtin g  t h i s  th e o ry  d e r iv e s  from  th e  o c c u rre n c e  o f  m u tan t 

s t r a i n s  which p o s se s s  an  ALP r e q u i r in g  a s ig n i f i c a n t l y  h ig h e r  c o n c e n tr a t io n  

o f  p o tass iu m  f o r  i t s  'a g g re g a t io n * .  I t  was presum ed t h a t  th e  ALP f i la m e n ts  

(n o t th e n  d em o n stra ted  a s  such) would s e rv e  a s  a 'c y to s k e le to n * , a llo w in g  

a c o n t r a c t i l e  p ro c e s s  to  s ie v e  o u t l a r g e r  sodium  io n s  and fav o u r  th e  

r e t e n t io n  o f  s m a lle r  p o ta ss iu m  io n s .

While th e  'c y to to n u s  th eo ry *  rem ain s  t o  be c o n c lu s iv e ly  p ro v e n , one 

r o le  f o r  ALP t h a t  can  be d ism is se d  i s  t h a t  o f  m o t i l i t y ,  f o r  m o t i l i t y  in  

E, c o l i  has been a s c r ib e d  to  f l a g e l l a r  r o t a t i o n  and n o t to  any c o n t r a c t i l e  

p ro c e ss  (S ilv erm an  and Simon 1 9 7 4 ). The g e n e ra l  a s s o c ia t io n  o f  a c t i n  and 

myosin w ith  c o n t r a c t i l e - m o t i l e  phenomena among e u k a ry o te s  would seem to  

fav o u r th e  p o s s i b i l i t y  t h a t  an  ac to m y o sin  may y e t  be in v o lv e d  in  some 

form o f  b a c t e r i a l  m o t i l i t y .  A c o n t r a c t i l e  m echanism t o  e x p la in  g l id in g  

m o t i l i ty  i n  b a c t e r i a  h as  been  r e p e a te d ly  prom oted  (D oetsch  and Hageage 

1968, H enrichsen  1 9 7 2 ), and i n  v iew  o f  th e  r e c e n t  d is c o v e ry  o f  an  ALP 

in  Mvcoolasma (N eim ark 1 9 7 7 ), w hich d i s p la y s  a form  o f  g l id in g  , i t  i s  

s t i l l  a t a n ta ly z in g  h y p o th e s is .

The a p p l ic a t io n  o f  th e  M inkoff and Damadian p ro c e d u re  to  th e  g l id in g  

m yxobacter, f^x o co ccu s x a n th u s . f a i l e d  t o  p ro v id e  c o n c lu s iv e  ev id en ce  f o r
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th e  e x is te n c e  o f  an ALP in  t h i s  o rg an ism . V M le 6 nm f i la m e n ts  co u ld  be 

r e s o lv e d  in  E.M. specim ens (F ig s .  4 ,9 )  th e y  v/ould n o t d e c o ra te  w ith  HMM. 

The o b scu red  and bundled  ap p earan ce  o f  th e s e  f i la m e n ts ,  a s  w e ll a s  t h e i r  

a p p a re n t i n a b i l i t y  to  i n t e r a c t  w ith  HMM, su g g e s t  th e  p re se n c e  o f  some 

o th e r  f a c t o r ( s )  w ith  p o s s ib le  r e g u la to r y  f u n c t io n .

Nakamura and Watanabe (1978) su cceed ed  i n  p u r if y in g  E. c o l i  ALP to  

two com ponents, w ith  a 56 ,000  d a l to n  p o ly p e p t id e  a p p e a r in g  to  b in d  

te n a c io u s ly  w ith  th e  ALP. I t  was su g g e s te d  t h a t  t h i s  p o ly p e p tid e  may be 

r e s p o n s ib le  f o r  th e  p o o r i n t e r a c t io n  o f  ALP w ith  r a b b i t  m uscle m yosin , 

a s  ev id en ced  in  th e  low le v e l  o f  m yosin ATPase a c t i v a t i o n .  T h is  m igh t 

a ls o  be th e  c a se  w ith  an ALP o f  M. x a n th u s .

