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THE EFFECT OF SODIUM CHLORIDE 

ON STAPHYLOCOCCUS-PHAGE 

RELATIONSHIPS

CHAPTER I  

INTRODUCTION

The e f f e c t  o f  the  io n ic  environm ent on b a c te r io p h a g e s  has been 

th e  s u b je c t  of numerous i n v e s t i g a t i o n s .  These have been reviewed by 

Puck (1954), Tolmach (1957), Weidel (1958), Adams (1959), E lek  (1959), 

and Groman (1961). R e l a t i v e ly  few such s tu d i e s ,  however, have been 

concerned w ith  the  e f f e c t s  o f  h igh  c o n c e n t r a t io n s  o f  e l e c t r o l y t e s  on 

f r e e  phages or on h o s t  c e l l - p h a g e  r e l a t i o n s h i p s  (B ron fenb renner , 1925; 

Adams, 1949 ; Anderson, 1949, 1950; H e r r i o t t ,  1951; R ountree , 1951). 

Moreover, as  p o in ted  out by Groman (1961), u n t i l  r e c e n t ly  most i n v e s t i ­

g a t io n s  have been r e s t r i c t e d  to s tu d ie s  o f  c o l i  phages to  th e  v i r t u a l  

e x c lu s io n  o f  o th e r s .  This c o n c e n t r a t io n  o f  e f f o r t  led  to  r a p id ,  cumu­

l a t i v e  advances in  th e  u n d e rs ta n d in g  of th e  c o l i  phages and, presumably, 

th e  n a tu re  o f  b a c te r io p h a g e s  and t h e i r  b i o l o g i c a l  im p l ic a t io n s  in  

g e n e r a l .  S t i l l ,  in fo rm a t io n  on th e  n o n -e n te r ic  phages was r e l a t i v e l y  

m eager, unorgan ized , and, as a r e s u l t ,  much o f  i t s  s ig n i f i c a n c e  has 

been ig no red .  With more in fo rm a t io n  on th e  n o n - e n te r ic  phages, p r e ­

s e n t l y  accep ted  g e n e r a l i z a t i o n s  may be v e r i f i e d  o r ,  i f  p re v io u s ly  

unrecogn ized  c e l l - p h a g e  r e l a t i o n s h i p s  a r e  r e v e a le d ,  may have to  be

1



m o d if ie d .

B ronfenbrenner (1925) observed th a t  c o n c e n t ra t io n s  o f  sodium 

c h lo r id e  g r e a t e r  th an  1 pe r  cen t  i n a c t i v a t e d  99 p e r  cen t  o f  a phage; 

the p a r t i c u l a r  phage t e s t e d  and time r e q u ire d  fo r  i n a c t i v a t i o n  were 

not s p e c i f i e d  in  h i s  r e p o r t .

B urnet and Lush (1935) found t h a t  c o l i  and s ta p h y lo c o c c a l  

phages i n  the  p resen ce  o f  0.1 M s o lu t i o n s  o f  sodium, po tass ium , and 

ammonium s a l t s  were much more s u s c e p t i b l e  to  the  i n a c t i v a t i n g  e f f e c t s  

of te m p era tu re  (60°C) than  when th e  same phages were suspended in  

b ro th .  The a d d i t i o n  o f  a sm all amount o f  ca lc ium , magnesium, o r  barium 

s a l t  p a r t i a l l y  o r  com ple te ly  p reven ted  t h i s  i n a c t i v a t i o n .  Callow (1927) 

observed t h a t  h igh  c o n c e n t ra t io n s  o f  ca lc ium  c h l o r i d e ,  lanthanum 

c h lo r id e  and sodium c h lo r id e  i n a c t iv a t e d  s ta p h y lo c o c c a l  b a c te r io p h a g e s .

Adams (1949) examined the  k i n e t i c s  o f  th e  i n a c t i v a t i n g  e f f e c t s  

of te m p era tu re  on c o l i  phages, p a r t i c u l a r l y  T5, in  c o n c e n t r a t io n s  o f  

sodium c h lo r id e  ra n g in g  from 0.01 M to 2 M. He found t h a t  i n a c t i v a t i o n  

of phage T5 was a lm ost com plete a f t e r  one hour a t  37°C in  s o lu t io n s  con­

ta in in g  l e s s  th a n  0 .2  M sodium c h l o r i d e ,  whereas a t  c o n c e n t r a t io n s  of 

0 .4  M and 0 .8  M sodium c h lo r id e  th e re  was no s i g n i f i c a n t  r e d u c t io n  in  

p laque co u n t .  The seven T phages, which ly se  E s c h e r ic h ia  c o l i , were 

much more r a p i d l y  in a c t i v a t e d  by h e a t  when suspended in  a  0 .1  M s o l u ­

t i o n  o f  sodium s a l t s  i n  d i s t i l l e d  w a te r  than  when suspended in  b ro th  

c o n ta in in g  e q u iv a le n t  amounts o f  th e se  s a l t s .  In  e i t h e r  c o n d i t io n  the  

k i n e t i c s  o f  i n a c t i v a t i o n  followed th o se  o f  a f i r s t  o rd e r  r e a c t i o n .

The r a t e  o f  i n a c t i v a t i o n  o f  phage T5 in  0 .1  M sodium c h lo r id e  a t  37°C
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could  be g r e a t l y  d e c re a se d  by th e  a d d i t i o n  of 10“^ M c o n c e n t r a t io n s  

o f  d iv a l e n t  c a t io n s  such as ca lc ium , magnesium, barium , s t r o n t iu m ,  

manganese, c o b a l t ,  n i c k e l ,  z in c ,  cadmium, and copper .  I t  was proposed 

t h a t  the  in c re a s e  i n  s t a b i l i t y  o f  phage T5 in  the  p re s e n c e  o f  v a r io u s  

c a t io n s  was th e  r e s u l t  o f  complex fo rm a tio n  between th e  phage and m eta l 

io n .  Phage T5 was found to  r e q u i r e  ca lc iu m  fo r  r e p l i c a t i o n  b u t  n o t  fo r  

a d s o r p t io n .  O ther T phages r e q u i r e d  ca lc ium  f o r  a d s o rp t io n  as  w e l l  as 

f o r  r e p l i c a t i o n .  One p e r  c e n t  sodium c i t r a t e  was found to  i n h i b i t  

phage m u l t i p l i c a t i o n  b u t  not m u l t i p l i c a t i o n  o f  Ê . c o l i  h o s t  c e l l s .

This i n h i b i t i o n  was due, p resum ably , to  th e  removal o f  th e  ca lc iu m  

io n  by the  c i t r a t e .  R ountree  (1951) noted  t h a t ,  i n  th e  f r e e  s t a t e ,  

some s ta p h y lo c o c c a l  phages were p a r t i a l l y  i n a c t i v a t e d  by 1 p e r  cen t  

sodium c i t r a t e .  Lark  and Adams (1953) found t h a t  th e  t a i l  t i p  o f  c o l i  

phage T5 con ta in ed  a c a lc iu m -a c t iv a te d  enzyme which was n e c e ss a ry  fo r  

th e  i n j e c t i o n  o f  phage n u c l e ic  a c i d . I t  was concluded by them t h a t  

sodium c i t r a t e  complexed w i th  th e  ca lc ium  ion and thus  p rev en ted  the  

a c t i v a t i o n  o f  the  i n j e c t i o n  enzyme. T his  c o n c lu s io n  was confirm ed by 

L u r ia  and S te i n e r  (1954).

R ountree  (1951; 1955) observed t h a t  n o t  on ly  was ca lc ium  i n ­

vo lved  in  a d s o r p t io n  o f  th e  s ta p h y lo c o c c a l  ty p in g  phages to  h o s t  c e l l s  

b u t  a l s o  in  a l a t e r  s te p  o f  th e  phage r e p ro d u c t iv e  c y c le .  The amount 

o f  ca lc ium  g iv in g  maximal s t im u la t io n  o f  phage developm ent was u s u a l ly  

100 [ug./ml. w ith  th e  e x c e p t io n  o f  phages 31 and 3 IB which r e q u i r e d  

200 |_ig. /m l . B la i r  and W illiam s (1961) recommend th e  r o u t i n e  in c o r p o r ­

a t i o n  o f  400 p g . /m l .  o f  ca lc iu m  c h lo r id e  t o  produce p ro p a g a t in g  phage
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to  be used in  ty p in g  p ro c e d u re s .

Puck e t  £ l .  (1951) observed t h a t  the  r a t e  o f  a t tachm en t of 

c o l i  phages to h o s t  c e l l s  could be v a r ie d  by changing the  c o n c e n t r a ­

t i o n  o f  s a l t s .  I n  the  T l-E . c o l i  B system  a t tach m en t o f  th e  phage to  

the  c e l l  d id  n o t  occur in  d i s t i l l e d  w a te r ,  b u t  i f  th e  p roper concen­

t r a t i o n  o f  s a l t s  was p r e s e n t  th e  r a t e  o f  a t tachm en t o f  phage to  h o s t  

c e l l s  could  be a d ju s te d  to  any d e s i r e d  va lue  up to  the  maximum l im i t  

s e t  by th e  d i f f u s i o n  r a t e  of the  v i r u s .  S a l t s  o f  calcium , magnesium, 

barium , and manganese in  a c o n c e n t r a t io n  o f  5 x 10“^ M b rough t about 

a r e a c t i o n  r a t e  r e p r e s e n t in g  100 per  cen t  c o l l i s i o n  e f f i c i e n c y .  Both 

l a r g e r  and s m a l le r  c o n c e n t r a t io n s  d ep ressed  th e  a t tachm en t v e l o c i t y .  

S a l t s  o f  sodium, p o ta ss iu m , ammonium, and l i th iu m  showed a s im i l a r  

p a t t e r n  b u t  r e q u i r e d  a t e n - f o l d  g r e a t e r  c o n c e n t r a t io n  than t h a t  of th e  

d i v a l e n t  group in  o rd e r  to  produce th e  same e f f e c t .  The maximum v e l o ­

c i t y  which could be o b ta in e d  by u s in g  monovalent c a t io n s  was only h a l f  

t h a t  ach ieved  w i th  th e  d iv a l e n t  c a t io n s .

Some a t te m p ts  have been made to  c o r r e l a t e  the  e f f e c t  o f  sodium 

c h lo r id e  on b a c t e r i a l  growth as a f a c t o r  in  p h ag e-h o s t  c e l l  r e l a t i o n ­

s h ip s .  Fong and K rueger (1949) r e p o r te d  t h a t  1 M sodium c h lo r id e  i n t e r ­

fe re d  w i th  a d s o rp t io n  o f  phage K to th e  p ro p a g a t in g  s t r a i n  o f  s ta p h y ­

lo c o c c u s .  These i n v e s t i g a t o r s  a l s o  noted th a t  th e  t o t a l  b a c t e r i a l  c e l l  

coun t was the  same in  o rd in a ry  sodium c h lo r id e  b ro th  and in  th e  same 

b ro th  c o n ta in in g  1 M sodium c h l o r i d e ,  bu t  th e  number of v i a b l e  s ta p h y ­

lo c o c c i  by colony count in  the  h igh  s a l t  b ro th  was much l e s s  than  t h a t  

i n  th e  c o n t r o l  b r o th .  Holm and Sherman (1921),  Sherman and Holm (1922)
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and Sherman e t  a l .  (1922) r e p o r te d  t h a t  0 .2  M sodium c h lo r id e  was o p t i ­

mal fo r  a c c e l e r a t i n g  th e  r a t e  o f  growth of E. c o l i  and sh o r te n in g  the  

la g  p e r io d  of b a c t e r i a l  growth. G re a te r  o r  l e s s e r  amounts o f  sodium 

c h lo r id e  delayed lo g a r i th m ic  g row th .

Rountree (1951) s tu d ie d  th e  e f f e c t s  o f  e l e c t r o l y t e s  on f re e  

s ta p h y lo c o c c a l  phage and on phage a d s o r p t io n  to  h o s t  c e l l s .  I t  was 

found th a t  the minimum amount o f  e l e c t r o l y t e  g iv in g  90 per  c e n t  a d s o r ­

p t i o n  a f t e r  20 m inutes  a t  37°C v a r ie d  from 3 to  400 p g . /m l .  in  the  case

of both calc ium  c h l o r i d e  and magnesium c h l o r i d e .  The minimum concen­

t r a t i o n  o f  sodium c h lo r id e  n e c e s sa ry  fo r  90 pe r  c en t  a d s o rp t io n  v a r ie d  

from 25 to  1000 p g . /m l .  In  th e s e  s t u d i e s ,  0 .1  per cent was the g r e a t ­

e s t  c o n c e n t r a t io n  of sodium c h l o r i d e  used . S a l t s  of c i t r a t e  and o x a la te  

p rev en ted  m u l t i p l i c a t i o n  o f  s ta p h y lo c o c c a l  phages. A dsorp tion  of 

s ta p h y lo c o c c a l  phages 3A, 3B, 30, 6, 7, 42B, 44, 47, 47A, 47B, and 

470 was p reven ted  by 0 .5  per  c e n t  sodium c i t r a t e .  Phages 31, 31B, 420, 

52, and 52A were too u n s ta b le  i n  d i s t i l l e d  w a te r  s o lu t io n s  o f  c i t r a t e  

and in  d i s t i l l e d  w ate r  a lone  to  de te rm ine  th e  e f f e c t  o f  c i t r a t e  on 

th e se  phages. By u s in g  phage 3A in  the  p re sen ce  o f  400 pg. sodium

c h lo r id e  per m l . , i t  was le a rn e d  t h a t ,  a l th o u g h  the  amount o f  f r e e

phage in  the  s u p e rn a ta n t  i n d i c a t e d  95 pe r  c e n t  a d so rp t io n ,  only  25 pe r  

c en t  o f  th e  adsorbed  phage was r e c o v e re d .  This r e s u l t  was s im i la r  to  

t h a t  ob ta ined  by Puck (1949),  who found t h a t  c o l i  c e l l s  in  the  absence 

o f  ca lc ium  ions could  n o t  be r e c o v e re d .  I n  th e se  r e p o r ts  n e i t h e r  Puck 

nor Rountree co n s id e re d  the  p o s s i b l e  e f f e c t  o f  ra p id  d ec re a se  in  

osm otic  c o n c e n tra t io n s  in  th e  i n a c t i v a t i o n  o f  phage. Anderson (1949,
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1950) and l a t e r  H e r r i o t t  (1951) dem onstra ted  t h a t  c e r t a i n  c o l i  phages 

when taken  r a p id l y  from s o lu t io n s  of h ig h  s a l i n i t y  to  th o se  o f  r e l a ­

t i v e l y  low c o n c e n t ra t io n s  o f  0 .06  M formed v i r a l  " g h o s t s " . Due to 

osm otic shock th e  i n f e c t io u s  n u c l e ic  ac id  was r e le a s e d  from the  v i r a l  

p a r t i c l e s  p r i o r  to a d s o rp t io n .  When the  r a t i o  o f  phage to  c e l l s  was 

one-hundred to  one r e s p e c t i v e l y ,  th e se  v i r a l  ghos ts  s t i l l  p o sse ssed  

th e  a b i l i t y  to  ly s e  h o s t  c e l l s ,  bu t  p laq u e  forming a b i l i t y  was reduced  

by 99 pe r  c e n t .

The p r e s e n t  s tudy  was su g g es ted  by th e  o b s e rv a t io n  t h a t  s ta p h y ­

lo c o c c a l  phage 81 lysed  i t s  p ro p a g a t in g  s t r a i n  of s tap h y lo co ccu s  on agar  

medium c o n ta in in g  as high as 10 pe r  c en t  sodium c h lo r id e ,  w hereas a 

number of o th e r  s ta p h y lo c o c c a l  phages were in a c t iv e  a t  sodium c h lo r id e  

c o n c e n t ra t io n s  g r e a t e r  than 3 p e r  c e n t .  The s p e c i f i c  o b je c t iv e s  o f  

the s tudy  were to  examine th e  e f f e c t  of h igh  c o n c e n t ra t io n s  o f  s a l t s ,  

p r im a r i ly  sodium c h lo r id e ,  on (1) f r e e  s ta p h y lo c o c c a l  phages,  (2) h o s t  

s ta p h y lo c o c c i  in  th e  absence o f  phage, (3) a d s o rp t io n  of phage to  h o s t  

c e l l s ,  (4) the  a b i l i t y  of h o s t  c e l l s  to r e p l i c a t e  phage, and (5) th e  

phage ty p in g  p a t t e r n s  o f  s ta p h y lo c o c c i .  The p o s s i b i l i t y  t h a t ,  under 

the in f lu e n c e  o f  e l e c t r o l y t e s ,  n on typab le  s t r a i n s  of s ta p h y lo c o c c i  

might become s u s c e p t i b l e  to  phage l y s i s  was h o p e fu l ly  c o n s id e re d .  The 

r e p o r t  of Ma and Handle (1961) t h a t ,  under th e  in f lu e n c e  o f  h e a t  shock, 

some n o n typab le  s t r a i n s  of S taphy lococcus  au reus  became phage ty p a b le  

encouraged t h i s  id e a .  P re l im in a ry  o b s e rv a t io n s  on a l t e r a t i o n  o f  phage 

s u s c e p t i b i l i t y  o f  s ta p h y lo c o c c a l  s t r a i n s  t r e a t e d  w ith  sodium c h lo r id e  

and c e r t a i n  o th e r  s a l t s  sugges ted  t h a t  d i f f e r e n c e s  in  the  c o n c e n t r a t i o n
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o f  sodium c h lo r id e  a t  d i f f e r e n t  body s u r f a c e s ,  i . e . ,  n a s a l  mucosa and 

s k in ,  might p lay  a p r im ary  r o l e  in  th e  s e l e c t i o n  o f  s ta p h y lo c o c c i  s u s ­

c e p t i b l e  to  phage a c t i o n ,  or to  a p h y s io lo g i c a l  a l t e r a t i o n  o f  the  c e l l s  

t h a t  p e rm its  v a ry in g  s ta g e s  o f  the  phage r e p r o d u c t iv e  c y c le  to  p ro c e e d . 

B e r ta n i  and Nice (1954) observed t h a t  r e d u c t io n  of tem pera tu re  from 

37°C to  20°C in c re a s e d  the r a t e  of l y s o g e n iz a t i o n  w ith  S h ig e l la  d y sen - 

t e r i a e  phage P I .  R ountree  (1959) observed  t h a t ,  fo l lo w in g  ly s o g e n i ­

z a t io n  w ith  c e r t a i n  s e r o lo g i c a l  group A and F phages ,  s ta p h y lo co cca l  

s t r a i n s  in  which the  m u l t i p l i c a t i o n  o f  B phages was p a r t i a l l y  blocked 

became f u l l y  s e n s i t i v e  to  these  B p h ag es .  R e la te d  o b se rv a tio n s  were 

made by Asheshov and Rippon (1959) ;  B l a i r  and C arr  (1961) ; Rountree 

and Asheshov (1961); and Sakurai e t  a l .  (1961).  Conceivably sodium 

c h lo r id e  might a f f e c t  ly s o g e n iz a t io n ,  as d id  te m p e ra tu re ,  and thus 

a l t e r  phage p a t t e r n s .



