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A b s tra c t

The p o s s ib le  invo lvem en t o f  p y rim id in e  sequences i n  th e  c o n t ro l  

o f DNA t r a n s c r i p t io n  has been  exam ined. The freq u en cy  o f  p y rim id in e  

d in u c le o t id e s  ( i . e .  TpT, CpC, CpT and TpC) in  th e  DNA te m p la te ,  

t r a n s c r ib e d  in  v i t r o  by E. c o l i  RNA p o ly m erase , has  been  d e te rm in e d , 

by in f e r e n c e ,  from n e a re s t -n e ig h b o r  a n a ly s is  o f  RNA t r a n s c r i p t s  o f 

T4, T5 and T7 phage DNA. These t r a n s c r i p t s  w ere found to  be e n ric h e d  

in  p u r in e  d in u c le o t id e s  ( i . e .  ApA, GpG, GpA and ApG) and th e  DNA 

te m p la te  t r a n s c r ib e d  i s  th e r e f o r e  e n r ic h e d  in  p y rim id in e  d in u c le o t id e s .

F o r each  phage DNA s tu d ie d  th e  p u r in e  en rich m en t in  th e  n a t iv e  

DNA t r a n s c r i p t s  was d e te rm in ed  b y : 1 . Comparing th e  d in u c le o t id e

f re q u e n c ie s  o f  th e  RNA t r a n s c r ib e d  from  n a t iv e  and d e n a tu re d  DNA 

te m p la te s ;  2 . Comparing th e  f re q u e n c ie s  o f  th e  m a tch in g , com plem entary 

d in u c le o t id e  p a i r s ,  ApA:UpU, GpG:CpC, ApG:CpU, GpA:UpC, ApC:GpU and 

CpArUpG; 3 . Comparing th e  d in u c le o t id e  f re q u e n c ie s  o f  th e  RNA 

p ro d u c ts  w ith  th e  v a lu e s  p re v io u s ly  d e term ined  by n e a re s t -n e ig h b o r  

a n a ly s is  o f th e  phage DNAs (Jo s se  ejt al_., 1961; Sw artz el: a l^ ., 1962 ).

Comparing t r a n s c r i p t s  o f  n a t iv e  and d e n a tu re d  D NA ,increased 

f re q u e n c ie s  w ere found in :  1. p u r in e  d in u c le o t id e s  ApA, GpA and GpG

in  th e  RNA t r a n s c r i p t s  o f n a t iv e  T7 DNA: 2 . GpA and ApG in  th e  RNA

t r a n s c r i p t s  o f  n a t iv e  T4 DNA; 3. ApA and GpA in  th e  RNA t r a n s c r i p t s  

o f  n a t iv e  T5 DNA. Asymmetry o f  th e  RNA t r a n s c r i p t s  was e v a lu a te d  

from  th e  r a t i o  o f  th e  n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  th e  com plem entary 

d in u c le o t id e  p a i r s . The t r a n s c r i p t s  o f n a t iv e  T7 and T4 DNA w ere found 

to  be asym m etric . The d in u c le o t id e  f re q u e n c ie s  o f  com plem entary p a i r s  

w ere n o t eq u a l to  each  o th e r .  In  th e  t r a n s c r i p t s  o f  T7 DNA, th e  

in c re a s e d  f re q u e n c ie s  o f  th e  p u r in e  d in u c le o t id e s  w ere accom panied
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by d e c re a se d  f re q u e n c ie s  o f  t h e i r  com plem entary p y rim id in e  d in u c le o t id e s .  

I n  th e  t r a n s c r i p t s  o f  T4 DNA, th e re  was an in c re a s e  in  two p u r in e  

d in u c le o t id e s ,  and a  d e c re a se  in  t h e i r  com plem entary and non- 

com plem entary p y rim id in e  d in u c le o t id e s .  The t r a n s c r i p t s  o f  T5 DNA 

w ere le s s  asym m etric th a n  th e  T4 and T7 SNA p ro d u c ts .

