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STUDIES ON THE PROTEIN MOIETY OF ENDOTOXIN 

FROM SERRATIA marcescens UB

CHAPTER I 

INTRODUCTION

A common f e a t u r e  of  Gram-negat ive  b a c t e r i a  i s  t h e  oc c u r r e nce  of 

endo to x in s  or  somatic  0  a n t i g e n s  in  t h e i r  c e l l  w a l l s .  Much a t t e n t i o n  has 

been g iven  to  t h e  chemica l  com pos i t ion  and m orpho log ic a l  s t r u c t u r e  of 

Gram-negat ive c e l l  w a l l s  ( l - 1 3 )  and th e  g e n e r a l  s t r u c t u r e  i s  f a i r l y  we l l  

un d e rs to o d .

E l e c t ro n m ic r o s c o p ic  p i c t u r e s  of t h e  c e l l  wa l l  s u g g e s t  a t h r e e -  

l a y e r  s t r u c t u r e  (2,  6 , 9 ,  10 ) .  The in nerm ost  or  r i g i d  l a y e r  su r round ing  

t h e  c y to p l a s m a t i c  membrane c o n s i s t s  of  a "bag-shaped"  macromolecule  murein 

i n s o l u b l e  in  a l k a l i  and phenol  and c o n s t i t u t i n g  0 . 1- 10% of t h e  c e l l  d ry  

weigh t  ( l 5 ) .  Thi s  r i g i d  l a y e r  i n  t u r n  i s  enve loped  by a s o - c a l l e d  " s o f t  

l a y e r "  c o n s i s t i n g  of l i p o p o l y s a c c h a r i d e  (1-5% of t h e  c e l l  d r y  w e i g h t ) ,  

p h o s p h o l i p i d  (5-15% of t h e  c e l l  d r y  w e i g h t ) ,  and p r o t e i n  ( l 5 ) .  The " s o f t  

l a y e r , "  a c co rd ing  t o  e l e c t r o n m i c r o s c o p i c  s t u d i e s  ( lO) i s  a c t u a l l y  com

posed of  a midd le  l a y e r  c o n s i s t i n g  of l i p o p o l y s a c c h a r i d e s ,  and an o u t e r 

most  l a y e r  t hough t  t o  be a l i p o p r o t e i n  d i s t r i b u t e d  over  t h e  c e l l  s u r f a c e  

in  p a t c h e s  and s a u s a g e - l i k e  s t r u c t u r e s .

I t  has  been g e n e r a l l y  a c c e p te d ,  t h a t  t h e  e ndo tox in s  of  many



d i f f e r e n t  s p e c i e s  of  Gram-negat ive  b a c t e r i a  r e p r e s e n t  in  t h e i r  i n t a c t  

s t a t e  macromolecu lar  e n t i t i e s  composed of  l i p o p o l y s a c c h a r i d e  (LPS),  p r o 

t e i n ,  and a l o o s e l y  bound p h o s p h o l i p i d ,  t h e  s o - c a l l e d  l i p i d  B ( l 6 ) ,  as  

s c h e m a t i c a l l y  shown below in  F ig u re  1:

L i p o p o l y s a c c h a r i d e - P r o t e i n - L i p i d  B-Complex 
(Endotoxin  or  somatic  0  a n t i g e n )

L i p id  B 
( 10%)

Simple P r o t e i n  
(15-20%)

L i p o p o ly s a c c h a r id e  
(Undegraded P o l y s a c c h a r i d e )

Degraded
P o l y s a c c h a r i d e

(45-60%)

L
"Conjuga ted P r o t e i n "

(20- 40%)

F i g u r e  1 . Components of  t h e  e ndo tox in  complex ac co rd in g  t o  
Westphai  and L u d e r i t z  ( l 6 ) ( m o d i f i e d ) .

A v a r i e t y  of  m ain ly  h y d r o l y t i c  p r o c e d u r e s  p e r m i t s  t h e  d i s s o c i a 

t i o n  of  e n d o to x in  i n t o  i t s  major  components .

Trea tment  of  t h e  e ndo tox in  complex wi th  hot  p h e n o l - w a t e r  ( l 7 )  

r e s u l t s  i n  t h e  s e p a r a t i o n  of  t h e  l i p o p o l y s a c c h a r i d e  and t h e  p r o t e i n  moi

e t y .  Th i s  d i s s o c i a t i o n  can be ach ieved  a l s o  by e x t r a c t i o n  of  whole c e l l s  

( l 7 )  o r  i s o l a t e d  c e l l  w a l l s  ( l 4 ,  1 8 ) .  Mild a l k a l i  t r e a t m e n t ,  fo l lowed  

by e t h a n o l  p r e c i p i t a t i o n  y i e l d s  s i m i l a r  r e s u l t s  ( l 9 ) .  The l i p o p o l y s a c 

c h a r i d e  can be f u r t h e r  d i s s o c i a t e d  i n t o  t h e  p o l y s a c c h a r i d e  m o ie ty  and



3

l i p i d  A by mild  a c id  h y d r o l y s i s  ( 2 0 ) .  Hea t ing  a 1% a c e t i c  a c i d  s o l u t i o n  

of endo to x in  complex s e p a r a t e s  t h e  "degraded p o l y s a c c h a r i d e "  from the  

"co n ju g a te d  p r o t e i n "  ( l 9 ,  21 ) .  L i p o p o ly s a c c h a r id e s  e x h i b i t  a v a r i e t y  of  

b i o l o g i c a l  e f f e c t s  as  t o x i c i t y ,  a n t i g e n i c i t y  and p y r o g e n i c i t y .  Chemica l

l y ,  t h e y  can be c l a s s i f i e d  as  p h o s p h o r u s - c o n ta i n in g  he te ro p o ly m e rs ,  con

s i s t i n g  of  a l i p i d  m o ie ty  ( l i p i d  A), supposed ly  c o v a l e n t l y  l i n k e d  v i a  

2 - k e t o - 3 - d e o x y o c to n i c  a c i d  (KDO) to  t h e  co re  p a r t  of  the  p o l y s a c c h a r i d e  

m oie ty  (22 ,  23) as  s c h e m a t i c a l l y  shown in F i g u re  2.

The p o l y s a c c h a r i d e  m o ie ty  of  a wide v a r i e t y  of Gram-negat ive  

b a c t e r i a  has  been th e  s u b j e c t  of  e x t e n s i v e  i n v e s t i g a t i o n s  by many r e s e a r c h  

groups and i s  t h u s  f a r  t h e  b e s t  known p a r t  o f  LPS.

Whereas t h e  l i p i d  and p r o t e i n  m o i e t i e s  of  t h e  0 - a n t i g e n s  of  v a r 

i o u s  Gram-negat ive  b a c t e r i a  seem t o  be c h e m i c a l ly  s i m i l a r ,  t h e r e  i s  a 

wide v a r i a t i o n  in  the  suga r  com pos i t ion  and sequence  of t h e  p o l y s a c c h a 

r i d e  m o i e t i e s  ( l b ) .  The p o l y s a c c h a r i d e  m o ie ty  r e p r e s e n t s  t h e  c a r r i e r  of  

s e r o l o g i c a l  0 - s p e c i f i c i t y ,  and s t u d i e s  of  t h e  suga r  com pos i t ion  and s e 

quence dem ons t ra ted  a c o r r e l a t i o n  between s t r u c t u r e  and s e r o l o g i c a l  s p e c 

i f i c i t i e s .  L a t e r ,  i t  was r e c o g n iz e d  t h a t  d i s c r e t e  s t r u c t u r a l  u n i t s  e x 

h i b i t e d  i n  t h e  s id e  c ha in  were r e s p o n s i b l e  f o r  t h e  s e r o l o g i c a l  s p e c i f i c 

i t y  ( l b ) .

Thus f a r ,  more than  20 suga rs  have been found as  c o n s t i t u e n t s  

of  t h e  0 - s p e c i f i c  p o l y s a c c h a r i d e s ,  namely,  he xoses ,  6 -deoxyhexoses ,  3 , 6 -  

d ideoxyhexoses ,  h e p t o s e s ,  hexosamines,  2 - k e t o - 3- d e o xyoc ton ic  a c id  (KDO), 

and in  a few c a s e s  a l s o  p e n to s e s  ( l b ) .  In  no case  has  neuramin ic  a c i d ,

a s p e c i f i c  c o n s t i t u e n t  of  mure in ,  been found as  a t r u e  component of  an

0 - s p e c i f i c  p o l y s a c c h a r i d e .



Abe

Gal

CFLOH Glucosamine

F a t t y  a c id s

Phosphate

Ethanolamine

Po ly -
h e p to s e -  KDO L ip id  A

Backbone

<-
0 - A n t ig en ic  
S ide  c ha in

Core

<-
P o ly s a c c h a r id e

F ig u re  2. P o s t u l a t e d  s t r u c t u r e  f o r  LPS, modif ied  acco rd in g  to  
Osborne (24) and Heath e t  (25 ) .



Although the  p o l y s a c c h a r i d e  m oie ty  e x h i b i t s  t h e  s e r o l o g i c a l  0-  

s p e c i f i c i t y ,  i t  i s  no t  immunogenic ( 2 1 ) .  T o x i c i t y  s t u d i e s  r e v e a l e d  t h a t  

the  i s o l a t e d  p o l y s a c c h a r i d e  m oie ty  i s  n o n - to x i c  ( 21 ) .

The p re se nc e  of  l i p i d  A in 0 - a n t i g e n s  was r e c o g n iz e d  in depen

d e n t l y  by s e v e r a l  groups ( l 6 , 2 6 - 2 9 ) .  I t  i s  g e n e r a l l y  agreed  t h a t  the  

main c o n s t i t u e n t s  of  l i p i d  A a re  g lucosamine ,  f a t t y  a c id s  and phospha te .  

Q u a l i t a t i v e  and q u a n t i t a t i v e  g a s - l i q u i d  chromatography of  t h e  methyl  

e s t e r s ,  i s o l a t e d  from l i p i d  A of d i f f e r e n t  b a c t e r i a  r e v e a l e d ,  among 

o t h e r s ,  a r e l a t i v e l y  high c o n c e n t r a t i o n  of p -hyd ro x y m y r i s t i c  a c id  (30-  

34) .  Since p -h y d ro x y m y r i s t i c  a c id  seems t o  be a r a t h e r  s p e c i f i c  c o n s t i 

t u e n t  i t  i s  used as a marker  f o r  t h e  d e t e c t i o n  of  l i p i d  A ( l b ) .  Phos

p ha te  i s  l i n k e d  as  an e s t e r  t o  glucosamine  in  p o s i t i o n  1 and p r o b a b ly  a l 

so in  p o s i t i o n  4 or  6 (34, 3 5 ) .  In a d d i t i o n  t o  t h e s e  main c o n s t i t u e n t s ,  

e thano lam ine  and phospho ry le tha no lam ine  were o f t e n  found in  l i p i d  A (35,  

36 ) .  Although much work has  been done abou t  t h e  s t r u c t u r a l  a n a l y s i s  of  

l i p i d  A, t h e  e x a c t  s t r u c t u r e  has  no t  y e t  been e s t a b l i s h e d .

Nowotny (37) p roposed  an a c y l a t e d  poly-D -g lucosamine  phosphate  

cha in  as  the  p o s s i b l e  s t r u c t u r e  of  l i p i d  A;

P e p t i d e  -  (GA-P-GA-P-GA)n 
2F 2F 2F

GA = g lucosamine ,  F = f a t t y  a c i d ,  P = phospha te

Tie f a t t y  a c id s  a r e  l i n k e d  t o  glucosamine  v i a  t h e  C3 and C5 hydroxyl  

groups as e s t e r s  and v i a  t h e  amino group as  amides.



Ilcawa (38) p o s t u l a t e d  necrosamine  as the  c e n t r a l  component f o r  

the  l i p i d  A s t r u c t u r e  of E. c o l i ;

CHgfCHgJij-ÿH-ÇH-tCHgïgCHg
NH NH 
I  I 
H P 

I
GA —  3F

I
GA —  3F

However, necrosamine has  been found only  in  l i p i d  A p r e p a r a t i o n s  from an 

a t y p i c a l  s t r a i n  of E. c o l i . Burton and C a r t e r  (30)  have sugges ted  t h a t  

l i p i d  A from E. c o l i  c o n s i s t s  of two glucosamine  r e s i d u e s  l i n k e d  g ly c o -  

s i d i c a l l y  r a t h e r  than  th rough  a p h o s p h o d ie s t e r  bond:

F F
I  I

P-GA-GA
I I

2F 2F

Recent  s t u d i e s  of  Gmeiner e t  (35)  and Tsang (34) c o n t r i b u t e d  

f u r t h e r  ev id ence  f o r  a g l y c o s i d i c a l l y  l i n k e d  po lyg lucosamine  c ha in  and 

thus  s uppor ted  t h e  l a t t e r  p r o p o s a l .

The b i o l o g i c a l  r o l e  of l i p i d  A rem ains  c o n t r o v e r s i a l ,  a l though  

many groups have s t u d i e d  t h i s  problem. Goebel e t  aj^. (21,  28) found t h a t  

mild a c id  h y d r o l y s i s  of t h e  endo tox in  complex r e s u l t e d  in  t h e  i s o l a t i o n  

of a n o n - to x i c  degraded  p o l y s a c c h a r i d e  and a t o x i c  " con juga te d  p r o t e i n , "  

whereas mild  a l k a l i n e  h y d r o l y s i s  of t h e  complex y i e l d e d  t o x i c  l i p o p o l y 

s a c c h a r id e  and a n o n - to x i c  "s imple  p r o t e i n . "  They concluded t h a t  a t o x i c  

component r e s i d i n g  w i t h i n  t h e  endo tox in  complex could be i s o l a t e d  e i t h e r  

l in k e d  t o  t h e  p r o t e i n  moie ty  o r  t o  t h e  p o l y s a c c h a r i d e  m oie ty .

Westphai and L l ide r i t z  (16) were a b le  t o  coup le  t h e  l i p i d  A moi-



e t y  t o  an i n e r t  p r o t e i n  and t h e  s o - o b t a i n e d  " l i p o c a s e i n "  e x h i b i t e d  s t r o n g  

t o x i c i t y  and p y r o g e n i c i t y .  However, t h e  i s o l a t e d  l i p i d  A m oie ty  when de 

v o id  of p r o t e i n  and p o l y s a c c h a r i d e  was l e s s  t o x i c  than  t h e  o r i g i n a l  LPS 

( l 6 ) .  Th is  was e x p la i n e d  by th e  i n s o l u b i l i t y  of l i p i d  A in  aqueous s y s 

tems and by i t s  p o s s i b l e  p a r t i a l  d e g r a d a t i o n  d u r ing  a c id  h y d r o l y s i s .

R ib i  e t  (39) by i s o l a t i n g  a l i p i d - p o o r  l i p o p o l y s a c c h a r i d e  t h a t  e x 

h i b i t e d  t h e  h i g h e s t  known t o x i c i t y  sugge s te d  t h a t  a q u a n t i t a t i v e  r e l a t i o n 

s h ip  does n o t  e x i s t  between l i p i d  c o n t e n t  of  l i p o p o l y s a c c h a r i d e  and t o x 

i c i t y .  On t h e  o t h e r  hand,  mutant  s t r a i n s  of  Sa lmonel l a  produced  t o x i c  

l i p o p o l y s a c c h a r i d e s ,  which c o n ta i n e d  m ain ly  l i p i d  A and were devo id  of 

p o l y s a c c h a r i d e  ( 4 0 ) .

O the r  b i o l o g i c a l  a c t i v i t i e s  of  e ndo tox in  complex such as  p y r o 

g e n i c i t y  (4 1 , 4 2 ) ,  tumor i n h i b i t o r y  (43)  and tumor n e c r o t i z i n g  e f f e c t s

(4 4 ) were a l s o  d e s c r i b e d .

The p r o t e i n  m o ie ty  d i s c o v e r e d  by Morgan and P a r t r i d g e  (45,  19) 

and l a t e r  by Goebel  e t  (46) as  an i n t e g r a l  p a r t  of  t h e  e n do tox in  com

p l e x ,  has  n o t  been s t u d i e d  v e ry  e x t e n s i v e l y .  I t  has  been sug g e s t e d  r e 

p e a t e d l y  t h a t ,  e x c e p t  f o r  a d e c re a s e d  w a te r  s o l u b i l i t y  ( l 9 )  and reduced  

immunogenici ty  ( l 5 ,  1 6 ) ,  t h e  removal of  t h e  p r o t e i n  m oie ty  by chemical  

(17,  47,  48,  4 9 ) o r  enzymati c  t r e a t m e n t s  (50,  51) of whole complex has  

l i t t l e ,  i f  any, e f f e c t  on t h e  r e t e n t i o n  of  c h a r a c t e r i s t i c  s e r o l o g i c a l  and 

e nd o to x ic  p r o p e r t i e s  of  rem a in ing  l i p o p o l y s a c c h a r i d e s .  The ass ignm ent  

of  a secondary  " c a r r i e r "  r o l e  t o  t h e  p r o t e i n  moie ty  has  been p r o b a b ly  

t h e  s i n g l e  most  im p o r t a n t  r e a s o n  f o r  a r e l a t i v e  l ack  of  i n t e r e s t  in  s tu d y 

ing i t s  i s o l a t i o n ,  c h a r a c t e r i z a t i o n  and mode of l in k a g e  t o  t h e  b i o l o g i 

c a l l y  a c t i v e  l i p o p o l y s a c c h a r i d e  m o ie ty .
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I t  has been assumed t h a t  t h e  p r o t e i n  components of  many Gram- 

n e g a t i v e  b a c t e r i a  a re  s i m i l a r ,  and t h a t  t h e  "co n ju g a te d  p r o t e i n "  d i f f e r s  

from th e  "s imple  p r o t e i n "  by c o n t a i n i n g  l i p i d  A; however,  t h e  p re s e n c e  of 

l i p i d  A in  "con juga ted  p r o t e i n "  has never  been proven e x p e r i m e n t a l l y .

The aim of t h i s  i n v e s t i g a t i o n  has  been t o  i s o l a t e  and c h a r a c t e r 

i ze  t h e  p r o t e i n  moie ty  of endo to x in  complex from S e r r a t i a  marcescens  06 

and to  s tu d y  th e  mode of  l in k a g e  between t h e  p r o t e i n  and l i p o p o l y s a c c h a 

r i d e  m o ie ty .

The s p e c i f i c  aims c o n s i s t e d  in  s tu d y in g  (a )  t h e  i s o l a t i o n  and 

p u r i f i c a t i o n  of  " s im ple"  and "con juga ted  p r o t e i n , "  (b)  p h y s i c a l  and chem

i c a l  p r o p e r t i e s  of p r o t e i n  p r e p a r a t i o n s ,  ( c )  immunogenic c h a r a c t e r i s t i c s  

of i n t a c t  and p a r t i a l l y  degraded p r o t e i n s ,  and (d) a n t i g e n i c  s i m i l a r i t i e s  

o r  d i f f e r e n c e s  between p r o t e i n  m o i e t i e s  f rom two b a c t e r i a l  s p e c i e s .



CHAPTER I I

LITERATURE REVIEW

Boivin and Mesrobeanu (52, 53) f i r s t  i s o l a t e d  in  1933 (54)  a 

h i g h ly  a n t i g e n i c  m a t e r i a l  by e x t r a c t i o n  of  wet o r  acetone  d r i e d  Gram- 

n e g a t i v e  b a c t e r i a  w i th  0 . 2  N t r i c h l o r o a c e t i c  a c id  in  the  c o ld ;  t h i s  p r e p 

a r a t i o n  became known as Boiv in  a n t i g e n ,  somatic  0 - a n t i g e n  and, because 

of  i t s  t o x i c i t y ,  a l s o  as  e n d o to x i n .  Boiv in  r ega rded  t h e s e  s u b s ta n c e s  as 

l i p o c a r b o h y d r a t e s ,  and f a i l e d ,  as  o t h e r  e a r l y  i n v e s t i g a t o r s ,  t o  r ec o g n ize  

a p r o t e i n  o r  p r o t e i n - l i k e  c o n s t i t u e n t .  I t  remained f o r  Morgan and 

P a r t r i d g e  (19, 45) t o  d e m o n s t ra te  a p r o t e i n  moie ty  as  c o n s t i t u e n t  of  the  

a n t i g e n i c  complex o f  B a c t . d v s e n t e r i a e  (Shiga)  and B a c t . tvphosum (55 ) .  

Goebel (21)  s tu d y in g  th e  0 - so m a t i c  a n t i g e n s  of  the  F l e x n e r  group of  dys 

e n t e r y  b a c i l l i  confirmed  t h e  p re s e n c e  of  a p r o t e i n  moie ty  and s t a t e d :

Our knowledge conc ern ing  th e  n a tu r e  of  a n t ig e n s  d e r iv e d  from 
Gram-negat ive  b a c i l l i  was g r e a t l y  advanced when Morgan and 
P a r t r i d g e  found t h a t ,  i n  a d d i t i o n  t o  t h e  pho sp h o l ip id  and p o l y 
s a c c h a r id e  components,  a t h i r d  c o n s t i t u e n t  was l i b e r a t e d  on ac id  
h y d r o l y s i s .  Th i s  su b s ta n c e  proved t o  be a p r o t e i n  and was shown 
t o  be an im p o r ta n t  component not  on ly  of  t h e  s p e c i f i c  a n t ig e n  of  
t h e  Shiga b a c i l l u s ,  b u t  of  t h e  typho id  b a c i l l u s  as w e l l .

I t  has been observed  t h a t  a p r o t e i n - l i k e  moie ty  forms an i n 
t e g r a l  p a r t  of  t h e  a n t i g e n i c  complex of  each s p e c i f i c  type  of  
organism thus  f a r  i n v e s t i g a t e d .

Morgan ( l 9 ,  45, 56) i n t r o d u c e d  a mild e x t r a c t i o n  method wi th  

anhydrous d i e t h y l e n e  g l y c o l  in  the  cold which, u n f o r t u n a t e l y ,  was found 

l a t e r  no t  t o  be always s u i t a b l e  when a p p l i e d  t o  o t h e r  b a c t e r i a .  The ex-

9
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t r a c t  from S h i g e l l a  d v s e n t e r i a e  p u r i f i e d  by c e n t r i f u g a t i o n  and r e p e a t e d  

ace tone  and ammonium s u l f a t e  p r e c i p i t a t i o n  y i e l d e d  th e  whole a n t i g e n  com

p l e x .  Hydro ly s i s  w i th  1% a c e t i c  a c id  f o r  4 hours  a t  95-98 y i e l d e d  the  

s p e c i f i c  p o l y s a c c h a r i d e ,  l i p i d  B, and a p r e c i p i t a t e  t h a t  was found to  be 

a p r o t e i n  in  n a tu re  and accoun t ing  f o r  a bou t  22% of the  t o t a l  a n t i g e n .  

R e s u l t s  of  the  e lem en ta ry  a n a l y s i s  of  t h i s  p r o t e i n  p r e p a r a t i o n  s o lu b l e  

in  d i l u t e  a l k a l i ,  b u t  n o t  in  d i l u t e  a c i d ,  were C 44%, H 6.7%, N 11.5%. 

Phosphorus accounted f o r  l e s s  than  0.2% and was a t  f i r s t  no t  c o n s id e red  

as a c o n s t i t u e n t  of t h e  p r o t e i n .  I t  was d i g e s t a b l e  by t r y p s i n  a t  pH 8 .5  

and was shown t o  be s l i g h t l y  a n t i g e n i c .  The p r o t e i n  m oie ty  could be 

l a r g e l y  removed from th e  whole a n t i g e n i c  complex by th e  a c t i o n  of  t r y p s i n

( 45 ) .  I t  was e s t a b l i s h e d  l a t e r  t h a t  t h i s  f r a c t i o n  was a "con juga ted  p r o 

t e i n "  ( 19 ) .  T h e r e a f t e r ,  a s i m i l a r  " con juga te d  p r o t e i n "  from Sa lmonel la  

tvphosa  could  be p r e p a r e d  by t h e  same method ( 5 5 ) .  The s o l u b i l i t y  p ro p 

e r t i e s  and a n a l y t i c a l  d a t a  (N 11.5% and P 0.47%) of t h i s  p r o t e i n  p r e p a 

r a t i o n  were s i m i l a r  t o  t h o s e  of S h i g e l l a  p r o t e i n .  N e v e r t h e l e s s ,  u n l ik e  

t h e  a n t i g e n i c  complex o f  S h i g e l l a  d v s e n t e r i a e  the  0 - a n t i g e n  of  B a c t . 

tvphosum could  no t  be r e n d e re d  f r e e  from t h e  p r o t e i n  m oie ty  by t r y p t i c  

h y d r o l y s i s .  Goebel (21,  46) p re p a re d  t h e  0 - a n t i g e n i c  complexes from d i f 

f e r e n t  t y p e s  (V, W. Z and Newcas t le )  of  S h i g e l l a  p a r a d v s e n t e r i a e  

(F le x n e r )  by e x t r a c t i o n  w i th  d i e t h y l e n e  g l y c o l  and, s in c e  t h i s  method 

f a i l e d  i n  t h e  case  of  type  V and Newcas t le ,  w i th  50% aqueous p y r i d i n e .  

H ydro ly s i s  of  the  Z type  a n t i g e n  with  1% a c e t i c  a c id  f o r  4 h r s  a t  100 

or  w i th  p i c r i c  a c id  d i s s o c i a t e d  t h e  a n t i g e n i c  complex i n t o  a p o ly sa c c h a 

r i d e  h a p te n ,  a p h o s p h o l ip id  ( l i p i d  B),  and a p r o t e i n  c o n s t i t u e n t .  The 

r e s u l t s  of  a n a l y s i s  were N 11.8% and P 1.27%, and no glucosamine  or  r e -



11

ducing suga rs  were d e t e c t e d .  S ince  t h i s  " con juga te d  p r o t e i n "  was t o x i c ,  

i t  was r e f e r r e d  t o  as  " t o x i c  p r o t e i n . "  I t  was shown upon e l e c t r o p h o r e 

s i s  in  a T i s e l i u s  a p p a ra tu s  t h a t  t h e  "con juga te d  p r o t e i n "  appeared in 

combina t ion wi th  t h e  p o l y s a c c h a r i d e  hap ten  and th e  p h o s p h o l i p i d  ( l i p i d  

B).  The a n t ig e n  of t h e  type  Z and th e  p r o t e i n  d e r i v e d  from i t  were bo th  

r e a d i l y  a t t a c k e d  by t r y p s i n  and a c o n s i d e r a b l e  p a r t  of  the  p r o t e i n  was 

hyd ro ly z e d .  The a n t ig e n  p repa re d  by t r y p t i c  h y d r o l y s i s  had a lower n i 

t r o g e n  and a h igher  c a rb o h y d r a te  c o n t e n t  th a n  th e  o r i g i n a l  a n t i g e n .

S ince  t r y p t i c  d i g e s t i o n  of the  i n t a c t  a n t i g e n  and of  " con juga te d  ( t o x i c )  

p r o t e i n "  d id  not  d e s t r o y  th e  t o x i c  component,  i t  was concluded t h a t  t h e  

t o x i n  i s  e i t h e r  no t  a p r o t e i n  o r  t h a t  i t  i s  a p e c u l i a r  p r o t e i n  f r a c t i o n  

r e s i s t a n t  t o  the  a c t i o n  of  t h e  enzyme.

When th e  a n t i g e n i c  complex o b t a i n e d  from S h i g e l l a  d v s e n t e r i a e  

and Sa lmonel l a  typhosa  by e x t r a c t i o n  w i th  d i e t h y l e n e  g l y c o l  was d i s 

so lv ed  in  90% phenol  ( l 9 ) ,  i t  was d i s s o c i a t e d  i n t o  a l o o s e l y  bound l i p i d  

( l i p i d  B),  "undegraded" p o l y s a c c h a r i d e  ( l i p o p o l y s a c c h a r i d e  c o n s i s t i n g  of 

a p o l y s a c c h a r i d e  moie ty  and f i r m l y  bound l i p i d  A) and a "s imple  p r o t e i n . "  

The "s imple  p r o t e i n "  was i s o l a t e d  and found,  c o n t r a r y  t o  t h e  "con juga ted  

p r o t e i n , "  t o  be s o l u b l e  in  d i l u t e  a c id  a t  pH 2 . 5 ;  i t  c o n ta i n e d  13% N, 

b u t  was f r e e  of phosphorus .  From t h e s e  and o t h e r  d a t a  i t  was conc luded 

t h a t  t h e  p r o t e i n s  i s o l a t e d  from t h e  same a n t i g e n i c  m a t e r i a l  by two d i f 

f e r e n t  methods ( a c i d  h y d r o l y s i s  and phenol  d i s s o c i a t i o n )  were s u b s t a n 

t i a l l y  d i f f e r e n t  in  c h a r a c t e r  and t h a t  t h e  p ro d u c t  i s o l a t e d  from phenol  

was a d e g r a d a t i o n  p ro d u c t  of  t h e  " c o n juga te d  p r o t e i n . "  To prove  t h i s  a 

p r e p a r a t i o n  of  " con juga te d  p r o t e i n "  ( l l . 2 %  N, 1.07% P, -48  + 3 )

was d i s s o l v e d  in  90% ph e n o l .  The i s o l a t e d  p r o t e i n  was s o l u b l e  in  normal



12

a c e t i c  a c i d ,  c o n ta in e d  13.8% N and no phosphorus ,  and showed a s p e c i f i c  

r o t a t i o n  -88 + 2 ° .  The a n a l y t i c a l  v a lu e s  and g e n e r a l  p r o p e r t i e s

of  t h e  p u r i f i e d  p r o t e i n  were d i s t i n c t l y  d i f f e r e n t  from those  of  t h e  

"co n ju g a te d  p r o t e i n , "  b u t  showed a c lo s e  agreement  w i th  t hose  of t h e  p r o 

t e i n  p r e p a r e d  by phenol  d i s s o c i a t i o n  of t h e  whole a n t i g e n i c  complex. Ad

d i t i o n a l l y ,  i t  was bhowii t h a t  t h e  somatic  .■^.tigen cou ld  be d i s s o c i a t e d  

by e t h a n o l i c  a l k a l i  (O . l  N NaOH) and a " s im ple  p r o t e i n "  could be i s o l a t e d  

by r e p e a t e d  p r e c i p i t a t i o n  w i th  a c e t i c  a c id  a t  pH 4 . 5 .  The " s imple  p r o 

t e i n "  c o n ta i n e d  13.8% N and was f r e e  of  phosphorus ;  s p e c i f i c  r o t a t i o n  

was -71 + 4 ° .  The a n a l y t i c a l  d a t a  were s i m i l a r  t o  t h o s e  of the

"s im ple  p r o t e i n "  p r e p a r e d  by pheno l  d i s s o c i a t i o n .

Goebel et_ (21,  46) were a l s o  a b l e  t o  i s o l a t e  a " s imple  p r o 

t e i n "  from th e  a n t i g e n i c  complex of  Z ty p e  of  S h i g e l l a  p a r a d v s e n t e r i a e  

( F l e x n e r )  or  i t s  " co n ju g a te d  p r o t e i n "  by m ild  h y d r o l y s i s  w i th  e t h a n o l i c  

sodium hydrox id e  fo l lowed  by i s o e l e c t r i c  p r e c i p i t a t i o n .  The " s imple  p r o 

t e i n s "  d e r i v e d  from t h e  a n t i g e n i c  complex and from th e  " co n ju g a te d  p r o 

t e i n "  were indeed ve ry  s i m i l a r  (N 13.9 and 14.5%; P 0 .18  and 0.12%, &[D] 

- 6 5 /  and -66° )  and resembled  t h e  "s im ple  p r o t e i n "  d e s c r i b e d  by Morgan. 

Thus,  i t  was e s t a b l i s h e d  t h a t  t h e  p r o t e i n  component of 0 - a n t i g e n  could 

be o b t a i n e d  in  two d i f f e r e n t  fo rm s ,  e i t h e r  as  "s im ple"  o r  as  "con juga ted  

p r o t e i n , "  depending on t h e  mode of  h y d r o l y s i s .