CHAPTER I I

MATERIALS AND METHODS

Phages and S taphy lococc i 

Phages were s e le c te d  on the  b a s i s  of p r e l im in a ry  o b se rv a t io n s  

and as examples o f  each o f  the  s ta p h y lo c o c c a l  ty p in g  g roups .  Arranged 

a c c o rd in g  to  typ ing  group they  were:

Group I .  Phages 29, 52, 52A, 79, 80

Group I I .  Phages 3A, 3B, 3C, 55, 71

Group I I I .  Phages 6, 7, 42B, 42E, 44A, 47,

47C, 77, 83 

Group IV. Phage 42D

M isce llaneous  Phages 81, 187 

S tap h y lo co cc i  used were the phage p ro p a g a t in g  s t r a i n s  (PS) 

o r i g i n a l l y  o b ta in ed ,  to g e th e r  w ith  th e  phages, th rough  the  c o u r te sy  

o f  Dr. J .  E. B l a i r ,  as w e l l  as  c e r t a i n  h o s p i t a l  and l a b o ra to r y  s t r a i n s  

o f  S taphylococcus a u r e u s . Among the l a t t e r ,  th e  Smith s t r a i n  (Sm), 

o r i g i n a l l y  s tu d ie d  by Smith and Dubos (1956), and i t s  mouse v i r u l e n t ,  

phage non typab le  mutant ( S v ) , f i r s t  d e s c r ib e d  by Hunt and Moses (1958), 

were k in d ly  provided by Dr. G. A. Hunt. H o s p i ta l  s ta p h y lo c o c c i  and 

s t r a i n s  d e r iv e d  from them were r e p re s e n te d  by Hvl, a clumping f a c t o r -  

n e g a t iv e  mutant of a t y p i c a l  c o a g u la se - p o s i t i v e  s t r a i n ;  E35, an a n t i ­

b i o t i c  r e s i s t a n t  s t r a i n  b e lo n g in g  to  phage ty p e  52 /8 0 ;  and W, an

8
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a n t i b i o t i c  r e s i s t a n t  s t r a i n  b e lo n g in g  to  phage type 52 /80 /81 .

Phage Techniques

P r e p a r a t io n  o f  S tock  Phage 

The method used to  p ro p a g a te  th e  s ta p h y lo c o c c a l  phages was an 

a d a p ta t io n  o f  the  s o f t  agar p rocedu re  in t ro d u c e d  by Swanstrom and 

Adams (1951) fo r  c o l i  phages and l a t e r  advoca ted  fo r  p ro p a g a t io n  o f  

s ta p h y lo c o c c a l  phages (B la i r  and W ill iam s ,  1961). Only phage f i l t r a t e s  

which gave s e m i-c o n f lu e n t  to  c o n f lu e n t  l y s i s  o f  the  co rrespond ing  p r o ­

p a g a t in g  s t r a i n s  o f  s ta p h y lo c o c c i  a t  d i l u t i o n s  of 10“^ or h ig h e r  were 

u s e d .

Phage Typing Technique 

Except fo r  th e  m o d i f ic a t io n  o f  th e  r o u t i n e ly  used media ( t r y p t i ­

c ase  soy b ro th  and t r y p t i c a s e  soy a g a r )  by th e  a d d i t io n  of in c re a s e d  

c o n c e n t r a t io n s  o f  sodium c h lo r id e  and, i n  c e r t a i n  experim en ts ,  of 

ca lc iu m  c h l o r i d e ,  th e  tech n iq u e  used was th e  same as th a t  f i r s t  d e s ­

c r ib e d  by W ilson and A tk inson  (1945) and l a t e r  modified  by B la i r  and 

C arr  (1953, 1960). Both the r o u t i n e  t e s t  d i l u t i o n  (RTD) and 1000 X RTD 

w ere used th roughou t the  s tu d y .  The d eg ree  o f  l y s i s  was reco rd ed  as 

fo u r  p lu s  ( 4 ) ,  c o n f lu e n t  l y s i s ;  th r e e  p lu s  (3 ) ,  sem icon fluen t l y s i s  o r  

c o n f lu e n t  l y s i s  w ith  secondary  c o lo n ie s  ; two p lu s  ( 2 ) ,  f i f t y  or more 

d i s c r e t e  phage p la q u e s ;  one p lu s  (1 ) ,  tw enty  to  f i f t y  p la q u es ;  p l u s -  

minus (+ ) ,  l e s s  than  twenty p la q u e s .  Two p lu s  l y s i s  i s  c o n s id e re d  to  

be a s i g n i f i c a n t  and s p e c i f i c  r e a c t i o n  which c o n t r ib u te s  to  th e  phage 

ty p e  o f  a s tap h y lo c o c c u s .  In  r o u t i n e  phage ty p in g ,  any degree  o f  l y s i s
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from f i f t y  p laques  to  c o n f lu e n t  l y s i s  i s  now reco rd ed  as two p lu s  

(B la i r  and W ill iam s ,  1961). Thinning o f  growth, g e n e r a l ly  r e f e r r e d  to  

as i n h i b i t i o n  and re c o rd e d  as zero  acco rd in g  to  th e  I n t e r n a t i o n a l  Sub­

committee on Phage Typing o f  S taphylococcus  i s  i n t e r p r e t e d  as a ty p e  

of l y t i c  r e a c t io n  d e s ig n a te d  "shadow" (S) or S l y s i s  in  t h i s  s tu d y .

Phage P laque Counts 

Phage assay  i s  based on the  a b i l i t y  o f  a s i n g l e  phage p a r t i c l e  

to in c re a s e  in  number in  the  p resen ce  o f  a la rg e  excess  o f  growing 

b a c t e r i a  f ix ed  in  a t h i n ,  con tinuous f i lm  o f agar medium ( G r a t ia ,

1936; Hershey e t  a l . ,  1943). In  t h i s  s tu d y  the  fo l lo w in g  p laque  coun t 

method was employed. W ith in  f iv e  to  ten  m inutes a f t e r  d i l u t i o n  o f  

s tock  phage in  t r y p t i c a s e  soy b ro th  (B altim ore  B io lo g ic a l  L a b o r a t o r i e s ) ,  

0.3 ml. o f  the  p h a g e -b ro th  was withdrawn and d isp en sed  in  0 .1  ml. 

amounts to  each o f  th r e e  13 x 100 mm. tubes  which c o n ta in e d  0 .1  m l. 

of a s i x  hour (37°C) t r y p t i c a s e  soy b ro th  c u l tu r e  o f  the  a p p r o p r ia t e  

s tap h y lo co ccu s .  Im m ediate ly  t h e r e a f t e r ,  3 ml. o f  m e lted ,  cooled  s o f t  

agar ( t r y p t i c a s e  soy b r o th  p lu s  0 .6  pe r  c e n t  agar)  was added to  each 

tube. C ontents  of th e  tube  were mixed and la y e red  over th e  s u r f a c e  o f

r e g u la r  t r y p t i c a s e  soy ag a r  (BBL) in  a s tan d a rd  (100 mm. d ia m e te r )

p e t r i  p l a t e .  When th e  s o f t  ag a r  la y e r  was f irm , p l a t e s  were in v e r t e d

and incuba ted  a t  30°C. A l l  p laque  coun ts  except th o se  o f  phages 71

and 79 were made a f t e r  24 hours in c u b a t io n .  P laques o f  phages 71 and 

79 were counted a f t e r  18 hours  because  f u r th e r  in c u b a t io n  r e s u l t e d  in  

overgrowth by the  s ta p h y lo c o c c i .
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Sodium C h lo r id e  T o le ran ce  o f  Free Phages 

D i lu t io n s  o f  each o f  22 phages des igned  to  c o n ta in  from 100 

to  300 p laque  forming u n i t s  pe r  0 .1  m l . ,  were made in  10 m l. amounts 

o f  (1) com m ercially  p rep a red  t r y p t i c a s e  soy b ro th  (BBL) o f  0 .5  p e r  

c e n t  sodium c h l o r i d e  c o n te n t  and (2) the  same b ro th  to  which s u f f i c i e n t  

s a l t  was added to  make a f i n a l  c o n c e n t r a t i o n  o f  10 per c e n t .  At 10 

p e r  cen t  sodium c h l o r i d e  c o n c e n t r a t i o n  the  pH o f  the b r o th  was reduced 

from 7 .2  to  6 .8 .  No a d ju s tm en t o f  pH was made s in c e ,  in  p re v io u s  e x p e r ­

im en ts ,  v a r i a t i o n  o f  hydrogen io n  c o n c e n t r a t io n  w ith in  t h i s  range  had 

no e f f e c t  on th e  p laque  forming a b i l i t y  o f  10 r e p r e s e n t a t i v e  phages 

t e s t e d  in  media c o n ta in in g  0 .5 ,  3 , 7 .5 ,  and 10 per  cen t sodium c h l o r i d e .

The i n i t i a l  (0) sample was removed as soon a f t e r  p r e p a r a t io n  

as  p o s s i b le .  The rem ainder o f  th e  su sp e n s io n  was incubated  fo r  24 

hours a t  30°C. A d d i t io n a l  samples were tak en  from a l l  su sp e n s io n s  

a f t e r  10 to  12 hours in c u b a t io n  and ag a in  a t  th e  end o f  24 h o u rs .  With 

s e le c te d  s t r a i n s  samples were taken  a t  i n t e r v a l s  o f  2, 4 , and 10-12 

hours to  d e te rm in e  phage i n a c t i v a t i o n  a t  in te rm e d ia te  t im es .  For ease  

o f  p r e s e n t a t i o n  o f  th e  r e s u l t s ,  s in c e  i n a c t i v a t i o n  was r e l a t i v e l y  

c o n s ta n t  w i th  t im e , on ly  th e  i n i t i a l  (0) and tw en ty -four  (1) hour 

f in d in g s  a re  p re s e n te d  in  F ig u re s  1 and 2.

Sodium c h l o r i d e  i n a c t i v a t i o n  o f  f r e e  phage was de te rm ined  by 

th e  s o f t  a g a r  o v e r la y  method d e s c r ib e d  fo r  de term in ing  phage p laque  

c o u n t s .

P ro p a g a t io n  o f  Phage 81 in  Sodium C hloride  Media 

This p ro ced u re  was p a t t e r n e d  a f t e r  th a t  used by R oun tree  (1951),
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e x c e p t  th a t  in s te a d  o f  th e re  b e ing  10 to  15 p laque  form ing u n i t s  in  

th e  sample to  be t e s t e d ,  the  sample used h e re  con ta in ed  app rox im ate ly  

500 p laque  forming u n i t s  per  0 .02  ml. I n to  10 t e s t  tubes  were p ip e t t e d  

0 .9  ml. amounts o f  t r y p t i c a s e  soy b r o th  c o n ta in in g  0 .5 ,  2, 3, 4 ,  -5,-6, 

7 , 8 ,  9, and 10 p e r  c e n t  sodium c h l o r i d e ,  r e s p e c t i v e l y .  To each o f  

th e s e  tubes was added 0 .02  ml. o f  a s i x  hour t r y p t i c a s e  soy b ro th  

c u l t u r e  of PS 81. Im m ediate ly , 0 .1  ml. of phage 8 1 -b ro th ,  c o n ta in in g  

25 ,000  p laque forming u n i t s  per  0 .02  m l . ,  was added to  each tu b e .  Two- 

h u nd red th  ml. samples were removed from each tube w ith  0 .2  ml. p i p e t t e s  

as  soon a f t e r  mixing as p o s s ib le  and a g a in  a f t e r  2, 4 , 6, 12, 24, and 

30 h o u rs .  These samples were d isp en sed  in t o  tubes  which co n ta in ed  0 .1 

m l. samples of a s ix  hour b ro th  c u l t u r e  of PS 81. Three ml. o f  t r y p t i ­

c a s e  so y -0 .6  per  c en t  agar  were added to  each tube and t h e r e a f t e r  the 

p ro ced u re  fo llow ed t h a t  o f  the s o f t  a g a r  o v e r la y  te c h n iq u e .  A f te r  

24 hours  in c u b a t io n  a t  30°C the  d eg ree  o f  l y s i s  was noted and re c o rd e d .  

Whenever p o s s ib le  in d iv id u a l  p laq u es  were counted . When the  number o f  

p la q u e s  in c re a se d  to  th e  p o in t  where i n d iv id u a l  p laq u es  were n o t  d i s ­

c e r n a b le ,  th e  r e l a t i v e  degree  o f  l y s i s  was reco rded  as fo l lo w s :  ++,

p la q u es  too numerous to  coun t;  + 4 4 - ,  se m i-c o n f lu e n t  l y s i s ;  14  I I-, c o n f lu ­

e n t  l y s i s .

E f f e c t  o f  Osmotic Shock on I n a c t i v a t i o n  

o f  Phages 80 and 81 

Phages 80 and 81 were compared in  t h i s  exp erim en t .  A m o d i f i ­

c a t i o n  of th e  method used by Anderson (1949) and H e r r i o t t  (1951) was 

fo l lo w ed .  Two volumes o f  20 p e r  c e n t  sodium c h l o r i d e - t r y p t i c a s e  soy
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b ro th  were added to  one volume o f  p hage-b ro th  which co n ta in e d  10^ 

p laque  forming u n i t s  per  ml. A f te r  a l low ing  f i v e  m inu tes  fo r  e q u i l i ­

b r a t i o n ,  50 volumes o f  d i s t i l l e d  w a te r  were added r a p i d l y .  S e r i a l  

t e n - f o l d  d i l u t i o n s  in  t r y p t i c a s e  soy b ro th  were made im m ediate ly  and 

th e se  were used in  the  s o f t  a g a r  o v e r la y  p l a t e s  to  de te rm ine  th e  d e ­

c r e a s e ,  i f  any, in  p laque forming u n i t s .  O ne-ten th  ml. phage samples 

and 0 .1  ml. o f  b a c t e r i a l  c e l l  su sp en sio n  were mixed w ith  3 ml. t r y p t i ­

c a se  so y -0 .6  p e r  c e n t  ag a r  and p la t e d  by the  o v e r la y  te c h n iq u e .  PS 81 

was used as th e  h o s t  b ac te r iu m  f o r  each phage. C o n tro l  su spensions  o f  

th e  phages, made in  r e g u la r  t r y p t i c a s e  soy b r o th ,  were t r e a t e d  in  a 

s im i la r  manner. P laque counts  were determ ined a f t e r  24 hours in c u b a t io n  

a t  30“C.

E f f e c t  o f  Sodium C h lo r id e  on A dso rp tion  

and R e p l i c a t io n  o f  Phage 81 

D elbruck and L u r ia  (1942) e s t im a ted  a d s o rp t io n  by de te rm in in g  

the  t o t a l  number o f  p laque  form ing u n i t s  i n  th e  p h age-hos t  c e l l  m ix ture  

and s u b t r a c t i n g  from t h i s  th e  number o f  p laque  forming u n i t s  rem ain ing  

( f r e e ,  unadsorbed v i r u s )  a f t e r  removal of the  in f e c te d  c e l l s  by c e n t r i ­

fu g a t io n .  The D elbruck and L u r ia  method was fo llowed in  th e  e s t im a t io n  

o f  phage a d s o rp t io n  in  th e  experim ents  d e s c r ib e d  below.

Phage A d so rp t io n  in  T ry p t ic a s e  Soy Broth 

w ith  R e p l i c a t io n  in  S a l t  Medium 

Two m l. o f  phage 81 in  t r y p t i c a s e  soy b ro th ,  c o n ta in in g  200 to  

600 p laque  forming u n i t s  pe r  0 .1  m l . ,  were mixed w ith  an  equa l volume
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o f  a s ix  hour b r o th  c u l tu r e  o f  PS 81, Twenty m inutes a t  room tem pera ­

tu r e  were a llow ed fo r  phage a d s o r p t io n .  R oun tree  (1951) found t h a t  

abou t 95 pe r  c e n t  ad so rp t io n  o f  s ta p h y lo c o c c a l  phage to  h o s t  c e l l s  

occurred  in  20 m in u tes .  O n e- ten th  ml. samples were p la ced  in  tubes  to  

each o f  which was added 3 ml. o f  m e lted ,  co o le d ,  t r y p t i c a s e  so y -0 .6  

per  cen t  ag a r  co n ta in in g  sodium c h lo r id e  to  g iv e  a f i n a l  c o n c e n t r a t io n  

o f  0 .5 ,  3, 7 .5 ,  and 10 per c e n t  r e s p e c t i v e l y .  A f te r  mixing th e  co n ­

t e n t s  were poured to  the s u r fa c e  o f  agar  p l a t e s  c o n ta in in g  sodium c h lo ­

r i d e  in  the  same p ro p o r t io n s  as th e  s o f t  ag a r  l a y e r .  P laques were 

counted a f t e r  24 hours  (30°C) in c u b a t io n  o f  th e  s o l i d i f i e d  p l a t e s .

A f te r  the  i n i t i a l  samples of the  p h ag e-s ta p h y lo co cc u s  m ix tu re  were 

tak en ,  the  rem ainder of the  m ix tu re  was c e n t r i f u g e d  a t  2500 rpm fo r  

f iv e  m inutes i n  an angle head c e n t r i f u g e .  O ne-ten th  ml. o f  the  phage- 

c o n ta in in g  s u p e rn a ta n t  was added to  tubes to  which an equa l volume o f  

a s i x  hour b ro th  c u l tu r e  of PS 81 was d is p e n s e d .  Follow ing m ix ing , th e  

c o n te n ts  o f  the  f iv e  tubes were p la te d  by the  o v e r la y  tech n iq u e .

Plaques were counted a f t e r  24 hours  in c u b a t io n  a t  30°C.

Phage A dsorp tion  in  S a l t  B roth  w ith  

R e p l ic a t io n  in  S a l t  Medium 

The procedure  d esc r ib e d  above was r e p e a te d  excep t t h a t  phage 81 

was suspended in  2 ml. o f  t r y p t i c a s e  soy b r o th  which co n ta in ed  doub le  

s t r e n g th  sodium c h lo r id e  in  o rd e r  t h a t  th e  f i n a l  s a l t  c o n c e n t r a t io n  

would be 0 .5 ,  3, 7 .5 ,  and 10 per  c e n t .  Im m ediate ly  t h e r e a f t e r ,  2 ml. 

o f  p h ag e -b ro th  were mixed w ith  2 ml. o f  a  s i x  hour b ro th  c u l t u r e  o f  

PS 81 and 0 .1  ml. samples, i n  r e p l i c a t e s  o f  f i v e ,  were p la te d  as
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b e f o r e ,  i n i t i a l l y  and a f t e r  c e n t r i f u g a t i o n .

Phage A d so rp t io n  i n  S a l t  B roth  w ith  

R e p l i c a t io n  in  T ry p t ic a s e  Soy Agar 

Phage su spens ions  were p re p a re d  i n  double s t r e n g t h  sodium 

c h lo r id e  b ro th  as d e s c r ib e d  above. However, in  th i s  experim ent 0 .1  ml. 

samples o f  the  p h a g e -c e l l  m ix tu re ,  taken  b e fo re  and a f t e r  c e n t r i f u g a ­

t i o n ,  were p la te d  to  the  s u r f a c e  o f  r e g u la r  (0 .5  per c e n t  sodium c h l o r ­

id e )  t r y p t i c a s e  soy ag a r  p l a t e s  by th e  s o f t  agar o v e r la y  tech n iq u e  in  

r e p l i c a t e s  o f  f i v e .  The tim e and te m p era tu re  of in c u b a t io n  were th e  

same as i n  p re v io u s  e x p e r im en ts .

E f f e c t  o f  Sodium C h lo r id e  on S taphy lococci

as Phage Host C e l l s  '

E f fe c t  o f  S a l t  Medium on Number 

o f  V iab le  S tap h y lo co cc i  

O ne-ten th  ml. amounts o f  a su sp e n s io n  of PS 81, c o n ta in in g  100 

to  300 v i a b l e  c e l l s  pe r  0 .1  m l . ,  were p laced  in  f iv e  tubes  to  each of 

which were added 3 ml. t r y p t i c a s e  so y -0 .6  p e r  cent ag a r  c o n ta in in g  0 .5 ,  

3, 7 .5 ,  and 10 per  cen t sodium c h l o r i d e  r e s p e c t iv e l y .  C ontents  o f  

th e s e  tubes were mixed and poured to  the  s u r fa c e  of t r y p t i c a s e  soy 

a g a r  p l a t e s  c o n ta in in g  th e  same l e v e l s  o f  sodium c h l o r i d e .  Colony 

co u n ts  were made a f t e r  48 hours  in c u b a t io n  a t  30°C.

