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Abstract:
The flocculent agglutination produced by many strains of E. coli K12 in response to antiserum is due in
part to the presence of flagellar antigen and in part to a heat stable antigen (HSA) not associated with
flagella.

Presence of HSA is not obviously correlated with F status. Appropriate crosses show its genetic basis
not to be closely linked to the TLB1 region.

Occasional mutations from HSA+ to HSA- and the reverse have occurred simultaneously with
mutations of other genes not obviously related physiologically. 
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ABSTRACT

The f l o c c u l e n t  a g g l u t i n a t i o n  p ro d u c e d  b y  many s t r a i n s  o f  E, c o l i  
K12 in  r e s p o n s e  to  a n t i s e r u m  i s  due i n  p a r t  to  th e  p re s e n c e  o f  f l a g e l l a r  
a n t ig e n  and  i n  p a r t  to  a  h e a t  s t a b l e  a n t ig e n  (HSA) n o t  a s s o c i a te d  w ith  
f l a g e l l a .

P re s e n c e  o f  HSA i s  n o t  o b v io u s ly  c o r r e l a t e d  w i th  F s t a t u s .  
A p p ro p r ia te  c r o s s e s  show i t s  g e n e t i c  b a s i s  n o t  to  be c l o s e l y  l in k e d  to  
t h e  TLBi r e g io n .

O c c a s io n a l  m u ta t io n s  from  HSA"*" t o  HSA-  and th e  r e v e r s e  have oc­
c u r r e d  s im u l ta n e o u s ly  w i th  m u ta t io n s  o f  o th e r  g en es  n o t o b v io u s ly  r e ­
l a t e d  p h y s i o l o g i c a l l y .

t. •• .. i
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INTROroCTION

In  an  e a r l i e r  i n v e s t i g a t i o n  (M ark u sen 5 1960 ) 5 an  E= c o l i  h y b r id  

be tw een  s t r a i n  K l2 ( m o t i l e )  and s t r a i n  B ( h o n - m o ti le )  was fo u n d  t o  be 

n o n -m o ti le  ev en  a f t e r  r e p e a te d  p a s s a g e s  on m o t i l i t y  m edium. Upon exam in­

a t i o n  by  l i g h t  and e l e c t r o n  m ic ro sc o p y , i t  was fo u n d  a l s o  t o  be no n - 

f l a g e l l a t e d .  N o n e th e le s s ,  c u l t u r e s  o f  t h i s  h y b r id  s t r a i n  (MSG56) w ere 

a g g lu t in a t e d  by  h ig h  d i l u t i o n s  o f  a n t i s e ru m  w h ic h  had  b een  p ro d u ced  in  

r e s p o n s e  to  i t s  K12 p a r e n t .  The a g g re g a te  fo rm ed  in  th e  a g g lu t in a t io n  

re se m b le d  f l a g e l l a r  a g g l u t i n a t i o n  b o th  i n  a p p e a ra n c e  and  i n  th e  k i n e t i c s  

o f  i t s  f o rm a t io n .

C lo se  s e r o l o g i c a l  s i m i l a r i t y  be tw een  f u n c t i o n l e s s  m o le c u le s  and 

t h e i r  no rm al hom ologues h a s  b een  d e m o n s tra te d  in  o th e r  s t u d i e s ,  f o r  ex­

am ple th e  s i m i l a r i t y  b e tw een  a  c r o s s - r e a c t i n g  p r o t e i n  (CRM) and t ry p to p h a n  

s y n th e t a s e  (Y a n o fsk y , i 960 ) .  F u r th e rm o re  i n  S a lm o n e lla  th e  g e n e t i c  l o c i  

d e te rm in in g  f l a g e l l a r  a n t ig e n  s p e c i f i c i t y  ( t h e  H l o c i )  a r e  s e p a r a b le  from  

th e  g e n es  f o r  f l a g e l l a r  s t r u c t u r e  ( S to c k e r  e t  a l ,  1953)« T h e r e f o r e ,  i t  

was p o s tu l a t e d  t h a t  MSC56 was an  h i t h e r t o  u n d e s c r ib e d  re c o m b in a n t ty p e  

w h ich  c a r r i e d  (a n d  e x p re s s e d )  th e  f l a g e l l a r  a n t ig e n  s p e c i f i c i t y  genes 

o f  K12 b u t  la c k e d  th e  g enes  f o r  f l a g e l l a r  s t r u c t u r e .

The p re c e d in g  w o rk in g  h y p o th e s is  h a s  b een  exam ined  and  found  to  

be u n l i k e l y .  I n s t e a d ,  th e  a n t ig e n  c a r r i e d  by  1SE56 a p p e a rs  t o  be n o t  

o f  t h e  c l a s s i c a l  "H" ty p e ,  b u t  r a t h e r  an  a n t ig e n  w i th  n o v e l  p r o p e r t i e s .

The f i n d i n g  t h a t  a t  l e a s t  one K12 m u ta n t l a c k s  t h i s  a n t ig e n  

p e rm i ts  i n v e s t i g a t i o n  o f  i t s  g e n e t i c  b a s i s .



MATERIALS AND, METHODS

Ae B a c t e r i a l  and  B a c te r io p h a g e  S t r a i n s

A l l  b a c t e r i a l  s t r a i n s  u s e d  i n  th e  i n v e s t i g a t i o n  a r e  d e s c r ib e d  in  

T ab le  I e W ild  ty p e  fo rm s  o f  b o th  th e  v i r u l e n t  phage T5 and th e  tem p er­

a t e  phage lam bda  (Adam s, 1959) w ere  u s e d .

Be C u l tu re  M edia and  S u pp lem en ts

A l l  f i n a l  c o n c e n t r a t io n s  g iv e n  be low  a r e  i n  gram s p e r  l i t e r  o f  

d i s t i l l e d  w a te r  e x c e p t  w h ere  i n d ic a te d !  A l l  c u l t u r e  m ed ia  w ere  s t e r i ­

l i z e d  i n  th e  a u to c la v e  a t  15 pounds p r e s s u r e  f o r  20 m in u te s .

N u t r i e n t  A g a rs D ifc o  n u t r i e n t  b r o th  8 , NaCl 5> a g a r  1 5 .

M o t i l i t y . M ediums B acto  C a s i to n e  IO 9 y e a s t  e x t r a c t  3 , a g a r  4 ,  

D ifc o  g e l a t i n  SO9 NaCl 5 . The pH was a d ju s t e d  to  7 .0  a f t e r  s t e r i l i z a ­

t i o n .

P e n n a s s a y  B ro th  ( B ac to  A n t i b i o t i c  Medium 3 ) s B a c to -B e e f  E x t r a c t  

1 . 5 ,  B a c to -Y e a s t  E x t r a c t  1 . 5 ,  B a c to -P e p to n e  5 .0 ,  B acto  D e x tro se  I eO9 

NaCl 3 .5 ,  W2HPO4 ., 3 .6 ,  KH2PO4  1 .3 .

E o s in  M eth y len e  B lue Medium ( EMB')s C a se in  d i g e s t  IO eO9 y e a s t  

e x t r a c t  I eO9 NaCl 5 .0 ,  K2HPO4  2 . 0 9 E o s in  Y 0 .4 ,  M eth y len e  B lue 0 .0 6 5 , 

a g a r  1 5 . 0 , s u g a r  10 . 0 .

D av is  M in im al A gar (DMA)s E2HPO4  7 .0 ,  KH2PO4  2 .0 ,  c r y s t a l l i n e  

 ̂ sod ium  c i t r a t e  0 .5 ,  c r y s t a l l i n e  MgS04 0 .1 ,  c r y s t a l l i n e  (NH4 ) 2SO4 1 .0 ,  

g lu c o s e  1 .0 ,  and a g a r  1 5 .0 .  The s a l t s  w ere  added  t o  500 ml o f  w a te r  

and s t e r i l i z e d .  The g lu c o s e  and  a g a r  w ere  s t e r i l i z e d  t o g e t h e r  i n  500

i .-v
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T a b le  1» B a c t e r i a l  S t r a i a s .

S t r a i n  d e s ig n a t io n S o u rce New g e n e t i c  m ark e rs

¥ 6 7 7 Ei c o l i  K12-M* T-» I f 9 B1- 5 l a c “ 5 . m a l" , 
m t l " ,  VjT

¥1177 ¥677 S r
-CSll ¥1177 F+ (S o u rc e  o f  Fg ¥ 6 )
MSC503 ¥677 m al+
MSC501 ¥1177 m al+, m tl+ , Bl +
¥1603 ¥1177 M T* I+
¥2736 ¥1603 &E2S
MSC505 ZSC501 m t l -

CS19 E. c o l i  K12** p a " ,  m at+

¥6  ( 58- 161 ) , E . c o l i  K12** Vt
ISC 69 ¥6 F -
¥1895 ¥ 6 ' H fr  C a v a l l i
CSlO l ¥1895 Vir
MSC70 ’ MSC69 F+ (S o u rc e  o f  F s  C S l l )
MSC18 ¥6 Pro"'

IMN60 E, c o l i  BH- t r y " ,  I l a r
MSC39 BIN60 made m ot+ , f l a +  b y  tra n sd u c -  

t i o n  w i t h  P l  grown on 
MSC18

BQJ 64 Eo c o l i  B* • s h i " , Vl 1"
MSC56 C S ll  x  IMN64 p r o t o t r o p h i c ,  l a c + ,  x y l” , 

m tl” , f l a " ,  m o t" , Sa '
MSC500 MSC56 sr ■

*E . c o l i  B i s  m o t" , f la ~ ~, I a c + , m al , x y l + , m t l+ , Ss } ij_a s s 
p r o t o t r o p h i c .

c o l i  K12  i s  m ot+ , f I a + , I a c + , m a l+ , x y l +, m t l+ , Sp9 Vj_a 3 Lp^+ , 
LpoS , m a t - , I i a s j p r o to t r o p h i c .

N o ta t io n s  f o r  g e n e t i c  m ark e rs  a r e  a s  fo l lo w s  $ T> t h r e o n in e j  L 5 
l e u c i n e 5 B^ 5 th ia m in e ;  £ a 5 p h e n y la la n in e ;  t r y ,  t r y p to p h a n e ;  s h i ,  
s h ik im ic  a c id ;  Mj m e th io n in e ;  A5 a r g i n i n e ;  l a c ',  l a c t o s e ;  m a l, m a l to s e ;  
x y l ,  x y lo s e ;  m t l , m a n n i to l ;  S j s tr e p to m y c in s  7 i , s e n s i t i v i t y  to  T l 
and T5; V ia , s e n s i t i v i t y  t o  T l n o t  T5 ; L p i., I y s o g e n i c i t y  f o r  lam bda; 
h p p , a b i l i t y  t o  a d s o rb  lam b d a ; m o t, m o t i l i t y ;  f l a ,  p r e s e n c e  o f  f l a g e l l a ;  
m a t, m u t a b i l i t y .
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ml o f  w a te r  and  add ed  to  th e  s a l t  s o l u t i o n  a f t e r  s t e r i l i z a t i o n  (L e d e r -  

b e r g ,  1950)o

S a l i n e : WaGl 8 . 6 .

S t re p to m y c in ; D ih y d ro s tre p to m y c in  s u l f a t e  was u s e d  i n  a l l  t e s t s  

f o r  s tr e p to m y c in  r e s i s t a n c e .  A l l  s t r e p to m y c in  b r o th  and a g a r  m edia 

w ere  p re p a re d  t o  g iv e  a  f i n a l  c o n c e n t r a t io n  o f  250> ’g /m l.

Growth F a c t o r s s The f o l lo w in g  su p p le m e n ts  w ere  add ed  t o  m in im al 

a g a r  p l a t e s  w h e re v e r  a p p r o p r i a t e  t o  g iv e  t h e s e  f i n a l  c o n c e n t r a t io n s :  

T hiam ine .0 0 0 1 , j> -am inobem zoic a c id  .0 0 1 , a r g i n i n e  „02 , m e th io n in e  .0 2 ,  

l e u c in e  „0 2 , p h e n y la la n in e  „02 , t y r o s i n e  „0 2 , t ry p to p h a n e  „0 2 , th r e o n in e  

. 0 4 , p r o l i n e  „02 ,

C. A g g lu t in a t io n  P ro c e d u re s

I .  P r o d u c tio n  o f  A n tis e ru m s F i f t y  ml o f  b lo o d  w ere  draw n from  

th e  m a rg in a l  v e in  o f  th e  e a r  o f  a  r a b b i t .  The b lo o d  was c e n t r i f u g e d  

and  th e  serum  d e c a n te d  and  s to r e d  i n  th e  d eep  f r e e z e  f o r  f u t u r e  u s e  a s  

a  c o n t r o l  i n  a g g l u t i n a t i o n  t e s t s .  V a c c in e  was a d m in is te r e d  in t r a v e n o u s ­

l y  t o  th e  r a b b i t  a c c o rd in g  to  t h e  f o l l o w in g  s c h e d u le  ( C a r p e n te r ,  1 9 5 6 ): 

F i r s t  d a y  0 .1  .ml

F o u r th  d ay . 0 „ 3 ml

E ig h th  d a y . 0 .5  ml

E le v e n th  d a y . 1 .0  ml

F i f t e e n t h  d ay  . ..................................... 2 .0  ml

T hree  m ore 1 .0  ml i n j e c t i o n s  w ere  g iv e n  a t  w e e k ly  i n t e r v a l s  and 

th e  r a b b i t  w as b le d  on th e  f i f t y - s e c o n d  d a y . The b lo o d  was c e n t r i f u g e d .
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th e  serum, d e c a n te d  and f r o z e n  f o r  f u t u r e  u s e .

2 . P r e p a r a t i o n  o f  V a c o in e : K b l le  f l a s k s  o f  n u t r i e n t  a g a r  w ere

in o c u la te d  w i th  n u t r i e n t  b r o th  c u l t u r e s  o f  a p p r o p r i a t e  s t r a i n s  and in c u ­

b a te d  o v e r n ig h t  a t  37 C. Growth was rem oved c a r e f u l l y  by w a sh in g  w ith  

s t e r i l e  s a l i n e  c o n ta in in g  0 .2  p e r  c e n t  f o r m a l in .  N u t r ie n t  a g a r  p l a t e s  

w ere  s t r e a k e d  w i th  th e  c e l l  s u s p e n s io n  and in c u b a te d  a t  37 C t o  t e s t  

f o r  v i a b i l i t y  o f  c e l l s  i n  th e  f o r m a l i n - t r e a t e d  c u l t u r e .  Tubes o f  b r a in  

h e a r t  i n f u s i o n  a g a r  a l s o  w ere  i n o c u la te d  and in c u b a te d  a t  37 C to  check 

f o r  th e  p re s e n c e  o f  v i a b l e  a n a e r o b ic  c o n ta m in a n ts .  No g row th  e v e r  was 

o b s e rv e d  on e i t h e r  p l a t e s  o r  s t a b s  a f t e r  s e v e n  days in c u b a t io n .

The c e l l s  w ere  sh a k en  by  hand  in  s c re w -c a p  t e s t  tu b e s  c o n ta in in g  

g l a s s  b e a d s  i n  o r d e r  t o  o b ta in  a  hom ogeneous s u s p e n s io n .  T h is ' was 

f i l t e r e d  th ro u g h  s t e r i l e  gauze  and s t e r i l e  g l a s s  w ool and s ta n d a r d iz e d  

w i th  a  M c F a rla n d 's  n e p h e lo m e te r  t o  a  d e n s i t y  o f  a p p ro x im a te ly  I  x  IO^ 

c e l l s  p e r  m l.

3« P r e p a r a t i o n  o f  A b so rb in g  A n t ig e n s N u t r ie n t  a g a r  p l a t e s  w ere  

in o c u la te d  w i th  0 .1  ml q u a n t i t i e s  o f  a n  o v e rn ig h t  P e n n a ssa y  b r o th  c u l ­

t u r e .  The n u t r i e n t  a g a r  p l a t e s  w ere in c u b a te d  tw e n ty - f o u r  h o u rs  a t  37 C 

and th e  g row th  was rem oved by  w a sh in g  w i th  5 .0  ml o f  fo h m a lin iz e d . ( 0 . 5J>) 

s a l i n e .

4 .  Serum A b s o r p t io n s A m o d i f ic a t i o n  o f  th e  m ethods recommended 

by  t h e  M ackie a n d  M cC artney  Handbook (C ru ic k s h a n k 5 i 960 ) was fo llo w e d . 