The d in u c le o t id e  f re q u e n c ie s  o f  th e  ENA t r a n s c r i p t s  o f  b o th  

n a t iv e  and d e n a tu re d  DNA te m p la te s  w ere found to  be non-random .

T h is  was d e te rm in ed  by com parison w ith  p r e d ic te d  random d in u c le o t id e  

f r e q u e n c ie s ,  w hich w ere c a lc u la te d  from th e  known b ase  com po sitio n  

o f each  DNA s tu d ie d .

I t  i s  co n c lu d ed , from  th e se  s tu d i e s ,  t h a t  s h o r t  p y rim id in e  sequences 

a re  t r a n s c r ib e d  by RNA polym erase in  c o n t ro l  re g io n s  o f  th e  DNA o f 

phages T4, T5 and T7. S h o rt r e g u la r  sequences o f  p y rim id in e s  have 

been  shown to  cause  a l t e r a t i o n s  o f th e  DNA h e l ix  (L an g rid g e , 1969).

I t  i s  th e re f o r e  su g g es ted  th a t  th e se  p y rim id in e  se q u e n c e s , in  c o n tro l  

re g io n s  o f  th e  DNA, would c o n s t i tu te  such  re g io n s  o f  r e g u la r  seq u en ce , 

and th a t  th e y  cou ld  cause  lo c a l  changes in  th e  s t r u c t u r e  o f  th e  DNA 

h e l i x .  These s t r u c t u r a l  changes can th e n  se rv e  as s p e c i f i c  s ig n a ls  

f o r  c o n t ro l  o f  DNA t r a n s c r i p t i o n .  These f in d in g s  a re  c o n s i s te n t  w ith  

th e  p ro p o sa l (Chan and W e lls , 1974) t h a t  lo c a l  a l t e r a t i o n s  o f  th e  DNA 

h e l ix  a llo w  f o r  th e  fo rm a tio n  o f un ique s t r u c t u r e s ,  w hich can th en  

p a r t i c i p a t e  in  h ig h ly  s p e c i f i c  p r o te in - n u c le ic  a c id  i n t e r a c t i o n s ,  

such  as th e  b in d in g  o f  RNA polym erase to  p rom oter s i t e s  o r  th e  

i n i t a t l o n  o f  RNA s y n th e s is .
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In t r o d u c t io n

The t r a n s c r i p t i o n  o f  DNA i s  a c a r e f u l ly  c o n t ro l le d  p ro c e s s ,  

in v o lv in g  i n i t i a t i o n  and te rm in a t io n  o f RNA s y n th e s is  a t  s p e c i f i c  

s i t e s  on th e  DNA te m p la te .  T h is s e l e c t i v i t y  o f  t r a n s c r i p t i o n  i s  

c u r r e n t ly  b e l ie v e d  to  be d e te rm in e d , a t  l e a s t  in  p a r t ,  by un ique 

DNA seq u en ce s . These sequences can be 'r e c o g n iz e d ' by th e  DNA- 

dependen t RNA polym erase in  a  h ig h ly  s p e c i f i c  in t e r a c t io n  betw een th e  

enzyme and DNA. The s t r u c t u r a l  f e a tu r e s  o f  such DNA se q u e n c e s , and 

th e  way in  w hich RNA polym erase 'r e a d s '  them , i s  n o t  known. In  t h i s  

s tu d y , we w ish  to  exam ine th e  p ro p o sa l t h a t  p y r im id in e - r ic h  DNA 

sequences a re  in v o lv ed  in  th e  c o n t ro l  o f  RNA s y n th e s is  (S z y b a lsk i 

e t  a l . , 1966).