A d a p ta t io n  of S ta p h y lo c o c c i  to  Growth in  S a l t  Medium 

A d a p ta t io n  of PS 81 to  growth in  medium of h ig h  sodium c h lo r id e
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c o n te n t  was a t tem p ted  i n  the  fo llow ing  m anner. PS 81 was su b c u l tu re d  

d a i l y ,  f o r  e le v e n  s u c c e s s iv e  d ay s ,  in  the  p resen ce  o f  in c re a s in g  con­

c e n t r a t i o n s  o f  sodium c h lo r id e ,  i n i t i a l l y  from r e g u la r  0 .5  p e r  c en t  

sodium c h l o r i d e  t r y p t i c a s e  soy  agar  to th e  same medium c o n ta in in g  1 p e r  

c e n t  sodium c h lo r id e  and , s u b se q u e n tly ,  by d a i l y  inc rem en ts  o f  1 per  

c e n t  o f  s a l t ,  to  10 p e r  cen t  sodium c h lo r id e  medium. T h e r e a f t e r ,  fo u r  

a d d i t i o n a l  t r a n s f e r s  on 10 pe r  c e n t  s a l t  medium were made. O ne-ten th  

ml. samples of a t r y p t i c a s e  soy b ro th  s u sp e n s io n  c o n ta in in g  a p p ro x i ­

m a te ly  300 v i a b l e  c e l l s  pe r  0 .1  ml. were p la ced  in  each of e i g h t  tu b e s ,  

i n  r e p l i c a t e s  o f  f i v e ,  and 3 ml. of m elted  t r y p t i c a s e  so y -0 .6  p e r  c e n t  

ag a r  c o n ta in in g  0 .5 ,  3 , 5, 6, 7, 8, 9, and 10 per  cen t  sodium c h l o r i d e ,  

r e s p e c t i v e l y ,  was p ip e t t e d  to  each tu b e .  A f te r  mixing, the  c o n te n ts  

o f  each tube  was poured to  the  s u r fa c e  of p l a t e s  o f  t r y p t i c a s e  soy agar 

which co n ta in e d  the  same c o n c e n t r a t io n  of sodium c h lo r id e  as in  the  

a g a r  o v e r la y .  P l a t e s  were in c u b a ted  a t  30°C fo r  48 hours when colony 

coun ts  were made.

Phage 81 R e p l ic a t io n  on Washed C e l ls  a f t e r  

Growth on S a l t  Medium 

PS 81 was grown fo r  app ro x im ate ly  15 hours a t  37°C on r e g u la r  

(0 .5  p e r  c en t  sodium c h lo r id e )  t r y p t i c a s e  soy agar  and on the  same 

medium c o n ta in in g  10 p e r  ce n t  sodium c h l o r i d e .  C e l l s  were washed from 

th e  s lo p e  c u l t u r e s  w i th  t r y p t i c a s e  b ro th  and c e l l  su spensions  o f  each 

w ere made w i th  o p t i c a l  d e n s i ty  a d ju s te d  t o  t h a t  o f  th e  MacFarland #3 

BaS04 s ta n d a r d .  A nother p o r t i o n  o f  each c e l l  su spension  was washed 

t h r e e  t im es  i n  t r y p t i c a s e  soy b r o th  and th e  d e n s i ty  a d ju s te d  as b e f o r e .
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O n e-ten th  ml. samples o f  su sp en s io n s  o f  th e  washed and unwashed c e l l s ,  

grown on th e  low and h ig h  s a l t  medium, were p laced  in  tu b es  i n  r e p l i ­

c a t e s  o f  f iv e  and 0 .1  m l. o f  p h ag e -b ro th ,  c o n ta in in g  app ro x im ate ly  900 

p la q u e  forming u n i t s ,  was added to  each. A f te r  a l lo w in g  20 m inutes  fo r  

a d s o r p t i o n ,  3 ml. o f  m e lted  t r y p t i c a s e  soy -0 .6  pe r  c e n t  agar  were added 

to  th e  tubes  and the  s o f t  ag a r  o v e r la y  method was used to  enumerate 

phage p la q u e s .  Four ml. o f  each o f  the  p h a g e -c e l l  su sp en s io n s  were 

c e n t r i f u g e d  a t  8°C in  an I n t e r n a t i o n a l  r e f r i g e r a t e d  c e n t r i f u g e  a t  3000 

rpm fo r  20 m in u te s .  Samples o f  the  su p e rn a ta n t  f l u i d  were removed and 

coun ts  de term ined  by th e  s o f t  agar  ov e r lay  te ch n iq u e .

E f f e c t  o f  Sodium Chloride  on Phage 

S u s c e p t i b i l i t y  of Heat 

Shocked C ells

In  o rd e r  to  t e s t  fo r  th e  e f f e c t  o f  sodium c h lo r id e  on the  phage 

s u s c e p t i b i l i t y  o f  h e a t  shocked c e l l s ,  the fo llow ing  p rocedu re  was em­

p lo y e d .  S ta p h y lo c o c c i  were su b c u l tu re d  d a i l y  to  t r y p t i c a s e  soy agar  

s lo p e s  and in c u b a ted  a t  45°C fo r  th r e e  s u c c e ss iv e  days .  On th e  fo u r th  

day 2 m l. of t r y p t i c a s e  soy b ro th  was in o c u la te d  from th e  l a s t  s lope  

c u l t u r e  and in c u b a te d  a t  45°C u n t i l  the  b ro th  was q u i t e  tu r b id  (about 

s i x  h o u r s ) .  C o n tro l  c u l t u r e s  were t r e a te d  in  a s im i l a r  manner excep t 

t h a t  th e  in c u b a t io n  te m p e ra tu re  in  each in s ta n c e  was 37°C. The b ro th  

c u l tu r e  was s t r e a k e d  to  th e  s u r f a c e  of t r y p t i c a s e  soy ag a r  p l a t e s ,  h a l f  

o f  which co n ta in ed  in c r e a s in g  le v e l s  o f  sodium c h l o r i d e  and h a l f  con­

ta in e d  no added s a l t  over th e  amount (0 .5  per  c e n t )  no rm ally  p r e s e n t .  

Phages 29, 52A, 79, 80, and 81 a t  1000 X RTD were then  dropped to  the
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s u r f a c e  of th e  p l a t e s .  As soon as th e  p la t e s  were d ry ,  th e y  were i n ­

v e r te d  and in c u b a ted  a t  30°C fo r  24 hours when they  were read  fo r  l y s i s .

Experiments d e s c r ib e d  i n  t h i s  c h a p te r  were perform ed i n  r e p l i ­

c a te s  o f  a t  l e a s t  t h r e e .  With the  e x c e p tio n  o f  th e  h e a t  shock e x p e r i ­

ment, each experim en t was re p e a te d  a t  l e a s t  once.
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RESULTS

S ta p h y lo c o c c a l  Phage P a t t e r n s  on 

Sodium C h lo r id e  Agar 

F ig u re  1 i l l u s t r a t e s  the  enhanc ing  e f f e c t  o f  sodium c h lo r id e  

on th e  l y t i c  a c t i v i t y  o f  c e r t a i n  phages on PS 81. Of th e  phages t e s t e d  

(29, 52, 52A, 79, 80, 81, 71, 42B, 470 and 4 7 ) ,  ro u t in e  t e s t  d i l u t i o n s  

(RTD) o f  phages 52, 80 and 81 gave s e m i-c o n f lu e n t  to  c o n f lu e n t  l y s i s  

on 0 .5  p e r  c e n t  sodium c h lo r id e  t r y p t i c a s e  soy a g a r .  A t RTD, in  the  

p resen ce  o f  3 p e r  c e n t  s a l t ,  on ly  phage 81 com ple te ly  ly s e d  th e  p ro p a ­

g a t in g  s ta p h y lo c o c c u s .  This  phage showed d im in ished  l y t i c  a c t i v i t y  a t  

7 .5  and 10 p e r  c e n t  c o n c e n t r a t i o n s  o f  sodium c h lo r id e .  At 1000 X RTD 

phage 52 gave c o n f lu e n t  l y s i s  on r o u t i n e  ty p in g  medium c o n ta in in g  0 .5  

p e r  cen t  s a l t ,  b u t  a t  3 p e r  c e n t  sodium c h lo r id e  only a  shadow r e a c t i o n  

appeared , and a t  h ig h e r  s a l t  l e v e l s  no r e a c t i o n  occurred . S im ila r  

e f f e c t s  were noted  w ith  phages 52A and 80. At 1000 X RTD phage 42B, 

which showed numerous d i s c r e t e  p la q u e s  on r o u t i n e  te s t  medium, was e n ­

hanced to  s e m i-c o n f lu e n t  l y s i s  a t  3 p e r  c e n t  s a l t  c o n c e n t ra t io n ,  w h ile  

a t  7 .5  pe r  c e n t  s a l t  i t s  a c t i v i t y  r e s u l t e d  in  an extrem ely  t h i n  growth 

or what cou ld  be i n t e r p r e t e d  as e i t h e r  l y s i s  o r  i n h i b i t i o n .  At 1000 X 

RTD phage 81, which was d e r iv e d  o r i g i n a l l y  from phage 42B (Bynoe e t  a l . , 

1956) con tinued  to  g iv e  c o n f lu e n t  l y s i s  on 10 p e r  cent sodium c h lo r id e

19
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Fig u re  1. The e f f e c t  of I n c r e a s in g  sodium c h lo r id e  concen­
t r a t i o n  on l y s i s  o f  PS 81 by s ta p h y lo c o c c a l  phages.



2 1

medium.

An e x te n s io n  o f  t h i s  s tudy  us ing  21 phages,  20 p ro p a g a t in g  

s t r a i n s ,  and s t r a i n s  Hvl, E35, and W i s  p re se n te d  in  summary form in  

F ig u re s  2, 3 , and 4 and i n  g r e a t e r  d e t a i l  in  T ab les  1 through 23. A l l  

phages a t  the  r o u t i n e  t e s t  d i l u t i o n  (RTD) r e g u la r ly  showed d im in ished  

l y t i c  a c t i v i t y  as th e  s a l t  c o n c e n t r a t io n  was in c re a s e d .  At 1000 X RTD, 

some s t r a i n s  o f  phage, w hich showed l i t t l e  or no l y t i c  a c t i v i t y  a t  low 

sodium c h lo r id e  c o n c e n t r a t i o n s ,  gave alm ost com plete l y s i s  a t  in c re a se d  

l e v e l s .  Examples o f  t h i s  phenomenon were observed in  th e  fo llo w in g  

in s t a n c e s :  Phage 42B on PS 80, PS 81, PS 54, Hvl, and W (F ig u res  1, 3,

Tables 4, 5, 15, 20, and 2 2 ) ;  phage 71 on PS 3B, PS 3C, PS 55 (F igu re  

3, Tables 7, 8, and 9 ) ;  phage 47C on PS 6, PS 75, and Hvl (F ig u re  4 , 

Tab les  11, 16, and 2 2 ) .  On r o u t i n e  ty p in g  medium, a t  1000 X RTD, some 

phages gave "shadow l y s i s " ,  u s u a l ly  r e f e r r e d  to  as i n h i b i t i o n  or 

th in n in g  o f  the  b a c t e r i a l  g row th. Some phages, u n re a c t iv e  on s ta p h y ­

lo c o c c i  i n  r o u t in e  medium, gave the  shadow r e a c t i o n  o n ly  in  th e  p r e s ­

ence o f  h ig h e r  l e v e l s  o f  sodium c h lo r id e .  Examples o f  th i s  type  o f  

r e a c t i o n  were noted  w i th  each s taphy lococcus  s tu d ie d  excep t PS 71 

(Table 10) . In  the  c a se  o f  th o se  phages which gave l y t i c  r e a c t io n s  on 

r o u t i n e  ty p in g  medium th e  shadow r e a c t io n  g e n e ra l ly  re p la c e d  l y s i s  as 

th e  c o n c e n t r a t io n  o f  sodium was in c re a s e d .  T h is  would seem to  i n d i c a t e  

t h a t  th e  shadow r e a c t i o n  i s  a form of l y s i s .  Phages be long ing  to  

group I  (29 , 52, 52A, 79, and 80) and group I I I  (6 , 42B, 42E, 47C, 47, 

75, and 77) were u s u a l l y  the  ones which showed in c re a s e d  shadow a c t i ­

v i t y  as  th e  sodium c h l o r i d e  c o n c e n t r a t io n  in  th e  ty p in g  medium
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in c re a s e d .  Phage 71, b e lo n g in g  to  phage group I I ,  f r e q u e n t ly  showed 

shadow a c t i v i t y  w ith  s ta p h y lo c o c c i  which were norm ally  ly sed  by phages 

of o th e r  groups a t  3 and 7 .5  p e r  c e n t  s a l t  b u t  no t a t  0 .5  o r  10 per  

cen t  c o n c e n t r a t io n s .  Phage 3B in  group I I ,  on o c c a s io n ,  showed enhanced 

a c t i v i t y  a t  e le v a te d  s a l t  l e v e l s .  Examples o f  phages a t  1000 X RTD 

which r e g u l a r l y  e x h i b i t  l y t i c  a c t i v i t y  i n  10 pe r  c e n t  sodium c h lo r id e  

ty p in g  medium a r e  phage 81 on PS 80 and PS 81 (F ig u re  2, T ab les  4 and

5 ) ,  phages 3B and 3C on PS 3C and phage 71 on PS 3B (F ig u re  3 and

Tables 7 and 8 ) ,  phages 6, 47, and 75 on PS 6 (F ig u re  4 and Table  11),

phages 6, 7, 47, and 75 on PS 7 (F igu re  4 and Table 12), phages 7 and

42E on PS 42E (F ig u re  4 and Table  14 ),  phages 47 and 75 on PS 54 (F igu re  

4 and Table  15 ),  and phage 47 on PS 75 and PS 83 (F ig u re  4 and Tables 

16 and 18).

As the s a l t  c o n c e n t r a t i o n  was in c re a s e d  in  a s te p w ise  f a sh io n  

to  7 .5  p e r  c e n t ,  in c re a se d  a c t i v i t y  o f  phages 29, 52, 52A, 79, 80, 7, 

and 47 on the Smith s t r a i n  o f  S taphylococcus au reus  was i n d i c a t e d  by 

th in n in g  shadows (S) or enhanced degrees  of l y s i s  (Table 2 4 ) .  This was 

u s u a l ly  pronounced a t  th e  3, 4 , and 5 pe r  c e n t  sodium c h l o r i d e  l e v e l s .  

C onverse ly , phage 71 gave d im in ished  a c t i v i t y  on t h i s  s t r a i n  as the  

c o n c e n t r a t io n  o f  s a l t  was in c re a s e d .  The "normal" phage ty p e  o f  the  

Smith s t r a i n  proved to  be 29 /71 . However, phages 52, 52A, 79, and 80, 

which were i n a c t i v e  on r o u t i n e  t e s t  medium, gave c o n f lu e n t  c l e a r i n g  a t  

s a l t  c o n c e n t ra t io n s  g r e a t e r  than  0.5  pe r  c e n t .  Phages 7 and 47 , which 

e x h ib i te d  only  shadow a c t i v i t y  on r o u t i n e  t e s t  medium, gave l y s i s  a t  

s a l t  c o n c e n t ra t io n s  4 th rough  7 .5  p e r  c e n t .  The Smith n o n - ty p a b le
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Host
c e lls

PS 2?

PS 52

PS 52A /7?
PS 80

PS 81
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PS 52A/7 ?
PS 80
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PS 5 2 A /7? 
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Phage
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10.0^ NaCl medium

F ig u re  2. Summary o f  b a c te r io p h a g e  p a t t e r n s  o f  Group I  p r o ­
p a g a t in g  s ta p h y lo c o c c i  (PS) and PS 81 on t r y p t i c a s e  soy ag a r  c o n ta in ­
in g  in c r e a s in g  c o n c e n t r a t io n s  o f  sodium c h lo r id e .

Shadow l y s i s  a t  RTD L ys is  a t  RTD

Shadow ly s i s  a t  1000 X RTD L ysis a t 1000 X RTD

No rea c tio n
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PS 3 C 
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PS 71
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F igu re  3. Summary o f  b a c te r io p h a g e  p a t t e r n s  o f  Group I I  
p ro p a g a t in g  s ta p h y lo c o c c i  (PS) on t r y p t i c a s e  soy agar  c o n ta in in g  
in c re a s in g  c o n c e n t ra t io n s  o f  sodium c h l o r i d e .

Shadow l y s i s  a t  RTD L y s is  a t  RTD

Shadow ly s i s  a t 1000 X RTD L ysis  at 1000 X RTD

No rea c tio n
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F S  U 2 B ^ 7
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PS 44A

0 ,5% NaCl medium

m
PS U 2 ^ 7 c

PS *42 E

PS I|Ua

3 . 0% NaCl medlv

F ig u re  4 . Summary o f  b a c te r io p h a g e  p a t t e r n s  of Group I I I  and 
IV p ro p a g a t in g  s ta p h y lo c o c c i  (PS) on t r y p t i c a s e  soy agar c o n ta in in g  
in c r e a s in g  c o n c e n t r a t io n s  o f  sodium c h lo r id e .

Shadow l y s i s  a t  RTD L ysis  a t  RTD

[ijTj Shadow l y s i s  a t  1000 X RTD L ysis a t 1000 X RTD

No rea c tio n
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CO m CO
77)
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PS U2E 

PS Ul*A 

PS *+7 

PS 53 
PS 5*1 

PS 75 
PS 77

7.5% NaCl medium

10.0^ NaCl medium

F ig u re  4 ,  c e n t .  Summary o f  b a c te r io p h a g e  p a t t e r n s  o f  Groups 
I I I  and IV p ro p a g a t in g  s ta p h y lo c o c c i  (PS) on t r y p t i c a s e  soy a g a r  con­
t a in in g  in c re a s in g  c o n c e n t r a t io n s  of sodium c h lo r id e .

Shadow l y s i s  a t  RTD L y s is  a t  RTD

Shadow l y s i s  a t 1000 X RTD L ysis  a t  1000 X RTD

No rea c tio n
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s t r a i n  (Sv) was n o n - r e a c t iv e  on ro u t in e  t e s t  medium, a l th o u g h  a t  6 p e r  

c en t  sodium c h lo r id e  l e v e l s  s c a t t e r e d  p laques  were observed  w ith  phage 

47. On 7 .5  p e r  c e n t  s a l t  medium th i s  same phage showed o n ly  shadow 

type l y s i s  w i th  the  Smith n o n - ty p ab le  s t r a i n .

S ta p h y lo c o c c a l  Phage P a t t e r n s  on 

Calcium C h lo r ide  Agar 

A lthough c o n c e n t r a t io n s  of ca lc ium  c h lo r id e  in  th e  typ ing  

medium were v a r ie d  from 0 .1  to  5 per c e n t ,  o n ly  th e  r e s u l t s  w ith  con ­

c e n t r a t i o n s  o f  0 .1  pe r  cen t  through 0 .5  per c e n t  a r e  p re se n te d  in  

Tables  25 th rough  35. At c o n c e n t ra t io n s  o f  1 per  c en t  o r  more of c a l ­

cium c h lo r id e  th e  growth o f  s ta p h y lo c o c c i  was reduced to  such an e x ­

t e n t  t h a t  r e s u l t s  were m eaning less .  In  only a few in s ta n c e s  was e n ­

hanced l y t i c  e f f e c t  n o te d .  Phages which gave no l y s i s  a t  the  r o u t i n e  

t e s t  d i l u t i o n  b u t  gave l y t i c  r e a c t io n s  w ith  added ca lc ium  c h lo r id e  were 

phages 52A on PS 52 (Table 26) and phage 80 on PS 52A/79 (Table  27 ) .  

Phage 81 on PS 52A/79 (Table  27 ) ,  which showed no l y s i s  a t  1000 X RTD 

on r o u t i n e  t e s t  medium, gave shadow r e a c t io n s  in  the p resence  o f  0 .1  

per c e n t  th rough  0 .5  p e r  c e n t  calc ium  c h l o r i d e .