The f o r m a l in iz e d  c e l l  s u s p e n s io n s  w ere  c e n t r i f u g e d  and  re s u s p e n d e d  in  

s u c c e s s iv e  vo lum es o f  th e  s a l i n e  s u s p e n s io n  s e v e r a l  t im e s  i n  o r d e r  to
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o b ta in  a  s u i t a b l e  c e l l  d e n s i t y .  The c o n c e n t r a te d  s u s p e n s io n  was added 

t o  an e q u a l  volum e o f  a  1?5 d i l u t i o n  o f  co m p le te  a n t i s e ru m  and th e  mix­

t u r e  was in c u b a te d  a t  55 'C i n  th e  w a te r  b a th  f o r  tw e n ty  h o u r s . The 

c e l l s  w ere  a g a in  c e n t r i f u g e d  and th e  s u p e r n a ta n t  f l u i d  was t e s t e d  f o r  

p re s e n c e  o f  hom ologous a n t ib o d y  by  t i t r a t i o n  w i th  P e n n a ssa y  b r o th  c u l­

t u r e s .  I f  th e  se ru m  was fo u n d  to  b e  in c o m p le te ly  a b s o rb e d , i t  was r e ­

in c u b a te d  w i th  p acked  c e l l s  i n  o r d e r  t o  rem ove re m a in in g  a n t ib o d y  w i th ­

o u t  f u r t h e r  d i l u t i n g  th e  a n t i s e ru m . When th e  a n t i s e ru m  w as fo u n d  to  

be c o m p le te ly  a b s o rb e d , i t  was f i l t e r e d  th ro u g h  a  S e i t z  f i l t e r .

5 . A g g lu t in a t io n  T e s t s s F o r  q u a n t i t a t i v e  t e s t s ,  tw o - fo ld  s e r i a l  

d i l u t i o n s  o f  a n t is e ru m  w ere  made w i th  f o rm a l in iz e d  s a l i n e .  A l iq u o ts

o f  0 .5  ml o f  tw e n ty - f o u r  h o u r  P e n n a s sa y  b r o th  c u l t u r e s  w ere  added  to  

0 .5  ml o f  th e  serum  d i l u t i o n  i n  e a ch  tu b e .  A l l  t e s t s  w ere  in c u b a te d  

i n  th e  w a te r  b a th  a t  55 C f o r  two h o u rs  and r e a d  m a c r o s c o p ic a l ly  by 

o b l iq u e  l i g h t  on a  Kahn v ie w e r .

6 . P r e p a r a t i o n  o f  A n tig e n s  f o r  H ea t S t a b i l i t y  T e s t s s P e n n a ssa y  

b r o t h . c u l t u r e s  w ere  h e a te d  f o r  th e  a p p r o p r i a t e  l e n g th  o f  tim e  in  th e  

w a te r  b a th  when te m p e r a tu r e s  below  100 C w ere  i n d i c a t e d .  F o r  tem p era ­

t u r e s  o f  100 C and h i g h e r ,  c u l t u r e s  w ere  h e a te d  in  th e  a u to c la v e .

D„ P ro c e d u re s  I n v o lv in g  C ro s s e s

1 . F I n f e c t i o n  P r o c e d u r e s ; See s e c t i o n  D, p a r t  2 o f  R e s u l t s .

2 . C ro ss  P r o c e d u r e s : F iv e  xml q u a n t i t i e s  o f  s i x t e e n  h o u r

P e n n a ssa y  b r o th  c u l t u r e s  w ere  c e n t r i f u g e d ,  w ashed  in  s a l i n e ,  and r e s u s ­

pended  i n  1 .0  m l o f  s a l i n e .  The s a l i n e  s u s p e n s io n s  w ere  m ixed w e l l
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and 0 .1  m l o f  t h e  s u s p e n s io n  o f  e a ch  c u l t u r e  in v o lv e d  in  t h e  c r o s s  was 

p i p e t t e d  t o  a  p l a t e  o f  DMA. The two s u s p e n s io n s  w ere  m ixed w e l l  w i th  a 

g l a s s  s p r e a d e r  and a llo w e d  t o  d r y .  C o n tr o ls  c o n s is t e d  o f  001 .ml.i. 

q u a n t i t i e s  o f  e a ch  c u l t u r e  p l a t e d  s e p a r a t e l y  on DMA p l a t e s .  A l l  c u l ­

t u r e s  w ere  in c u b a te d  f o r  f o r t y - e i g h t  h o u rs  and s c o re d  f o r  p r o to t r o p h ic  

r e c o m b in a n ts .

3« S c o r in g  o f  R ecom binan t M a rk e rs ; . To s c o re  f o r  p r o to t r o p h y ,  an 

in o cu lu m  from  w e l l - p u r i f i e d  re c o m b in a n ts  was grown in  b r o th  an d  s t r e a k e d  

t o . .p l a t e s  o f  DMA. To s c o r e  f o r  f e r m e n ta t i v e  m a rk e rs , s i m i l a r  b r o th  

c u l t u r e s  w ere  s t r e a k e d  on a p p r o p r i a t e  p l a t e s  o f  M B . S tre p to m y c in  r e ­

s i s t a n c e  was t e s t e d  by s t r e a k in g  bn  n u t r i e n t  a g a r  p l a t e s  c o n ta in in g  

s t r e p to m y c in .  S e n s i t i v i t y  to  b a c te r io p h a g e  w as t e s t e d  a s  f o l l o w s s 

N u t r i e n t  a g a r  p l a t e s  w ere  s t r e a k e d  once w i t h  a  l a r g e  l o o p f u l  o f  a  s u s ­

p e n s io n  o f  th e  a p p r o p r i a t e  phage and a llo w e d  to  d r y .  B ro th  c u l t u r e s  to  

be t e s t e d  w ere  th e n  s t r e a k e d  a c r o s s  th e  phage in o cu lu m . P l a t e s  w ere 

in c u b a te d  f o r  tw e n ty - f o u r  h o u rs  and exam ined  f o r ' l y s i s .

4» P r e p a r a t i o n  o f  Lambda L y s a t e s : A tw e n ty - f o u r  h o u r  P e n n a ssa y

b r o th  c u l t u r e  o f  a  ly s o g e n ic  s t r a i n  was c e n t r i f u g e d  t o  s e d im e n t th e  

c e l l s .  The s u p e r n a ta n t  f l u i d  was r e t a i n e d  and  0 .1  ml o f  CBCl3 was 

added  t o  $ .0  ml o f  t h e  f l u i d  to  k i l l  an y  re m a in in g  c e l l s .  The m ix tu re  

was a llo w e d  t o  s ta n d  a t  room te m p e ra tu re  f o r  tw e n ty - f o u r  h o u rs  b e fo re

5 . T e s ts  f o r  L y s o g e n ic i ty t See s e c t i o n  D, p a r t  3 o f  R e s u l ts .

u s e .
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E„ I n c u b a t io n  o f  C u l tu re s

A l l  c u l t u r e s  w ere  in c u b a te d  a t  37 C u n le s s  o th e rw is e  s t a t e d .



RESULTS

A. S e r o lo g i c a l  A n a ly s is  o f  th e  S u r fa c e  A n tig e n s  o f  G S ll

A n tise ru m  p ro d u ce d  i n  r e s p o n s e  t o  f o r m a l i n - k i l l e d  w h o le - c e l l  

s u s p e n s io n s  o f  t h e  E. c o l i  s u b - s t r a i n ,  G S ll ,  a g g l u t i n a t e s  c u l t u r e s  o f  

th e  n o n - f l a g e l l a t e d  K12 x  B h y b r id ,  HSC56 ( s e e  T ab le  I I ) .  Both MSO56 

and C S ll  a r e  a g g lu t in a t e d  by h ig h  ( I $1280) d i l u t i o n s  o f  C S ll  a n t is e ru m j 

b u t  when th e  a n t i s e ru m  i s  a b so rb e d  w i t h  d e n se  c e l l  s u s p e n s io n s  o f  MSC56 

u n t i l  t h i s  s t r a i n  no lo n g e r  i s  a g g l u t i n a t e d ,  C S ll  c o n tin u e s  t o  r e a c t  

w i th  1$160 d i l u t i o n s ,  s u g g e s t in g  t h a t  th e  a n t is e ru m  c o n ta in s  two a n t i ­

body com ponen ts , one o f  w h ic h  do es  n o t  have  an  a n t i g e n i c  c o u n te r p a r t  

i n  MSC56 . T h is ,  in  t u r n ,  i n d i c a t e s  t h a t  C S ll p o s s e s s e s  a t  l e a s t  two 

g e n e t i c a l l y  s e p a r a b le  a n t i g e n ic  com p o n en ts .

A m o ti le  K12 x  B h y b r id ,  1SC39, a l s o  i s  a g g lu t in a t e d  by h ig h  

d i l u t i o n s  o f  C S ll  a n t i s e r u m . L ik e  MSC56 , MSC39 a l s o  o n ly  p a r t i a l l y  

a b s o rb s  C S ll  a g g lu t in i n s  from  a n tis e ru m  p re p a re d  a g a i n s t  C S l l . Ab­

s o r p t i o n  by MSC39 i s  n o t n e a r ly  a s  e f f e c t i v e  a s  a b s o r p t io n  by  MSC56 . 

R e s u l t s  g iv e n  in  T ab le  I I  show t h a t  a n t i s e ru m  a b so rb e d  b y  MSC39 a g g lu t ­

i n a t e s  C S ll a t  a  I s 640 d i l u t i o n .  N o n e th e le s s ,  th e  p o s s i b i l i t y  a r i s e s  

t h a t  t h e  two h y b r id s  a r e  a n t i g e n i c a l l y  a l i k e .  To t e s t  t h i s  p o s s i b i l i t y ,  

a n t i s e ru m  was p r e p a re d  w i t h  HSC39 and t e s t e d  f o r  i t s  a b i l i t y  to  a g g lu t ­

i n a t e  th e  t h r e e  s t r a i n s . R e s u l t s  g iv e n  i n  T ab le  I I  show t h a t  h ig h  

d i l u t i o n s  o f  t h i s  a n t i s e ru m  a g g lu t in a t e d  b o th  C S ll  and MSC39. MSC56 

was n o t  a g g lu t in a t e d  ev en  a t  a  d i l u t i o n . o f  I s 20 . These r e s u l t s  demon­

s t r a t e d  a n  a n t i g e n i c  r e l a t i o n s h i p  be tw een  MSC39 and C S ll  b u t  n o t  be tw een
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T a b le  I I .  S e r o lo g i c a l  R e la t i o n s h ip s  Among G S ll3 MSC393 and MSCg6 .

R e c ip ro c a l  o f  a g g l u t i n a t i n g  t i t e r  i n  C S ll  a n tis e ru m ?

T e s t
a n t ig e n

U n ab so rb ed A bsorbed  w i th  MSG39 A bsorbed  w i th  MSCgb
maximum
a g g lu t .

d e te c t a b l e
a g g lu t .

maximum
a g g lu t .

d e te c t a b l e
a g g lu t .

maximum
a g g lu t .

d e te c ta b l e
a g g lu t .

G S ll 1280 2g60 640 1280 80 IbO

MSCgb 1280 2g60 640 1280 0 0

MSC39 640 1280 0 0 IbO 320

R e c ip ro c a l  o f  a g g l u t i n a t i n g  t i t e r  i n  MSC39 a n t i s e r u m s
maximum
a g g lu t .

d e t e c t a b l e
a g g lu t .

G S ll 640 1280

MSCgb 0 0

MSC39 b40 1280

H0 n m eans n e g a t iv e  i n  a serum, d i l u t i o n  o f  1 :2 0 . C o n tro l  serum  
tu b e s  w ere  a l l  0 .
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MSC39 and  MSC56. These r e l a t i o n s h i p s  w ere  c l a r i f i e d  f u r t h e r  when i t  

was fo u n d  t h a t ' a n t i s e r u m  a b s o rb e d  w i th  MSC56 c o n tin u e d  to  a g g lu t in a t e
I

MSC39 an d  t h a t  a n t i s e ru m  a b s o rb e d  w i th  MSC39 c o n tin u e d  t o  a g g lu t in a t e  

MSC56. The a b i l i t y  o f  MSC56 t o  lo w e r  th e  a g g l u t i n a t i n g  t i t e r  o f  C S ll 

a n t i s e ru m  f o r  MSC39 i s  u n e x p la in e d .  When C S ll  a n t i s e ru m  was a b so rb e d  

s e q u e n t i a l l y  w i th  MSC56 and  ESC39, i t  no lo n g e r  a g g lu t in a t e d  C S ll . .  I t  

was c o n c lu d e d  t h a t  C S ll a n t i s e ru m  c o n ta in s  two a n t ib o d y  com ponen ts , one 

o f  w h ic h  c o rre s p o n d s  to  th e  f l a g e l l a r  a n t ig e n  o f  ESC39$ th e  o th e r  to  

an a n t ig e n  c a r r i e d  b y  MSC56 and n o t c l e a r l y  a s s o c i a te d  w i th  f l a g e l l a .  

R e s u l t s  o f  th e  f o l lo w in g  t e s t  show t h a t  t h e  a n t ig e n  o f  MSC56 , when 

c a r r i e d  b y  C S l l , i s  n o t  i n t i m a t e l y  a s s o c i a t e d  w i th  th e  f l a g e l l a .  When 

m o t i l i z e d  c u l t u r e s  a r e  i n o c u la te d  i n t o  th e  c e n te r  o f  a  p l a t e  o f  sem i­

s o l i d  c u l t u r e  m edium , th e  c e l l s  w i l l  m ig r a te  th ro u g h  th e  medium p ro d u c ­

in g  a  v i s i b l e  and  i n c r e a s i n g l y  l a r g e r  c i r c l e  o f  g row th  e x te n d in g  tow ard  

th e  p e r ip h e r y  o f  th e  p l a t e .  I f  hom ologous f l a g e l l a r  a n t ib o d y  i s  i n ­

c o rp o r a te d  i n t o  th e  m edium , t h i s  m ig r a t io n  o f  c e l l s  i s  im peded and 

g row th  i s  c o n f in e d  to  th e  s i t e  o f  i n o c u l a t i o n .  To d e te rm in e  w h e th e r  

th e  a n t ib o d y  re m a in in g  i n  C S ll  a n t is e ru m  a b so rb e d  w i th  MSC39 i s  a s s o c i ­

a te d  w i th  f l a g e l l a r  a n t i g e n ,  a  s o f t  a g a r  p l a t e  c o n ta in in g  a  I §50 d i l u ­

t i o n  o f  t h i s  a n t i s e ru m  w as i n o c u la te d  w i th  an  a c t i v e l y  m o t i l e  c u l t u r e  

o f  C S l l . A t th e  same t im e ,  a  p l a t e  c o n ta in in g  th e  same d i l u t i o n  o f 

u n a b so rb e d  C S ll  a n t i s e ru m  was s i m i l a r l y  i n o c u la te d .  A t h i r d  in o c u la te d  

p l a t e  c o n ta in in g , no rm al se rum  s e rv e d  a s  a  c o n t r o l .  The c u l t u r e  swarmed 

th ro u g h  th e  medium c o n ta in in g  th e  a b s o rb e d  a n t is e ru m  a s  w e l l  a s  th ro u g h

J
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t h a t  c o n ta in in g  c o n t r o l  se rum . No sw arm ing o c c u r re d  i n  th e  medium 

c o n ta in in g  u n a b so rb e d  se ru m . I t  i s  i n f e r r e d  from  t h i s  d a ta  t h a t  th e  

a n t ib o d y  re m a in in g  i n  th e  a b so rb e d  se ru m  do es n o t  c o rre s p o n d  t o  an 

a n t ig e n  o f  s t r u c t u r a l  C d l l  f l a g e l l a .