S to s s e l  and H artw ig (1976) d em o n stra ted  an 'a c t in - b in d in g  p ro te in *  

w ^ich ap p e a rs  to  r e g u la te  b o th  th e  p o ly m e r iz a tio n  o f  a c t i n  and th e  a c to ­

m yosin i n t e r a c t io n  in  m acrophages. Crude e x t r a c t s  o f  m acrophages were 

shown to  c o n ta in  a r r a y s  o f  o b scu red  a c t i n  f i l a m e n ts .  T rea tm en ts  w ith  

0 .6  M KCl r e le a s e d  th e * b in d in g  p r o te in * , a r in g -s h a p e d  a g g re g a te ,  w hich 

was p u r i f i e d  by p r e c i p i t a t i o n  a t  low pH and low io n ic  s t r e n g th .  A s im i la r  

t r e a tm e n t  o f  th e  M. x an th u s  e x t r a c t  p ro d u ced  a p u r i f i e d  f r a c t i o n  o f 

* te tra m e ric *  p r o te in s ,  hav in g  a s u b u n it  m o le c u la r  w e ig h t o f  10 ,000 d a l to n s  

(F ig .  6 ) .  The a c tu a l  n a tu re  o f  t h i s  p r o te in  i s  unknown, though  i t s  

r e l a t i v e  abundance in  th e  c e l l  (7mg. p r o te in  p e r  22 gm. o f  a c e to n e  pow der, 

o r  170 gm. o f  w et c e l l s )  s u g g e s ts  s ig n i f i c a n c e .  U n lik e  th e  m acrophage 

a c t i n  f i la m e n ts ,  th e  M. x an th u s  f i la m e n ts  were n o t  d i s s o c ia te d  from  th e  

o b sc u rin g  m a te r ia l  by th e s e  h ig h  s a l t  t r e a tm e n ts .

C le a r ly  a more s o p h is ic a te d  p ro c e d u re , o th e r  th a n  d i f f e r e n t i a l  

s o l u b i l i z a t i o n ,  i s  c a l le d  f o r  i f  b a c t e r i a l  ALP i s  to  be p u r i f i e d .  Even 

th e  h ig h  te m p e ra tu re ,  ammonium s u l f a t e ,  and u re a  t r e a tm e n ts  o f  E. c o l i  

ALP by Nakamura and Watanabe (1978) d id  n o t  le a d  to  p u r i t y ;  t r e a tm e n ts
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■v/ith h ig h  te m p e ra tu re , u rea  and SDS a ls o  f a i l e d  to  d i s s o c i a t e  th e  

m a te r ia l  o b sc u rin g  th e  f i la m e n ts  o f  M. x a n th u s .

A method v/hich ap p eared  to  have p rom ise  was t h a t  w hich u t i l i z e s  th e  

p ro p e r ty  o f  a c t i n  b in d in g  t i g h t l y  to  a n io n  exchange r e s i n  a t  low io n ic  

s t r e n g th  (Gordon e t  ^  1976). T h is  method had p roven  m ost e f f e c t i v e  in  

p u r if y in g  Acanthamoeba a c t i n  to  hom ogeneity , and i n  h ig h  y i e l d .  I'Jhen 

a p p lie d  to  a c e to n e -d r ie d  m uscle f i b r e ,  th e  method p roduced  a m ajo r peak 

o f  a c t i n  i n  th e  e x p ec te d  re g io n  o f  th e  KCl g r a d ie n t  (F ig .  11a);. A n e a r ly  

homogeneous p r e p a r a t io n  o f  a c t i n  was d e m o n s tra te d  by SDS-PAGE (F ig . 13, 

g e l  1 1 ) ,  and beaded f i la m e n ts  t h e r e in  w ere r e a d i l y  d e c o ra te d  v d th  Hf.W 

to  form  arrow head com plexes (F ig . 3 f ) .  .