T h is  p ro p o sa l i s  based  on two r e l a t e d  o b s e rv a t io n s ,  made in  a 

number o f  d i f f e r e n t  l a b o r a to r i e s .  The f i r s t  i s  t h a t  t r a n s c r i p t i o n  

i s  an asym m etric p ro c e s s ,  in  w hich o n ly  p a r t  o f  th e  two s tr a n d s  

o f th e  DNA te m p la te  i s  t r a n s c r ib e d  in to  RNA; t h i s  has been  shown, 

in  b a c t e r i a l  and b a c te r io p h a g e  sy s tem s , in  v iv o  (T o c c h in i-V a le n tin i 

e t  a l . , 1963; G eiduschek  and H a se lk o rn , 1969; M arg u lies  e t  a l . ,

1970, 1971) and in  v i t r o  (G eiduschek e t  a l . ,  1964; Karkas e t  a l . , 

1968; Summers and S ie g e l ,  1969; S ed a t and S in sh e im er, 1970; P isp a  

and Buchanan, 1971; Brody and G eiduschek , 1970). The second 

o b s e rv a tio n  i s ,  t h a t  in  many in s ta n c e s ,  th e  DNA s tr a n d s  w hich a re  

t r a n s c r ib e d  a re  p y r im id in e - r ic h ,  and c o n ta in  p y rim id in e  c l u s t e r s  

(Marmur and G reenspan , 1963; Summers and S z y b a lsk i ,  1968; S z y b a lsk i 

e t  a l . ,  1969; K arkas e t  a l . , 1970).



Asymmetric t r a n s c r i p t i o n  may in v o lv e  e x c lu s iv e  t r a n s c r i p t i o n  o f
i

o n ly  one s t r a n d  o f th e  DNA d u p le x , o r  i t  may in c lu d e  b o th  DNA s t r a n d s ,  

sw itc h in g  from  one s tr a n d  to  th e  o th e r ,  a t  d i f f e r e n t  tim es in  th e  c e l l  

c y c le .  F o r exam ple, RNA i s  s y n th e s iz e d  e x c lu s iv e ly  from one DNA 

s t r a n d  in  c o lip h a g e s  T7 and f l ,  in  B. s u b t i l i s  phage SP8 and in  phage 

a lp h a  o f  B. m egaterium , w here a l l  th e  in  v ivo  RNA t r a n s c r i p t s  a re  

found to  h y b r id iz e  to  o n ly  one o f  th e  two s e p a ra te d  DNA s tr a n d s  

(Marmur and G reenspan , 1963; T o c c h in i-V a le n tin i  e t  a l . ,  1963). On 

th e  o th e r  h and , in  c o lip h a g e s  lam bda, T4 and T5, and in  an im al v i r u s  

SV40, t r a n s c r i p t i o n  sw itc h e s  from  one s tr a n d  to  th e  o th e r  in  going  

from  e a r ly  to  l a t e  mRNA s y n th e s is  (Cohen and H u rw itz , 1967; Guha 

and S z y b a ls k i , 1968; L ann i and S z y b a lsk i ,  1969; Sambrook e t  a l . ,

1972). Asymmetric t r a n s c r i p t i o n  has  a ls o  been found in  e u c a ry o tic  

sy stem s . In  Xenopus la e v is  and in  r a t  l i v e r ,  f o r  exam ple, a l l ,  

o r  m o st, o f  th e  m ito c h o n d r ia l  RNA h y b r id iz e d  w ith  o n ly  one s tr a n d  

o f th e  m ito c h o n d r ia l  DNA (Dawid and C hase, 1972; B o rs t and A a i j ,

1969).

The chem ical asymmetry in v o lv ed  in  p y rim id in e  en rich m en t o f 

t r a n s c r ib in g  DNA s tr a n d s  may be l im i te d  to  an unequal d i s t r i b u t i o n  

o f  c y to s in e  and g u a n in e , o r  i t  may a ls o  in c lu d e  unequal d i s t r i b u t i o n  

o f  thym ine and c y to s in e ,  betw een th e  two s tra n d s  o f  th e  dup lex  DNA 

