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PURIFICATION AND PROPERTIES OF A MANNITOL-BINDING
PROTEIN FROM PSEUDOMONAS AERUGINOSA

Gregory V. P lano ,  M.S.

Western Michigan U n i v e r s i t y ,  1985

M a nn i to l -b ind ing  p r o t e i n  from Pseudomonas a e rug inosa  s t r a i n  

PAO has been p u r i f i e d  36- f o l d  from magnesium c h l o r i d e  c o ld - shoc k  

s u p e r n a t a n t s .  Sephadex G-100 gel f i l t r a t i o n  and carboxymethyl  

Sephadex ion exchange chromatography were u t i l i z e d  in the  p u r i f i ­

c a t i o n  scheme. The p o s i t i o n  of  the  m a n n i to l - b in d i n g  p r o t e i n  band 

was i d e n t i f i e d  on sodium dodecyl s u l f a t e - p o l y a c r y l a m i d e  g e l s .  The 

m a n n i to l - b in d in g  p r o t e i n  has  an a p p a re n t  m o lecu la r  weight  o f  A5,000 

as  judged by sodium dodecyl  s u l f a t e - p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s
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CHAPTER I

INTRODUCTION 

B a c t e r i a l  T r a n sp o r t

B a c t e r i a  have evolved severa l  d i s t i n c t  mechanisms f o r  the  t r a n s ­

p o r t  o f  s o l u t e s  a c r o s s  c e l l u l a r  membranes. These mechanisms have 

been de f  ined a s  f a c i l  i t a t e d  d i f f u s i o n ,  group t r a n s l o c a t i o n  and a c ­

t i v e  t r a n s p o r t  (Wilson 6 Smith,  1978) .  The most s imple o f  t h es e  

t r a n s p o r t  p r o c e s s e s ,  f a c i l i t a t e d  d i f f u s i o n ,  invo lves  the  t r a n s l o c a ­

t i o n  o f  s o l u t e  molecu le s  down a c o n c e n t r a t i o n  g r a d i e n t  f rom one s id e  

o f  t h e  cy to p la s m ic  membrane t o  the  o t h e r  (Rose, 1976) .  The t r a n s l o ­

c a t i o n  s t e p  i s  media ted  by a membrane t r a n s p o r t  p r o t e i n  which e x h i ­

b i t s  s t e r e o s p e c  i f  ic s p e c i f i c i t y  f o r  i t s  s u b s t r a t e  ( D i l l s ,  Apperson, 

Schmidt 8 S a i e r ,  1980).  S ince  t h e  t r a n s l o c a t i o n  s t e p  i s  n o t  coupled 

t o  m etabo l i c  e ne rgy ,  t h e  s o l u t e  is  n o t  c o n c e n t r a t e d  w i th in  t h e  c e l l  

(S i lha vy ,  Ferenc i  6 Boos, 1978). T h i s  type o f  t r a n s p o r t  d i f f e r s  from 

p a s s i v e  d i f f u s i o n  in t h a t  a s p e c i f i c  membrane t r a n s p o r t  p r o t e i n  a c t s  

t o  a c c e l e r a t e  t h e  r a t e  o f  movement a c r o s s  t h e  membrane; however , the 

f i n a l  e q u i 1ibriurn o b ta in e d  is  not  a l t e r e d .

A c t ive  t r a n s p o r t  and group t r a n s l o c a t i o n  resemble f a c i l i t a t e d  

d i f f u s i o n  in t h a t  t h e s e  mechanisms a l s o  r e q u i r e  a membrane bound 

t r a n s p o r t  p r o t e i n  to  c a t a l y z e  t h e  t r a n s l o c a t i o n  s t e p  (Si 1havy e t  a l . ,  

1978).  They d i f f e r  from f a c i l i t a t e d  d i f f u s i o n  in t h e  one r e s p e c t  t h a t  

t h e  t r a n s l o c a t i o n  s t e p  is  coupled to  m e ta b o l i c  energy ,  w i th  the  r e s u l t

1
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t h a t  a s o l u t e  can be c o n c e n t r a t e d  i n t r a c e l l u l a r l y  (Rose, 1976) .  The 

mechanisms of  c o u p l ing  c e l l u l a r  m e ta b o l i c  energy t o  a c t i v e  t r a n s p o r t  

and group t r a n s l o c a t i o n  systems a r e  q u i t e  d i v e r s e ,  p rov id ing  a n o th e r  

use fu l  c r i t e r i o n  f o r  c a t e g o r i z i n g  th e  d i f f e r e n t  t r a n s p o r t  p r o c e s s e s .  

Biochemical  and g e n e t i c  methods as  we l l  as t h e  mode of  a c t i o n  a r e  

o t h e r  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  which have been used in the  

c l a s s i f i c a t i o n  o f  b a c t e r i a l  t r a n s p o r t  p ro ce s s e s  (Boos, 197*0.

In b a c t e r i a ,  t h r e e  d i s t i n c t  c l a s s e s  of  c o n c e n t r a t i v e  t r a n s p o r t  

systems have been d e f i n e d .  These a r e :  (a) t h e  group t r a n s l o c a t i o n

sys tem s ,  (b) t h e  membrane bound t r a n s p o r t  sys tems,  and (c) t h e  b i n d ­

ing p r o t e i n  t r a n s p o r t  systems (Wilson, 1978) .  Toge ther ,  t h e s e  t r a n s ­

p o r t  systems e n a b le  b a c t e r i a  to  e f f i c i e n t l y  a c q u i r e  and m a in ta in  high 

c o n c e n t r a t i o n s  o f  s o l u t e  w i t h in  the  c e l l .

In group t r a n s l o c a t i o n ,  t h e  s o l u t e  is  chem ica l ly  modi f ied du r ing  

t ransmembrane t r a n s p o r t  (E rn i ,  T r a c h s e l ,  Postma s  Rosenbusch, 1982) .  

The b a c t e r i a l  p h o s p h o t r a n s f e r a s e  system is  a w e l I - c h a r a c t e r i z e d  group 

t r a n s l o c a t i o n  t r a n s p o r t  system by which d i f f e r e n t  sugars  a r e  t r a n s ­

p o r te d  and concom i tan t ly  phosphory la ted  ( S a i e r ,  1977) . Sugar uptake  

by t h i s  system r e q u i r e s  a number o f  s o l u b l e  and membrane bound pro­

t e i n s .  These p r o t e i n s  a r e  r e s p o n s i b l e  f o r  t h e  s e q u e n t i a l  t r a n s f e r  

o f  phosphoryl  groups  from phosphoenolpyruva te  to  t h e  t r a n s p o r t e d  

s u g a rs .  The o v e r a l l  r e a c t i o n  r e q u i r e s  magnesium ions ,  and t h e  p ro­

d u c t s  formed a r e  p y ru v a t e  and t h e  t r a n s l o c a t e d  sugar  phosphate  

( D i l l s ,  Apperson, Schmidt 6 S a i e r ,  1980) .  Two s o l u b l e  p r o t e i n s ,  

enzyme I and HPr, a r e  n o n s p e c i f i c  in r ega rd  t o  s u g a r s .  These p r o ­

t e i n s  i n i t i a t e  phosphoryl  group t r a n s f e r  from phosphoenolpyruva te
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and subsequen t ly  pass  the  phosphoryl  group t o  one o f  se ve ra l  s p e c i f i c  

enzymes I I .  These enzymes II a r e  i n t e g r a l  membrane p r o t e i n s  which 

recogn ize  and t r a n s l o c a t e  t h e  sugars  in to  t h e  c e l l  ( S a i e r ,  1977).

In c e r t a i n  b a c t e r i a ,  a f o u r t h  component, t h e  sugar  s p e c i f i c  s o lu b l e  

enzyme I I I ,  i s  r e q u i r e d  f o r  g lucose  uptake ( E rn i ,  T r a c h s e l , Postma 

& Rosenbusch, 1982). Since the  t r a n s l o c a t e d  s o l u t e  is  chem ica l ly  

modif ied  as  i t  e n t e r s  the  c e l l ,  group t r a n s l o c a t i o n  systems a r e  not  

cons ide red  t r u e  a c t i v e  t r a n s p o r t .

The t r u e  b a c t e r i a l  a c t i v e  t r a n s p o r t  systems a r e  a l s o  coupled 

to  m e tabo l i c  energy a l l o w in g  i n t r a c e l l u l a r  s o l u t e  accumulat ion 

a g a i n s t  a c o n c e n t r a t i o n  g r a d i e n t .  However, in c o n t r a s t  t o  the  group 

t r a n s l o c a t i o n  systems,  the  t r a n s l o c a t e d  s o l u t e  molecule  found i n t r a -  

c e l l u l a r l y  is  the  same chemical  s p e c i e s  as  removed from th e  e x t r a -  

cel 1 u l a r  med ium. In b a c t e r i a ,  two types o f  a c t i v e  t r a n s p o r t  systems 

a r e  known t o  o p e r a t e .  These a r e  t h e  membrane bound t r a n s p o r t  s y s ­

tems and th e  binding  p r o t e i n  t r a n s p o r t  systems (Wilson & Smith, 1978).