B i o l o g i c a l  s t u d i e s  r e v e a l e d  t h a t  b o th  t h e  "con juga te d  p r o t e i n "  

and t h e  "s im ple  p r o t e i n "  gave r i s e  t o  a n t i b o d i e s  which r e a c t e d  e q u a l l y  

w i th  t h e  i n t a c t  0 - a n t i g e n i c  complex and t h e  homologous a n t i g e n  though 

t h e  "s imple  p r o t e i n "  was a weaker  a n t i g e n  ( 2 I )  than  t h e  " co n ju g a te d  p r o 

t e i n . "  Removal of t h e  p r o t e i n  m o ie ty  from t h e  whole a n t i g e n i c  complex
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d e c re a s ed  th e  a n t i g e n i c i t y  of  the  " t o x i c  c a rb o h y d r a te "  (LPS) in  compari

son w i th  t h e  complete  a n t i g e n .  The p o l y s a c c h a r i d e  hap ten  o b ta in e d  from 

th e  complete  a n t i g e n  was n o t  a n t i g e n i c .  The i n t a c t  a n t i g e n  complex ex

h i b i t e d  the  h i g h e s t  t o x i c i t y  f o r  mice.  Both " t o x i c  c a rb o h y d r a t e "  ( l i p o 

p o l y s a c c h a r i d e  c o n s i s t i n g  of p o l y s a c c h a r i d e  and l i p i d  A) and "con juga te d  

p r o t e i n "  ( c o n s i s t i n g  of p r o t e i n  and l i p i d  A) were t o x i c  to a bou t  t h e  same 

e x t e n t .  On th e  o t h e r  hand,  "s imple  p r o t e i n "  and p o l y s a c c h a r i d e  hapten  

e x h i b i t e d  no t o x i c i t y .  From th e s e  r e s u l t s  i t  was conc luded t h a t  depend

ing on t h e  mode of  h y d r o l y s i s ,  the  t o x i c  p r i n c i p l e  could be found e i t h e r  

in  l i p o p o l y s a c c h a r i d e  or  in  "con juga ted  p r o t e i n ; "  Goebel c a l l e d  t h i s  moi

e t y ,  o b v io u s ly  d i f f e r e n t  from the  p r o t e i n  moie ty  o r  t h e  p o l y s a c c h a r i d e  

h a p te n ,  " t o x i c  component" (21)^ Morgan ( l 9 )  found t h a t  bo th  t h e  "s imple"  

and t h e  "con ju g a te d "  p r o t e i n  were weak a n t i g e n s .  Whereas a n t i b o d i e s  t o  

" co n ju g a te d  p r o t e i n "  of S h i g e l l a  d v s e n t e r i a e  r e a c t e d  w i t h  t h e  homologous 

a n t i g e n  and w i th  "s imple  p r o t e i n "  from a smooth and rough s t r a i n  of  

S h i g e l l a , t h e  " co n ju g a te d  p r o t e i n "  d i d  no t  r e a c t  w i th  a n t i b o d i e s  t o  "s im

p l e  p r o t e i n . "  An a n t i s e ru m  a g a i n s t  " s imple p r o t e i n "  cou ld  on ly  be p r e 

pa red  when m a t e r i a l  i s o l a t e d  from t h e  rough s t r a i n  was used  f o r  immuniza

t i o n .  "Simple p r o t e i n "  from the  smooth s t r a i n  was no t  a n t i g e n i c .  Recom

b i n a t i o n  of t h e  i s o l a t e d  undegraded p o l y s a c c h a r i d e  w i th  t h e  "con juga ted  

p r o t e i n "  y i e l d e d  a p o t e n t  a n t i g e n  and produced  a g g l u t i n i n s  a g a i n s t  

S h i g e l l a . In c o n t r a s t ,  t h e  "s imple p r o t e i n "  d i d  n o t  form an a n t i g e n i c  

complex when recombined w i t h  t h e  undegraded p o l y s a c c h a r i d e  i n  aqueous so 

l u t i o n .  These o b s e r v a t i o n s  s ugges ted  t h a t  t h e  "co n ju g a te d  p r o t e i n "  con

t a i n e d  p ro b ab ly  a p r o s t h e t i c  group which was n e c e s s a r y  f o r  t h e  recom bi 

n a t i o n  w i th  t h e  undegraded  p o l y s a c c h a r i d e .
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Subsequent  s t u d i e s  in  many l a b o r a t o r i e s  have f u l l y  confirmed the  

l i p o p o l y s a c c h a r i d e - p i G t e i n  n a t u r e  of  i n t a c t  e n d o to x in s  o r  0 - a n t i g e n s  i s o 

l a t e d  e i t h e r  by the  e x t r a c t i o n  of whole c e l l s  w i th  v a r i o u s  o r g a n i c  s o l 

v e n t s  ( 21 , 46; 4 7 , 57 , 58) or t r i c h l o r o a c e t i c  a c id  (48,  57, 59, 6 0 ) ,  or 

by p r e c i p i t a t i o i  from c u l t u r e  f l u i d s  (49,  6 l )  > Westphai  e t  ( l 7 )  

u s in g  aqueous phenol  f o r  e x t r a c t i o n  a t  68° i s o l a t e d  from t h e  phenol  phase 

the  p r c t e i n  components of 0 - a n t i g e n s  from d i f f e r e n t  b a c t e r i a  and found 

fo l l o w i n g  v a lu e s  fo r  n i t r o g e n  and phosphorus :  E.. c o l i , 15.8-16.2% N, 0%

P; S. a b o r t u s  e g i n . 16.1% N. 0% P; E n t , B r e s t a u , 15.7-15.9% N, 0% P; B. 

f l u o r e s c e n s , 16-3% N, 0% P; and L a c to b a c , a e r o q e n e s , 16.1% N, 0,3% P.

Homma and Suzuki  (62-64)  s t u d i e d  t h e  p r o t e i n  component of  endo

t o x i n  from Pseudomonas a e r u g i n o s a  and compared t h e  endo tox in  p r o t e i n  w i th  

a p r o t e i n  i s o l a t e d  from t h e  c e l l  wa l l  of  t h e  same organi sm.  Both p r o t e i n s  

appeared  t o  be homogeneous by u l t r a c e n t r i f u g a t i o n  and by zone e l e c t r o 

p h o r e s i s .  Although t h e r e  were some d i f f e r e n c e s  between t h e  two p r o t e i n s  

in  n i t r o g e n  and phosphorus  c o n t e n t  ( e n d o t o x i n - p r o t e i n :  13.1% N, 1.6% P;

g a l a c to s a m in e  2 3%) and in  t h e  s e d im e n ta t i o n  c o n s t a n t s ,  the p r o t e i n  moi 

e t i e s  were s i m i l a r  in  r e s p e c t  t o  t h e  molar  r a t i o s  of  amino a c i d s .  I t  was 

fcund t h a t  t h e  two p r o t e i n s  p o s s e s s e d  a common a n t i g e n i c  d e t e r m i n a n t .

C la rk e  e t  ^  (65) f r a c t i o n a t e d  i s o l a t e d  c e l l  w a l l s  of Pseudo

monas a e r u g i n o s a  w i th  aqueous p h e n o l .  Upon p r e c i p i t a t i o n  w i th  methanol  

a p r o t e i n  o b t a i n e d  from t h e  pheno l  phase was s o l u b l e  in  aqueous sodium 

dcdecv l  s u l f a t e  A n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  showed a s i n g l e  peak,  

b u t  a t  l e a s t  two bands were d i s c o v e r e d  upon g e l  e l e c t r o p h o r e s i s .  Thi s  

l i p i d - f r e e  f r a c t i o n  y i e l a e d  upon h y d r o l y s i s  83.3% amino a c i d s .  A s p a r t i c  

a c id  was p r e s e n t  in  t h e  r e l a t i v e l y  h i g h e s t  c o n c e n t r a t i o n ,  g lucosamine
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was p r e s e n t  only in  t r a c e s  The m a t e r i a l  no t  p r e c i p i t a t e d  from th e  

phenol  phase  by methanol  c o n s i s t e d  m ain ly  of p h o s p h o l i p i d  (44%) and f a t t y  

a c id s  (27%), and a p p ro x im a te ly  13% p r o t e i n .  The aqueous f r a c t i o n s  (66) 

c o n ta i n e d  bo th  l i p o p o l y s a c c h a r i d e  and mure in .  S ince  t h e  amino a c id s  

f c j n d  in  t h e s e  f r a c t i o n s  were t h o s e  t y p i c a l  o f  mure in ,  t h e  aqueous phase 

c b v io u s iy  d id  no t  c o n t a i n  a p r o t e i n .  However, t h e  r e s i d u a l  c e l l  w a l l s  

i n s c l u b l e  in  aquecus pnenc l  c o n ta i n e d  a p p ro x im a te ly  50% murein and 50% 

p i c t e i n  The t o t a l  p r o t e i n  c o n t e n t  of  t h e  c e l l  wa l l  was ap p ro x im a te ly  

36% and t h a t  of l i p o p o l y s a c c h a r i d e  31%. The p r o t e i n  f r a c t i o n  p r e c i p i t a t e d  

frcm t h e  phenol  phase accounted  f o r  24.5% of t h e  c e l l  w a l l .

So f a r  n o th in g  i s  known about  t h e  n a t u r e  of t h e  l i n k a g e  between 

t h e  p r o t e i n  m oie ty  and t h e  l i p o p o l y s a c c h a r i d e .  Morgan (65) conc luded  

from h i s  r e s u l t s  t h a t  " th e  f o r c e s  t h a t  b ind  t o g e t h e r  t h e  v a r i o u s  component 

m o le c u le s  which make up t h e  a n t i g e n i c  complex a r e  n o t  o f  t h e  c o v a l e n t  

ty p e  and t h a t  in  consequence  s t e r e o c h e m i s t r y  of t h e  l i n k a g e s  and c o n s t a n t  

m o le c u la r  c om pos i t ion  f o r  t h e  a n t i g e n i c  complex a r e  n o t  t o  be e x p e c t e d . "  

Webster e t  a i , (48)  o b t a i n e d  by a co ld  t r i c h l o r o a c e t i c  a c id  e x t r a c t i o n  

of Sa lmone l l a  typhosa  an 0 - a n t i g e n  complex which had an e x t r e m e ly  low 

n i t r o g e n  c o n t e n t  (2-2.5%) F r a c t i o n a l  p r e c i p i t a t i o n  of  t h i s  0 - a n t i g e n  

complex e i t h e r  by ammonium s u l f a t e  o r  e t h a n o l  f a i l e d  t o  r e s u l t  i n  s e p a 

r a t i o n  of n i t r o g e n o u s  m a t e r i a l .  However, i t  was c la imed  t h a t  e th a n o l  

f r a c t i o n a t i o n  in  combina t ion  w i t h  a h igh  s a l t  c o n c e n t r a t i o n  (0.2% a n t i 

gen in  a s o l u t i o n  of  35 g MaCl/lOO ml) r e s u l t e d  in  removal of 10% i n e r t  

m a t e r i a l  and t h a t  t h e  n i t r o g e n  c o n t e n t  of  r em a in ing  a n t i g e n  d e c re a s e d  t c  

0 6% This  f i n d i n g  might  i n d i c a t e ,  in  agreement  w i th  Morgan, t h a t  t h e  

p r c t e i n  moiety  was no t  c o v a l e n t l y  l i n k e d -  However, t h e  same a u t h o r s  were
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not  a b le  t o  remove th e  p r o t e i n  moiety  of  e ndo tox in s  w i th  a h i g h e r  c o n te n t  

of p r o t e i n .

R e c e n t ly ,  Okuda and Weinbaum (67) i s o l a t e d  an e n v e l o p e - s p e c i f i c  

g l y c o p r o t e i n  from E. c o l i  by e x t r a c t i o n  w i th  aqueous phe no l .  The phenol  

s o l u b l e  g l y c o p r o t e i n  accoun ted  f o r  35-45% of t h e  t o t a l  enve lope  p r o t e i n ,  

and 50-60% of t h e  p a r t i a l l y  p u r i f i e d  membrane p r o t e i n .  There was about  

4% c a rb o h y d r a te  a s s o c i a t e d  w i th  the  g l y c o p r o t e i n  and N -a c e ty l  g lucosamine-  

14]  was r a p i d l y  i n c o r p o r a t e d  i n t o  t h e  g l y c o p r o t e i n .  Amino a c id  a n a l y s i s  

showed t h a t  t h e  r e l a t i v e  c o n te n t  of a s p a r t i c  a c id  and t y r o s i n e  of  g ly c o 

p r o t e i n  was h ig h e r  than  t h a t  of  the  enve lope  p r o t e i n .  Pronase  t r e a t m e n t  

of t h e  g l y c o p r o t e i n  l a b e l e d  w i th  N -a c e ty l  glucosam ine-l^C  y i e l d e d  a t  l e a s t  

one g l y c o p e p t i d e  which c o n ta i n e d  a s p a r t i c  a c id  and glucosam ine .  The ex

a c t  l i n k a g e  was n o t  de te rm ine d .  Although i t  was n o t  shown whe ther  t h i s  

g l y c o p r o t e i n  r e p r e s e n t e d  a c t u a l l y  t h e  p r o t e i n  m o ie ty  of t h e  endo tox in  

complex, i t  was sugges ted  t h a t  t h e  c a rb o h y d r a te  p o r t i o n  of  g l y c o p r o t e i n  

might  s e rv e  as  t h e  i n i t i a t i o n  s i t e  f o r  l i p o p o l y s a c c h a r i d e  s y n t h e s i s .

Although th e  " s im ple"  p r o t e i n  i s  a p p a r e n t l y  devoid  of any t y p i 

c a l  e n d o to x ic  p r o p e r t i e s ,  i t  may be t h e  c a r r i e r  of  b a c t e r i c i d a l  a c t i v i t y  

in  c o l i c i n o g e n i c  b a c t e r i a  ( 6 8 ) .  Goebel and h i s  co -w orkers  (69-72)  c l e a r l y  

dem o n s t ra t ed  t h a t  c o l i c i n e  K i s o l a t e d  from t h e  c o l i c i n o g e n i c  E. c o l i  K235 

i s  a p r o t e i n - l i p o p o l y s a c c h a r i d e  complex i d e n t i c a l  t o  the  whole 0 - a n t i g e n  

complex of  t h e  same organism.  D i s s o c i a t i o n  of  c o l i c i n e  K by 90% phenol  

r e s u l t e d  in  t h e  s e p a r a t i o n  of a p r o t e i n  m oie ty  endowed w i th  t h e  b a c t e r i 

c i d a l  a c t i v i t y  and a l i p o p o l y s a c c h a r i d e  m o ie ty  d i s p l a y i n g  th e  t y p i c a l  en

d o t o x ic  p r o p e r t i e s .  A comparat ive  s tudy  of 0 - a n t i g e n s  of  t h e  c o l i c i n e -  

p rcd u c in g  organism and i t s  n o n - c o l i c i n o g e n ic  v a r i a n t  r e v e a l e d  no s e r o 
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l o g i c a l  o r  chemical  d i f f e r e n c e s  between t h e  co r r e s p o n d in g  l i p o p o l y s a c c h a 

r i d e  m o i e t i e s ;  i t  was, t h e r e f o r e ,  sugges ted  ( 7 l )  t h a t  a s tu d y  of  t h e  p r o 

t e i n  m o i e t i e s  should r e v e a l  t h e  chemical  b a s i s  f o r  t h i s  d i f f e r e n c e  in 

b a c t e r i c i d a l  a c t i v i t y .  However, t h e  p o s s i b i l i t y  t h a t  c o l i c i n o g e n i c  

s t r a i n s  c o n ta i n  a p h e n o l - s o l u b l e  p r o t e i n  d i f f e r e n t  from t h e  p r o t e i n  moi

e t y  of endo tox in  has  no t  been exc luded  by t h e s e  e x p e r im e n t s .

Homma and Suzuki (62 ,  63) showed in  s i m i l a r  s t u d i e s  w i th  Pseudo

monas a e ru g in o s a  t h a t  the  p r o t e i n  m o ie ty  of  endo tox in  i s o l a t e d  from the  

a u t o l y s a t e  and a p r o t e i n  p r e p a r a t i o n  ( p r o t e i n  A) o b t a in e d  from t h e  c e l l  

wa l l  had v e ry  s i m i l a r  amino a c i d  com pos i t ion ,  p o s s es s e d  a common s p e c i f i c  

a n t i g e n  and d i s p l a y e d  th e  same pyoc ine  o r  b a c t e r i c i d a l  a c t i v i t i e s .

Mesrobeanu and h e r  co-w orkers  (73)  i s o l a t e d ,  in  a d d i t i o n  t o  t h e  

u su a l  t h e r m o s t a b l e  e n d o to x i n ,  a t o x i c  t h e r m o l a b i l e  f r a c t i o n  ( n e u r o t o x in )  

from ch lo ro fo rm  a u t o l y s a t e  of  S. tvphimurium S and de m ons t ra ted  t h a t  i t s  

p r o t e i n  m oie ty  endowed w i t h  b a c t e r i c i d a l  a c t i v i t y  was i d e n t i c a l  t o  t h a t  

of  t h e r m o s t a b l e  e n d o to x in .

The e n do tox in  complex of  S e r r a t i a  marcescens  has  been t h e  sub

j e c t  o f  e x t e n s i v e  i n v e s t i g a t i o n s  in  many r e s p e c t s .  Shear  and Turner  (74) 

i s o l a t e d  from c u l t u r e  f i l t r a t e s  of  S. m arcescens  a l i p o p o l y s a c c h a r i d e  

which caused n e c r o s i s  and hemmorrhage in  mouse sa rcomas.  Anti tumor ac 

t i v i t y  of  p o l y s a c c h a r i d e s  o b t a i n e d  from d i f f e r e n t  s t r a i n s  of  S. marcescens 

were i n v e s t i g a t e d  by Creech  e t  ( 7 5 ) .  The d e t e r m i n a t i o n  of  n i t r o g e n ,  

phosphorus and c a rb o h y d r a t e  v a l u e s  f o r  f r a c t i o n s  o b t a i n e d  from d i f f e r e n t  

s t r a i n s  of  b a c t e r i a  showed t h a t  t h e y  v a r i e d  c o n s i d e r a b l y  depending  on the  

growth c o n d i t i o n s  and com pos i t ion  of t h e  medium (75 ) .  Rathgeb and Sylvan 

(60)  f i r s t  i n v e s t i g a t e d  t h e  chemica l  com pos i t ion  of t h e  p o l y s a c c h a r i d e s .
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L i p o p o l y s a c c h a r i d e - p r o t e i n  complexes were i s o l a t e d  and t h e i r  chemical  

com pos i t ion  de te rmined  (75,  7 6 ) .  Comparat ive  s t u d i e s  on the  chemical  

c om pos i t ion  and b i o l o g i c a l  p r o p e r t i e s  of  l i p o p o l y s a c c h a r i d e s  i s o l a t e d  

from S. marcescens  08 and from th e  non-chromogenic  s t r a i n  S. marcescens  

B i z io  were c a r r i e d  ou t  by Alaupov ic ,  Olson and Tsang ( 3 3 ) .  Tsang (34)  

a l s o  s t u d i e d  t h e  compos i t ion  of l i p i d  A, i s o l a t e d  from Lhe l i p o p o l y s a c 

c h a r i d e  of  S. marcescens  OS.



CHAPTER I I I  

MATERIAL AND METHODS 

P r e p a r a t i v e  Methods 

B a c t e r i a

C e l l s  of  S e r r a t i a  m arcescens  08 were o b t a i n e d  from General  Bio

c h e m ic a l s ,  Chagr in  F a l l s ,  Ohio.  C e l l s  grown in a medium c o n s i s t i n g  of 

c a s e i n  h y d r o l y s a t e  (2%), g l y c e r i n  (0 .1%),  n u t r i e n t  b r o t h  (0.5%) and NaCl 

(0.2%) were h a r v e s t e d  in  t h e  l a t e  l o g -p h a s e  by c e n t r i f u g a t i o n  in  a 

S h a r p l e s s  c o n t i n u o u s - f l o w  c e n t r i f u g e ,  and f r o z e n  f o r  s t o r a g e  and s h i p 

ment .

The d i a l y z e d  and l y o p h i l i z e d  phenol  pha ses  of  E. c o l i  0B:K42(A) 

and E: c o l i  0141:K85(B) were s u p p l i e d  by Dr.  K. J a nn ,  Max-Planck I n s t i t u t  

f u r  Immunbiologie ,  F r e i b u r g ,  Germany.

E x t r a c t i o n  of  B a c t e r i a

E x t r a c t i o n  of  t h e  chromoqenic c e l l s  of  S e r r a t i a  marcescens  0 8 . 

Water-washed wet c e l l s  were e x t r a c t e d  ( F ig u r e  3) t w ic e  w i th  t r i c h l o r o 

a c e t i c  a c id  (lOO g c e l l s / 2 0 0  ml TCA) a c c o r d in g  t o  a m o d i f i c a t i o n  of the  

method of  Bo iv in  e t  ( 5 2 ) .  The combined e x t r a c t s  were d i a l y z e d  

a g a i n s t  d i s t i l l e d  w a te r  f o r  48 h o u r s ,  c o n c e n t r a t e d  jri  vacuo t o  a small  

vciume ( a p p r o x i m a te l y  50 m l ) ,  and c e n t r i f u g e d  in  a Spinco Model L u l t r a -

19
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Wet c e l l s  of  n | a rcescens  08

E x t r a c t i o n  w i th  5% t r i c h l o r o a c e t i c  a c id  

T r i c h l o r o a c e t i c  a c id  e x t r a c t

1. D i a l y s i s  a g a i n s t  d i s t i l l e d  wa te r
2.  C o n c e n t r a t i o n  j j i  vacuo
3.  U l t r a c e n t r i f u g a t i o n  a t  105,000xg

f o r  1 hour

S o lu b le  l a y e r

N uc le ic  a c id s  
A c id ic  p o l y s a c c h a r i d e s

Sediment

I
Phenol  phase

Treatment  w i t h  45% phenol  
f o r  30 m inu te s  a t  68

Water  phase

L i p o p o ly s a c c h a r id e s

F i g u r e  3.  I s o l a t i o n  of t h e  pheno l  pha se .
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c e n t r i f u g e  a t  40 ,000  rpm (105,000 x g ) .  The s o lu b l e  l a y e r  c o n ta in ed  nu

c l e i c  a c i d s  and a c i d i c  p o l y s a c c h a r i d e s .  The l y o p h i l i z e d  n u c l e i c  a c id -  

f r e e  sed iment  was t r e a t e d  w i th  45% aqueous phenol  f o r  30 m inu tes  a t  68 

a c c o r d in g  t o  t h e  method of Westphal  e t  ( l 7 ) .  The cooled  w a te r  and 

pheno l  p h a s es  were s e p a r a t e d .  The aqueous phase c o n ta in ed  l i p o p o l y s a c 

c h a r i d e s ;  t h e  phenol  phase  was used f o r  t h e  i s o l a t i o n  of  Lhe p r o t e i n  moi

e t y .

E x t r a c t i o n  of  E. c o l i  0B;K42(A) or  E. c o l i  0141:K85(B). Twenty 

grams of  d r y  c e l l s  were e x t r a c t e d  w i th  45% aqueous phenol  f o r  10-15 min

u t e s  a t  65° w i th o u t  p r e v i o u s  t r i c h l o r o a c e t i c  a c id  t r e a t m e n t .  A f t e r  c o o l 

in g ,  t h e  phenol  and th e  wa te r  phase  were s e p a r a t e d  by c e n t r i f u g a t i o n .

The w a te r  phase  c o n ta in e d  l i p o p o l y s a c c h a r i d e s ,  a c i d i c  p o l y s a c c h a r i d e s  

and n u c l e i c  a c i d s .  Add i t ion  of  3-4 volumes of  methanol  t o  t h e  phenol  

phase  y i e l d e d  a p r e c i p i t a t e  which was i s o l a t e d  by c e n t r i f u g a t i o n .  This  

p r e c i p i t a t e  was r e suspended  in  d i s t i l l e d  w a t e r ,  d i a l y z e d  and l y o p h i l i z e d .  

To i s o l a t e  p r o t e i n  m o i e t i e s  o f  S. marcescens  and E. c o l i  unde r  i d e n t i c a l  

e x p e r i m e n t a l  c o n d i t i o n s ,  4 -5  g of  E. c o l i  p r e c i p i t a t e  were d i s s o l v e d  in  

500 ml 90% phenol  by s t i r r i n g  f o r  12 hours  a t  35°.

I s o l a t i o n  of "Simple P r o t e i n "  (PX-S and PX-E) 
from Phenol  Phases  of  S. marcescens 

and E. c o l i

The pheno l  pha ses  of S. marcescens o r  E. c o l i  were washed sev

e r a l  t im e s  w i th  d i s t i l l e d  w a te r  t o  remove t r a c e  amounts of  l i p o p o l y s a c 

c h a r i d e s  and p e p t i d e s  ( F ig u re  4 ) .  The aqueous f r a c t i o n s  were l y o p h i l i z e d  

and used  f o r  p e p t i d e  mapping and immunological  t e s t i n g .  The d i s a p p e a r 

ance of  p e p t i d e  s p o t s  and imm unoprec ip i t in  l i n e s  of l i p o p o l y s a c c h a r i d e s  

was used  as  a c r i t e r i o n  f o r  t h e  p u r i t y  of t h e  phenol  pha se .  The a d d i t i o n
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Phenol  .Phase

Washed w i th  d i s t i l l e d  w a te r

I
Water phase

 1
Phenol  phase

L i p o p o ly s a c c h a r id e s

I- - - - - - - - - - -
S o lub le  l a y e r

1. P r e c i p i t a t i o n  w i th  
e t h a n o l  a t  -10

( P h e n o l / e t h a n o l . 
1 : 9 . 5 ,  v /v )

2. C e n t r i f u g a t i o n  a t  900 
rpm f o r  20 m in u tes

P r e c i p i t a t e

1. Washed w i th

a) w a te r
b)  e t h a n o l

2.  C e n t r i f u g a t i o n  
a t  900 rpm f o r  
30 m inu tes

F r a c t i o n  P

E x t r a c t i o n  w i th  
c h lo ro fo rm /m e thano l  
2:1 ( v /v )

E x t r a c t a b l e  m a t t e r F r a c t i o n  PX

L ip id s
Pigments

F i g u re  4.  I s o l a t i o n  of  f r a c t i o n s  P-S,  P-E,  PX-S, and PX-E.
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of 9 , 5  volumes e t h a n o l  t o  t h e  phenol  pha ses  and t h e  s to r a g e  of  m ix tu re s  

a t  -10° f o r  7-10 days  y i e l d e d  a da rk  b l u i s h - r e d  p r e c i p i t a t e  from S. 

m arcescens  and a wh i te  p r e c i p i t a t e  from E, c o l i . P r e c i p i t a t e s  removed 

by c e n t r i f u g a t i o n  f o r  20 m inu tes  a t  900 rpm were washed tw ice  w i th  e t h 

anol  and s e v e r a l  t im es  w i th  d i s t i l l e d  w a te r ;  a f t e r  r e p e a t e d  c e n t r i f u g a 

t i o n  and l y o p h i l i s a t i o n  t h e s e  p r e c i p i t a t e s  r e p r e s e n t e d  f r a c t i o n s  P-S and 

P-E,  r e s p e c t i v e l y .

To remove " f r e e  l i p i d s , "  f r a c t i o n s  P-S and P-E were e x t r a c t e d  

by ch lo ro fo rm /m e thano l  ( 2 : 1 ,  v / v )  in  a Soxh le t  e x t r a c t o r  f o r  12 h o u r s .

Tne r e s i d u a l  f r a c t i o n s ,  PX-S and PX-E, were used as  p a r e n t  s u b s ta n c e s  

f o r  f u r t h e r  i n v e s t i g a t i o n .  To d e t e c t  p e p t i d e  o r  amino a c i d  i m p u r i t i e s ,  

PX-S and PX-E were sub m i t t e d  t o  h igh  v o l t a g e  pa pe r  e l e c t r o p h o r e s i s  (3000 

V, 30 m in u te s ,  p y r i d i n e - a c e t a t e  b u f f e r ,  pH 3 .6 5 ,  n in h y d r i n  s t a i n ;  Savant  

I n s t r u m e n t s ,  I n c . ,  H i c k s v i l l e ,  N. Y . ) .  I f  n i n h y d r i n - p o s i t i v e  s p o t s  were 

d e t e c t e d ,  washing w i t h  d i s t i l l e d  wa te r  f o r  2 -3  days removed i m p u r i t i e s .

O x i d a t i o n  of  PX-S and PX-E

F i f t y  m i l l i g r a m s  of  PX-S o r  PX-E were o x id iz e d  w i th  25 ml f r e s h 

l y  p r e p a r e d  p e r f o r m i c  a c i d ,  by s t i r r i n g  t h e  r e a c t i o n  m ix tu re  c o n t i n u o u s ly  

f o r  24 hours  a t  4° a c c o r d in g  t o  a s l i g h t l y  m od i f ie d  method of  M ue l le r  

e t  a l , ( 7 7 ) .  The r e s u l t i n g  s o l u t i o n  was e i t h e r  l y o p h i l i z e d  o r  e v a p o ra te d  

in  a vacuum d e s s i c a t o r  ove r  KOH and d i l u t e d  w i t h  d i s t i l l e d  w a t e r .  The 

aqueous s o l u t i o n  was c o n c e n t r a t e d  t o  d ry n es s  i n  a r o t a r y  e v a p o r a t o r  a t  

36° The c r y s t a l l o i d ,  s l i g h t l y  y e l lo w  m a t e r i a l  was e i t h e r  d i s s o l v e d  in  

b o r i c  a c id  b u f f e r ,  pH 8 .9  (50 ml of  a m ix tu re  0 .1  M HgBOg/KCl + 2 0 .8  ml 

of  0 .1  M NaOH, d i l u t e d  t o  100 ml w i th  d i s t i l l e d  w a te r )  or  suspended in  

d i s t i l l e d  wa te r  and d i a l y z e d  f o r  7 days a g a i n s t  d i s t i l l e d  wate r  a t  4
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and th en  l y o p h i l i z e d .  The o x i d i z e d  p r o t e i n s  were d e s i g n a t e d  PXOD-S and 

PXOD-E, r e s p e c t i v e l y .

I s o l a t i o n  of t h e  "Conjugated P r o t e i n "  from 
Endotoxin  Complex of  S e r r a t i a  

m arcescens  08

To remove f r e e  l i p i d s ,  n u c l e i c  a c i d - f r e e  endo tox in  complex ob

t a i n e d  by t r i c h l o r o a c e t i c  a c id  e x t r a c t i o n  of  wet  c e l l s  of  S. marcescens  

( F i g u r e  3) was e x t r a c t e d  by ch lo ro fo rm /m e th a n o l  ( 2 : 1 ,  v / v )  in  a S oxh le t  

e x t r a c t o r  f o r  12 h o u r s .  About 500 mg of t h i s  m a t e r i a l  (LPS-Ud) was d i s 

s o lv e d  i n  250 ml p r e h e a t e d  1% a c e t i c  a c id  and hydro lyzed  ( F ig u re  5) f o r  

4 hours  a t  9 0 °C a c co rd in g  t o  t h e  method of Morgan ( l 9 ,  4 5 ) .  The s o l u t i o n  

was c o n s t a n t l y  s t i r r e d .  A f t e r  c o o l i n g  f o r  1 hour  a t  4  C, t h e  f l o c c u l e n t  

s l i g h t l y  y e l low  p r e c i p i t a t e  was s e p a r a t e d  from t h e  c l e a r  s u p e r n a t e  by 

c e n t r i f u g a t i o n  a t  12,000 rpm f o r  20 m in u te s  a t  1 0 °C. The p r o t e i n  was d i s 

s o lv e d  in  0 .0 2  M ammonium c a r b o n a te  b u f f e r ,  pH 8 . 6 , and a f t e r  t h r e e  i s o 

e l e c t r i c  p r e c i p i t a t i o n s  a t  pH 3 . 5  washed f o r  24 hours  w i th  d i s t i l l e d  

w a t e r ,  and f i n a l l y  l y o p h i l i z e d .  The " co n ju g a te d  p r o t e i n "  was t e s t e d  f o r  

i m p u r i t i e s  by h igh  v o l t a g e  e l e c t r o p h o r e s i s  as  d e s c r i b e d  above f o r  PX-S.

I s o l a t i o n  of  t h e  P o l y s a c c h a r i d e  Moiety 

A f t e r  removal of  t h e  " co n ju g a te d  p r o t e i n , "  t h e  c l e a r  s u p e rn a t e  

was e x t r a c t e d  t h r e e  t im e s  by c h lo r o f o rm  t o  remove l i p i d s .  The l y o p h i l i z e d  

aqueous p h a s e ,  which c o n ta i n e d  t h e  "degraded  p o l y s a c c h a r i d e , "  was d i s 

so lve d  in  d i s t i l l e d  w a te r  and d i a l y z e d  a g a i n s t  d i s t i l l e d  w a te r  f o r  7 

d a y s .  The o u t e r  and t h e  i n n e r  d i a l y s a t e s  were l y o p h i l i z e d .  The l y o p h i l 

i z e d  " i n n e r  d i a l y s a t e "  was i d e n t i f i e d  as  t h e  0 - s p e c i f i c  s id e  c h a in  of  t h e  

p o l y s a c c h a r i d e  m o ie ty .



LPS -Ud

1.  H y d r o l y s i s  w i t h  1% a c e t i c  a c i d ;
4 h r s ,  9 0 °C

2 .  S t o r a g e  a t  4°C f o r  1 h r

3 .  C e n t r i f u g a t i o n  a t  12 ,000  rpm f o r
20 m in u t e s  a t  1 0 °C

r
S u p e r n a t e

E x t r a c t i o n  w i t h  CHCI3

C hlorofo rm  pha se
“ 1
Aqueous phase

L y o p h i l i z a t i o n  

"Degraded P o l y s a c c h a r i d e "

1-------------
O u t e r  d i a l y s a t e

D i a l y s i s  a g a i n s t  
d i s t i l l e d  w a t e r

S u p e r n a t e

I
I n n e r  d i a l y s a t e

"Core" "S ide  c h a in "

Sed iment

1 . R e d l s s o l v e d  i n  0 . 0 2  M 
(NH^jgCOg, pH 8 .6

2.  P r e c i p i t a t i o n  w i t h  
CH3COOH a t  pH 3 . 5

3.  C e n t r i f u g a t i o n

1
Sediment

1 . Washed f o r  24 
h r  w i t h  d i s 
t i l l e d  w a t e r

2 . C e n t r i f u g a t i o n

3. L y o p h i l i z a t i o n

"C o n ju g a t e d  p r o t e i n "

F i g u r e  5.  I s o l a t i o n  of  " c o n j u g a t e d  p r o t e i n "  f rom LPS-Ud
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P r e p a r a t i o n  of  t h e  T r y p t i c  and Pronase  Cores 
of PX-S and "Conjugated P r o t e i n "  

from S e r r a t i a  marcescens  08

F i f t y  m i l l i g r a m s  of PX-S o r  " co n ju g a te d  p r o t e i n "  were suspended 

in  15 ml 0 .0 2  M ammonium c a rb o n a te  b u f f e r ,  pH 8 .6  (F ig u re  6 ) ,  he a te d  f o r  

30 seconds  in  a b o i l i n g  w a te r  b a t h ,  and cooled  in  an i c e  b a th  t o  37 C, 

D F P - t r e a t e d  t r y p s i n  (Wor th ing ton Biochemical  C o rp . ,  F re eh o ld ,  N. J . ) ,  

d i s s o l v e d  in  a small  volume of  t h e  same b u f f e r  was added ( p r o t e i n  p r e p a 

r a t i o n / t r y p s i n  100:1 (w/w)) .  The r e a c t i o n  m ix tu re  was g e n t l y  s t i r r e d .