(Rudner e t  a l . ,  19 6 9 ). The in  v iv o  RNA o f phages a lp h a  and SP8, 

and in  v i t r o  RNA o f  phage a lp h a , h y b r id iz e  e x c lu s iv e ly  to  th e  DNA 

s t r a n d  w hich i s  p y r im id in e - r ic h  (T o c c h in i-V a le n tin i  e t  a l . ,  1963; 

G eiduschek  e t  a l . ,  1964). Each s tr a n d  o f  th e  d e n a tu re d  DNA o f  th e se  

two phages has a d i f f e r e n t  t +  C (T; thym ine; C: c y to s in e )  c o n te n t 

and th e  s t r a n d s  can th e r e f o r e  be s e p a ra te d  in  a CsCl g r a d ie n t ,  on
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th e  b a s is  o f  t h e i r  b uoyan t d e n s i ty  (Marmur and C ordes, 1963).

I n  phage lam bda, t r a n s c r i p t io n  sw itch es  from one s tr a n d  to  th e  o th e r ,  

and th e  re g io n s  t r a n s c r ib e d  from  b o th  s tr a n d s  w ere found to  be 

p y r im id in e - r ic h  (T ay lo r e t  a l . , 1967). In  th e  b a c t e r i a  E. c o l i  and 

B. s u b t i l i s , m ost o f  th e  t r a n s c r i p t i o n  i s  from th e  p y r im id in e - r ic h  

H s t r a n d  o f  th e  DNA (M argu lies  e t  a l . ,  1970, 1971). In  B. s u b t i l i s , 

a l l  th e  rENA and tENA, as w e ll as 90$ o f  th e  raRNA, h y b r id iz e s  to  

th e  p y r im id in e - r ic h  H s t r a n d .  The rem ain ing  10$ o f  th e  mRNA, how ever, 

h y b r id iz e s  to  th e  p u r in e - r ic h  L s tr a n d  o f  th e  b a c f e r i a l  DNA. In  v i t r o  

ENA t r a n s c r i p t s  o f  a v a r i e ty  o f  b a c t e r i a l  DNAs were a ls o  shown to  be 

t r a n s c r ib e d  from  p y r im id in e - r ic h  DNA; th e  RNA t r a n s c r i p t s  w ere p u r in e -  

r i c h  and had a b ase  com position  th a t  c lo s e ly  resem bled  a  com plem entary 

copy o f  th e  p y r im id in e - r ic h  DNA s tr a n d s  o f  th e  b a c t e r i a l  DNA (K arkas 

e t  a l . , 1970).

The t r a n s c r ib in g  s tr a n d s  o f  DNA, in  a number o f  b a c te r io p h a g e s , 

w ere found to  c o n ta in  c y to s in e - r ic h  and th y m in e -r ic h  c lu s t e r s  

(S z y b a lsk i ejt al . ,  1966). The p re sen ce  o f  th e se  c lu s t e r s  was de te rm in ed  

by th e  a b i l i t y  o f  s e p a ra te d  DNA s tr a n d s  to  b in d  to  p o ly  (U ,G ), which 

b in d s  to  c y to s in e - r ic h  c l u s t e r s ,  and to  P o ly  (U ), w hich b in d s  to  a d e n in e -  

r i c h  c l u s t e r s .  T ra n s c r ib in g  DNA s tr a n d s  o f  phages T 4, T5, T7 and 

lam bda, f o r  exam ple, were found to  b in d  to  p o ly  (U,G) (Guha and 

S z y b a ls k i ,  1968; L anni and S z y b a lsk i ,  1969; Summers and S z y b a ls k i ,