The f l o c c u l e n t  n a tu r e  o f  th e . MSC56 a g g lu t in a t io n  s u g g e s t s  t h a t ,  

a s  i n  "H" ( f l a g e l l a r )  a g g l u t i n a t i o n ,  th e  r e a c t i n g  a n t ig e n  i s  s i t u a t e d  

a t  some d i s t a n c e  fro m  th e  m ain  c o n to u r  o f  t h e  c e l l .  I n  f a c t ,  th e  

p o s s i b i l i t y  a r i s e s  t h a t  th e  a n t ig e n  o f  MSC56 i s  a  " s e c r e t i o n "  n o t p h y s i­

c a l l y  i n  c o n ta c t  w i t h  th e  c e l l .  T h is  s i t u a t i o n  seem s u n l i k e l y  in  v iew  

o f  r e s u l t s  o b ta in e d  from  th e  f o l lo w in g  e x p e r im e n t . A tw e n ty - f o u r  h o u r 

P e n n a ssa y  b r o th  c u l t u r e  o f  ^  K12 s u b - s t r a i n  (MSC501) known to  la c k  th e  

a n t ig e n  p o s s e s s e d  by  MSC56 ( s e e  l a t e r  s e c t io n ) -  and a  s i m i l a r  c u l tu r e  o f  

MSC56 w ere  c e n t r i f u g e d ,  d e c a n te d , w ashed  i n  s t e r i l e  b r o t h ,  and  r e s u s ­

pended  i n  th e  r e c i p r o c a l  s u p e r n a ta n t  b r o th  c u l t u r e  f l u i d s .  The c e l l s  

o f  MSC56 r e s u s p e n d e d  i n  th e  s u p e r n a ta n t  f l u i d  o f  t h e  MSC501 c u l t u r e  

w ere  a g g lu t in a t e d  by  a I s lb O  d i l u t i o n  o f  a b s o rb e d  a n t i s e r u m j  no a g g lu t ­

i n a t i o n  was s e e n  i n  the. s u s p e n s io n  o f  MSC501 c e l l s .  Thus i t  a p p e a rs  

t h a t  th e  MSC56 a n t ig e n  i s  a n  a d h e re n t  p a r t  o f  th e  c e l l  s u r f a c e .

B. P h y s ic a l  P r o p e r t i e s  o f  t h e  A n tig e n  o f  MSS56

The a n t ig e n - a n t ib o d y  a g g re g a te  fo rm ed  by MSC56 and by  C S ll in  

r e s p o n s e  to  a n t i s e r u m  i s  v e r y  s i m i l a r  t o ,  b u t  n o t i d e n t i c a l  w i t h ,  t h a t  

p ro d u c e d  b y  MSG39«. In  b o th  c a s e s ,  th e  r e s p o n s e  i s  r a p i d |  a g g lu t in a t io n  .. 

u s u a l l y  i s  v i s i b l e  i n  th e  f i r s t  tu b e  w i t h in  t e n  m in u te s  and  i s  com ple te  

w i t h in  an h o u r .  B oth  g iv e  th e  f l o c c u l e n t  a p p e a ra n c e  c h a r a c t e r i s t i c  o f
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f l a g e l l a r  a g g l u t i n a t i o n  b u t  th e  a g g re g a te  fo rm ed  b y  MSC39 i s  v e r y  f r a g i l e  

and  e a s i l y  d i s p e r s e d  by s h a k in g .  The a g g re g a te s  fo rm ed  by  MSC56 and by  

C S ll  a r e  n o t  c o m p le te ly  d i s p e r s e d  b y  s h a k in g  b u t  rem a in  su sp en d e d  as 

d i s c r e t e  p a r t i c l e s  w h ich  a r e  r e a d i l y  v i s i b l e  when v iew ed  u n d e r  th e  

d i s s e c t i n g  m ic ro sc o p e .

W e ib u ll  (1 9 4 9 )  h a s  done an  e x te n s iv e  c h e m ic a l a n a ly s i s  o f  th e  

f l a g e l l a  o f  some o f  t h e  E n t e r o b a c te r ia c e a e  and  fo u n d  them  t o  be m a in ly , 

i f  n o t  c o m p le te ly ,  p r o t e i n .  The a n t i g e n ic  s t a b i l i t y  o f  th e  f l a g e l l a  

o f  t h i s  g ro u p  i s  d e s c r ib e d  ( C ru ic k s h an k , i 960 ) a s  b e in g  d e s t r o y e d  a t  

te m p e ra tu re s  o f  fro m  80 C t o  100 C f o r  a b o u t tw e n ty  m in u te s .  T h is  h e a t  

l a b i l i t y ,  a lo n g  w i th  th e  f l a k y  n a tu r e  o f  th e  a g g l u t i n a t i o n ,  i s  c h a ra c ­

t e r i s t i c  o f  t h e  f l a g e l l a r  a n t ig e n - a n t ib o d y  r e a c t i o n  and s e r v e s  t o  d i s ­

t i n g u i s h  i t  fro m  o t h e r  s e r o l o g i c a l  r e a c t i o n s  commonly o b s e rv e d  f o r  th e  

s u r f a c e  a n t ig e n s  i n  t h i s  g ro u p  o f  b a c t e r i a .  I f  th e  a n t i g e n  o f  MSC56 

i s ,  i n  f a c t ,  a  f l a g e l l a r  p r o t e i n ,  i t  s h o u ld  be h e a t  l a b i l e  l i k e  th e  

a n t ig e n  o f  s t r u c t u r a l  f l a g e l l a .  T h is  p o in t  i s  o f  m ore th a n  i n c i d e n t a l  

i n t e r e s t  f o r  th e  f o l lo w in g  r e a s o n .  M o ti le  s t r a i n s  o f  E. c o l i .  u n l ik e  

th e  c l o s e l y - r e l a t e d  S a lm o n e lla , a r e  m o n o p h a s ic . No s t r a i n s  have  been  

d e s c r ib e d  w h ic h  have  m ore th a n  one f l a g e l l a r  s e r o ty p e .  I t  may b e , 

h o w ev er, t h a t  E. c o l i  i s  n o rm a lly  d i p h a s i c ,  one phase  r e p r e s e n te d  by a 

u n iq u e  s t a t e  i n  w h ich  f l a g e l l a r  p r o t e i n  i s  p r e s e n t  b u t  n o t  o rg a n iz e d  as 

s t r u c t u r a l  f l a g e l l a .  T h is  w ould  be c o n s i s t e n t  w i th  th e  f a i l u r e  o f 

s ta n d a r d  m ethods to  d e t e c t  a  t y p i c a l  d i p h a s i c  c o n d i t io n .

^ r s k o v  and  0 r s k o v  ( i 960 ) r e j e c t  th e  K12 and B s t r a i n s  o f  E. c o l i
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a s  s u i t a b l e  s u b je c t s  f o r  s e r o l o g i c a l  s tu d y  o f  s u r f a c e  a n t ig e n  on th e  

b a s i s  t h a t  th e y  a r e  a u t o - a g g l u t i n a b l e ,  H a c c a c a ro  and Colombo (1 9 56) 

r e p o r t  th e  d e t e c t i o n  o f  K and  O a n t ig e n s  i n  K12 s t r a i n s  u s in g  s a l i n e  

s u s p e n s io n s  o f  c e l l s  in  a g g l u t i n a t i o n  t e s t s  d e s ig n e d  to  com pare a n t i ­

g e n ic  p r o p e r t i e s  o f  F -  and  F+ c u l t u r e s .  Our e x p e r ie n c e  h a s  b een  t h a t  

c u l t u r e s  su sp e n d e d  i n  s a l i n e  a r e  r e a d i l y  a u to - a g g lu t in a b l e  e s p e c i a l l y  

upon h e a t i n g .  S i m i l a r l y ,  s l i d e  a g g l u t i n a t i o n  t e s t s  u s in g  g row th  from  

s o l i d  m ed ia  su sp e n d e d  in  s a l i n e  have  been  fo u n d  t o  be u n r e l i a b l e .  

•However, by  m eans o f  tu b e  a g g lu t in a t io n s  c a r r i e d  o u t  w i th  P e n n a ssa y  

b r o th  c u l t u r e s ,  i t  h a s  been  p o s s ib l e  t o  o b ta in  r e l i a b l e  s e r o l o g i c a l  

d a t a .  The h e a t  s t a b i l i t i e s  o f  C S l l , MSE39, and  MSO56 w ere  exam ined  b y  

t h i s  m ethod . R e s u l ts  a p p e a r  in  T ab le  I I I .

A l l  t h r e e  s t r a i n s  w ere  h e a te d  to  T l C f o r  f i f t e e n  m in u te s  and 

s u b s e q u e n t ly  t e s t e d  f o r  r e a c t i o n  w ith  a n t i s e r u m . C S ll and MSC56 con­

t in u e d  t o  be a g g lu t in a t e d  by  1 :6 4 0  d i l u t i o n s  o f  C S ll a n t i s e ru m .

MSC39 showed no a g g l u t i n a t i o n  w i th  C S ll  a n t i s e ru m . N e i th e r  MSC39 n o r  

C S ll w ere  a g g lu t in a t e d  by  MSC39 a n t i s e ru m  even  a t  a  1 :2 0  d i l u t i o n .

As th e  c u l t u r e s  o f  C S ll  and MSC56 w ere  e x p o sed  t o  i n c r e a s e s  in  tem p er­

a t u r e ,  t h e i r  a b i l i t y  t o  be a g g lu t in a t e d  d e c l i n e d .  B o th , how ever, 

gave a s t r o n g  r e a c t i o n  in  a 1:20  d i l u t i o n  o f  a n t is e ru m  even  a f t e r  h a v in g  

b een  h e a te d  to  H O  ti f o r  a n  h o u r . No a p p r e c ia b le  d i f f e r e n c e  i n  a g g l u t -  

i n a b i l i t y  was n o te d  f o r  a n y  g iv e n  te m p e ra tu re  i f  th e  tim e  o f  h e a t in g  

was i n c r e a s e d  from  f i f t e e n  m in u te s  to  an h o u r .  'F o r  e x am p le , C S ll  

r e a c te d  s t r o n g l y  w i th  a n t i s e r u m  a t  a  d i l u t i o n  o f  1 :8 0  when h e a te d  to
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T ab le  I I I ,  H ea t S t a b i l i t y  o f  A n t ig e n s ,

T e s t
a n t ig e n

R e c ip ro c a l o f  a g g l u t i n a t i n g t i t e r  o f  s'
a n t is e ru mC S ll a n t is e ru m MSC 39

maximum
a g g lu t .

d e t e c t a b l e
a g g lu t .

maximum
a g g lu t .

d e te c ta b l e
a g g lu t .

U n h e a te d
C S ll 1280 2560 640 1280
MSC39 640 1280 640 1280
MSC56 1280 2560 0 0

T l Cs 15 min
C S ll 640 1280 0 0
MSC39 0 0 0 0
MSC56 640 1280 0 0

82 Gs I  h r
C S ll 320 640
MSC56 320 640 ■

87  Cs 15 min
C S ll 160 64-0
MSC56 320 640

100 Cs 15 min
C S ll 80 640
MSC56 80 640

100 Cs I  h r
C S ll 80 160
MSC56 80 160

H O  Cs I  h r
C S ll .20 40
MSC56. 20 40

liO11 means n e g a t iv e  i n  a  serum  d i l u t i o n  o f  I ; 20 , C o n tr o l  serum  
tu b e s  w ere  a l l  0 ,
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100 C f o r  f i f t e e n  m in u te s  and r e a c t e d  to  a p p ro x im a te ly  th e  same d i l u ­

t i o n  a f t e r  h e a t in g  f o r  a  f u l l  h o u r .

These e x p e r im e n ts  i n d i c a t e  c l e a r l y  t h a t  th e  a n t ig e n s  o f  MSC39 

and MSC56 have d i s t i n c t  and d i f f e r e n t  h e a t  s t a b i l i t i e s .  The b e h a v io r  

o f  t h e  MSC39 a n t ig e n  i s  c o m p le te ly  c o m p a tib le  w i th  th e  a c c e p te d  c r i t e r ­

io n  f o r  11H11 a n t i g e n i c i t y .  T ha t o f  MSC56 i s  n o t .  I t  i s  n e c e s s a r y ,  

t h e r e f o r e ,  t o  e x c lu d e  th e  h y p o th e s i s  t h a t  t h e  MSG56 h e a t  s t a b l e  a n t ig e n  

i s  a  n o n - f u n c t io n in g  f l a g e l l a r  a n t ig e n .

I n  s u b s e q u e n t  s e c t i o n s ,  t h i s  a n t ig e n  w i l l  be r e f e r r e d  to  a s  th e  

H ea t S ta b le  A n tig en  (HSA) and G S ll a n t i s e ru m  a b so rb e d  w i th  MSC39 as 

HSA a n t is e ru m .

C. O c c u rre n c e  o f  HSA Among K12 S t r a i n s  .

S in c e  no a n t ig e n  l i k e  HSA h as  b een  d e s c r ib e d  f o r  E , c o l i  K12, 

i t  was a p p r o p r i a t e  to  d e te rm in e  w h e th e r  C S ll was an u n u s u a l  a n t i g e n ic  

m u ta n t o f  th e  s t r a i n .  A s u rv e y  was made from  among th e  s to c k  c u l tu r e s  

i n  o u r  c o l l e c t i o n .  N ine s u b - s t r a i n s  w ere  exam ined f o r  p re s e n c e  o f  th e  

a n t ig e n  a s  w e l l  a s  f o r  a l l  o th e r  known m a rk e rs . R e s u l t s  a r e  shown in  

T ab le  IV* The f o l lo w in g  s e v e n  c u l t u r e s  r e a c te d  w i th  HSA a n tis e ru m  and 

f a i l e d  t o  a g g l u t i n a t e  when t e s t e d  q u a n t i t a t i v e l y  w i th  c o n t r o l  serum s 

MSG503, G S ll , MSC69, MSC70, W6, CS19, and MSC18. The H fr  s t r a i n ,  C S lO l, 

i s  a g g lu t in a t e d  b u t  g iv e s  a  l e s s  s t r i k i n g  r e a c t i o n  w i th  a n t i s e r u m  th a n  

do th e  c u l t u r e s  c i t e d  a b o v e . A n o th e r  H f r  c u l t u r e , TM1895, a g g lu t in a t e s  

s p o n ta n e o u s ly  b o th  i n  t e s t  serum  and  i n  c o n t r o l  se rum . MSC501 a lo n e  

i s  s t a b l e  in  c o n t r o l  serum  and f a i l s  t o  r e a c t  w i th  a n t i s e ru m , and i s .
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T ab le  IV . HSA S ta tu s  o f  S e le c te d  K12 S t r a i n s .

A u x o tro p h ic O th e r m a rk e rs
HSA. a g g lu t in a t io n *  
maximum d e te c t a b l e

S t r a i n m a rk e rs B l a c m al x y l m tl S se x .a g g lu t . a g g lu t .

C S ll r ,  r ,  L - ,  
i r

R - - - - R F+ 640 1280

MSC503 r ,  i r ,  B1 - R - i+ - - S F - 640 1280

IiSCSOl r 9 L - R - + - + R F - 0 0

W6 r S + + + + S F+ 1280 2560

CS19 Ba"* S + + + + S F - 640 1280

IiSClS r S + + + + S F+ ' 640 1280

MSC70 r S + + + ■ + S F+ 640 1280

MSC69 r S + + + + S F - 320 640

CSlO l r S + ' + + + S H fr 320 640

¥1895 r S + + + + S H fr A A

^Num bers g iv e n  I n  t h i s  colum n r e p r e s e n t  t h e  r e c i p r o c a l  o f  th e  
h i g h e s t  d i l u t i o n  o f  a n t i s e ru m  w h ich  g iv e s  a g g l u t i n a t i o n .  "A" i n  t h i s  
colum n m eans a u t o - a g g l u t i n a t i o n .  A ll. o t h e r  serum  c o n t r o l s  w ere  nega­
t i v e .  nOn i n  t h i s  colum n m eans n e g a t iv e  i n  a  serum  d i l u t i o n  o f  1 :2 0 .

