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Properties of RNA Containing Bacteriophage f4 

B a c t e r i o p h a g e  f4 is one  of t he  7 ma le  specific coli 
phages ,  wh ich  were i so la ted  b y  LOEB a n d  ZINDEt~ ~. 
Because  of t he i r  spec i f i c i t y  for  t h e  s t r a in s  ca r ry ing  
fe r t i l i ty  f ac to r  f, t h e y  were label led  f l  t h r o u g h  f7, t he  
n u m b e r s  des igna t ing  t h e  i so la t ion  f rom d i f fe ren t  b a t c h e s  
of sewage. Of t h e  or ig ina l  set,  on ly  f l  does n o t  c o n t a i n  
R N A  b u t  is u n i q u e  in possess ing  a single s t r a n d e d  D N A  ~. 
The  p roper t i e s  of t h e  second n u m b e r  in  t h e  series, (f2) 
h a v e  been  ex t ens ive ly  s tud ied  b y  ZINDER et  al.a-% These  
inc lude  t h e  pep t i de  m a p p i n g  of t h e  coa t  p r o t e i n  a long 
w i t h  t h e i r  a m i n o  acid compos i t i on  and  sequence  of a m i n o  
acids in pept ides ,  t h e  s i te  of m u t a t i o n  in t h e  pep t i de  a n d  
t h e  c i s t ron  express ion.  R N A  of f2 ha s  also been  shown  
to  possess t h e  messenger  a c t i v i t y  3. A de ta i l ed  discuss ion 
of t h e  p rope r t i e s  of R N A  c o n t a i n i n g  phages  ha s  been  
m a d e  b y  ZINDER 2 

B a c t e r i o p h a g e  f4 differs  f rom t h a t  of f2 in  h a v i n g  cross 
r eac t i on  w i t h  f2 an t i s e r a  a n d  hence  is se lected for t he  
p r e s e n t  s t u d y  to c o m p a r e  some of t h e  p roper t i e s  of th i s  
phage  w i t h  those  of f2. 

Material and methods. Stock  cu l tu re  of f4 was p r e p a r e d  
b y  in fec t ing  t h e  h o s t  s t r a i n  of E. coli (K 37) on  t h e  aga r  
pla tes .  N u m b e r  of t h e  in fec t ive  par t ic les  pe r  mi l l i l i ter  
of t he  s tock  was  d e t e r m i n e d  b y  serial  d i lu t ion  and  t he  
n u m b e r  of p l aques  p roduced .  Fo r  t h e  large  scale p r epa ra -  
t i on  of t h e  phage ,  E. coli was g rown in t r y p t o n e  b r o t h  
us ing  baf f led  f lasks  on  a r o t a r y  s h a k e r  t i l l  i t  r eached  log 
p h a s e  ( 2 •  s o rgan i sms /ml ) .  T he  cu l tu res  were t h e n  
in fec ted  w i t h  s tock  p h a g e  p r e p a r a t i o n  a t  t he  mu l t i p l i c i t y  
of 5 par t ic les /ce l l  w i t h  a d d i t i o n  of ca lc ium chlor ide  
(CaCI~ is essent ia l  for t h e  a d s o r p t i o n  of t h e  phage) .  The  
in fec t ion  was  c o n t i n u e d  for 1 h.  P u r e  p h a g e  was t h e n  
i so la ted  b y  a d o p t i n g  t he  p rocedure  of COOPER a n d  
ZlNDERL The  p h a g  e yie ld  was 100 rag/10 1 cul ture .  A m i n o  
adid compos i t i on  was s tud ied  a f t e r  t h e  acid a n d  a lkMine 
hydro lys i s  us ing  t he  c o m m e r c i a l  co lumns  suppl ied  b y  
Techn icon  Au to  ana lyser .  T he  p r o t e i n  was e x t r a c t e d  b y  
s h a k i n g  t h e  phage  w i t h  88% buf fe r  s a t u r a t e d  phenol .  
The  aqueous  layer  c o n t a i n i n g  R N A  was a s p i r a t e d  off and  
R N A  was p r e c i p i t a t e d  w i t h  2 vo lumes  of e thanol .  The  
pro te ins ,  a f t e r  r e m o v a l  of phenol ,  were p r e c i p i t a t e d  b y  
6 vo lumes  of e t h a n o l - e t h e r ( l :  1). T he  p r o t e i n  cons t i t u t e s  
a b o u t  75% of t h e  p h a g e  par t ic le .  