The membrane bound t r a n s p o r t  systems u t i l i z e  t h e  proton motive 

f o r c e  g e n e ra te d  by c e l l u l a r  metabolism to  t r a n s p o r t  ions and o t h e r  

molecules  a c r o s s  t h e  cy top la sm ic  membrane. B a c t e r i a  possess  s evera l  

independent  mechanisms f o r  g e n e r a t i n g  p roton  e le c t ro c h e m ica l  g r a d i ­

e n t s .  These include  t h e  membrane bound ATPase, t h e  b a c t e r i a l  r e s ­

p i r a t o r y  c h a in ,  and l i g h t  s e n s i t i v e  e l e c t r o n  t r a n s f e r  in photosyn­

t h e t i c  b a c t e r i a  ( D i l l s ,  Apperson,  Schmidt & S a i e r ,  1980) . The coup­

l in g  o f  t h i s  energy sou rc e  t o  the  t r a n s p o r t  o f  a s o l u t e  occurs  so 

t h a t  an endergonic  p r o c e s s  ( t h e  accumula t ion  of  a n u t r i e n t )  can be 

coupled to  an e xe rgon ic  p rocess  (p ro tons  moving down a c o n c e n t r a t i o n
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g r a d i e n t )  ( D i l l s  e t  a l . ,  1980). The t r a n s l o c a t i o n  s t e p  invo lves  a

membrane bound p r o t e i n  s p e c i f i c  f o r  each t r a n s p o r t e d  s u b s t r a t e .  The

pro ton  motive  f o r c e  g e n e r a t e d  by t h e  c e l l  can be used d i r e c t l y  by a

p ro ton  symport mechanism o r  i n d i r e c t l y  by symport  o r  a n t i p o r t  with

some o t h e r  ion (Wilson, 1978) .  The term symport r e f e r s  to  a p r o te in

c a t a l y z i n g  t h e  t r a n s p o r t  o f  two s u b s t r a t e s  in t h e  same d i r e c t i o n .

A n t i p o r t  systems c a t a l y z e  t h e  t r a n s l o c a t i o n  of  two s u b s t r a t e s  in

o p p o s i t e  d i r e c t i o n s  ( S i l h a v y ,  Ferenci  6 Boos, 1978) .  I t  has been

demons t ra ted  t h a t  the  e f f e c t  o f  energy  coup l ing  on the  membrane bound

l a c t o s e  t r a n s p o r t  o f  E s c h e r i c h i a  c o l i  is  to  i n c r e a s e  t h e  K o f  sub-----------------------------------------------------------------m

s t r a t e  e x i t  t o  above th e  Km o f  e n t r y .  These k i n e t i c  changes a r e  

the  r e s u l t  o f  coup l ing t h e  l a c t o s e  t r a n s p o r t  sys tem to  t h e  proton 

motive  f o r c e  o f  the  c e l l  through pro ton  symport ( F e re n c i ,  Boos, 

Schwartz  & Szmelcman, 1977) -

The b a c t e r i a l  b ind ing  p r o t e i n  t r a n s p o r t  sys tems a r e  a group of  

s p e c i f i c  high a f f i n i t y  a c t i v e  t r a n s p o r t  systems found e x c l u s i v e l y  in 

the gram n e g a t i v e  b a c t e r i a  (Wilson & Smith,  1978) .  Numerous binding 

p r o t e i n s  s p e c i f i c  f o r  a wide  v a r i e t y  o f  s u g a rs ,  amino a c i d s ,  v i tamins  

and ions  have been r e p o r t e d  (Haro ld ,  1972) . G e n e r a l ly ,  b ind ing  pro­

t e i n s  r e f e r  t o  a group o f  s o l u b l e  p r o t e i n s  c o n s i s t i n g  o f  a s i n g l e  

p o ly p e p t id e  cha in  wi th  m o lecu la r  we igh ts  in the  range o f  22,000 to  

**5,000 (S i lh a v y ,  Ferenci & Boos, 1978) .  These p r o t e i n s  have no 

known enzymatic  a c t i v i t y ;  however, they possess  h i g h ly  s t e r e o s p e c i -  

f i c  a c t i v e  s i t e s  t h a t  r e v e r s i b l y  bind s u b s t r a t e s  w i th  v a lu e s  in 

the  r ange  o f  10 to  10 ■ M (S i lhavy  e t  a l . ,  1978) .  Binding p r o t e i n s  

a re  l o c a t e d  in the  p e r i p l a s m i c  space ,  a region between t h e  o u t e r
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membrane and t h e  cy to p lasm ic  membrane in gram n e g a t i v e  b a c t e r i a  

(Wilson, 1978).  These p r o t e i n s  can be r e l e a s e d  from t h i s  region 

by osmot ic  shock t r e a tm e n t  (Heppel,  1969; Heppel,  Rosen, F r ie dbe rg ,  

Berger  & Weiner ,  1972) o r  by s p h e r o p l a s t  p r e p a r a t i o n  (Neu & Heppel,  

1965)- in osmot ic  shock t r e a t m e n t ,  gram n e g a t i v e  b a c t e r i a  a r e  f i r s t  

syspended in a h y p e r to n i c  s u c ro s e  s o l u t i o n  c o n t a i n i n g  Ethylenediami-  

n e t e t r a a c e t a t e  (EDTA). Next t h e  c e l l s  a r e  suddenly  s h i f t e d  to  a cold 

s o l u t i o n  o f  very  low osmot ic  s t r e n g t h  c o n ta in in g  magnesium c h l o r i d e  

(Heppel,  1969)- Sphe rop la s t  fo rm ation  can be f a c i 1 i t a t e d  by t r e a t ­

ment of  s u s c e p t i b l e  c e l l s  w i th  EDTA and lysozyme (Neu & Heppel,  1965). 

These p rocedu res  s e l e c t i v e l y  d i s r u p t  t h e  o u t e r  membrane w h i l e  leav ing  

th e  cy top la sm ic  membrane i n t a c t .  A f t e r  t r e a tm e n t  by e i t h e r  of  t h e s e  

p ro ce d u re s ,  t h e  r e l e a s e d  p e r i p l a s m ic  p r o t e i n s  can be d e t e c t e d  in t h e  

su r rounding  bu f f e r e d  medium. M o d i f i ca t io n s  o f  t h e  osm ot ic  shock p ro ­

cedure have been developed f o r  c e r t a i n  o t h e r  gram n e g a t i v e  b a c t e r i a ,  

such as Pseudomonas a e rug inosa  (Cheng, Ingram & C o s t e r t o n ,  1970), 

which a r e  not amenable t o  t h e  above p ro ce d u re s .  I t  i s  no t  c l e a r  

whether  t h e  b ind ing  p r o t e i n s  e x i s t  f r e e  in t h e  p e r i p l a s m ic  space,  

o r  whether  they a r e  l i g h t l y  a t t a c h e d  t o  the  o u t e r  s u r f a c e  o f  the  cy­

top la smic  membrane (Rosen 6 Heppel ,  1973) .  In any c a s e ,  t h e  binding  

p r o t e i n s  a r e  no t  f i r m ly  a t t a c h e d  to  membrane, as i s  t h e  c a s e  f o r  t h e  

p r o t e i n s  a s s o c i a t e d  w i th  the  membrane bound t r a n s p o r t  systems.

Several  d i s t i n c t  1 ines  o f  ev id ence  have impl i c a t e d  t h e  invo lve­

ment of  p e r i p l a s m i c  b ind ing  p r o t e i n s  in t r a n s p o r t  p r o c e s s e s .  In a l l  

bind ing p r o t e i n  t r a n s p o r t  systems s tu d i e d  i t  has been found t h a t  t h e  

r e l e a s e  o f  b inding  p r o t e i n s  by osmotic  shock o r  s p h e r o p l a s t  fo rmation
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is  accompanied by a c o n c u r r e n t  reduc t ion  in t r a n s p o r t  a c t i v i t y  

(Boos, 197*0 • This  r ed u c t io n  i s  not  due t o  gene ra l  membrane damage 

s in c e  t h e  membrane bound and group t r a n s l o c a t i o n  t r a n s p o r t  systems 

remain un impa ir ed .  The b ind in g  s p e c i f i c i t y  o f  p u r i f i e d  b ind ing  p ro ­

t e i n s  g e n e r a l l y  r e f l e c t s  t h e  s p e c i f i c i t y  o f  t h e  co r r e s p o n d in g  t r a n s ­

por t  system (Boos, 197*0. Mutat ions in b ind ing p r o t e i n s  d r a s t i c a l l y  

d imin ish t h e  a b i l i t y  o f  the t r a n s p o r t  system to  accumula te  s o l u t e  

and r e v e r t e n t s  r e q u i r e  both b ind in g  and t r a n s p o r t  a c t i v i t i e s  s im ul ­

t a n e o u s ly .  I t  has been shown t h a t  b ind ing  p r o t e i n  s y n t h e s i s  and 

t r a n s p o r t  a c t i v i t y  a r e  c o re g u la t e d  in severa l  b ind in g  p r o t e i n  t r a n s ­

p o r t  sys tem s .  More r e c e n t l y ,  t h e  r e c o n s t i t u t i o n  o f  binding  p r o t e i n  

dependent  t r a n s p o r t  has been ach ieved  using a g lu ta m in e -b in d in g  p ro ­

t e i n  p o i n t  mutant  as  a source o f  t r a n s p o r t  v e s i c l e s  (Hunt & Hong, 

1983). These r e c o n s t i t u t i o n  exper imen ts  included w e l l  des igned con­

t r o l s  and were g e n e r a l l y  f r e e  o f  the  a m b ig u i t i e s  encounte red  in 

e a r l i e r  a t t e m p t s  to  r e s t o r e  t r a n s p o r t  by th e  a d d i t i o n  of  p u r i f i e d  

binding p r o t e i n .

Although there is  a wealth of  evidence impl icating  binding pro­

t e i n s  as e s s e n t i a l  components o f  binding protein transport  systems,  

very l i t t l e  i s known about t h e i r  actual  function in the transport  

mechanism. Kinetic  s tu d ie s  o f  binding protein transport  systems  

suggest  that  the binding protein  is  the rate  l i mi t i ng  step in the  

t r a n s loc a t ion  process .  However, for a l l  systems s tudied so f a r ,  the  

product o f  at  l e a s t  one gene in addit ion to the binding protein  is  

required f o r  functiona l  transport  (Wilson, 1978). These other  gene 

products are  be l ieved t o  be integral  membrane bound p r o te in ( s )  which
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i n t e r a c t  w i t h  the  b ind in g  p r o t e i n  and c a t a l y z e  the  t r a n s l o c a t i o n  s t e p .  