Shadow a c t i v i t y  occu rred  a t  1000 X RTD w ith  phage 71 on PS 29 

(Table 25) i n  th e  p resen ce  o f  0 .1  and 0 .2  pe r  c e n t  added ca lc ium  c h l o r ­

id e .  Shadow a c t i v i t y  was a l s o  noted w ith  phages 52, 80, and 81 a t  

1000 X RTD when the  Smith s t r a i n  was t e s t e d  on 0 .1  th rough  0 .4  per  

c e n t  ca lc ium  c h l o r i d e  medium (Table 3 5 ) .  Phage 52 gave shadow l y s i s  

only  w i th  0 .1  p e r  c e n t  added ca lc ium  c h l o r i d e ,  phage 80 gave shadow 

l y s i s  a t  0 .1  and 0 .2  per  c en t  calc ium  c h l o r i d e ,  and l a s t l y ,  phage 81
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gave shadow l y s i s  w i th  added ca lc iu m  c h lo r id e  from 0 .1  th rough  0 .4  per 

c e n t .  No a c t i v i t y  w ith  th e se  phages was observed in  the  absence  o f  

added ca lc ium  c h l o r i d e .  I t  w i l l  be r e c a l le d  th a t  in c re a s e d  c o n c e n t r a ­

t i o n s  o f  sodium c h lo r id e  enhanced the e f f e c t  of phage 80 on th e  Smith 

s t r a i n .  At th e  l e v e l s  o f  s a l t s  used phage a c t i v i t y  was enhanced more 

by in c re a s e d  c o n c e n t ra t io n s  o f  sodium c h lo r id e  th a n  by in c re a s e d  le v e l s  

o f  ca lc iu m  c h lo r id e .

Sodium C h lo r id e  Tolerance of F ree  Phages

The sodium c h lo r id e  to le r a n c e  of f r e e  phages in  0 .5  per  cen t  

and 10 p e r  cen t  s a l t  b ro th  was examined b e fo re  and a f t e r  24 hours  in c u ­

b a t io n  a t  30°C. Phages 3A, 3B, 3C, 7, 42B, 42E, 47, 47C, 75, 81, and 

42D were not i n a c t iv a t e d  in  0 .5  or 10 per cen t  s a l t  b ro th  (F ig u re s  5 

and 6 ) .  C onverse ly , th e  p laque  forming a b i l i t y  o f  phages 29, 52, 52A, 

79, 80, 55, 71, 44A, 77, 83, and 187 were reduced d r a s t i c a l l y  a f t e r  

24 hours  in c u b a t io n  a t  30°C in  10 per cen t  s a l t  b ro th  (F ig u re  5) . Re­

d u c t io n  i n  p laque  forming a b i l i t y  o f  phages 80, 55, 77, and 187 was 

a l s o  pronounced a f t e r  24 hours incuba tion  a t  30°C in  0 .5  p e r  c e n t  s a l t  

b r o th .

These r e s u l t s ,  p lu s  knowledge of the  s e r o lo g i c a l  group o f  each 

phage, showed th a t  phages which were rem arkably  s t a b l e  i n  10 p e r  cen t  

sodium c h lo r id e  b r o th  belonged to  s e r o lo g ic a l  group A or F, whereas th e  

s e r o l o g i c a l  group B s ta p h y lo c o c c a l  phages were r e g u l a r l y  in a c t iv a t e d  

when exposed, in  the  f r e e  s t a t e ,  to  10 p e r  c e n t  sodium c h l o r i d e .  This 

f in d in g  c o r r e l a t e s  w i th  R o u n tre e 's  (1949) o b s e rv a t io n  t h a t  s e r o lo g i c a l  

group B phages were more u n s ta b l e  to  h e a t  and to  s to r a g e  a t  4°C than
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phages b e lo n g in g  to  s e r o lo g i c a l  groups A and F. The sodium c h lo r id e  

s t a b i l i t y  o f  group A and F phages was a l s o  d ec id ed ly  g r e a t e r  than  th a t  

of th e  s in g l e  group L phage t e s t e d  (phage 187).

Of th e  te n  group A phages s tu d ie d ,  only phage 47C showed as 

much as 33 per  c e n t  r e d u c t io n  in  p laque-form ing  u n i t s ,  whereas th e  

o th e rs  o f  t h i s  group r e t a in e d  72 p e r  cen t  or more o f  t h e i r  a c t i v i t y  

a f t e r  exposure to  the  h ig h e r  c o n c e n t ra t io n  of s a l t  (F ig u re  5 ) .  The 

mean s u r v iv a l  o f  the  10 group A phages, a f t e r  24 hours  in  10 p e r  cen t 

s a l t  b r o th ,  was 87 pe r  c e n t .  C onversely ,  e ig h t  o f  th e  n in e  group B 

phages t e s t e d  showed 88 pe r  cen t  or more i n a c t i v a t i o n  under th e  same 

c o n d i t io n s  (F ig u re  6 ) .  The one e x c e p t io n ,  phage 83, though l e s s  s e n ­

s i t i v e  to  sodium c h lo r id e  than th e  r e s t  o f  the group B phages , was 

i n a c t i v a t e d  to  app rox im a te ly  the  same degree  in  0 .5  p e r  c e n t  s a l t  b ro th  

as i n  10 per  c e n t  s a l t  b r o th ,  i . e . ,  41 and 44 pe r  c e n t  r e d u c t io n  r e s p e c ­

t i v e l y .  (R e s u l t s  w ith  phage 83 do no t appear in  F igu re  6 because i t s  

s e r o lo g i c a l  group became known, through p e rso n a l  communication from 

Miss Miriam C a rr ,  a f t e r  com pletion  of the f i g u r e . )  The s a l t  s e n s i t i ­

v i t y  o f  th e  group B phages was a l s o  evidenced by a drop in  the number 

o f  p la q u e -fo rm in g  u n i t s  w i th in  5 to  10 minutes a f t e r  i n i t i a l  c o n ta c t  of 

most of th e se  phages w ith  10 per  c e n t  s a l t  b ro th .  Such an immediate 

e f f e c t  was n o t  produced by exposure o f  group A phages to  the  same s a l t  

b ro th .  R e s u l t s  w ith  group F phages (42D and 77) and group L phage 187 

in d i c a te d  t h a t  they  were more s a l t  t o l e r a n t  than  group B phages, bu t  

on ly  phage 42D resem bled  a t y p i c a l  group A phage in  t h i s  r e s p e c t  (F ig ­

u re  6 ) .
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F ig u re  5. P e rcen tag e  s u r v i v a l  o f  a c t iv e  s e r o lo g i c a l  group A 
s ta p h y lo c o c c a l  phages in  0 .5  per  c e n t  and 10 p e r  cen t  sodium c h lo r id e -  
t r y p t i c a s e  soy b r o th  a t  30°C based  on p la q u e  coun ts  a t  the  tim e of 
i n i t i a l  in o c u la t io n  (0) and a f t e r  24 hours  ( 1 ) .
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F ig u re  6. P e rc e n ta g e  s u r v iv a l  o f  a c t i v e  s e r o l o g i c a l  group B 
and c e r t a i n  o th e r  s ta p h y lo c o c c a l  phages i n  0 .5  per  c e n t  and 10 p e r  c e n t  
sodium c h l o r i d e - t r y p t i c a s e  soy b ro th  at 30°C based on p laque coun ts  a t  the  
tim e o f  i n i t i a l  i n o c u l a t i o n  (0) and a f t e r  24 hours  ( 1 ) .

- - 0 . 5 Î  NaCl B r o t h 3 - - 1 0 5  NaCl B r o t h
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Comparison o f  th e  mean per  c e n t  r e d u c t io n  i n  p laque  counts 

a f t e r  h o ld in g  the  group A and group B phages i n  0 ,5  p e r  c e n t  s a l t  b ro th  

and in  10 per  c e n t  s a l t  b ro th  fo r  24 hours i s  p r e s e n te d  in  Table 36.

The extrem es in  v a r i a t i o n  o f  th e  s t a b i l i t y  o f  in d iv id u a l  phages w i th in  

each group a r e  a l s o  shown in  t h i s  t a b l e .  I t  w i l l  be noted t h a t  s u r v i ­

v a l  o f  a c t i v e  group A phages i n  0 .5  per  c e n t  and 10 p e r  cen t  s a l t  b ro th  

a re  rem arkab ly  s i m i l a r .  Most of the group B phages as  w e l l  as those  

o f  group A, appeared to  be q u i t e  s t a b l e  in  0 .5  per  c e n t  s a l t  b ro th ,  

a l th o u g h  p laque  count r e d u c t io n  in  the  case  o f  phage 55 a f t e r  24 hours 

in c u b a t io n  i n  0 .5  pe r  c e n t  s a l t  b ro th  was 59 p e r  c e n t ,  as compared to

88 p e r  cen t  in  10 p e r  c e n t  s a l t  b ro th .  The i n s t a b i l i t y  o f  phage 55 in

o rd in a ry  t r y p t i c a s e  soy b ro th  was exceeded on ly  by t h a t  o f  group L 

phage 187, which proved to  be 67 per cen t i n a c t i v e  a f t e r  th e  same tim e 

in  10 pe r  c e n t  s a l t  b r o th .

In  o th e r  ex p e r im e n ts ,  p laque counts  o f  samples taken  a t  i n t e r ­

v a ls  th roughou t th e  in c u b a t io n  p e r io d  r e v e a le d  t h a t ,  when th e  a c t i v i t y  

of a phage was reduced  a f t e r  24 hours in c u b a t io n  in  th e  p resence  of 

e i t h e r  0 .5  o r  10 per  c e n t  sodium c h lo r id e ,  a con tinuous  d e c l in e  in  th e  

q u a n t i ty  of a c t iv e  phage o ccu rred  th roughou t t h i s  p e r io d .  Some ty p i c a l  

r e s u l t s  o f  p laque  co u n ts  made during  th e  f i r s t  h a l f  o f  th e  per iod  a r e  

g iven  in  Table 37. I n  th e  case  o f  phage 29, f o r  example, re d u c t io n  in

p laque-fo rm ing  u n i t s  a f t e r  in c u b a t io n  in  10 p e r  cen t  s a l t  b ro th  fo r

four hours was 24 p e r  c e n t ;  a f t e r  12 hours i t  was 70 pe r  c e n t ;  th i s  

phage was over 90 p e r  c e n t  i n a c t iv a te d  a f t e r  24 h o u rs .  Phage 80 showed 

s im i l a r  i n a c t i v a t i o n  r e s u l t i n g  in  over 90 p e r  cen t  r e d u c t io n  o f  p la q u e -  

forming u n i t s  a f t e r  o n ly  12 hours in c u b a t io n  i n  10 p e r  c e n t  sodium
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c h l o r i d e  a t  30°C. Both phages 42B and 81 were no t  i n a c t i v a t e d ,  or 

showed o n ly  s l i g h t  i n a c t i v a t i o n ,  a f t e r  12 hours in c u b a t io n  in  10 per 

c e n t  s a l t  b r o th  a t  30°C.

P ro p a g a t io n  o f  Phage 81 in  Sodium 

C h lo r id e  Media

Exam ination of Table 38 shows t h a t  phage 81 was r e p l i c a t e d  in  

media c o n ta in in g  from 0.5 to  10 per  c en t  sodium c h lo r id e .  The de lay  

in  r e a c h in g  maximum phage t i t e r  was p r o p o r t i o n a l  to  th e  in c r e a s e  in  

sodium c h l o r i d e  con ten t  of the  p ro p ag a t in g  medium. At 10 pe r  c en t  

sodium c h l o r i d e ,  a f t e r  24 or 30 hours in c u b a t io n ,  on ly  a tw o -fo ld  r i s e  

in  th e  number o f  phage p laques  o c c u r re d .

When the time of appearance  o f  two p lus  l y s i s  of PS 81 by phage 

81 a t  0 .5 ,  2, 3, 4, 5, 6, 7, 9, and 10 p e r  cen t sodium c h lo r id e  concen­

t r a t i o n s  was p lo t te d  a t  2, 4 , 6, 12, 24, and 30 hour time i n t e r v a l s ,  

d e la y  i n  phage r e le a s e  was c l e a r l y  shown (F igure  7 ) .  I t  became e v id e n t  

t h a t  t h e r e  was roughly  a d e la y  o f  one hour to  reach  e q u iv a le n t  le v e ls  

o f  l y s i s  fo r  each 1 per c en t  in c re a s e  in  sodium c h lo r id e .  No a d d i t i o n a l  

phage r e l e a s e  could be d e te c te d  in  10 pe r  c en t  s a l t  b ro th  a f t e r  15 to 

16 hours  in c u b a t io n  a t  30°C.

E f fe c t  o f  Osmotic Shock on P ropaga tion  

o f  Phages 80 and 81

S in c e ,  in  th é  s tudy  on th e  e f f e c t  o f  h igh  sodium c h lo r id e  con­

c e n t r a t i o n s  on f re e  phages, th e  phages had been taken  from 10 pe r  cen t 

s a l t  b r o th  to  t r y p t i c a s e  s o y -0 .6  per  c e n t  agar  (0 .5  p e r  c e n t  sodium 

c h l o r i d e ) ,  i t  was d e s i r a b l e  to  know th e  e f f e c t  of p r e c i p i to u s  d rops i n



34

10

9

8

7

6

k

3

2

1

0
2 h 6 8 10 12 111

©

Time in hours

F ig u re  7. Time o f  appearance o f  two p lu s  l y s i s  (p laques  to o  
numerous to  coun t,  b u t  n o t  s e m i-c o n f lu e n t  l y s i s )  o f  PS 81 by phage 81 
a t  in c r e a s in g  l e v e l s  o f  sodium c h l o r i d e .
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osm otic  p r e s s u r e  on s ta p h y lo c o c c a l  phages. Anderson (1949) and H a r r i o t t  

(1951) observed  t h a t  when c e r t a i n  c o l i  phages were ta k en  from s o lu t i o n s  

o f  h igh  s a l i n i t y  to  th o s e  o f  r e l a t i v e l y  low c o n c e n t r a t io n s  (0 .6  M sodium 

c h lo r id e )  v i r a l  " g h o s ts "  w ere formed. These phage g h o s t s ,  when p r e s e n t  

a t  a p h a g e - c e l l  r a t i o  o f  one-hundred t o  one, s t i l l  p o sse sse d  th e  a b i l i t y  

to  ly s e  h o s t  c e l l s ,  b u t  p la q u e  forming a b i l i t y  was reduced by 99 per  

c e n t .

A p r e c i p i t o u s  drop  in  osmotic p r e s s u re  appeared  to  have no 

e f f e c t  on e i t h e r  phage 80, which p re v io u s ly  was shown to  be u n s ta b le  a t  

h igh  l e v e l s  o f  sodium c h l o r i d e ,  or on th e  s a l t - s t a b l e  phage 81 (Table 

39) .

E f f e c t  o f  Sodium C hloride  on A dso rp t ion  

and R e p l i c a t io n  o f  Phage 81 

To h e lp  c l a r i f y  th e  r o l e  o f  e le v a te d  le v e l s  o f  sodium c h lo r id e  

on a d s o rp t io n  and m u l t i p l i c a t i o n  of phage 81, experim en ts  were planned 

u s ing  th e  PS 81-phage 81 system  where (1) a d s o rp t io n  would be i n  t r y p t i ­

ca se  soy b ro th  b u t  r e p l i c a t i o n  would o ccu r  in  s e m i- s o l id  media c o n t a in ­

in g  i n c r e a s in g  l e v e l s  o f  s a l t ,  (2) a d s o rp t io n  would occur a t  e le v a te d  

l e v e l s  o f  sodium c h l o r i d e  and phage r e p l i c a t i o n  would occur a t  th e se  

same s a l t  l e v e l s ,  and (3) phage would be adsorbed in  the  p re se n c e  o f  

in c r e a s in g  l e v e l s  o f  sodium c h lo r id e  b u t  phage r e p l i c a t i o n  would occur 

on r e g u la r  (0 .5  p e r  c e n t  sodium c h lo r id e )  medium. T ab le  40 i l l u s t r a t e s  

t h a t  when 97 p e r  c e n t  a d s o r p t io n  had o ccu rred  in  t r y p t i c a s e  soy b r o th ,  

phage r e p l i c a t i o n  (de te rm ined  by plaque count)  was 301 p la q u e -fo rm in g  

u n i t s  in  media c o n ta in in g  0 .5  p e r  cent s a l t ;  p laque  coun t was
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d im in ished  to  124 in  3 p e r  c e n t  s a l t  medium; and , no p laq u es  could be 

d e te c te d  a t  th e  7 .5  and 10 p e r  cen t  s a l t  l e v e l s .  When ad so rp t io n  o f  

phage to  h o s t  c e l l s  to o k  p la c e  in  0 .5 ,  3, 7 .5 ,  and 10 pe r  c e n t  sodium 

c h lo r id e  b r o th ,  and r e p l i c a t i o n  was i n  s e m i - s o l id  media con ta in in g  the  

same l e v e l s  o f  s a l t ,  th e  number of phage p la q u es  was 240 on 0 .5  pe r  

c e n t  s a l t  medium, 103 on 3 pe r  cen t s a l t  medium, and none were d e tec te d  

on medium c o n ta in in g  7 .5  and 10 per cen t  sodium c h l o r i d e .  On the o th e r  

hand, when a d s o rp t io n  o f  phage occurred  in  0 .5 ,  3, 7 .5 ,  and 10 per cen t 

s a l t  b ro th ,  bu t  r e p l i c a t i o n  was in  t r y p t i c a s e  s o y -0 .6  p e r  cen t  agar con­

t a i n i n g  0 .5  p e r  cen t  sodium c h lo r id e ,  the  p laque  coun t was 126, 129,

132, and 118 r e s p e c t i v e l y .  E s tim ates  o f  th e  p laque  forming u n i ts  in  the  

s u p e rn a ta n t  f l u i d  a f t e r  the  20 minute a d s o rp t io n  p e r io d  in d ica te d  t h a t  

phage a d s o r p t io n  v a r ie d  in v e r s e ly  w ith  sodium c h l o r i d e  c o n te n t  of the  

b ro th .

E f f e c t  o f  Sodium C hlo ride  on S ta p h y lo c o c c i  

as Phage Host C e l ls

E f f e c t  o f  Sodium C hloride  Medium on Number 

o f  V iab le  S tap h y lo co cc i  

Growth o f  s a l t - a d a p te d  and nonadapted PS 81 were compared i n  

a b i l i t y  to  form c o lo n ie s  i n  media c o n ta in in g  in c r e a s in g  l e v e l s  of sodium 

c h lo r id e  (F ig u re  8 ) .  I t  i s  apparen t t h a t  a growth advantage of th e  s a l t  

adap ted  PS 81 o c c u r re d .  Whereas a 50 p e r  c e n t  r e d u c t io n  o f  the  co lony 

count o f  the  nonadapted s t r a i n  occurred  a f t e r  48 hou rs  on th e  5.5 pe r  

ce n t  sodium c h lo r id e  medium, th e re  was a r e d u c t io n  o f  on ly  35 per cen t  

of th e  s a l t  adap ted  s t r a i n  under the  same growth c o n d i t io n s .  This
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d i f f e r e n c e  became more pronounced a t  7 per  c e n t  s a l t  l e v e l s  where growth 

o f  th e  nonadapted s t r a i n  approached z e ro .  Growth of th e  s a l t  adapted 

s t r a i n  a t  7 per  cen t  s a l t  was 50 p e r  c e n t  above th a t  o f  th e  nonadapted 

s t r a i n .  The e f f e c t  o f  in c r e a s in g  s a l t  le v e ls  on (1) f r e e  phage 81,

(2) growth o f  PS 81, (3) growth of a " s a l t  adapted" PS 81, (4) l y s i s  

o f  PS 81, a f t e r  p rev ious  a d s o r p t io n  of phage 81, b e fo re  p la c in g  on 

h ig h  s a l t  a g a r ,  and l y s i s  o f  PS 81 on re g u la r  0 .5  per  c e n t  s a l t  agar 

a f t e r  p rev io u s  a d s o rp t io n  o f  phage in  the  p resence  o f  h ig h  c o n c e n tra ­

t i o n s  o f  s a l t  a re  compared in  F ig u re  9. Free phage 81 showed l i t t l e  

i n a c t i v a t i o n  a f t e r  24 hours in  the  p resence  o f  10 pe r  c e n t  sodium c h l o r ­

i d e .  Growth o f  PS 81 d ec re ase d  p ro g re s s iv e ly  to  a p o i n t  where a 50 per  

c e n t  r e d u c t io n  in  growth a c t i v i t y  was ob ta ined  a t  about th e  5 .5  per  cen t  

sodium c h lo r id e  l e v e l .  The " s a l t  adap ted"  PS 81 appeared  to  have a 

s l i g h t  growth advantage in  sodium c h lo r id e  media when compared w ith  

c e l l s  no t p re v io u s ly  exposed to  s a l t .  I f  phage were adsorbed  in  0 .5  

pe r  c e n t  s a l t  b ro th  b u t  a llow ed  to  r e p l i c a t e  a t  in c re a s e d  s a l t  l e v e l s  

th e  p laque  count dropped p r e c i p i t o u s l y .  Phage a d s o rp t io n  was p r o g r e s s iv e ­

ly  d im in ished  w ith  in c r e a s in g  s a l t  c o n c e n tra t io n  u n t i l ,  a t  about 7 .5  to  

10 p e r  cen t  sodium c h l o r i d e ,  a d s o rp t io n  remained c o n s ta n t  (approx im ate ly  

30 p e r  c e n t ) .