R o r  S i n d i c a t e  r e s i s t a n c e  o r  s e n s i t i v i t y  to  s tr e p to m y c in  
( colum n 3 )  o r  t o  T5 b a c te r io p h a g e  ( colum n V]_). + o r  -  i n d i c a t e  a b i l i t y  
o r  l a c k  o f  a b i l i t y  t o  fe rm e n t t h e  fo l lo w in g  c a r b o h y d r a te s :  l a c t o s e ,
m a l to s e ,  x y l o s e ,  m a n n i to l .  N o ta t io n  f o r  a u x o tro p h ic  m a rk e rs  i s  a s  
f o l l o w s : A, a r g i n i n e  I L , l e u  c in e  |  T, th r e o n in e  j B]_, th ia m in e  j M,
m e th io n in e j  p a ,  p h e n y la la n in e „ I

I

J
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h e n ce  HSA- «

As can  be  se e n  fro m  T ab le  IV s no o b v io u s  c o r r e l a t i o n  e x i s t s  

be tw een  th e  HSA p r o p e r ty  and  p o s s e s s io n  o f  a n y  o t h e r  known m a rk e r . No 

c o r r e l a t i o n  be tw een  c o lo n i a l  m orpho logy  and  HSA h as been  o b s e rv e d . Some 

o f  t h e  HSA+ s t r a i n s  c o n s i s t e n t l y  p ro d u c e  ro u g h  c o lo n ie s  w h i le  o th e r s  

p ro d u ce  sm ooth  c o lo n ie s .  P o s s e s s io n  o f  HSA can n o t be c o r r e l a t e d  w ith  

th e  m ucoid  a p p e a ra n c e  w h ich  K12 c u l t u r e s  o f t e n  p r e s e n t .  C S l l s f o r  

ex am p les p ro d u c e s  l a r g e  am ounts o f  mucus and  c o n s i s t e n t l y  r e a c t s  w i th  

h ig h  d i l u t i o n s  o f  HSA a n t is e ru m . ESC501 a l s o  te n d s  to  p ro d u c e  la r g e  

am ounts o f  mucus b u t  d o es  n o t  r e a c t  w i th  HSA a n tis e ru m  even  when t e s t  

a n t ig e n s  a r e  p re p a re d  fro m  p a r t i c u l a r l y  m ucoid  g ro w th . P e n n a ssa y  b r o th  

c u l t u r e s  o f  HSA+ s t r a i n s  t y p i c a l l y  p ro d u ce  an  a d h e re n t  r e s i d u e  around  

th e  i n s i d e  o f  t h e  t e s t  tu b e  w h ich  can b e  d e m o n s tra te d  by  t i l t i n g  th e  

c u l t u r e  tu b e  to  d i s p l a c e  th e  b r o th  fro m  th e  s id e  o f  th e  t u b e .  The 

p re s e n c e  o f  t h i s  r e s i d u e  i s  r e l i a b l e  enough  to  s e rv e  a s  a  c o n v e n ie n t 

s c r e e n in g  d e v ic e  i n  s e a r c h in g  f o r  HSA+ c u l t u r e s .  I t  i s  n o t  i n f a l l i b l e  

h o w ev er. B ro th  c u l t u r e s  o f  some s t r a i n s  w h ic h  p ro d u ce  ro u g h  c o lo n ie s  

on s o l i d  medium a r e  o f te n  c l e a r  w i th  m qst o f  th e  c e l l s  se d im e n te d  a t  

th e  b o tto m  o f  t h e  t u b e .  These b r o th  c u l t u r e s  do n o t p ro d u c e  th e  a d h e r ­

e n t  r e s i d u e  c h a r a c t e r i s t i c  o f  HSA+ s t r a i n s  b u t  may g iv e  t y p i c a l  a g g lu t ­

i n a t i o n  when t e s t e d  w i th  a n t i s e ru m .

The r e s u l t s  o f  t h i s  l i m i t e d  s u r v e y  o f  s t r a i n s  c l e a r l y  shows 

t h a t  p o s s e s s io n  o f  HSA i s  n o t  a  u n iq u e  p r o p e r ty  o f  C S ll  b u t  i s  c h a ra c ­

t e r i s t i c  o f  many K12 s u b - s t r a i n s  a n d s f u r t h e r ,  t h a t  t h i s  a n t i g e n ic
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p r o p e r ty  i s  n o t a  p l e i o t r o p i c  e f f e c t  o f  a n y  o f  t h e  known g e n e t i c  m a rk e rs „ 

The c o n s i s t e n t  and u n ifo rm  r e a c t i o n  o f  m o st c u l t u r e s  when t e s t e d  w ith  

a n t i s e ru m  shows t h a t  HSA i s  a  s t a b l e  c h a r a c t e r i s t i c  n o t  r e a d i l y  i n f l u ­

en ced  b y  v a r i a t i o n  i n  g e n e t i c  o r  e n v iro n m e n ta l  b a c k g ro u n d . T hat th e  

HSA“  p r o p e r ty  o f  MSGfiOl i s  l ik e w i s e  s t a b l e  i s  i n f e r r e d  from  two y e a r s  

o b s e r v a t io n  o f  t h i s  s t r a i n .  Even m ore d r a m a tic  e v id e n c e  o f  th e  s t a b i l ­

i t y  o f  HSA~ was p ro v id e d  by  e x a m in a tio n  o f  a  new c u l t u r e  o f  THTll77 

p ro v id e d  b y  D r. J .  L e d e rb e rg .,  MSCfJOl i s  a  c u l t u r e  o f  1 1 1 7 7  W hichs in  

th e  c o u rs e  o f  s to r a g e  i n  D r. S k a a r t S l a b o r a t o r y ,  h a s  become m a l+, m t l+, 

and The L e d e rb e rg  c u l t u r e  o f  11177  h a s  a c q u ir e d  a new re q u ire m e n t

f o r  p h e n y la la n in e .  In  s p i t e  o f  t e n  y e a r s  i s o l a t i o n ,  t h e s e  two 11177 

d e r i v a t i v e s  a r e  b o th  HSAy. I n f r e q u e n t  r e v e r s io n s  o f  HSA-  to  HSA+ and 

th e  r e v e r s e  among v a r i a n t s  o f  11177  and  MSGfJOl w i l l  be th e  s u b j e c t  o f  

th e  n e x t  s e c t i o n .

D. M u ta tio n  o f  t h e  HSA P r o p e r ty  i n  D e r iv a t iv e s  o f  11177

The HSA-  n a tu r e  o f  MSCfJOl h a s  been  known f o r  a b o u t two y e a r s .  

D uring  t h i s  p e r io d  th e  c u l t u r e  h a s  been  p ro p a g a te d  on n u t r i e n t  a g a r  

s l a n t s  and  h a s  been  r e p e a t e d l y  s u b c u l tu r e d .  B ro th  c u l t u r e s  in o c u la te d  

from  th e  a g a r  s l a n t s  hav e  c o n s i s t e n t l y  f a i l e d  t o  r e a c t  w i th  HSA a n t i ­

serum  3 how ever, on one o c c a s io n , ,  when b r o th  c u l t u r e s  w ere  d i l u t e d  and 

p l a t e d  on s o l i d  medium to  g iv e  i s o l a t e d  c o lo n ie s  w h ic h , i n  t u r n ,  w ere 

t r a n s f e r r e d  t o  b r o th ,  a  few  HSA+ r e v e r t a n t s  w ere d e t e c t e d .  A l l  o f  

th e s e  r e v e r t a n t s  a ro s e  on p l a t e s  o f  EMB l a c t o s e  w h ich  h ad  b een  s p re a d  

w i th  h ig h  d i l u t i o n s  o f  one P e n n a ssa y  b r o th  c u l t u r e  o f  MSGfJOl. F iv e  o f



20

f o r t y  c o lo n ie s  p ic k e d  w ere  fo und  t o  be HSA4-. A l l  o f  t h e s e  c u l t u r e s  

have  b e e n  r e t a i n e d  on n u t r i e n t  a g a r  s l a n t s  and  c o n tin u e  t o  be s t a b l e  

f o r  t h e  HSA+ p r o p e r t y  and g iv e  r e a c t i o n s  i n  a n t is e ru m  w h ich  a r e  com­

p a r a b le  w i th  t h a t  o f  C S l l . One o f  t h e s e  c u l t u r e s  i s  MSC505.

I t  seem s u n l i k e l y  t h a t  g ro w th  on EMB l a c t o s e  had  in d u c e d  th e  

change i n  a n t i g e n i c i t y ;  b u t ,  t o  t e s t  t h i s  p o s s i b i l i t y ,  a n o th e r  inocu lum  

fro m  th e  same MSC501 s l a n t  was grown u p  i n  b r o th ,  d i l u t e d ,  and p l a t e d  

on EMB l a c t o s e ,  A se co n d  p l a t i n g  was made from  an  HSA+ r e v e r t a n t .

F o r ty  c o lo n ie s  from  e a c h  p l a t i n g  w ere  exam ined  f o r  m u ta t io n  o f  HSA.

No m u ta t io n  i n  e i t h e r  d i r e c t i o n  was o b s e rv e d . O b v io u s ly , t h i s  s m a ll  

s a m p lin g  i s  o f  l i t t l e  v a lu e  in  d e te r m in in g  th e  r a t e  o f  m u ta t io n  o f  th e  

HSA c h a r a c t e r ,  b u t  t h e  r e s u l t s  s t r e n g th e n  o u r  im p re s s io n  t h a t  th e  

change i s  r a r e  and o c c u rs  w i t h  a  f r e q u e n c y  t h a t  i s  m ore c o m p a tib le  w i th  

a  t r u e  m u ta t io n  th a n  w i th  a m ore n a rro w ly  o s c i l l a t i n g  change su ch  as  

p h ase  v a r i a t i o n .

H i s t o r i c a l l y ,  W ll77 was o b ta in e d  by  D r, L e d e rb e rg  a s  a  s t r e p t o ­

m ycin  r e s i s t a n t  m u ta n t o f  ¥ 6 7 7 , Our c u l t u r e  o f  ¥ 67?  (w h ich  h a s  been 

renum bered  MSC503 b e c a u s e  o f  a  m u ta t io n  from  m al~ to  m a l+) i s  s t a b l y  

HSA+ , S in c e  th e  c u l t u r e  o f  ¥1177 r e c e n t l y  o b ta in e d  from  D r, L e d e rb e rg  

g iv e s  an HSA~. r e a c t i o n ,  i t  i s  b e l i e v e d  t h a t  th e  HSA+' c h a r a c t e r  was l o s t  

s im u l ta n e o u s ly  w i th  th e  l o s s  o f  s tr e p to m y c in  s e n s i t i v i t y .  C S ll  i s  a 

d e r i v a t i v e  o f  ¥1177  w h ic h  was made F+ by  D r. P . D. S k a a r  by  t r e a tm e n t  

w i th  s t r a i n  5 8 -1 6 1 , ' C S ll  c o n s i s t e n t l y  g iv e s  an HSA+ r e a c t i o n .  Thus 

i t  a p p e a rs  t h a t  th e  HSA+ to  HSA"" change may have  accom pan ied  th e  m u ta tio n
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to  s tr e p to m y c in  r e s i s t a n c e  and t h a t  t h e  HSA-  t o  HSA+ r e v e r s io n  may have 

accom pan ied  th e  a c q u i s i t i o n  o f  t h e  s e x  f a c t o r .

In  a d d i t i o n  t o  th e  W ll77 c u l t u r e s two d e r i v a t i v e s  o f  W ll77 w h ich  

d i f f e r  in  t h e i r  p r o p e r t i e s  r e l a t i n g  to  t h e  te m p e ra te  b a c te r io p h a g e ,  

lam bda, w ere  o b ta in e d  f ro m  D r. L e d e rb e rg  and  t e s t e d  f o r  t h e i r  r e a c t i o n  

w i th  HSA a n t is e ru m . The lambda-^ re la te d  p r o p e r t i e s  o f  K12 s t r a i n s  a re  

c o n t r o l l e d  b y  g en es  a t  two l o c i .  The L p i lo c u s  c o n t r o l s  p o s s e s s io n  o f  

th e  p r o p h a g e , t h e  Lpp lo c u s  c o n t r o l s  p o s s e s s io n  o f  th e  r e c e p t o r s  f o r  

a d s o r p t io n  o f  phage ( L e d e rb e rg  and  L e d e rb e r g , 1 9 5 3 )° Lpor  c u l t u r e s  

c a n n o t a d s o rb  lam bda phage and a r e  t h e r e f o r e  immune t o  i n f e c t i o n  even  

th o u g h  th e y  may b e  n o n - ly s o g e n ic .  Lpps c u l t u r e s  a r e  a b le  t o  a d s o rb  

phage a n d , i f  n o n - ly s o g e n ic ,  a r e  s e n s i t i v e  t o  i n f e c t i o n  b y  e x t r i n s i c  

p h a g e . The g en o ty p e  o f  th e  HSA-  s t r a i n ,  W ll77 , i s  Lp^+ , Lpor . Wl603, 

w h ic h  i s  a n  Lpi Lppr  - .d e r iv a t iv e  o f  W ll77 , i s  HSA+. W2736, w h ich  i s  

an L p i~ 0 LpoS d e r i v a t i v e  o f  W1603 i s  HSA- . The a p p e a ra n c e , in  r a p id  

s u c c e s s io n ,  o f  two r e v e r s io n s  i n  th e  HSA p r o p e r ty  o c c u r r in g  s im u l ta n e ­

o u s ly  w i th  m u ta t io n a l  changes i n  th e  lam bda p r o p e r t i e s  r a i s e s  th e  p o s­

s i b i l i t y  t h a t  ch an g es o f  th e  HSA s t a t e  may be i n v a r i a b l y  accom panied  by  

ch an g es o f  o t h e r ,  n o t  o b v io u s ly  r e l a t e d ,  p r o p e r t i e s .

A l l  o f  th e  f i v e  HSA-  t o  HSA+ r e v e r t a n t s  o f  MSC501 w ere  d i f f e r e n t  

fro m  th e  p a r e n t  s t r a i n  when grown on EMB m a n n i to l .  When MSC503 i s  

grown on EMB m a n n i to l ,  th e  c o lo n ie s  w h ich  a r i s e  have a  t y p i c a l  m tl-  

a p p e a ra n c e .  The a p p e a ra n c e  o f  MSCgOl c o lo n ie s  on EMB m a n n i to l  i s  

i n te r m e d ia t e  be tw een  mtl** and m t l+. Each o f  th e  f i v e  r e v e r t a n t s  gave a
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t y p i c a l  m tl~  r e a c t i o n .  The f a c t  t h a t  a l l  n in e  o f  th e  o b s e rv e d  m u ta tio n s  

o f  th e  HSA c h a r a c te r  have  o c c u r r e d  s im u l ta n e o u s ly  w ith  o t h e r  g e n e t i c  

changes a f f e c t i n g  p r o p e r t i e s  w h ich  have no o b v io u s  p h y s io l o g i c a l  r e l a ­

t i o n s h i p  t o  HSA o r  t o  e a c h  o th e r  made i t  seem  a p p r o p r i a t e  to  d e te rm in e  

w h e th e r  th e  c o n c u r r e n t  m u ta t io n s  w ere  s im p ly  f o r t u i t o u s  e v e n ts .  B e-. 

c a u se  o f  th e  l a c k  o f  s u i t a b l e  m ethods f o r  s e l e c t i n g  HSA m u ta n ts 9 th e  

p rob lem  was a p p ro a c h e d  by  s tu d y in g  th e  a s s o c i a t e d  m u ta t io n s .  The 

changes i n  c o l o n i a l  a p p e a ra n c e  on EMB m a n n i to l  was n o t  i n v e s t i g a t e d  

b e c a u se  t h i s  m u ta t io n  a l s o  does  n o t  l e n d  i t s e l f  t o  s e l e c t i v e  m eth o d s.

The c h a n g e s  i n  s tr e p to m y c in  r e s i s t a n c e ,  lam bda c h a r a c t e r i s t i c s ,  and 

m a tin g  p r o p e r t i e s  ( g a in  o r  l o s s  o f  s e x  f a c t o r )  can be r e a d i l y  s tu d i e d .

I .  M u ta tio n  to  S tre p to m y c in  R e s i s t a n c e s C h r o n o lo g ic a l ly ,  th e  

f i r s t  o b s e rv e d  m u ta tio n  to  HSA-  a p p e a re d  a t  th e  tim e  o f  o r i g i n  o f  

H i 7 7 .  The f i r s t  p o s s i b i l i t y  t o  be  c o n s id e r e d  i s  t h a t  HSA“  and S2” 

a r e  p l e i o t r o p i c  e f f e c t s  o f  a s i n g l e  g e n e . T h is  i s  r u l e d  o u t  b y  th e  

o c c u r r e n c e  o f  HSA+ d e r i v a t i v e s  o f  MSC501 w h ich  a re  s t i l l  Sr . A r e ­

m a in in g  e x p la n a t io n  i s  t h a t ,  i n  th e  g e n e t i c  b ack g ro u n d  o f  MSC503 CHSA+ . 