D i r ec t  b io -chemica l  ev idence  su p p o r t i n g  the  e x i s t e n c e  o f  t h e s e  mem­

brane  bound components has  proved d i f f i c u l t  to  o b t a i n .  Genet ic  s t u ­

d i e s ,  in c o n t r a s t ,  have p rovided good ev id ence  suppo r t i n g  t h e  pro­

posed e x i s t e n c e  o f  t h e s e  a d d i t i o n a l  components.  Gene t ic  a n a l y s i s  o f  

the  g a l a c t o s e  (Wilson, 1978), m a l to s e  (Kellerman 6 Szmelcman, 197A), 

and g lu tam ine  (Hunt 6 Hong, 1983) systems o f  E s c h e r i c h i a  c o l i  as  well  

as t h e  h i s t i d i n e  t r a n s p o r t  system of  Sa lmonel la  typhimurium (Ames & 

Spudich, 1976) have confirmed t h e  presence  o f  t h es e  a d d i t i o n a l  com­

ponents .  In the  h i s t i d i n e  t r a n s p o r t  system o f  Salmonel la  typhimurium, 

t he  h i s t i d i n e - b i n d i n g  p r o t e i n  ( t h e  J p r o t e i n )  p o s s es s e s  two indepen­

dent  a c t i v e  s i t e s  n e c e s s a ry  f o r  i t s  f u n c t i o n  in t r a n s p o r t ;  i . e . ,  t he  

s i t e  of  s u b s t r a t e  b ind in g  and a second s i t e  c a l l e d  t h e  i n t e r a c t i o n  

s i t e .  The i n t e r a c t i o n  s i t e  i s  b e l i e v e d  to  i n t e r a c t  w i t h  t h e  second 

(membrane) component o f  t h e  h i s t i d i n e  t r a n s p o r t  system, the  P p r o t e i n  

(Ames 6 Spudich ,  1976).  The P p r o t e i n  has r e c e n t l y  been i d e n t i f i e d  

by two-dimensional  po lyac ry la m id e  gel e l e c t r o p h o r e s i s .  In t h i s  same 

s tu dy ,  i t  was dete rmined  t h a t  t h e  P p r o t e i n  is  a membrane bound p ro ­

t e i n  (Ames & Nika ido ,  1978) . S i m i l a r  s t u d i e s  have been conducted wi th  

the  g lu ta m ine -b ind ing  p r o t e i n  t r a n s p o r t  system of  E s c h e r i c h i a  c o l i .

The g lu ta m ine -b ind ing  p r o t e i n  has  a l s o  been repo r ted  t o  possess  

s e p a r a t e  s i t e s  f o r  s u b s t r a t e  b in d ing  and f o r  i n t e r a c t i o n  w i th  the  

membrane bound components of  t h e  t r a n s p o r t  system. Chemical m o d i f i ­

c a t i o n  of t h e  s o le  t ryp tophan  and h i s t i d i n e  r e s id u e s  in the  b ind ing  

p r o t e i n  a l l ow ed  f o r  t h e  s e l e c t i v e  a l t e r a t i o n  o f  the  i n t e r a c t i o n  s i t e  

wi thou t  a f f e c t i n g  t h e  g lu tamine  b ind in g  p r o p e r t i e s  o f  t h e  p r o t e i n .
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The c he m ica l ly  modif ied  b ind ing  p r o t e i n s ,  possess ing  normal s u b s t r a t e  

b inding a c t i v i t y ,  were unab le  t o  r e s t o r e  g lu tamine  t r a n s p o r t  in 

v e s i c l e s  (Hunt & Hong, 1981) .  As i n d ic a te d  above,  r e c o n s t i t u t i o n  o f  

the  binding  p r o t e i n  dependent  a c t i v e  t r a n s p o r t  o f  g lu tamine  in E s c h e r i ­

c h ia  c o l i  v e s i c l e s  has been s u c c e s s f u l l y  demonstra ted (Hunt & Hong, 

1981) .

Energy coup l ing  to  t h e  b ind in g  p r o t e i n  t r a n s p o r t  systems is  l e s s  

c l e a r l y  unde rs tood  than t h a t  of  t h e  membrane bound and group t r a n s i  or 

c a t i o n  t r a n s p o r t  sys tems.  However, the  fo l l o w in g  o b s e r v a t i o n s  i n d i ­

c a t e  an o b l i g a t o r y  requ irement  o f  phospha te  bond energy (ATP) o r  a 

c l o s e l y  r e l a t e d  compound, f o r  t h e s e  t r a n s p o r t  systems:  (a) ATPase

n e g a t iv e  mutan ts  cannot  use  o x i d a t i v e  energy supp l i ed  by D - l a c t a t e  

to  d r i v e  b ind ing  p r o t e i n  t r a n s p o r t  p r o c e s s e s .  The membrane bound 

t r a n s p o r t  sys tems,  however , a r e  a c t i v e  w i th  t h e s e  e l e c t r o n  donors .

(b) Uncouplers  of  o x i d a t i v e  p h o s p h o ry l a t i o n ,  such as d i n i t r o p h e n o l , 

s t r o n g ly  i n h i b i t  membrane bound t r a n s p o r t  a c t i v i t y  w h i l e  b ind ing 

p r o t e i n  t r a n s p o r t  systems a r e  r e l a t i v e l y  r e s i s t a n t  to  t h e s e  un­

c oup le r s  when s u pp l i e d  w i th  an ATP g e n e ra t in g  energy s o u rc e .

(c) ATPase n e g a t i v e  mutan ts  s u p p l i e d  wi th an ATP g e n e ra t i n g  energy 

source  a l s o  show b ind ing  p r o t e i n  mediated a c t i v e  t r a n s p o r t ,  (d) Ar­

s e n ic  d e s t r o y s  b ind ing p r o t e i n  t r a n s p o r t  a c t i v i t y ;  however,  i t  has 

l i t t l e  e f f e c t  on membrane bound t r a n s p o r t  systems (Berger  & Heppel ,

197*0. R ecen t ly ,  e v id e n c e  suppo r t i n g  a c e t y l  phosphate  a s  the  imme­

d i a t e  energy source  f o r  b ind ing  p r o t e i n  t r a n s p o r t  systems has been 

p r e se n ted .  A s i g n i f i c a n t  r ed u c t io n  in t r a n s p o r t  a c t i v i t y  was ob ­

served when c e l l u l a r  l e v e l s  of  a c e t y l  phospha te  were lowered (Hong,
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Hunt, Masters  & Lieberman, 1979)- However, under  t h e  experimenta l  

c o n d i t i o n s  employed, ATP s y n t h e s i s  was repressed  in o r d e r  t o  l i m i t  

a c e t y l  phospha te  p r o d u c t io n .  Thus, i t  is no t  p o s s i b l e  t o  r u l e  o u t  

ATP, o r  o t h e r  c l o s e l y  r e l a t e d  high energy compounds, on t h e  b a s i s  

o f  t h i s  r e p o r t .

In a d d i t i o n  to  t h e i r  f u n c t i o n  in a c t i v e  t r a n s p o r t ,  c e r t a i n  p e r i ­

p lasmic  b inding  p r o t e i n s  a l s o  se rve  a s  r e c e p to r  p r o t e i n s  f o r  chemo- 

t a x i s .  Although not  a l l  c h e m o tac t i c  r e c e p to r s  a r e  b ind ing p r o t e i n s ,  

a number of  s u g a r  b ind ing  p r o t e i n s  appear  t o  be n e c es sa ry  f o r  chemo- 

t a x i s  toward t h e i r  r e s p e c t i v e  s u b s t r a t e s .  Even though b ind ing  p r o ­

t e i n s  seem to  s e r v e  as  the  i n i t i a l  r e c o g n i t i o n  components in both 

t r a n s p o r t  and chem otax i s ,  o t h e r  independent  components f o r  both s y s ­

tems a r e  n e c es sa ry  f o r  each s p e c i f i c  a c t i v i t y  (Oxender & Quay, 1976) . 

Appa ren t ly ,  independent  r e c e p t o r  s i t e s  on the  c e l l  membrane e x i s t  

f o r  bo th  t r a n s p o r t  and chemotaxis .