1968; T a y lo r  e t  a l . ,  1967). A d e n in e -r ic h  c l u s t e r s  w ere found on 

n o n - t r a n s c r ib in g  DNA s tr a n d s  o f  some phag es, such  as T4 and lam bda, 

from w hich th e  p re sen ce  o f  th y m in e -r ic h  c l u s t e r s  on th e  com plem entary 

t r a n s c r ib in g  s tr a n d s  was in f e r r e d  (Guha and S z y b a lsk i ,  1968; T ay lo r 

e t  a l . ,  1967). The e x c lu s iv e  o ccu rren c e  o f  th e se  p y rim id in e  c l u s t e r s ,
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on th e  DNA s tr a n d s  found to  h y b r id iz e  w ith  l h  v iv o  RNAs,led to  

th e  p ro p o sa l t h a t  th e se  c l u s t e r s  may p la y  a  r o le  in  i n i t i a t i o n  o r  

te rm in a t io n  o f RNA t r a n s c r i p t i o n ,  o r  in  th e  s e le c t io n  o f  th e  s t r a n d  

to  be t r a n s c r ib e d  (S z y b a lsk i e t  a l . ,  1966) .

The d i s t r i b u t i o n  o f  p y rim id in e  c l u s t e r s  ( i s o s t i c h s )  has been 

s tu d ie d  in  b a c te r io p h a g e s  T7 and lambda (M ushynski and S p en ce r,

1 9 7 2 a ,b ) , and in  th e  b a c t e r i a  E. c o l i  and B. s u b t i l i s  (Rudner e t  a l . , 

1972; Rudner and LeDoux, 1974). Long p y rim id in e  i s o s t i c h s  w ere found 

to  o ccu r p red o m in an tly  on th e  t r a n s c r ib in g  heavy s t r a n d  o f  th e  DNA.

In  T7 th e  lo n g e s t  i s o s t i c h s  w ere found o n ly  on th e  p o ly  (G) b in d in g  

s t r a n d .  Twelve com ponents, o f  ch a in  le n g th  12 o r  13, w ere found in

T 7 . w hich c o r r e l a t e s  d i r e c t l y  w ith  th e  same number o f  in  v iv o  mRNA( —— - 1 -

s p e c ie s  found by Summers (1 9 6 9 ). In  Lambda, th e  lo n g e s t i s o s t i c h s  

a re  d i s t r i b u t e d  on b o th  s t r a n d s ,  as i s  th e  p o ly  (G) b in d in g . These 

p o ly  (G) b in d in g  re g io n s  on th e  in d iv id u a l  s t r a n d s  o f lambda DNA, 

w hich c o n ta in  c y to s in e - r ic h  c l u s t e r s ,  a r e  th e  re g io n s  p red o m in an tly  

t r a n s c r ib e d  (T ay lo r el: a l . ,  1967 ). In  b o th  T7 and lambda p h ag es , 

long  o l ig o c y t id y la te  c h a in s ,  w hich would have been  ex p ec ted  from  

p o ly  (G) b in d in g  d a ta ,  w ere n o t  fo u n d , th e  lo n g e s t  b e in g  o n ly  6 o r  7 

in  c h a in  le n g th ,  r e s p e c t iv e ly .  In  th e  a n a ly s is  o f  p y rim id in e  i s o s t i c h s  

d e r iv e d  from  E. c o l i  and B. s u b t i l i s  DNA, an asym m etric d i s t r i b u t i o n  

o f  p y r im id in e  c l u s t e r s  was a ls o  found . The asymmetry was m ost marked 

in  B. s u b t i l i s . th e  lo n g e s t  i s o s t i c h s  b e in g  found e x c lu s iv e ly  in  th e  

p y r im id in e - r ic h  H s tr a n d  o f  th e  DNA. In  E. c o l i , th e  lo n g e s t  

p y rim id in e  o l ig o n u c le o t id e s  w ere found p red o m in an tly  in  th e  H 

s t r a n d .  These d i f f e r e n c e s  can be c o r r e l a te d  w ith  th e  g r e a t e r  

asymmetry shown in  th e  in  v iv o  t r a n s c r i p t i o n  p a t t e r n  o f  B . s u b t i l i s
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DNA (M argu lies  el: a l . ,  1970, 1971).

The DNA s tr a n d s  w hich a re  p r e f e r e n t i a l l y  t r a n s c r ib e d  in  RNA 

s y n th e s is  a r e  p y r im id in e - r ic h  and c o n ta in  un ique  p y rim id in e  i s o s t i c h s .  