The h y d r o l y s i s  was pe rfo rmed f o r  12 hours  a t  37 C ( th e  d i g e s t i o n  was com

p l e t e d  a f t e r  8 -10  h o u r s ,  as  de te rmined  p h o t o m e t r i c a l l y  by the  r e a c t i o n  

w i t h  n i n h y d r i n ) .  During h y d r o l y s i s  t h e  r e a c t i o n  m ix tu re  became com

p l e t e l y  c l e a r  and no r e s i d u e  was o b se rve d .  The s o l u t i o n  was aga in  he a te d  

f o r  30 seconds in  a b o i l i n g  w a te r  b a t h ,  coo led t o  room tem p e ra tu re  and 

a c i d i f i e d  w i th  a c e t i c  a c i d .  At pH 3 . 5 - 3 ,8  a p r e c i p i t a t e  was formed and 

s e p a r a t e d  on s t a n d i n g  o v e r n i g h t  a t  4 °C. The p r e c i p i t a t e ,  s e p a r a t e d  from 

t h e  c l e a r  s u p e rn a t e  by f i l t r a t i o n  th ro u g h  membrane f i l t e r  AM7 (Gelman In 

s t r u m e n t  Company, C h e l s e a ,  Michigan)  o r  by c e n t r i f u g a t i o n  a t  12,000 rpm 

f o r  20 m inu tes  a t  1 0 °, was r e d i s s o l v e d  in  ammonium c a rbona te  b u f f e r  and 

a g a in  p r e c i p i t a t e d  a t  pH 3 . 5 - 3 . 8 . A f t e r  washing t h r e e  t im es  wi th a c e t i c  

a c i d  and two t im es  w i th  d i s t i l l e d  w a t e r ,  t h e  p r e c i p i t a t e  was l y o p h i l i z e d  

and d e s i g n a t e d  t r y p t i c  co re  of  PX-S o r  t r y p t i c  co re  of  "con juga ted  p r o 

t e i n "  ( C . P . ) ,  The combined, l y o p h i l i z e d  s u p e r n a t a n t s  r e p r e s e n t e d  th e  

t r y p t i c  p e p t i d e s .  The t r y p t i c  c o re s  of  PX-S and "con juga ted  p r o t e i n "  

were d i g e s t e d  w i th  p r o n a s e  ( P ro n a s e ,  B g rade ,  Calbiochem, Los Angeles,  

C a l i f o r n i a )  ac co rd in g  t o  a s i m i l a r  p r o c e d u r e ;  s i n c e  maximum r e l e a s e  of 

amino a c i d s  was r ea c h e d  a f t e r  20-21 h o u r s ,  t h e  h y d r o ly s i s  t ime was p ro -



PX-S o r  "Conjuc

L y o p h i l i z a t i o n r

a te d  P r o te in "

H ea t  d é n a t u r a t i o n ,  30 e e c ,  100 C 
H y d r o l y s i s  w i t h  T r y p s in  
12 h ,  0 . 0 2  M (NH4 )2  CO3 b u f f e r ,  pH 8 . 5 ,  
h e a t  d é n a t u r a t i o n  30 s e c ,  100 C 
A c i d i f i c a t i o n  w i t h  CH3 COOH —> pH 3 .5  
F i l t r a t i o n  t h r o u g h  membrane f i l t e r  AM7

L y o p h i l i z a t i o n

T r y p t i c  Core T r y p t i c  P e p t i d e s

L y o p h i l i z a t i o n

Hea t  d é n a t u r a t i o n ,  30 s e c ,  100 C 
H y d r o l y s i s  w i t h  P ro n a se  
24 h ,  0 . 0 2  M (NH^ )2  CO3 b u f f e r ,  pH 8 . 5  
h e a t  d é n a t u r a t i o n  30 s e c ,  100 C 
A c i d i f i c a t i o n  w i t h  CH3 COOH —> pH 3 . 5  
F i l t r a t i o n  t h r o u g h  membrane f i l t e r  AM7

L y o p h i l i z a t i o n

N >

P r o n a se  Core
~1
P r o n a s e  P e p t i d e s

F i g u r e  6 . P r e p a r a t i o n  of  t h e  t r y p t i c  and t h e  p r o n a s e  c o r e s  o f  PX-S and ' c o n j u g a t e d  p r o t e i n .
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longed  t o  24 h o u r s .  F r a c t i o n s  were c a l l e d  P ronase  core  of  PX-S and "con

j u g a t e d  p r o t e i n , "  and Pronase  p e p t i d e s .  The i s o e l e c t r i c  p o i n t s  of  bo th  

c o r e s  were a t  pH 3 . 5 - 3 . 8 . The t r y p t i c  and p ronase  c o re s  were checked f o r  

n i n h y d r i n - p o s i t i v e  i m p u r i t i e s  on h igh  v o l t a g e  e l e c t r o p h o r e s i s .  I f  im p u r i 

t i e s  were d e t e c t e d ,  t h e  c o re s  were washed w i th  d i s t i l l e d  w a te r  u n t i l  f r e e  

o f  i m p u r i t i e s .

P r e p a r a t i o n  of  c a rb o x v p e p t i d a s e  A c o r e . Two m i l l i g r a m s  of  p r o 

nase  co re  of  PX-S were d i s s o l v e d  in  a small  volume of  0 .0 5  M T r i s  b u f f e r  

c o n t a i n i n g  0.5% SDS, pH 7 . 6 .  A f t e r  d i s s o l v i n g  s u b s t r a t e ,  0 . 2  M N - e t h y l -  

m orpho l in e  b u f f e r ,  pH 8 . 5 ,  was added t o  a f i n a l  volume of  1 ml.  The f i 

n a l  c o n c e n t r a t i o n  of  sodium dodecyl  s u l f a t e  was 0 . 2%.

C arboxypep t idase  A (C arboxypep t idase  A, D F P - t r e a t e d ,  Worth ington 

Biochemica l  C o r p . ,  F r e e h o l d ,  N. J . )  was added in  a s u b s t r a t e / e n z y m e  r a t i o  

8 0 : 1 .  A l i q u o t s  were t a k e n  a t  d i f f e r e n t  t im e  i n t e r v a l s  w i t h in  72 h o u r s ,  

and t h e  u n d i g e s t e d  m a t e r i a l  was p r e c i p i t a t e d  w i th  0 .1  N HCl. The s u p e r -  

n a t e s  e v a p o ra te d  to  d r y n e s s  and d i s s o l v e d  in  c i t r a t e  b u f f e r ,  pH 2 .2 ,  

were used  f o r  t h e  amino a c i d  a n a l y s i s .  The f i n a l  p r e c i p i t a t e  washed wi th  

d i s t i l l e d  w a te r  and l y o p h i l i z e d  r e p r e s e n t e d  t h e  c a rb o x y p e p t id a s e  c o re .

I s o l a t i o n  of  L i p id  A from PX-S and "Conjugated 
P r o t e i n "  of  S e r r a t i a  marcescens  08

PX-S and " co n ju g a te d  p r o t e i n "  were hydro lyzed  w i th  0 .1  N HCl 

(mg p r o t e i n  p r e p a r a t i o n / O .2  ml a c ? d ) .  The sample was added t o  t h e  p r e 

h e a t e d  a c id  and hydro ly zed  f o r  30 m inu te s  a t  85-90 . A f t e r  c o o l i n g  in  

an i c e  b a t h ,  t h e  h y d r o l y s a t e  was c e n t r i f u g e d  a t  12 ,000  rpm f o r  10 m in u tes  

a t  4 ° .  The s u p e r n a t e  and t h e  unhydro lyzed  sed iment  were s e p a r a t e l y  e x 

t r a c t e d  t h r e e  t im es  by c h lo ro fo rm .  The combined ch lo ro fo rm  e x t r a c t s
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were washed e x h a u s t i v e l y  w i th  d e io n i z e d  w a te r  t o  remove t r a c e s  of  a c i d ,  

and c o n c e n t r a t e d  t o  d r y n e s s  j j i  vacuo . The l i p i d  r e s i d u e  was t r e a t e d  sev

e r a l  t im e s  w i th  b o i l i n g  a c e t o n e .  The a c e to n e  i n s o l u b l e  m a t e r i a l  ( l i p i d  

A) was s e p a r a t e d  by f i l t r a t i o n .  The unhydro lyzed  sediment  ( p r o t e i n )  was 

washed w i th  i c e - c o l d  w a te r  and l y o p h i l i z e d .

H y d r o l y s i s  of  t h e  Pronase  Core of "Simple" and 
"Conjugated  P r o t e i n "  by 2 N HCl

E ig h te e n  t o  twen ty  m i l l i g r a m s  of  p ro n as e  core  of PX-S and "con

j u g a t e d  p r o t e i n "  were hyd ro lyzed  in  an e va cua ted  s e a l e d  t u b e  w i th  2 N 

HCl f o r  30 m in u te s  a t  105°C. The unhydro lyzed  p o r t i o n  was removed by 

c e n t r i f u g a t i o n  a t  12 ,000  rpm f o r  20 m inu te s  a t  5 °C. The s u p e r n a t e  was 

e x t r a c t e d  t h r e e  t im es  by ch lo ro fo rm .  The ch lo ro fo rm  phase  was e xhaus 

t i v e l y  washed w i th  w a t e r  and c o n c e n t r a t e d  i n  vacuo t o  d r y n e s s .  The aque 

ous phase  was e v a p o r a t e d  in  vacuo t o  d r y n e s s ,  d i s s o l v e d  i n  d i s t i l l e d  

w a t e r ,  e v a p o r a t e d ,  and f i n a l l y  l y o p h i l i z e d .  The unhydro lyzed  r e s i d u e  

was washed w i th  i c e - c o l d  d i s t i l l e d  w a te r  and l y o p h i l i z e d .

P r e p a r a t i o n  of  A n t i s e r a  

An t igens  and t h e  homologous a n t i b o d i e s  a r e  symbol ized by t h e  

same l e t t e r s ;  t h e  c a p i t a l  l e t t e r s  d e s i g n a t e  a n t i g e n s  and t h e  small  l e t 

t e r s  a n t i b o d i e s .  A n t i b o d ie s  were p r e p a r e d  a g a i n s t  t h e  fo l l o w i n g  f r a c 

t i o n s :

A nt igens Symbol A n t i b o d ie s Symbol

PX-S

PX-E

A

B

Ant i  PX-S

Ant i  PXOD-S
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Ant iqens Symbol A n t ib o d ie s Svml

PXOD-E D Ant i PXOD-E d

PX-S t r y p t i c  core E Ant i PX-S t r y p t i c c o re e

PX-S p r o n a s e  core F Ant i PX-S p ronase co re f

C on juga ted  p r o t e i n G Anti C.P. g

C.P ,  t r y p t i c  core H Anti C.P ,  L ryp t i c co re h

C ,P p r o n a s e  core I Anti C.P ,  p ronase c o re i

LPS-Ud K Ant i LPS-Ud k

P o l y s a c c h a r i d e  ( l . D . ) L -

A d d i t i o n a l l y ,  a n t i b o d i e s  were p r e p a r e d  a l s o  a g a i n s t  whole c e l l s  of S, 

m a r c e s c e n s .

White r a b b i t s  were immunized by t h r e e  i n t r a p e r i t o n e a l  i n j e c t i o n s  

of  1 mg of  each s u b s ta n c e  d i s s o l v e d  in  2 ml 0 .05  M T r i s  b u f f e r  c o n t a i n 

ing  0.5% SDS and e m u l s i f i e d  w i t h  2 ml o f  F r e u n d ' s  comple te  a d j u v a n t .

The i n j e c t i o n s  were a d m i n i s t e r e d  i n  one week i n t e r v a l s .  I d e n t i c a l  a n t i 

b o d i e s  were a l s o  o b t a i n e d  a g a i n s t  PX-S, PXOD-S and PXOD-E, when t h e s e  

s u b s t a n c e s  were suspended i n  0.9% NaCl. Subcu taneous  i n j e c t i o n s  were 

a v o ide d ,  because  t h e y  e l i c i t e d  s t r o n g  l o c a l  n e c r o s e s  (Schwartzman phenom

e n o n ) .  Blood was o b t a i n e d  by c a r d i a c  p u n c t u r e .  A n t ib o d ie s  were f i r s t  

d e m o n s t r a t e d  a f t e r  t h e  second i n j e c t i o n .  SDS-Tris  b u f f e r  was used t o  

s o l u b i l i z e  r a t h e r  than  suspend t h e  a n t i g e n i c  p r e p a r a t i o n s .  T h i s  b u f f e r  

system d i d  n o t  g ive  r i s e  t o  a n t i b o d i e s .

A n a l y t i c a l  Methods

U l t r a c e n t r i f u g a l  Analyses  

U l t r a c e n t r i f u g a l  a n a l y s e s  were c a r r i e d  ou t  in a Spinco Model E



31

u l t r a c e n t r i f u g e  equ ipped w i th  a phase  p l a t e  s c h l i e r e n  diaphragm and an 

a u tom a t ic  t e m p e r a t u r e  c o n t r o l  u n i t .  P l a t e  measurements  were made w i th  a 

Nikon m ic rocom para to r  (Nikon C o . ,  J apan)  hav ing  a s e n s i t i v i t y  of  0.001 

mm. S e d im e n ta t io n  c o e f f i c i e n t s  were de te rm ined  a t  c o n s t a n t  t e m p e ra tu re  

( 25 -26° )  employing r o t o r  speeds  of  56,100 rpm. S o l u t i o n s  of  PX-S and 

" co n ju g a te d  p r o t e i n "  in  0 . 0 5  M T r i s - C l  b u f f e r  c o n t a i n i n g  0 .1 -0 .2% sodium 

dodecyl  s u l f a t e ,  and of  PXOD-S and PXOD-E in  b o r i c  a c id  b u f f e r ,  pH 8 .9 ,  

d e n s i t y  1 .004 ,  were spun in  s i n g l e  s e c t o r  of s y n t h e t i c  boundary c e l l s .

The obse rved  s e d i m e n t a t i o n  c o e f f i c i e n t s  were c o r r e c t e d  t o  v a lu e s  in  wa te r  

a t  2 0 ° by t h e  u s u a l  methods ( 7 8 ) .  The a p p a r e n t  d i f f u s i o n  c o e f f i c i e n t s  

of PXOD-S and PXOD-E d i s s o l v e d  in  t h e  same b u f f e r  s o l u t i o n s  were d e t e r 

mined in  s y n t h e t i c  boundary  c e l l s  a t  a r o t o r  speed of  12,590 rpm by ap

p l y i n g  t h e  h e i g h t - a r e a  method.  The d i f f u s i o n  c o e f f i c i e n t ,  c o r r e c t e d  to  

ze ro  t im e ,  was c o n v e r t e d  t o  s t a n d a r d  c o n d i t i o n s ,  Dgg in  t h e  u sua l  man

n e r  ( 7 8 ) .

I n f r a r e d  Spe c t ro sc opy  

I n f r a r e d  s p e c t r a  were o b t a i n e d  w i th  t h e  Beckman i n f r a r e d  spe c 

t r o p h o t o m e t e r  JR 10.  The KBr p e l l e t s  were made from 1 . 0 - 1 .8  mg of  sub

s t a n c e  and 250 mg KBr.

Amino Acid A n a ly s i s  

About 2 mg of  each  p r o t e i n  sample i n  d u p l i c a t e  were hydro lyzed  

wi th  5 , 7  N HCl in  e v a c u a t e d  s e a l e d  tu b es  a t  110 C f o r  24 h r  and 72 h r .

To each  sample 0 .0 5  pM of  n o r l e u c i n e  and 5 6 .8  pg of h e p ta d e c an o ic  a c id  

were added as  i n t e r n a l  s t a n d a r d s .  The h y d r o l y s a t e s  were e x t r a c t e d  t h r e e  

t im es  w i th  c h lo ro fo rm  t o  remove f a t t y  a c i d s .  The c h lo ro fo rm  e x t r a c t s
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were washed t h r e e  t im es  w i th  d i s t i l l e d  wa te r  t o  remove t r a c e s  of  amino 

a c i d s .  The amino a c id  h y d r o l y s a t e s  and washings  were e v a p o ra te d  t o  d r y 

ness  vacuo and r e d i s s o l v e d  in  2 ml of  0 . 2  N N a - c i t r a t e  b u f f e r ,  pH 2 .2 ,  

f i l t e r e d  th rough  a f i n e  f r i t  s i n t e r e d  g l a s s  f i l t e r  and t h e  a l i q u o t s  were 

used f o r  the  d e t e r m i n a t i o n  of  t h e  amino a c i d s .

The chromatography of  t h e  n e u t r a l  and a c i d i c  amino a c i d s  was 

performed on a long column (52 cm) packed w i th  Beckman ion exchange r e s i n  

PA 28.  Aminex c i t r a t e  b u f f e r s  (Bio-Rad L a b o r a t o r i e s ,  Richmond, C a l i f o r 

n i a ) ,  pH 3 .25  (abou t  65 min)  and pH 4 .2 5  (abou t  105 min ) ,  were used f o r  

t h e  e l u t i o n .  The b a s i c  amino a c i d s  were s e p a r a t e d  on a s h o r t  (6 cm) c o l 

umn packed w i th  Beckman ion exchange r e s i n  PA 35, and deve loped  w i th  

Aminex c i t r a t e  b u f f e r ,  pH 5 .2 8 ,  f o r  60 m in u te s .  The Beckman Model 120C 

amino a c id  a n a ly z e r  was c a l i b r a t e d  w i th  an amino a c id  c a l i b r a t i o n  mix

t u r e .  An o x id iz e d  amino a c id  c a l i b r a t i o n  m ix tu re  was used in  t h e  case  

of o x i d i z e d  p r o t e i n s ,  and m e th ion ine  and h a l f - c y s t i n e  were de te rm ined  as 

m eth ion ine  s u l f o x i d e  and c y s t e i c  a c i d ,  r e s p e c t i v e l y .  Tryphophan was e s 

t im a t e d  a c co rd ing  t o  t h e  method of  Sp ies  and Chambers ( 9 2 ) .  The v a lu e s  

o b t a i n e d  f o r  24 and 72 h r  h y d r o l y s i s  were e x t r a p o l a t e d  t o  ze ro  t im e .

F a t t y  Acid A n a ly s i s

Chloroform e x t r a c t s  c o n t a i n i n g  h e p ta d e c a n o ic  a c id  (Supe lco ,

I n c . ,  B e l l e f o n t e ,  P a . )  as  an i n t e r v a l  s t a n d a r d  were e v a p o ra te d  t o  d ryness  

in  va c uo , r e d i s s o l v e d  i n  0 . 5  N m e th a n o l i c  KOH and b o i l e d  f o r  1 h r  under  

r e f l u x .  U n s a p o n i f i a b le  m a t e r i a l  was e x t r a c t e d  by n - h e p t a n e .  A f t e r  a c i d 

i f i c a t i o n ,  t h e  f r e e  f a t t y  a c i d s  were e x t r a c t e d  by ch lo roform  and e s t e r i -  

f i e d  by boron t r i f l u o r i d e  methanol  r e a g e n t  (Applied  Sc ience  L a b o r a t o r i e s ,  

I n c . ,  S t a t e  C o l l e g e ,  P a . ) .  The f a t t y  a c id  methyl  e s t e r s  were ana ly zed
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q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  on a Barber-Colman gas  chromatograph,  

S e r i e s  5000, equipped w i th  f lame d e t e c t o r .  The g l a s s  column was packed 

w i th  15% d i e t h y l e n e  g l y c o l  s u c c i n a t e  on chromosorb W, 80-100 mesh 

(App lied Sc ience  L a b o r a t o r i e s ,  I n c . ) .  The chromatography was c a r r i e d  

ou t  a t  172-175 .

The h y d rogena t ion  of  t h e  f a t t y  a c id  methyl  e s t e r s  was performed 

in a Brown Hydro Analyzer  (79)  (Delmar S c i e n t i f i c  L a b o r a t o r i e s ,  I n c . ,  

Maywood, 1 1 1 . ) .  A c é t y l a t i o n  of f a t t y  a c id  methyl  e s t e r s  by f r e s h l y  d i s 

t i l l e d  a c e t i c  a c id  anhydr ide  in  d i s t i l l e d  p y r i d i n e  was used t o  c o n v e r t  

hydroxy f a t t y  a c id s  i n t o  ace toxy  f a t t y  a c i d s  (BO). F a t t y  a c id  methyl  

e s t e r  s t a n d a r d s  were o b t a i n e d  from Applied Sc ience  L a b o r a t o r i e s .  A sam

p l e  of  p-hydroxy  m y r i s t i c  a c id  was k i n d l y  s u p p l i e d  by P r o f e s s o r  J .  

A s s e l i n e a u ,  F a c u l t é  de S c i e n c e s ,  Toulouse,  F rance .

C arbohydra te  Analyses  

Glucosamine was de te rm ined  by t h e  method of  Rondel and Morgan 

(81)  and by t h e  amino a c i d  a n a l y z e r  as  d e s c r i b e d  above.  P r o t e i n  samples 

were hydro lyzed  w i th  5 . 7  N HCl in  e v a cu a t ed  s e a l e d  tu b es  a t  110 f o r  16, 

24 or  72 h o u r s ,  and t h e  o b t a i n e d  v a lu e s  were e x t r a p o l a t e d  t o  z e ro  t im e .

A n t h r o n e - p o s i t i v e  c a r b o h y d r a t e s  were de te rmined  a c co rd in g  t o  the  

method of Koehler  ( 8 2 ) ,

E lementa ry  Analyses  

Samples were d r i e d  in  h igh  vacuum over  P2O5 . The a n a ly s e s  f o r  

c a r b o n , hydrogen , n i t r o g e n  and ash were performed by G a l b r a i t h  L a b o r a to 

r i e s ,  K n o x v i l l e ,  Tennessee .  Phosphorus was de te rm ined  a c c o r d in g  t o  t h e  

method of  G er lach  and D e u t ic ke  ( 8 3 ) .
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Paper  and T h i n - l a y e r  Chromatography

S e p a r a t io n  of c a r b o h y d r a t e s  was pe rfo rmed  by descend ing  chroma

to g ra p h y  on Whatman No. 1 pa p e r  a c c o r d in g  t o  t h e  p rocedu re  d e s c r i b e d  by 

Colombo e t  ( 8 4 ) .  The s o l v e n t  systems used were (a )  e t h y l  a c e t a t e /  

p y r i d i n e / w a t e r  ( 3 . 5 : 1 : 1 . 5 ,  v / v )  o r  (b)  n - b u t a n o l / p y r i d i n e / w a t e r  ( l092 :  

728:546,  v / v ) .  The s p o t s  were d e t e c t e d  by sp ra y in g  w i th  a l k a l i n e  s i l v e r  

n i t r a t e  or  by n i n h y d r i n ,  and i d e n t i f i e d  by comparison wi th  known s t a n 

d a r d s .

L i p i d s  were s e p a r a t e d  by t h i n - l a y e r  chromatography a c c o r d in g  t o  

t h e  method of Mangold e t  ^  ( 8 5 ) .  G la s s  p l a t e s  (20 x 20 cm) were coa ted

w i th  S i l i c a  ge l  G (E, Merck, D a rm s ta d t ,  Germany) and deve loped  w i th  n- 

h e x a n e / d i e t h y l  e t h e r  (9 0 :1 0 ,  v / v )  as  a s o l v e n t  f o r  n e u t r a l  l i p i d s ,  and 

c h lo r o f o rm /m e th a n o l /w a t e r  ( 8 5 : 1 9 : 2 ,  v / v )  o r  d i i s o b u t y l  k e to n e / f o r m i c  

a c i d / w a t e r  ( 4 0 :1 5 : 2 ,  v / v )  ( 8 6 ) a s  s o l v e n t  sys tems f o r  p h o s p h o l i p i d s .  

G l y c e r i d e s ,  f a t t y  a c i d s ,  and p h o s p h o l i p i d s  were d e t e c t e d  by s p r a y i n g  i n 

d i v i d u a l  p l a t e s  w i th  50% s u l f u r i c  a c i d  and c h a r r i n g ,  and w i t h  bromothy-  

mol b lu e  ( 8 7 ) ,  and t h e  p h o s p h o l i p i d s  w i t h  molybdenum b lue  ( 8 8 ) and n i n 

h y d r i n .

Agarose 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  in  1% aga rose  g e l  by 

t h e  method of  Grabar  and W il l i ams  (89)  employing b a r b i t a l  b u f f e r ,  pH 8 , 6 , 

i o n i c  s t r e n g t h  0 .0 5 ,  or  0 , 0 5  M T r i s  b u f f e r  c o n t a i n i n g  0,5% SDS, pH 7 . 6 .  

Samples were d i s s o l v e d  in  0 .0 5  M T r i s  b u f f e r  c o n t a i n i n g  0,5% SDS, pH 8 . 6 , 

The p l a t e s  were f i x e d  f o r  60 m inu te s  i n  a s o l u t i o n  of  a c e t i c  a c i d - e t h a n o l -  

wa te r  ( 5 : 7 0 : 2 5 ,  v / v ) ,  washed f o r  8 hours  i n  d i s t i l l e d  w a te r  and d r i e d  a t  

room t e m p e r a t u r e .  Amido Black lOB was used f o r  p r o t e i n  s t a i n i n g .
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P r e p a r a t i v e  Agarose E l e c t r o p h o r e s i s  

P r e p a r a t i v e  aga rose  e l e c t r o p h o r e s i s  o f  PX-S was c a r r i e d  ou t  on 

a F r a c t o p h o r e t o r  (B uch le r  I n s t r u m e n t s ,  F o r t  Lee,  N. J . ) .  Ten t o  twenty  

mg PX-S d i s s o l v e d  in  1 ml 0 .05  M I r i s  b u f f e r  c o n t a i n i n g  0.5% SDS, pH 7 . 6 ,

were mixed wi th  0 . 5  ml 2% a ga rose  in  v e r o n a l  b u f f e r ,  pH 8 . 6 , i o n i c

s t r e n g t h  0 . 1 ,  a t  85 . T h i s  s t a c k i n g  ge l  was poured  on top  of  a column 

of  s e p a r a t i n g  g e l  of  2% a g a ro s e  in  v e ro n a l  b u f f e r .  The s e p a r a t i n g  ge l  

column was 10 cm long and 1 .3  cm in  d i a m e t e r .  The e l e c t r o p h o r e s i s  was 

pe rfo rmed w i th  v e ro n a l  b u f f e r ,  pH 8 . 7 ,  i o n i c  s t r e n g t h  0 . 1 ,  a t  25 mA.

E l u a t e s  were mon ito red  by measur ing  t h e  a b s o r p t i o n  a t  280 mp and 470 mp.

The main f r a c t i o n  was d i a l y z e d  and l y o p h i l i z e d .

P o lya c ry lam ide  g e l  d i s c  e l e c t r o p h o r e s i s  was pe rfo rmed  in  Canalco 

Model 6 u n i t  (Canal I n d u s t r i a l  C o r p o r a t i o n ,  B e th e sd a ,  Md.) a c c o r d in g  t o  

t h e  p r o c e d u r e  of  Davis  ( 9 0 ) .  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  a t  5 mA/ 

tube  u n t i l  t h e  t r a c k i n g  dye had m ig r a te d  a p p ro x im a te ly  4 . 2  cm i n t o  t h e  

s e p a r a t i n g  g e l .  The a c ry lam ide  monomer c o n c e n t r a t i o n  was 7.5% and a con

t i n u o u s  b u f f e r  system o f  T r i s - g l y c i n e ,  pH 8 . 8 , was u sed .

Immunodiffusion and Im m unoe lec t rophores i s  

The immunological  p r o p e r t i e s  of  p r o t e i n  p r e p a r a t i o n s  were s t u d 

ied  by O u c h t e r l o n y ' s  (91)  double  d i f f u s i o n  t e c h n i q u e  and by immunoelec- 

t r o p h o r e s i s  (7 v o l t s / c m )  in  1% a g a r  ge l  p l a t e s  employing v e ro n a l  b u f f e r ,  

pH 8 . 6 , i o n i c  s t r e n g t h  0 . 1 .  P l a t e s ,  a l lowed  t o  deve lo p  f o r  24 -30 hou rs ,  

were washed s e v e r a l  t im e s  w i th  0 .1 5  M NaCl and d i s t i l l e d  w a t e r ,  and d r i e d  

a t  room t e m p e r a t u r e .  They were s t a i n e d  f o r  p r o t e i n  w i th  Amido Black lOB.
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Gel F i l t r a t i o n  Column Chromatography 

Gel f i l t r a t i o n s  of  f r a c t i o n s  PXOD-S and PXOD-E were performed 

on Sephadex G-lOO columns.  Bor ic  a c id  b u f f e r ,  pH 8 . 9 ,  was used f o r  e l u 

t i o n .  Absorp t ion  a t  280 mp was a u t o m a t i c a l l y  r e c o r d e d .  The f i l t r a t i o n  

of  t h e  p r o n a s e  c o re s  of  PX-S and " co n ju g a te d  p r o t e i n "  was pe rfo rmed  on 

Sephadex G-50 column; ammonium c a r b o n a te  b u f f e r ,  pH 8 . 6 ,  was used  as 

e l u a n t .  The column was 100 cm long and 1 .2  cm in  d i a m e te r .  Flow r a t e  

0 . 2  m l/min .  A bsorp t ion  a t  280 mp was r e c o r d e d  a u t o m a t i c a l l y .

P e p t i d e  Mapping

The tw o-d im e ns iona l  s e p a r a t i o n  of  p e p t i d e s  was c a r r i e d  ou t  ac 

c o rd i n g  t o  t h e  p r o c e d u r e  by Katz  e t  &1. ( 9 3 ) .  A m ix tu re  of  t r y p t i c  pep 

t i d e s  ( 2 - 3 .5  mg) of  PX-S, PX-E and " co n ju g a te d  p r o t e i n "  were a p p l i e d  t o  

Whatman No. 3 pape r  and s u b j e c t e d ,  i n  t h e  f i r s t  d imens ion ,  t o  descend ing  

chromatography in  n - b u t a n o l / a c e t i c  a c i d / w a t e r  ( 4 : 1 : 5 ,  v / v ) .  A f t e r  d r y 

i n g ,  h ig h  v o l t a g e  e l e c t r o p h o r e s i s  was pe rfo rmed  in  t h e  second dimension 

in  a b u f f e r  composed o f  p y r i d i n e / a c e t i c  a c i d / w a t e r  ( l : 10 :189 ,  v / v ) ,  pH 

3 .6 5 ,  a t  2000 V o l t s  f o r  1 h o u r .  The p e p t i d e s  were s t a i n e d  w i th  0.05% 

n i n h y d r i n  in  e th a n o l  and h e a t i n g  t o  70° f o r  20 m in u t e s .

L e t h a l i t y  f o r  Mice (LD^q )

Two d i f f e r e n t  s t r a i n s  of  w h i t e  male mice ( S w i s s - r e g i s t e r ,  r a n 

dom b r e d ,  P e l - F r e e z e ,  B io -Animals ,  I n c . ,  Rogers ,  A r k . , and Balb-C inb re d  

mice ,  Texas Inbred  Mouse C o . ,  Houston,  Texas)  weighing  17-21 g were used 

f o r  t o x i c i t y  s t u d i e s .  Each group c o n ta i n e d  6 mice .  Each s u b s ta n c e  was 

t e s t e d  a t  l e a s t  two t im es  o r  more.  The s u b s t a n c e s  were e i t h e r  suspended 

in  0:9% NaCl o r  d i s s o l v e d  i n  0 .0 5  M T r i s  b u f f e r  c o n t a i n i n g  0.5% SDS, pH
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7 . 6 ,  and i n j e c t e d  i n t r a p e r i t o n e a l l y .  C o n t ro l  groups were i n j e c t e d  w i th  

t h i s  b u f f e r  system. Deaths  o c c u r r in g  w i t h in  7 days were r e g i s t e r e d .

The LD^q was c a l c u l a t e d  a c co rd ing  t o  C o r n f i e l d  e t  (94):

M -  h -  d ( ^  -  0 . 5 ) ,  
n

where h = log max. dose ,

d = log  i n t e r v a l  e q u a l s  0 . 3 ,

A = number of  dead an im a ls ,  

n = number of  an imals  in  each  group.