Mannitol T ra n sp o r t  and Ca tabol ism in Pseudomonas a e rug inosa

E s c h e r i c h i a  c o l i  and Salmone l la  typhimurium have been shown t o  

accumula te  mannitol  by means o f  a phosphoeno lpyruva te :  hexose  phos ­

p h o t r a n s f e r a s e  system ( S a i e r ,  1977)- However, no phosphenolpyryva te  

p h o s p h o t r a n s f e r a s e  system f o r  manni tol  o r  m an n i to l -1 -p h o s p h a te  dehy­

drogenase  has been d e t e c t e d  in Pseudomonas a e rug inosa  (Phibbs 6 Eagon, 

1970) . Instead,  growth on mannitol  a s  a s o le  carbon and energy  source  

r e s u l t s  in the  in d u c t io n  o f  a n ico t in a m id e  aden ine  d i n u c l e o t i d e -  

l i nked  mannitol  dehydrogenase ,  an a d e nos ine  S ' - t r i p h o s p h a t e - d e p e n d e n t  

f r u c t o k i n a s e ,  and a shock s e n s i t i v e  mannitol  s p e c i f i c  a c t i v e
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t r a n s p o r t  system (Phibbs & Eagon; Ph ibbs ,  McCowen, Feary & B lev ins ,  

1978) . Recen t ly ,  Pseudominas a e r r u g in o s a  s t r a i n  PAO has been shown 

to form a m a n n i to l - b in d in g  p r o t e i n ,  which is  s p e c i f i c a l l y  induced 

in t h e  presence  o f  manni tol  (molecula r  w e i g h t -37,000), had an i s o ­

e l e c t r i c  po in t  ( p i )  o f  8 .3  and an ap p a re n t  d i s s o c i a t i o n  c o n s t a n t  

Kp o f  2 .3  }JM f o r  manni tol  (E isenberg ,  & Phibbs ,  1982) .  In t h e  Thes i s  

I w i l l  d e s c r i b e  t h e  p a r t i a l  p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  of  

m ann i to l -b ind ing  p r o t e i n .
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CHAPTER II

MATERIALS AND METHODS

B a c t e r i a l  S t r a i n  and Growth Cond i t io ns

Pseudomonas a e ru g in o s a  s t r a i n  PAO was c u l t u r e d  in a basa l  s a l t s  

medium c o n ta in in g  50 mM Potassium phospha te  (pH 7 . 0 ) ,  15 mM ammonium 

s u l f a t e ,  0 .80 mM magnesium c h l o r i d e  and 2 jjM f e r r o u s  s u l f a t e .  In 

a d d i t i o n  the  medium c o n ta in e d  30 mM l a c t a t e  and 10 mM mannitol  as 

energy sources  and to  induce mannitol  b ind ing  p r o t e i n .  Two 25 ml 

c u l t u r e s  were i n o c u l a t e d  from s l a n t s  and incubated  a t  37°C on a 

r e c i p r o c a t i n g  sh a k e r .  These c u l t u r e s  were used t o  i n o c u l a t e  7 one 

l i t e r  volumes o f  t h e  same medium c o n ta i n e d  in 2 . 8  1i t e r  Fernbach 

f l a s k s .  The c u l t u r e s  were incubated on a New Brunswick g y r a t o r y  

shaker  a t  37°C u n t i l  mid lo g a r i th m ic  growth ,  u s u a l l y  8 t o  10 hours .  

Growth was fo l lowed  by measuring t u r b i d i t y  wi th  a Klett-Summerson 

p h o t o e l e c t r i c  c o l o r i m e t e r  (no. 66 f i l t e r ) .  C u l tu re s  w i th  o p t i c a l  

d e n s i t i e s  between 140 and 180 K le t t  u n i t s  were h a rv e s t e d  by c e n t r i ­

fu g a t i o n  a t  10,000 rpm a t  10°C r o t o r  t em p e ra tu re  f o r  10 m in u tes .  

Harvested c e l l s  were washed twice w i th  50 mM potass ium phospha te  

b u f f e r  (pH 7.0)  and were immediately s u b j e c t e d  t o  magnesium c h l o r ­

ide c o ld  shock e x t r a c t i o n .

Magnesium C h lo r id e  Cold-Shock E x t r a c t i o n  

E x t r a c t i o n  o f  p e r i p l a s m ic  p r o t e i n s  was performed by th e  method

11
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of  Hoshino and Kageyama (1980) developed f o r  use in making v e s i c l e s  

from Pseudomonas a e r u g i n o s a .  Cel 1s h a rv e s t e d  a t  midexponent ia l  phase 

were suspended in 50 mM t r i s  (hydroxymethyl) aminomethanehydrochlor ide 

(pH 7*4) c o n ta i n in g  0 . 2  M magnesium c h l o r i d e  a t  a  c o n c e n t r a t i o n  o f  

0 .2  g (wet weight)  o f  c e l l s  per  ml. Thi s  suspens ion  was incubated 

f o r  10 minutes  a t  30°C w i th  g e n t l e  a g i t a t i o n ,  then  r a p i d l y  c h i l l e d  in 

an i c e  ba th  f o r  15 m in u te s .  The co ld - s h o c k  p rocedure  was repea ted  

twice  more. The c e l l  suspens ion  was c e n t r i f u g e d  a t  15,000 x g f o r  

10 minutes  t o  remove c e l l s ,  fol lowed  by c e n t r i f u g a t i o n  a t  27,000 x 

g f o r  20 m inu tes .  The r e s u l t i n g  s u p e r n a t a n t  was c o l l e c t e d ,  d i a ly z e d  

a g a i n s t  CPA b u f f e r  (50 mM d i b a s i c  sodium phospha te ,  50 mM c i t r i c  

a c id ,  0.02 pe rcen t  sodium a z i d e ,  pH 6.0)  and s t o r e d  a t  minus 70°C 

u n t i l  used.

Binding P r o t e i n  Assay

M a nn i to l -b ind ing  a c t i v i t y  was de te rmined  by a n i t r o c e l l u l o s e  

membrane f i l t r a t i o n  a s s a y .  P r o te i n  s o l u t i o n s ,  up to  200 jig t o t a l  

p r o t e i n  were mixed w i t h  0 .5  ml 2 / jM D - ( 1 - ^ C ) - m a n n i to l  (50 mCi/mmole) 

in CPA b u f f e r  (pH 6 .0 )  and taken up in CPA b u f f e r  to  1 ml f i n a l  v o l ­

ume. The s o l u t i o n  was immediately f i l t e r e d  on a premoistened 24 mm 

f i l t e r  (M i l l i p o re  t y p e  HA, pore  s i z e  0 .45 /Jm) and washed with 2 ml 

of  CPA b u f f e r .  The f i l t e r  was removed w h i l e  s t i l l  under vacuum, 

t r a n s f e r r e d  to  a l i q u i d  s c i n t i l l a t i o n  v i a l  c o n ta i n in g  10 ml of 

Aquasol (New England Nuc lea r  L.S.C.  c o c k t a i l ) ,  and counted in a 

S e a r l e  lsocap/300 s p e c t r o p h o to m e te r .  One u n i t  o f  MBP a c t i v i t y  i s  

de f ined  as  one picomole D - ( l - ^ C ) - m a n n i t o l  bound pe r  f i l t e r .
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S p e c i f i c  a c t i v i t y  is  ex p re s s e d  as  u n i t s  p e r  mg p r o t e i n .

Sodium Dodecyl S u l f a t e -P o l y a c r y l a m i d e  
Gel E l e c t r o p h o r e s i s

Sodium dodecyl s u l f a t e  (SDS)-polyacrylamide gel  e l e c t r o p h o r e s i s  

was c a r r i e d  o u t  acco rd ing  to  the  methods o f  Weber and Osborn (1969) .  

Samples s o l u b i l i z e d  in  a s o l u t i o n  o f  1% SDS, 1% J3 -m ercap to e thano l , 

a drop o f  g lyce ro l  and 5 jul o f  bromophenol b lue  were l ayered  o n to  

10% polyacyr lamide  ge l  columns (0 .5  by 7*5 cm). E l e c t r o p h o r e s i s  

was performed in a Buch le r  P o l y a n a l y s t  in s t rum en t  a t  a c o n s t a n t  c u r ­

r en t  o f  8 ma p e r  g e l . Gels were s t a in e d  w i t h  Coomassie b r i l l i a n t  

b lue  R250. The ge l s  were removed from th e  s t a i n i n g  s o l u t i o n ,  r i n s e d  

wi th d i s t i l l e d  wa te r ,  and p laced  in d e s t a i n i n g  s o l u t i o n  (75 ml o f  

a c e t i c  a c i d ,  50 ml o f  methano l ,  and 875 ml o f  d i s t i 1 led w a t e r ) .  

Bovine serum albumin ( 6 6 ,0 0 0 ) ,  egg albumin (**5,000), g ly c e ra ld e h y d e -  

3_phosphate  dehydrogenase (3 6 , 000) ,  c a rb o n i c  anhydrase  (29 ,0 00) ,  

Trypsinogen (2**,000), Tryps in  i n h i b i t o r  (20,100)  and o t -Lac ta lbum in  

(1*»,200) were used a s  m o le c u la r  weight  s t a n d a r d s .  R e l a t i v e  m o b i l i t y  

was p l o t t e d  a g a i n s t  t h e  known molecula r  w e ig h t s  on s e m i - lo g a r i th m ic  

paper .  Es t im at ions  o f  molecu la r  weight  o f  unknown p r o t e i n s  were 

made from c a l i b r a t i o n  curves  us ing  th e  above mentioned m olecu la r  

weight  s t a n d a r d s .

P r o t e i n  Determ ina t ions

P r o t e i n  c o n c e n t r a t i o n s  were dete rmined by th e  method o f  Lowry 

(1951) us ing  bovine serum albumin a s  a s t a n d a r d  o r  by th e  methods of
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Kalb and Bernlohr  (1977)•

Chemicals

D - ( l - ^ C ) - m a n n i t o l  (50 mCi/mmole) was purchased from New England 

Nuclear .  All o t h e r  compounds used were o f  a n a l y t i c a l  o r  r e a g e n t  grade.