F i n g e r  p r i n t i n g  of t h e  t r y p t i c  d iges t  of t h e  coa t  p ro t e in  
was  car r ied  ou t  a f t e r  oxid iz ing  t h e  p r o t e i n  w i t h  pe r fo rmic  
acid fol lowed b y  t h e  t r y p s i n  d iges t ion  a n d  s e p a r a t i n g  
t he  t r y p t i c  pep t ides  b y  h i g h  vo l t age  e lec t rophores isK 
R N A  was h y d r o l y z e d  w i t h  K O H  a n d  nuc leo t ides  s epa ra t ed  
b y  e lec t rophores i s  us ing  t h e  p rocedure  of MARKHAM and  
SMITH s. M A K  co lumn  a n a l y s i s  of R N A  was p e r f o r m e d  
us ing  0 . 2 - 1 . 2 M  sod ium chlor ide  g r a d i e n t  '. 

Amino acid composition of f4 coat protein 

Amino acid Residue/ Amino acid Residue/ 
mol. mol. 

Lysine 6 Arginine 4 
Aspartic acid 14 Threonine 9 
Serine 13 G1utamic acid 11 
Proline 6 Glycine 9 
Alanine 14 ~/2 Cystine 2 
Valine 14 Methionine 2 
Isoleucine 8 Leueine 8 
Tyrosine 4 Phenylalanine 4 
Tryptophan 2 

f2 coat-protein has only 1 methionine residue as against 2 residues 
in f4 coat-protein. The figures are rounded of to nearest integer. 
Rest of the figures are identical for both f2 and f4 coat protein. 

Results and discussion. F4 coa t  p r o t e i n  gives s imi la r  
amino  acid compos i t i on  as t h a t  of f2 (Table).  H i s t i d ine  
is a b s e n t  in  bo th .  F4  coa t  p r o t e i n  differs  f rom t h a t  of f2 
in h a v i n g  an  a d d i t i o n a l  m e t h i o n i n e  res idue  pe r  molecule  
(and poss ib ly  t h a t  is w h y  i t  c ross- reac ts  w i t h  f2 a n t i s e r a ) .  
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F i n g e r  p r i n t s  of f4 are iden t i ca l  w i t h  those  of f2 t r y p t i c  
pepfides .  I t  revea led  9 pept ides .  The  base  compos i t i on  
of R N A  shows more  or less e q u i m o l a r  p r o p o r t i o n s  of 
t he  4 bases.  RNA,  w h e n  sub jec t ed  to  M A K  analys is ,  
gave  on ly  one p e a k  (Figure 1). This  p e a k  co r responds  to  
R N A :  D N A  h y b r i d  pos i t ion  of E. coli or S. typhi R N A  
prepa ra t ions .  B o t h  E. coli a n d  S. typhi R N A  give iden t i ca l  
p a t t e r n  a n d  hence  S. typhi RNA,  w h i c h  is r ead i ly  ava i l -  
able  a t  th i s  l abo ra to ry ,  was  m i x e d  w i t h  t h a t  of f4 R N A  
a n d  r u n  on  MAK.  

Rdsumd. Les propr i6tds  du  co l iphage  f4 o n t  6t4 6tu-  
di6es. L ' h y d r o l y s a t  acide r4v~le l ine compos i t i on  en  
acides amin6es  s e m b l a b l e  5. celle de f2. L ' h i s t i d i n e  e s t  
absente ,  et, en  compa ra i son  avec  le p h a g e  f2, i l y  a u n  
r6sidu a d d i t i o n n e l  de m 6 t h i o n i n e  p a r  mol6cule.  L ' a n a -  
lyse de la d iges t ion  t r y p s i q u e  a m o n t r 6  neu f  pept ides ,  
c o m m e  celle de f2. Le R N A  a des p ropo r t i ons  6quimo-  
laires  de bases.  P a r  ana lyse  sur  co lonne  M A K  ce R N A  
pr6sen te  s e u l e m e n t  u n  pic c o r r e s p o n d a n t  5. la pos i t ion  
de l ' h y b r i d e  R N A : D N A  bac t6r ien .  
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