The f o l low ing  c a t e g o r i e s  of t o x i c i t y  were used (95):

(1)  Ext remely  t o x i c  1 mg/kg or  l e s s

(2 ) Highly  t o x i c  1 - 5 0  mg/kg

( 3 ) M odera te ly  t o x i c  50-500 mg/kg

(4 ) S l i g h t l y  t o x i c  500-5000 mg/kg

( 5 ) P r a c t i c a l l y  non tox ic  5-15  gm/kg



CHAPTER IV

RESULTS

The p r o t e i n  m oie ty  of t h e  endo tox in  complex can p r i n c i p a l l y  be 

o b t a i n e d  in  two forms,  namely, e i t h e r  as a "s imple  p r o t e i n "  o r  as  a "con

j u g a t e d  p r o t e i n . "  To i s o l a t e  t h e  " s imple  p r o t e i n "  (PX-S), t h e  t r i c h l o r o 

a c e t i c  a c id  e x t r a c t e d  endo tox in  complex of S. marcescens 08 was t r e a t e d  

w i th  45% aqueous phenol  ( F ig u r e  3 ) .  The p u r p l e  c o lo r e d  f r a c t i o n  (P-S)  

( F ig u r e  4) ob t a in e d  from phenol  phase  by p r e c i p i t a t i o n  w i th  e t h a n o l  con

t a i n e d  a f t e r  l y o p h i l i z a t i o n  about  20% f r e e  l i p i d s  (w/w) e x t r a c t a b l e  by 

c h lo ro fo rm /m e thano l  ( 2 : l ) .  The t h i n - l a y e r  chromatography of  t h e  e x t r a c t -  

a b l e  m a t t e r  showed t h e  p r e s e n c e  of  u n e s t e r i f i e d  f a t t y  a c i d s ,  g l y c e r i d e s  

and p h o s p h o l i p i d s .  T r i g l y c e r i d e s  were t h e  major  component of  g l y c e r i d e s  

and p h o s p h a t i d y l  e thano lam ine  was t h e  p r i n c i p a l  component of  phospho

l i p i d s .  Some of  t h e  s p o t s  s t a i n e d  by bromothymol b lue  r e a c t e d  a l s o  w i th  

a l k a l i n e  AgNOg, i n d i c a t i n g  p o s s i b l y  t h e  p r e s e n c e  of  g l y c o l i p i d s .  Su r 

p r i s i n g l y ,  on ly  a ve ry  smal l  amount of  pigment ,  supposed ly  p r o d i g i o s i n  

o r  i t s  d e r i v a t i v e s ,  could be e x t r a c t e d  from P-S,

A f t e r  s e p a r a t i o n  of  P-S from th e  phenol  phase,  no f u r t h e r  p r e 

c i p i t a t i o n  of  p r o t e i n  m a t e r i a l  by a d d i t i o n  of  e th a n o l  and s t o r a g e  a t  -10  

was obse rved .  The phenol  phase  was subm i t ted  t o  steam d i s t i l l a t i o n  o r  

d i a l y s i s  a g a i n s t  d i s t i l l e d  wate r  t o  remove t h e  pheno l .  A f t e r  l y o p h i l i z a -

38



39

t i o n ,  t h e  r e s i d u a l  m a t e r i a l  r e p r e s e n t i n g  l e s s  than  10% of  t h e  m a t e r i a l  

o r i g i n a l l y  p r e s e n t  in  t h e  phenol  phase  was s o l u b l e  in  s e v e r a l  o r g a n ic  

s o l v e n t s .  Column chromatography of  t h i s  pigment  f r a c t i o n  on n e u t r a l  a l u 

minum ox ide  as a d s o rb e n t  y i e l d e d  upon e l u t i o n  w i th  ch lo ro fo rm ,  c h l o r o 

form/methano l  ( 5 : 1 ,  3 :1 ,  l : l )  and m ethano l ,  seven major  pigment  f r a c t i o n s  

of d i f f e r i n g  c o l o r  t o n a l i t i e s .  Thus,  t h e  pheno l  phase  c o n s i s t e d  of  ap

p r o x i m a t e l y  70% "simple p r o t e i n "  (PX-S), 20% f r e e  l i p i d s ,  and 10% f r e e  

p igm en ts .

S ince  i t  has  been assumed w i t h o u t  r i g o r o u s  e x p e r i m e n t a l  ev idence  

t h a t  t h e  p r o t e i n  m o i e t i e s  of  endo to x in s  o f  many G ram-nega t ive  b a c t e r i a  

a re  s i m i l a r  ( l 5 ) ,  t h e  "s im ple  p r o t e i n "  (PX-E) was i s o l a t e d  a l s o  from a 

s t r a i n  of  E. c o l i  ac co rd in g  t o  t h e  p r o ce d u re  o u t l i n e d  in  F ig u re  4 ;  t h e  

pheno l  phase  was o b t a i n e d  by d i r e c t  e x t r a c t i o n  of  c e l l s  r a t h e r  t h an  by 

t r e a t m e n t  of  t r i c h l o r o a c e t i c  a c id  e x t r a c t e d  e n d o to x in  complex. The l y o 

p h i l i z e d  f r a c t i o n  P-E was e x t r a c t e d  by ch lo ro fo rm /m e th a n o l  ( 2 : 1 ,  v / v )  

and, s i m i l a r l y  t o  P-S ,  abou t  20% f r e e  l i p i d s  were o b t a i n e d .  The "s imple 

p r o t e i n "  (PX-E) accounted  f o r  only 40-50% of  t h e  m a t e r i a l  o r i g i n a l l y  d i s 

s o lved  i n  p h e n o l .

Phys i ca l -C h e m ica l  P r o p e r t i e s  of 
PX-S and PX-E

PX-S and PX-E were i n s o l u b l e  i n  w a t e r ,  v a r i o u s  b u f f e r  sys tems,  

d i l u t e  a l k a l i ,  d i l u t e  a c i d ,  and in  many o r g a n i c  s o l v e n t s  such as form- 

amide, d imethyl formamide,  e t c .  Both compounds were e a s i l y  s o l u b l e  in  d i -  

m e t h y l s u l f o x i d e  and PX-S, b u t  no t  PX-E, was s o l u b l e  in  0 ,0 5  M T r i s - C l  

b u f f e r ,  pH 8 . 6 , c o n t a i n i n g  0.2% sodium dodecyl  s u l f a t e .  PX-S, d i s s o l v e d  

in  T r i s - C l  b u f f e r  c o n t a i n i n g  0.1 -0 .2% SDS e x h i b i t e d  a s i n g l e  symmetr ica l
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peak upon u l t r a c e n t r i f u g a t i o n  ( F ig u r e  7) w i th  = 2 .4S .

On aga rose  e l e c t r o p h o r e s i s  b o th  PX-S and PX-E ( F ig u r e  8 , p a t 

t e r n s  a and b) showed s i n g l e  bands of  ap p ro x im a te ly  same m o b i l i t y .  The 

p r e p a r a t i v e  agarose  g e l  e l e c t r o p h o r e s i s  of  PX-S y i e l d e d  a s i n g l e  f r a c t i o n  

c h a r a c t e r i z e d  by a symmetr ica l  a b s o r p t i o n  curve  w i th  two maxima a t  280 m[x 

and 470 mp, ( a b s o r p t i o n  of p r o d i g i o s i n ) -  A d d i t i o n a l l y ,  PX-S showed a 

s i n g l e  band on po ly ac ry la m id e  g e l  d i s c  e l e c t r o p h o r e s i s  ( F ig u r e  9 ) .  Since  

t h e  p u r p l e  c o lo r e d  band of  PX-S was i d e n t i c a l  w i th  t h e  band o b t a i n e d  upon 

s t a i n i n g  w i th  Amido Black,  i t  was concluded t h a t  p r o d i g i o s i n  o r  one of 

i t s  d e r i v a t i v e s ,  was bound t o  PX-S.

There was a s t r i k i n g  s i m i l a r i t y  between t h e  i n f r a r e d  s p e c t r a  of 

PX-S and PX-E ( F ig u r e  10 ) .  In  a d d i t i o n  t o  t h e  b road  a b s o r p t i o n  a t  3400- 

3280 cm~^ ( V OH a s s .  o r  v NH a s s . )  and 2960-2850 cm”  ̂ (  ̂ CHg + CHg) and 

t h e  amide I  and amide I I  bands a t  1650 cm“  ̂ and 1520 cm” ^, t h e r e  were 

a l s o  two bands a t  1230 cm”  ̂ and 1060 cm~^. Whereas t h e  l a t t e r  a b s o r p t i o n  

cou ld  p o s s i b l y  be a s s i g n e d  t o  v P=0 a s s . ,  t h e  band a t  1060 cm  ̂ m ig h t  ^ 

due t o  5 OH and v C-0,  The chemica l  a n a l y s i s  of  PX-S and PX-E s u p p o r t s  

t h i s  i n t e r p r e t a t i o n .  That  a smal l  s h o u ld e r  on th e  amide I  a b s o r p t i o n  

band a t  1740 cm  ̂ may have been caused by v C=0 e s t e r  a b s o r p t i o n  was con

f i rm e d  l a t e r  by o t h e r  means.

Immunological  P r o p e r t i e s  of  PX-S and PX-E 

PX-S ( a ) gave a s i n g l e  immunodiffus ion ( F ig u re  11, p a t t e r n  l )  

o r  im m u n o e le c t ro p h o re t i c  l i n e  ( F ig u r e  12, p a t t e r n  l )  w i th  a n t i b o d i e s  t o  

PX-S ( a ) .  PX-E (B) showed a s i n g l e  p r e c i p i t i n  l i n e  w i th  a n t i b o d i e s  t o  

PX-S (a )  as  we l l  as  a l i n e  of complete  f u s i o n  w i th  PX-S (A) ( F ig u r e  11, 

p a t t e r n  2 ) .  PX-S (A) and PX-E (b ) d i s p l a y e d  v e ry  s i m i l a r  m o b i l i t i e s  on



F i g u r e  7 ,  U l t r a c e n t r i f u g a l  s e d i m e n t a t i o n  p a t t e r n  o f  PX-S.

PX-S (5 mg/ml) d i s s o l v e d  i n  0 , 0 5  M T r i s - C l  b u f f e r ,  pH 7 . 6 ,  c o n t a i n i n g  0 .1 -0 .2 %  SDS, d e n s i t y  
1 .0 04  g /m l ,  was c e n t r i f u g e d  i n  a s y n t h e t i c  boundary  c e l l  a t  5 2 ,6 4 0  rpm a t  25 . Exposures  were t a k e n  
from l e f t  t o  r i g h t  a t  4 m in u te  i n t e r v a l s  f o r  a t o t a l  r u n  of  64 m i n u t e s .  P h o to g ra p h s  were o b t a i n e d  a t  
8 and 12 m in u t e s  a f t e r  r e a c h i n g  spe ed .
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F i g u r e  8 . Agarose e l e c t r o p h o r e s i s  of  PX-S (A),  PX-E (B ) ,  PXOD-S (C ) ,  and PXOD-E (D).

P r o t e i n  p r e p a r a t i o n s  (20 mg/ml) were d i s s o l v e d  i n  0 . 0 5  M T r i s - C l  b u f f e r ,  pH 7 . 6 ,  c o n t a i n i n g
0.5% SDS and d i l u t e d  t o  a f i n a l  c o n c e n t r a t i o n  of  10 mg/ml w i t h  1% a g a r o s e  i n  b a r b i t a l  b u f f e r .  1% a g a r 
ose g e l ;  b a r b i t a l  b u f f e r ,  pH 8 . 6 ; i o n i c  s t r e n g t h  0 . 0 5 ;  40 m i n u t e s .
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F ig u re  9. P o lyacry lam ide  ge l  d i s c  e l e c t r o p h o r e s i s  of PX-S,

PX-S (10 mg/ml) was d i s s o lv e d  in  0 ,0 5  M T r i s  b u f f e r ,  pH 7 ,6 ,  con
t a i n i n g  0.5% SDS, Acrylamide monomer c o n c e n t r a t io n  7.5%; c o n tin u o u s  b u f 
f e r  system  of T r i s - g l y c i n e ,  pH 8 . 8 . Not s t a i n e d ;  c o lo r  of p r o d i o g i o s i n .



44

WAVELENGTH IN MICRONS
2 5  5

PX -S

PXOD-E

2000 1800 1600 1400 1200 lOOO 600 600 900 400  3003500 30004000
WAVENUUeER CM"'

F ig u re  10. S o l id  i n f r a r e d  s p e c t r a  of PX-S, PX-E. PXOD-S, and 
PXOD-E ( 1 , 5 - 1 .8 mg s u b s ta n c e /2 5 0  mg KBr).
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F ig u re  11 Im m unodiffusion  p a t t e r n s  of PX-S ( a ) j PX-E (B ), PXOD-S (C ) ,  and PXOD-E (D). 

a .  a n t i  PX-S seium ; t . ,  a n t i  PXOD-S serum; d . a n t i  PXOD-E serum; k .  a n t i  LPS-U-S serum .
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F ig u re  12. Im m u n o e lec tro p h o res is  p a t t e r n s  o f  PX-S (A), PX-E 
(B), LPS-U-S (K), and p o ly s a c c h a r id e  s id e  c h a in  (L ) .

P a t t e r n  1, a n t i  PX-S serum (a )  and p a t t e r n s  2 and 3, a n t i  
LPS-U-S ( k ) .
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agar  Im m unoelec trophores is  (F ig u re  12, p a t t e r n  l ) .  A s in g l e  i d e n t i c a l  

p r e c i p i t i n  l i n e  of PX-S (A) and PX-E (B) a g a in s t  th e  e ndo tox in  complex 

an ti-LPS-U -S  (k) i s  shown in  F ig u re  11, p a t t e r n  5 . Im m unoelectrophore- 

t i c  p a t t e r n  of LPS-U-S (K) w ith  a n t ib o d ie s  to  LPS-U-S (k) r e v e a le d  t h r e e  

p r e c i p i t i n  bands, one of which seemed t o  be i d e n t i c a l  w ith  th e  band e x 

h i b i t e d  by PX-S ( a) upon r e a c t i o n  w ith  an ti-LPS-U -S  (k) (F ig u re  12, p a t 

t e r n  2 ) .  Th is  band d isa p p e a re d  upon a b s o rp t io n  o f  th e  an ti-LPS-U -S  serum 

w ith  PX-S (F ig u re  13 ) .  The band m ig ra t in g  f a s t e s t  tow ards  th e  ca thode  

was i d e n t i f i e d  as p o ly s a c c h a r id e  s id e  ch a in  (L) of th e  endo tox in  complex 

(F ig u re  12, p a t t e r n  3 ) .  The t h i r d  band r e p r e s e n t s  most p ro b ab ly  th e  i n 

t a c t  en d o to x in  complex. T h is  r e s u l t  i n d i c a t e s ,  t h a t  th e  e ndo tox in  com

p le x  (LPS-U-S) i s o l a t e d  by t r i c h l o r o a c e t i c  a c id  e x t r a c t i o n  and used f o r  

th e  p r e p a r a t i o n  of a n t i s e r a  c o n ta in e d  th e  f r e e  p o ly s a c c h a r id e  s id e  ch a in  

and th e  f r e e  p r o t e i n  m o ie ty .  On th e  o th e r  hand. F ig u re  12, p a t t e r n  2, 

a l s o  i n d i c a t e s  t h a t  PX-S was n e i t h e r  co n tam in a ted  w ith  th e  p o ly s a c c h a r id e  

m oie ty  nor  w ith  t h e  e n t i r e  e ndo tox in  complex. A d d i t io n a l ly ,  PX-S and 

PX-E e x h ib i t e d  a s in g l e  i d e n t i c a l  p r e c i p i t i n  l i n e  a g a in s t  a n t i -w h o le  c e l l  

( S e r r a t i a  m arc esc e n s ) serum.

Chemical C h a r a c t e r i z a t i o n  

The r e s u l t s  o f  th e  e le m e n ta ry  a n a ly s i s  and chem ical com position  

of PX-S and PX-E a re  shown in  Table 1. H y d ro ly sa te s  c o n s i s t e d  n o t  on ly  

of amino a c id s ,  b u t  a l s o  of g lucosam ine , f a t t y  a c id s  and phosphorus .  The 

n i t r o g e n  and s u l f u r  c o n te n t  was s l i g h t l y  h ig h e r  in  PX-E, whereas ca rbon , 

g lucosam ine , f a t t y  a c id s ,  and phosphorus  were found in  s l i g h t l y  h ig h e r  

c o n c e n t r a t io n s  in  PX-S. Although th e  a n a l y s i s  i n d ic a te d  p re se n c e  of some 

a n th r o n e - p o s i t i v e  c a rb o h y d ra te  in  b o th  p r o t e i n  p r e p a r a t i o n s ,  no su g a rs



4̂
CD

F ig u re  13. Im m u n o e le c tro p h o re s is  p a t t e r n  o f  PX-S (A) and LPS-U-S (K) 

k , a n t i  LPS-U-S serum a b so rb e d  w ith  PX-S (A ).



TABLE 1

ELEMENTARY ANALYSIS AND CHEMICAL COMPOSITION OF 
PX-S, PX-E, PXOD-S AND PXOD-E

C

%

H

%

N

%

S

%

PO4

%

A n th ro n e -
p o s i t i v e

c a r b o h y d r a te s
%

G lucosam ine

%

F a t t y
Acids

%

Amino
A cids

%

Recovery*

%

Ash

%

PX-S 5 1 .2 3 6 .9 2 1 3 .4 3 0 .3 2 2 .0 1 1 .8 8 2 .8 7 1 0 .1 0 7 2 .8 9 8 9 .7 5 4 .9

PX-E 4 8 .4 4 7 .6 6 15 .18 1 .0 3 1 .59 1 .2 2 1 .31 5 .9 8 8 2 .2 3 9 3 .3 3 3 .2

PXOD-S 4 5 .1 0 6 .2 6 1 0 .94 0 .7 4 1 .4 4 1 .7 8 2 .6 3 6 .6 0 6 6 .2 0 7 8 .6 5 7 .0 1

PXOD-E 43 .31 6 .3 1 14 .19 1 .2 4 1 .1 7 1 .11 1 .1 3 3 .71 7 2 .6 4 7 9 .7 6 6 .0 0

"X"
R ecovery  was c a l c u l a t e d  from a n t h r o n e - p o s i t i v e  c a r b o h y d r a t e s ,  PO4 , g lu c o s a m in e ,  f a t t y  a c id s  

and amino a c i d s .

\0
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o th e r  th an  g lucosam ine cou ld  be d e t e c t e d  by p a p e r  and t h i n - l a y e r  chroma

to g ra p h y .

The amino a c id  co m p o s i t io n  i s  shown in  Table  2 . Both f r a c t i o n s .  

PX-S and PX-E, have a r e l a t i v e l y  h igh  c o n te n t  of a c i d i c  amino a c id s .  

S u l f u r  i s  p r e s e n t  in  t h e  form o f  m e th io n in e ,  whereas c y s t i n e  i s  a b se n t  or

found o n ly  in  t r a c e s .

Gas l i q u i d  chrom atography  of th e  f a t t y  a c id  m ethyl e s t e r s  r e 

v e a le d  th e  p re s e n c e  of p-hydroxy  m y r i s t i c  a c id  ( F ig u re  14) in  a d d i t io n  to  

o t h e r  f a t t y  a c id s  o f  a c h a in  l e n g th  from C]^2“^ 1 8 ‘ ^he d i s t r i b u t i o n  of 

th e  f a t t y  a c id s  i s  shown in  T ab le  3 . The p-hydroxy m y r i s t i c  a c id  r e c o g 

n iz e d  as th e  c h a r a c t e r i s t i c  m arker of l i p i d  A was i d e n t i f i e d  as th e  p r i n 

c i p a l  f a t t y  a c id  of PX-S (44.5%) b u t  n o t  of PX-E (15.9% ).

D i s t r i b u t i o n  and Comparison of PX-S and PX-E 

Mild a l k a l i n e  h y d r o l y s i s  of PX-S and PX-E w ith  0 .5  N m eth a n o lic  

KOH r e l e a s e d  about 40-50% of t h e  t o t a l  f a t t y  a c i d s .  T h is  r e s u l t  i n d i 

c a te d  t h a t  th e  r e l e a s e d  a c id s  were bound most p ro b a b ly  th ro u g h  e s t e r  

l i n k a g e s ;  w hereas th e  rem a in in g  f a t t y  a c id s  r e l e a s e d  by s t r o n g  a c id  hy

d r o l y s i s  were bound th ro u g h  amide l in k a g e s .

Mild a c id  (O.Ol o r  0 .1  n HCl) or a l k a l i n e  (O.Ol o r  0 .1  n NaOH)

h y d r o ly s i s  o f  PX-S in  aqueous a c e to n e  o r  e th a n o l  a t  4 f a i l e d  t o  s p l i t  

o f f  p r o d ig i o s in  o r  i t s  d e r i v a t i v e .  On th e  o t h e r  hand, a c id  h y d r o ly s i s  

w i th  0 .5  N HCl o r  a l k a l i n e  h y d r o ly s i s  w i th  0 .5  N m e th a n o l ic  KOH f o r  1 

hour a t  105 d e s t ro y e d  th e  p igm ent and caused  p a r t i a l  h y d r o ly s i s  of th e  

p r o t e i n  m o ie ty .  I t  has  been r e p o r t e d  t h a t  p r o d ig i o s in  canno t  be e x t r a c t e d  

co m p le te ly  from c e l l s  by o rg a n ic  s o lv e n t s  (9 6 ) ,  and t h a t  th e  u n e x t r a c t -  

a b le  f r a c t i o n  i s  l in k e d  t o  a p r o t e i n  (9 7 ) .  S ince  P u rk a y as th a  and W illiam s



TABLE 2

AMINO ACID COMPOSITION OF PX-S, PX-E, PXOD-S, AND PXOD-E

PX-S PX-E PXOD-■S PXOD--E

|iM oles/g mg/1 0 0 pM oles/g mg/ 100 [iMoles/g mg/1 0 0 pM oles/g mg/1 0 0

L ysine 245 3 .5 8 234 3 .4 2 160 2 .41 232 3 .3 9
H i s t i d i n e 74 1 .1 5 87 1 .3 4 48 0 .7 8 62 0 .9 6
A rg in in e 181 3 .1 5 212 3 .6 5 151 2 .61 242 4 .2 2
A s p a r t i c  a c id 824 10 ,9 7 786 10 .4 2 813 12 .39 656 , 8 .7 3
T h reo n in e 422 5 .0 3 384 4 .5 7 384 5 .21 295 ■ 3 .51
S e r in e 442 4 .6 4 354 3 .71 385 4 .4 8 319 3 .3 5
G lu tam ic  a c id 537 7 .9 0 910 13 .3 2 479 8 .0 2 879 12 .9 3
P r o l i n e 137 1 .5 8 253 2 .9 1 100 1 .2 9 198 2 .2 8
G ly c in e 657 4 .9 3 653 4 .9 0 607 5 .2 9 466 3 .5 0
A lan ine 657 5 .8 5 798 7 .1 0 635 6 .5 4 964 8 .5 9
1 /2  C y s t in e - - - - - - - -
V a l in e 378 4 .4 3 454 5 .31 344 4 .3 9 423 4 .9 7
M eth ion ine 42 0 .6 3 145 2 .1 6 88* 1 .7 2 * 137* 2 .0 4 *
I s o l e u c i n e 238 3,-12 329 4 .3 0 182 2 .4 9 298 3 .91
L euc ine 478 6 .2 7 623 8 .1 6 375 5 .71 527 6 .9 1
T y ro s in e 240 4 .3 5 209 3 .7 9 T ra c e s T ra c e s T ra c e s T ra c e s
P h e n y la la n in e 228 3 .7 7 220 3 .6 2 175 3 .2 9 203 3 .3 5
T ryp tophan 75 1 .54 27 0 .5 5 ** — -

Ui

M eth io n in e  s u l f o x i d e
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of PX-S.
F ig u re  14. G a s - l i q u id  chromatogram of f a t t y  a c id  m ethyl e s t e r s
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TABLE 3

PERCENT FATTY ACID DISTRIBUTION OF PX-S, PX-E, 
PXOD-S AND PXOD-E

PX-S
%

PX-E
%

PXOD-S
%

PXOD-E
%

0^2 2 .6 3 .85 5 .2 3 -

Cl4 9 .5 5 .52 5 .2 3 14 .0

^14-1 Trace - 2 .5 3 -

Unknown 12.9 - 12 .75 -

C l6 16 .5 26 .42 10.46 30 .0

C l6-1 5 .5 - - -

C l8 - 38 .79 - 1 0 .0

^18-1 Trace 4 .3 4 - 15 .0

Unknown Trace - - -

Unknown 3 .9 - - -

Unknown 4 .5 - - -

‘"14-OH 4 4 .5 15 .88 63 .79 29 .0
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(98) found th e  p igment a s s o c i a t e d  w ith  a c e l l  enve lope  f r a c t i o n  of S. 

m arcescens  and su g g e s te d  i t s  l in k a g e  w ith  hexosam ine, we assumed t h a t  

p r o d ig i o s in  may be bound t o  g lucosam ine th ro u g h  a C-N l in k a g e .  However, 

m ild  a l k a l i n e  p h o t o l y s i s  (O . l  N NaOH, UV i r r a d i a t i o n  f o r  6 h o u rs )  as em

p loyed  by Kuhn e t  (99) t o  s p l i t  r i b o s e  from r i b o f l a v i n ,  p roduced a

c o l o r l e s s  s o l u t i o n .  Acetone e x t r a c t i o n ,  fo llow ed  by a i r  i r r a d i a t i o n  and 

a c i d i f i c a t i o n ,  d id  n o t  r e s u l t  in  r e c o v e ry  o f  th e  p igm en t.  A c i d i f i c a t i o n  

o f  th e  rem ain ing  a l k a l i n e  s o lu t i o n  y ie ld e d  a p r e c i p i t a t e  a t  pH 3 .5  and a 

n o n - p r e c i p i t a b l e  f r a c t i o n  in  th e  s u p e rn a te .  Amino a c id  a n a l y s i s  of th e s e  

two p r o t e i n  f r a c t i o n s  r e v e a le d  t h a t  h i s t i d i n e  had been c o m p le te ly  d e 

s t r o y e d  in  th e  c o u rse  o f  i r r a d i a t i o n .  Thus f a r ,  th e  a t te m p ts  to  i s o l a t e  

th e  i n t a c t  pigment have f a i l e d .  N e v e r th e le s s ,  th e  p r e l i m i n a r y  r e s u l t s  

i n d i c a t e  t h a t  th e  p igm ent i s  c o v a l e n t l y  l in k e d  t o  PX-S.

O x id a t io n  o f  PX-S and PX-E

In an a t te m p t  t o  o b t a in  s o lu b le  p r o d u c t s ,  PX-S and PX-E were 

su b m it te d  t o  p e r fo rm ic  a c id  o x id a t io n ;  a p ro lo n g ed  t r e a tm e n t  f o r  24 hours  

was e s s e n t i a l  f o r  t h e  o x i d a t iv e  decom pos it ion  of th e  p igm en t.  A f te r  a 

p ro lo n g e d  d i a l y s i s  a g a i n s t  d i s t i l l e d  w a te r ,  t h e  r e s u l t i n g  l y o p h i l i z e d  

and d r i e d  o x id a t io n  p ro d u c ts  PXOD-S and PXOD-E were o b ta in e d  in  a 90% 

y i e l d .  Both f r a c t i o n s  were r e a d i l y  s o lu b le  in  b o r i c  a c id  b u f f e r ,  pH 8 .9  

and e x h ib i t e d  s in g l e  sym m etr ica l  peaks in  th e  a n a l y t i c a l  u l t r a c e n t r i f u g e  

(F ig u re s  15 and 1 6 ) .  V alues f o r  th e  s e d im e n ta t io n  and d i f f u s i o n  c o e f f i 

c i e n t s  of t h e s e  two o x id iz e d  p r o t e i n  p r e p a r a t i o n s  a re  p r e s e n te d  in  Table  

4 .

PXOD-S and PXOD-E moved on a g a ro se  e l e c t r o p h o r e s i s  as  s in g l e  

bands of a p p ro x im a te ly  th e  same m o b i l i t y  (F ig u re  8 , p a t t e r n s  c and d ) .
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F ig u re  15. U l t r a c e n t r i f u g a l  s e d im e n ta t i o n  p a t t e r n  o f  PXOD-S ( to p )  and PXOD-E (b o t to m ) .

P r o t e i n  p r e p a r a t i o n s  (10  mg/ml) d i s s o l v e d  in  b o r i c  a c i d ^ b u f f e r ,  pH 8 . 9 ,  d e n s i t y  1 .0 0 4  g /m l ,  
were c e n t r i f u g e d  in  s y n t h e t i c  b o unda ry  c e l l s  a t  5 2 ,6 4 0  rpm a t  25 . E x posu res  were t a k e n  from  l e f t  t o  
r i g h t  a t  4 m in u te  i n t e r v a l s  f o r  a t o t a l  ru n  o f  64 m in u te s .  P h o to g ra p h s  were o b t a i n e d  a t  8 and 12 m in
u t e s  a f t e r  r e a c h in g  sp e ed .
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F ig u re  16. U l t r a c e n t r i f u g a l  d i f f u s i o n  p a t t e r n  o f  PXOD-S ( to p )  and PXOD-E ( b o t to m ) .

P r o t e i n  p r e p a r a t i o n s  (10 mg/ml) d i s s o l v e d  in  b o r i c  a c id  b u f f e r ,  pH 8 .9 ,  d e n s i t y  1 .0 0 4  g /m l ,  
were c e n t r i f u g e d  in  s y n t h e t i c  boundary  c e l l s  a t  12 ,590  rpm a t  2 5 ° .  E x p o su res  were t a k e n  from  l e f t  t o  
r i g h t  a t  4 m inu te  i n t e r v a l s  f o r  a t o t a l  r u n  o f  64 m in u te s .  P h o to g ra p h s  were o b ta in e d  a t  8 and 12 m in 
u t e s  a f t e r  r e a c h in g  sp e ed .
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TABLE 4

SEDIMENTATION AND DIFFUSION COEFFICIENTS OF 
PXOD-S AND PXOD-E

0
S20,w “ 20 , w "

(s) (cm2/ s e c )

PXOD-S 0.71 14.90

PXOD-E 1.23 8.66

The o x id iz e d  p ro d u c ts  m ig ra te d  s l i g h t l y  f a s t e r  than  th e  co rre spond ing  

p a r e n t  s u b s ta n c e s  and e x h ib i t e d  a t  th e  same c o n c e n t r a t io n  a weaker r e a c 

t i o n  w ith  Amido Black upon s t a i n i n g .

The i n f r a r e d  s p e c t r a  of PXOD-S and PXOD-E were e s s e n t i a l l y  th e  

same as th o se  o b ta in e d  f o r  PX-S and PX-E (F ig u re  lO ) .

Immunological P r o p e r t i e s  of PXOD-S and PXOD-E 

Both o x id iz e d  p r o t e i n s  were immunogenic and a n t i s e r a  a g a in s t  

PXOD-S (C) and PXOD-E (D) were o b ta in e d  (c and d ) .  PX-S (A), PX-E (b ) ,

PXOD-S (C) and PXOD-E (D) gave l i n e s  of complete fu s io n  w ith  a n t ib o d ie s

t o  PXOD-S (C) (F ig u re  11, p a t t e r n  3 ) ,  t o  PXOD-E (d) (F ig u re  11, p a t t e r n  

4 ) ,  t o  PX-S (a )  (F ig u re  11, p a t t e r n  2) and LPS-U-S (k) (F ig u re  11, p a t 

t e r n  5 ) .  Im m unoelec trophores is  r e v e a le d  s in g l e  p r e c i p i t i n  bands f o r  

PXOD-S and PXOD-E a g a in s t  an ti-P X -S  and anti-PXOD-S serum.

Thus, i t  could  be dem ons tra ted  t h a t  th e  o x id iz e d  p r o t e i n s  were

im m uno log ica lly  i d e n t i c a l  w ith  th e  p a re n t  f r a c t i o n s  PX-S and PX-E, and 

t h a t  a n t i s e r a  deve loped  a g a in s t  f r a c t i o n s  from S. m arcescens r e a c te d  w ith  

m a t e r i a l  from E. c o l l  and v ic e  v e r s a  in  an i d e n t i c a l  r e a c t i o n .
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Chemical C h a r a c t e r i z a t i o n  of PXOD-S and PXOD-E 

The r e l a t i v e  c o n te n t  of ca rbon , n i t r o g e n ,  p h o sp h a te ,  g lucosam ine , 

amino a c id s  and f a t t y  a c id s  of PXOD-S and PXOD-E was lower th an  t h a t  of 

PX-S and PX-E (Table  l ) .  P a r t i a l  h y d r o ly t i c  c le a v a g e  o f  PX-S and PX-E 

by p e rfo rm ic  a c id  r e s u l t e d  in  r e l e a s e  of some g lucosam ine , a phospho rus-  

c o n ta in in g  compound (most p ro b ab ly  a g lu c o s a m in e -p h o s p h a te ) ,  a p p r o x i 

m a te ly  30-40% of f a t t y  a c id s  and some amino a c id s  d e t e c t e d  in  th e  o u te r  

d i a l y s a t e s  of PXOD-S and PXOD-E. The amino a c id  a n a ly s i s  (Tab le  2) and 

th e  f a t t y  a c id  d i s t r i b u t i o n  (T ab le  3) of PXOD-S and PXOD-E confirm ed 

th e s e  r e s u l t s ,  I n c r e a s e  in  th e  r e l a t i v e  c o n te n t  of p -hydroxy m y r i s t i c  

a c id  of PXOD-S (64%) and PXOD-E (29%), in  comparison w ith  PX-S (45%) and 

PX-E (16%), was s i m i l a r  t o  t h a t  o b ta in e d  by m ild  a lk a l i n e  h y d r o ly s i s  i n 

d i c a t i n g  t h a t  th e  h y d r o ly t i c  a c t io n  of p e r fo rm ic  a c id  a f f e c t e d  p r im a i i l y  

th e  e s t e r  bound f a t t y  a c id s .  Sephadex G-lOO column chrom atography of 

PXOD-S and PXOD-E showed t h a t  th e  rem ain ing  g lucosam ine , phospha te  and 

f a t t y  a c id s  were f i r m ly  l in k e d  t o  th e  p r o t e i n  m o ie ty .  Although o x id iz e d  

f r a c t i o n s  PXOD-S and PXOD-E r e p r e s e n t  somewhat a r t i f i c i a l  p r o d u c t s ,  t h e i r  

s o l u b i l i t y  p r o p e r t i e s  cou ld  be u t i l i z e d  a d v a n ta g e o u s ly  f o r  immunochemi

c a l  and p h y s ic a l  s t u d i e s .