P r e p a r a t i o n  o f  Anti s e r a

A n t i s e r a  a g a i n s t  both t h e  MBP induced ion exchange f r a c t i o n  and 

the  MBP noninduced ion exchange f r a c t i o n  were p repa re d  s e p a r a t e l y  in 

two a d u l t  w h i t e  r a b b i t s  ( d e t a i l s  f o r  t h e  p r e p a r a t i o n  o f  t h e s e  f r a c ­

t io n s  in R e su l t s  s e c t i o n ) .  Approximately 0.5 mg of  each sample was 

e m u l s i f i e d  in F r e u n d ' s  complete  a d juva n t  and i n j e c t e d  i n t r a d e r m a l ly  

a t  m u l t i p l e  s i t e s  w i t h  a  26-gauge  n e e d le .  A f t e r  abou t  t h r e e  weeks, 

t h r e e  b o o s t e r  i n j e c t i o n s  c o n t a i n i n g  0.25  mg of  a n t i g e n  in F r e u n d ' s  

incomplete a d juvan t  were i n j e c t e d  in t r a m u s c u la r ly  a t  app rox im ate ly  

10 day i n t e r v a l s .  Rabb i t s  were bled  from the c e n t r a l  e a r  a r t e r y  

a f t e r  each i n j e c t i o n  and p r e c i p i t a t i n g  a n t ib o d y  was checked q u a l i t a -  

t i v e l y  by double  d i f f u s i o n  gel  p r e c i p i t a t i o n .  A f t e r  the  t h i r d  boos te r  

i n j e c t i o n  th e  MBP non induced s e n s i t i z e d  r a b b i t  was b led  via  c a r d i a c  

punc tu re .  Approximately 10 ml o f  serum was recovered  a f t e r  removal 

o f  red blood cel  I s .
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CHAPTER I I I

RESULTS

M annito l-B ind ing  P r o te in  P u r i f i c a t i o n

Shock f l u i d  was p repa red  from 14 l i t e r s  o f  a c u l t u r e  o f  Pseudo­

monas a e rug inosa  s t r a i n  PAO. This  c ru d e  p e r i p l a s m ic  e x t r a c t  (FI) 

c o n ta i n in g  354 mg of  p r o t e i n  in 100 ml was used f o r  p u r i f i c a t i o n .

The FI f r a c t i o n  was s t o r e d  a t  minus 70°C u n t i l  f u r t h e r  p u r i f i c a t i o n  

s t e p s  were performed.

The crude p e r i p l a s m i c  e x t r a c t  (F I)  was s u b je c t e d  to  Sephadex 

c a rb o x y m e t h y l - c e l l u lo s e  50 (CM-C50) c a t i o n  exchange column chromato­

graphy.  The CM-C50 gel was prepared by e q u i l i b r a t i o n  wi th CPA b u f f e r  

(pH 6 . 0 ) .  The swollen and e q u i l i b r a t e d  gel was degassed and poured 

a t  room tem p e ra tu re  ( ca .  23°C). The column (2 .5  by 26 cm) was then 

moved to  the  r e f r i g e r a t i o n  u n i t  (4°C) and severa l  bed volumes of  co ld  

degassed CPA b u f f e r  were passed through  to  e n s u re  e q u i l i b r a t i o n .

A f t e r  sample a p p l i c a t i o n ,  the  column was washed w i th  CPA b u f f e r  a t  

a f low r a t e  of  40 ml p e r  hour fo l lowed by e l u t i o n  wi th 400 ml of  a 

sodium c h l o r i d e  g r a d i e n t  (50 t o  150 mM). The f low r a t e  was main tained 

by us ing  an LKB 2132 Microperpex p e r i s t a l t i c  pump. U l t r a v i o l e t  a b s o r ­

bance a t  280 nm was fo l lowed us ing  a Gi lson model 111 LC d e t e c t o r  in 

c o n ju n c t io n  with a F i s h e r  Recordal l  s e r i e s  5000 c h a r t  r e c o r d e r .  The 

e f f l u e n t  was c o l l e c t e d  in 5 ml f r a c t i o n s  using  a Gilson FC-100 Micro- 

f r a c t i o n a t o r .  A p r o f i l e  o f  t h e  chromatography is  shown in Figure  1.

15
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F ig u re  1. E l u t i o n  p r o f i l e  o f  the  c r u d e  p e r i p l a s m i c  e x t r a c t  (FI)  on 
a Sephadex CM-C50 column (2 .5  x 26 cm). The sample s o l u ­
t i o n  (100 ml) was loaded o n to  t h e  column, which had been 
e q u i l i b r a t e d  w i th  CPA b u f f e r  (pH 6 . 0 ) .  A f t e r  t h e  column 
had been washed w i th  200 ml of  t h e  same b u f f e r ,  m a n n i to l -  
b in d in g  p r o t e i n  was e l u t e d  wi th a 1 I n e a r  g r a d i e n t  o f  50 
to  150 mM NaCl in CPA b u f f e r .  The f r a c t i o n  volume and 
f low r a t e  were  5 ml and k0 ml p e r  hour ,  r e s p e c t i v e l y .
Symbols: (------) ab so rbance  a t  280 nm; (—*-r-). m a n n i t o l -
b in d in g  a c t i v i t y .
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The f r a c t i o n s  were a ssayed  f o r  m a n n i to l - b in d i n g  a c t i v i t y  using th e  

membrane f i l t e r  a s say  (0.1 ml a s sa y  sample) .  F r a c t io n s  c o n ta i n in g  

m a n n i to l - b in d in g  a c t i v i t y  (35~36) were pooled and d i a l y z e d  o v e r ­

n i g h t  a g a i n s t  CPA b u f f e r .  Thi s  CM-C50 f r a c t i o n  was d e s ig n a t e d  FI I 

and con ta ined  38 .5  mg of  p r o t e i n  w i t h  a s p e c i f i c  a c t i v i t y  of 910 

u n i t s  per  mg p r o t e i n .  This r e p r e s e n t s  a 7 - 7 “f o l d  p u r i f i c a t i o n  over  

t h e  FI f r a c t i o n  with an 84% recovery  of  MBP a c t i v i t y  (Tab le  1) .

The FI I f r a c t i o n  was rechromatographed on a CM-C50 column 

(2 .5  by 26 cm) e q u i l i b r a t e d  with CPA b u f f e r  (pH 7*0). The column 

was washed w i th  CPA b u f f e r  a t  a f low  r a t e  o f  30 ml per  ho u r ,  f o l ­

lowed by e l u t i o n  wi th  400 ml of  a sodium c h l o r i d e  g r a d i e n t  (0 to  

100 mM). The f r a c t i o n s  wi th  s i g n i f i c a n t  m a n n i to l - b in d in g  a c t i v i t y  

were c o l l e c t e d ,  c o n c e n t r a t e d  using M i l l i p o r e  immersible CX-10 u l t r a ­

f i l t r a t i o n  u n i t s ,  and d i a ly z e d  a g a i n s t  CPA b u f f e r  (pH 6 . 0 ) .  Thi s  

f r a c t i o n  was d e s i g n a t e d  F i l l  and c o n ta i n e d  21 .3  mg of  p r o t e i n  wi th  

a s p e c i f i c  a c t i v i t y  o f  1670 u n i t s  p e r  mg p r o t e i n .  A 1 4 - fo l d  p u r i ­

f i c a t i o n  was a t t a i n e d  by t h e s e  two chromatography s t e p s  (Table  1) .

The F i l l  f r a c t i o n  was s u b je c t e d  to  Sephadex G-75 gel  f i l t r a t i o n  

chromatography.  The column (2 .0  by 100 cm) was e q u i l i b r a t e d  w i th  CPA 

b u f f e r  (pH 6 .0 )  a t  a f low r a t e  of  15 ml pe r  hour .  The sample volume 

and f r a c t i o n  volume were 4 . 0  ml (4 .3  mg pe r  ml) and 1.5 ml,  r e s p e c ­

t i v e l y .  The e l u t i o n  p r o f i l e  is  p r e s e n t e d  in F igure  2. F r a c t i o n s  28 

t o  44 were c o l l e c t e d ,  c o n c e n t r a t e d  by u l t r a f i l t r a t i o n  (Amicon model 

M-3 u l t r a f i 1t r a t i o n  c e l  1) ,  and d i a l y z e d  a g a i n s t  CPA b u f f e r  o v e rn ig h t .

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table 1

P u r i f i c a t i o n  o f  Mannito l-Bind ing  P r o t e i n

F r a c t i o n

To ta l  
Act i v i t y  

( u n i t s )
Volume

(ml)

To ta l
P r o t e i n

(mg)

S p e c i f i c
A c t i v i t y

(un i t s /m g)
P r o t e i n  
( g/ml)

Yield
(%)

P u r i f i ­
c a t i o n
( - f o l d )

Crude P e r ip l a s m ic  
E x t ra c t*

41>772 100 354.0 118 3,540 100.0. 1.0

Sephadex CM-C50 
Column (FI I )

35,035 134 38 .5 910 287.2 83.9 7.7

Sephadex CM-C50 
Column ( F i l l )

35,570 106 21.3 1670 208.1 85 .2 14.2

Sephadex G-75 
Column ( FIV)

19,152 24 .8 11.4 1680 457.8 45 .8 14.2

Sephadex CM-C50 
Column (FV)

11,900 30 .0 2 .8 4250 92 .5 28 .5 36 .0

* E x t ra c te d  from 115 grams ce l  1 wet  w e igh t .
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F igu re  2.  E l u t i o n  p r o f i l e  o f  the FI I f r a c t i o n  on a Sephadex G-75 
column ( 2 . 0  x 100 cm). The sample volume and f r a c t i o n  
volume were 6 .0  ml and 3*5 ml, r e s p e c t i v e l y .  Flow 
r a t e  15 ml pe r  hour .  Symbols: (——) a bso rbance  a t
280 nm; (—•—) mannitol  b ind ing  a c t i v i t y .
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This  was the  G-75 f r a c t i o n  (FIV) and c o n t a i n e d ' 11 . .4 'mg o f  p r o t e i n  

w i th  a s p e c i f i c  a c t i v i t y  o f  1680 u n i t s  pe r  mg p r o t e i n .