The a p p l i c a t io n  o f  t h i s  p ro c ed u re  to  th e  w hole c e l l  e x t r a c t  o f  

M, x an th u s  r e s u l t e d  i n  a  p o o r ly  r e s o lv e d  p r o f i l e  (F ig .  11a) p e rh ap s  due 

to  an  o ran g e  p igm en t i n t e r f e r i n g  w ith  u l t r a  v i o l e t  ab so rb an ce  m easurem ents. 

The f r a c t i o n s  co m p ris in g  a sm a ll 'b l ip *  i n  th e  r e g io n  w here a c t i n  v/as 

ex p ec ted  t o  e l u t e ,  p ro v ed  to  c o n ta in  a  45 ,0 0 0  d a l to n  com ponent ( F i g .1 3 ) , 

and d em o n stra ted  l i n e a r  a r r a y s  o f  o b scu red  m a te r ia l  i n  E.M. p r e p a r a t io n s  

when' in c u b a te d  w ith  2  imM MgCl2 * T o g e th e r , th e s e  o b s e rv a t io n s  were 

s u g g e s tiv e  o f  th e  p re se n c e  o f  an  ALP; b u t  su b seq u e n t p o ly m e r iz a tio n  

c y c le s ,  t o  v/hich th e  p o o le d  f r a c t i o n s  w ere s u b je c te d ,  f a i l e d  t o  y ie ld  

f i la m e n ts  t h a t  co u ld  be d e c o ra te d  w ith

Even th o u g h  th e  D EA E-Cellulose p ro c e d u re  had b een  a p p l ie d  to  a whole 

c e l l  e x t r a c t  o f  Acanthamoeba ,  i t  ap p ea red  t h a t  th e  w hole c e l l  e x t r a c t  o f  

M. x an th u s  m ig h t c o n ta in  com ponents w hich co u ld  n o t be s e p a ra te d  from  an 

ALP by t h i s  m ethod. The e lu t io n  p r o f i l e  r e s u l t i n g  from  chrom atography  o f  

th e  e x t r a c te d  M300 a c e to n e  pov/der ( F ig .  14) p ro v ed  t o  be even  l e s s  

s a t i s f a c t o r y  th a n  t h a t  o f  M36 vAole c e l l s .  Not o n ly  had a n o n -d ia ly z a b le ,
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v iv id ly  o range  p igm ent i n t e r f e r e d  w ith  ab so rb an ce  m easurem ents, b u t  th e  

s u sp e c t ALP (ju d g ed  by th e  p re se n c e  o f  a 45 ,000  d a l to n  component in  

f r a c t i o n s  d e m o n s tra tin g  l i n e a r  a r r a y s  in  E.M. p r e p a r a t io n s )  was d i s t r i b ­

u te d  th ro u g h o u t th e  e f f l u e n t  (F ig s .  14a , 1 5 ) .  P erh ap s M300 d i f f e r s  from  

M36 o r  p o s s ib ly  th e  ac e to n e  t re a tm e n t  may have r e le a s e d  m em b ran e-asso c ia ted  

components which i n t e r a c t  w ith  an ALP, a f f e c t in g  i t s  e l u t i o n .  Nakamura 

and Watanabe (1 9 7 8 ), i n  t h e i r  s tu d y  o f  E. c o l i  , have shown t h a t  th e  b u lk  

o f  th e  ALP i s  in  th e  membrane f r a c t i o n ,  p o s s ib ly  bound by a membrane- 

a s s o c ia te d  p r o te in .