R e p l i c a t io n  o f  Phage 81 on Washed C e l ls  o f  Sodium 

C h lo r ide  Adapted and Nonadapted S tap h y lo co cc i  

No d i f f e r e n c e  in  p la q u e  forming a b i l i t y  o f  phage 81 was o b s e r ­

ved w hether th e  h o s t  c e l l s  were washed or not b e fo re  exposing  them to 

phage . I t  was e v id e n t ,  however, t h a t  the  s a l t -g ro w n  c e l l s  d id  no t
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F ig u re  8. Comparison o f  growth o f  s a l t  adap ted  and nonadapted 
PS 81 a t  in c r e a s in g  l e v e l s  o f  sodium c h l o r i d e .
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F igu re  9. Comparison o f  p e rc e n ta g e  a c t i v i t y ,  in  sodium c h l o r i d e ,  
o f  f r e e  and adsorbed  phage 81 as  w e l l  as  growth o f  i t s  p ro p a g a t in g
s t r a i n .
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produce as many p la q u es  as the  c e l l s  which had n o t  been grown on medium 

c o n ta in in g  h igh  c o n c e n t r a t io n s  o f  sodium c h l o r i d e .  The dec re ase  i n  

p laques  i n  the  case  o f  th e  s a l t  grown c e l l s  m ight be due to  (1) dec reased  

a d s o rp t io n  e f f i c i e n c y  o r  (2) d ea th  o r  i n a c t i v a t i o n  o f  many o f  the c e l l s  

taken  from t h e " s a l t  medium c u l t u r e s .  About 30 per  c e n t  o f  phage could  

n o t  be accounted fo r  when th e  c e l l s  which were grown on th e  medium con­

ta in in g  h igh  sodium c h lo r id e  c o n c e n t ra t io n s  were examined (Table 4 1 ) .

This  m iss in g  v i r u s  p ro b ab ly  was adsorbed  to  dead or i n a c t i v a t e d  h o s t  c e l l s  

which could  no t  r e p l i c a t e  th e  phage and thus produce p la q u e s .

E f f e c t  of Sodium C h lo r id e  on Phage S u s c e p t i b i l i t y

of Heat Shocked C e lls

P ro p ag a tin g  s tap h y lo co ccu s  29, 52A/79, 80, 81, 3A, 42B/47C, and 

42D were c u l t i v a t e d  a t  e le v a te d  tem p era tu res  and the  l y t i c  e f f e c t  of 

s e le c te d  phages (29, 52A, 79, 80, and 81) a t  in c r e a s in g  s a l t  co n ce n tra ­

t i o n s  was observed (Table  4 2 ) .  L y t ic  or i n h i b i t o r y  r e a c t i o n s  of phages 

were enhanced when the  p ro p a g a t in g  s taphy lococcus  had been grown a t  

47°C. A f te r  in c u b a t io n  a t  45°C PS 29 was e i t h e r  ly sed  o r  i t s  growth 

th inned  (shadow r e a c t i o n )  to  a g r e a t e r  e x te n t  on 0 .5  per  c e n t  sodium 

c h lo r id e  medium by phages 52A, 79, 80, and 81 than  were th e  c o n t ro l  c e l l s  

which had been grown a t  37°C. This  was t r u e  a l s o  o f  phage 29 when the

h o s t  organism was PS 52A/79. With PS 81 the  e f f e c t  was l e s s  pronounced

b u t  shadow a c t i v i t y  by phage 52A was enhanced in  th e  case  o f  c e l l s  grown 

a t  e le v a te d  te m p e ra tu re .  PS 3A, a t  37°C, was n o t  ly sed  o r  in h ib i te d  by 

phages 29, 52A, 79, 80, and 81 a t  low le v e l s  o f  sodium c h lo r id e ,  b u t
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was a f t e r  growth o f  PS 3A c e l l s  a t  45°C.- No enhancement o f  l y t i c  o r  

i n h i b i t o r y  e f f e c t s  on s a l t  media occurred  w ith  c e l l s  of PS 42B/47C 

when th e y  were grown a t  45°C. L y s is  was enhanced by phage 81 when PS 

42D had been grown a t  45°C on 0 .5  and 3 p e r  cen t  sodium c h lo r id e  medium. 

Conversely , th e  shadow r e a c t io n  w ith  phage 29 on th e  3 and 7 .5  per 

ce n t  s a l t  media d is a p p e a re d  a f t e r  in c u b a t in g  PS 42D a t  45°C.



TABLE 1

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 29 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 470 75 77 83 4 2D

0 .5

3 .0

7 .5

1 0 .0

4

3
RTD

N)

0 .5
1000

4 S s s s s s s s -

3 .0
X

4 S S s s s - - - - s - s s s s s - - - -

7 .5
RTD

S S S s s s - - - - s - s s s s s s - - -
10 .0 S S - - s s - s - - - - s s - s s s - - -

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 2

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 52 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5 - 4

3 .0
RTD

3 - - - - -  - -  — — — — - - - - -  - - -

7 .5

10.0

0 .5
1000

4 S S s s S s S s -  — - -

3 .0
X

-  4 S - s - S " — s -  S - - S s S - -

7 .5
RTD

— s - — s - S - — - -  S - - S s S - -

10.0 — — - - - - S — » — -  S - - s s S - -

■p-U)

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  o r  " I n h i b i t i o n " )  

no r e a c t i o n
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TABLE 3

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 52A/79 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5

3 .0

7 .5

10.0

RTD

0. 5  — — 4 4 3  — — 1 -  — —
1000

3 . 0  — — 4 4 — — — — — — S
■ X

7 . 5  — — — — — — — — — — S
RTD

10.0  -

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u e s
+ l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 4

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 80 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
7o Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5

3 .0

7 .5

10.0

RTD

4

2

4

4

4

Ui

0 . 5
1000

- 4 - 4 4

3 . 0
X

S 4 - 4 4 - - - s - - 3 - - S - - - -

7 .5
RTD

“ “ - -  - 4 — - - - s - - 4 — - s - - - -

10 .0 - — - — — 4 - — — — — — — S - - s - - - -

4 c o n f lu e n t  l y s i s
3 s e m i-c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )
-  no r e a c t i o n



TABLE 5

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 81 ON TRYPTICASE 
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5 - 3 - - 4 4

3 .0
RTD

- - - - - 4 - - - - - - - - - - - - - - -

7 .5 - - - - - 3 - - - - - - - - - - - - - - -

10.0

0 .5
1000

- 4 - - 4 4 - - - - - - - 2 - - S - - - -

3 .0
X

S 4 S S 4 4 - - - - S - - 3 - S s - - - -

7 .5
RTD

S S - - S 4 - S - - S - - S - - s - - -

10 .0 — — 4 — — — — — S — — s - - - -

f-

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w ith  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laques  
1 20 to  50 p laq u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )
- no r e a c t i o n



TABLE 6

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 3A ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 4 2D

0 .5  4 3 3

3 .0   3 3 3
RTD

7 .5  _ _ _ _ _ _ _ _ _

1 0 . 0  -  _ _ _ _ _ _

0. 5 - - - - 4 4 4 S S  + + +  +
1000

3. 0 _ _ _  - — - 4 4 4  - S -  — - — S
X

7. 5 S S S  — S — 4 4 4  — S — — — — S
RTD

10.0 " S "  — — - — S S “ " “ — “ — s

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 7

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 3B ON TRYPTICASE 
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone, 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

3 .0  - -  3 .........................................................................................................................
RTD

7 .5   _ _ _ _ _ _ _ _  _ _ -

10.0   _ _ _  - ■P'
00

0 .5
1000

4 4 s S

3 .0
X

S 4 s — s

7 .5
RTD

S S S S S - - S - - 3

10 .0 3

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w ith  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )
-  no r e a c t i o n



TABLE 8

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 3C ON TRYPTICASE 
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Gone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 4 2D

0 .5 ....................... ............................................. 4 4 2 3 - - -  - ........................................................

3 .0  - 4 4 - 2
RTD

7 .5   3 3 - -

10.0  -  _ _ _ _ _ _ _ _

VO

0 .5  — — — — — — 3 4 4 4 3  — — + +
1000

3. 0 S S S  S S - 3 4 4 S 4 - - -
X

7. 5 S S  - S S - S 4 4 - S - -  - -  S
RTD

10 .0  — — — — — — — 4 4  — _ _ _  _ — s

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )
-  no r e a c t i o n



TABLE 9

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 55 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5   4 4 3 3

3. 0 -  4 4 3 3
. . .  RTD

7 . 5 '   _ _ _ _ _

10.0  -
LnO

0 .5
1000

4 4 4 3

3 . 0
X

S S s s s s - 4 4 S 4 - - - s - - - - -

7 .5
RTD

S s s s s - - 4 4 - S -  S - - s - s - - -

10.0 _ s s - _ _ _ S S _ _ - s _ _ s _ - - _ _

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 10

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 71 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5 ....................... ...................................................................... 3 3 2 4 - -  - -  - -

3 .0    3 1 2  4
RTD

7 .5  _ _ _ _ _ _ _ _ _ _ _

10 .0   _ _ _ _ _

0. 5
1000

3 .0
X

7 .5
RTD

10.0

3 4 4 3

S S 3 3

S

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  or c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 11

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 6 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING GONCENTRATIONS OF SODIUM CHLORIDE

Phage
°U Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5  — — — — — 3 — — — — — 3 1 — + 4 - 4 1 1 “

3 .0  — — — — — 2 — — — — — 3 1 1  + 3 — 3 — — —
RTD

10 .0   _ _ _ _ _ _ _ _ ..............................................................

0 .5  - S S  S 4  4 3 4  4 4 S 4 S 4 S
1000

3 .0  — — - - — 4 — - - - S 4 3 4  4 4 2  4 1 3 -
X

7 . 5  — — — — — 3 — — — — — 3 S S  S A - S  4  — — _
RTD

10 .0  - - - - - — — “ “ “ - 3 S  — — 4 S 4 — — —

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n

LnN5



TABLE 12

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 7 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5 + 4 - + - - - + - -

3 .0
RTD

- - - - - — - - - - - - 4 - - - - - + - -

7 .5 S

10 .0 - - - - - - - - - - - S - - - - - S - - -

0 .5
1000

- - - - - 3 - - - - 3 3 3 4 3 2 s 3 2 3

3 .0
X

S — S S S S - - — S 3 3 3 4 S S s 3 -

7 .5
RTD

s S S S s S - - - S 3 4 3 3 S S 3 S - -

10 .0 — - - - — S — — - s 2 4 S S 3 S 3 S - —

LnW

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 13

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 42B/47C ON TRYPTICASE 
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 4 2D

RTD
7 .5  -  _ _ _ _ _ _ _ _ _ _ _  _ -  -

10 .0  -   -  -  -  -  ^

0. 5 _ _ _  — S 4  - — — — _ _ _ ^  1 1 4 — — — —
1000

3 .0  — S " S S 4  — — — — S — — 4 — — 4 _ _ _ _
X

RTD
10.0   - -  S -

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u e s
+  l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 14

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 42E ON TRYPTICASE 
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone, 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5

3 .0

7 .5

1 0 .0

RTD

4

3

2

Ln
Ln

0 .5
1000

- - - - - 4 - - - - - 1 4

3 .0
X

S s s s s 3 “ - - - S — — — 4 S - - - -

7 .5
RTD

s s s s s s - “• - - S -  s - 4 S - - - - -

10 .0 - s - — — “ - - - -  2 - 4 s - - - - -

4 c o n f lu e n t  l y s i s
3 s e m i-c o n f lu e n t  l y s i s  or c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 15

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 54 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5

3 .0

7 .5

10.0

RTD

3 +

4 

2

Ln
CT>

0 .5

3.0

7 . 5

10.0

1000

X

RTD

S

S 3

S 3

- -  S

S -  3

S -  3

- - S

s
3

3

S

3

3

4 3

4 3

4  S 

3

4 3 4

4 3 S

4 -  -

3 -  -

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th an  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 16

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 75 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 7 42B 42E 47 47C 75 77 83 4 2D

0 .5

3 .0

7 .5

10.0

RTD

.................................................. -  - 4 3

- -  - - - 3 2

— — * — — S — 1 1  — — — — — 1 S — 4 4

S S S  S S S - + -  — S - -  -  -  S 4 3 —

S S S  S S S  — — — — S — S S  S 3 — 4 —

- - - - - - - - - S S  S 3 -  S

Ln

0 .5

3 .0

7 .5

10 .0

1000

X

RTD

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  or co n f lu e n t , '  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 17

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 77 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
7o Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5

3 .0

7 .5

1 0 . 0

RTD

3

+

Ln
00

0 .5

3 .0

7 .5

1 0 .0

1000

X

RTD

S

S

S S

S S

S -  -

s - -

— — s

S -  4

S - 4

s — —

s — —

4 c o n f lu e n t  l y s i s
3 s e m i-c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  or " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 18

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 83 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 30 55 71 6 7 42B 42E 47 470 75 77 83 42D

0 .5

3 .0

7 .5

10.5

RTD

4 - S

4

Ln
VO

0 . 5
1000

- - 1 4 1 4 - - - - s - 4 -

3 . 0
X

S s s S S 4 - — — - s - 4 -

7 . 5
RTD

s s s s S 2 - - - - s - 4 -

1 0 . 0 s s 4 -

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u e s  
1 20 to  50 p la q u e s
+ l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 19

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS 42D ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
7o Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5

3 .0

7 .5

10.0

RTD

4

4

<T>O

0 . 5
1000

s s — “ — — — 2 - - - - 4

3 . 0
X

S S s s s s - - - s - s - - s - - - - s

7 .5
RTD

S s s s s s - s - - s - s - - s s s - - -

10.0 - s - - s - - - - - - - s - - s s s s - -

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p la q u e s
+ l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 20

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS W ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0.5 - 3 - - 4 4 - - - - - - - + - - - - - - -

3.0
RTD

- 1 - - 2 4

7.5 - - - - - 3 - - - - - - - - - - - - - - -

10.0

0.5
1000

- 4 - - 4 4 - - - - - - - 3 - - s - - - -

3.0
X

- 4 - - 4 4 - - - - S - - 3 - S s s - - -

7.5
RTD

- S - - S 4 - - - - . S - - 4 - S s - - - -

10.0 - - - - - 3 - - - - - - - 3 - s s - - - -

as

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  or c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p laques.
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 21

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS E35 ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 4 2D

0.5 - 3 - - 4 - - - - - - - - - - - - - - - -

3 .0
RTD

- 3 - - 3 - - - - - - - - - - - - - - - -

7 .5

10 .0

0 .5
1000

- 4 - - 4 4 - - - - - - - + - - s - - - -

3 .0
X

S 4 S s 4 S - - - - s - - 1 - s s - - - -

7 .5
RTD

s S s s S — - - — s - - - - s s - - - -

10 .0 s S s s S - - - - - s - s - - s s - - - -

4 c o n f l u e n t  l y s i s
3 s e m i - c o n f l u e n t  l y s i s  or  c o n f l u e n t  l y s i s  w i t h  r e s i s t a n t  c o l o n i e s  
2 more th a n  50 p la q u e s  
1 20 t o  50 p la q u e s
+  l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 22

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS HVl ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
7o Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 4 2D

0 .5  2 - 4 4 ................................................-  - - -

3 .0  — — - — 2 4 - - - - — - " — — — — — — — —
RTD

7. 5 -  4 - - - - - - -  -  - -  -

1 0 .0  -  - - -   - - -  -  -

0 .5
1000

— 4

3 .0
X

4

7 .5
RTD

- S

10 .0 - -

4 4  — — — - — — — 2 — — s —

4 4  - — - - S — — 3 — — S —

S 4 - -  — — S — — 4 — — 3 S

OJ

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 23

BACTERIOPHAGE PATTERNS OF PROPAGATING STAPHYLOCOCCUS Sm ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

Phage
% Phage

NaCl Cone. 29 52 52A 79 80 81 3A 3B 3C 55 71 6 7 42B 42E 47 47C 75 77 83 42D

0 .5

3 .0

7 .5

1 0 .0

RTD

o>
■P-

0 .5
1000

S 4

3 .0
X

4 s s s s s s — — — —

7.5
RTD

S s s s s s s - s s - — - — -

10.0 - - - - - - - s - - - -  s - - s _ - -

4 c o n f lu e n t  l y s i s
3 s e m i-c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w ith  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u e s  
1 20 to  50 p la q u e s
+ l e s s  than  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )
-  no r e a c t i o n



TABLE 24

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON STAPHYLOCOCCUS Sm ON TRYPTICASE
SOY AGAR CONTAINING INCREASING CONCENTRATIONS OF SODIUM CHLORIDE

%
NaCl 29 52 52A 79 80 81 71

Phage

6 7 42B 42E 47 47C 75 42D

0 .5 3 - - - - - 4 - S - - S S S -

2 .0 3 - - 3 3 - 3

3 .0 4 3 3 3 3 - 3 - S - - S - S -

4 .0 3 3 3 3 3 - 3 - S - - 3 - S -

5 .0 3 3 3 3 3 - 3 - 1 - - 3 - S -

6 .0 3 3 3 3 3 - 3 - 2 - - 3 - S -

7 .5 3 3 3 3 3 - 3 - 1 - - 3 - S -

4 c o n f l u e n t  l y s i s
3 s e m i - c o n f l u e n t  l y s i s  or  c o n f l u e n t  l y s i s  w i t h  r e s i s t a n t  c o l o n i e s  
2 more th a n  50  p la q u e s  
1 20  to  50  p la q u e s
+  l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )
-  no r e a c t i o n

Ln



TABLE 25

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 29 ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

% RTD
CaCl2 29 52 52A 79 80 81 ;7 1  83

1000 X RTD 
29 52 52A 79 80 81 71 83

TSA 4

0 .1 4

0 .2 4

0 .3 4

0 .4 4

0 .5 4

4

4

4

4

4

4

3

3

3

3

3

3

S

S

S

S

S

S

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

S

S
o\ON

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  or c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p laq u es
+ l e s s  th a n  20 p laques
5 shadow ( p a r t i a l  l y s i s  or  " i n h i b i t i o n " )
- no r e a c t i o n



TABLE 26

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 52 ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

% RTD 1000 X RTD
CaCl2 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

TSA - 4 - - 3 - - -  - 4 3 S 3 S - -

0 .1 - 4 1 - 3 - - " - 4 3 S 3 S - -

0 .2 - 4 1 - 3 - - * 4 3 S 3 S - -

0 .3 - 4 1 - 3 - - - - 4 3 S 3 S - -

0 .4 - 4 1 - 3 - - - 4 3 S 3 S - -

0 .5 _ 4 + 3 4 3 S 3 S

cr>

4 c o n f l u e n t  l y s i s
3 s e m i - c o n f l u e n t  l y s i s  or c o n f l u e n t  l y s i s  w i th  r e s i s t a n t  c o l o n i e s  
2 more th a n  50 p la q u e s  
1 20 to  50 p la q u e s
+  l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  or  " i n h i b i t i o n " )
- no r e a c t i o n



TABLE 27

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 52A/79 ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

7= RTD 1000 X RTD
CaCl2 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

TSA - 4 4 - - - - - 3 4 4 - - - -

0 .1 - “ 4 4 + - - -  - 3 4 4 3 S - -

0.2 - 4 4 + - - “ - 2 4 4 3 S - -

0 .3 - - 4 4 -h - - - — 1 4 4 3 s - -

0 .4 - - 4 4 - - - - - 1 4 4 3 s - -

0 .5 4 3 + 4 4 3 s

O '
00

4 c o n f l u e n t  l y s i s
3 s e m i - c o n f l u e n t  l y s i s  or c o n f l u e n t  l y s i s  w i t h  r e s i s t a n t  c o l o n i e s  
2 more th an  50 p la q u e s  
1 20 t o  50 p la q u e s
+  l e s s  th a n  20 p la q u e s
5 shadow ( p a r t i a l  l y s i s  or  " i n h i b i t i o n " )  

no r e a c t i o n



TABLE 28

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 80 ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