The c o n c e n t r a t e d  G-75 f r a c t i o n  (FIV) was loaded on a t h i r d  CM-C50 

column ( 1 .5  by 23 cm) which had been e q u i l i b r a t e d  with CPA b u f f e r  

(pH 5*5) .  A f t e r  the  column was washed with b u f f e r ,  m a t e r i a l s  a d ­

sorbed t o  the  ge l  were e l u t e d  with 200 ml o f  a sodium c h l o r i d e  g r a ­

d i e n t  (0 t o  120 mM). E lu t io n  p r o f i l e  is  shown in Figure 3» F r a c t i o n s  

25 through *»6 were  col l e c t e d ,  c o n c e n t r a t e d  and d i a lyz ed  a g a i n s t  CPA 

b u f f e r  (pH 6 . 0 ) .  This p r e p a r a t i o n  was d e s ig n a t e d  FV and had a s p e ­

c i f i c  a c t i v i t y  o f  *1250 u n i t s  per  mg p r o t e i n .  The t h i r d  CM-C50 f r a c ­

t i o n  (FV) was p u r i f i e d  36- f o l d  over  t h e  c rude  p e r ip l a s m ic  e x t r a c t  

w i th  a recovery o f  28.5% (Table  1) .  The p u r i f i e d  sample (FV) showed 

one  major  band and s e v e r a l  minor bands when ana lyzed  by SD S-po lyacry la -  

mide gel e l e c t r o p h o r e s i s .

I d e n t i f i c a t i o n  of  t h e  MBP Band on 
SDS-Polyacrylamide Gels

Shock f l u i d  was p r e p a r e d  s e p a r a t e l y  from two 7 l i t e r  c u l t u r e s  

o f  Pseudomonas a e ru g i n o s a  s t r a i n  PAO. The f i r s t  7 l i t e r  c u l t u r e  was 

grown in a basal  s a l t s  medium c o n ta i n in g  30 mM l a c t a t e  and 10 mM 

mannitol  a s  energy  sou rc e s  and to  induce m a n n i to l -b ind ing  p r o t e i n .

The second 7 l i t e r  c u l t u r e  was grown in a basal  s a l t s  medium con­

t a i n i n g  30 mM l a c t a t e  a s  t h e  so le  carbon and energy sou rc e .  No 

mannitol  was p r e s e n t  t o  induce mannitol  s p e c i f i c  enzymes o r  a manni tol  

t r a n s p o r t  system. Approximately 60 ml of  c rude  p e r i p l a s m ic  e x t r a c t  

was ob ta ine d  from each 7 1i t e r  c u l t u r e .  A f t e r  d i a l y s i s  a g a i n s t  CPA
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F ig u re  3 .  E l u t i o n  p r o f i l e  o f  the  G-75 f r a c t i o n  (FV) on a Sephadex 
CM-C50 column ( 1 .5  x 23 cm). The sample s o l u t i o n  (5 ml) 
was loaded o n t o  t h e  column, which had been e q u i l i b r a t e d  
w i th  CPA b u f f e r  (pH 5 . 5 ) .  A f t e r  t h e  column had been 
washed w i th  150 ml of  t h e  same b u f f e r ,  the  m a n n i t o l -  
b in d in g  p r o t e i n  was e l u t e d  w i th  a l i n e a r  g r a d i e n t  o f  
0 t o  120 mM NaCl in CPA b u f f e r .  The f r a c t i o n  volume 
and f low  r a t e  were  3 ml and 30 ml pe r  hour ,  r e s p e c -  >
t i v e l y .  Symbols: (--) a b s o rb a n c e  a t  280 nm; ( - • —)
m a n n i t o l - b i n d i n g  p r o t e i n  a c t i v i t y .
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b u f f e r ,  each e x t r a c t  was s u b j e c t  to  Sephadex CM-C50 c a t i o n  exchange 

column chromatography.  Fol lowing sample a p p l i c a t i o n  each column was 

washed wi th  CPA b u f f e r  and e lu t e d  w i t h  120 mM sodium c h l o r i d e  in CPA 

b u f f e r .  The major  peak from each chromatography was combined and 

d i a ly z e d  a g a in s t  CPA b u f f e r .  The l a c t a t e  and mannitol  grown f r a c ­

t i o n  (MBP induced) c o n ta in ed  31-2 mg o f  p r o t e i n  with a s p e c i f i c  a c ­

t i v i t y  o f  465 u n i t s  per  mg p r o t e i n .  The f r a c t i o n  prepared  from th o se  

c e l l s  grown on l a c t a t e  a s  t h e  so le  carbon  and energy source  (MBP not  

induced) con ta ined  13.7 mg o f  p r o t e i n  w i th  no measurab le  mannitol  

s p e c i f i c  binding a c t i v i t y  (F igure  4 ) .  The samples were d i a ly z e d  

a g a i n s t  d i s t i 1 l ed  w a te r  and l y o p h i l i z e d  o v e rn i g h t  in p r e p a r a t i o n  f o r  

SDS-polyacrylamide gel e l e c t r o p h o r e s i s .  For each  sample,  25 to  125 

jjg o f  p r o t e i n  was mixed w i th  5 pi  o f  t r a c k i n g  dye ,  one drop o f  g l y ­

c e r o l ,  5 / i l  of  J3-mercap toethanol  and 50 yjl o f  SDS d i a l y s i s  b u f f e r .

The p r o t e i n  s o l u t i o n s  were a pp l i e d  t o  10% poly ac ry lam ide  g e l s .  

E l e c t ro p h o r e s i s  was performed a t  a c o n s t a n t  c u r r e n t  o f  8 ma per  g e l .  

The g e l s  were s t a i n e d  w i t h  Coomassie B r i l l i a n t  Blue R250. P r o t e i n  

bands were d e t e c t e d  by scanning  the  s t a i n e d  g e l s  in a G i l f o r d  2000 

spec t ropho to m ete r  a t  500 nm. Gels were scanned a t  0 .5  cm p e r  minute  

wi th  a scanning s l i t  a p e r t u r e  o f  0.10 x 2.36 mm. The r e s u l t i n g  SDS- 

polyacry lamide  ge l  band p a t t e r n s  were compared t o  f a c i l i t a t e  the  

i d e n t i f i c a t i o n  o f  any manni to l  s p e c i f i c  p r o t e i n  bands.  Comparisons 

between t h e  MBP induced f r a c t i o n  and t h e  MBP non induced f r a c t i o n  

revea led  two s e p a r a t e  p r o t e i n  bands seemingly p r e s e n t  only in the  

MBP induced f r a c t i o n .  One band correspond in g  t o  a m olecu la r  weight  

of  45>000 and a n o t h e r  co r re spond in g  t o  a m olecu la r  weight  o f  30,000.
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k.  Binding  a s s a y  o f  t h e  l a c t a t e  and mannitol  grown ion 
exchange f r a c t i o n  (A) and th e  l a c t a t e  grown ion 
exchange f r a c t i o n  (B) . S p e c i f i c  a c t i v i t y  o f  (A) 
was A65 u n i t s  pe r  mg p r o t e i n .  The l a c t a t e  grown 
f r a c t i o n  (B) had no m easu rab le  m anni to l  b in d in g  
a c t i v i  t y .
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P o s i t i v e  i d e n t i f i c a t i o n  o f  t h e  MBP band was not  p o s s i b l e  a t  t h i s  po in t  

In o r d e r  t o  c l a r i f y  t h e  l o c a t i o n  and molecu la r  we igh t  o f  MBP on 

SDS-polyacrylamide g e l s  a modif ied  co ld - shock  p rocedure  (Wolff,  1984) 

was used to  d e c r e a s e  t h e  number and c o n c e n t r a t i o n  of  con tam ina t ing  pro 

t e i n s  in both t h e  MBP induced and non induced f r a c t i o n s .  The modif ied  

co ld - shock  p rocedure  was i d e n t i c a l  t o  t h e  magnesium c h l o r i d e  c o ld -  

shock method employed o r i g i n a l l y ,  excep t  t h a t  t h e  e x t r a c t i o n  b u f f e r  

c on ta ined  no magnesium c h l o r i d e .  The d e l e t i o n  o f  magnesium c h l o r i d e  

from th e  e x t r a c t i o n  b u f f e r  was r ep o r t e d  t o  d r a m a t i c a l l y  reduce the  

t o t a l  p r o t e i n  r e l e a s e d ;  however, t h e  MBP s p e c i f i c  a c t i v i t y  o f  t h a t  

p r o t e i n  r e l e a s e d  was found t o  be g r e a t e r  than t h a t  o f  t h e  magnesium 

c h l o r i d e  shock f l u i d s  (Wolff,  1984) .  Using t h e  modif ied  co ld -shock  

p rocedure  a 7 l i t e r  c u l t u r e  o f  Pseudomonas ae rug inosa  grown on 30 mM 

l a c t a t e  and 10 mM mannitol  y i e l d e d  30 .5 ml (5*3 mg per  ml) o f  shock 

f l u i d  w i th  a s p e c i f i c  a c t i v i t y  o f  13** u n i t s  pe r  mg p r o t e i n .  The 

s p e c i f i c  a c t i v i t y  o f  t h i s  shock f l u i d  was approx im ate ly  20 u n i t s  

p e r  mg h ig h e r  than t h a t  of  t h e  magnesium c h l o r i d e  shock f l u i d s .  

Approximately 162 mg o f  t o t a l  p r o t e i n  was o b ta in e d  by us ing  t h e  

modi f ied shock p rocedure  compared t o  180 mg o f  t o t a l  p r o t e i n  ob ­

t a i n e d  by u s ing  the  magnesium c h l o r i d e  shock p roce du re .  A second 

7 l i t e r  c u l t u r e  c o n ta i n in g  30 mM l a c t a t e  as  the  so le  s o u rc e  o f  c a r ­

bon and energy  y i e l d e d  157 mg o f  t o t a l  p r o t e i n  w i th  no measurab le  

mannitol  s p e c i f i c  b ind in g  a c t i v i t y .  The c o ld - shoc k  f l u i d  from each 

f r a c t i o n  was s u b je c t e d  to  Sephadex CM-C50 c a t i o n  exchange column 

chromatography.  Bound p r o t e i n s  were e l u t e d  w i th  200 ml o f  a sodium 

c h l o r i d e  g r a d i e n t  (50 t o  150 mM). The l a c t a t e  grown ion exchange
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f r a c t i o n  (MBP not  induced)  c o n ta i n e d  1.5 mg of  p r o t e i n .  The l a c t a t e  

and mannitol  grown ion exchange f r a c t i o n  (MBP induced)  con ta ined  7-5 

mg o f  p r o t e i n  with a s p e c i f i c  a c t i v i t y  o f  1150 u n i t s  pe r  mg p r o t e i n .