I t  i s  n o t  known, how ever, i f  th e se  p y rim id in e  re g io n s  a re  a c tu a l ly  

t r a n s c r ib e d .  The ev id en ce  su g g e s ts  t h a t  th e y  may have a r o le  in  

t r a n s c r i p t i o n a l  c o n t r o l ,  b u t a r o le  co u ld  e a s i l y  be e x c lu s iv e  o f 

a c tu a l  t r a n s c r i p t i o n  in to  an RNA p ro d u c t.  The p r e s e n t  s tu d ie s  w ere 

concerned  w ith  d e te rm in in g  w h eth er th e  RNA a sy m m e tric a lly  s y n th e s iz e d  

in  v i t r o  does p r e f e r e n t i a l l y  in c o rp o ra te  p u r in e  se q u e n c e s . N e a re s t-  

n e ig h b o r  freq u en cy  a n a ly s i s  (J o s se  et, a l . ,  1961) was used  to  d e te rm in e  

th e  d in u c le o t id e  f re q u e n c ie s  and b a se  co m p o sitio n s  o f  in  v i t r o  RNA 

t r a n s c r i p t s  o f  DNA from  c o lip h a g e s  T4, T5 and T7. By in f e r e n c e ,  th e n , 

th e  d in u c le o t id e  f re q u e n c ie s  o f  th e  DNA te m p la te  from  w hich th e  RNA 

had  been  t r a n s c r ib e d  w ere a ls o  de te rm in ed  (W eiss and Nakamoto, 1961; 

H urw itz  e t  a l . ,  1962; Grossman e t  a l . , 1971 ). A b r i e f  rev iew  o f  th e  

t r a n s c r i p t i o n  p a t te r n s  o f  th e s e  phages w i l l  be p re s e n te d .

In  th e  la rg e  v i r u l e n t  c o lip h a g e  T4 (M.W. 100 x  10 , S in sh e im er, 

1968) b o th  im m ediate e a r ly  and d e lay ed  e a r ly  RNAs h y b r id iz e  a lm ost 

e x c lu s iv e ly  w ith  one s t r a n d  (1 s t r a n d )  o f  T4 DNA (Guha e t  a l . ,  1971) 

w h ile  l a t e  T4 s y n th e s is  i s  p r in c i p a l l y  co p ied  from th e  o th e r  ( r  s t r a n d )  

(G rasse  and Buchanan, 1969). In  T4, p y r im id in e - r ic h  c l u s t e r s  were 

found to  o ccu r on b o th  s tr a n d s  (Guha and S z y b a ls k i ,  1968). I n  th e
g

s l i g h t l y  s m a lle r  v i r u l e n t  c o lip h a g e  T5 (83 x 10 d a l to n s ,  R u b en s te in , 

1968) th e  t r a n s c r i p t i o n a l  p a t t e r n ,  though q u i te  d i s t i n c t i v e ,  has many 

s i m i l a r i t i e s  to  t h a t  o f  T4. The DNA o f  T5 i s  u n iq u e ; i t  c o n s is t s  o f  

one i n t a c t  and one n ic k ed  s t r a n d ,  th e  s in g le - s t r a n d  b re a k s  b e in g  a t  

g e n e t i c a l ly  de te rm in ed  p o s i t io n s  a long  th e  m o le c u le . D enatured  T5



17

DNA th e re f o r e  y ie ld s  seven  o r  more s in g le - s t r a n d e d  fragm en ts (B u jard  

and H en d rick so n , 1973; Hayward and S m ith , 1973). H y b r id iz a tio n  o f 

T5 in  v iv o  mRNA w ith  th e  m a jo r s in g le - s t r a n d e d  frag m en ts  o f  T5 DNA 

has  shown th a t  b o th  s tr a n d s  a re  u sed  as te m p la te ,  and th a t  m ost 

t r a n s c r i p t i o n  o ccu rs  on th e  i n t a c t  heavy  s t r a n d  and on one o f  th e  

l a r g e s t  fragm en ts  o f  th e  l i g h t  s t r a n d  (B u ja rd  and H en d rick so n , 1973; 

Hayward and S m ith , 1973). H y b r id iz a tio n  was found to  o ccu r p r e f e r e n t i a l l y  

to  th e  s in g le - s t r a n d e d  T5 DNA segm ents w ith  th e  m ost p o ly  (U,G) 

b in d in g  c a p a c ity  (L anni and S z y b a ls k i ,  1969).