I s o l a t i o n  and C h a r a c t e r i z a t i o n  of th e  T ry p t ic  
and P ronase  Cores of PX-S

The chem ical a n a l y s i s  of th e  "sim ple  p r o t e i n s "  PX-S ano PX-E, 

and of th e  o x id iz e d  p r o t e i n s  PXOD-S and PXOD-E r e v e a le d  u n e x p e c te d ly  th e  

p re s e n c e  of th e  t y p i c a l  components of l i p i d  A, namely, g lucosam ine , f a t t y  

a c id s  and phospho rus ,  n o t  s e p a r a te d  from th e  p r o t e i n  m oie ty  by p r e p a r a 

t i v e  agarose  e l e c t r o p h o r e s i s  o r  by ge l  f i l t r a t i o n  of th e  o x id iz e d  p ro -
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t e i n s .  T h e re fo re ,  th e  removal of th e  p r o t e i n  m oie ty  from l i p i d  A was 

a t te m p te d  by p r o t e o l y t i c  enzymes. The p u r p le  c o lo re d  t r y p t i c  c o re  of 

PX-S, i s o l a t e d  from th e  h y d r o ly s a te  (F ig u re  6 ) by i s o e l e c t r i c  p r e c i p i 

t a t i o n  a t  pH 3 . 5 - 3 .8  accoun ted  f o r  64.4% of PX-S. The p e p t id e  f r a c t i o n  

was c o l o r l e s s .  The p ro n ase  c o re ,  d e r iv e d  from th e  t r y p t i c  c o re ,  was p r e 

c i p i t a t e d  from th e  h y d r o ly s a te  in  th e  same pH range  ( 3 .5 - 3 .8 )  as  th e  

t r y p t i c  c o re .  The p u rp le  p ro n ase  c o re  accoun ted  f o r  28.7% of t h e  t r y p t i c  

c o re  o f  18.5% PX-S. To remove an a d d i t i o n a l  amount of p r o t e i n  m oie ty  

th e  p ro n ase  c o re  was su b s e q u e n t ly  s u b je c te d  t o  t h e  a c t i o n  of ca rboxypep-  

t i d a s e  A and B; on ly  c a rb o x y p e p t id a s e  A r e l e a s e d  a v e ry  sm all amount of 

amino a c id s  y i e l d in g  th e  c a rb o x y p e p t id a se  c o re  of PX-S. T r y p t i c  and p r o 

nase  d i g e s t i o n  of PX-E r e s u l t e d  in  th e  i s o l a t i o n  of a t r y p t i c  c o re  (60.3% 

of PX-E) and a p ro n ase  c o re  (20.4% of PX-E). I s o e l e c t r i c a l  p r e c i p i t a t i o n  

o c c u r re d  in  t h e  same pH range  as t h a t  f o r  t h e  PX-S c o r e s .

P h y s ica l-C h e m ica l  C h a r a c t e r i z a t i o n  of th e  
T r y p t i c  and P ronase  C ores  o f  PX-S

Both c o re s  were r e a d i l y  s o lu b le  in  0 .0 2  M ammonium c a rb o n a te  

b u f f e r ,  pH 8 . 6 , b u t  were i n s o l u b l e  a t  pH low er th an  3 .8 ,  in  w a te r ,  and 

in  s a l i n e .  However, a f t e r  r e p e a te d  l y o p h i l i z a t i o n s  s o l u b i l i z a t i o n  of 

PX-S c o re s  in  th e  same b u f f e r  was d i f f i c u l t  w i th o u t  a d d i t i o n  of 0 .1 -0 .2%  

SDS.

Agarose e l e c t r o p h o r e s i s  o f  th e  t r y p t i c  and p ro n ase  c o re s  e x h ib 

i t e d  s i n g l e  bands s i m i l a r  in  e l e c t r o p h o r e t i c  m o b i l i t y  t o  t h a t  of PX-S 

(F ig u re  1 7 ) .  Gel f i l t r a t i o n  (Sephadex G-50) of t h e  p ro n ase  c o re  y i e ld e d  

a s i n g l e  f r a c t i o n ,  as d e m o n s tra ted  by a n e a r l y  sym m etrica l  a b s o rp t io n  

curve  a t  280 rnp. The amino a c id  and g lucosam ine  a n a ly s i s  showed th e  same
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V -

B

F ig u re  17. Agarose e l e c t r o p h o r e s i s  of PX-S (A), t r y p t i c  co re  
(B), and p ro n ase  c o re  (C).

P r o t e i n  p r e p a r a t i o n s  (20 mg/ml) were d i s s o l v e d  in  0 .0 5  M T r i s  
b u f f e r ,  pH 7 .6 ,  c o n ta in in g  0.5% SDS, and d i l u t e d  t o  a f i n a l  c o n c e n t r a t io n  
o f  10 mg/ml w ith  1% a g a ro se  in  b a r b i t a l  b u f f e r .  1% a g a ro se  g e l ;  b a r b i t a l  
b u f f e r ,  pH 8 . 6 , i o n ic  s t r e n g t h  0 .0 5 ;  40 m in u te s .
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v a lu e s  b e fo re  and a f t e r  column chrom atography .

The i n f r a r e d  s p e c t r a  o f  th e  t r y p t i c  and p ro n ase  c o re s  were sim

i l a r  to  t h a t  o f  PX-S (F ig u re  1 8 ) .  With s h o r te n in g  o f  t h e  p r o t e i n  m o ie ty  

(PX-S p ro n a se  c o re )  t h e r e  was a d e c re a s e  in  t h e  ^ OH a s s .  and th e  v 

NH a s s .  a b s o rp t io n  a t  3400-3280 cm~^ and an i n c r e a s e  in  th e  v CHg + CH2 

a b s o rp t io n  a t  2960-2600 cm”  ̂ and th e  c a rb o h y d ra te  a b s o rp t io n  a t  a p p ro x i 

m a te ly  1060 c m 'l  (y oh and v C-O). The m ost s t r i k i n g  f e a t u r e  in  th e  

spectrum  of p ro n ase  c o re  was th e  appearance  of a s t ro n g  e s t e r  a b s o rp t io n  

V C=0 a t  1740 cm"^ which cou ld  be r e c o g n iz e d  in  th e  s p e c t r a  o f  PX-S and 

th e  t r y p t i c  c o re  on ly  as a s h o u ld e r  on th e  amide I a b s o rp t io n  band a t  

1650 cm” ^. The e s t e r  a b s o rp t io n  was o b v io u s ly  caused  by a d e c re a s e d  p r o 

t e i n  and in c r e a s e d  f a t t y  a c id  e s t e r  c o n te n t  in  acco rdance  w ith  th e  s im u l

tan e o u s  i n c r e a s e  of CHg and CH2 a b s o r p t io n  a t  2960-2850 cm“  ̂ a s  w e l l  a s  

w i th  th e  r e s u l t s  chem ical a n a l y s i s .

Only th e  c o r e s ,  b u t  n o t  t h e  p e p t i d e  f r a c t i o n s  were found t o  con

t a i n  p r o d io g i o s in  o r  i t s  d e r i v a t i v e .  The in c r e a s e d  p igm ent a b s o rp t io n  

of c o re s  i s  shown in  Tab le  5.

TABLE 5

ABSORPTION OF PRODIGIOSIN IN PX-S AND ITS CORES 
( 0 .5  m g/l  ml b u f f e r )

pH 537 mp 470 mp

PX-S 7 .6 0 .1 7 0 0 .163

T r y p t i c  co re 8 .5 0 .181 0 .196

Pronase  co re 8 .5 0 .3 4 2 0 .369
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WAVELENGTH IN MICRONS

5 0

PX-S LIPID A

2 3 0 0  2 0 0 0  1800 1600 1400 1200 '0 0 0  8 0 0  6 0 0  4003 3 0 0  3 0 0 0
WAVENUMBER CM'

F ig u re  18. S o l id  i n f r a r e d  s p e c t r a  of PX-S, t r y p t i c  c o re ,  p ronase  
c o re ,  and l i p i d  A ( 1 . 5 - 1 .8  mg su b s ta n c e /2 5 0  mg KBr).
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P r o d ig io s in  could  n o t  be removed by th e  e x t r a c t i o n  of p ro n ase  

c o re  w ith  o rg a n ic  s o l v e n t s .  Thus, i t  a p p ears  v e ry  l i k e l y  t h a t  th e  pigment 

i s  c o v a le n t l y  l in k e d  t o  t h e  l i p i d  A m o ie ty  o r  t o  th e  r e s i d u a l  p r o t e i n  of 

p ronase  c o re .

PCH, ^CHgCHgCHgCHgCHg

P r o d ig io s in

Immunological P r o p e r t i e s  o f  th e  T r y p t i c  
and P ronase  C ores  o f  PX-S

The t r y p t i c  c o re  (E) and th e  p ro n ase  c o re  (F) gave a s in g l e  

i d e n t i c a l  p r e c i p i t i n  l i n e  w ith  a n t ib o d ie s  t o  PX-S ( F ig u re  19, p a t t e r n  l )  

and e x h ib i t e d  immunological i d e n t i t y  w i th  PX-S (A). Upon im m unoelec tro- 

p h o r e s i s  bo th  c o re s  formed s in g l e  p r e c i p i t i n  bands w ith  a n t ib o d ie s  to  

PX-S. The t r y p t i c  and th e  p ro n ase  c o re s  were immunogenic. PX-S (A), 

t r y p t i c  co re  (E) and p ro n ase  c o re  (F) showed a t o t a l  c o a le s c e n c e  o f  p r e 

c i p i t i n  l i n e s  w i th  a n t i b o d ie s  to  t r y p t i c  c o re  (F ig u re  19, p a t t e r n  2) and 

w ith  a n t i b o d ie s  to  p ro n ase  c o re  ( F ig u re  19, p a t t e r n  3 ) .

Chemical C h a r a c t e r i z a t i o n  of t h e  T r y p t i c  
and P ronase  Cores o f  PX-S

R e s u l t s  of th e  e le m en ta ry  a n a l y s i s  and chem ical com position  of 

co re s  a re  compared w ith  th o s e  of PX-S (T ab le  6 ) .  S h o r te n in g  of th e  p r o 

t e i n  m oie ty  (PX-S p ro n ase  c o re )  caused  an in c r e a s e  in  r e l a t i v e  c o n te n t  

of ca rbon , hydrogen , p h o sp h a te ,  g lucosam ine and f a t t y  a c id s ,  and a de -
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F ig u re  19. Im m unod if fu s ion  p a t t e r n s  o f  PX-S (A ), t r y p t i c  c o re  (E) and p r o n a s e  c o re  (F ) ,  

a ,  a n t i  PX-S serum ; e ,  a n t i  PX-S t r y p t i c  c o re  serum ; f , a n t i  PX-S p ro n a s e  c o re  serum .



TABLE 6

ELEMENTARY ANALYSIS AND CHEMICAL COMPOSITION OF PX-S, 
TRYPTIC CORE AND PRONASE CORE

C

%

H

%

N

%
PO4

%

G lucosam ine

%

F a t t y
A cids

%

Amino
A cids

%

R ecovery*

%

Ash

%

PX-S 5 1 .2 3 6 .9 2 1 3 .43 2 .0 1 2 .8 7 10 .1 7 2 .8 9 8 9 .7 5 4 .9

PX-S
T r y p t i c  c o re 51 .29 7 .1 1 11 .07 3 .0 6 4 .8 1 1 1 .4 6 8 .9 9 8 8 .26 4 .3

PX-S
P ro n ase  c o re 5 2 .3 0 8 .0 0 4 .0 1 5 .7 9 1 2 .0 9 1 4 .6 1 1 .4 5 4 3 .9 3 3 .6

o

R ecovery  was c a l c u l a t e d  from  p h o s p h a te ,  g lu c o s a m in e ,  f a t t y  a c id  and amino a c i d s .
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c re a s e d  c o n te n t  o f  n i t r o g e n  and amino a c i d s .  P r o t e o l y s i s  o f  t r y p t i c  core  

by p ro n ase  r e s u l t e d  in  a more d r a s t i c  c o m pos i t ion  change th an  t h a t  of 

PX-S by t r y p s i n  in  acco rdance  w ith  t h e  obse rved  i n f r a r e d  s p e c t r a  and 

y i e l d s  of t r y p t i c  (64% o f  PX-S) and p ro n ase  ( l 8% of PX-S) c o r e s .  Cores 

c o n ta in e d  th e  c h a r a c t e r i s t i c  components of th e  l i p i d  A m o ie ty  w ith  a mo

l a r  r a t i o  of f a t t y  a c id s /p h o sp h a te /g lu co G a m in e  2 : 1 :1  f o r  t r y p t i c  core  

and 1: 1:1 f o r  p ro n ase  c o r e .  Recovery o f  th e  p ro n ase  c o re  was v e ry  p o o r .  

The more l i k e l y  m olar r a t i o  of 2 : 1 : 1 ,  a s  d e te rm in e d  f o r  PX-S and th e  

t r y p t i c  c o re ,  s u g g e s t s  t h a t  abou t 50% of  th e  f a t t y  a c id s  were l o s t .  A 

r e l a t i v e l y  low r e c o v e ry  o f  p ro n ase  c o re  may be e x p la in e d  a l s o  by a l o s s  

of amino a c id s  known t o  occur  when h y d r o ly s i s  i s  c a r r i e d  o u t  in  th e  p r e s 

ence o f  c a rb o h y d ra te s  (98) and by th e  f a c t  t h a t  t h e  a b s o lu t e  amount of 

p r o d i g i o s i n ,  p r e s e n t  in  th e  p ro n ase  c o re  in  th e  h i g h e s t  c o n c e n t r a t i o n ,  i s  

n o t  known. The m olar  r a t i o  f a t t y  a c id s /p h o s p h a te /g lu c o s a m in e  o f  PXOD-S 

was a l s o  found t o  be 2 : 1 : 1 .

Comparison o f  t h e  r e s u l t s  of amino a c id  and g lucosam ine  a n a ly s e s  

between t r y p t i c  and p ro n a se  c o r e s ,  t h e i r  c o rre sp o n d in g  p e p t id e  f r a c t i o n s  

and PX-S i s  shown in  Tab le  7 . Upon h y d r o ly s i s  n e i t h e r  g lucosam ine  nor 

f a t t y  a c id s  co u ld  be d e t e c t e d  in  t h e  p e p t i d e  f r a c t i o n s .  A s p a r t i c  a c id  

was th e  m ajor amino a c id  o f  p ro n ase  and c a rb o x y p e p t id a s e  c o r e s .  The p e r 

c e n t  c o n te n t  of g lucosam ine  and th e  approx im ate  m olar  r a t i o s  o f  a s p a r t i c  

a c id  and g lucosam ine of PX-S and c o r re s p o n d in g  c o re s  a r e  shown in  Table  

8 .

The approx im ate  m olar r a t i o  o f  g lucosam ine and m ajor  amino a c id s  

p r e s e n t  in  th e  p ro n ase  and c a rb o x y p e p t id a s e  c o re  i s  shown in  Table  9 .

From t h e s e  d a ta  i t  became obv ious  t h a t  a s p a r t i c  a c id ,  g lu ta m ic  a c id  or



TABLE 7

AMINO ACID COMPOSITION OF PX-S, TRYPTIC CORE, 
PRONASE CORE, AND PEPTIDES

PX-■S T r y p t i c  p e p t i d e s T r y p t i c c o re P ro n a se  p e p t i d e s P ro n a se c o re

pM oles/g mg/1 0 0 pM oles/g mg/1 0 0 [jMoles/g mg/1 0 0 pM oles/g mg/1 0 0 [xMoles/g mg/1 0 0

L ys ine 245 3 .5 8 246 3 .6 0 142 2 .0 8 165 2 .4 1 52 0 .7 6
H i s t i d i n e 74 1 .1 5 56 0 .8 7 80 1 .2 4 75 1 .1 6 13 0 .2 0
A rg in in e 181 3 .1 5 156 2 .7 2 95 1 .6 5 117 2 .0 4 27 0 .4 7
A s p a r t i c  a c id 824 1 0 .9 7 811 1 0 .79 876 1 1 .6 6 1640 2 1 .8 3 142 1 .8 9
T h reo n in e 422 5 .0 3 394 4 .6 9 402 4 .7 9 570 6 .7 8 50 0 .6 0
S e r in e 442 4 .6 4 360 3 .7 8 490 5 .1 5 610 6 .4 1 122 1 .2 8
G lu tam ic  a c id 537 7 .9 0 471 6 .9 3 477 7 .0 2 632 9 .3 0 69 1 .0 2
P r o l i n e 137 1 .5 8 130 1 .5 0 219 2 .5 2 223 2 .5 7 31 0 .3 6
G ly c in e 657 4 .9 3 598 4 .4 9 600 4 .5 0 867 6 .5 1 89 0 .6 7
A lan ine 657 5 .8 5 657 5 .8 5 680 6 .0 5 862 7 .6 8 109 0 .9 7
1 /2  C y s t in e - - - - - - - — - -

V a l in e 378 4 .4 3 419 4 .9 1 307 3 .6 0 482 5 .6 5 60 0 .7 0
M eth ion ine 42 0 .6 3 57 0 .8 5 60 0 .9 0 89 1 .3 3 15 0 .2 2
I s o l e u c i n e 238 3 .1 2 227 2 .9 8 182 2 .3 9 268 3 .5 2 45 0 .5 9
L eucine 478 6 .2 7 385 5 .0 5 535 7 .0 2 695 9 .1 2 66 0 .8 7
T y ro s in e 240 4 .3 5 222 4 .0 2 235 4 .2 6 350 6 ,. 34 17 0 .3 1
P h e n y la la n in e 228 3 .7 7 188 3 .1 1 235 3 .8 8 322 5 .3 2 32 0 .5 3

O '
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TABLE 8

PERCENT CONTENT OF GLUCOSAMINE AND MOLAR RATIOS OF 
ASPARTIC ACID/GLUCOSAMINE IN PX-S 

AND ITS CORES

Glucosamine 
in  %

Molar R a t io  
A s p a r t i c  Acid:G lucosamine

PX-S 2 .8 7 6 .4 :1

T ry p t ic  core 4 .81 3 .2 :1

P ronase  core 12 .09 1 .0 :5

C arboxypep tidase  co re 16 .12 1 . 0 :1 0

TABLE 9

MOLAR RATIO OF GLUCOSAMINE AND MAJOR AMINO ACIDS IN THE 
PRONASE AND CARBOXYPEPTIDASE

P ronase  Core C arb o x y p ep tid ase  Core

Glucosamine 

A s p a r t ic  a c id  

S e r in e  

G lyc ine  

A lanine  

G lutam ic ac id

10

2
2
1

2

1

10
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s e r i n e  could  be most l i k e l y  inv o lv ed  in  a p o s s ib l e  c o v a le n t  l in k a g e  b e 

tween l i p i d  A and th e  p r o t e i n  m o ie ty .

The f a t t y  a c id  com position  of PX-S and i t s  c o re s  was c h a r a c t e r 

iz e d  by th e  p re se n c e  o f  p-hydroxy m y r i s t i c  a c id ,  a m arker f o r  l i p i d  A, 

in  a c o n c e n t r a t io n  h ig h e r  th an  any o th e r  s a t u r a t e d  and u n s a tu r a te d  f a t t y  

a c id  of a c h a in  le n g th  from C ,^ -C ,o  (T ab le  lO ) .i z  io

I s o l a t i o n  o f  L ip id  A from th e  
"Simple P r o te in "  PX-S

The a n a ly s i s  of t h e  "s im ple  p r o t e i n s "  PX-S, PX-E, PXOD-S, and 

PXOD-E and th e  t r y p t i c  and p ro n ase  c o re s  i n d i c a t e d  th e  p re s e n c e  o f  l i p i d  

A, which could  n o t  be i s o l a t e d  from th e  p r o t e i n  m oie ty  by e x t r a c t i o n  w ith  

c h lo ro fo rm , a c h a r a c t e r i s t i c  s o lv e n t  f o r  l i p i d  A. Upon h y d r o ly s i s  of 

PX-S w ith  0 ,1  N HCl, a s ta n d a rd  p ro ce d u re  f o r  th e  i s o l a t i o n  o f  l i p i d  A 

from th e  l ip o p o ly s a c c h a r id e ,  a ch lo ro fo rm  s o lu b le  f r a c t i o n  was o b ta in e d ;  

l i k e  l i p i d  A, t h i s  f r a c t i o n  was i n s o lu b le  in  a c e to n e .  The i n f r a r e d  sp e c 

trum ( F ig u re  18) of t h i s  f r a c t i o n  was i d e n t i c a l  w ith  th e  spectrum  ob

t a i n e d  f o r  l i p i d  A i s o l a t e d  from l ip o p o ly s a c c h a r id e  and, on th e  o th e r  

hand , was v e ry  s im i l a r  t o  th e  spectrum  of th e  p ro n ase  c o re .  The e s t e r /  

amide I r a t i o  o f  t h i s  f r a c t i o n  was 0 .8 6 ,  a s l i g h t l y  h ig h e r  v a lu e  th an  

t h a t  o f  p ro n ase  c o re  ( 0 .7 9 ) .  T h is  could  be e x p la in e d  by a reduced  amide 

a b s o r p t io n ,  caused  by a d e c re a s e d  p r o t e i n  c o n te n t  o f  l i p i d  A. The g lu c o 

samine c o n te n t  o f  t h i s  p r e p a r a t i o n  was 27.68%. Thus th e  h y d r o ly s i s  of 

"sim ple  p r o t e i n "  r e s u l t e d  in  th e  s e p a r a t i o n  o f  l i p i d  A, which cou ld  no t 

be e x t r a c t e d  w i th o u t  p r i o r  h y d r o ly s i s  and i n d i c a t e d  t h a t  th e  l i p i d  m oie ty  

may be c o v a l e n t l y  l in k e d  to  th e  p r o t e i n .
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T m E  10

PERCENT FATTY ACID DISTRIBUTION OF PX-S, 
AND PRONASE CORE

TRYPTIC CORE

PX-S
%

T r y p t i c  co re  
%

P ro n a se  co re  
%

C i2 2 .6 3 .7 5 .4

*"14 9 .5 9 .8 10 .7

^14-1 T race - -

Unknown 1 2 .9 14.6 1 4 .4

^16 1 6 .5 18 .2 1 3 .3

^16-1 5 .5 3 .4 2 .8

Unknown T race 3 .1 5 .7

Unknown 3 .9 4 .7 -

Unknown 4 .5 3 .7 5 .8

*"14-0H 4 4 .5 38 .7 4 1 .8
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I s o l a t i o n  and C h a r a c t e r i z a t i o n  of "Conjugated 
P r o t e i n "  and P o ly s a c c h a r id e  Moiety 

from LPX-Ud

I t  has  been t a c i t l y  su rm ise d ,  b u t  n e v e r  p roven , t h a t  th e  p r e s 

ence of l i p i d  A in  "co n ju g a ted  p r o t e i n "  r e p r e s e n t s  th e  o n ly  d i f f e r e n c e  

between t h i s  p r o t e i n  and "s im ple  p r o t e i n . "  To t e s t  t h i s  a s su m p tio n ,  th e  

p h y s i c a l ,  chem ical  and im m unological p r o p e r t i e s  of " co n ju g a te d  p r o t e i n "  

i s o l a t e d  from endo tox in  complex were compared w ith  th o se  of " s im p le  p r o 

t e i n "  (PX-S).

The en d o to x in  complex (LPS-U) i s o l a t e d  by t r i c h l o r o a c e t i c  a c id  

e x t r a c t i o n  of S. m arcescens ( F ig u re  5) c o n ta in e d  a p p ro x im a te ly  20% f r e e  

l i p i d s  e x t r a c t a b l e  by ch lo ro fo rm -m eth an o l  ( 2 :1 ,  v / v ) .  The " co n ju g a te d  

p r o t e i n "  i s o l a t e d  from th e  d e f a t t e d  en d o to x in  complex (LPS-Ud) by h y d r o l 

y s i s  w i th  0.1% a c e t i c  a c id  r e p r e s e n t e d  36% o f  th e  en d o to x in  complex. Up

on h y d r o ly s i s  o f  a sm all  amount o f  m a t e r i a l  e x t r a c t a b l e  by ch lo ro fo rm  

from th e  a c e t i c  a c id  h y d r o ly s a te ,  o n ly  t r a c e s  of f a t t y  a c id s  were de

t e c t e d .  The u n s a p o n i f i a b l e  m a t e r i a l  was n o t  i n v e s t i g a t e d .  The p o ly s a c 

c h a r id e  m o ie ty ,  a c c o u n t in g  f o r  60% of t h e  en d o to x in  complex, wias se p a 

r a t e d  by d i a l y s i s  i n t o  an i n n e r  and o u t e r  d i a l y s a t e .  The n o n - d ia ly z a b le  

f r a c t i o n  ( i n n e r  d i a l y s a t e )  r e p r e s e n t e d  abou t  52% of th e  p o ly s a c c h a r id e  

f r a c t i o n  and was c h a r a c t e r i z e d  by 41.78% C, 6.24% H, 3.23% N and l e s s  

th a n  0.43% P. Amino a c id  a n a l y s i s  r e v e a le d  t r a c e  amounts o f  amino a c id s  

( l e s s  th an  0.48%) and 38.39% g lu co sa m in e .  The r e s u l t s  o f  q u a n t i t a t i v e  

g a s - l i q u i d  chrom atography ( t h i s  a n a l y s i s  was c a r r i e d  o u t  by Mr. Chi-Sun 

Wang) i n d i c a t e d  t h a t  i n n e r  d i a l y s a t e  c o n ta in e d  g lu c o s e ,  g a l a c to s e  and 

g lucosam ine  in  a m olar r a t i o  2 : 1 : 2 . T h is  f r a c t i o n ,  r e p r e s e n t i n g  most 

p ro b a b ly  th e  s o - c a l l e d  s id e  c h a in  of t h e  p o ly s a c c h a r id e  m o ie ty ,  gave a
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s i n g l e  p r e c i p i t i n  l i n e  w ith  a n t i b o d ie s  t o  LPS-Ud (F ig u re  1 2 ) .  The o u te r  

d i a l y s a t e  c o n ta in e d  2.18% P, 5.6% N, and h e p to se  as th e  most c h a r a c t e r i s 

t i c  suga r  component ( t h i s  r e s u l t  was p ro v id e d  by Mr. Chi-Sun Wang). S ince 

h e p to s e  o r  a h e p to s e  p h o sp h a te  i s  a t y p i c a l  component of t h e  p o ly sa c c h a 

r i d e  " c o r e , "  th e  o u t e r  d i a l y s a t e  r e p r e s e n t s  a p a r t i a l l y  deg raded  " c o r e ” 

p o r t i o n  o f  th e  p o ly s a c c h a r id e  m o ie ty .  Both f r a c t i o n s  were e a s i l y  s o lu b le  

in  d i s t i l l e d  w a te r .

The t r y p t i c  and p ro n a s e  c o re s  o f  " co n ju g a te d  p r o t e i n "  were ob

t a i n e d  a c co rd in g  t o  th e  p ro c e d u re  u t i l i z e d  f o r  th e  p r e p a r a t i o n  of c o re s  

from th e  "s im ple  p r o t e i n . "  The t r y p t i c  co re  r e p r e s e n te d  75% of " c o n ju 

g a te d  p r o t e i n , "  and th e  p ro n a s e  c o re  60.5% of t r y p t i c  co re  o r  a p p ro x i 

m a te ly  45% of " c o n ju g a te d  p r o t e i n . "

P h y s ic a l -C h e m ic a l  C h a r a c t e r i z a t i o n  o f  "Conjugated 
P r o t e i n "  and C orrespond ing  T r y p t i c  

and P ronase  Cores

The " c o n ju g a te d  p r o t e i n "  and bo th  c o re s  were s o lu b le  in  ammonium 

c a rb o n a te  b u f f e r  a t  pH 8 .6  and p r e c i p i t a b l e  by a d d i t io n  o f  a c e t i c  a c id  

a t  pH 3 . 5 - 3 . 8 . However, a f t e r  r e p e a te d  l y o p h i l i z a t i o n s  t h e s e  p r o t e i n  

p r e p a r a t i o n s  were s o lu b le  o n ly  in  T r i s  b u f f e r ,  pH 7 .6 ,  c o n ta in in g  0.2%

SDS.

"C onjugated  p r o t e i n "  d i s s o lv e d  in  T r i s  b u f f e r  c o n ta in in g  0 .1 -  

0.2% SDS e x h ib i t e d  a s i n g l e  sym m etr ica l  peak in  t h e  a n a l y t i c a l  u l t r a c e n 

t r i f u g e  (F ig u re  20) w i th  a = 2 .4 S .  E l e c t r o p h o r e s i s  on aga rose  p r e 

p a re d  w i th  v e ro n a l  b u f f e r ,  pH 8 .7 ,  and T r i s  b u f f e r ,  pH 7 .6 ,  c o n ta in in g  

0.5% SDS e x h ib i t e d  a s i n g l e  band f o r  LPS-Ud, " co n ju g a te d  p r o t e i n "  and 

th e  t r y p t i c  and p ro n ase  c o re s  (F ig u re  2 1 ) .  I n f r a r e d  s p e c t r a  of " c o n ju 

g a te d  p r o t e i n "  and b o th  c o re s  a re  shown in  F ig u re  22 . Although s p e c t r a
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F ig u re  20 .  U l t r a c e n t r i f u g a l  s e d im e n ta t i o n  p a t t e r n  o f  " c o n ju g a te d  p r o t e i n . "

"C on juga ted  p r o t e i n "  (6 mg/ml) d i s s o l v e d  in  0 .0 5  M T r i s - C l  b u f f e r ,  pH 7 . 6 ,  c o n ta i n in g  0 .1 -0 .2 %  
SDS, d e n s i t y  1 .004  g /m l ,  was c e n t r i f u g e d  i n  a s y n t h e t i c  b o unda ry  c e l l  a t  5 2 ,6 4 0  rpir. a t  2 5 ° .  E xposures  
were ta k e n  from l e f t  t o  r i g h t  a t  4 m in u te  i n t e r v a l s  f o r  a t o t a l  ru n  of 64 m in u te s .  P h o to g ra p h s  were ob
t a i n e d  a t  4 and 8 m in u te s  a f t e r  r e a c h in g  s p e e d .
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F ig u re  21 . A garose  e l e c t r o p h o r e s i s  o f  LPS-U-S ( p a t t e r n  A), " c o n ju g a te d  p r o t e i n "  ( p a t t e r n  B), 
t r y p t i c  c o re  ( p a t t e r n  C) and p ro n a s e  c o re  ( p a t t e r n  D ).

P r o t e i n  p r e p a r a t i o n s  (20 mg/ml) were d i s s o l v e d  in  0 .0 5  M T r i s  b u f f e r ,  pH 7 . 6 ,  c o n t a i n i n g  0.5% 
SDS and d i l u t e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  10 mg/ml w i th  1% a g a ro s e  in  b a r b i t a l  b u f f e r .  1% a g a ro s e  
g e l ;  b a r b i t a l  b u f f e r ,  pH 8 . 6 , i o n i c  s t r e n g t h  0 .0 5 ;  40 m in u te s .
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WAVELENGTH IN MICRONS
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F ig u re  22. S o l id  i n f r a r e d  s p e c t r a  o f  " co n ju g a te d  p r o t e i n , "  t r y p 
t i c  c o re ,  p ro n ase  c o re  and l i p i d  A ( 1 . 5 - 1 .8  mg su b s ta n c e /2 5 0  mg KBr).
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resem bled  th o se  o f  th e  "s im ple  p r o t e i n "  and c o rre sp o n d in g  c o re s  (F ig u re  

18 ) ,  th e  V CHg and CH2 a b s o rp t io n  a t  2960-2850 cm“ ^, t h e  v C-0 and y OH 

c a rb o h y d ra te  a b s o rp t io n  a t  a p p ro x im ate ly  1060 cm  ̂ and th e  v P=0 band a t  

a p p ro x im a te ly  1230 cm”  ̂ a r e  more d i s t i n c t  in  th e  s p e c t r a  o f  t h e  " c o n ju 

g a te d  p r o t e i n "  and i t s  c o r e s .  In c o n t r a s t  t o  " s im ple  p r o t e i n , "  t h e  "con

ju g a t e d  p r o t e i n "  e x h ib i t e d  a d i s t i n c t   ̂ C=0 e s t e r  a b s o r p t io n  which g ra d 

u a l l y  in c r e a s e d  in  th e  t r y p t i c  and p ro n ase  c o r e s .  The e s te r / a m id e  I 

r a t i o s  a re  shown in  Tab le  11.

TABLE 11

ester/ amide I RATIOS OF "CONJUGATED PROTEIN" 
CORES AND LIPID A

Length of 
Amide I Band 

in  mm

Length of 
E s t e r  Band 

in  mm

E ster /A m ide  I 
R a t io

"C onjugated  P r o t e i n " 84 57 0 .6 7

T r y p t i c  co re 82 61 0 .7 4

P ronase  c o re 64 55 0 .8 6

L ip id  A 65 63 0 .96

Immunological P r o p e r t i e s  of "C onjugated  P r o t e i n "  
and I t s  T r y p t i c  and P ronase  Cores

S i m i l a r ly  t o  "s im p le  p r o t e i n "  and i t s  c o r e s ,  th e  " c o n ju g a te d  

p r o t e i n "  and c o r re s p o n d in g  t r y p t i c  and p ro n a se  c o re s  were found t o  be 

immunogenic. The " c o n ju g a te d  p r o t e i n "  (G) e x h ib i t e d  a s i n g l e  p r e c i p i t i n  

l i n e  a g a in s t  a n t i  " c o n ju g a te d  p r o t e i n "  serum (g) (F ig u re  23 , p a t t e r n  l ) .  

The t r y p t i c  c o re  (H) and p ro n ase  c o re  ( I ) gave s i n g l e  p r e c i p i t i n  l i n e s  

w i th  a n t i b o d ie s  t o  " c o n ju g a te d  p r o t e i n "  (g) (F ig u re  23 , p a t t e r n  2 ) ,
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F ig u re  23. Im m unodiffusion p a t t e r n s  o f  " c o n ju g a te d  p r o t e i n "
(g ) ,  t r y p t i c  c o re  (H) and p ro n ase  c o re  ( l ) .

g , a n t i  " c o n ju g a te d  p r o t e i n "  serum; i ,  a n t i  " co n ju g a te d  p r o t e i n "  
p ro n a s e  c o re  serum.
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t r y p t i c  co re  (h) and p ro n ase  core  ( i )  (F ig u re  23, p a t t e r n  3 ) .  The immuno- 

e l e c t r o p h o r e t i c  p a t t e r n s  of t r y p t i c  and p ronase  c o re  a re  shown in  F ig u re  

24 . "C onjugated p r o t e i n "  (G), PX-S (A) and PX-E (B) gave a l i n e  o f  t o t a l  

c o a le sc e n c e  w ith  a n t ib o d ie s  t o  PX-S (a )  (F ig u re  25, p a t t e r n  l ) .  A s im i

l a r  l i n e  of t o t a l  f u s io n  was a ls o  o b ta in e d  in  th e  r e a c t i o n  of " co n ju g a ted  

p r o t e i n "  (g) w ith  a n t i b o d ie s  to  " co n ju g a ted  p ro  Lein" ( g ) ,  PX-S ( a ) ,  C.P. 

t r y p t i c  core  (h) and p ro n ase  core  ( i )  (F ig u re  25, p a t t e r n  2 ) .  However, 

th e  r e a c t i o n  o f  "co n ju g a te d  p r o t e i n "  w ith  a n t ib o d ie s  to  LPS-Ud (k) r e 

v e a ls  p a r t i a l  i d e n t i t y  w i th  o th e r  p r e c i p i t i n  l i n e s .