The m ost p ro m is in g  method u sed  in  t h i s  s tu d y  o f  M. x a n th u s  i s  t h a t  

o f  Neimark (1 9 7 7 ), w hich enployed. g e n t le  l y s i s  o f  c e l l s  u n d e r  c o n d i t io n s  

w hich prom ote th e  e x t r a c t io n  o f  ac to m y o sin . T h is  p ro c e d u re  le d  t o  a 

f r a c t i o n  w hich n o t  o n ly  c o n ta in e d  6 nm f i la m e n ts ,  concom m ittan t w ith  a 

45,000 d a l to n  p o ly p e p t id e ,b u t  i t  a ls o  p o s se s se d  th e  a b i l i t y  t o  s l i g h t l y  

a c t i v a t e  r a b b i t  m uscle m yosin ATPase (T ab le  1 ) .  However, th e  f i la m e n ts  

in  t h i s  p r e p a r a t io n  d id  n o t ap p e a r  to  d e c o ra te  w ith  Hf&l, and w h e th e r t h i s  

i s  r e l a t e d  to  th e  p o o r m yosin ATPase a c t i v a t i o n  i s  n o t  known. T h is  

p ro ced u re  a l s o  le d  to  th e  ap p earan ce  o f  l a r g e ,  a g g re g a te d  s t r u c t u r e s  

(F ig .  10) w hich , w h ile  i n t e r e s t i n g  i n  th e m se lv e s , a r e  even  moreso i n  v iew  

o f  th e  d is c o v e ry  o f  s im i l a r  s t r u c t u r e s  i n  t h i n  s e c t io n s  o f  M. x an th u s  

(B urchard  1977, S chm id t-L orenz and Kuhlv/ein 1 9 6 8 ). I t  h as  been  s p e c u la te d  

t h a t  th e s e  s t r u c tu r e s  m igh t be in v o lv e d  in  m o t i l i t y ,  b u t  t h i s  h as  n o t  been 

s u b s ta n t ia te d .

Ah a c t i n - l i k e  p r o te in  was n o t r e a d i l y  e x t r a c te d  by th e  c o n v e n tio n a l 

p ro c ed u re s  u se d . T hese p ro c e d u re s  in v o lv ed  a c t i n - s p e c i f i c  p o ly m e r iz a tio n -  

d e p o ly m e riz a tio n  r e a c t io n s  in  c ru d e  e x t r a c t s  w hich may c o n ta in  o th e r  

i n t e r a c t in g  com ponents. The work o f  Nakamura and W atanabe (1978) d e m o n s tra te s
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th e  a v id i ty  w ith  w hich such a component w i l l  b in d  to  ALP. T h e re fo re  

a n o th e r  approach  to  th e  p rob lem  o f  p ro k a ry o te  ALP p u r i f i c a t i o n  and 

c h a r a c te r iz a t io n  i s  needed .

One approach  t h a t  may le a d  to  ALP p u r i f i c a t i o n  c o u ld  in v o lv e  

e le c t r o p h o r e t ic  p ro c e d u re s . The r e l a t i o n s h i p  o f  th e  mass and ch arg e  

f o r  each  p r o te in  i s  e s s e n t i a l l y  u n iq u e . A p r e p a r a t iv e ,  n a t iv e  g e l  

e le c to p h o r e s is ,  such  a s  th e  system  o f  F u rlo n g  ^  a l  (1 9 7 3 ), co u p led  

w ith  an a c t in  a s sa y  such  a s  t h a t  o f  Gordon e t  a l  (1976) may s e rv e  to  

p u r i f y  and i d e n t i f y  an  actin -U H e p r o te in  from  any sy stem . The more 

s o p h is t i c a te d  p ro c e d u re  o f  p r e p a r a t iv e  i s o e l e c t r i c  fo c u s s in g  may be a 

more advan tageous te c h n iq u e , f o r  th e  i s o e l e c t r i c  p o in ts  o f  s e v e ra l  a c t i n s  

a r e  known (Gordon e t  a l  1977) and an  ALP o r  even s e v e ra l  iso m ers  m ig h t be 

i s o l a t e d  from a complex m ix tu re  by t h i s  m eans. By th e  r e l i a n c e  upon th e  

i n t r i n s i c  p r o p e r t i e s  o f  a p r o te in  and n o t upon i n t e r - p r o t e i n  i n t e r a c t i o n s ,  

t h i s  approach  may p ro v e  e f f e c t i v e  i n  i s o l a t i n g  an ALP from  M. x an th u s  

o r  any o th e r  g l id in g  b a c te r iu m ,a n d  le a d  to  i t s  c h a r a c t e r i z a t i o n .