RTD 1000 X RTD
laClg 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

TSA - 3 - - 4 4 - - - 4 1 - 4 4 - -

0 .1 - 3 - - 4 4 - - - 4 1 - 4 4 - -

0 .2 - 3 - - 4 4 - - - 4 1 - 4 4 - -

0 .3 - 1 - - 3 4 - - - 3 S - 4 4 - -

0 .4 - 1 - - 3 4 - - - 3 S - 4 4 - -

0 .5 + 3 3 3 S 4 4

4 c o n f l u e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w ith  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p laq u es
+ l e s s  th a n  20 p laques
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n

o\
VO



TABLE 29

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 81 ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

% RTD 1000 X RTD
CaCl2 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

TSA - 4 - - 4 4 - - - 4 S 4 4 - -

0 .1 - 3 - - 4 4 - - - 4 S 4 4 - -

0 .2 - 3 - - 4 4 - - 3 S 4 4 - -

0 .3 - 2 - - 3 4 - - 3 8 4 4 - -

0 .4 - 1 - - 3 3 - - 3 S 4 4 - -

0 .5 - - - - 3 3 - - 3 S 4 4 - -

4 c o n f lu e n t  l y s i s
3 s e m i-c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p laq u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n

o



TABLE 30

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 3A ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

7o RTD 1000 X RTD
CaCl2 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

TSA -  _ _ _ _ _  -  S

0 .1   - _ _ _  S

0 .2  _ _ _ _ _  - S

0 . 3  -  _ _ _ _ _  -  S

0. 4 -  _ _ _ _ _  - S

0. 5  - S

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )
- no r e a c t i o n

h-*



TABLE 31

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 3B ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

7o RTD 1000 X RTD
CaCl2 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

TSA — " — — — — S "  — — — “ — — 3 “

0 .2   -  3

0 .3  - _ _ _ _ _  -  3

0. 4 -  _ _ _ _ _  -  3

0. 5  - - 3

4 c o n f lu e n t  l y s i s
3 s e m i -c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p laq u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n ” ) 

no r e a c t i o n



TABLE 32

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING 
STAPHYLOCOCCUS 3C ON TRYPTICASE SOY AGAR CONTAINING 

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

7o
CaCl2 29 52 52A

RTD 
79 80 81 71 83 29 52

1000 X RTD 
52A 79 80 81 71 83

TSA

0 .1

0 .2

- - - - - 3 - - - - - + 3 -

- - - - -

J

3 - - - - - - -

3

3 -

0 .3 - - - - - 3 - - - - - 3 -

0 .4 - - - - - - 3 - - - - - " - 3 -

0 .5 - - - - - 3 - - - — — * - 3 -

4 c o n f lu e n t  l y s i s
3 s e m i-c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es
1 20 to  50 p laq u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n

OJ



TABLE 33

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 55 ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

°L RTD 1000 X RTD
CaClg 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

IR A — — — — — — / 1 — — “■ — "  ^ 3 "

0 ,3  — — — — — — — — — 3 ”

0 ,4  — “ — — — — 4 — — — — — „ —. ^ „

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p laq u es  
1 20 to  50 p la q u es
+ l e s s  th a n  20 p la q u es
5 shadow ( p a r t i a l  l y s i s  o r  " i n h i b i t i o n " )  

no r e a c t i o n

■p-



TABLE 34

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING
STAPHYLOCOCCUS 71 ON TRYPTICASE SOY AGAR CONTAINING

INCREASING CONCENTRATIONS OF CALCIUM CHLORIDE

Phage

% RTD 1000 X RTD
CaCl2 29 52 52A 79 80 81 71 83 29 52 52A 79 80 81 71 83

TSA - - - - - - 4 - - - - - - 3 -

0 .1  

0 2

- - - - - 3

3

- - - - - - - 3

3

-

0 .3 - - - — - - 3 - - - — — - - 3 -

0 .4 - - - - - - 3 - - - - — - - 3 -

0.5 - - - — — - S - - - - - - 3 -

4 c o n f lu e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  o r  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  c o lo n ie s  
2 more th a n  50 p la q u es  
1 20 to  50 p laq u es
+ l e s s  th a n  20 p laq u es
5 shadow ( p a r t i a l  l y s i s  or " i n h i b i t i o n " )  

no r e a c t i o n

Oi



TABLE 35

BACTERIOPHAGE ACTIVITY OF SELECTED PHAGES ON PROPAGATING 
STAPHYLOCOCCUS Sm ON TRYPTICASE SOY AGAR CONTAINING 

INCREASING CONCENTEIATIONS OF CALCIUM CHLORIDE

Phage

% RTD
CaCl2 29 52 52A 79 80 81 71 83

1000 X RTD 
29 52 52A 79 80 81 71 83

TSA

0 . 1

0 . 2

0 .3

0 .4

0 .5

+  - - - - -  1

+  1

+  -  -  1

+

3

3

3

2

S

S

S S

8 S

S 

S

4

3

3

3

3

3
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TABLE 36

PERCENTAGE INACTIVATION OF STAPHYLOCOCCAL PHAGES AFTER 
24 HOURS INCUBATION IN 0 .5  PER CENT AND 10 PER CENT 

SODIUM CHLORIDE-TRYPTICASE SOY BROTH AT 30°C

P ercen tag e  r e d u c t io n  i n  p laque  
coun t a f t e r  24 h r . ,  30°C

S e ro lo g ic a l
% NaCl 

in Group
Most

s t a b l e
Most

s t a b l e
group b ro th mean phage phage

A 0.5 11 0 24
(10 phages)

10 13 0 33

B 0.5 17 0 59
(9 phages)

10 88 44 99

F 0 .5 _ 4 39
(2 phages)

10 8 58

L 0 .5 67* _

(1 phage)
10 72*

*Only one phage (187) s tu d ie d .



TABLE 37

PLAQUE COUNTS OF TYPICAL SEROLOGICAL GROUP A PHAGES (42B AND 81) 
AND GROUP B PHAGES (29 AND 80) AFTER INITIAL DILUTION AND 

INCUBATION AT 30°C IN 0 .5  PER CENT AND 10 PER CENT 
SODIUM CHLORIDE-TRYPTICASE SOY BROTH

Number o f  P laque Forming U n i t s

Phage 42B Phage 81 Phage 29 Phage 80

Time ( h r . ) - 0.3%
NaCl
b r o th

10%
NaCl
b r o t h

0.5%
NaCl
b r o t h

10%
NaCl
b r o t h

0.5%
NaCl
b r o t h

10%
NaCl
b r o t h

0.5%
NaCl
b r o t h

10%
NaCl
b r o t h

0 250 247 137 137 188 178 203 179

4 247 260 128 141 171 135 142 43

10 - 12* 217 223 120 112 168 53 103 16

*A11 were 12 hour coun ts  exce p t those  of Phage 81 which were made a f t e r

00

10 h o u r s .
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TABLE 38

REPLICATION OF PHAGE 81 IN INCREASING 
SODIUM CHLORIDE CONCENTRATIONS

Plaque Forming Units

%
NaCl

0
h r .

2
h r .

4 
h r .

6
h r .

12
h r ,

24
hr .

30 
h r .

0 .5 256 4 4 - H 4 4 -4 4 4

2 .0 298 388 4 4 4 4 4 -4 4

3 . 0 235 253 4 4 -4-44

4 . 0 298 372 -4 4 4 4 4

5 . 0 223 268 313 4 4

6 .0 260 321 332 -44

7 . 0 222 247 216 265

9 . 0 229 237 208 273

10 .0 248 265 271 258

4 4 -

4 -4 4 4 4 4 4 4 -4 4 4

4 -4 4 4 4 4 4 4 -4 4 4

-4-44 4 4 4 4 4 4

4 4 4 4 4 4 4 4

402 617 582

I 14-1 c o n f l u e n t  l y s i s

44-4- s e m i - c o n f l u e n t  l y s i s  o r  c o n f l u e n t  l y s i s  w i t h  
r e s i s t a n t  c o l o n i e s  

-H- m o r e  t h a n  50 p l a q u e s
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TABLE 39

THE EFFECT OF RAPID DILUTION, FROM 10 PER CENT 
SODIUM CHLORIDE TO DISTILLED WATER, ON 

PLAQUE FORMATION BY PHAGES 80 AND 81

Phage 80 Phage 81

Phage Plaque Forming Unit s  Plaque Forming Units
D i l u t i o n  Con tro l  T es t  Con t ro l  Test

10"2 -H44- -H-H- ++++ -H44-

1 0 - 3  + 4 4 4 -  4 4 4 4 -  4 4 4 4 -  4-444-

1 0 - 4  4 4 4 -  4-44- + 4 4 -  + + +

1 0 - 3  4-+ 44-  44- 44-

10-6 44- 4 4 -  44- 44-

10-7 156 152 150 146

I- III  c o n f lu e n t  l y s i s
-H-+ sem i -c o n f lu e n t  l y s i s  or  c o n f lu e n t  l y s i s  with  

r e s i s t a n t  c o lo n ie s  
4-+ more than 50 p laques
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TABLE 40

THE EFFECT OF VARYING CONCENTRATIONS OF 
SODIUM CHLORIDE UPON ADSORPTION AND 

REPLICATION BY BACTERIOPHAGE 81

Per Cent NaCl Plaque Forming U ni ts

A dsorp­
t i o n  in  

TSB

R e p l i c a ­
t i o n  in  

TSA

P ercen tag e  
A dso rp t ion  
a f t e r  20 min.

Suspension 
before Cen­
t r i f u g a t i o n

S u p e rn a ta n t  
a f t e r  Cen­
t r i f u g a t i o n

0.5 0 .5 97 301 20

3 .0 97 124 1

7 .5 97 0 0

10.0 97 0 0

0.5 0 .5 99 240 3

3.0 3 .0 53 103 1

7.5 7 .5 34 0 0

10.0 10.0 29 0 0

0.5 0.5 99 126 1

3 .0 53 129 55

7.5 34 132 87

10.0 29 118 84

TSB t r y p t i c a s e soy b ro th
TSA t r y p t i c a s e  soy agar
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TABLE 41

THE EFFECT OF WASHING CELLS ON PLAQUE FORMATION

Plaque Forming Unit s

Organism
Unwashed

C e l l s
Washed
C e l l s

Superna ta n t
Unwashed

Cel ls

S u p e rn a ta n t
Washed
C e l l s

PS 81 876 809 3 3

PS 81 
Adapted to  

10% NaCl
583 571 33 9
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TABLE 42

THE EFFECT OF ELEVATED TEMPERATURE ON HOST 
CELL SUSCEPTIBILITY TO BACTERIOPHAGE

Inoculum grown a t 37°C Inoculum grown a t 45°C

S t a p h .
Phage Phage

S t r a i n  
No.

%
NaCl 29 52A 79 130 81 29 52A 79 80 81

PS 29 0.5 4 S 8 S 4 3 3 3 3

3.0 h 8 S 8 8 3 8 8 8 S

7.5 S S S 8 8 8 8 8 8 S

PS 52A/79 0.5 - 4 4 3 - 3 4 3 3 -

3 .0 - 4 4 - - - 3 3 8 -

7.5 - - - - - 8 - - -

PS 80 0.5 - - 4 4 - 8 - 4 4

3.0 S - 4 4 - 8 - 4 4

7.5 - - - 4 8 8 - 8 4

PS 81 0.5 - - 4 4 - 8 - 3 3

3.0 S s 8 4 4 - 8 - 3 3

7.5 S - 8 4 - S 8 S 4

4 c o n f l u e n t  l y s i s
3 s e m i - c o n f lu e n t  l y s i s  or  c o n f lu e n t  l y s i s  with  r e s i s t a n t  

c o lo n ie s  
2 more than  50 p laques  
1 20 t o  50 p laques
5 shadow ( p a r t i a l  l y s i s  or  " i n h i b i t i o n " )  

no r e a c t i o n
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TABLE 42—Continued

Staph.  
S t r a i n  

No.
%

NaCl

Inoculum grown a t 37°C Inoculum grown a t 45°C

Phage Phage

29 52A 79 80 81 29 52A 79 80 81

PS 3A 0.5 - - - - - 1 S S - 2

3 .0 - - - - - - s S S 3

7.5 S S - S - S s S s 1

PS 42B/47C 0.5 - - - s 4 - - - s 4

3 .0 - - S s 4 - - - s 4

7.5 - - - - 3 - - - - -

PS 4 2D 0.5 - - s - S - - S - 3

3 .0 s s s s S - s S s 3

7.5 s s s s S - s s s -

4 c o n f lu e n t  l y s i s
3 semi- c o n f l u e n t  l y s i s  or  c o n f lu e n t  l y s i s  w i th  r e s i s t a n t  

c o lo n ie s  
2 more than  50 p laques  
1 20 to  50 p laques
5 shadow ( p a r t i a l  l y s i s  or  " i n h i b i t i o n " )
- no r e a c t i o n



CHAPTER IV

DISCUSSION

R e l a t i o n s h i p  of  Sodium Chlor ide To le rance  

to S e r o l o g i c a l  Groups of  

Staphylococca l  Phages 

In  a d d i t i o n  to d i s t i n c t i v e  a n t i g e n i c i t y ,  s e r o l o g i c a l  groups 

of  s t a p h y lo c o c c a l  phages a r e  c h a ra c t e r i z e d  by c e r t a i n  o th e r  p r o p e r t i e s ,  

in c lu d in g  hos t  r ange ,  p laque  s i z e ,  a b i l i t y  to  form ly s o g e n ic  systems,  

and s t a b i l i t y  (Rippon,  1956) . Seto et. â l -  (1956) made e l e c t r o n  m ic ro ­

graphs of  s e r o l o g i c a l  group A and B staphylophages and found t h a t  

group A phages were l a r g e  p a r t i c l e s  with e l l i p t i c a l l y  con toured f l a t t e n e d  

heads and long t a i l s ;  group B phages were much s m a l l e r  p a r t i c l e s  w i th  

c i r c u l a r  or p o ly g o n a l ly  shaped heads with  long t a i l s .  The t a i l s  o f  

bo th  groups had a pronounced t e rm in a l  bob. Rountree (1949) po in ted  

ou t  the  r e l a t i v e  i n s t a b i l i t y  of  s e r o l o g i c a l  group B phages ,  p a r t i c u ­

l a r l y  t h e i r  marked s e n s i t i v i t y  to  heat  and s t o r a g e  a t  4°C, compared to  

t h a t  of  the  group A and F phages.  In  t h e  f i r s t  s e r o l o g i c a l  i n v e s t i g a ­

t i o n  of  s ta p h y lo c o c c a l  phages ,  Burnet  and Lush (1935) observed  t h a t  

th e se  phages could be d iv id e d  i n t o  two c a t e g o r i e s ,  c i t r a t e - s e n s i t i v e  

and - i n s e n s i t i v e .  Elek  (1959) ,  in  h is  rev iew  o f  the  b a c t e r i o p h a g e s ,  

s t a t e s  t h a t  th e  r e s i s t a n c e  o f  f r e e  phage i s  u n r e l a t e d  to  t h a t  of  th e

85
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h o s t ;  g ram -nega t ive  b a c i l l i  a r e  k i l l e d  by c o n c e n t r a t i o n s  of  ch lo ro fo rm ,  

t o l u e n e ,  and o t h e r  agen ts  which had no e f f e c t  on t h e i r  b a c t e r i o p h a g e s .  

The s t a p h y l o c o c c a l  phages were found to  vary  among them se lves ,  however,  

i n  t h e i r  r e s i s t a n c e  to c h lo ro fo rm  (L ie g e o i s -M u l le r  and F r e d e r i c q ,  1952) .  

R oun t ree  (1951) r e p o r te d  t h a t  most  s t a p h y l o c o c c a l  phages ,  when i n  th e  

f r e e  s t a t e ,  were i n a c t i v a t e d  t o  some degree  by 1 per  cen t  sodium c i ­

t r a t e  and those  most com ple te ly  i n a c t i v a t e d  belonged to s e r o l o g i c a l  

group B. In  th e  same s tu d y ,  which was concerned  c h i e f l y  w i th  th e  e f f e c t  

o f  e l e c t r o l y t e s  on a d s o r p t i o n ,  ev idence  was p r e s e n t e d  t h a t  each phage 

has a c h a r a c t e r i s t i c  ca lc ium  r e q u i r e m e n t .  Sodium c i t r a t e  i n h i b i t e d  

a d s o r p t i o n  of  a l l  b u t  two o f  the  phages examined and t h i s  e f f e c t  was 

a t t r i b u t e d  to  the  a c t i o n  of  the  c i t r a t e  an ion  which,  i t  was su g g e s te d ,  

bound the  ca lc ium  on the  s u r f a c e  o f  the  phage and th u s ,  b locked  th e  

a d s o r p t i o n  s i t e .  In  g e n e r a l ,  s e r o l o g i c a l  group A s t a p h y l o c o c c a l  phages 

have only  a p a r t i a l  ca lc ium r e q u i r e m e n t ;  whereas  i n  the  case  o f  s e r o ­

l o g i c a l  group B phages,  ca lc ium  i s  an a b s o l u t e  requ i rem en t  f o r  p r o p a ­

g a t i o n  ( B l a i r  and Wi l l i ams ,  1961).

In  th e  p r e s e n t  s tu d y  i t  was found t h a t  the  f r e e  s t a p h y l o c o c c a l  

phages which were l e a s t  s t a b l e  i n  10 p e r  c e n t  sodium c h l o r i d e - t r y p t i -  

c a s e  soy b r o t h  were a l s o  those  of  s e r o l o g i c a l  group B, whereas s e r o l o ­

g i c a l  group A phages were s t a b l e  a t  th e s e  same s a l t  l e v e l s .  The marked 

r e d u c t i o n  i n  th e  a c t i v i t y  o f  s e r o l o g i c a l  group B phages might  be due to  

t h e  e f f e c t  o f  the  sodium c h l o r i d e  on f r e e  phage p r i o r  to  c o n t a c t  w i th  

t h e  s t a p h y l o c o c c i  o r ,  p o s s i b l y ,  due to  f a i l u r e  of  the  phages to  adsorb  

t o  c e l l s  i n  t h e  p resence  o f  sodium c h l o r i d e  in t ro d u c e d  w i t h  th e  phage- 

s a l t  b r o t h  suspens ion  to  th e  p h a g e - c e l l  m ix tu r e .  I f  i n h i b i t i o n  o f
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a d s o r p t i o n ,  as  proposed by the  l a t t e r  e x p l a n a t i o n ,  were s o l e l y  r e s p o n ­

s i b l e ,  e q u a l  r e d u c t i o n  in  p laque  count  should occur i n  th e  i n i t i a l  

sample and th e  24 hour sample which were bo th  taken  from the 10 per  

c e n t  s a l t  b r o t h .  Mixing of  0.1  ml o f  t h i s  b r o th  w i th  an equal volume 

o f  t h e  b r o t h  c u l t u r e  o f  the p ropaga t ing  s t r a i n  of  s taphy lococcus ,  f o l l o w ­

ed by immediate a d d i t i o n  of  3 ml. s o f t  a g a r ,  q u ic k ly  d i l u t e d  th e  concen­

t r a t i o n  o f  sodium c h l o r i d e  t o  about  0.8 pe r  c e n t .  The q u a n t i t y  of s o d ­

ium c h l o r i d e  was f u r t h e r  reduced on p l a t i n g  i n  t h e  s o f t  agar .  Rountree 

(1951) found t h a t  i n  the  case  of t h e  c i t r a t e - s e n s i t i v e  phages,  a d s o r p ­

t i o n  i n  t h e  p resence  o f  sodium c h l o r i d e  was v a r i a b l e .  When i t  o ccu r red ,  

r e c o v e ry  of  a c t i v e  phage from the c e l l s  i n f e c t e d  in  the  presence  of  up 

t o  1000 pg.  pe r  ml. o f  sodium c h l o r i d e  was l e s s  th a n  from c e l l s  i n f e c t e d  

i n  th e  p r e s e n c e  of  up to 400 pg. p e r  ml. o f  ca lc ium c h l o r i d e .  These 

c o n c l u s i o n s  were based on exper imen ts  i n  which phages and c e l l s  were 

h e ld  20 m inu tes  in  aqueous s o l u t i o n s  of  sodium c h l o r i d e  a t  lower concen­

t r a t i o n s  th a n  those  i n  the phage c e l l  m ix tu re s  t e s t e d  h e r e .  The p r e s e n t  

s tudy  i n d i c a t e s  t h a t  the  most u n s t a b l e  phages of group B lyse  s u s c e p t i b l e  

s t a p h y l o c o c c i  when 1 per  ce n t  sodium c h l o r i d e - t r y p t i c a s e  soy agar  i s  

employed i n  th e  r o u t i n e  typing  p rocedure .