Chemical C h a r a c t e r i z a t i o n  of "C onjugated 
P r o t e i n "  and C orresponding  T ry p t ic  

and P ronase  Cores

"Conjugated p r o t e i n "  and both  c o re s  c o n ta in e d  f a t t y  a c id s ,  phos

p h a te  and g lucosam ine , th e  c h a r a c t e r i s t i c  c o n s t i t u e n t s  o f  l i p i d  A, b u t  no 

o th e r  su g a rs  o r  l i p i d s  (T ab le  12 ) . The p e rc e n t  c o n te n t  of f a t t y  a c id s ,  

phosphorus and g lucosam ine  was h ig h e r  and t h a t  o f  amino a c id s  lower in  

" co n ju g a te d  p r o t e i n "  th a n  in  "sim ple  p r o t e i n , "  i n d i c a t i n g  a h ig h e r  con

t e n t  of l i p i d  A in  " c o n ju g a te d  p r o t e i n . " ’ S h o r te n in g  of th e  p r o t e i n  p a r t  

of " co n ju g a ted  p r o t e i n "  r e s u l t e d  in  a d e c re a sed  c o n te n t  of amino a c id s  

and n i t r o g e n  and an in c r e a s e d  c o n te n t  of ca rbon , hydrogen , phospho rus ,  

g lucosam ine and th e  f a t t y  a c id s .  As w ith  th e  "sim ple  p r o t e i n , "  th e  

change of d a ta  was more pronounced from th e  t r y p t i c  c o re  i n t o  th e  p ronase  

c o re .  The m olar  r a t i o  of f a t t y  a c id s /p h o sp h a te /g lu c o s a m in e  was a p p ro x i 

m ate ly  3 :1 :1  f o r  " c o n ju g a te d  p r o t e i n "  and i t s  t r y p t i c  and p ro n ase  core  

in  comparison w ith  a m olar r a t i o  of 2 : 1:1 f o r  th e  "s im ple  p r o t e i n "  and 

i t s  d e r i v a t i v e s .  Thus, th e  f a t t y  a c id  c o n te n t  of th e  l i p i d  A m oie ty  of 

" c o n ju g a te d  p r o t e i n "  was h ig h e r  th an  t h a t  o f  "sim ple  p r o t e i n . "
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c o re  ( l ) .
F ig u re  24 . Im m u n o e le c tro p h o re s is  p a t t e r n s  o f  " c o n ju g a te d  p r o t e i n "  t r y p t i c  c o re  (H) and p ro n a s e

g ,  a n t i  " c o n ju g a te d  p r o t e i n ” serum.
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F ig u re  25 Im m unod iffusion  p a t t e r n s  o f  PX-S (A ), PX-E (B ) ,  " c o n ju g a te d  p r o t e i n ” (G ), p a t t e r n  
1 , and " c o n ju g a te d  p r o t e i n "  (G ), p a t t e r n  2 .

a ,  a n t i  PX-S serum ; k ,  a n t i  LPS-U-S serum ; g ,  a n t i  " c o n ju g a te d  p r o t e i n "  serum; h ,  a n t i  "con
j u g a t e d  p r o t e i n "  t r y p t i c  c o re  serum ; i ,  a n t i  " c o n ju g a te d  p r o t e i n "  p ro n a se  c o re  serum .



TABLE 12

ELEMENTARY ANALYSIS AND CHEMICAL COMPOSITION OF "CONJUGATED PROTEIN,"
TRYPTIC CORE AND PRONASE CORE

C

%

H

%

N

%

PO4

%

G lucosam ine

%

F a t t y
Acids

%

Amino
A cids

%

R ecovery*

%

Ash

%

"C on juga ted
P r o t e i n " 5 4 .7 4 8 .2 6 6 .3 0 4 .9 8 9 .3 5 4 6 .0 8 3 5 .26 9 5 .6 7 0 .4 6

CP t r y p t i c  c o re 5 4 .8 6 8 .3 7 5 .2 6 5 .5 2 11.71 4 9 .6 0 3 0 .7 2 9 7 .5 5 None
o r

T race

CP p ro n a s e  c o re 5 7 .3 9 9 .2 3 3 .4 5 6 .4 8 18 .06 5 3 .2 0 1 2 .9 0 9 0 .6 4 None
o r

T ra ce

00

^R ecovery  i s  c a l c u l a t e d  from p h o s p h a te ,  g lu c o s a m in e ,  f a t t y  a c id s  and amino a c i d s .



82

The amino a c id  com pos i t ion  of " c o n ju g a te d  p r o t e i n "  and b o th  c o re s  

i s  shown in  Table  13. As w ith  th e  " s im ple  p r o t e i n , "  a s p a r t i c  a c id  was 

found in  th e  r e l a t i v e l y  h i g h e s t  c o n c e n t r a t io n  and c y s t i n e  was a b s e n t .  

N e i th e r  g lucosam ine  nor f a t t y  a c id s  were found upon h y d r o ly s i s  o f  th e  

t r y p t i c  and p ro n a se  p e p t i d e s .

G a s - l i q u id  chrom atography of t h e  f a t t y  a c id s  i s o l a t e d  from "con

ju g a t e d  p r o t e i n "  (F ig u re  26) and i t s  c o re s  r e v e a le d  a g a in  t h a t  th e  p- 

hydroxy m y r i s t i c  a c id  was p r e s e n t  in  r e l a t i v e l y  h i g h e s t  c o n c e n t r a t i o n  

among s a t u r a t e d  and u n s a tu r a t e d  f a t t y  a c id s  o f  a c h a in  l e n g th  o f  Cj^2"*^i8 

(T ab le  1 4 ) .  H ydrogena tion  and a c é t y l a t i o n  of t h e  f a t t y  a c id  m ethyl 

e s t e r s  proved  t h e  p re s e n c e  of u n s a tu r a te d  and hydroxy a c i d s ,  as  d e t e r 

mined by com parison w i th  s ta n d a r d  f a t t y  a c id  m ix tu r e s .

I s o l a t i o n  of L ip id  A

L ip id  A was i s o l a t e d  from " c o n ju g a te d  p r o t e i n "  by th e  same hy

d r o l y t i c  p ro c e d u re  used  f o r  i t s  i s o l a t i o n  from " s im p le  p r o t e i n . "  The 

i n f r a r e d  spectrum  o f  l i p i d  A i s  shown in  F ig u re  22 . I t  was ag a in  id e n 

t i c a l  w i th  t h e  spectrum  o f  l i p i d  A i s o l a t e d  from l ip o p o l y s a c c h a r i d e .  The 

e s te r / a m id e  I  r a t i o  ( 0 .9 6 )  of l i p i d  A was h ig h e r  th a n  t h a t  o f  t h e  p ronase  

co re  ( 0 . 8 6 ) .  The g lucosam ine  c o n te n t  o f  t h e  l i p i d  A p r e p a r a t i o n  was 24%.

Comparison o f  th e  "Simple P r o t e i n s "  PX-S and 
PX-E and "Conjugated  P r o t e i n "

Table  15 compares th e  chem ical co m p o s i t io n  of t h e  " co n ju g a te d  

p r o t e i n , "  PX-S, and PX-E.

From t h e s e  r e s u l t s  i t  i s  obv ious t h a t  " c o n ju g a te d  p r o t e i n "  con

ta i n e d  th e  h i g h e s t ,  and PX-E th e  low es t  amount of l i p i d  A. Molai r a t i o  

of amino a c id s  of " c o n ju g a te d  p r o t e i n "  was c l o s e r  to  t h a t  of PX-S than
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TABLE 13

AMINO ACID COMPOSITION OF "CONJUGATED PROTEIN," 
TRYPTIC CORE AND PRONASE CORE

"Conjugated
P r o te in "

T ry p t ic
Core

P ronase
Core

pJWoles/g mg/lOO pMoles/g mg/lOO |iMoles/g mg/lOO

L ysine 135 1.97 82 1 .20 73 1 .07

H i s t i d i n e 31 0 .48 35 0 .5 3 15 0 .2 3

A rg in ine 82 1 .43 48 0 .8 4 42 0 .7 3

A s p a r t ic  a c id 457 6 .0 8 328 4 .36 197 2 .62

T hreonine 157 1.87 108 1.29 53 0 .6 3

S e r in e 212 2 .2 3 139 1.46 108 1 .13

G lutam ic a c id 327 4.81 212 3 .12 120 1 .77

P r o l in e 85 0 .9 8 59 0 .69 55 0 .6 3

G lyc ine 332 2 .49 294 2.21 203 1 .52

A lanine 315 2.81 227 2 .0 2 140 1 .25

V a line 202 2 .3 7 153 1.79 83 0 .97

M ethionine 45 0 .6 7 39 0 .3 0 - -

I s o le u c in e 95 1.25 68 0 .9 0 42 0 .5 5

Leucine 224 2 .94 158 2 .07 75 0 .98

T yros in 156 2 .83 140 2 .47 51 0 .9 2

P h e n y la la n in e 134 2 .21 99 1.63 54 0 .89
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F ig u re  26 . G a s - l i q u i d  chrom atogram  o f  f a t t y  a c id  m eth y l  e s t e r s  of " c o n ju g a te d  p r o t e i n . "
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TABLE 14

PERCENT FATTY ACID DISTRIBUTION OF "CONJUGATED f ROTEIn , '  
TRYPTIC CORE AND PRONASE CORE

"C onjugated  P r o t e i n " T r y p t i c  Core P ronase  Core

Cs - - 0 .7 4

^10 - - 1 .93

^12 3.81 2 .8 0 4 .9 6

Ci4 21.56 2 5 .84 15.27

^14-1 4 .2 2 - -

Unknown 2 0 .90 23 .88 13.36

^16 9 .6 5 12.36 17 .18

^16-1 1 .45 1 .86 3.41

("18 3 .2 8 - 3 .2 2

^18-1 - - 11 .82

Unknown 3.56 - -

Cl4-0H 31.58 33.26 2 8 .1 0
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TABLE 15

CHEMICAL COMPOSITION OF "CONJUGATED PROTEIN," 
PX-S AND PX-E

% "C onjugated  P r o te i n " PX-S PX-E

Amino a c id s 35.26 72 .89 84 .42

Glucosamine 9 .3 5 2 .8 7 1.31

F a t t y  a c id s 46 .08 10 .10 5 .9 8

4 .9 8 2 .0 1 1.59

i t  was t o  th e  m olar  r a t i o  of PX-E (Tab le  1 6 ) .

Mapping o f  th e  t r y p t i c  p e p t id e s  shows a g r e a t  re sem b lan ce ,  i f  

n o t  i d e n t i t y ,  between th e  p e p t i d e s  of " c o n ju g a te d  p r o t e i n "  (F ig u re  27) 

and PX-S (F ig u re  2 8 ) .  However, mapping o f  th e  p e p t i d e s  o f  E. c o l i  ( F ig 

u re  29) r e v e a le d  d i f f e r e n c e s  in  com parison w ith  " co n ju g a te d  p r o t e i n "  and 

PX-S.

T o x i c i t y  of t h e  "Conjugated"  and 
"Simple P r o te i n "

D e te rm in a t io n  o f  th e  LD^q in  mice d i s c l o s e d  t h e  dependency of 

t o x i c i t y  on s o l u b i l i z a t i o n  o f  su b s ta n c e s  and s t r a i n  of mice used (T ab le  

1 7 ) .

Both en d o to x in  complex and " co n ju g a te d  p r o t e i n "  when t e s t e d  in  

Tris-SDS b u f f e r  were h ig h ly  t o x i c .  Removal of th e  p o ly s a c c h a r id e  m o ie ty  

d e c re a s e d  th e  t o x i c i t y  of th e  en d o to x in  complex d r a s t i c a l l y ,  a l th o u g h  th e  

i s o l a t e d  p o ly s a c c h a r id e  m o ie ty  was n o n - to x i c .  Although th e  "co n ju g a te d  

p r o t e i n "  was more t o x i c  th a n  "sim ple  p r o t e i n , "  th e  l a t t e r  shou ld  s t i l l  

be c o n s id e re d  as m o d e ra te ly  t o x i c .  P r e p a r a t i o n s  s o l u b i l i z e d  in  0 .0 5  M
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TABLE 16

COMPARISON OF MOLAR RATIOS* OF AMINO ACIDS OF 
"CONJUGATED PROTEIN," PX-S, AND PX-E

"C onjugated  P r o t e i n " PX-S PX-E

Lysine 4 3 3

H i s t i d i n e 1 1 1

A rg in in e 3 2 2

A s p a r t i c  a c id 14 11 9

Threon ine 6 6 4

S e r in e 6 6 4

G lutam ic  a c id 10 7 10

P r o l i n e 3 2 3

G lyc ine 10 9 8

A lan ine 10 9 9

V a lin e 6 5 5

M eth ion ine 1 1 2

I s o l e u c in e 3 3 4

Leucine 7 6 7

T y ro s in 5 3 2

P h e n y la la n in e 4 3 3

*Molar r a t i o s based  on h i s t i d i n e  tak e n as u n i t y .
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F ig u re  27 . P e p t id e  mapping o f  t r y p t i c  p e p t i d e s  o f  " c o n ju g a te d  p r o t e i n . "

F i r s t  d im e n s io n :  d e s c e n d in g  p a p e r  ch rom atog raphy  ( n - b u t a n o l / a c e t i c  a c id / v . c t e r  4 : 1 : 5 ,  v / v )  
Second d im e n s io n :  h ig h  v o l t a g e  e l e c t r o p h o r e s i s  (1 h o u r ,  3000 V, pH 3 .6 5 ) .  S t a i n '  n i n h y d r i n .
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F ig u re  28 . P e p t id e  mapping o f  t r y p t i c  p e p t i d e s  o f  PX-S 

E x p e r im en ta l  c o n d i t i o n s  a s  in  F ig u r e  27 .
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F ig u re  29 . P e p t id e  mapping o f  t r y p t i c  p e p t i d e s  o f  PX-1: 

E x p e r im e n ta l  c o n d i t i o n s  as  in  F ig u r e  27 .
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T r i s  b u f f e r  c o n ta in in g  0.5% SDS d i s p la y e d  h ig h e r  t o x i c i t y  th a n  th o se  s u s 

pended in  0.9% NaCl. The b u f f e r  system  i t s e l f  was no t  t o x ic  f o r  m ice.

TABLE 17

LD50 OF "CONJUGATED" AND "SIMPLE PROTEIN" (PX-S)

Random bred  
S w is s - r e g u la r  

Mice

Inbred  Balb-C 
Mice

In In In In
T r i s -SDS S a l in e Tris-SDS S a l in e

mg/kg mg/kg

Endotox in  complex (LPS-Ud) 7 .5 5 0 .0 1 .3 13 .4

"C onjugated  P r o te i n " 37 .5 187.5 2 2 .3

"Simple P r o t e i n " 55 .0

P r o t e i n - f r e e  Endotoxin  (LPS--A) 12.1 39 .9

L ip id  A 14 .2

P o ly s a c c h a r id e n o n - to x ic n o n - to x ic

S tu d ie s  on th e  P r o te in -C a rb o h y d ra te  L inkage 

S ince  l i p i d  A was removed from th e  " co n ju g a te d "  and "s im p le  p r o 

t e i n "  by a c id  h y d r o ly s i s  r a t h e r  th an  by such m ild  p ro ce d u re s  as  c h lo r o 

form e x t r a c t i o n  o r  s e p a r a t i o n  by g e l  f i l t r a t i o n  o r  aga ro se  e l e c t r o p h o r e 

s i s ,  i t  was assumed t h a t  l i p i d  A was a t t a c h e d  to  th e  p r o t e i n  m o ie ty  

th rough  a c o v a le n t  l in k a g e .  The amino a c id  a n a ly s i s  of p ro n ase  c o re s  

r e v e a le d  a s p a r t i c  a c id ,  g lu ta m ic  a c id  and s e r i n e  as amino a c id s  most 

l i k e l y  t o  be in v o lv ed  in  a l in k a g e  w ith  g lucosam ine . An a t te m p t  t o  r e 

l e a s e  s e r i n e  from an 0 - g l y c o s i d i c  l in k a g e  by B -e l im in a t io n  a c c o rd in g  to
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th e  method of C a r u b e l l i  ( lO l )  f a i l e d .  G lu tam ic  a c id  o r  g lu tam ine  has no t  

y e t  been r e p o r t e d  as be in g  in v o lv ed  in  a c a r b o h y d r a t e - p r o t e i n  l in k a g e  

( 102) .  However, i t  i s  w e l l  known t h a t  a s p a ra g in e  i s  l in k e d  to  g lu c o s a 

mine in  g ly c o p r o t e in s  in  form of 2 - a c e t a m i d o - l - p - ( L - p - a s p a r t a m i d o ) - l ,2 -  

d id eo x y -D -g lu co se  o r  p - a s p a r ty l - a c e ty lg lu c o s a m in y la m in e  (BAGA) ( l0 2 ,

103):

CHgOH
1___« NH-CQ-CH^-CH-COG

NH-Ac

The h a l f - l i f e  o f  t h i s  compound upon h y d r o ly s i s  w i th  2 N HGl a t  100° i s  

45 m in u te s  ( l 0 2 ) .  T h e r e f o r e ,  t h e  p ro n ase  c o re  o f  " c o n ju g a te d  p r o t e i n "  

was h y d ro ly z e d  under t h e s e  c o n d i t io n s  f o r  20 m in u te s ,  and h ig h  v o l ta g e  

e l e c t r o p h o r e s i s  a t  pH 3 .6 5 ,  3000 V a c c o rd in g  t o  W inz ler  e t  a l .  ( l0 3 )  r e 

v e a le d  th e  p re s e n c e  of a s p a r t i c  a c id ,  g lucosam ine  and a s p o t  c o rre sp o n d 

ing t o  an a u th e n t i c  sample o f  BAGA ( F ig u re  3 0 ) .  S ince  t h i s  su b s ta n c e  i s  

c h a r a c t e r i z e d  by th e  same Rf v a lu e  as  t h r e o n in e  ( l 0 4 ) ,  th e  l a t t e r  amino 

a c id  was used  f o r  com parison . F r a c t i o n a t i o n  o f  m ild  a c id  (2 N HCl, 100°, 

20 m in u te s )  h y d r o ly s a te  on amino a c id  a n a ly z e r  d i s c l o s e d  a peak (6 .1  cm) 

e lu t e d  in  f r o n t  o f  a s p a r t i c  a c id  (9 .1  cm); t h i s  peak was a b s e n t  a f t e r  

s t r o n g  a c id  h y d r o ly s i s  ( 5 .7  N HCl, 105°, 24 h r s ) .  A sample o f  a u th e n t i c  

p - a s p a r ty l - a c e ty lg lu c o s a m in y la m in e  appeared  a t  th e  same p o s i t i o n  (6 .1  cm) 

(F ig u re  31) and had th e  same r e t e n t i o n  (18.8%) w ith  r e s p e c t  t o  n o r le u c in e  

( 3 2 .3  cm) as t h e  unknown compound. A d d i t io n  o f  th e  a u th e n t i c  compound 

t o  t h e  h y d r o ly s a te  r e v e a le d  no a d d i t i o n a l  p eak . From th e s e  expe r im en ts  

i t  seems v e ry  l i k e l y  t h a t  l i p i d  A m o ie ty  i s  c o v a l e n t l y  l in k e d  t o  th e  p r o -
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O

F ig u re  30. High v o l ta g e  e l e c t r o p h o r e s i s  of h y d r o ly s a te  of "con
ju g a t e d  p r o t e i n "  p ronase  c o re .

H y d ro ly s is  w i th  2 N HCl, 30 m in u te s ,  100°C. 1, t h r e o n in e ;  2,
h y d r o ly s a te ;  3, p -a s p a r ty l -g lu c o sa m in y la m in e ;  4 , a s p a r t i c  a c id ;  5, g lu c o 
sam ine.
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F ig u r e  31 . Ion exchange  ch rom atog raphy  o f  h y d r o ly s a t e  o f  " c o n ju g a te d  p r o t e i n "  p ro n a s e  c o re  
( t o p ) ,  and r e f e r e n c e  s u b s ta n c e s  ( b o t to m ) .

H y d r o ly s i s :  2 N HCl, 30 m in u te s ,  1 0 0 °C. I ,  p - a s p a r t y l  g l u c o s a m l n y l a m i n e I I ,  a s p a r t i c  a c id .
Peak t o  t h e  r i g h t :  n o r l e u c i n e .



95

t e i n  most  p ro b ab ly  th rough  p - a s p a r t y l - a c e t y l g l u c o s a m i n y l a m i n e .  However, 

t h e  p o s s i b l e  involvement  of  g lu tam ine  in  a c a r b o h y d r a t e - p r o t e i n  l in k a g e  

has  n o t  y e t  been exc luded  by t h e s e  e x p e r i m e n t s ,  s i n c e  t h e  e l e c t r o p h o r e t i c  

and chrom ato graph ic  b e h a v io r  of a t h e o r e t i c a l  g l u t a m i n y l - a c e t y l - g l u c o s a -  

minylamine i s  no t  known.



CHAPTER V

DISCUSSION

Trea tment  of  bo th  t r i c h l o r o a c e t i c  a c id  e x t r a c t e d  Bo iv in  a n t i g e n  

from t h e  chromogenic s t r a i n  of  S. marcescens  08 and whole c e l l s  of E, 

c o l i  by aqueous phenol  ( l 7 )  l e d  t o  t h e  i s o l a t i o n  of  t h e  p r o t e i n  m o i e t i e s  

o f  e n d o to x in s  from c o r r e s p o n d in g  phenol  p h a s e s .  Both p r o t e i n s  were found 

t o  c o n t a i n  t h e  c h a r a c t e r i s t i c  components of  l i p i d  A, namely,  f a t t y  a c i d s ,  

e s p e c i a l l y  p-hydroxy m y r i s t i c  a c i d ,  phospho rus ,  and g lucosam in e .  The 

p r o t e i n s  PX-S and PX-E, and t h e  o x i d a t i o n  p r o d u c t s  PXOD-S and PXOD-E were 

found t o  be homogeneous on t h e  b a s i s  of  u l t r a c e n t r i f u g a l  a n a l y s i s ,  aga ro se  

e l e c t r o p h o r e s i s ,  im m unod if fus ion ,  im m u n o e le c t ro p h o re s i s ,  and, i n  t h e  case  

o f  o x i d i z e d  p r o t e i n s ,  g e l  ch romatography .  Could t h e  components of  l i p i d  

A be r e g a r d e d  as  c o n t a m i n a t i o n s ?  P r o t e i n  m oie ty  cou ld  be con tam ina ted  

e i t h e r  by l i p o p o l y s a c c h a r i d e s  o r  l i p i d  A, o r  by d e g r a d a t i o n  p r o d u c t s  of  

b o th  compounds. L i p o p o l y s a c c h a r i d e s  can be exc luded ,  s i n c e  h y d r o l y s i s  of  

t h e  p r o t e i n  p r e p a r a t i o n s  r e v e a l e d  p r e s e n c e  of  no o t h e r  su g a rs  e x c e p t  g l u 

cosamine;  f u r t h e r m o r e ,  t h e  pheno l  phases  had been washed w i th  w a te r  u n t i l  

no im m u n o c h e m ic a l ly - d e t e c ta b le  l i p o p o l y s a c c h a r i d e s  cou ld  be i d e n t i f i e d  

i n  two s u c c e s s i v e  w ash ings .  Tha t  l e a v e s  c h lo ro fo rm  s o l u b l e  l i p i d  A or  

i t s  d e g r a d a t i o n  p r o d u c t s  as p o s s i b l e  i m p u r i t i e s .  However, e x h a u s t i v e  ex

t r a c t i o n  o f  p r o t e i n  p r e p a r a t i o n s  by c h lo ro fo rm  or  ch lo ro fo rm /m e thano l

96
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( 2 ; l )  d i d  n o t  remove l i p i d  A, b u t  f r e e  l i p i d s  such as f a t t y  a c i d s ,  g l y 

c e r i d e s ,  and p h o s p h o l i p i d s .  Only a f t e r  h y d r o l y s i s  of  PX-S w i t h  0 .1  N HCl 

c ou ld  l i p i d  A be i s o l a t e d  by ch lo ro fo rm  e x t r a c t i o n .  S i m i l a r l y ,  r e p e a t e d  

i s o e l e c t r i c a l  p r e c i p i t a t i o n s  of  t r y p t i c  and p ronase  c o re s  d i d  n o t  r e s u l t  

in  t h e  removal of  l i p i d  A. As a m a t t e r  of  f a c t ,  t h e  c o n t e n t  of  non-ex-  

t r a c t a b l e  l i p i d  A was h i g h e r  in  c o re s  than  in  t h e  s t a r t i n g  p r o t e i n  p r e p 

a r a t i o n s .  Thus,  t h e  l i p i d  A m oie ty  shou ld be c o n s id e r e d  as an e n t i t y  

c o v a l e n t l y  bound t o  t h e  p r o t e i n  m o ie ty .  C onsequen t ly ,  t h e  p r o t e i n  moie

t i e s  of  endo to x in s  f rom S. marcescens  and E. c o l i . i s o l a t e d  by aqueous 

p h e n o l ,  canno t  be c l a s s i f i e d  as "s imple  p r o t e i n s . "

This  c o n c lu s i o n  i s  c o n t r a r y  t o  t h o s e  of  some e a r l i e r  i n v e s t i g a 

t o r s  who cla imed t h e  i s o l a t i o n  of  "s im ple  p r o t e i n s "  by s i m i l a r  methods 

(17 ,  19, 21, 45,  56,  5 5 ) .  Morgan ( l 9 ,  45,  55) and Goebel (21,  4 6 ) ,  i n 

deed ,  r e a l i z e d  t h e  e x i s t e n c e  i n  endo to x in s  of  a component o t h e r  than  p r o 

t e i n  and p o l y s a c c h a r i d e ,  b u t  i t  remained f o r  Westphal and L l id e r i t z  ( l 6 )  

t o  i n i t i a t e  i n t e n s i v e  i n v e s t i g a t i o n  i n t o  t h e  n a t u r e  o f  t h e  l i p i d  m o ie ty ,  

t o  r e c o g n i z e  t h e  p r i n c i p l e  components of  l i p i d  A, and t o  assume t h a t  

G o e b e l ' s  t o x i c  " f a c t o r  T" and Morgan 's  " p r o s t h e t i c  group" were p r i n c i p a l l y  

i d e n t i c a l  w i th  l i p i d  A ( l 6 ,  105) .  Thus,  e a r l y  i n v e s t i g a t o r s ,  n o t  knowing 

t h e  c om pos i t ion  of l i p i d  A, used a lm os t  s o l e l y  t h e  absence  of  o r  a low 

c o n t e n t  of  phosphorus  as  a chemica l  c r i t e r i o n  f o r  " s imple  p r o t e i n s , "  or  

a s  a means t o  d i f f e r e n t i a t e  between " s im p le "  and " c o n ju g a te d "  p r o t e i n s .  

G o e b e l ' s  f a i l u r e  (21)  t o  d e t e c t  glucosamine  in  " s im ple"  and "co n ju g a te d  

( t o x i c )  p r o t e i n "  o f  S h i g e l l a  p a r a d v s e n t e r i a e  might  have been t h e  r e a s o n  

why l a t e r  i n v e s t i g a t o r s  were n o t  s e a r c h in g  a t  a l l  f o r  g lucosamine  in  en

d o t o x in  p r o t e i n s .  The ^ -hydroxy m y r i s t i c  a c id  was n o t  r e c o g n i z e d  as  a
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r e l a t i v e l y  s p e c i f i c  marker  f o r  l i p i d  A u n t i l  1953 ( 3 6 ) .  These f a c t s  and, 

p o s s i b l y ,  t h e  l ac k  of  s e n s i t i v e  a n a l y t i c a l  methods may e x p la i n  why l i p i d  

A was n o t  r ec ogn ize d  as an i n t e g r a l  p a r t  of  "s imple p r o t e i n s . "

The a n a l y s i s  of "con juga ted  p r o t e i n "  of S. m arc esc e ns , de r ive d  

from t h e  endo to x in  complex by mild a c id  h y d r o l y s i s ,  confirmed t h e  assump

t i o n  of  Westphal and L u d e r i t z  ( l 6 )  t h a t  i t  c o n s i s t s  of  l i p i d  A and p r o 

t e i n .  No o t h e r  compounds bu t  t h o se  c h a r a c t e r i s t i c  f o r  l i p i d  A and amino 

a c i d s  were d e t e c t e d  upon h y d r o l y s i s .  "Simple" and "con juga ted"  p r o t e i n s  

of  S. marcescens  08 d i f f e r e d  in  q u a n t i t a t i v e  r a t h e r  than  q u a l i t a t i v e  chem

i c a l  c o m p o s i t i o n .  F a t t y  a c id s  (46.08%), glucosamine  (8.73%),  phosphate  

(4 .98%),  and, t h u s ,  l i p i d  A were found in  h i g h e r  c o n c e n t r a t i o n s  in  "con

j u g a t e d "  than  in  "s imple"  p r o t e i n  (FA 1.1%, glucosamine 2.87%, phosphate  

2 .01%).  S i m i l a r  t o  PX-S, l i p i d  A was f i r m l y  bound t o  t h e  p r o t e i n  moi

e t y  o f  " con juga te d  p r o t e i n "  and could  only  be e x t r a c t e d  by ch lo roform  

a f t e r  h y d r o l y s i s  w i th  0 .1  N HCl. The c l o s e  s i m i l a r i t y  of  t h e  molar  r a 

t i o s  of  amino a c i d s  and t h e  d i s t r i b u t i o n  of t r y p t i c  p e p t i d e s  i n d i c a t e d  

c l e a r l y  t h e  i d e n t i t y  of  bo th  p r o t e i n s .  Thus t h e  assumpt ion  ( l 5 )  about  

t h e  i d e n t i t y  of  t h e  two p r o t e i n  m o i e t i e s  was found t o  be c o r r e c t .  How

e v e r ,  " c o n ju g a te d "  and "s imple"  p r o t e i n s  a r e  no t  d i s t i n c t ,  as  proposed

( l 5 )  by t h e  p r e s e n c e  or  absence of  l i p i d  A, b u t  r a t h e r  by t h e  p re s e n c e

of  a l a r g e r  o r  s m a l l e r  amount of l i p i d  A l i n k e d  t o  t h e  p r o t e i n  moie ty .

Hence, t h e  "con juga ted  p r o t e i n "  c o n s i s t s  of  t h e  p r o t e i n  m oie ty  l in k e d  t o

t h e  e n t i r e  l i p i d  A, whereas in  "s imple p r o t e i n "  (PX-S) t h e  i d e n t i c a l  p r o 

t e i n  m oie ty  i s  bound on ly  t o  a f ragment  of  l i p i d  A.

These unexpected r e s u l t s  have r a i s e d  i n t r i g u i n g  q u e s t i o n s  not  

o n ly  about  t h e  s t r u c t u r e  of l i p i d  A, b u t  a l s o  about  t h e  d i f f e r e n c e  in
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t h e  a c t i o n  of aqueous pheno l  and t r i c h l o r o a c e t i c  a c id  on endo to x in s  in  

g e n e r a l  and on l i p i d  A in  p a r t i c u l a r .  As a l r e a d y  mentioned ,  t h e  s t r u c t u r e  

of  l i p i d  A i s  n o t  y e t  f u l l y  u n d e r s to o d .  Westphal  and L u d e r i t z  ( l 6 ,  35, 

105) have c o n s id e r e d  l i p i d  A as a s i n g l e  m o le c u la r  e n t i t y  i n t e g r a t e d  i n t o  

t h e  endo tox in  complex.  However, f r a c t i o n a t i o n  of  l i p i d  A o b t a i n e d  from 

l i p o p o l y s a c c h a r i d e s  by m ild  a c id  h y d r o l y s i s  d i s c l o s e d  a v a r i e t y  of  com

pounds,  such as  f r e e  f a t t y  a c i d s  and glucosamine  on one hand,  and complex, 

u n a l t e r e d  p h o s p h o ry l a te d  ac y lp o ly g lu c o sa m in e s  of  d i f f e r e n t  c h a in  l e n g t h  

(34,  106) on t h e  o t h e r .  One can e a s i l y  v i s u a l i z e  t h a t  t h e s e  breakdown 

p r o d u c t s  of h y d r o l y s i s  r e p r e s e n t  p a r t s  of  a s i n g l e  s t r u c t u r a l  u n i t ,  l i p i d  

A, as  proposed  by Westphal and L u d e r i t z  ( l 6 ,  105) .  Nowotny ( l 0 6 ) ,  on t h e  

o t h e r  hand,  p r e f e r s  t h e  te rm  " l i p i d  m oie ty"  i m p l i c a t i n g  t h a t  t h e  c o n s t i t 

u e n t s  of  l i p i d  A d e r i v e  e i t h e r  from t h e  d i f f e r e n t  s u b u n i t s  of  complex en

d o to x in  s t r u c t u r e  in  form of  c h e m i c a l ly  i d e n t i c a l  r e p e a t i n g  u n i t s ,  or  

from d i f f e r e n t  l i p i d - r i c h  zones o f  r e l a t e d  b u t  no t  i d e n t i c a l  s t r u c t u r e s .  