B u t.w h e th e r th e  g l id in g  m o t i l i t y  mechanism i s  o f  a c o n t r a c t i l e  

n a tu re  i s  now d o u b tfu l  i n  v iew  o f  r e c e n t  e v id e n c e . P a te  and Cheng (1979) 

have p re s e n te d  ev id en ce  t h a t  would s u g g e s t th e  invo lvem en t o f  

r o ta r y  s u r fa c e  a s se m b lie s  in  th e  m o t i l i t y  o f  some g l i d e r s .  T h is  f in d in g  

i s  c o n s is te n t  w ith  th e  m o t i l i t y  m echanisms o f  o th e r  p ro k a ry o te s  w hich 

r e l y  on r o ta r y  e lem en ts  (S ilv e rm an  and Simon 1974, Brom ely and Charon

19 7 9 ). The r in g -s h a p e d  s t r u c t u r e s  o b se rv ed  i n  e x t r a c t s  o f  M. x an th u s  

(F ig .  17) a re  s im i l a r  in  ap p earan ce  to  th o s e  seen  in  F le x ib a c te r  and 

Cvtophaqa (P a te  and Cheng 1979) and may in d i c a t e  th e  p re se n c e  o f  a s im i la r  

r o ta r y  'm otor* in  m y x o b a c te r ia .

The s u g g e s t iv e  e v id en c e  f o r  an  a c t i n - l i k e  p r o te in  i n  M. x an th u s  and
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th e  d em o n stra tio n  o f  a c t i n - l i k e  and m y o s in - l ik e  p r o te in s  i n  E. c p i i  

pose  q u e s tio n s  ab o u t t h e i r  f u n c tio n s  i n  p ro k a ry o te s .  B ea rin g  in  mind 

th e  a s s o c ia t io n s  o f  c o n t r a c t i l e  p r o te in s  iv ith  d iv e r s e  f u n c t io n s  in  

e u k a ry o te s , th e  c o u rse  o f  i n v e s t i g a t io n  in to  t h i s  rea lm  o f  b a c t e r i a l  

p h y s io lo g y  i s  w e ll  l a i d  o u t .
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The f ila m e n to u s  n a tu re  o f  an a c t i n - l i k e  p r o te in  o f  E s c h e r ic h ia  

c o l i ,  and i t s  a b i l i t y  to  form arrovdiead com plexes v /ith  heavy meromyosin 

i s  d em o n stra ted . To t e s t  th e  c o n t r a c t i l e  th e o ry  f o r  th e  mechanism o f 

b a c t e r i a l  g l id in g  m o t i l i ty  s e v e ra l  p ro c e d u re s ,  d e s ig n e d  to  e x t r a c t  

a c t i n - l i k e  p r o te in ,  were a p p lie d  to  th e  g l id in g  m yxobacter Myxococcus 

x a n th u s .  F ila m e n ts  re sem b lin g  th o s e  o f  E. c o l i  were d e m o n s tra te d , b u t 

th e y  d id  n o t ap p ear to  d e c o ra te  w ith  heavy m erom yosin. A s so c ia te d  

p r o te in s  appeared  to  complex w ith  th e  f i l a m e n ts ,  p o s s ib ly  i n t e r f e r i n g  

w ith  p u r i f i c a t i o n  and heavy meromyosin. d e c o r a t io n .  O th e r  p ro c e d u re s  

which do n o t r e l y  upon a c t i n - s p e c i f i c  i n t e r a c t io n s  may be r e q u ir e d  f o r  

th e  p u r i f i c a t i o n  o f  b a c t e r i a l  a c t i n - l i k e  p r o t e in .  I n  some e x t r a c t s ,  

la r g e  f ib r o u s  com plexes and r in g -s h a p e d  s t r u c t u r e s  were o b se rv e d . These 

s t r u c tu r e s  may have i n p l i c a t i o n s  i n  th e  g l id in g  m o t i l i t y  mechanism.
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H eavy M erom yosin D ecoration o f  Filam ents 
from Escherichia coli
D. W, Malott* and.H, D. McCurdy
Departm ent o f  B io logy , University o f  Windsor, Windsor, Ontario, Canada N9B 3P4