L yoph i l i zed  samples  from each o f  the  two f r a c t i o n s  were run on 

SDS-polyacrylamide g e l s .  The g e l s  were scanned and compared t o  iden­

t i f y  any mannitol  s p e c i f i c  p r o t e i n  bands (F ig u re  5)» Band #12 wi th  

an app rox imate  molecu la r  weight  equal  to  45,000 was found e x c l u s i v e l y  

in t h e  MBP induced f r a c t i o n .  All o t h e r  p r o t e i n  bands p r e s e n t  in t h e  

MBP induced f r a c t i o n  were found to  c o r r e l a t e  with a p a r a l l e l  p r o t e i n  

band o f  s i m i l a r  m o b i l i t y  in the  MBP noninduced f r a c t i o n .  Thus,  p ro ­

t e i n  band #12 was t e n t a t i v e l y  i d e n t i f i e d  a s  MBP.,

F igure  6 shows SDS-polyacrylamide gel scans o f  MBP p r e p a r a t i o n s  

a t  d i f f e r e n t  l e v e l s  o f  p u r i f i c a t i o n .  In o r d e r  t o  conf i rm  band #12 

as  be ing MBP a p lo t  o f  s p e c i f i c  a c t i v i t y  vs  f r a c t i o n  t o t a l  a r e a  of  

d e t e c t e d  bands Was made f o r  each band remaining in t h e  FV f r a c t i o n  

( s p e c i f i c  a c t i v i t y  4250 u n i t s  per mg p r o t e i n ) .  The f r a c t i o n  t o t a l  

a rea  o f  d e t e c t e d  bands was de te rmined  by t h e  fo l lowing  method. The 

a rea  under  a s i n g l e  ge l  scan peak was found b/  f i r s t  drawing t ange n t  

l i n e s  th rough the  s i d e s  o f  t h e  peak and then  equa t ing  t h e  peak a rea  

to  t h e  a rea  o f  the t r i a n g l e  thus  c o n s t r u c t e d ,  a rea  = 1/2 (base width)

X (peak h e i g h t ) .  The a d d i t i o n  of  a l l  peak a r e a s  f o r  each p r e p a r a t i o n  

s tu d ie d  was equal  to  t h e  t o t a l  a re a  o f  t h a t  p a r t i c u l a r  MBP p r e p a r a t i o n .  

Thus, t h e  f r a c t i o n  t o t a l  a r e a  f o r  each  peak in a sample is  t h e  a r e a  

o f  t h a t  p a r t i c u l a r  peak  d iv ide d  by th e  t o t a l  area  under  a l l  peaks in 

the  sample.  F igure  7 shows t h e  r e s u l t s  of  t h i s  p l o t .  C o r r e l a t i o n  

c o e f f i c i e n t s  were c a l c u l a t e d  f o r  each l i n e  p l o t t e d  us in g  the  e q u a t io n :
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Figure 5. Sodium dodecyl s u l f a t e - p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  
o f  the  l a c t a t e  and mannitol  grown f r a c t i o n  (A) and the  
l a c t a t e  grown f r a c t i o n  (B). Band #12 was i d e n t i f i e d  as 
t h e  m an n i to l -b in d in g  p r o t e i n  (MBP). MBP was found ex­
c l u s i v e l y  in t h e  l a c t a t e  and mannitol  grown f r a c t i o n  
(A).
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Figure  6. Sodium dodecyl  s u l f a t e - p o l y a c r y l a m i d e  gel  e l e c t r o ­
p h o r e s i s  o f  p a r t i a l l y  p u r i f i e d  m a n n i to l - b in d i n g  
p r o t e i n  p r e p a r a t i o n s  a t  d i f f e r e n t  l e v e l s  o f  p u r i f i c a t i o n .  
(A) c ru d e  p e r i p l a s m i c  e x t r a c t  ( s p e c i f i c  a c t i v i t y  92.

. u n i t s  per  mg p r o t e i n ) ; (B) Sephadex CM-C50 f r a c t i o n  
( s p e c i f i c  a c t i v i t y  465 u n i t s  pe r  mg p r o t e i n ) ;  (C)
Sephadex CM-C50 f r a c t i o n  ( s p e c i f i c  a c t i v i t y  1150 
u n i t s  per  mg p r o t e i n ) ;  (D) FV f r a c t i o n  ( s p e c i f i c  
a c t i v i t y  4250 u n i t s  p e r  mg p r o t e i n ) .
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Band #12,  w i th  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9395,  c l e a r l y ,  i s  t h e  

o n ly  band which v a r i e s  d i r e c t l y  w i th  MBP s p e c i f i c  a c t i v i t y .

M o lecu lar  Weight of  MBP

The molecula r  w e igh t  o f  MBP was e s t im a te d  by SDS-polyacrylamide 

gel  e l e c t r o p h o r e s i s .  _ On 10% polyacry lamide  ge l s  MBP migrated w i t h  a 

m o b i l i t y  of  0 .388 w i th  r e s p e c t  to  bromophenol b lu e .  By comparisons 

w i th  a p p r o p r i a t e  s t a n d a r d s  in two s e p a r a t e  experiments ,  a m o lecu la r  

weight  o f  45,000  was de te rmined  (F igu re  8 ) .

S t a b i 1 i ty  o f  MBP

Crude shock f l u i d  o r  p a r t i a l l y  p u r i f i e d  b ind ing  p r o t e i n  p r e p a r a ­

t i o n s  were s t a b l e  a t  minus 70°C f o r  severa l  months w i thou t  loss  o f  

b ind in g  a c t i v i t y .  S i m i l a r  t o  o t h e r  b inding  p r o t e i n s ,  MBP had a p p r e ­

c i a b l e  thermal  s t a b i 1 i t y  ( t i  a t  60°C in CPA b u f f e r ,  4 m inu tes ) .  

However, a t  100°C a l l  b ind in g  a c t i v i t y  was l o s t  w i t h i n  one  minute .
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F ig u re  8. M olecu lar  w e i g h t  d e t e r m i n a t i o n  of t h e  m a n n i to l - b in d in g
p r o t e i n .  R e l a t i v e  m o b i l i t y  s i g n i f i e s  the r e l a t i v e  mig ra­
t i o n  o f  a p r o t e i n  on SDS-polyacrylamide ge l  to  t h a t  of  
bromophenol b l u e .  M olecu la r  weight  s t a n d a r d s :  (a)  bov ine
serum albumin ;  (b) egg albumin ;  (c) g l y c e r a l d e h y d e - 3 -  
p hospha te  dehyd rogenase ;  (d) c a r b o n i c  a nhydrase ;  (e)  t r y p -  
s in o g e n ;  '(f) t r y p s i n  i n h i b i t o r  and (g) - L ac ta lbum in .
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CHAPTER IV

DISCUSSION

A m ann i to l -b in d in g  p r o t e i n  was p u r i f i e d  36- f o l d  from co ld - shock  

s u p e r n a t a n t s  e x t r a c t e d  from 115 grams (wet weight)  of  l o g a r i th m ic  

phase Pseudomonas a e r u g i n o s a . Cat ion exchange and gel f i l t r a t i o n  

chromatography were employed in t h e  p u r i f i c a t i o n  scheme. Two s teps  

u t i l i z e d  in t h e  p u r i f i c a t i o n  a r e  worthy o f  comment. F i r s t ,  i t  is 

c l e a r  t h a t  t h e  advan tage o f  magnesium c h l o r i d e  c o ld - s h o c k  superna­

t a n t s  ove r  d i s r u p t e d  c e l l  su spen s io n s  cannot  be overemphasized .  The 

magnesium c h l o r i d e  c o ld - s h o c k  p rocedure  enab le s  t h e  e f f i c i e n t  and 

h igh ly  s e l e c t i v e  r e l e a s e  o f  MBP and o t h e r  p e r ip l a s m ic  p r o t e i n s  w i th ­

ou t  t h e  r e l e a s e  o f  cy to p la s m ic  p r o t e i n s  (Wolff,  198A). Secondly,  

the  i n i t i a l  CM-C50 c a t i o n  exchange chromatography s t e p  removed 

approx im ate ly  30% o f  the  t o t a l  p r o t e i n  in the c ru d e  p e r i p l a s m ic  ex­

t r a c t  (FI)  w i th  a recovery o f  over  80% o f  the  MBP a c t i v i t y  (Table  1) .  

The o v e r a l l  e f f e c t i v e n e s s  o f  t h i s  p rocedure  is  due l a r g e l y  t o  the  

a l k a l i n e  pi ( 8 . 3 ) o f  MBP, which c o n t r a s t s  to  t h e  lower i s o e l e c t r i c  

p o i n t s  o f  t h e  m a j o r i t y  of  p r o t e i n s  in t h e  crude p e r i p l a s m ic  e x t r a c t .  

The a l k a l i n e  pi o f  MBP g i v e s  the  p r o t e i n  an o v e r a l l  n e t  p o s i t i v e  

charge  a t  t h e  pH o f  the  chrom atograph ic  b u f f e r  (pH 6 . 0 ) ,  w h i l e  the  

m a j o r i t y  of  o t h e r  p r o t e i n s  r e t a i n  a ne t  n e g a t i v e  o r  n e u t r a l  charge .  