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  s u p p o r t  s t r o n g l y  t h e  fo rm er  p r o p o s a l  

d e s c r i b i n g  l i p i d  A m o ie ty  as  a s i n g l e  s t r u c t u r a l  e n t i t y .  N e v e r t h e l e s s ,  

i t  i s  d i f f i c u l t  t o  v i s u a l i z e  l i p i d  A as a s imple  l i n e a r  s t r u c t u r e  con

s i s t i n g  of  a p h o s p h o ry l a t e d  po lyg lucosamine  c ha in  w i th  e s t e r -  and amide- 

bound f a t t y  a c i d s .  More l i k e l y ,  i t  i s  a branched  or  even t h r e e - d i m e n 

s i o n a l  network s t r u c t u r e  c o n s i s t e n t  w i t h  p r e v i o u s  r e s u l t s  con c e rn in g  t h e  

s t r u c t u r e  of  l i p i d  A (34,  3 5 ) .  For  example, s e v e r a l  po lyg lu cosamine  

c h a in s  of  d i f f e r e n t  l e n g t h  could be l i n k e d  t o g e t h e r  by p h o s p h o d ie s t e r  

l i n k a g e s .  Although t h e  p redom inan t  bond between 0 ,N - a c y l a t e d  glucosamine  

phospha te  u n i t s  seems t o  be of  g l y c o s i d i c  n a t u r e  (34,  35 ) ,  a phosphod i 

e s t e r  l in k a g e  w i t h in  a s i n g l e  po lyg lu cosamine  c h a in ,  f i r s t  proposed by
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Nowotny ( 3 7 ) ,  shou ld n o t  be exc luded  (34,  35 ) .  In c o n t r a s t  t o  t h e  s t a 

b i l i t y  of  glucosamine  g l y c o s i d e s ,  p h o s p h o d i e s t e r  l i n k a g e s  a re  ve ry  l a b i l e  

t o  m ild  a c id  h y d r o l y s i s  ( l 0 7 ,  108) .  Simple p h o s p h o d i e s t e r s  such as d i -  

m ethy lp hospha te  a r e  hydro ly zed  below pH 4 ( l 0 9 ) .  Adjacen t  hydroxy groups 

have an enhanc ing e f f e c t  on t h e  r a t e  of  p h o s p h o d i e s t e r  h y d r o l y s i s .  Thus, 

as  a r e s u l t  of  mild  a c id  h y d r o l y s i s  of p h o s p h o d i e s t e r  l i n k a g e s  e i t h e r  be 

tween o r  w i t h in  po lyg lucosamine  c h a in s  t h e  phospha te  groups should remain 

l i n k e d  t o  glucosamine  as m onoes te rs  in  C4 o r  p o s i t i o n ,  s i n c e  t h e s e  

monophosphates  a r e  ve ry  a c id  s t a b l e  compared w i th  t h e  phospha te  a t  p o s i 

t i o n  ( 35 , 110) .  Mild a c id  h y d r o l y s i s  used f o r  t h e  l i b e r a t i o n  of l i p i d  

A, cou ld  t h u s  cause t h e  c l eavage  of p h o s p h o d i e s t e r  l i n k a g e s  and r e s u l t  in  

breakdown p r o d u c t s  of  d i f f e r e n t  s i z e s .

Aqueous phenol  e x t r a c t i o n  has been w ide ly  used f o r  t h e  i s o l a t i o n  

of l i p o p o l y s a c c h a r i d e s  s i n c e  t h i s  method was i n t r o d u c e d  by Westphal 

e t  a l . ( 1 7 ) in  1952. I t  has  been g e n e r a l l y  assumed t h a t ,  e x c e p t  f o r  t h e  

d i s s o c i a t i o n  of endo to x in s  i n t o  t h e  p r o t e i n  m oie ty  and l i p o p o l y s a c c h a r i d e ,  

t h i s  p ro c e d u r e  causes  l i t t l e ,  i f  any,  c l e a v a g e  of  c o v a l e n t  l i n k a g e s .  

P r o t e i n s ,  i n dee d ,  do n o t  seem t o  be a l t e r e d  o r  d e n a t u r a t e d  by phenol  

t r e a t m e n t  as  shown f o r  p h y s i c a l - c h e m i c a l  p a ra m e t e r s  and enzyme a c t i v i t y  

of  r i b o n u c l e a s e  ( i l l ) .  Tsang (34) s t u d i e d  i n t e n s i v e l y  t h e  e f f e c t s  of 

phenol  t r e a t m e n t  on t h e  chemica l  compos i t ion  of  l i p o p o l y s a c c h a r i d e s  from 

S. marcescens  08 and r e p o r t e d  a markedly  d e c re a s e d  f a t t y  a c id  and g l u c o 

samine c o n t e n t  o f  a m u l t i p l y  p h e n o l - t r e a t e d  l i p o p o l y s a c c h a r i d e  p r e p a r a 

t i o n .  However, even a f t e r  m u l t i p l e  phenol  t r e a t m e n t ,  a smal l  amount of 

amino a c i d s ,  m ain ly  a s p a r t i c  a c id  and h i s t i d i n e ,  was found in  t h e  l i p o 

p o l y s a c c h a r i d e  p r e p a r a t i o n .  Thus,  phenol  t r e a t m e n t  caused  c le a v a g e  of
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e s t e r  and amide bound f a t t y  a c i d s ,  a s t r u c t u r a l  d e g r a d a t i o n  of t h e  l i p o 

p o l y s a c c h a r i d e ,  and d i s s o c i a t i o n  of p r o t e i n .

Whereas "s im ple  p r o t e i n s "  were o b t a in e d  by phenol  t r e a t m e n t  of 

t h e  comple te  Bo iv in  a n t i g e n  (PX-S) or  by d i r e c t  phenol  e x t r a c t i o n  of 

whole b a c t e r i a l  c e l l s  (PX-E), t h e  " c o n ju g a te d  p r o t e i n "  was i s o l a t e d  by 

m ild  a c e t i c  a c id  h y d r o l y s i s  of t r i c h l o r o a c e t i c  a c id  e x t r a c t e d  endo tox in  

complex.  Although phenol  (pK^^^ = 1 0 .O) i s  a weaker a c id  than  a c e t i c  

a c id  (pKg^^ = 4 .7 6 )  o r  t r i c h l o r o a c e t i c  a c id  (pK^^^ = 0 . 0 8 ) ,  i t  has  t o

be k e p t  in  mind t h a t  t r i c h l o r o a c e t i c  a c id  e x t r a c t i o n  was pe rfo rmed  a t  

4"C, whereas  phenol  t r e a t m e n t  was c a r r i e d  ou t  a t  70°C. J e n k in  and Rowley 

( 112) de m ons t ra ted  t h e  e f f e c t  of  t e m p e r a t u r e  and t ime on t h e  t o x i c i t y  of 

Bo iv in  a n t i g e n  from V i b r i o  c h o l e r a e . T o x i c i t y  d e c re a s e d  markedly  w i th  

an i n c r e a s e d  t ime of h e a t i n g  a t  100° i n d i c a t i n g  an a l t e r a t i o n  of t h e  chem

i c a l  s t r u c t u r e .  Th is  e f f e c t  may be s p e c i f i c  f o r  t h e  e n d o tox in  of V ib r io  

c h o l e r a e  s i n c e  e n d o tox in  complexes from o t h e r  Gram-negat ive b a c t e r i a  a r e  

h e a t  s t a b l e .  On t h e  o t h e r  hand,  co ld  phenol  e x t r a c t i o n  d i d  n o t  d i s s o c i 

a t e  t h e  p r o t e i n  m oie ty  from t h e  e n d o tox in  complex ( l 7 ) .  I t  can a l s o  be 

v i s u a l i z e d  t h a t  p h e n o l ,  an e x c e l l e n t  s o l v e n t  f o r  p r o t e i n s  ( i l l ) ,  may 

cause  u n f o ld i n g  of  t h e  e n t i r e  e n do tox in  s t r u c t u r e  and t h u s  maximal e x 

p o s u re  of  s u s c e p t i b l e  l i n k a g e s  t o  t h e  a c t i o n  of p h e n o l .  E l e c t r o n m i c r o -  

s c o p ic  p i c t u r e s  of  pheno l  e x t r a c t e d  l i p o p o l y s a c c h a r i d e s  r e v e a l e d ,  indeed ,  

f i l a m e n t o u s  s t r u c t u r e s  ( l 3 ) .

Under t h e s e  c o n d i t i o n s ,  t h e  d i f f e r e n c e  between t h e  approximate  

molar  r a t i o s  of  f a t t y  a c i d s / p h o s p h a t e / g l u c o s a m in e  of  " con juga te d  p r o t e i n "  

and c o r r e s p o n d in g  t r y p t i c  and p ronase  c o re s  ( 3 ; l : l )  and PX-S and i t s  

t r y p t i c  and pronase  c o r e s  ( 2 : l : l )  may be e x p la in e d  by t h e  enhanced c l e a v 
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age of  e s t e r  bound f a t t y  a c i d s  by phenol  t r e a t m e n t .  I t  has  been assumed 

u n t i l  r e c e n t l y  ( l 7 )  t h a t  phenol  causes  a comple te  d i s s o c i a t i o n  o r  removal 

of  t h e  p r o t e i n  m oie ty  from th e  l i p o p o l y s a c c h a r i d e  p o r t i o n  of  e ndo tox in  

complex.  On t h e  b a s i s  of e x p e r im e n ta l  d a t a  p r e s e n t e d  in  t h i s  d i s s e r t a 

t i o n  i t  i s  now s ugges ted  t h a t  t h e  c le a va ge  by h o t  phenol  a c t u a l l y  t a k e s  

p l a c e  w i t h i n  t h e  l i p i d  A s t r u c t u r e  l e a v i n g  a p a r t  of  l i p i d  A s t i l l  bound 

t o  t h e  p r o t e i n  m oie ty  and c o n s t i t u t i n g  th e  " s imple  p r o t e i n . "  Weak c o v a l 

e n t  p h o s p h o d i e s t e r  l i n k a g e s  may be a t t a c k e d  by pheno l  more r e a d i l y  than  

the  p - a s p a r t y l - N - a c e t y l g l u c o s a m i n e ,  t h e  s u g g e s t e d  l i n k i n g  compound b e 

tween p r o t e i n  moie ty  and l i p i d  A. The N - g l y c o s i d i c  l i n k a g e  between 

a s p a r a g i n e  and N - a c e ty l  glucosamine  i s  s t r o n g e r  than  0 - g l y c o s i d i c  l i n k 

ages and th e  h a l f - l i f e  of t h i s  compound upon h y d r o l y s i s  w i th  2 N HCl a t  

100*C was found t o  be 45 m inu tes  ( l O l ) .

There a r e  no comple te  d a t a  a v a i l a b l e  concern in g  t h e  chemica l  com

p o s i t i o n  of  p r o p e r l y  d e f i n e d  "con juga ted"  or  " s im p le"  p r o t e i n s  from o t h e r  

Gram-nega t ive  b a c t e r i a l  s p e c i e s .  Homma (64)  i s o l a t e d  t h e  e n d o tox in  p r o 

t e i n  f rom Pseudomonas a e ru g i n o s a  and found 13.1% N, 1.6% P, and 2.3% 

g a l a c t o s a m i n e .  A l k a l in e  e th a n o l  t r e a t m e n t  r e s u l t e d  i n  t h e  i s o l a t i o n  of 

a p r o t e i n  m o ie ty  w i th  15.4% N. Glutamic  a c i d  was p r e s e n t  in  t h e  h i g h e s t  

c o n c e n t r a t i o n  (12 mol .  %). F a t t y  a c i d s  were n o t  d e te r m in e d .  J e n k in  and 

Rowley ( l l 2 )  i s o l a t e d  t o x i c  p r o t e i n s  from V i b r io  c h o l e r a e  and Water 

V i b r io s  by d i s s o l v i n g  t h e  b a c t e r i a  i n  2 . 5  M u r e a  and by subseque n t  f r a c 

t i o n a l  p r e c i p i t a t i o n  w i th  ammonium s u l f a t e .  The t o x i c  p r o t e i n  accounted  

f o r  t h e  major  p o r t i o n  of  t h e  t o x i c i t y  of  whole organ ism.  Immunological 

and chemica l  d a t a  s u g g e s t e d  t h a t  t h e  t o x i c  p r o t e i n  was i d e n t i c a l  w i t h  t h e  

p r o t e i n  m o ie ty  of  t h e  Bo iv in  a n t i g e n .  N i t ro g e n  accounted  f o r  13.8%, and
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phosphorus  f o r  1.5% in  t h e  t o x i c  p r o t e i n  from V i b r io  c h o l e r a e , Ogawa 

s t r a i n  5596. No v a lu e s  f o r  c a rb o h y d r a te  or  f a t t y  a c id s  were p r e s e n t e d .

In o t h e r  s t r a i n s  of  V i b r io  c h o l e r a e  no v a lu e s  f o r  n i t r o g e n  or  phosphorus 

were r e p o r t e d ,  bu t  t h e  c a rb o h y d r a te  c o n te n t  was 1.2-3.0% o f  t h e  p r o t e i n  

c o n t e n t  (lOO%).

The s u c c e s s i v e  d i g e s t i o n  of  "s imple  p r o t e i n "  (PX-S and PX-E) and 

" co n ju g a te d  p r o t e i n "  r e s u l t e d  in  an incom ple te  h y d r o l y s i s  of  t h e  p r o t e i n  

m o i e t i e s .  Morgan (45)  r e p o r t e d  an a lmos t  complete  removal of  t h e  p r o t e i n  

m oie ty  from " co n ju g a te d  p r o t e i n "  of  S h i g e l l a  d v s e n t e r i a e , b u t  on ly  a p a r 

t i a l  h y d r o l y s i s  of  t h a t  o f  Sa lm one l l a  tvphosa  by th e  a c t i o n  of  t r y p s i n  

( 5 5 ) .  Although t h e  endo tox in  complex and t h e  "con juga ted  p r o t e i n "  from 

S h i g e l l a  p a r a d v s e n t e r i a e  were r e a d i l y  a t t a c k e d  by t r y p s i n ,  t h e  h y d r o l y s i s  

o f  t h e  p r o t e i n  m oie ty  was incom ple te  (21 ,  4 6 ) .  Whether a p a r t i a l  t r y p t i c  

h y d r o l y s i s  of  t h e  p r o t e i n  m o i e t i e s  of  endo to x in s  i s  due t o  p a r t i a l  amino 

a c i d  sequences  o r  t o  t h e  i n h i b i t o r y  e f f e c t  of  p r o t e i n  bound l i p i d  A on 

t h e  enzyme, i s  no t  known. Even a f t e r  p ronase  d i g e s t i o n  c o n s i d e r a b l e  

amounts of  amino a c i d s  were found in  t h e  p ro n as e  c o re s  of  "con juga ted  

p r o t e i n "  (8.84%) and of  PX-S (11.44%).  R e c e n t l y ,  R o s s e l e t  ^  ( l l 3 )

i s o l a t e d  an " e n d o t o x i n - f r e e  b i o l o g i c a l l y  a c t i v e  component" from E. c o l i . 

Th is  p r o t e i n a c e o u s  f r a c t i o n ,  c a l l e d  p r o to d y n ,  was i s o l a t e d  by a m od i f ied  

pheno l  method and found t o  c o n t a i n  87.7% p r o t e i n ,  1.2% c a rb o h y d r a te ,  0.5% 

amino s u g a r s ,  and 0.9% l i p i d .  Upon p ronase  d i g e s t i o n ,  an i n s o l u b l e  r e s i 

due was o b t a i n e d  c o n t a i n i n g  62.9% p r o t e i n ,  1.2% c a rb o h y d r a te ,  0.3% amino 

s u g a r s ,  and 8.6% l i p i d .  The p a r e n t  sub s ta n c e  and th e  r e s i d u e  were sub

m i t t e d  t o  a c i d  h y d r o l y s i s  i n  0 .1  N H2SO4 a t  100°C and, s i n c e  no 2 - k e t o -  

3 - d e o x y - o c to n a t e  (KDO) was d i s c o v e r e d ,  t h e  a u th o r s  concluded t h a t  t h e i r
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p r e p a r a t i o n s  c o n ta in e d  no l i p o p o l y s a c c h a r i d e s  and d i f f e r e d  from t h e s e  

c e l l  w a l l  c o n s t i t u e n t s .  Th is  may have been a f a l s e  c o n c lu s i o n ,  because  

KDO, l i n k i n g  l i p i d  A w i th  t h e  p o l y s a c c h a r i d e  m o ie ty ,  i s  p r e s e n t  i n  the  

w a te r  s o l u b l e  l i p o p o l y s a c c h a r i d e  f r a c t i o n  and no t  in  t h e  phenol  s o lu b l e  

p r o t e i n  m oie ty .  I t  seems, t h e r e f o r e ,  t h a t  p ro todyn  and th e  p ronase  r e s i 

due a re  s i m i l a r  t o  PX-S and i t s  p ronase  c o r e .  However, a l s o  in  t h i s  

c a s e ,  p ronase  d i g e s t i o n  was n o t  complete  and t h e  "pronase  c o re "  s t i l l  

c o n ta i n e d  63% p r o t e i n .

Although p - a s p a r t y l - N - a c e t y l g l u c o s a m i n y l a m i n e  has  s t i l l  t o  be 

i s o l a t e d  and i d e n t i f i e d ,  t h e r e  i s  a l r e a d y  some ev id ence  based on th e  h igh  

v o l t a g e  e l e c t r o p h o r e s i s  and ion  exchange chromatography of p r o t e i n  hy

d r o l y s a t e s ,  t h a t  t h i s  compound i s  i n vo lve d  in  t h e  l i p i d  A - p r o t e i n  l i n k a g e  

o f  PX-S and "con juga ted  p r o t e i n . ” The e x i s t e n c e  of  a l i n k a g e  of  t h i s  

t y p e  would e x p l a i n  t h e  f r e q u e n t  f i n d i n g  o f  v a r i o u s  amounts of  amino a c i d s ,  

e s p e c i a l l y  a s p a r t i c  a c i d ,  in  l i p o p o l y s a c c h a r i d e  and l i p i d  A p r e p a r a t i o n s  

( l 6 ,  33,  3 4 ) .  The u s u a l l y  m ild  h y d r o l y t i c  p r o c e d u r e s  u t i l i z e d  f o r  t h e  

l i b e r a t i o n  o f  e i t h e r  l i p o p o l y s a c c h a r i d e  o r  l i p i d  A would seem t o  be to o  

weak t o  c l e a v e  t h e  N - g l y c o s i d i c  l i n k a g e  o f  p - a s p a r t y l - N - a c e t y l g l u c o s a -  

miny lamine.  However, i t  must  be p o i n t e d  o u t  t h a t  in  a d d i t i o n  t o  t h e  

c h a r a c t e r i s t i c  p r o t e i n  m o ie ty ,  t h e  e x i s t e n c e  of  small  p e p t i d e s  l i n k i n g  

e n do tox in  complex t o  t h e  mure in l a y e r  ca nno t  be exc luded  ( l 3 )  from v a r i 

ous e ndo tox in  p r e p a r a t i o n s ;  the  amino a c i d s  d e t e c t e d  in  l i p o p o l y s a c c h a 

r i d e  o r  l i p i d  A p r e p a r a t i o n s  may a c t u a l l y  s tem from t h e s e  p e p t i d e s .  A 

s t r o n g  e v idence  f o r  t h e  e x i s t e n c e  of  a c o v a l e n t  l i n k a g e  between l i p i d  A 

and p r o t e i n  moie ty  i s  t h e  f a c t  t h a t  l i p i d  A cou ld  be i s o l a t e d  from PX-S 

or  " con juga te d  p r o t e i n "  by ch lo ro fo rm  e x t r a c t i o n  on ly  a f t e r  m ild  a c id
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h y d r o l y s i s .  A r e s i d u a l  " co n ju g a te d  p r o t e i n "  l i b e r a t e d  from l i p i d  A by 

h y d r o l y s i s  w i th  0 .1  N HCl s t i l l  c o n ta i n e d  3.44% g lucosamine  and 3.8% 

f a t t y  a c i d s .  The glucosamine  c o n t e n t  was ve ry  s i m i l a r  t o  t h a t  of "s imple  

p r o t e i n "  PX-S (2.87%).  Thus t h i s  r e s u l t  s u p p o r t s  t h e  e x i s t e n c e  of a 

c o v a l e n t  N - g l y c o s i d ic  l i n k a g e ,  n o t  c le a ve d  under  mild  h y d r o l y t i c  c o n d i 

t i o n s ;  on t h e  o t h e r  hand,  i t  s u g g e s t s  a l s o  a c leavage  w i t h i n  t h e  l i p i d  A 

moie ty  s i m i l a r  t o  t h a t  p o s t u l a t e d  f o r  t h e  a c t i o n  of  p h e n o l .

The mola r  r a t i o  g l u c o s a m i n e / a s p a r t i c  a c id  of  t h e  p ro n as e  core  

( 5 : l )  and c a rb o x y p e p t id a s e  core  ( l O ; l )  of  PX-S and t h e  m ola r  r a t i o  of 

major  amino a c i d s  of  t h e s e  c o re s  s u g g e s t  a s i n g l e  p o i n t  of  a t t a c h m e n t  of 

l i p i d  A and p r o t e i n ,  though  t h e  amino a c i d  c o n te n t  of  t h e  p ro n as e  c o re s  

of  PX-S (11.44%) and " co n ju g a te d  p r o t e i n "  (8.84%) i s  s t i l l  r e l a t i v e l y  

h i g h .  This  would be a r a t h e r  unusua l  a r rangement ,  s i n c e  c a rb o h y d r a t e  

c h a in s  seem t o  be randomly a t t a c h e d  a long t h e  p o l y p e p t i d e  backbones of 

s e v e r a l  s t r u c t u r a l l y  known g l y c o p r o t e i n s  ( l l 4 ) .  N e v e r t h e l e s s ,  i t  should  

be r e c a l l e d  t h a t  t r y p t i c  and p ronase  p e p t i d e s  of  PX-S and "co n ju g a te d  

p r o t e i n "  were e n t i r e l y  f r e e  of  glucosamine  and f a t t y  a c i d s .

In c o n t r a s t  t o  t h e  p r e s e n t l y  proposed c o v a l e n t  l i n k a g e  between 

th e  p r o t e i n  m oie ty  and l i p o p o l y s a c c h a r i d e ,  Morgan (45)  p o s t u l a t e d  a non-

c o v a l e n t  a t t a ch m e n t  of  t h e  p r o t e i n  m o ie ty .  R e s u l t s  of  Webster  ^

(48) d e m o n s t r a t i n g  d i s s o c i a t i o n  of  n i t r o g e n e o u s  m a t e r i a l  f rom a p r o t e i n -  

poor  e n d o tox in  of  Sa lm one l l a  tvphosae  by e x t r e m e ly  h ig h  s a l t  c o n c e n t r a 

t i o n s  in  e t h a n o l ,  and t h o s e  of Westphal ^  ( l 7 )  d e s c r i b i n g  i s o l a t i o n

of a p h o s p h o r u s - f r e e  p r o t e i n  p r e p a r a t i o n  by phenol  t r e a t m e n t  of  endo

t o x i n ,  would sup p o r t  t h e  l a t t e r  p r o p o s a l .

I t  has  been r e p e a t e d l y  r e p o r t e d  (2 ,  6 ,  8, 10, 13) on t h e  b a s i s
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of  e l e c t r o n m i c r o s c o p i c  ev idence  t h a t  t h e  o u te rm os t  l a y e r  of  Gram-negat ive  

c e l l  w a l l s  c o n s i s t s  of  a l i p o p r o t e i n .  Weidel e t  (S) f i r s t  p o s t u l a t e d  

t h e  e x i s t e n c e  of  l i p o p r o t e i n  l a y e r  in  1954 when working on t h e  i s o l a t i o n  

of  r e c e p t o r  s u b s t a n c e s  f o r  phages Tg, T^, Ty and by phenol  e x t r a c t i o n  

of  c e l l  w a l l s .  The ev idence  f o r  a l i p o p r o t e i n  l a y e r  was based  on th e  

f i n d i n g  t h a t  t h e  e x t r a c t i o n  of  p r o t e i n - c o n t a i n i n g  phenol  phase  r e s u l t e d  

i n  t h e  i s o l a t i o n  of  a m ix tu re  o f  l i p i d s  ( l l S ) .  However, u n t i l  ve ry  r e 

c e n t l y  ( 6 5 ) ,  t h e r e  has  been no chemica l  e v ide nc e  f o r  t h e  oc c u r r e nce  of a 

s e p a r a t e  l i p o p r o t e i n  e n t i t y  in  c e l l  w a l l s .  One p o s s i b l e  r e a s o n  f o r  f a i l 

u re  t o  i s o l a t e  an i n t a c t  l i p o p r o t e i n  may be due t o  t h e  f r e q u e n t  use of 

pheno l  as a s o l v e n t  f o r  c e l l  wa l l  e x t r a c t i o n  and i t s  known d i s s o c i a t i n g  

a c t i o n  on n o n - c o v a l e n t l y  p r o t e i n - b o u n d  l i p i d s  which a r e  t h en  i s o l a t e d  and 

c h a r a c t e r i z e d  as  " f r e e "  r a t h e r  than  "bound" l i p i d s .  R e c e n t l y ,  De P é t r i s  

( l 3 )  found no e l e c t r o n m i c r o s c o p i c  e v id e n c e  f o r  t h e  e x i s t e n c e  of  two s e p a 

r a t e  l i p o p r o t e i n  and l i p o p o l y s a c c h a r i d e  l a y e r s ,  and p ropose d ,  as  an a l 

t e r n a t i v e ,  p r o t e i n - l i p i d  ( t o  i n d i c a t e  t h a t  d e f i n e d  l i p o p r o t e i n  complexes 

have n o t  y e t  been i s o l a t e d )  and l i p o p o l y s a c c h a r i d e  components a r ranged  

in  a s i n g l e  i n t e r c o n n e c t e d  mosaic  p a t t e r n .  De P é t r i s '  scheme assumes 

t h a t  t h e r e  i s  a s i n g l e  l i p i d - c o n t a i n i n g  s t r a t u m  c o n s i s t i n g  of  " f r e e  

l i p i d s "  and t h e  l i p i d  m oie ty  of l i p o p o l y s a c c h a r i d e s  a s s o c i a t e d  w i th  p o l y 

s a c c h a r i d e  and p o s s i b l y  one major  p r o t e i n  f r a c t i o n  d i s t r i b u t e d  in  a 

m o s a i c - l i k e  f a s h i o n  on t h e  c e l l  s u r f a c e .  Another  l a r g e  p r o t e i n  f r a c t i o n  

i s  s i t u a t e d  between t h e  l i p i d - c o n t a i n i n g  m idd le  l a y e r  and t h e  murein s a c -  

c u lu s  ( in n e r m o s t  l a y e r ) .  C la rk e  e t  ( l 4 ,  65,  68) i n v e s t i g a t e d  i s o 

l a t e d  c e l l  w a l l s  of  Pseudomonas a e ru g i n o s a  and concluded t h a t  t h e  c e l l  

w a l l  c o n s i s t e d  of  30% p r o t e i n ,  55-65% l i p i d s  and l i p o p o l y s a c c h a r i d e s ,  and
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5-15% of  mure in .  Aqueous phenol  e x t r a c t i o n  y i e l d e d  36-37% c e l l  w a l l  ma

t e r i a l  in  t h e  aqueous p h a s e ,  42-43% in  t h e  phenol  p h a s e ,  and about  13% 

u n e x t r a c t a b l e  r e s i d u e  c o n s i s t i n g  of abou t  50% murein and 50% p r o t e i n .

Thi s  l a t t e r  p r o t e i n  f r a c t i o n  cou ld  p o s s i b l y  co r r e sp o n d  t o  De P é t r i s '  p r o 

t e i n  f r a c t i o n  a t t a c h e d  t o  t h e  murein s a c c u l u s .  A p r o t e i n  f r a c t i o n  ob

t a i n e d  by methanol  p r e c i p i t a t i o n  from th e  phenol  phase  and c h a r a c t e r i z e d  

by h igh  c o n te n t  of d i c a r b o x y l i c  amino a c i d s  comprised 24.5% of  c e l l  w a l l ;  

in  many r e s p e c t s ,  t h i s  p r o t e i n  p r e p a r a t i o n  was comparable  t o  PX-S, PX-E 

and "con juga te d  p r o t e i n . "  The r e s i d u a l ,  s o l u b l e  m a t e r i a l  in t h e  phenol  

phase  ( l8 .4% of  t h e  c e l l  w a l l )  c o n s i s t e d  l a r g e l y  of  f r e e  l i p i d s  (69%) and 

p r o t e i n  ( l3%).  Th is  p r o t e i n  had a d i f f e r e n t  amino a c i d  c om pos i t ion  than  

t h e  p r e c i p i t a t e d  p r o t e i n  f r a c t i o n  and,  r e c a l c u l a t e d ,  accoun ted  on ly  f o r  

about  2.4% of  t h e  c e l l  w a l l .  I t  was mentioned  in  t h e  same p u b l i c a t i o n  

t h a t  a l i p o p r o t e i n  wi th a com pos i t ion  s i m i l a r  t o  t h a t  of  smal l  p r o t e i n  

f r a c t i o n  had been i s o l a t e d  a f t e r  e x t r a c t i o n  of  t h e  c e l l  w a l l  w i th  o r g a n ic  

s o l v e n t s .  No f u r t h e r  d a t a  were r e p o r t e d .  Thus, t h e  p o s s i b l e  oc c u r r e n c e  

o f  a smal l  l i p o p r o t e i n  f r a c t i o n  canno t  y e t  be e n t i r e l y  e x c lude d .

R e s u l t s  o f  p r e s e n t  i n v e s t i g a t i o n  gave no e v ide nc e  f o r  a s e p a r a t e  

l i p o p r o t e i n  f r a c t i o n .  The pheno l  phase was e n t i r e l y  f r e e  of  any o t h e r  

p r o t e i n - c o n t a i n i n g  m a t e r i a l  a f t e r  p r e c i p i t a t i o n  of  PX-S wi th  e t h a n o l .  

T h e r e f o r e ,  i t  i s  s u g g e s t e d  t h a t ,  i n  acco rdance  w i th  De P é t r i s  ( l 3 )  modi

f i e d  scheme, b a s i c a l l y  on ly  two p r o t e i n  f r a c t i o n s  occur  i n  t h e  c e l l  w a l l s  

of  Gram-nega t ive  b a c t e r i a ;  one n o t  e x t r a c t a b l e  by phenol  i s  a t t a c h e d  to  

t h e  murein s a c c u l u s  and t h e  o t h e r  one e x t r a c t e d  by aqueous pheno l  i s  

l i n k e d  t o  t h e  l i p o p o l y s a c c h a r i d e  m o ie ty .  The s i m i l a r i t y  of  endo tox in  

p r o t e i n s  of  v a r i o u s  Gram -nega t ive  b a c t e r i a  has  been de m ons t ra ted  in  the
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c ase  of  S. marcescens  and E. c o l i ; t h e s e  two p r o t e i n s  had no t  only s im i 

l a r  amino a c i d  compos i t ion  and p e p t i d e  maps, b u t  showed a l s o  t h e  p resence  

of  a common a n t i g e n i c  d e t e r m i n a n t .

A n t ib o d ie s  p r e p a r e d  a g a i n s t  " s im ple"  and "con juga ted"  p r o t e i n s  

and t h e i r  c o r r e s p o n d in g  t r y p t i c  and p ronase  c o re s  as  we l l  as  th o se  ob 

t a i n e d  a g a i n s t  t h e  o x i d i z e d  form of " s im ple  p r o t e i n "  from E. c o l i  r e 

v e a l e d  t h e  p r e s e n c e  of  a common a n t i g e n i c  d e t e r m i n a n t  ( l i b )  in a l l  t h e s e  

p r o t e i n  p r e p a r a t i o n s .  O x id a t io n  of PX-S and PX-E by pe r fo rm ic  a c id  did 

n o t  d e s t r o y  th e  a n t i g e n i c  s i t e s ,  s i n c e  PXOD-S and PXOD-E were s t i l l  im

munogenic .  The above mentioned a n t i g e n s  a l s o  gave a complete  f u s i o n  of  

p r e c i p i t i n  l i n e s  when t e s t e d  a g a i n s t  an t i -LPS-U-S  (en d o to x in )  serum. 

However, when "con juga ted  p r o t e i n "  was t e s t e d  s im u l t a n e o u s l y  wi th a n t i 

b o d ie s  t o  whole endo tox in  complex (LPS-U-S) and t o  p r o t e i n  m o i e t i e s  

(PX-S o r  " co n ju g a te d  p r o t e i n " )  the  two p r e c i p i t i n  l i n e s  showed a r e a c 

t i o n  of  o n ly  p a r t i a l  i d e n t i t y .  The e n d o tox in  complex showed w i th  a n t i 

b o d i e s  t o  LPS-U-S t h r e e  im m unoprec ip i t in  a r c s .  Absorp t ion  of t h i s  a n t i 

serum w i t h  PX-S e l i m i n a t e d  one of t h e  bands which was t h u s  i d e n t i f i e d  as 

" s im ple  p r o t e i n ; "  t r a c e s  o f  f r e e  p r o t e i n  m o ie ty  were obv io u s ly  p r e s e n t  

as  c o n ta m in a t io n  in  t h e  LPS-U-S p r e p a r a t i o n  used f o r  immuniza t ion,  A 

second p r e c i p i t i n  a rc  was due t o  t h e  p r e s e n c e  of l i b e r a t e d  p o ly s a c c h a r i d e  

s i d e  c h a i n ,  and t h e  t h i r d  one was t h a t  of i n t a c t  e n d o to x in .