I f  i n a c t i v a t i o n  of  f r e e  phage occurs  in  the  s a l t  b ro th  p r i o r  

to  mix ing w i th  the s t a p h y lo co cca l  c e l l s ,  one would expec t  a c o n t in u in g  

d e c r e a s e  i n  th e  number of  p laque- fo rm ing  u n i t s  w i th  in c r e a s e  i n  t ime.

This  was observed  to  occur .  In  the  case o f  group B phages t h e r e  was an 

immediate r e d u c t i o n ,  fo l lowed by p r o g r e s s i v e  d e c re a s e  in  plaque count  

u n t i l ,  a t  t h e  end of  24 hours ,  12 p e r  cen t  or  l e s s  o f  t h e  o r i g i n a l  a c t i ­

v i t y  rem ained .  Group A phages showed l i t t l e ,  i f  any,  dec re a se  in
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a c t i v i t y  on i n i t i a l  c o n t a c t  w i th  10 per  c e n t  sodium c h l o r i d e - b r o t h ;  

when a c t i v i t y  was reduced a f t e r  24 hours  th e  p laque  count s  made a t  4 

and 10 to 12 hour  i n t e r v a l s  r e f l e c t e d  a d e c r e a s e  i n  p laque  forming a b i l ­

i t y .  The i n a c t i v a t i o n  o f  s t a p h y lo c o c c a l  phages observed  h e re  appears 

to  b e  an e f f e c t  o f  sodium c h l o r i d e  on f r e e  phage .

The sodium c h l o r i d e  i n s t a b i l i t y  o f  s e r o l o g i c a l  group B s tap h y ­

l o c o c c a l  phages observed i n  t h i s  s tudy  p a r a l l e l s  t h e i r  r equ i rem en t  

fo r  ca lc ium.  Two phages o th e r  than  those  o f  s e r o l o g i c a l  group B which 

have an a b s o l u t e  ca lc ium  requ i rem en t  a r e  47C (group A) and 187 (group L) 

B l a i r  and W i l l i a m s , (1 9 6 1 ) .  In  the p r e s e n t  s tu d y  phage 47C proved to be 

the  most s e n s i t i v e  to  sodium c h l o r i d e  of  a l l  t h e  group A phages t e s t e d ,  

bu t  i t  was much more s a l t  s t a b l e  than  any o f  t h e  o th e r  group B phages.

The s a l t  t o l e r a n c e  o f  phage 187 and of  th e  e x c e p t i o n a l  group B phage 

83 was i n t e r m e d i a t e  between those  o f  the  av e ra g e  group A and group B 

phages ,  b u t  t h e y  were a lm os t  as  u n s t a b l e  in  0 .5  p e r  cen t  sodium c h lo r id e -  

b r o t h  as i n  10 per  cen t  sodium c h l o r i d e - b r o t h .  In  g e n e r a l ,  i n a c t i v a t i o n  

i n  the  h ig h e r  c o n c e n t r a t i o n  o f  sodium c h l o r i d e  was independent  of  s t a ­

b i l i t y  in  r e g u l a r  b r o t h .  Most phages r e t a i n e d  t h e i r  a c t i v i t y  i n  0.5 

per  cen t  sodium c h l o r i d e - b r o t h ,  a l though  t h e r e  were i n d i v i d u a l  d i f f e r ­

ences  w i t h i n  each group.  No phage was more s t a b l e  in  10 per  cen t  sodium 

c h l o r i d e - b r o t h  than  in  0 .5  per  c e n t  sodium c h l o r i d e - b r o t h .

Sodium c h l o r i d e  t o l e r a n c e  appears  to  be a c h a r a c t e r i s t i c  of  c e r ­

t a i n  s t a p h y l o c o c c a l  phages ,  p a r t i c u l a r l y  t h o s e  of  s e r o l o g i c a l  group A, 

and t h i s  p r o p e r t y  may be u s e f u l  i n  p resum pt ive  i d e n t i f i c a t i o n  o f  s e r o ­

l o g i c a l  group o r  in  o t h e r  c l a s s i f i c a t i o n  schemes. This  p r o p e r t y  may
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a l s o  se rve  as an a id  i n  i s o l a t i n g  new group A phages from m ix tu re s  

t h a t  occur fo l low ing  n a t u r a l  o r  a r t i f i c i a l  in d u c t io n  o f  s t a p h y l o c o c c i .

I n h i b i t i o n ,  A dso rp t io n ,  and R e p l i c a t i o n  o f  

S tap h y lo co cca l  Phages and I n h i b i t i o n  

of  Host  C e l l s  by Phage a t  Elevated 

Sodium C h lo r ide  L eve ls 

The unusual  l y t i c  or  i n h i b i t o r y  r e a c t i o n s  o f  1000 X RTD phage 

on p ropaga t ing  s t a p h y l o c o c c i  may be r e l a t e d  to the  p resence  o f  i n h i ­

b i t o r s  in  co n c e n t ra te d  phage f i l t r a t e s .  Some e a r l y  r e p o r t s  o f  the 

phage i n h i b i t i n g  e f f e c t  of  b a c t e r i a l  e x t r a c t s  were those  o f  Freeman 

(1937) and Rountree  (1947) .  Hood and Lowbury (1954) r e p o r t e d  t h a t  

an i n h i b i t o r  o f  phage p ro p a g a t io n  which was found i n  u n d i l u t e d  s t a p h y ­

l o c o c c a l  f i l t r a t e s  was of  the  same o rde r  of  s i z e  as the  l y t i c  phage b u t  

more h e a t  l a b i l e  than  the  phage.  Will iams and Rippon (1952) r e p o r t e d  

t h a t  h igh  t i t e r  phage f i l t r a t e s  c o n t a in ,  in  a d d i t i o n  to  phage,  an 

agent  which i n h i b i t s  growth of  s t a p h y l o c o c c i .  This agent  was no t  i d e n ­

t i c a l  w i th  a u t o l y s i n ,  i t  could not  be removed by Gradacol and S e i t z  

f i l t e r s ,  and i t  could  n o t  be d e t e c t e d  in  f i l t r a t e s  from which phage 

was removed by a d s o r p t i o n  to  h e a t  k i l l e d  c o c c i ,  nor when phage had 

been n e u t r a l i z e d  by an t i s e rum .

The d i s t i n c t i o n  between i n h i b i t i o n  o f  b a c t e r i a l  growth and t r u e  

l y s i s  o f  s t a p h y l o c o c c i  i s  no t  always a c l e a r  one.  B l a i r  and Will iams 

(1961) d i f f e r e n t i a t e  the  two by s u g g e s t in g  t h a t  t i t r a t i o n  of th e  i n h i ­

b i t e d  s t r a i n  w i l l  n o t  produce  d i s c r e t e  p laques  a t  any d i l u t i o n  whereas 

t r u e  l y s i s  w i l l  produce  d i s c r e t e  p l a q u e s .  I n  th e  same p aper ,  in  a
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f o o t n o t e  t o  a t a b l e ,  two examples were r e p o r t e d  where t r u e  l y s i s  and 

" i n h i b i t i o n "  v a ry  from t ime to  t ime.  They r e p o r t e d  t h a t  d i s c r e t e  plaques 

may appear  on one o c c a s i o n  and growth i n h i b i t i o n  a t  a n o t h e r  t ime.

In  th e  p r e s e n t  s tudy  some phages ,  a t  1000 X RTD, gave no degree 

o f  l y s i s  or  any o th e r  o b s e rv a b le  r e a c t i o n  on r o u t i n e  ty p in g  medium, bu t  

showed degrees  o f  l y s i s  o r  o f  a r e a c t i o n  u s u a l l y  i n t e r p r e t e d  as i n h i b i ­

t i o n  o f  growth on  ty p i n g  medium supplimented w i t h  i n c r e a s i n g  amounts 

of  sodium c h l o r i d e .  B urne t  and McKie (1930) p o in t e d  out  t h a t  a ba lance  

o f  sodium and ca lc ium c a t i o n s  was r e q u i r e d  fo r  phage a c t i v i t y ,  with 

the Na/Ca r a t i o  be ing  abou t  20/1 fo r  op t im al  a c t i v i t y .  Cherry  and 

Watson (1949) found t h a t  l y s i s  of  S t r ep to co ccu s  l a c t i s  c e l l s  by homolo- 

' gous phage was s t im u l a t e d  by sodium c h l o r i d e ,  b u t  th e  l e v e l s  used were 

0.005 M to  0.05 M. D elb ruck  (1940) found t h a t  a d s o r p t i o n  v a r i e d  with  

the  p h y s i o l o g i c a l  s t a t e  o f  the  bac te r ium .  However, o t h e r s  (Puck e t  a l . ,  

1951; Puck and S ag ik ,  1953) b e l i e v e d  t h a t  e l e c t r o l y t e s  p r i m a r i l y  a f f e c t  

the phage in  i t s  a b i l i t y  to  adsorb  t o  h o s t  c e l l s .  The a d s o r p t i o n  r a t e  

of phage to  ion exchangers  o r  to  g l a s s  was e s s e n t i a l l y  the  same as t o  

h o s t  c e l l s  and cou ld  be  v a r i e d  by a l t e r i n g  the  e l e c t r o l y t e  c o n c e n t r a t i o n  

(Puck and Sag ik ,  1953) . I t  has been sugges ted  t h a t  f o r  a p a r t i c u l a r  

p hage -hos t  c e l l  system t h e r e  e x i s t s  an op t im al  s a l t  c o n c e n t r a t i o n  a t  

which th e  r a t e  o f  a t t a c h m e n t  i s  maximal. A l a r g e  p r o p o r t i o n  of  the 

phages examined by v a r i o u s  i n v e s t i g a t o r s  have a s p e c i f i c  ca lc ium r e q u i r e ­

ment fo r  a d s o r p t i o n  and, i n  some c a s e s ,  ca lc ium  i s  a p p a r e n t l y  e s s e n t i a l  

a t  some s t e p  a f t e r  a d s o r p t i o n .  Although Rountree  (1951) showed th a t  

d i v a l e n t  c a t i o n s  were r e q u i r e d  fo r  a d s o r p t i o n  o f  s taphy lophages  and
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t h a t  monovalent  c a t i o n s  were n o t  e f f i c i e n t  in  t h i s  r e s p e c t ,  she d id  no t  

use l e v e l s  o f  monovalent  s a l t s ,  i n c lu d in g  sodium c h l o r i d e ,  i n  a concen­

t r a t i o n  g r e a t e r  tha n  1000 pg. per  ml. Hershey £ t  a l . (1944) r e p o r t e d  

t h a t  the  r e l a t i v e  e f f i c i e n c y  o f  p l a t i n g  (EOF) of  phage T2 v a r i e d  w i th  

the  c o n c e n t r a t i o n  o f  e l e c t r o l y t e .  The EOF va lues  ranged from 0.001 or 

l e s s  i n  the  absence  of  added e l e c t r o l y t e  to  1 .0  i n  th e  p re sen ce  of  0 .2  M 

sodium io n s .  S im i l a r  r e s u l t s  were ob ta ined  with  o t h e r  monovalent  c a t i o n s ,  

a l th o u g h  the  EOF was independen t  of  the  n a tu re  o f  an ions  u s e d .  Fuck 

and Tolmach (1954) found t h a t  a t tachm en t  o f  phage to  c e l l  proceeded nor­

m a l ly  and s p e c i f i c a l l y  in  the p resence  of s u f f i c i e n t  complexing agent  

to  b in d  any m u l t i v a l e n t  i o n s ;  thus  the p o s s i b i l i t y  t h a t  d i v a l e n t  s a l t s  

were needed to a c t  as  b r id g e s  between v i r u s  and h o s t  c e l l  was e l im in a te d .  

I t  was found t h a t  phage T2 would a t t a c h  r e a d i l y  to  E. c o l i  B even i n  

th e  p re sen ce  of  1 .2  M sodium c h l o r i d e .  Rak ie ten  and R ak ie ten  (1937) 

and R a k ie te n  and T i f f a n y  (1938) p o in ted  out  t h a t  two p o ly v a l e n t  s t a p h y ­

lo c o c c a l  phages ,  d e s ig n a t e d  by them as M-13 and M-16, w i l l  adsorb  non- 

s p e c i f i c a l l y  to some s t r a i n s  o f  B a c i l l u s  s u b t i l i s  and e n t e r o c o c c i .  In  

th e  p r e s e n t  s tudy  n o n s p e c i f i c  a d s o r p t i o n  o f  s t a p h y l o c o c c a l  phages and 

s im ul taneous  l y t i c  enzyme in d u c t i o n  w i th  no phage r e l e a s e  may account 

f o r  some of the s o - c a l l e d  " i n h i b i t i o n "  r e a c t i o n s ,  b u t  the  s p e c i f i c i t y  

o f  t h e  r e a c t i o n s ,  p lu s  th e  appearance  o f  p laques  a t  c o n c e n t r a t i o n s  of  

sodium c h l o r i d e  no t  normal ly  encountered  i n  r o u t i n e  ty p in g ,  sugges ts  

t h a t  the  shadow r e a c t i o n s  and o c c a s i o n a l  phage p laques  observed  a re  

due t o  s p e c i f i c  l y s i s .  This  does no t  r u l e  out  th e  p o s s i b i l i t y  t h a t  

growth i n h i b i t i o n  o f  the  h o s t  c e l l s  i s  due to  s p e c i f i c  a d s o r p t i o n  by 

phage or  to  an i n h i b i t o r  p r e s e n t  in  c o n ce n t ra te d  phage f i l t r a t e s .
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A phage induced enzyme, d e s ig n a t e d  v l r o l y s i n ,  which i s  capab le  

o f  l y s in g  s t a p h y l o c o c c a l  c e l l s  has been  d e s c r ib e d  (R a ls ton  e t  a l . ,

1955; R a ls ton  £ l . ,  1957a and b ) . V i r o l y s i n  could be d i f f e r e n t i a t e d  

from s ta p h y lo c o c c a l  a u t o l y s i n  on the  b a s i s  of  s e r o l o g i c a l  and o p e r a t i o n a l  

c r i t e r i a .  Both v i r o l y s i n  and a u t o l y s i n  proved to  be p r o t e i n s ,  behaved 

as enzymes, and appeared to  a c t  on the  b a c t e r i a l  c e l l  w a l l .  Both 

enzymes ly sed  h e a t - k i l l e d  c e l l s  bu t  could no t  a t t a c k  v i a b l e  log phase 

c e l l s .  I f  a s e n s i t i z a t i o n  s t e p  o c c u r re d ,  then  log  phase c e l l s  could 

a l s o  be ly s e d .  S e n s i t i z a t i o n  could be accomplished by the  ad s o rp t io n  

o f  f i v e  v i a b l e  o r  u l t r a v i o l e t - i n a c t i v a t e d  phage p a r t i c l e s  per  c e l l .  

S e n s i t i z a t i o n  was independen t  of  tem p era tu re  between 4°C and 37°C. 

P e n i c i l l i n  was a l s o  r e p o r t e d  as capab le  o f  s e n s i t i z i n g  c e l l s .  From th e  

p r e s e n t  s tudy  i t  seems r e a s o n a b l e  t h a t  o th e r  means o f  s e n s i t i z a t i o n  of  

c e l l s  i s  p o s s i b l e ,  i n c l u d i n g  perhaps  h igh  l e v e l s  o f  sodium c h l o r i d e .

Enzymes which a r e  produced as a r e s u l t  o f  phage-hos t  c e l l  i n t e r ­

a c t i o n s  and which a r e  capab le  o f  a c t i n g  on c e l l  s u r f a c e s  have been ob­

se rved  i n  o th e r  systems (Adams and Park ,  1956; Park ,  1956; Murphy, 1957; 

and Richmond, 1959).  Groman (1961) i n t e r p r e t s  l y s i s  in  the  fo l lowing 

way. V i r o ly s in  i s  r e l e a s e d  each t ime the  h o s t  c e l l  r e l e a s e s  phage.  

V i r o l y s i n  w i l l  n o t  a t t a c k  o t h e r  c e l l s  u n l e s s  t h e r e  i s  s u f f i c i e n t  f r e e  

phage p r e s e n t  f o r  s e n s i t i z a t i o n .  Thus, o b s e r v a t i o n s  in  which e i t h e r  

p h a g e - r e s i s t a n t  or  - s e n s i t i v e  c e l l s  a r e  ly sed  s e c o n d a r i l y  become u n d e r ­

s t a n d a b le  on the  b a s i s  o f  e i t h e r  t h e  a c t i o n  o f  v i r o l y s i n  a lone  or  i n  

combinat ion  w i th  phage.  A c e l l  may be s e n s i t i z e d  by s t e p s  a s s o c i a t e d  

w i th  a d s o rp t io n  or  p e n e t r a t i o n  o r  b o th .  I n  some c a s e s ,  s e n s i t i z a t i o n
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may n o t  be r e q u i r e d  o r  may occur  by o th e r  means.  S e n s i t i z a t i o n  appea rs  

t o  in v o lv e  an a l t e r a t i o n  o f  the  c e l l  w a l l ,  a l th o u g h  th e  e x ac t  mechanism 

o f  a c t i o n  i s  unknown.

Delbruck (1940) showed th a t  " l y s i s  from w i thou t"  occur red  w i th  

p h a g e - c e l l  m ix tu res  i f  the  phage-hos t  c e l l  r a t i o  was about  100/1 .  

Andrewes and E l fo rd  (1932) observed t h a t  95 per  cen t  k i l l i n g  of  E. c o l i  

occu r red  when 10^ or  more phage p a r t i c l e s  were i n  the p re sen ce  o f  10^ 

to  10^ c e l l s .  The g r e a t e r  the  number o f  E. c o l i  c e l l s  p r e s e n t ,  th e  

more phage was r e q u i r e d  fo r  th e  k i l l i n g  e f f e c t .  These o b s e r v a t i o n s  

were conf irmed by Cohen and Anderson (1946) .  Beumer-Jochmans (1953) 

r e p o r t e d  t h a t  some phages were b a c t e r i o s t a t i c  f o r  c e r t a i n  s t a p h y l o c o c c i  

a f t e r  a d s o r p t i o n ,  a l though  they  were not  l y t i c .  A phage which was l y t i c  

f o r  a c e r t a i n  s t r a i n  o f  s taphy lococcus  a t  37°C was l e t h a l  when adsorbed 

a t  44°C. Elek (1959) b e l i e v e s  th a t  dea th  of  h o s t  c e l l s ,  and hence i n ­

h i b i t i o n  o f  growth,  may r e s u l t  from the  a d s o r p t i o n  of a s i n g l e  phage 

p a r t i c l e  to h o s t  c e l l s  a l th o u g h  the phage cannot  p ropaga te  i n  the  h o s t  

c e l l .  C e l l  a u t o l y s i s ,  which i s  independent  of  l y s i s  by phage,  might  

fo l low  t h i s  k i l l i n g  e f f e c t .  I n h i b i t i o n  of  growth,  due to  th e  k i l l i n g  

a c t i o n  of  phage,  i s  b e l i e v e d  to  render  the  use of  u n d i l u t e d  phage 

i m p r a c t i c a b l e  i n  the  phage ty p in g  of s t a p h y l o c o c c i .  The p r e s e n t  s tudy  

i n d i c a t e s  t h a t  the c o n t r a r y  may be t r u e .