Ss ) ,  m u ta t io n  t o  HSA-  a lw ay s acco m p an ies  th e  Ss to  Sr  m u ta t io n .  To 

t e s t  t h i s  se co n d  p o s s i b i l i t y ,  new s tr e p to m y c in  r e s i s t a n t  m u ta n ts  o f  

MSC503 w ere  s o u g h t  b y  t h e  f o l lo w in g  p r o c e d u r e .  O n e - te n th  m l q u a n t i t i e s  

o f  an  o v e r n ig h t  P e n n a s sa y  b r o th  c u l t u r e  o f  MSC503 w ere  t r a n s f e r r e d  to  

f o r t y  5 .0  m l q u a n t i t i e s  o f  P e n n a ssa y  b r o th  and in c u b a te d  tw e n ty - f o u r  

h o u rs  a t  37 0 . These c u l t u r e s  w ere  c e n t r i f u g e d  and  th e  p e l l e t  r e s u s ­

pended  i n  b r o th  c o n ta in in g  s tr e p to m y c in  and r e in c u b a te d .  F o u r  o f  th e
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f o r t y  tu b e s  showed t u r b i d  g ro w th  w i t h in  f o r t y - e i g h t  h o u r s .  These c u l­

t u r e s  w ere  s t r e a k e d  on n u t r i e n t  a g a r  c o n ta in in g  s tr e p to m y c in  and in c u ­

b a te d  u n t i l  w e l l - d e v e lo p e d  i s o l a t e d  c o lo n ie s  a p p e a re d  w h ich  w ere  th e n  

p ic k e d  an d  t r a n s f e r r e d  to  tu b e s  o f  P e n n a s sa y  b r o th .  A f t e r  tw e n ty - f o u r  

h o u rs  i n c u b a t io n s th e  c u l t u r e s  w ere  t e s t e d  f o r  HSA and f o r  s tr e p to m y c in  

r e s i s t a n c e .  A l l  w ere  fo u n d  t o  be HSA+ l i k e  MSC503 and  w ere  s tre p to m y ­

c in  r e s i s t a n t .  Thus i t  i s  e v id e n t  t h a t  th e  m u ta t io n  to  s tr e p to m y c in  

r e s i s t a n c e  and t h e  m u ta t io n  to  HSA-  a r e  n o t  i n v a r i a b l y  a s s o c i a t e d  in  

MSC503, O b v io u s ly , th e  s m a l l  num ber o f  m u ta n ts  exam ined i n  t h i s  e x p e r i ­

m ent o f f e r s  l i t t l e  i n d i c a t i o n  o f  t h e  f re q u e n c y  o f  s i m i l a r  s im u lta n e o u s  

m u ta t io n s  among K12 s t r a i n s  i n  g e n e r a l .  To o b ta in  a  l a r g e r  sam p lin g  

o f  m u ta n ts ,  th e  same s e l e c t i o n  was made u s in g  s t r a i n  CS19. CS19 i s  a 

s u b - c u l tu r e  o f  th e  m u ta b le  s t r a i n ,  5 8 -2 7 8 , T h is  c u l t u r e  m u ta te s  from  

s tr e p to m y c in  s e n s i t i v i t y  to  s tr e p to m y c in  r e s i s t a n c e  a t  a  f re q u e n c y  

w h ich  i s  a b o u t a  h u n d red  t im e s  g r e a t e r  th a n  t h a t  o f  o t h e r  K12 s t r a i n s  

( 'T r e f f e r s , e t  a l ,  19 5 4 , S k a a r , 1 9 56 ) ,  Among 100 su c h  s tr e p to m y c in  

r e s i s t a n t  m u ta n ts  o b ta in e d ,  a l l  w ere  fo u n d  t o  be HSA „ Thus i t  a p p e a rs  

t h a t  t h e  HSA m u ta t io n  o c c u rs  a t  a  f re q u e n c y  w h ich  i s  l e s s  th a n  one p e r  

one h u n d re d  m u ta t io n s  to  s tr e p to m y c in  r e s i s t a n c e .

I f  t h e  g e n e t i c  b a s i s  f o r  t h e  HSA p r o p e r ty  i s  c y to p la s m ic ,  th e  

s im u lta n e o u s  o c c u r r e n c e  o f  Sr  and HSA-  m u ta t io n s  m ig h t be  a t t r i b u t e d  to  

th e  s t r e p to m y c in  t r e a tm e n t  em ployed i n  s e l e c t i n g  th e  Sr  m u ta n t ,  Tfifll??, 

The a b i l i t y  o f  s t r e p to m y c in  t o  d i s i n f e c t  c e r t a i n  c e l l s  o f  c y to p la s m ic  

g en es  h a s  b een  d e m o n s tra te d  i n  a l g a l  f l a g e l l a t e s  ( P ro v a s o l i ,  e t  a l ,



1 9 5 1 ) , in  s e e d  p l a n t s  (B o g o rad s 1 9 5 0 ) , and i n  E a g le n a  ( P r o v a s o l i 3 e t  a l ,  

1 9 4 8 ) , In  o r d e r  to  t e s t  t h i s  p o s s i b i l i t y ,  c u l t u r e s  o f  MSC5003 w hich  

i s  a  s tr e p to m y c in  r e s i s t a n t  v a r i a n t  o f  MSC56, and o f  C S ll  w ere  sub­

c u l tu r e d  d a i l y  f o r  f o u r t e e n  days i n  P e n n a s sa y  b r o th  c o n ta in in g  s t r e p t o ­

m y c in . The c u l t u r e s  w ere  t e s t e d  d a i l y  f o r  r e a c t i o n  w i th  HSA a n tis e ru m . 

B o th  c u l t u r e s  c o n tin u e d  to  r e a c t  w i th  h ig h  d i l u t i o n s  o f  a n t i s e ru m  w hich 

m ean t t h a t  th e y  w ere  n o t  m a s s iv e ly  c o n v e r te d  t o  an  HSA"" s t a t e .

2 . C o n v e rs io n  o f  P -  S t r a i n s  t o  F+g G e n e tic  re c o m b in a t io n  by 

c o n ju g a t io n  i n  E. c o l i  d ep en d s  upon a  s e x u a l  d i f f e r e n t i a t i o n  o f  th e  

s t r a i n s  in v o lv e d .  Genes a r e  t r a n s f e r r e d  u n i - d i r e c t i o n a l l y  from  an  F+ 

d o n o r t o  an  F -  r e c i p i e n t .  T h is  d i f f e r e n c e  i s  b a s e d  on th e  p re s e n c e  o f 

a s e x  f a c t o r  w h ic h  i s  p o s s e s s e d  by  F+ s t r a i n s  b u t  n o t b y  F -  s t r a i n s .

The sex factor is  independent of the bacterial chromosome and can be 

transferred at high frequency from an F+ to F -  Culture3 thereby con­

ferring upon the la tter  the a b ility  to act as a gene donor ('Cavalli3 

e t a l 3 1 9 5 3 ) ,

' The s e x  f a c t o r  i s  assum ed to  have two e f f e c t s  upon th e  c e l l  i t  

i n h a b i t s .  The f i r s t  e f f e c t  i s .t o  b r in g  a b o u t  a  s u r f a c e  change w h ich  

f a c i l i t a t e s  p a i r i n g  w i th  c o m p a tib le  F -  c e l l s |  th e  se co n d  i s  t o  e f f e c t  

th e  m ig r a t io n  o f  chrom osom al genes ( I f a k e la 3 et_ a l .  1 9 6 2 ) . I t  h as  been  

p ro p o se d  t h a t 3 s in c e  u n l ik e  c e l l  m e t a b o l i t e s 3 enzym es, o r  v e g e ta t i v e  

p h a g e , th e  s e x  f a c t o r  i s  t r a n s f e r r e d  a t  h ig h  f r e q u e n c y  i n  F+ x  F -  

c r o s s e s ,  t h e  s e x  f a c t o r  s t r u c t u r e  i s  n o t  random ly  d i s t r i b u t e d  in  th e  

c y to p la sm  b u t  o c c u p ie s  a  s p e c i f i c  s i t e  c lo s e  to  th e  b a c t e r i a l  c e l l  w a l l

24
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( J a c o b ,  e t  a l ,  I 9 6 0 ) .

C e r ta in  d i f f e r e n c e s ,  be tw een  th e  p h y s ic a l  p r o p e r t i e s  o f  F+ c e l l  

s u r f a c e s  a n d  th o s e  o f  F -  c e l l s  have been  r e p o r te d  b y  M accacaro  (1955)»  

S n e a th  and  L e d e rb e rg  (1 9 6 1 ) have  -found t h a t  t r e a tm e n t  o f  F+ c e l l s  w i th  

m e ta p e r io d a te  m akes them  phen o t y p i c a l l y  u n a b le  to  a c t  a s  gene d o n o rs , 

p re su m a b ly  by  th e  o x id a t io n  o f  s u r f a c e  c a rb o h y d ra te s  w h ich  f u n c t io n  

i n  th e  p a i r i n g  p r o c e s s .  D i f f e r e n c e s  be tw een  F -  and F+ c u l t u r e s  o f  K12 

s t r a i n s  w i th  r e s p e c t  t o  t h e i r  a g g l u t i n a b i l i t y  w i th  hom ologous a n t i s e ru m  

have  been  r e p o r t e d  b y  M accacaro  an d  Colombo (1 9 5 6 ) .

0 r s k o v  and 0 r s k o v  ( i 960 ) r e p o r t  a n  >ef +,r a n t ig e n  w h ic h  o c c u rs  

i n  s t r a i n s  o f  E. c o l i  w h ic h  have  b e e n  c o n v e r te d  to  th e  d o n o r s t a t e  by 

t r e a tm e n t  w i th  F+ K12 s t r a i n s .  A l l  c o n v e r te d  s t r a i n s  t e s t e d  w ere shown 

to  p o s s e s s  th e  f + a n t ig e n  b u t  n o t  a l l  ( f + ) + - s t r a i n s  w ere  fo u n d  t o  be 

F+ . - Some s t r a i n s  o f  E . c o l i  h a v e , i n  f a c t ,  b e e n  fo u n d  to  hav e  th e  

c a p a c i ty  f o r  c o n v e r t in g  o t h e r  s t r a i n s  t o  t h e  F+ s t a t e  e v e n  th o u g h  th e y  

th e m s e lv e s  c o u ld  n o t  a c t  a s  d o n o rs  f o r  chrom osom al genes (F u rn e s s  and 

R ow ley, 1 9 5 7 ) . The 0 o rs k o v s  h y p o th e s iz e  a  " d e f e c t iv e "  s e x  f a c t o r  w h ich  

f u l f i l l s  th e  f u n c t i o n  o f  p a i r i n g  an d  o f  a n t i g e n i c i t y  b u t  n o t  o f  p ro ­

m o tin g  gene t r a n s f e r .

I t  i s  c l e a r  t h a t  n o t  a l l  F -  s t r a i n s  a r e  HSA” . MSC503 w h ic h  i s  

F -  i s  HSA+ and i s  a b le  t o  a b s o rb  a l l  d e t e c t a b l e  a n t ib o d y  fro m  th e  

hom ologous an tise ru m - o f  t h e  F+ s t r a i n ,  C S ll  ( s e e  T ab le  7 ) .  How ever, 

th e  f a c t  t h a t  MSC501 ( F - ,  HSA- ) when made F+ (C S l l )  a l s o  became HSA^ 

r a i s e s  th e  p o s s i b i l i t y  t h a t  t h e  HSA a n t ig e n  i s  in d is p e n s a b le  ( b u t  n o t
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T a b le  V. S e r o lo g i c a l  R e la t i o n s h ip s  Among F - , F+ s and H fr  S t r a i n s .

R e c ip ro c a l  o f  a g g l u t i n a t i n g  t i t e r  i n  C S ll  a n t i s e r u m s
T e s t

a n t ig e n
a b s o rb e d  w i th  

MSC39
a b s o rb e d  w ith

•MSC503
a b s o rb e d  w ith  

GS101

C S ll  F+ 640 0 0

MSC503 F - 640 0 0

C SlO l H f r 640 0 0

!,0 i! means n e g a t iv e  in  a  serum  d i l u t i o n  o f  I g 20 . C o n tr o l  serum  
tu b e s  w ere  a l l  0 . F ig u r e s  a r e  f o r  maximum a g g l u t i n a t i o n .
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s u f f i c i e n t )  f o r  th e  m a tin g  p r o c e s s „' On t h i s  b a s i s ,  a l l  F+ s t r a i n s  

s h o u ld  b e  HSAjf , To t e s t  t h i s ,  F+ d e r i v a t i v e s  o f  MSC501 w ere o b ta in e d  

by  m ixed g row th  w i th  two F+ d o n o r s ,  MSC70 and W6„ O v e rn ig h t  c u l t u r e s  

o f  t h e  t h r e e  s t r a i n s  w ere  grown up  s e p a r a t e l y  in  P e n n a s sa y  b r o th  to  a 

c o n c e n t r a t io n  o f  a b o u t I  x  IO^ c e l l s  p e r  m l. One h u n d red  f o ld  d i l u ­

t i o n s  w ere  made o f  a l l  c u l t u r e s  and t h e y  w ere  in c u b a te d  a g a in  u n t i l  

th e y  r e a c h e d  c o n c e n t r a t io n s  o f  a b o u t I  x  IO^ c e l l s  p e r  m l. Then, 2 ,5  

ml q u a n t i t i e s  o f  M5C501 w ere  ad d ed  to  5 .0  m l q u a n t i t i e s  o f  e a ch  o f  th e  

F+ c u l t u r e s ,  and th e  m ix tu re s  w ere  in c u b a te d  i n  th e  37 G w a te r  b a th  f o r  

one h o u r .  D i lu t io n s  w ere  made o f  th e  c u l t u r e s  and 0 ,1  ml sam p les w ere 

s p re a d  on p l a t e s  o f  EMB l a c t o s e  to  g iv e  a p p ro x im a te ly  100 c o lo n ie s  p e r  

p l a t e .  The p l a t e s  w ere  in c u b a te d  a t  37 0 f o r  30 h o u r s , W e l l - i s o l a t e d  

l a c "  c o lo n ie s  w ere  t r a n s f e r r e d  to  P e n n a s sa y  b r o th ,  in c u b a te d  16 h o u rs  

a t  37 C and th e n  c r o s s e s  w ere  made w i th  IMN64  on DMA p l a t e s  w i th  s e l e c ­

t i o n  f o r  t r a n s f e r  o f  t h e  s h ik im ic  a c i d  l o c u s .  The DMA p l a t e s  w ere 

in c u b a te d  f o r  48 h o u rs  a t  37 C and s c o r e d  f o r  t h e  number o f  p r o to t r o p h ic  

r e c o m b in a n ts .  Seven c u l t u r e s  o f  MSC501 fro m  th e  m ix in g  w i t h  W6 gave 

l a r g e  num bers o f  re c o m b in a n ts  w i th  IMM64 . F o u r  c u l t u r e s  o f  MSC501 from  

th e  m ix in g  w i th  MSC70 a l s o  gave l a r g e  num bers o f  re c o m b in a n ts .  C o n tro l  

p l a t i n g s  o f  th e  c r o s s  com ponents a lo n e  w ere  b a r r e n .  None o f  th e  b r o th  

c u l t u r e s  from  th e . n e w ly - tr a n s fo rm e d  MSC501 F+ s t r a i n s  r e a c t e d  w i th  HSA 

a n t i s e ru m , i n d i c a t i n g  t h a t  th e  HSA a n t ig e n  i s  n o t  an  e s s e n t i a l  a t t r i ­

b u te  o f  F+ K12 s t r a i n s .

To t e s t  th e  p o s s i b i l i t y  t h a t  HSA-  c e l l s  m ig h t d i f f e r  fro m  HSA"*
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c e l l s  i n  th e  r e a d in e s s  w i th  w hich  th e y  a r e  c o n v e r te d  t o  F+ s th e  fo llo w ­

in g  e x p e r im e n t was p e rfo rm e d . C u l tu r e s  o f  t h r e e  F -  s t r a i n s  -(MSCSbljl 

MSC503) and MSGSOS) w ere  ex p o sed  t o  W6 a s  i n  th e  p re c e d in g  e x p e r im e n t  ̂

and t h e  p u r i f i e d  p ro g e n y  o f  t h e  ex p o sed  c e l l s  w ere t e s t e d  f o r  F- s t a t u s .  

MSC503 ( t h e  m a l-  d e r i v a t i v e  o f  ¥ 6 7 7 ) i s  HSA+ ; MSC501 ( t h e  m a l+ d e r iv a ­

t i v e  o f  ¥ 1 1 7 7 ) i s  HSA"s MSCSOS i s  t h e  HSA+ d e r i v a t i v e  o f  MSC501. As 

s e e n  i n  T ab le  V I ( F i r s t  G r o s s ) ,  a l l  t h r e e  s t r a i n s  w ere  c o n v e r te d  to  

F+ w i th  e q u a l  f a c i l i t y .