Abstract. A fibrous protein complex extracted from Escherichia coli B/r by the method of 
Minkoff and Damadian [2] demonstrates arrowhead complexes when reacted with heavv 
meromyosin. ^

Recent studies have demonstrated the presence of a 
protein with actin-like properties in prokaryotes. 
Minkoff and Damadian [ 2] have shown that a revers­
ibly aggregating protein complex of Escherichia coli 
mimics the polymerization cycle o f actin. It also 
binds myosin, as judged by co-sedimentation and co­
electrophoresis. This was confirmed recently by 
Nakamura and Watanabe [3], who also have demon­
strated activation o f the adenosine triphosphatase 
(ATPase) of rabbit skeletal muscle myosin and of a 
myosin-like protein o f E. coli, though activity ap­
pears to have been quite low. Neimark [4], however, 
has shown the formation of arrowhead complexes 
between rabbit skeletal muscle heavy meromyosin 
(HMM) and 5- to 6-nm filaments in Mycoplasma 
pneumoniae.

Presently, knowledge o f the interaction o f the 
fibrous protein o f E. coli with myosin is at best in a 
confused state. InteractionAvith myosin and the for­
mation of arrowhead complexes are essential criteria 
in the identification o f actin, and must be met if

authentic actin is to be considered as having been 
demonstrated in E. coli.

We have used the procedure o f Minkoff and 
Damadian [2] to prepare a protein extract of E. coli 
B/r that contains bundles o f well resolved filaments 
(Fig.. 1) as well as clumps of more dispersed, though 
obscured, filaments (Fig. 2) with an occasional bare 
filament of 6-nm diameter visible (Fig. 3). Attempts 
to decorate this preparation with HMM have led to 
the appearance o f arrowhead complexes along short 
lengths o f the filaments (Figs. 4 and 5). The 39-nm 
period of the complexes corresponds well with that 
observed in a wide range o f eukaryotes [5] and in 
Mycoplasma [4]. We have also used this same 
method and obtained similar filaments from the glid­
ing myxobacter, Myxococciis xanthus, but could not 
decorate them with HMM.

The limited appearance o f arrowhead com­
plexes and the obscured nature of the filaments, 
combined with evidence of the complex nature [ 1, 
2,3] and poor myosin ATPase activating property

*To w hom  offprint requests should be addressed.
0343-8551/78/0001-0201 $01.00 
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t a r n

Fig. 2 . C lum ps o f  obscured filam ents from  
E s c h e r i c h i a  c o l i .

Fig. 3. B are, 6-nm -diam eter filament amid 
clum ps o f  obscured filam ents.

F ig. 4 . Rabbit skeleta l m uscle heavy m ero­
m yosin  (H M M ) decoration o f  E s c h e r i c h i a  

c o l i  filam ents. After application o f  sam ple, a 
drop o f  H M M  (350/rg/m l) in 10 mM  Tris-HCl 
(pH  7 .5), 1 mM  disodium  E D T A , 1 mM /3- 
m ercaptoethanol, and 0.1 M  K Cl w as applied  
for  1 m in and rem oved , then stained. M arkers 
indicate arrowhead com plexes.

F ig. 5 . H M M  decoration (see  Fig. 4  legend  
for m ethod).

[ 1,3] o f this actin-like fraction, strongly suggest the 
close association o f  other protein(s), with possible 
regulatory properties (see also Nakamura and Wa­
tanabe [3]).
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