Puck (1954),  u s in g  c o l i  phage, r ega rded  l y s i s  from w i th o u t  as  

an unchecked and hence d e s t r u c t i v e  o p e r a t i o n  of  a l y t i c  mechanism which,  

i n  l i m i t e d  form, i s  p a r t  o f  th e  normal sequence o f  v i r u s  p e n e t r a t i o n .  

When normal in v a s i o n  occu r red  t h i s  l y t i c  r e a c t i o n  was c o n t r o l l e d  some­

how, b u t  the  leakage  c o n t r o l l i n g  mechanism might  be i n h i b i t e d  by an
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overwhelming dose o f  v i r u s  p a r t i c l e s  to  the  same c e l l .  Puck and Lee 

(1955) r e p o r t e d  t h a t  no leakage  o ccu r red  a t  low e l e c t r o l y t e  c o n c e n t r a ­

t i o n s  where p e n e t r a t i o n  did  n o t  occur fo l l o w in g  a t ta chm en t  o f  phage to 

hos t  c e l l s .  I f  t h e  sodium ion  c o n c e n t r a t i o n  were r a i s e d  to  0 .1  M, 

leakage  in c re a s e d  p r o g r e s s i v e l y .  The maximum c o n c e n t r a t i o n  o f  sodium 

ion  used in  t h e i r  s tudy  was 0.1 M (about  0 .6  p e r  cen t  sodium c h l o r i d e ) .  

They a l s o  found t h a t  po ta ss ium  was f a r  l e s s  e f f i c i e n t  th a n  sodium in  

promot ing  le akage .  In  the p re sen ce  of  th e  d i v a l e n t  c a t i o n ,  magnesium, 

le akage  was d im in i s h e d .  Leakage was g r e a t e r  in  o ld e r  s t o r e d  c e l l s  

than i n  c e l l s  in  th e  log  phase o f  growth.  I f  c e l l s  in  the  p r e s e n t  

s tudy  were p h y s i o l o g i c a l l y  o l d e r  due to  the h igh  s a l t  c o n c e n t r a t i o n s  

then  t h i s  could e x p l a i n  the enhanced a c t i v i t y  of  phage.

The e a r l i e s t  o b s e r v a t i o n  t h a t  v i a b l e  s t a p h y l o c o c c i  could  be 

recovered  from h igh  l e v e l s  o f  sodium c h l o r i d e  was made by Martens 

(1888)*.  H i l l  and White (1929) and Koch (1942) used t h i s  in fo rm a t io n  

to  d e v i s e  s e l e c t i v e  media fo r  the  s e p a r a t i o n  of  the s t a p h y l o c o c c i  from 

c e r t a i n  c o n tam in a t in g  b a c t e r i a .  C h r i s t i a n  and Waltho (1961) found tha t  

sodium c h l o r i d e  t o l e r a n c e  o f  s t a p h y l o c o c c i  was dependent  upon t h e  a b i l ­

i t y  o f  the  c e l l s  to  c o n c e n t r a t e  po ta ss ium  i n t e r n a l l y .  Fong and Kreuger 

(1949) found t h a t  a f t e r  t h r e e  hours  i n c u b a t i o n  a t  42°C, i n  e i t h e r  p la in  

b r o th  or  in  b r o t h  c o n t a in in g  1 M sodium c h l o r i d e ,  the  t o t a l  s t a p h y l o ­

co c c a l  count  was i n c r e a s e d  from 1 x 10^ c e l l s  per  ml. to  6.5 x 10^ c e l l s  

per  m l . ;  on t h e  o t h e r  hand the  v i a b l e  count  i n  p l a i n  b r o th  a t  t h e  end 

o f  t h r e e  hours  was 55 p e r  c e n t  o f  the  t o t a l  coun t .  The v i a b i l i t y  of

*In  H i l l ,  J .  H. and Whi te ,  E. C. (1929) J .  B a c t e r i o l . ,  18, 
53-57.
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t h e  c e l l s  grown i n  1 M sodium c h l o r i d e  was only  33 per  cen t  of  the  

t o t a l  coun t .  This f i n d i n g ,  p lu s  ev idence  i n  the  p r e s e n t  s tudy  on growth 

r e d u c t i o n  i n  i n c r e a s i n g  l e v e l s  o f  sodium c h l o r i d e ,  lends  suppor t  to the  

i d e a  t h a t  c o n c e n t r a t e d  phage a c t s  on damaged s t a p h y lo c o c c a l  c e l l s  by e n ­

h anc ing  l y s i s  or  enhancing  growth i n h i b i t i o n ,

Fong and Krueger (1949) a l s o  observed t h a t  1 M sodium c h l o r i d e  

i n t e r f e r e d  w i th  a d s o r p t i o n  of  phage K to  the p ro p ag a t in g  s t r a i n  of  

s ta p h y lo c o c c u s .  More d e f i n i t i v e  k i n e t i c  s t u d i e s  o f  e l e c t r o l y t e s  on 

s taphy lophage  a d s o r p t i o n  were made by Rountree (1951,  1955).  In  the 

p r e s e n c e  o f  sodium c h l o r i d e  c o n c e n t r a t i o n s  g r e a t e r  than  1000 pg. per  m l . ,  

phage was e i t h e r  i n a c t i v a t e d  or f a i l e d  to  adsorb to  i t s  h o s t .  Her 1955 

s t u d i e s  showed t h a t ,  depending  upon the  phage,  l a t e n t  p e r iods  v a r i e d  

from 35 to  60 m in u te s ,  w i th  l y s i s  completed a t  55 to  75 minutes .  The 

b u r s t  s i z e  fo r  t h e  29 phages ranged from 10 to 140 a c t i v e  phage p a r t i ­

c l e s  .

S im i la r  o b s e r v a t i o n s  were made i n  the  p r e s e n t  s tudy  in  th e  case  

o f  the  PS 81-phage 81 system. Phage a d s o r p t i o n  d im in ished  p r o g r e s s ­

i v e l y  as the  sodium c h l o r i d e  l e v e l  was in c re a s e d  to  10 per  cen t  concen­

t r a t i o n .  Although  a d s o r p t i o n  was d im in ished  a t  h ig h  s a l t  l e v e l s  i t  

o b v io u s ly  d id  n o t  c ea se .  The f i n d i n g  t h a t  PS 81 r e p l i c a t e s  phage 81 i n  

t h e  p re s e n c e  of  10 per  c e n t  sodium c h l o r i d e  has n o t  been r e p o r t e d  p r e ­

v i o u s l y .  I n s o f a r  as could  be determined  from a s e a rc h  of  the l i t e r a ­

t u r e ,  no o t h e r  p h a g e - c e l l  systems have been r e p o r t e d  i n  which phage 

r e p l i c a t i o n  occurs  a t  such  h igh  s a l t  l e v e l s ,  a l though  s e v e r a l  such 

systems were observed  in  the  p r e s e n t  s tu d y .  The d e l a y  in  time o f  l y s i s



96

o f  s a l t  grown c e l l s  might  be exp la ined  on the  b a s i s  o f  d ec reased  phage 

a d s o r p t i o n  a t  h igh  l e v e l s  o f  sodium c h l o r i d e .  This d ec reased  a d s o r p ­

t i v e  a b i l i t y  may be overcome w i th  t ime .  An a l t e r n a t i v e  h y p o th e s i s  i s  

t h a t  reduced m e ta b o l i c  a c t i v i t y  o f  c e l l s  growing i n  h igh  sodium c h l o r ­

ide  c o n c e n t r a t i o n s  w i l l  n o t  pe rm i t  phage r e p l i c a t i o n  to  occur  a t  a 

r a t e  comparable t o  t h a t  o f  c o n t r o l  c e l l s  which a re  growing in  0 .5  per  

c e n t  sodium c h l o r i d e  medium. The r e d u c t io n  i n  co lony count  and the 

s i z e  o f  th e  c o l o n ie s  formed i n  h igh  s a l t  media,  when compared with  

s i m i l a r  c o l o n ie s  grown a t  lower s a l t  c o n c e n t r a t i o n s ,  s u gges t s  t h a t  

th e s e  u n in f e c t e d  b a c t e r i a  m e tabo l i ze  a t  d i f f e r e n t  r a t e s .  Decreased 

a d s o r p t i v e  a b i l i t y  and reduced  m e tabo l ic  a c t i v i t y  p ro b a b ly  c o n t r i b u t e  

to  the  d e l a y  in  t ime of  l y s i s  o f  c e l l s  i n  the  p resence  o f  high  concen­

t r a t i o n s  o f  sodium c h l o r i d e .

I f  a phage enzyme which a f f e c t s  l y s i s  r e a c t s  b e t t e r  a t  h ighe r  

s a l t  c o n c e n t r a t i o n s  than  s p e c i f i c i t y  of  a d s o r p t i o n ,  t h i s  f a c t ,  coupled 

w i th  h igh  m u l t i p l i c i t i e s  o f  i n f e c t i o n ,  would e x p l a in  the  unusual  l y t i c  

r e a c t i o n s  o f  h o s t  c e l l s  a t  high  l e v e l s  o f  sodium c h l o r i d e .  Weidel 

(1958) concludes  t h a t  l y t i c  enzyme comes from the phage and no t  from 

the c e l l  as  most o t h e r  workers  p ropose .  He b e l i e v e s  t h a t  l y s i s  from 

w i th o u t  occurs  when damage to  th e  c e l l  w a l l  happens as a r e s u l t  o f  a 

com p a ra t iv e ly  l a r g e  dose o f  phage enzyme a c t i v i t y  which a c t s  f a s t e r  

than  the  a b i l i t y  o f  the c e l l  to r e p a i r  t h a t  damage. He concludes  f u r t h e r  

t h a t  r e p a i r ,  i f  i t  can be done a t  a l l ,  does not  always r e c o n s t i t u t e  the  

o r i g i n a l  c e l l  w a l l  s t r u c t u r e  in  every  d e t a i l .  I n  t h e  ca s e  of  m u l t i p l y  

i n f e c t e d  c e l l s  i t  i s  e v i d e n t  t h a t  ho le s  caused by th e  phage enzyme can
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s t a y  r e l a t i v e l y  sm al l  on ly  as long as the  a r e a s  a t t a c k e d  a r e  s t i l l  

r e l a t i v e l y  f a r  a p a r t .  When th e  zones o f  enzyme a c t i o n  approach one 

ano the r  too  c l o s e l y  d i s p r o p o r t i o n a t e l y  l a rg e  p i e c e s  o f  the  c e l l  w a l l  

suddenly come lo o s e ,  and t h i s  r e s u l t s  i n e v i t a b l y  in  complete breakdown 

of c e l l  s t r u c t u r e .  The fo reg o in g  hypo the s i s  was g iven  as an a l t e r n a t e  

e x p l a n a t i o n  o f  the  o b s e r v a t i o n s  of  Puck and Lee (1955) r e l a t i n g  t o  l e a k ­

age .  The l a t t e r  a u th o r s  had found the fo l lowing  sequence to  occur  when 

c e l l s  were m u l t i p l y  i n f e c t e d .  F i r s t  t h e r e  was leakage  o f  cy top lasm ic  

c o n s t i t u e n t s  o f  low m o lecu la r  w eigh t ,  followed by c o n s t i t u e n t s  o f  high 

m olecu la r  w e igh t ,  and e v e n t u a l l y  l y s i s .  Weidel (1958) b e l i e v e s  t h a t  

normal l y s i s  i s  caused by exces~ phage enzyme produced dur ing  phage 

s y n t h e s i s .  He b e l i e v e s  t h a t  i n d u c t io n  of  ly sogen ic  s t r a i n s  w i th  r e s u l ­

t a n t  enzyme suppor t s  t h i s  view in  t h a t  i f  the c e l l s  a r e  to  be ly sed  then  

f r e e  l y t i c  enzyme i s  produced which i s  presumably phage enzyme. He con­

c ludes  t h a t  in  s p i t e  of  t h e  v a s t  l i t e r a t u r e  on the s u b j e c t  of  a t t achm en t  

and p e n e t r a t i o n  th e  d e t a i l s  a r e  s t i l l  l a r g e l y  s p e c u l a t i v e .  The l a t t e r  

c o n c lu s io n  i s  a p p r o p r i a t e  fo r  the p r e s e n t  s tudy  r e l a t i n g  to  unusual  

l y t i c  e f f e c t s  i n  the  p re s e n c e  of  h igh  s a l t  media.



CHAPTER V

SUMMARY

The s t a b i l i t y  o f  s t a p h y l o c o c c a l  phages i n  the  p re sen ce  o f  high 

sodium c h l o r i d e  c o n c e n t r a t i o n s  was found to  be r e l a t e d  t o  s e r o l o g i c a l  

group.  Twenty-two s t a p h y l o c o c c a l  b a c t e r io p h a g e s  r e p r e s e n t i n g  s e r o l o ­

g i c a l  groups A, B, F,  and L were examined for  a c t i v i t y  a f t e r  incuba­

t i o n  of  f r e e  phage i n  10 per  ce n t  sodium c h l o r i d e - t r y p t i c a s e  soy bro th  

f o r  24 hours  a t  30°C. The mean r e d u c t i o n  in  p laque  forming u n i t s  fo r  

10 phages of  s e r o l o g i c a l  group A was 13 per  c e n t ;  in  no i n s t a n c e  was 

i n a c t i v a t i o n  of  any group A phage g r e a t e r  than  33 p e r  c e n t .  A l l  but  one 

of  nine group B phages were 88 per  ce n t  or more i n a c t i v e  a f t e r  i n c u b a t io n  

in  10 per  cen t  sodium c h l o r i d e - b r o t h  ; the  s i n g l e  e x c e p t i o n  was phage 83 

w i th  s l i g h t l y  more th a n  40 per  cen t  i n a c t i v a t i o n  in  b o th  0 .5  pe r  cent  

and 10 p e r  cen t  sodium c h l o r i d e - b r o t h .  S e r o l o g i c a l  group F phage 42D 

resembled phages of  group A, whereas phage 77 of  group F and phage 187 

of  group L were i n t e r m e d i a t e  between group A and B phages w i th  r e s p e c t  

to  sodium c h l o r i d e  s t a b i l i t y .

Some unusua l  l y t i c  and i n h i b i t o r y  e f f e c t s  o f  s t ap h y lo co cca l  

phages i n  the  p r e s e n c e  o f  h igh  c o n c e n t r a t i o n s  o f  sodium c h l o r i d e  were 

examined.  Twenty-one phages were t e s t e d  by ty p in g  t h e i r  p ropaga t ing  

s t r a i n s  o f  s tap h y lo co ccu s  in  media c o n t a in in g  i n c r e a s i n g  c o n c e n t r a t i o n s

98
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o f  sodium c h l o r i d e .  At RTD th e  only  phage showing l y t i c  a c t i v i t y  above

0 .5  per  c e n t  sodium c h l o r i d e  was phage 81. At 1000 X RTD c e r t a i n  a d d i ­

t i o n a l  e f f e c t s  were n o te d .  C e r t a i n  phages which gave c o n f lu e n t  l y s i s  

on s tanda rd  ty p in g  medium c o n t a in in g  0.5  per  cen t  sodium c h l o r i d e  were 

reduced i n  a c t i v i t y  to  what was c a l l e d  a 3+ shadow l y s i s  when the  sodium 

c h l o r i d e  c o n c e n t r a t i o n  was r a i s e d  to  3 per  c e n t .  Th is  type o f  a c t i v i t y  

on s tan d a rd  ty p in g  medium i s  u s u a l l y  r e f e r r e d  to  as i n h i b i t i o n  o f  growth.  

As the s a l t  c o n c e n t r a t i o n  was inc reased  the  phage a c t i v i t y  d e c re a se d .

As an example o f  an o th e r  kind of  behav io r ,  phage 42B gave numerous p laques  

on s tandard  medium b u t ,  as th e  sodium c h l o r i d e  c o n c e n t r a t i o n  was i n ­

c rea sed  to  3 per  cen t  the  l y t i c  a c t i v i t y  in c re a sed  t o  sem i -c o n f lu e n t  

l y s i s .  Above t h i s  s a l t  c o n c e n t r a t i o n  phage a c t i v i t y  ag a in  d im in ished .

In  o th e r  i n s t a n c e s  phages which showed no a c t i v i t y  a g a i n s t  h o s t  c e l l s  

on s tandard  typ ing  medium were enhanced i n  l y t i c  or  i n h i b i t o r y  a c t i v i t y  

as the sodium c h l o r i d e  l e v e l  was i n c re a s e d .  At 1000 X RTD phage 81 and 

c e r t a i n  o th e r  phages lysed t h e i r  r e s p e c t i v e  p ro p a g a t in g  s t r a i n  of  s t a p h y ­

lococcus  i n  media c o n t a i n i n g  from 0.5  per  ce n t  through 10 p e r  cen t  sodium 

c h l o r i d e .

The a c t i v i t y  o f  phage 81 on i t s  p rop ag a t in g  s t r a i n  o f  s t a p h y ­

lo c o ccu s ,  PS 81, was examined in  g r e a t e r  d e t a i l .  F ree  phage 81 had been 

shown t o  be unharmed by i n c u b a t i o n  in  10 pe r  cen t  s a l t  b r o t h  for  24 hours .  

Growth o f  PS 81,  however, was s t e a d i l y  i n h i b i t e d  by in c r e a s i n g  concen­

t r a t i o n s  of  sodium c h l o r i d e .  Sodium c h l o r i d e - a d a p t e d  PS 81, a l though  

b e t t e r  p repa red  fo r  growth i n  h igh  s a l t  media than i t s  nonadapted 

c o u n t e r p a r t ,  was a l s o  s t e a d i l y  i n a c t i v a t e d  as i t  was exposed to i n c r e a s ­

in g ly  h ig h e r  sodium c h l o r i d e  c o n c e n t r a t i o n s .  As t h e  sodium c h l o r i d e
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c o n t e n t  o f  t h e  medium was i n c r e a s e d  the  a b i l i t y  of  phage 81 t o  adsorb  

t o  i t s  h o s t  c e l l s  de c re a se d  s h a r p l y  u n t i l  the  l e v e l  of  a d s o r p t i o n  

reached  rough ly  30 pe r  cent  i n  7 pe r  cent  sodium c h l o r i d e  medium where 

i t  remained c o n s t a n t  t o  10 per  c e n t  sodium c h l o r i d e  l e v e l s .

Samples t a ken  a t  i n t e r v a l s  from l i q u i d  media c o n t a in in g  i n ­

c r e a s i n g  amounts o f  sodium c h l o r i d e  in d i c a t e d  t h a t  phage 81 r e p l i c a ­

t i o n  occurred  i n  th e  p re sen ce  o f  10 per  ce n t  s a l t ,  a l though  a t  t h i s  

s a l t  l e v e l  the amount o f  phage produced was g r e a t l y  d im in ished .  When 

phages 80 and 81 were s u b je c t e d  to  osmotic shock by r a p id  d i l u t i o n  o f  

th e  h igh  s a l t - c e l l  su sp e n s io n  w i th  d i s t i l l e d  water  t h e i r  p laque  forming 

a b i l i t y  was no t  a f f e c t e d . .  The o b s e rv a t io n  t h a t  p laque fo rmat ion  was 

l e s s  on washed and unwashed s a l t - a d a p t e d  c e l l s  grown i n  0 .5  per  c e n t  

sodium c h l o r i d e  medium pe rm i ts  th e  conc lus ion  t h a t  r e p l i c a t i o n  o f  phage 

81,  a l th o u g h  d im in i s h e d ,  c o n t in u e s  in  the p resence  o f  10 per  ce n t  sodium 

c h l o r i d e .  One e x p l a n a t i o n  i s  t h a t  phage 81 i s  adsorbed to  s t a p h y l o ­

c o cc a l  c e l l s  which a r e  so a l t e r e d  p h y s i o l o g i c a l l y  t h a t  on ly  a few 

p laque  forming u n i t s  pe r  c e l l  a r e  produced.

Growing h o s t  c e l l s  a t  45°C was found to i n c r e a s e  the  s u sc e p ­

t i b i l i t y  of  th e se  c e l l s  to  phage l y t i c  a c t i v i t y .
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