To d e te rm in e  w h e th e r  t h e  F+ s t a t e  was s t a b l e  i n  th e  new ly  con­

v e r t e d  s t r a i n s ,  e a c h  was s t r e a k e d  to  a  se co n d  s e t  o f  EMB l a c t o s e  p l a t e s .  

These p l a t e s  w ere  in c u b a te d  30 h o u rs  a s  b e f o r e  and  b r o th  c u l t u r e s  

d e r iv e d  fro m  i s o l a t e d  c o lo n ie s  w ere  t e s t e d  f o r  t h e i r  a b i l i t y  t o  a c t  a s  

g e n e t i c  d o n o rs  f o r  IMN64 (S econd  C ro s s ,  T ab le  V I ) .  In  a l l  c a s e s ,  th e  

F+ p r o p e r t y  o f  t h e  new ly  c o n v e r te d  s t r a i n s  was r e t a in e d  i n  th e  s u b c u l­

t u r e .  No e x p la n a t io n  can be o f f e r e d  a t  th e  p r e s e n t  t im e  f o r  th e  i n ­

f e r i o r  f e r t i l i t y  o f  MSC501 and MSC505 d e r i v a t i v e s ,  a s  c o n t r a s t e d  w ith  

th o s e  o f  MSC503.

A g a in , a l l  new ly  c o n v e r te d  F+ d e r i v a t i v e s  o f  MSG501 w ere  s t i l l  

HSA" a t  th e  tim e  o f b o th  t h e  f i r s t  and  se c o n d  c r o s s e s .

The p r e c e d in g  r e s u l t s  c l e a r l y  show t h a t  K12 s t r a i n s  may be, F+ 

w i th o u t  HSA.- In  a d d i t i o n ,  th e y  show t h a t ,  i f  HSA i s  e p is o m a l ly  d e t e r ­

m in e d , th e  i n f e c t i v i t y  o f  t h a t  ep iso m e  i s  lo w e r  th a n  i s  t h a t  o f  th e  

s e x  f a c t o r .

3 . HSA M u ta t io n s  A s s o c ia te d  w i th  Changes in  Lambda B e la te d
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T a b le  7 1 . R e la t i v e  E f f i c i e n c y  o f  F+ C o n v e rs io n  o f  MSCSOls MSC503s. and 
MSCSOS by  M ixed Growth w i th  W6.

P r o to t r o p h ic  re c o m b in a n ts  p e r  p l a t e  i n  c ro s s e s  w i t h  IMM64f
F i r s t  c r o s s  _______ Second c ro s s

T re a te d  s t r a i n s  . MSC501, MSC505 MSC503 MSC501 MSC505 MSC503

E x t r a c te d  c lo n e s

I 100 0 0 100 0 0

2 100 100 >1000 200 >1000 >1000

' 3 40 160 >1000 100 200 > 1000

4 100  • 0 0 60 0 ■ 0

5 0 100 0 0 400 0

6 0 0 0 0 0 0

7 0 300 0 0 4 0 0 0
X

8 70 ' 100 >1000 100 120 >1000

9 0 0 >1000 0 0 >1000

10 500 140 > 1000 200 200 >1000 .

C u l tu re s  o f  MSCSOls ESCSOSs and MSC503 ( a l l  l a c " ) w ere  grown w ith  
W6 ( I a c +) .  Ten la c ~  c lo n e s  w ere  th e n  e x t r a c t e d  from  e a ch  m ix tu r e .
These w ere  im m e d ia te ly  t e s t e d  f o r  F s t a t u s  b y  c r o s s i n g  t o  HEN64 ( f i r s t  
c r o s s ) . E ach c lo n e  was s t r e a k e d  and  a  new c u l t u r e  i n i t i a t e d  f ro m .a h .,iso ­
l a t e d  c o lo n y . T h is  new c u l t u r e  was th e n  t e s t e d  f o r ,  F s t a t u s  (se c o n d  
c r o s s ) .  A c o n t r o l  c r o s s  b e tw een  W6 and IMN64 g a v e > 1 0 0 0  p r o to t r o p h ic  
r e c o m b in a n ts .  C o n tro l  p l a t i n g s  o f  a l l  com ponents w ere  n e g a t iv e .

'r  -  r
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P r o p e r t i e s : 1/51177 i s  HSA- 3 L p^+ , Lp^r a and  m al]_~„ The c o rre s p o n d in g

n ia l+ s t r a i n ,  MSC501, i s  HSA- , Lp]_+ , and  p re su m a b ly  Lpgs  a c c o rd in g  to  

L e d e rb e r g f S c o n c lu s io n s  t h a t  Lpgg and mal-]~ a r e  u n d e r  th e  p l e i o t r o p i c  

c o n t r o l  o f  a  s i n g l e  gene ( L e d e rb e rg ,  1 9 5 5 ) . Wl603 i s  HSA+, L p ^ " . Lpgr 0 

m al]_"o I t s  d e r i v a t i v e ,  W2736, i s  HSA+, L p i- , Lpo5 . mal-] +»

The HSA c h a r a c t e r  and t h e  p r o p e r t i e s  r e l a t e d  to  lam bda a r e  n o t  

u n d e r  p l e i o t r o p i c  c o n t r o l  s in c e  W1177 and  ¥2736  a r e  a l i k e  f o r  HSA b u t 

d i f f e r e n t  f o r  Lpg w h i le  ¥1177  and Wl603 a r e  a l i k e  f o r  Lpj_ b u t  d i f f e r e n t  

f o r  HSA.

To d e te rm in e  w h e th e r  a  m u ta tio n  a t  e i t h e r  th e  Lpi o r  th e  Lpo 

lo c u s  can  be c o r r e l a t e d  w i th  c h a n g es  i n  th e  HSA p r o p e r ty ,  m u ta n ts  o f 

¥2637  w ere  s o u g h t  f o r  s tu d y  b y  th e  f o l lo w in g  m ethod '* : A n u t r i e n t  a g a r

p l a t e  was s p r e a d  w i th  a  0 ,1  ml o v e r n ig h t  P e n n a s sa y  b r o th  c u l t u r e  o f  

¥2637  and a llo w e d  t o  d r y .  A lam bda s u s p e n s io n  was p r e p a re d  fro m  1SC503 

( s e e  M a te r i a l s  and  M ethods) and a  l o o p f u l  o f  t h i s  s u s p e n s io n  was s p o t t e d  

on th e  W2637  p l a t e .

The p l a t e  was in c u b a te d  f o r  24 h o u rs  and exam ined f o r  l y s i s .  A
'

law n  o f  g ro w th  a p p e a re d  o v e r  th e  e n t i r e  p l a t e  e x c e p t  f o r  a n  a r e a  o f  

n e a r l y  c o n f lu e n t  l y s i s  i n  th e  r e g io n  w here  th e  phage had  been  a p p l i e d .  

S t r e a k in g s  were, made fro m  t h i s  ly s e d  a r e a  t o  s e v e r a l  p l a t e s  o f  EMB m al­

t o s e  w h ich  had  b e e n  s p r e a d  w i th  s t r e p to m y c in  to  k i l l  a n y  c o n ta m in a t in g  

MSC503 c e l l s „ The p l a t e s  w ere  in c u b a te d  f o r  24 h o u r s . F i f t y - f o u r  

c o lo n ie s  w ere  p ic k e d  and  t r a n s f e r r e d  to  tu b e s  o f  P e n n a s sa y  b r o th ,  in c u ­

b a te d  f o r  24 h o u rs  and t e s t e d  w i th  a  1 :4 0  d i l u t i o n  o f  HSA a n t is e ru m .
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None w ere  a g g lu t in a t e d  b y  th e  a n t i s e ru m .

Among tw e n ty - e ig h t  o f  th e  c o lo n ie s  p ic k e d  from  th e  m a l to s e  

s tr e p to m y c in  p la te , ,  tw e n ty -o n e  w ere  maL+ and  immune t o  lam b d a . F i f t e e n  

o f  th e s e  w ere  d e m o n s tra te d  t o  b e  ly s o g e n ic .  The re m a in in g  c o lo n ie s  

w ere  mal~ and  ( s u r p r i s i n g l y )  s e n s i t i v e  t o  lam bda . The a p p e a ra n c e  o f  

m al~ lam bda s e n s i t i v e  m u ta n ts  i s  i n t e r e s t i n g  in  i t s e l f  and  d e s e rv e s
'

f u r t h e r  s tu d y .  The im p o r ta n t  p o in t  h e r e ,  h o w ev er, i s  t h a t  m u ta tio n  

o f  t h e  HSA' p r o p e r ty  i s  n o t i n v a r i a b l y  c o r r e l a t e d  w i th  m u ta t io n  from  

lam bda s e n s i t i v i t y  t o  lam bda l y s o g e n i c i t y  n o r  w i th  th e  m u ta t io n  from  . 

n ia l+ t o  m al~ .
1 1I

E. M u ta tio n  o f .HSA A s s o c ia te d  w i th  E nhanced  M o t i l i t y

The l o s s  o f  f e r t i l i t y  a s s o c i a te d  w i th  p ro lo n g e d  p a s s a g e  on 

m o t i l i t y  medium h a s  b e e n  i n t e r p r e t e d  a s  due to  s e l e c t i o n  f o r  a l l e l e s  

w i th  p l e i o t r o p i c  e f f e c t s  on f e r t i l i t y  and  r a p i d i t y  o f  sw arm ing ( S k a a r , 

e t  a l , 1 9 5 7 ) . These a u th o r s  s u g g e s t  t h a t  c e l l s  n o t  encum bered  b y  a 

s u r f a c e  com ponent n e c e s s a r y  f o r  f e r t i l i t y  may be th u s  f o r t u i t o u s l y
ii

s e l e c t e d  a s  r a p id  sw a rm e rs , F o r  th e  same r e a s o n ,  i t  m ig h t be p r e d i c te d  ;!

t h a t  s e l e c t i o n  f o r  h ig h  m o t i l i t y  m ig h t r e s u l t  in  c o r r e l a t e d  s e l e c t i o n  

f o r  HSA~. T h is  p o s s i b i l i t y  was t e s t e d  a s  fo llo w s  t A c u l t u r e  o f  W6 

was m o t i l i z e d  by  t e n  s u c c e s s iv e  t r a n s f e r s  on m o t i l i t y  medium u n t i l  th e
; ;j

e n t i r e  p o p u la t io n  was h ig h ly  m o ti le ,  and gave a  d e l i c a t e  swarm . An ;i
. .

in o cu lu m  from  th e  edge o f  th e  swarm on th e  t e n t h  p l a t e  was t r a n s f e r r e d

to  P e n n a s sa y  b r o th  and  in c u b a te d .  A t t h e  same t im e , an  in o cu lu m  from

th e  s to c k  c u l t u r e  a g a r  s l a n t  was s i m i l a r l y  t r a n s f e r r e d  to . b r o th  and i ;
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i n cub a te d o At th e  end  o f  f o r t y - e i g h t  h o u rs  in c u b a t io n  th e  b r o th  c u l­

t u r e s  w ere  t e s t e d  q u a n t i t a t i v e l y  f o r  a g g l u t i n a t i o n  by  HSA a n t is e ru m .

The c u l t u r e  d e r iv e d  from  th e  a g a r  s l a n t  w as a g g lu t in a t e d  s t r o n g l y  by  a 

1 :6 4 0  d i l u t i o n  o f  a n t i s e ru m ;  th e  h ig h ly  m o t i le  c u l t u r e  showed no de­

t e c t a b l e  a g g l u t i n a t i o n  even  w i th  a  1 :2 0  d i l u t i o n  o f  a n t i s e r u m . The 

b r o th  c u l t u r e s  w ere  th e n  s u b c u l tu r e d  i n t o  f r e s h  b r o th  and a  t h i r d  b r o th  

c u l t u r e  was i n i t i a t e d  from  an in o cu lu m  o b ta in e d  d i r e c t l y  fro m  a  swarm 

on m o t i l i t y  medium. A l l  t h r e e  c u l t u r e s  w ere  t e s t e d  f o r  t h e i r  a b i l i t y  

to  p ro d u ce  p r o to t r o p h i c  re c o m b in a n ts  w i th  W ll77 . The m ethod u s e d  in  

t h i s  c r o s s  was i d e n t i c a l  w i th  t h a t  d e s c r ib e d  i n  s e c t i o n  F o f  R e s u l ts  

e x c e p t  t h a t  th e  DMA p l a t e s  w ere  s p re a d  w i th  p h e n y la la n in e  ( s e e  M a te r ia ls  

and  M ethods) to  r e l a x  s e l e c t i o n  f o r  t r a n s f e r  o f  th e  Pa+ g e n e .

A f te r  two days i n c u b a t io n ,  th e  DMA p l a t e s  w ere  s c o re d  f o r  p r o to ­

t r o p h i c  r e c o m b in a n ts .  The n o n - m o t i l iz e d  c u l t u r e  gave more th a n  1000 

re c o m b in a n ts ,  th e  c r o s s  w i th  t h e  f i r s t  m o t i l i z e d  c u l t u r e  showed an 

a p p ro x im a te ly  t e n - f o l d  d e c re a s e  i n  number o f  r e c o m b in a n ts ,  and th e  

c u l t u r e  w h ich  w as i n o c u la te d  d i r e c t l y  from  th e  swarm showed an  a p p ro x i­

m a te ly  tw e n ty - f o ld  d e c re a s e  i n  number o f  re c o m b in a n ts .  T hese r e s u l t s  

s u g g e s t  t h a t  l o s s  o f  HSA+ and l o s s  o f  F+ may accom pany th e  s e l e c t i o n  o f  

th e  h ig h ly  m o t i le  g e n o ty p e . The r e s u l t s  a l s o  show , h o w ev er, t h a t  HSA+ 

and F+ do n o t  hav e  a  common g e n e t i c  b a s i s ,  s u p p o r t in g  c o n c lu s i o n s ' 

re a c h e d  i n  a  p re v io u s  s e c t i o n .

•• -

F-. L o c a l i z a t i o n  o f  th e  HSA Gene on th e  B a c t e r i a l  Chromosome

S t r a i n  11177  was i s o l a t e d  a s  a  s tr e p to m y c in  r e s i s t a n t  m u ta n t o f
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¥ 6 7 7 . MSC503 i s  a g g lu t in a t e d  by  a  1 :6 4 0  d i l u t i o n  o f  HSA a n t is e ru m . 

A g g lu t in a t io n  a t  t h i s  d i l u t i o n  i s  s t r o n g 5 t h a t  i s ,  a l a r g e  f l a k y  a n t i ­

g e n -a n t ib o d y  a g g re g a te  i s  fo rm ed  and th e  s u p e r n a ta n t  l i q u i d  i s  c l e a r .  

MSC501 g iv e s  no v i s i b l e  r e a c t i o n  w i th  HSA a n tis e ru m  and a b s o rb s  o n ly  

f l a g e l l a r  a n t ib o d y  fro m  C S ll  a n t i s e r u m . The a g g l u t i n a t i o n  o f  HSA+ 

r e v e r t a n t s  o f  MSC501 i s  i n d i s t i n g u i s h a b l e  fro m  t h a t  o f  MSC503. These 

f a c t s  s u g g e s t  t h a t  th e  g e n e t i c  b a s i s  o f  th e  HSA d i f f e r e n c e s  among th e  

s t r a i n s  r e s i d e s  a t  a  s i n g l e  l o c u s .  I f  t h i s  i s  s o ,  and i f  th e  HSA lo c u s  

i s  chrom osom al, i t  s h o u ld  be p o s s ib l e  t o  e s t a b l i s h  th e  p o s i t i o n  o f  th e  

lo c u s  by  s ta n d a r d  c r o s s e s .  W ith  t h i s  end i n  v iew , a  c r o s s  was made 

be tw een  ¥ 6  (F+ HSA+ ) and ¥1177  ( F - ,  HSA"').