Morgan ( l 9 )  r e c o g n i z e d  t h e  " s im ple"  and "co n ju g a te d  p r o t e i n "  of 

S a lm one l l a  tv phosa  and S h i g e l l a  d v s e n t e r i a e  as  weak a n t i g e n s .  The "sim

p l e "  and t h e  "con juga te d  p r o t e i n "  of  S h i g e l l a  p a r a d v s e n t e r i a e  (21)  p r o 

duced a n t i b o d i e s  which r e a c t e d  w i th  t h e  i n t a c t  0 - a n t i g e n i c  complex as 

w e l l  as  w i th  t h e  homologous a n t i g e n .  The "s imple  p r o t e i n "  was a weaker



109

a n t i g e n  than th e  "con juga ted  p r o t e i n .  ' an o b s e r v a t i o n  a l s o  made semi- 

q u a n t i t a t i v e l y  f o r  t h e  "s imple"  and "con juga te d  p r o t e i n "  of S, m a r c e s c e n s , 

I t  was p o s t u l a t e d  t h a t  l i p o p o l y s a c c h a r i d e s  of E n t e r o b a c t e r i a c i a e  p o s s e s s  

two ty p e s  of  a n t i g e n i c  d e t e r m i n a n t s ,  the  s p e c i f i c  0 - a n t i g e n ,  l o c a t e d  in 

t h e  s id e  cha in  of  t h e  p o l y s a c c h a r i d e  moie ty ,  and the  o t h e r  one common t o  

a l l  members of  t h i s  f am i ly  of b a c t e r i a e  and o t h e r  u n r e l a t e d  s p e c i e s ;  l i p o -  

p o l y s a c c h a r i d e s  of S. marcescens were exc luded ,  s in c e  t h e  s t r a i n s  t e s t e d  

d id  no t  p o s s e s s  common a n t i g e n  ( l l 7 ) .  Whether t h i s  a n t i g e n i c  s i t e  i s  

r e a l l y  l o c a t e d  on l i p o p o l y s a c c h a r i d e s  i s  q u e s t i o n a b l e  ( l b ) ,  However, i n -  

t e i b a c t e r i a l  c ro s s  r e a c t i o n s  u n r e l a t e d  t o  t h e  0 - a n t i g e n  a r e  known.

Whether common a n t i g e n  i s  r e s p o n s i b l e  f o r  t h e  i d e n t i c a l  c r o s s  r e a c t i o n  

between PX-E, PX-S and "co n ju g a te d  p r o t e i n "  i s  n o t  known. Since  bo th  t h e  

t r y p t i c  and the  p ronase  co re  were immunogenic, t h e  a n t i g e n i c  s i t e  could 

be expec ted  e i t h e r  on th e  r e s i d u a l  p r o t e i n  fragm ent  c lo s e  t o  l i p i d  A or  

on t h e  l i p i d  A moiety i t s e l f .  To t e s t  t h i s  a l t e r n a t i v e ,  a l i p o p o l y s a c 

c h a r i d e  p r e p a r a t i o n ,  LPS-A, c o n t a i n i n g  l e s s  than  2% amino a c i d s  and "s im

p l e  p r o t e i n "  were r e a c t e d  w i th  a n t i b o d i e s  t o  LPS-A and /o r  a n t i b o d i e s  t o  

" s imple  p r o t e i n . "  S ince  LPS-A c o n t a i n s  t h e  p o l y s a c c h a r i d e  and t h e  l i p i d  

A m oie ty ,  bu t  not  t h e  p r o t e i n  m oie ty ,  whereas  PX-S c o n t a i n s  t h e  p r o t e i n  

moiety  and a p o r t i o n  of l i p i d  A, bu t  no t  t h e  p o l y s a c c h a r i d e  m o ie ty ,  a r e 

a c t i o n  of p a r t i a l  i d e n t i t y  would i n d i c a t e  t h e  l o c a t i o n  of a second a n t i 

gen ic  d e te rm in a n t  w i t h in  l i p i d  A and t h a t  of n o n - i d e n t i t y  in  t h e  p r o t e i n  

m o ie ty .  The observed  n o n - i d e n t i t y  r e a c t i o n  i n d i c a t e d  c l e a r l y  t h e  p r e s 

ence of the  second a n t i g e n i c  s i t e  in  t h e  p r o t e i n  m oie ty .

There have been many a t t e m p t s  t o  c o r r e l a t e  t h e  chemica l  s t r u c 

t u r e  and b i o l o g i c a l  f u n c t i o n s  of  endo tox ins  ( l06)= Since t o x i c i t y  r e p -
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r e s e n t s  one of the  most  c h a r a c t e r i s t i c  b i o l o g i c a l  p r o p e r t i e s  of  e na o tox -  

i n s ,  t h e  s e a r c h  f o r  a t o x i c  p r i n c i p l e  or  s i t e  in  t h e  complex has  been 

based on two a l t e r n a t i v e  hypotheses  p ro p o s in g  e i t h e r  the  p r e s e n c e  of a 

t o x i c  c o n s t i t u e n t  in  or  a t o x i c  "confo rm at io n"  of endo tox in  s t r u c t u r e  

( l 0 6 ) .  Goebel e t  (21, 46) conc luded from t h e i r  expe r im en t s  t h a t  a 

t o x i c  " f a c t o r  T" e x i s t e d  which was n e i t h e r  i d e n t i c a l  wi th  t h e  p r o t e i n  noi 

wi th  t h e  p o l y s a c c h a r i d e  moiety of  e n d o to x i n s .  Westphal and L l id e r i t z  sug 

g e s t e d  l a t e r  ( l 6 ,  105) t h a t  t h e  t o x i c  " f a c t o r  T" was i d e n t i c a l  w i th  l i p i d  

A, and d e t o x i f i c a t i o n  s t u d i e s  by p a r t i a l  h y d r o l y s i s  and by o t h e r  means 

showed t h a t  t h e  p r e s e n c e  of  f a t t y  a c id s  in  e n d o to x in s  was e s s e n t i a l  f o r  

th e  e x h i b i t i o n  o f  t o x i c  r e a c t i o n s  ( l l 8 )  The p o l y s a c c h a r i d e  p a r t  of en

d o t o x in s  was found no t  t o  be e s s e n t i a l  f o r  t o x i c i t y ,  s i n c e  L u d e r i t z  e t  a i . 

(40) cou ld  d e m ons t ra te  p o t e n t  endo tox ic  p r o p e r t i e s  of  R-mutants  of  

Sa lmone l l a  which lacked  e i t h e r  a p a r t  o r  t h e  e n t i r e  p o l y s a c c h a r i d e  moie ty  

On t h e  o t h e r  hand,  R ib i  e t  aj^. ( l l 9 ,  120) i s o l a t e d  a h i g h l y  t o x i c  endo

t o x i n  from S. e n t e r i t i d i s  which was found t o  be v e ry  low in  f a t t y  a c id

c o n t e n t .  Then, in  a s e r i e s  of  p a p e r s ,  R ib i  and h i s  co-workers  suppo r ted  

Rober tson  and C rom ar t ie  ( l 2 l )  who c laimed t h a t  a c e r t a i n  p a r t i c l e  s i z e  of

e n do tox in  was n e c e s s a r y  fo r  maximal t o x i c i t y .  Th is  p roposa l  l e d ,  conseq 

u e n t l y ,  t o  t h e  h y p o t h e s i s  t h a t  t h e  e n do tox in  macromolecule  d id  no t  con

t a i n  t o x i c  g roups ,  bu t  had non tox ic  f u n c t i o n a l  groups a r ranged  in  such a 

way t h a t  t h e  e n t i r e  molecu le  e x h i b i t e d  a t o x i c  conformat ion ( l 0 6 ) .

R e s u l t s  of p r e s e n t  i n v e s t i g a t i o n  showed c l e a r l y  t h a t  endo tox in  

f r a c t i o n s  s o l u b i l i z e d  in  SDS-Tris b u f f e r  e x h i b i t e d  much h i g h e r  t o x i c i t y  

than  th e  same f r a c t i o n s  a d m i n i s t e r e d  as  s a l i n e  s u s p e n s i o n s .  I t  may be 

conc luded  t h a t  d i s s o c i a t i n g  a g e n t s  such as SDS by d e c r e a s in g  t h e  p a r t i c l e
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s i z e  of endo tox in  f r a c t i o n s  had an enhancing r a t h e r  than  d i m i n i s h i n g  e f 

f e c t  on th e  t o x i c  p r o p e r t i e s  of e n d o to x in s  from S. m a r c e s c e n s . The whole 

endo tox in  complex, LPS-U, was t h e  most  t o x i c  p r e p a r a t i o n  (LD^q = 1 3  

mg/kg) .  The removal of  t h e  p o l y s a c c h a r i d e  m oie ty ,  no t  t o x i c  by i t s e l f ,  

d e c re a s e d  t h e  t o x i c i t y  of t h e  " con juga te d  p r o t e i n "  (LD^g = 22 mg/kg) .  

"Simple p r o t e i n , "  PX-S, c o n t a i n i n g  only  a p a r t  of t h e  l i p i d  A moie ty  was 

l e s s  t o x i c  than  " c o n j u g a t e d  p r o t e i n , "  b u t  s t i l l  r e t a i n e d  a modera te  t o x 

i c i t y .  P r o t e i n - f r e e  l i p o p o l y s a c c h a r i d e ,  LPS-A, (LD^q = 12 mg/kg) and 

l i p i d  A (LDgg = 14 mg/kg) cou ld  be shown f o r  t h e  f i r s t  t ime t o  be h i g h ly  

t o x i c  f r a c t i o n s ,  because  of  t h e  i n c r e a s e d  s o l u b i l i t y  in  SDS-Tris  b u f f e r .  

These d a t a  d e m o n s t ra t e  c l e a r l y  t h e  impor tance  of  t h e  l i p i d  A m oie ty  fo r  

t h e  t o x i c i t y  of e n d o to x in s  and s u p p o r t  Westphal and L u d e r i t z '  ( l 6 ,  105) 

h y p o t h e s i s  of  l i p i d  A as  t h e  t o x i c  f a c t o r  of e n d o to x i n s .



CHAPTER VI

SUMMARY

A n u c l e i c  a c i d - f r e e  e ndo tox in  p r e p a r a t i o n  i s o l a t e d  from whole 

c e l l s  of  S. m arcescens  08 by t r i c h l o r o a c e t i c  a c id  was s ubm i t ted  e i t h e r  to  

t h e  h o t  aqueous pheno l  e x t r a c t i o n  or  t o  mild  a c id  h y d r o l y s i s .  The r e s u l t 

ing p r o d u c t s ,  " s im p le "  and "con juga te d  p r o t e i n , "  were compared w i th  "s im

p l e  p r o t e i n "  from E. c o l i  i s o l a t e d  by phenol  e x t r a c t i o n  of  whole c e l l s .  

P r o t e i n  p r e p a r a t i o n s  were c h a r a c t e r i z e d  by e le m e n ta ry  a n a l y s i s ,  by d e t e r 

m in a t i o n  of  amino a c i d s ,  glucosamine  and f a t t y  a c i d s ,  by i n f r a r e d  a b s o r p 

t i o n  s p e c t r a ,  a g a ro s e  and po ly a c ry la m id e  e l e c t r o p h o r e s i s ,  a n a l y t i c a l  u l 

t r a c e n t r i f u g a t i o n  and by immunological p r o p e r t i e s .

Chemical a n a l y s i s  of  e l e c t r o p h o r e t i c a l l y -  and immunochemically-  

homogeneous " s imple  p r o t e i n s "  from S. m arcescens  08 and E. c o l i  r e v e a l e d  

t h a t  t h e s e  en d o to x in  p r o t e i n s  a r e  n o t  " s im p le"  p r o t e i n s ,  b u t  c o n t a i n  a 

f i r m l y  a t t a c h e d  p o r t i o n  of  l i p i d  A. Thus, t h e  s o - c a l l e d  " s im ple  p r o 

t e i n s "  a r e  q u a n t i t a t i v e l y ,  b u t  n o t  q u a l i t a t i v e l y ,  d i f f e r e n t  from "con 

j u g a t e d  p r o t e i n s "  which c o n s i s t  of  t h e  e n t i r e  l i p i d  A m oie ty  a t t a c h e d  to  

t h e  en d o to x in  p r o t e i n .  Thi s  s tu dy  i n d i c a t e s  t h a t  phenol  t r e a t m e n t  of  en

d o t o x in  complex r e s u l t s  in  c l eavage  of a r e l a t i v e l y  weak c o v a l e n t  l in k a g e  

w i t h i n  t h e  l i p i d  A moiety  r a t h e r  than  in  a sha rp  d i s s o c i a t i o n  of t h e  p r o 

t e i n  m o ie ty  from l i p o p o l y s a c c h a r i d e  p a r t  of endo to x in  complex. I t  i s  pro-

L12
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pGsed t h a t  l i p i d  A i s  l i n k e d  t o  t h e  p r o t e i n  moiety ve ry  l i k e l y  through 

a s p a r t y l - N - a c e t y l - g l u c o s a m i n y l a m i n e .  "Simple" and "con juga ted  p r o t e i n "  

and th e  c o r r e s p o n d in g  t r y p t i c  and p ro n as e  c o re s  induced th e  fo rm ation  of 

a n t i b o d i e s  in  r a b b i t s  and e x h i b i t e d  a common a n t i g e n i c  d e t e r m i n a n t .  The 

a n t i g e n i c  s i t e  i s  l o c a t e d  in  t h e  p r o t e i n  moiety-

Although e n d o to x in  p r o t e i n s  of  S. marcescens 08 and E. c o l i  d i f 

f e r e d  in  molar  r a t i o s  of  amino a c i d s  and p e p t i d e  maps, they  were c h a r a c 

t e r i z e d  by t h e  p r e s e n c e  of  a common a n t i g e n i c  d e t e r m i n a n t ,

T o x i c i t y  s t u d i e s  dem o n s t ra t ed  l i p i d  A as t h e  t o x i c  f a c t o r  of en

d o to x in  complex,  and t h e  " c o n ju g a te d "  and "s imple p r o t e i n "  as h i g h ly  or 

m o d e r a t e l y  t o x i c  f r a g m e n t s .



BIBLIOGRAPHY

1 S a l t o n ,  M. R. I ,  The B a c t e r i a l  C e l l  Wall ,  E l s e v i e r .  Amsterdam,
1964, p .  293.

2 Murray, G. E . , S teed ,  P . ,  and E l son ,  H. E. Can. J .  M ic rob io l  , JA.
574 (1965) .

3 Bladen,  H. A., and Mergenhagen, S. E. J .  B a c t e r i o l  , 88, 1482
(1964) .

4 Mergenhagen, S. E . , Bladen,  H. A. ,  and Hsu, K, C. Ann. N. Y. Acad
S c i . ,  1 ^ ,  279 (1966) .

5. M a r t in ,  H. H . , and Frank ,  H, Z. N a t u r f o r s c h . , 17b. 190 ( l9 6 2 ) -

6,  Frank ,  H . , and Dekegel ,  D. Z b l .  B a k t . ,  198. 81 (1965) .

7 Weidel,  W., and P e l z e r ,  H. Advan. Enzymol , 26, 193 (1964)

8. Weidel,  W., Koch, G . , and Bobosch,  K. Z. N a t u r f o r s c h g . , 9b,  573
(1954) .

9 Nermut, M. V. ,  and Murray, G. E. J .  B a c t e r i o l . ,  93, 1949 ( l 9 6 7 ) .

10. Bayer ,  E . , and Anderson, I .  F.  P roc .  N a t l .  Acad. S c i .  ( U . S . ) ,
1592 (1965) .

11. Shands,  J .  W, J .  B a c t e r i o l . ,  90,  266 ( l 9 6 5 ) .

12- Shands,  J .  W. Ann. N. Y. Acad. S c i . ,  133, 292 ( l 9 6 6 ) ,

13 De P é t r i s ,  S. J .  U l t r a s t r u c t .  R e s . ,  1^, 45 (1967) .

14, C l a r k e ,  K . , Gray, G. W., and Reave ley ,  D. A. Biochem, J . ,  105.
749 (1967) .

15. L u d e r i t z ,  0 , ,  Jann ,  K . , and Wheat, R. in  Comprehensive Biocnem-
i s t r y ,  M. F l o r k i n  and E. H. S t o t z ,  ed , E l s e v i e r ,  Amsterdam, 
1968, Vol .  26A, p .  106.

16 Westphal-  0 . .  and L u d e r i t z ,  0 .  Angew, Chem., 6 6 ,  407 ( l954 )

114



115

17 Westphal ,  0 . ,  L u d e r i t z ,  0 . ,  and B i s t e r ,  F. Z, N a tu r fo r sc h g  .
148 (1952).

18. Wardlaw, A. C, Can. J .  M i c i o b i o l - ,  9, 41 ( l 9 6 3 ) .

19. Morgan, W. T. J . ,  and P a r t r i d g e ,  S M. Biochem. J . ,  1140
(1941) .

20. Dav ie s ,  D. A L . , and Morgan, W. T J .  6 t h  I n t e i n a t l  Congx-
M i c r o b i o l . ,  Rome, 1953, A b s t r .  No. 317

21. B ink ley ,  Goebel .  W. F . .  and Perlman,  E . J.  Exp t l  Med.. 81 .
331 (1945) .

22. Osborne,  M. J .  P roc .  N a t l .  Acad. S c i . .  U S . .  50,  499 (1963) .

23. Edstrom, R. D . , and Heath,  E. C. Biochem. B io p h y s . Res Commun..
16, 576 (1964) .

24. Osborne,  M. J .  Ann. N. Y. Acad. S c i . ,  133, 375 ( l 9 6 6 ) .

25. Hea th ,  E. C . , Mayer, R. M., Edstrom, R. D . , and Beaudreau,  C A
Ann. N, Y,  Acad. S c i . ,  133. 315 ( l 9 6 6 ) .

26 M i l e s ,  A. A., and P i x i e ,  N. W. B r i t .  J .  E x p t l .  P a t h o l . ,  20, 83,
278 (1939) .

27. Shea r ,  M, J . ,  and Tu rne r ,  F.  C. J .  N a t l .  Cancer  I n s t . ,  4 ,  81. iCC.
123 (1943) ,

28. Goebel ,  W. P . ,  and T a l ,  C. J .  E x p t l .  Med., 92,  25 (1950) .

29. Goebel ,  W. F . ,  and J e s a i t i s ,  M. A. J .  E x p t i . Med-, 96,  409 (1952).

30. Bur ton ,  A. J  , and C a r t e r ,  H, E. B iochemis t ry  3, 411 (1964)

31. Kasa i ,  N . , and Yamano, A. Japan J .  Exp t l  Med-, 34, 329 ( l 9 6 4 ) ,

32 T a y lo r ,  A.,  Knox, K. W., and Work, E . , Bicchem. J . ,  99. 53 ( l9 6 6 ) .

33 Alaupovic ,  P . ,  Olson,  A. C . ,  and Tsang,  J .  Ann N. Y, Acad. Sci . . .
133, 546 (1966) .

34. Tsang, J ,  Ph.D. d i s s e r t a t i o n ,  U n i v e r s i t y  of Oklahoma Oklahoma
C i t y ,  Oklahoma, 1968.

35. Gmeiner.  J . ,  L u d e r i t z ,  0 . ,  and Westpha l ,  0 .  European J .  Biochem.,
7,  370 (1969)

36 Ikawa, M., K o e p f l i ,  J .  B -, Mudd, S. C . ,  and Niemann, C. J . Am.
Chem, Soc . ,  75,  3439 ( l 9 5 3 ) .



116

37. Nowotny, A. J .  Am. Chem, S o c . ,  83,  501 ( l 9 6 l ) .

38. Ikawa, M. Ann. N. Y. Acad. S o i . ,  133 , 476 (1966) .

39. R i b i ,  E . , Anacker,  R. L . , Fukush i ,  K . , Hask ins ,  W. T . ,  Landy, M.,
and M i ln e r ,  K. C. in  B a c t e r i a l  Endo tox in s ,  M. Landy and W.
Braun ( e d s . ) ,  Ru tge rs  U n i v e r s i t y  P r e s s ,  New Brunswick,  N. J . ,  
1964, p .  16.

40 .  L l id e r i t z ,  0 . ,  Ga lanos ,  L . , R i s s e ,  H. J . ,  Ruschmann, E . , S c h l e c h t ,
S . ,  Schmidt ,  G . , S c h u l t e - H o lc h a u s e n ,  H . , «Tieat, R . , n c s t p h a l ,
0 . ,  and S c h l o s s h a r d t ,  J r .  Ann. N. Y. Acad. S c i . ,  133. 349
(1966) .

41.  W estpha l ,  0 .  Ann. I n s t .  P a s t e u r ,  98 ,  789 ( i 9 6 0 ) ,

42.  C l a r k e ,  K . , Gray,  G. W., and Reave ley ,  P.  A. Na tu re ,  208 . 586
(1965) .

43.  K a s a i ,  N . , Aoki , Y . , Watenaba,  T . ,  Odaka,  T . ,  and Yamano, T. Japan
J .  M i c r o b i o l . ,  5,  347 ( l 9 6 l ) .

44.  M ichich ,  E . , Westpha l ,  0 . ,  L l id e r i t z ,  0 . ,  and N e t e r ,  E. P ro c .  Soc.
E x p t l .  B i o l .  Med., 107, 816 ( l 9 6 l ) .

45 .  Morgan, W. T. J . ,  and P a r t r i d g e ,  S. M. Biochem. J . ,  34,  169 ( l 9 4 0 ) .

46. Goebel ,  W. P . ,  B in k ley ,  F . , Per lman,  E. J .  E x p t l .  Med.,  81,, 315
(1945) .

47.  R i b i ,  E . , Hoyer,  B. H . , M i l n e r ,  K. C . , P e r r i n e ,  T. D . , Lar son ,
C. L . , and Goode, G. J .  Immunol . ,  84,  32 ( i 9 6 0 ) .

48.  Webste r ,  M. E . , Sagen, J .  P . ,  Landy, M., and Johnson,  A. G. J .
Immunol. , 74 ,  455 ( l 9 5 5 ) .

49.  Ikawa,  M., K o e p f l i ,  J .  B . , Mudd, S. G . , and Niemann, C. J .  N a t l .
Cancer  I n s t . ,  13, 157 ( l 9 5 2 ) .

50.  H a r t w e l l ,  J .  L . , Shea r ,  M. J . ,  Adams, J .  R . , and P e r r a u l t ,  A. J .
N a t l .  Cancer  I n s t . ,  4 ,  107 (1943 ) .

51.  Ikawa, M., K o e p f l i ,  J .  B . , Mudd, S. G . , and Niemann, C. J .  N a t l .
Cancer  I n s t . ,  14, 961 (1954) .

52. B o iv in ,  A. ,  and Mesrobeanu, L. Rev. d ' Im m uno l . ,  553 (1935) ,
2 ,  113 (1936) ,  3, 319 (1937) .

53.  Mesrobeanu,  L. Les a n t i g e n e s  g l y c i d o - l i p i d i q u e s  des b a c t e r i e s ,
Masson e t  C ie ,  P a r i s ,  1936.



117

54.  B o iv in ,  A.,  and Mesrobeanu, L. Compt. Rend. Soc. B i o l . ,  P a r i s ,
112, 76 (1933) .

55.  Morgan, W. T. J . ,  and P a r t r i d g e ,  S. M. B r i t .  J .  E x p t l .  P a t h o l . ,
23,  11 (1942) .

56. Morgan, W. T. J .  Biochem. J . ,  2003 (1937) .

57. Nowotny, A. M., Thomas, S . ,  Duron, 0 .  S . ,  and Nowotny, A. J .  Bac-
t e r i o l . ,  % ,  418 ( l 9 6 3 ) .

58. Adams, G. A. Can. J .  Biochem.,  45,  522 (1967) .

59. B o iv in ,  A. ,  Mesrobeanu,  J . ,  and Mesrobeanu, L. Compt. Rend. Soc.
B i o l . ,  113, 490 (1933) .

60.  Ra thgeb,  P . ,  and Sy lven ,  B. J .  N a t l .  Cancer  I n s t . ,  M ,  1099 (1954) .

61.  Bishop,  D. G. ,  and Work, E. Biochem. J . ,  96,  567 (1965) .

62.  Homma, J .  Y.,  and Suzuki ,  N. J .  B a c t e r i o l . ,  87,  630 (1964 ) .

63.  Homma, J .  Y.,  and Suzuki ,  N. Ann. N. Y. Acad. S c i . ,  133. 508
(1966) .

64.  Homma, J .  Y. Z e i t s c h r .  A l lg .  M i k r o b i o l . ,  8,  227 (1968) .

65.  C l a r k e ,  K . , Gray,  G. W., and Reaveley ,  A. Biochem. J . ,  105, 755
(1967) .

66.  C l a r k e ,  K . , Gray, G. W., and Reave ley ,  D. A. Biochem. J . ,  105,
759 (1967) .

67.  Okuda, S . ,  and Weinbaum, G. B io c h e m is t r y ,  7 ,  2819 (1968 ) .

68.  Reeves,  P.  B a c t e r i o l .  R ev . ,  29,  24 (1965) .

69.  Goebe l ,  W. F . ,  and Baray,  G. T. J .  E x p t l .  Med. , 107, 185 (1958) .

70.  Amano, T . ,  Goebel ,  W. P . ,  and Smidth,  E. M. J .  E x p t l .  Med.,  108,
731 (1958) .

71.  Rude, E . , and Goebel ,  W. F.  J .  E x p t l .  Med.,  116 , 73 (1962) .

72.  H i n s d i l l ,  R. D . , and Goebel ,  W. F. Ann. I n s t .  P a s t e u r ,  107, 54
(1964) .

73.  Mesrobeanu,  L . ,  Mesrobeanu,  I . ,  and M i t r i c a ,  N, Ann. N. Y. Acad.
S c i . ,  133, 685 (1966) .

74.  S hea r ,  M. J . ,  and T u rn e r ,  F.  C. J .  N a t l .  Cancer  I n s t . ,  4 ,  31
(1943) .



118

75o Cre e ch ,  H. J . ,  B re u n in g e r ,  E . , and Adams, G. A. Can. J . Biochem.,  
42,  593 (1964) .

76 .  S r i v a s t a v a ,  H. C . , B re u n in g e r ,  E . , Creech ,  H. J . ,  and Adams, G. A.
Can.  J .  Biochem. P h y s i o l . ,  905 ( l 9 6 2 ) .

77. M u e l l e r ,  J .  M. , P i e r c e ,  J .  G . , D a v o l l ,  H . , Du Vigneaud,  V. J .
B i o l .  Chem., 191, 309 ( l 9 5 l ) .

78 .  Shachman, K. H. in  Methods i n  Enzymology, S. P.  Colowick and N, 0 ,
Napian v s u s .y ,  MCao. P r e s s  I n c . ,  N. Y. ,  4,  32.

79. Brown, H, B . . S i v a s a n k a r a n ,  K. ,  and Brown, C. J .  Org.  Chem., 28,
214 (1963) .

80.  Wober, W., T h i e l e ,  0 .  W., and Urbaschek ,  B. Biochim. Biophys .  Acta ,
376 (1963) .

81.  Rondle ,  C. J .  M. , and Morgan, W. T. J .  Biochem. J . ,  586 (1955) .

82.  K o e h le r ,  L. H. Anal .  Chem., 24,  1576 ( l 9 5 2 ) .

83.  G e r l a c h ,  E . , and D e u t i c k e ,  B. Biochem. Z . , 337, 477 ( l 9 6 3 ) .

84.  Colombo, P . ,  C o r b e t t a ,  D . , P i r o t t a ,  A. ,  R u f f i n i ,  G . , and S a r t o r i ,
A. J .  Chromatog . ,  3,  343 ( i 9 6 0 ) .

85. Mangold,  H. K . , Schmid, H. 0 . ,  and S t a h l ,  E.  i n  Methods of  Bio 
chemica l  A n a l y s i s ,  D. G l i ck  ( e d . ) .  I n t e r s c i e n c e  P u b l i s h i n g ,
N. Y. ,  1964, Vol .  12, p .  343.

8 6 . T h i e l e ,  0 .  W., and Wober, W. Z e i t s c h r .  A n a ly t .  Chem., 205,  442
(1 9 6 4 ) .

87.  J a t z k e w i t z ,  H . , and Mehl, E. Z. p h y s i o l .  Chem., 320, 251 ( i 9 6 0 ) .

8 8 . D i t t m e r ,  C. J . ,  and L e s t e r ,  R. L. J .  L i p i d  R e s . ,  5 ,  126 ( l 9 6 4 ) .

89.  G r a b a r ,  P . ,  and W il l i am s ,  C. A. Biochim.  Biophys.  Acta ,  17, 67
(1955 ) .

90.  D a v i s ,  B. J .  Ann. N. Y. Acad. S c i . ,  121, 404 (1964) .

91.  O u c h t e r l o n y ,  0 .  Acta P a t h o l .  M i c r o b i o l . ,  23 (1953) .

92. S p i e s ,  J .  R . , and Chambers, D. C. Anal.  Chem., 21,  1249 (1949)-

93. Ka tz ,  A. M., D re ye r ,  W. J . ,  and A nf in se n ,  C. B. J .  B i o l .  Chem.,
234 , 2897 (1959) .

94 .  C o r n f i e l d ,  J . ,  M ante l ,  N. J .  Am. S t a t i s t .  A ssoc . ,  45 ,  181 ( i 9 6 0 ) .



119

95.  Loomis, T. A. E s s e n t i a l s  of  Toxico logy,  Lea & F e l i g e r ,  P h i l a d e l p h i a
1968, p .  18.

96.  B e rg e y ' s  Manual of  D e te rm in a t iv e  B a c t e r io l o g y ,  Wil l i ams  & Wilkens
Co . ,  B a l t im o re ,  1957, p .  360.

97.  C ruz -C a m a r i l lo ,  R . , and Sanchez-Zuniga.  Na tu re ,  218 . 567 ( l 9 6 8 ) .

98.  P u r k a y a s t a ,  M., and W il l i am s ,  R. P. Natu re ,  187, 349 ( i 9 6 0 ) .

99: Kuhn; R.;  Rudy. H . . and Wagner-Jaureqq.  Ber . 1950 ( l 9 3 3 ) .

100. Tamura, E . , N i c h ih a r a ,  A. ,  J s o b e ,  S . ,  and Matsuno, N. Ann. Rep.
N a t l .  I n s t .  N u t r . ,  Tokyo, ( l 9 5 8 ) ,  p .  46.

101. C a r u b e l l i ,  R . , Bhavanandan, V. P . ,  and G o t t s c h a l k ,  A. Biochim.
Biophys.  Acta ,  101. 67 (1965) .

102. Neuberger ,  A.,  and M a r s h a l l ,  R. D. in  G l y c o p r o t e in s ,  A. G o t t s c h a l k ,
( e d . ) ,  E l s e v i e r  P u b l i s h i n g  Co. ,  Amsterdam, 1969, p .  275, 276.

103. Wagh, P. V.,  B o r n s t e i n ,  I . ,  and Winzle r ,  R. J .  B i o l .  Chem., 214 ,
658,  1969.

104. Wagh, P. V. S t a t e  U n i v e r s i t y  of  New York, B u f f a l o ,  P e r s o n a l  com
m un ic a t ion ,  1969.

105. Westphal ,  0 . ,  Nowotny, A. ,  L l id e r i t z ,  0 . ,  Hurn i ,  H . , E i c h en b e rg e r ,
E . , and Sc honho lze r ,  G. Pharm. Acta H e l v . ,  401 ( l 9 5 8 ) .

106. Nowotny, A. B a c t e r i o l .  Rev . ,  72 ( l9 6 9 ) .

107. Moggridge, R. C. G . , and Neuberger ,  A. J .  Chem. S o c . ,  745 ( l 9 3 8 ) .

108. F o s t e r ,  A. B . , Hor ton ,  D . , and S t a c e y ,  M. J .  Chem. S o c . ,  81 (1957) .

109. A rc h iba ld ,  A. R . , and B add i ley ,  J .  Adv. Carbohydra te  Chem., 21,
328 (1966) .

110. Maley, F . ,  and Landy, H. A. J .  Am. Chem. S o c . ,  78,  1393 (1956) .

111. Kickhofen ,  B . , and Burge r ,  M. Biochim.  Biophys.  Acta ,  190
(1962) .

112. J e n k i n ,  C. R . , and Rowley, D. J .  gen .  M i c r o b i o l . ,  21,  191 (1959) .

113. R o s s e l e t ,  J .  P . ,  Murphy, S. G . , Adamski, R. J . ,  F l e t s c h e r ,  M. J . ,
and Ludwig, B. J .  J .  B a c t e r i o l . ,  98, 434, 1969.

114. G o t t s c h a l k ,  A. B ioc he m is t ry  Seminar,  OMRF, Oklahoma C i t y ,  1969.

115. Weidel,  W., Koch, G . , and Lohss ,  F. Z. N a t u r f o r s c h . , 9b, 398 ( l9 5 4 ) .



120

116. Ouch te r lony ,  0 .  Handbook of  Immunodiffusion and Immunoelectro
p h o r e s i s .  Ann Arbor Sc ience  P u b l i s h e r s ,  I n c . ,  1968, p .  37.

117. Kunin, C. M. J .  E x p t l .  Med., 118. 565 ( l 9 6 3 ) .

118. Nowotny, A. in  M. Landy and W. Braun ( e d . )  B a c t e r i a l  Endotox ins ,
Ru tgers  U n i v e r s i t y  P r e s s ,  New Brunswick,  N. J . ,  1964, p .  29.

119" R i b i ,  E . , Hask ins ,  W. T . ,  Landy, M., and M i ln e r ,  K, C, J .  E x p t l .
Med.,  114, 647 ( l 9 6 l ) .

120. R i b i ,  E . , M i lne r ,  K. C . , and P e r r i n e ,  T. D. J .  Immunol.,  82, 75
(1959) .

121. Rober tson ,  B. S . ,  and C ro m ar t i e ,  W. J .  J .  B a c t e r i o l . ,  M ,  882
(1962) .