Together  the  above mentioned p rocedures  p rov ide  an e f f i c i e n t  and 

r e p r o d u c ib l e  means o f  o b t a i n i n g  a p a r t i a l l y  p u r i f i e d  sample s u i t a b l e  

f o r  use  in i d e n t i f y i n g  the  MBP band on SDS-polyacrylamide g e l s .
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The Sephadex G-75 gel f i l t r a t i o n  chromatography s t e p  was o f  

l i t t l e  va lue  in the  o v e r a l l  p u r i f i c a t i o n  scheme. SDS-polyacry la­

mide ge l  scans of  t h e  G-75 f r a c t i o n  (FIV) re v e a le d  the removal o f  one 

l i g h t  p r o t e i n  band (mw ~ 7 2 , 000) from th e  Sephadex CM-C50 ( F i l l )  

f r a c t i o n .  The l a r g e  loss  o f  MBP a c t i v i t y  t h a t  r e s u l t e d  from t h i s  

s tep  was due l a r g e l y  to  t h e  lo ss  o f  p r o t e i n  du r ing  the c o n c e n t r a t i o n  

of t h e  F i l l  f r a c t i o n .  A m i l l i p o r e  immersible CX-10 u l t r a f i 1t r a t i o n  

u n i t  was used to  c o n c e n t r a t e  106 ml o f  t h e  F i l l  f r a c t i o n  down t o  a 

*» ml f r a c t i o n  which was a p p l i e d  t o  t h e  G-75 chromatography column.

MBP was i d e n t i f i e d  on SDS-polyacrylamide g e l s  by comparing par­

t i a l l y  p u r i f i e d  samples f rom l a c t a t e  grown c e l l s  (no measurab le  MBP 

a c t i v i t y )  a g a i n s t  a p a r t i a l l y  p u r i f i e d  MBP p r e p a r a t i o n .  A s i n g l e  

p r o t e i n  band (band #12) ,  c o r r e s p o n d in g  to  a m olecu la r  we ight  o f  

*15,000 was found e x c l u s i v e l y  in t h o se  f r a c t i o n s  w i t h  MBP a c t i v i t y  

(F igure  5) .  A p l o t  o f  MBP s p e c i f i c  a c t i v i t y  vs f r a c t i o n  t o t a l  area 

of  d e t e c t e d  bands i n d i c a t e d  a d i r e c t  l i n e a r  r e l a t i o n s h i p  f o r  band 

#12 ( c o r r e l a t i o n  c o e f f i c i e n t  = 0 . 9 9 9 5 ) .  All o t h e r  d e t e c t a b l e  bands 

in t h e  FV f r a c t i o n  had n e g a t i v e  c o r r e l a t i o n  c o e f f i c i e n t s  when p l o t t e d  

as above (F igu re  7)* On t h e  b a s i s  o f  the  prementioned ev id e n c e ,  

band #12 was i d e n t i f i e d  as  MBP.

An e s t i m a t io n  o f  the m o le c u la r  weight  o f  MBP was de te rmined  by 

SDS-polyacrlamide gel  e l e c t r o p h o r e s i s .  The m olecu la r  weight  o f  MBP 

was e s t i m a t e d  by comparing i t s  e l e c t r o p h o r e t i c  m o b i l i t y  wi th known 

p r o t e i n  markers .  An approx im ate ly  l i n e a r  r e l a t i o n s h i p  i s  ob ta ine d  

i f  the  logar i thm s  o f  the  m o le c u la r  we igh ts  of  s t a n d a rd  p o ly p e p t id e  

chains  a r e  p l o t t e d  a g a i n s t  t h e i r  r e s p e c t i v e  e l e c t r o p h o r e t i c  mobi 1 i t i e s .
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Determina t ion o f  t h e  m o le c u la r  weight  of  MBP by SDS-polyacrylamide 

gel e l e c t r o p h o r e s i s  y i e ld e d  a v a lue  o f  ^SjOOO. In c o n t r a s t ,  t h e  

m olecu la r  we ight  of  MBP dete rmined  p r e v i o u s ly  by c a l i b r a t e d  6-100 

gel f i l t r a t i o n  was found to  b e ~ 37,000 (Eisenberg & Phibbs,  1982) . 

This  d i s c r e p a n c y  is  u n r e s o lv e d ,  a l though  d i f f e r e n c e s  in m o lecu la r  

weight  a s  determined by gel f i l t r a t i o n  and S D S -e l e c t ro p h o re s i s  f o r  

severa l  b ind ing  p r o t e i n s  p o s s e s s in g  a l k a l i n e  p i ' s  have been no ted  

p r e v i o u s ly  (Kuzuya, Bromwell & Gurof f ,  1971; Ahlem, Huisman, Neslund 

& Dahms, 1981). In each c a s e  the  m o le c u la r  weight  a s  de termined  by 

c a l i b r a t e d  gel f i l t r a t i o n  was lower than t h e  m o le c u la r  we ight  as  

dete rmined  by SDS-polyacrylamide gel  e l e c t r o p h o r e s i s  and o t h e r  

methods. I t  seems p o s s i b l e  t h a t  t h e  b ind ing  p r o t e i n  adhere s  o r  i n ­

t e r a c t s  w i th  t h e  Sephadex to  some e x t e n t .  This  would r e t a r d  i t s  

p rog res s  through th e  column and lead to  an i n c o r r e c t  and lower a p ­

paren t  m o le c u la r  w e igh t .  In o r d e r  t o  b e t t e r  r e s o l v e  the  d i sc re p an c y  

in the  m o le c u la r  we igh t  e s t i m a t e s  o f  MBP, a l t e r n a t i v e  methods of  

m olecu la r  we ight  d e t e r m i n a t i o n  w i l l  be ne c es sa ry .

A comple te  and a c c u r a t e  c h a r a c t e r i z a t i o n  of  MBP cannot  be 

accomplished u n t i l  p u r i f i c a t i o n  to  homogenei ty is  a c h ie v e d .  Attempt  

to  p u r i f y  MBP have c e n te re d  around chrom atographic  and e l e c t r o p h o r e t  

t e c h n i q u e s .  These e f f o r t s  have met wi th on ly  l i m i t e d  s u c ce s s .  Cur­

r en t  a t t e m p t s  t o  p u r i f y  MBP invo lve  t h e  use o f  immunological t e c h ­

n iques .  A n t i s e r a  a g a i n s t  t h e  p a r t i a l l y  p u r i f i e d  l a c t a t e  grown e x ­

t r a c t  and a n t i s e r a  a g a i n s t  t h e  p a r t i a l l y  p u r i f i e d  MBP p r e p a r a t i o n s  

have been prepared  in two a d u l t  w h i t e  r a b b i t s .  The high s p e c i f i c i t y  

o f  a n t i b o d i e s  prov ides  a unique  approach to  t h e  p u r i f i c a t i o n  problem.
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Two s e p a r a t e  approaches u t i l i z i n g  the  prepared  a n t i  se ra  t o  c o n s t r u c t  

immunoaff ini ty  columns a r e  being c o n s id e r e d .  F i r s t ,  t h e  IgG f r a c t i o n  

from the  a n t i s e r a  a g a i n s t  the  p a r t i a l l y  p u r i f i e d  l a c t a t e  grown ex­

t r a c t  could be immobilized on a s o l i d  m a t r ix .  A f t e r  a t t a c h m e n t  of 

the  a n t i b o d i e s  to  t h e  column m a t r ix  a p a r t i a l l y  p u r i f i e d  MBP f r a c ­

t i o n  would be run through th e  column. SDS-polyacrylamide ge l s  i n d i ­

c a t e  MBP i s  the  o n ly  mannitol  s p e c i f i c  p r o t e i n  found in t h e  p a r t i a l l y  

p u r i f i e d  ion exchange f r a c t i o n s .  T h e r e f o r e ,  a l l  con tam ina t ing  pro­

t e i n s  would be absorbed o u t  by t h e  immobi1 ized a n t i b o d i e s .  MBP would 

pass  through the column and be c o l l e c t e d  in a p u r i f i e d  form.  P o s s ib l e  

problems t h a t  may be encounte red  inc lude  a n t ib o d y  c ro s s  r e a c t i o n s  wi th  

MBP and l ac k  of  s u f f i c i e n t  an t ibody  t i t e r  o r  s e l e c t i v i t y  to  absorb  o u t  

a l 1 con tam inan ts .

In t h e  second approach  the  p r o t e i n  (Ag) from the p a r t i a l l y  p u r i ­

f i e d  l a c t a t e  grown e x t r a c t  would be  a t t a c h e d  to  an a f f i n i t y  m a t r ix .

A s u i t a b l e  ge l  m a t r ix  should  p rov ide  space r  groups to p rov ide  p roper  

o r i e n t a t i o n  o f  the  bound a n t i g e n .  The a f f i n i t y  column w i th  coupled 

a n t i g e n  would be used to  s e l e c t i v e l y  absorb  out  t h e  m a j o r i t y  o f  the 

IgG f r a c t i o n  from t h e  a n t i  s e ra  a g a i n s t  p a r t i a l l y  p u r i f i e d  MBP f r a c ­

t i o n s .  The e l u t e n t  from t h e  column would c o n ta i n  a n t i b o d i e s  d i r e c t e d  

a g a i n s t  MBP. These a n t i b o d i e s  c o u ld  then in t u r n  be used  to  c o n s t r u c t  

an immunomatrix which would s p e c i f i c a l l y  absorb  o u t  MBP from c rude  

p r o t e i n  e x t r a c t s .  Anti g e n -a n t i  body c ro s s  r e a c t i o n s  would once again  

be a p o t e n t i a l  problem.
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