The c r o s s  was made on m in im al medium w i th  s e l e c t i o n  f o r  p r o to ­

t r o p h y .  ¥ 6  i s  d e f i c i e n t  f o r  m e th io n in e ,  ¥1177  i s  d e f i c i e n t  f o r  th r e o ­

n in e ,  l e u c i n e ,  and th ia m in e .  A l a r g e  num ber o f  p r o to t r o p h i c  c o lo n ie s  

a p p e a r in g  on th e  c ro s s  p l a t e s  w ere  s t r e a k e d  on DMA3 th e n  s i n g l e  c o lo n ie s  

fro m  th e s e  p l a t e s  w ere  s t r e a k e d  on c o m p le te  medium. I s o l a t e d  c o lo n ie s  

fro m  th e  co m p le te  medium w ere  t r a n s f e r r e d  t o  5 .0  ml q u a n t i t i e s  o f P en - 

n a s s a y  b r o th  and in c u b a te d  f o r  tw e n ty - f o u r  h o u r s .  These b r o th  c u l tu r e s  

w ere  t e s t e d  f o r  a g g l u t i n a t i o n  b y  1 :4 0  d i l u t i o n s  o f  HSA a n t i s e r u m , and 

f o r  a u t o - a g g l u t i n a t i o n  i n  i d e n t i c a l  d i l u t i o n s  o f  c o n t r o l  se ru m . At 

th e  same tim e  t h e  b r o t h  c u l t u r e s  w ere v e r i f i e d  a s  p r o to t ro p h s  by  s p o t t i n g  

on p l a t e s  o f  DMA and w ere  a l s o  t e s t e d  f o r  s i x  u n s e le c te d  m a rk e rs  in v o lv e d  

in  th e  c r o s s .  R e s u l t s  a r e  g iv e n  i n  T a b le  V I I .  The d a ta  o f  L e d e rb e r g ,
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T a b le  V I I 0 S e g r e g a t io n  o f  HSA and O th e r  U n s e le c te d  M ark e rs  Among P ro ­
t o t r o p h i c  R ecom binan ts  R e s u l t in g  from  G ro sse s  Between W6' 
CF+, F1 S , l a c + ,  x y l+ , m al+ , m t l ¥ , Ss , HSA+) and  TCL177 ( F - ,  
F11", l a c ~ , x y l - , m al- ,  m tl - , HSA- ) .

A. F re q u e n c y  o f  T r a n s f e r  o f  F+ A l l e l e s

T o ta l  number % t r a n s f e r  o f  F+ a l l e l e s o f  t
HSA- s t a t u s  o f*  
■ re c o m b in a n ts

exam ined Il l a c H l m al m tl S HSA+ HSA±

M arkusen
(1 9 6 3 )

106 73 42 10 9 8 15 16 12

L e d e rb e rg  
e t  a l ' (1 9 5 1 )

100 67 28 21 17 15.

B, R e la t i o n s h ip  Between 
U n s e le c te d  F+ A l l e l e s

th e  T r a n s f e r  o f  .HSA+ and th e T r a n s f e r o f  O th e r

HSA T o ta l  number '% t r a n s f e r  o f F+ a l l e l e s o f  S '
s t a t u s * exam ined Il l a c x y l m al m tl S

+ * 17 76 53 12 12 6 12

+ 13 ' 77 62 23 15 23 31

76 71 36 8 8" 7 1 3 '

* I n  t h e s e  co lum ns, + m eans s t r o n g  a g g l u t i n a t i o n  i n  a  l s 4 0  d i l u t i o n  
o f  HSA a n t is e ru m , — m eans p a r t i a l  a g g l u t i n a t i o n  a t  th e  same d i l u t i o n  o f 
a n t i s e ru m .



a t  aJL (1 9 5 1 ) a r e  in c lu d e d  i n  p a r t  A t o  show t h a t  th e  p r o p o r t io n  o f  un­

s e l e c t e d  m a rk e rs  o b s e rv e d  i n  th e  p r e s e n t  c ro s s  i s  d i s t o r t e d  somewhat 

from  t h a t  u s u a l l y  o b ta in e d  i n  a  c ro s s  b e tw e en  an F+ s M-  s t r a i n  and an 

F - s T , L"”s s t r a i n .  S p e c i f i c a l l y ,  th e  f re q u e n c y  o f  l a c  t r a n s f e r

i s  h ig h e r  th a n  e x p e c te d , w h i le  th e  f re q u e n c y  o f  t r a n s f e r  o f  m al and  m tl  

a r e  lo w e r  th a n  e x p e c te d . The d i s t o r t i o n  may f a l l  w i th in  th e  ra n g e  o f  

v a r i a t i o n  among d i f f e r e n t  c r o s s e s .  On th e  o t h e r  h a n d , i t  may b e  due 

t o  th e  c o m p lic a t io n  t h a t  W ll77 h as  a c q u ir e d  an a d d i t i o n a l  n u t r i t i o n a l  

r e q u ir e m e n t  f o r  p h e n y la la n in e .  The p h e n y la la n in e  lo c u s  ( o r  l o c i )  have 

n o t  been  w e l l  s t u d i e d .  One lo c u s  i s  known n o t  t o  be c l o s e l y  l in k e d  to  

TLB-] ( J a c o b  and W bllm an, 1 9 6 1 ) . The h ig h  in c id e n c e  o f  I a c + a p p e a r in g  

among th e  re c o m b in a n ts  s u g g e s t s  t h a t  t h e  new pa_ m u ta t io n  i s  n e a r  l a c . 

S in c e  th e  f re q u e n c y  o f  V^s (b e tw e e n  TLB-  ̂ and l a c )  i s  n o t  n o ta b ly  h ig h , 

i t  i s  u n l i k e l y  t h a t  p a  i s  s i m i l a r l y  s i t u a t e d .

On t h i s  b a s i s ,  t h e  f re q u e n c y  o f  HSA+ p r o to t r o p h s  i n d i c a t e s  t h a t  

th e  r e s p o n s i b le  l o c u s  f o r  HSA i s  e i t h e r  i n  th e  v i c i n i t y  o f  TLB] o r  o f 

th e  p a  l o c u s .  H ow ever, b e f o r e  d i s c u s s in g  t h i s  p o in t  f u r t h e r ,  a n o th e r  

u n e x p e c te d  f e a t u r e  o f  t h i s  c r o s s  n eed s  t o  be c o n s id e r e d .  T h is  was th e  

a p p e a ra n c e  o f  f o u r  re c o m b in a n t p o p u la t io n s  w h ich  w ere h e te ro g e n e o u s  

f o r  t h e  l a c  m a rk e r . R ecom binan ts  o b ta in e d  from  K12 x  K12 c ro s s e s  

u s u a l l y  a r e  s t a b l e .  The mer o z y g o te  q u ic k ly  s e g r e g a te s  and g iv e s  r i s e  

to  s t a b l e  h a p lo id  c lo n e s .  E x c e p tio n s  hav e  been  o b s e rv e d 5 o c c a s io n a l  

c r o s s e s  p ro d u ce  p e r s i s t e n t  h e te r o z y g o te s  (L e d e rb e rg ,  1949)<> The d e te c ­

t i o n  o f  s e g r e g a t in g  I a c + c lo n e s  i n  th e  p r e s e n t  ..c ro ss, i n  s p i t b  o f

35
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s ta n d a r d  p r e c a u t io n s  o f  re c o m b in a n t p u r i f i c a t i o n ,  r e v e a l s  a n o th e r  imr- 

p o r t a n t  c o m p l ic a t io n  a l s o  a t t r i b u t a b l e ,  p e r h a p s , to  th e  new p a  m a rk e r .

T w e n ty -e ig h t p e r  c e n t  o f  th e  p r o to t r o p h i c  re c o m b in a n ts  w ere 

a g g lu t in a t e d  b y  a- 1 :4 0  d i l u t i o n  o f  HSA a n t i s e r u m 5 h o w ev er, th e y  d id  

n o t r e a c t  u n i fo r m ly  a s  was e x p e c te d . S e v e n te e n  c u l t u r e s  gave a  s t r o n g  

r e a c t i o n  l i k e  t h a t  o f  $[30503. The re m a in in g  t h i r t e e n  w ere  d e f i n i t e l y  

a g g l u t i n a t e d ,  b u t  in  t h e s e  th e  s u p e r n a ta n t  l i q u i d  was n o t  c l e a r .  Ho 

c u l t u r e s  a g g lu t in a t e d  i n  c o n t r o l  se rum . The p a r t i a l  a g g l u t i n a t i o n  

c o u ld  be e x p la in e d  i f  some re c o m b in a n ts  had  r e c e iv e d  o n ly  a  p o r t i o n  o f  

an HSA com plex , b u t  t h i s  e x p la n a t io n  i s  in c o m p a tib le  w i th  o u r  o b se rv a ­

t i o n s  on th e  HSA^HSA+ m u ta t io n s  and w i th  th e  u n i f o r m i ty  o f  th e  HSA+ 

c h a r a c t e r  o f  s t r a i n s  h a v in g  v e r y  d i v e r s e  g e n e t i c  b ack g ro u n d s  ( s e e  

T ab le  I T ) .  A n o th e r  e x p la n a t io n  i s  t h a t  th e  c lo n e s  w i th  w h ich  some o f  

th e  b r o th  c u l t u r e s  w ere  in o c u la te d  w ere  h e te ro g e n e o u s  f o r  HSA. T h is  

p o s s i b i l i t y  i s  s t r e n g th e n e d  by  th e  p re s e n c e  o f  c lo n e s  d e s c r ib e d  above 

w h ich  w e re  m ixed  f o r  l a c .

E x is te n c e  o f  a  new s e l e c t e d  m ark e r  p lu s  th e  o c c u r r e n c e  o f  seg ­

r e g a t in g  d i p lo i d s  c o n fu s e s  a t te m p ts  to  i n t e r p r e t  th e  d a ta  w i th  r e g a r d  

t o  l o c a t i o n  o f t h e  HSA g e n e . One im p o r ta n t  s ta te m e n t  c a n  be made w ith  

c o n f id e n c e s  I f  th e  HSA d i f f e r e n c e  b e tw een  W6 and 11177 i s  due t o  a.' 

s i n g l e  l o c u s ,  t h a t  lo c u s  d o e s  n o t  l i e  i n  th e  segm ent o f  th e  J a c o b -  

W ollman c i r c u l a r  l in k a g e  map e x te n d in g  fro m  :B]_. to  l a c  ( s e e  F ig u re  I ) .  

T r a n s f e r  o f  th e  l in k e d  b lock , o f  g e n e s , Bq+ , %+, L+ i s  o b l i g a t o r y  in  

t h i s  c r o s s .  Any s e l e c t e d  m a rk e rs  l y in g  b e tw een  Bq and L , o r  c lo s e l y  to



v ].ae

t r y  «m l  ^

F ig u re  I .  Genomes o f  ¥ 6  a n d  W llTT B ased  on t h e  L in k ag e  Map o f  J a c o b  a n d  W o llm an '(19 ,6l ) .
Sym bols u s e d  c o r re s p o n d  t o  s y n th e s i s  o f  th r e o n in e  ( T ) # th ia m in e  (B ^ )5 l e u c in e  ( l ) ,  

t r y p to p h a n  ( t r y )  ̂ h i s t i d i n e  ( h i s ) ,  m e th io n in e  (M );  s e n s i t i v i t y  o r  r e s i s t a n c e  t o  s t r e p ­
to m y c in  ( s ) ,  s e n s i t i v i t y  o r  r e s i s t a n c e  t o  T5 (Y1 )^ f e r m e n ta t io n  o f  m a l to s e  (m a l) ,  x y lo s e  
( x y l ) ,  m a n n i to l  (m tl) j ,  l a c t o s e  ( l a c ) ,
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th e  r i g h t ,  w i l l  a p p e a r  i n  th e  p r o to t r o p h i c  re c o m b in a n ts  i n  h ig h  f r e ­

q u en c y . The g e n e s , V i3 a hd I a c + . known to  l i e  c lo s e l y  t o  th e  r i g h t  o f  

L and i n  t h a t  o r d q r ,  i l l u s t r a t e  t h i s .  Even i f  b o th  th o s e  re c o m b in a n ts  

g iv in g  a  s t r o n g  r e a c t i o n  w ith  HSA a n t is e ru m  and  th o s e  g iv in g  o n ly  a 

p a r t i a l  r e a c t i o n  a r e  s c o re d  a s  i n s t a n c e s  o f  p a s s a g e s  o f  t h e  F+ HSA 

a l l e l e ,  th e  p e rc e n ta g e  t r a n s f e r  o f  t h a t  a l l e l e  (2 8 )  does n o t  e q u a l  th e  

p e rc e n ta g e  t r a n s f e r  o f  I a c + ( 4 2 ) .  F u r th e rm o re ,  th e  o n ly  p o s s ib l e  com­

p l i c a t i o n  o f  t h e  new F -  s e l e c t i v e  m a rk e r , p a " ,  ( r e g a r d l e s s  o f  i t s  lo c a ­

t i o n )  w ould  be  t o  have  in c r e a s e d  th e  f r e q u e n c y  o f  t r a n s f e r  o f  HSA+.

T h is  n e g a t iv e  s ta te m e n t  c o n c e rn in g  th e  l o c a t i o n  o f  HSA i s  im p o r ta n t ,  

s in c e  th e  lo c u s  d e te r m in in g  th e  somewhat s i m i l a r  f i m b r i a l  a n t ig e n  has 

b een  l o c a t e d  i n  th e  T L . Bq r e g io n  (M a c c a ca ro , e t  a l ,  1959 )°

Beyond t h i s ,  o n ly  t e n t a t i v e  s ta t e m e n ts  can  be m ade. S in g le  

c o lo n y  i s o l a t e s  o f  W1177 a lo n e  hav e  a l l  p ro v e d  to  b e  HSA"". b u t  su c h  

t e s t s  have  been  l i m i t e d .  F u r th e rm o re ,  no su c h  e x a m in a tio n  was made o f  

th e  same c u l t u r e  u s e d  i n  th e  c r o s s .  I t  i s  c o n c e iv a b le ,  t h e r e f o r e ,  

t h a t  th e  c ro s s e d  c u l t u r e  was a  " j a c k p o t " p o p u la t io n  c o n ta in in g  a  l a r g e  

num ber o f  HSA+ m u ta n ts .  I f  s o ,  th e  c ro s s  p ro v id e s  no e v id e n c e  t h a t  

th e  gen e  i s  even  t r a n s f e r r e d  by  c o n ju g a t io n .

H ow ever, on th e  p re c e d in g  h y p o th e s i s ,  th e  d i s t r i b u t i o n  o f  HSA+ 

c e l l s  s h o u ld  o c c u r  among th e  re c o m b in a n ts  random ly  w i th  r e s p e c t  to  

o t h e r  u n s e le c te d  m a rk e rs . As shown i n  T a b le  V I I ,  t h e r e  i s  a  s u g g e s t io n , 

t h a t  t h i s  i s  n o t s o ,  t h a t ,  i n  f a c t ,  an i n t e r a c t i o n  w i th  l a c  e x i s t s .

The d a ta  on HSA+ re c o m b in a n ts  a lo n e  i s  i n s u f f i c i e n t  to  w a r r a n t  c o n 'f i -
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d en ce  i n  t h i s  i n t e r a c t i o n .  I f  t h e  f r e q u e n c y  o f  I a c + among' b o th  s t r o n g l y  

a g g l u t i n a t i n g  and p a r t i a l l y  a g g l u t i n a t i n g  re c o m b in a n ts  i s  com pared to  

th e  f r e q u e n c y  o f  I a c + among th e  HSA-  re c o m b in a n ts ,  how ever, th e  i n t e r ­

a c t i o n  i s  s i g n i f i c a n t  a t  t h e  5 p e r  c e n t  l e v e l  (X^ *= 5 ) .

I f  t h i s  i n t e r a c t i o n  i s  r e a l ,  i t  shows n o t  o n ly  t h a t  HSA+ i s  

t r a n s f e r r e d ,  b u t  a l s o  t h a t ,  i f  th e  HSA lo c u s  i s  chrom osom al, i t  l i e s  

som ew here to  th e  r i g h t  o f  l a c ;  I f  th e  new p a "  gene i s  r e s p o n s i b le  f o r  

th e  e x c e s s  o f  .I a c + among a l l  r e c o m b in a n ts ,  i t  a l s o  w ould  a p p e a r  to  l i e  

to  th e  r i g h t  o f  l a c , a p p a r e n t ly  beyond HSA. B ut S i s  n o t  c lo s e l y  l in k e d  

t o  p a ,  p a  i s  n o t  c l o s e l y  l in k e d  to  HSA0 n o r  i s  HSA c l o s e l y  l in k e d  to  

l a c . T e n ta t iv e  p o s i t i o n i n g ,  t h e r e f o r e ,  w ould  p la c e  pa  n e a r  h i s ^ ,  HSA 

n e a r  t r y 2 ( s e e  F ig u r e  I ) .

^ R e fe rs  t o  th e  m ark e r  f o r  h i s t i d i n e .

S R e fe rs  t o  t h e  m ark e r  f o r  t ry p to p h a n . ,



DISOJ SSION

The r o l e  o f  HSA i n  th e  c e l l  i s  d i f f i c u l t  to  a s c e r t a i n .  I t s  

p h y s ic a l  p r o p e r t i e s  do n o t  p e rm it  a s s ig n in g  i t  to  a n y  o f  th e  c a te g o r i e s  

o f  th e  c l a s s i c a l  and w e l l - s t u d i e d  Os KT3 an d  H a n t ig e n s  o f  E. c o l i . The 

s o m a tic  o r  0 a n t ig e n  i s  h e a t  s t a b l e .  ' I t s  a n t i g e n i c i t y  i s  n o t  d e s tro y e d  

by h e a t i n g  to  100 C f o r  two h o u r s . The a g g lu t in a t in g  r e a c t i o n  i s  slow  

and th e  a g g re g a te  p ro d u ce d  i s  g r a n u la r  and  f i r m .  The H o r  f l a g e l l a r  

a n t ig e n  fo rm s a  l o o s e ,  f l o c c u l a r  a g g re g a te  b u t  th e  a n t ig e n  i s  h e a t  

l a b i l e  (K auffm an , 1 9 5 1 ) . I t s  a n t i g e n i c i t y ,  a c c o rd in g  to  H a c k ie  and 

M cC artney  ( C ru ic k sh a n k , i 960 ) i s  d e s t r o y e d  by h e a t in g  t o  60 C f o r  a b o u t 

tw e n ty  m in u te s .

The K a n t ig e n s  a r e  a  g roup  o f  e n v e lo p e  o r  c a p s u la r  a n t ig e n s  w h ich  

a r e  r e s p o n s i b le  f o r  th e  Q - i n a g g l u t i n a b i l i t y  o f  l i v i n g  b a c t e r i a .  The 

L a n t ig e n  o f  t h i s  g roup  i s  d e s t r o y e d  by  h e a t in g  t o  100 C f o r  an  h o u r .

■The c a p s u la r  A a n t ig e n  i s  th e r m o s ta b le  b u t  i s  a g g lu t in a t e d  o n ly  by  

low  ( Ig lO  o r  l e s s )  d i l u t i o n s  o f  a n t i s e r u m .1 The B a n t ig e n  o c c u p ie s  an 

i n te r m e d ia t e  p o s i t i o n  i n  t h i s  g ro u p . I t s  a g g l u t i n a t i n g  a n t ig e n  i s  

h e a t  l a b i l e  b u t  i t s  a n t ib o d y - b in d in g  c a p a c i ty  r e s i s t s  h e a t in g  to  100 C 

f o r  two and o n e - h a l f  h o u r s .  The Ii (m ucus) a n t ig e n  a l s o  i s  a g g lu t in a t e d  

o n ly  by low  d i l u t i o n s  o f  a n tis e ru m .. I t s  a g g l u t i n a b i l i t y  i s  d e s tr o y e d

by h e a t in g  to  100 C f o r  two and o n e - h a l f  h o u rs  (K auffm an , 1 9 5 1 ) .
■'A

0 rs k o v  and  0 r s k o v  ( i 960 ) d e s c r ib e  t h e  f + a n t ig e n  a s  b e in g  d e s tr o y e d  

by h e a t in g  to  100 C f o r  a n  h o u r . The a g g l u t i n a t i n g  r e a c t i o n  i s  slow  and  

b o th  th e  a p p e a ra n c e  o f  th e  a g g re g a te  fo rm ed  and th e  s t r e n g t h  o f  th e

. 3
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a g g l u t i n a t i o n  a r e  v a r i a b l e  d e p e n d in g  upon e n v iro n m e n ta l  f a c t o r s .  No 

a t te m p t  was m ade, d u r in g  th e  c o u rse  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  to  

d e m o n s tra te  a  K12 a n t ig e n  co m p arab le  t o  f + . F alkow  and B aron (1 9 6 2 ) 

r e p o r t  a g g l u t i n a t i o n  o f  K12 F+ and H fr  s t r a i n s  by  f + a n t i s e ru m  b u t  no 

d a ta  a r e  g iv e n  c o n c e rn in g  th e  s o u rc e  o f  th e  a n t i s e ru m .

Many o f  t h e  E n te r o b a c te r ia c e a e  p o s s e s s  f im b r ia e  ( p i l l ) .  A g g lu t­

i n a t i o n  o f  f im b r i a te d  c u l t u r e s  by a n t i s e ru m  i s  s i m i l a r  t o  f l a g e l l a r  

a g g l u t i n a t i o n  and  i s  a  common s o u rc e  o f  c o n fu s io n  ( G ru ic k s h a n k , i 960 ) .  

The f i m b r i a l  a n t ig e n s  a r e  m ore h e a t  s t a b l e  th a n  a r e  f l a g e l l a  b u t  a re  

d e s t r o y e d  by  h e a t in g  t o  100 C f o r  an  h o u r  ( G i l l i e s  and  D ugu id , 1 9 5 8 ) .

I n v e s t i g a t i o n s  i n t o  th e  g e n e t i c  b a s i s  o f  s u r f a c e  a n t ig e n s  o f  

th o s e  b a c t e r i a l  s t r a i n s  w h ich  le n d  th e m s e lv e s  to  s ta n d a r d  reco m b in a­

t i o n  s t u d i e s  have  been  v e r y  l i m i t e d .  L in k ed  t r a n s f e r  o f  g enes  f o r  

f l a g e l l a r  s t r u c t u r e ,  f u n c t i o n ,  and a n t i g e n i c  s p e c i f i c i t y  i n  c ro s s e s  

betw een  E. c o l i  K12 mot+ and E . c o l i  B m ot"  h a s  been  r e p o r t e d  b y  F u rn e s s  

and Row ley (1 9 5 5 ) .  R e s u l t s  from  su ch  c r o s s e s  r e v e a le d  a  lo c u s  f o r  th e  

m o t i l i t y  gene n e a r  a  t y r o s i n e  m ark e r ( F u r n e s s ,  1 9 5 8 ) . P h a g e -m e d ia te d  

t r a n s f e r  o f  m o t i l i t y  be tw een  K l2 and  B s t r a i n s  (M arkuseh , i 960 ) a l s o  

i n d i c a t e s  t h a t  i n  t h e s e  s t r a i n s , a l l  a t t r i b u t e s  o f  m o t i l i t y  may b e  con­

t r o l l e d  b y  a  s i n g l e  gen.e, o r  by  c lo s fe ly  l in k e d  g e n e s . I n  a  c ro s s  em ploy­

in g  a n o th e r  n o n - f l a g e l l a t e d  s t r a in ,  ,and u s in g  a  K12 s t r a i n  a s  th e  m o ti le  

d o n o r , 0 r s k o v  and 0 r s k o v  (1 9 6 2 ) r e p o r t  t h e  t r a n s f e r  o f  a  f l a  gene to  be  

in d e p e n d e n t  o f  g enes  f o r  a n t i g e n ic  s p e c i f i c i t y . ,  They p la c e  th e  s i t e  

o f  t h i s  gene i n  th e  h i s  r e g io n .  T r a n s f e r  o f  a  gene f o r  0 a n t ig e n  wfts
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d e m o n s tra te d  a s  w e l l  a s  t h o s e  f o r  two o f  t h e  K a n t i g e n s .  T h e ir  d a ta  

i n d i c a t e  t h a t  th e  gen e  f o r  th e  0 a n t ig e n  i s  s i t u a t e d ' c lo s e  t o  th e  h i s  

lo c u s  a s  i s  th e  H gene d e s c r ib e d  a b o v e . A c c o rd in g  to  th e  0 r s k o v s j  

m a rk e rs  f o r  b o th  th e  A and B ty p e s  o f  E  a n t i g e n  a r e  c l o s e l y  l in k e d  to  

th e  0 lo c u s  b u t  a r e  s e p a r a b le  fro m  i t .  The L a n t ig e n  co u ld  a l s o  be 

t r a n s f e r r e d  by  c o n ju g a t io n  b u t  i t s  e x p r e s s io n  a p p e a re d  to  b e  c o n t r o l l e d  

by g en es  a t  no l e s s  th a n  two l o c i .  R e s u l t s  o f  r e c o m b in a t io n  e x p e r i ­

m ents i n d i c a t e d  t h a t  th e  p o t e n t i a l  f o r  e x p r e s s in g  th e  L a n t ig e n  can be 

p r e s e n t  w i th o u t  e x p r e s s io n .  In  c r o s s e s  i n  w h ic h  th e  d o n o r p a r e n t  

c a r r i e d  th e  l a t e n t  a b i l i t y  to  e x p re s s  th e  L a n t ig e n  and  th e  r e c e p to r  

p a r e n t  c a r r i e d  an  L a n t ig e n  o f  a n o th e r  s p e c i f i c i t y ,  re c o m b in a n ts  w ere  

o b ta in e d  w h ich  had  th e  same s p e c i f i c i t y  a s  t h a t  o f  th e  d o n o r p a r e n t .

The m ucoid  p r o p e r ty  o f  re c o m b in a n ts  o b ta in e d  i n  K12 x  B c r o s s e s  by 

C a le f  and C a v a l l i  ( o f  0 r s k o v  and 0 r s k o v ,  i 960 ) a l s o  was th o u g h t  to  be  

c o n t r o l l e d  b y  a  p a i r  o f  com p lem en tary  g e n e s .  . 0 r sk o v  and  0 r s k o v  (1 9 6 1 ) 

d e s c r ib e  an F+ ’s t r a i n  w h ic h , when c o n v e r t in g  o th e r  s t r a i n s  to  th e  F+ 

s t a t e ,  a l s o  t r a n s f e r s  th e  g e n e t i c  d e te r m in a n t  f o r  th e  L a n t ig e n .

The f im b r i a t e  p r o p e r t i e s  o f  E. c o l l  B and o f  E. c o l i  K12 have 

b e e n  s tu d i e d  e x te n s i v e l y  b y  B r in to n  (1 9 5 9 )0 F im b r ia t io n  i n  th e s e  

s t r a i n s  w as fo u n d  t o  be c o r r e l a t e d  w i th  c o l o n i a l  m orpho logy  b u t  n o t 

w i th  p re s e n c e  o r  a b se n c e  o f  f l a g e l l a  n o r  w i th  F s t a t u s .  S t r a i n  ¥677  F -  

was found  t o  be  f im b r i a t e d  w h i le  58-161  F+ w as n o t .  F o u r te e n  o f  n in e ­

te e n  s t r a i n s  exam ined  w ere  fo u n d  to  hav e  th e  p o t e n t i a l i t y  f o r  f im b r i a -  

t i o n .  These s t r a i n s  d e m o n s tra te d  a  p h a se  v a r i a t i o n  betw een  a  f im b r ia te d
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and  a  n o n - f im b r ia te d  s t a t e .  R e v e rs io n s  o f  t h e  f im b r i a te d  s t a t e  w ere 

fo u n d  t o  o c c u r  a t  a  f re q u e n c y  o f  a b o u t 4  x  10“ 4  p e r  c e l l  p e r  g e n e r a t i o n .  

C ro s s e s  b e tw een  a f im b r i a te d  K12 s t r a i n  and  a  p e rm a n e n tly  n o n - f im b r ia te d  

K12 m u ta n t have  r e v e a le d  a  chrom osom al lo c u s  f o r  a  gene fim “  a t  a  s i t e  

i n  t h e  T L r e g io n  (M a c c a ca ro 5 e t  a l s 1 9 5 9 ) . D a ta  from  th e s e  c ro s s e s  

s u g g e s te d  t h a t  e x p r e s s io n  o f  th e  f im + gene may depend i n  p a r t  on  a 

c y to p la s m ic  f a c t o r .  The f i m b r i a t e  p r o p e r ty  a l s o  h a s  b een  t r a n s f e r r e d  

by  c o n ju g a t io n  fro m  an  H fr  s t r a i n  o f -E. c o l i  K12 to  a  n o n - f im b r ia te d  

S a lm o n e lla  s p e c ie s  ( B r in to n  and B aro n 5 I 9 6 0 ) .

The a p p a re n t  low  f e r t i l i t y  o f  F+ d e r i v a t i v e s  o f  MSC501 o b ta in e d  

i n  t h e  p r e s e n t  i n v e s t i g a t i o n  ( s e e  T a b le  T l )  d e s e rv e s  f u r t h e r  s tu d y .

Such d i f f e r e n c e s  i n  f e r t i l i t y  o b s e rv e d  e ls e w h e re  hav e  b e e n  a t t r i b u t e d  

to  a  m u ta n t F+ f a c t o r  ( C la rk  and A d e lb e rg 5 1962) b u t  t h i s  e x p la n a t io n  

seem s u n l i k e l y  i n  th e  p r e s e n t  c a s e  s in c e  th e  s o u rc e  o f  F was i d e n t i c a l  

f o r  a l l  t h r e e  c u l t u r e s . F+ and  H fr  s t r a i n s  w h ich  have l o s t  t h e i r  

a b i l i t y  to  a d s o rb  a  m a l e - s p e c i f i c  b a c te r io p h a g e  have  a l s o  b e e n  demon­

s t r a t e d  to  show a  l o s s  i n  d e g re e  o f  f e r t i l i t y  (C la rk  and  A d e lb e rg 5 

1962).

The n e g a t iv e  c o r r e l a t i o n  o f  h ig h  m o t i l i t y  w i th  p r e s e n c e  o f  HSA+ 

i n  s t r a i n  W6 ( s e e  s e c t i o n  E) i s  p re c e d e n te d  by r e p o r te d  i n s t a n c e s  in  

w h ich  th e  r e p l i c a t i o n  o f  c y to p la s m ic  e le m e n ts  h as  b een  shown to  b e  r e ­

p r e s s e d  i n  c e r t a i n  g e n e t i c  b a c k g ro u n d s . An F f a c t o r  can  i n c o r p o r a t e  a 

.m arker fro m  th e  b a c t e r i a l  chromosome and  th u s  t r a n s f e r  t h i s  f a c t o r  from  

c e l l  to  c e l l  a t  h ig h  f r e q u e n c y .  An F I a e + f a c t o r 5 w h ich  t r a n s f e r s  th e
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I a o  gene  i s  u n a b le  to  r e p l i c a t e  n o rm a lly  i n  c e l l s  w h ich  c o n ta in ,  i n  

a d d i t i o n ,  a no rm al s e x  f a c t o r .  R e p l i c a t i o n  o f  F  I a c + i s  c o m p le te ly  

i n h i b i t e d  i n  H fr  c e l l s  ( S c a i f e  and G ro s s , 1 9 6 2 ) . A s i m i l a r  i n f lu e n c e  

i s  e v id e n c e d  i n  th e  c a s e  o f  a c o l i c i n  f a c t o r .  The g e n e t i c  b a s i s  o f  

C o l ic in  I ,  when p r e s e n t  i n  s t r a i n s  o f  E. c o l i  K12 i s  a b le  to  i n i t i a t e  

i t s  own t r a n s f e r  a s  w e l l  n s  th e  t r a n s f e r  o f  chrom osom al m a rk e rs  i n  th e  

a b se n c e  o f  F . The k i n e t i c s  o f  c o l i c i n  f a c t o r  t r a n s f e r  i s  in f lu e n c e d  

by  th e  p r e s e n c e  o f  F i n  e i t h e r  th e  c o l I + d o n o r o r  th e  c o l l "  r e c i p i e n t  

(M onk, 1 9 6 2 ) .



SUMMARY

The f l o e e u l e n t  a g g l u t i n a t i o n  p ro d u ce d  by  many s t r a i n s  o f  E» c o l i  

K12 i n  r e s p o n s e  t o  a n t i s e ru m  i s  due  in  p a r t  to  th e  p re s e n c e  o f  f l a g e l l a r  

a n t ig e n  and  i n  p a r t  t o  a  h e a t  s t a b l e  a n t i g e n  (HSA) n o t  a s s o c i a t e d  w ith  

f l a g e l l a .

P re s e n c e  o f  HSA i s  n o t  o b v io u s ly  c o r r e l a t e d  w i th  F . s t a t u s .  Ap­

p r o p r i a t e  c r o s s e s  show i t s  g e n e t i c  b a s i s  n o t  t o  be  c l o s e l y  l in k e d  to  

th e  TLB^ r e g io n .

O c c a s io n a l  m u ta t io n s  from  .HSA+ t o .HSA-  and th e  r e v e r s e  have oc­

c u r r e d  s im u l ta n e o u s ly  w i th  m u ta tio n s  o f  o t h e r  g en es  n o t  o b v io u s ly  r e ­

l a t e d  p h y s io l o g i c a l ly .
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