In  T 7 ,th e  asymmetry i s  c o n f in e d  to  th e  e x c lu s iv e  copying  of 

one DNA s t r a n d  (Summers and S z y b a ls k i ,  1968). C oliphage T7, sm a lle r
g

th a n  T5 and T4 (26 x 19 d a l to n s ,  R ic h a rd so n , 1966), i s  cop ied  

e x c lu s iv e ly  from  th e  r  s t r a n d  o f  th e  v i r a l  DNA in  v iv o . In  v iv o  

RNA o f phage T7 was found to  h y b r id iz e  e x c lu s iv e ly  to  th e  c y to s in e -  

r i c h  heavy s t r a n d  (Summers and S z y b a ls k i ,  1968). In  v i t r o  T7 

t r a n s c r i p t i o n  was a ls o  found to  be e x c lu s iv e ly  from th e  heavy s tr a n d  

(Summers and S ie g e l ,  1969).

I n  th e  ex p erim en ts  to  be d e s c r ib e d  h e r e ,  in  v i t r o  RNA t r a n s c r i p t s  

o f  n a t iv e  and d e n a tu re d  DNA were com pared. E. c o l i  RNA po lym erase , 

c o n ta in in g  th e  sigm a s u b u n i t ,  was u sed  to  t r a n s c r ib e  T 4, T5 and T7 

phage DNA. The n a t iv e  DNA o f th e s e  phages i s  t r a n s c r ib e d  a sy m m etric a lly  

by th e  RNA polym erase holoenzyme (B urgess e t  a l . , 1969; P is p a  and

Buchanan, 1971; Summers and S ie g e l ,  1970 ). D enatu red  DNA i s  t r a n s ­

c r ib e d  s y m m e tr ic a lly , and th e  h ig h  s e l e c t i v i t y  o f  th e  holoenzyme 

i s  l o s t  (C ham berlin  and B erg , 1964; Brody and G eiduschek , 1970).

The d in u c le o t id e  f re q u e n c ie s  o f  th e  RNA t r a n s c r i p t s  o f n a t iv e  and 

d e n a tu re d  DNA o f  phages T4, T5 and T7 w ere d e te rm in ed  and com pared.
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I t  was assumed t h a t  d e n a tu re d  DNA was sy m m e tric a lly  t r a n s c r ib e d  and 

t h a t  th e  d in u c le o t id e  f re q u e n c ie s  o f  th e  RNA t r a n s c r i p t s  w ere th e r e f o r e  

th e  same as th e  d in u c le o t id e  f re q u e n c ie s  o f th e  phage genome. In  

t h i s  way, i t  was p o s s ib le  to  d e te rm in e  i f  th e  RNA t r a n s c r ib e d  from 

th e  n a t iv e  DNA te m p la te  was e n r ic h e d  in  p u r in e s .

T h is  a n a ly s i s  showed th a t  th e r e  i s  an en rich m en t o f  p u r in e  

sequences in  th e  RNA s y n th e s iz e d  on th e  n a t iv e  DNA, as compared to  th e  

RNA t r a n s c r ib e d  from  th e  d e n a tu re d  te m p la te .  The DNA te m p la te  from  

w hich th e  RNA i s  t r a n s c r ib e d  i s  th u s  n o t  o n ly  e n ric h e d  in  p y r im id in e s ,  

b u t  th e se  p y r im id in e - r ic h  re g io n s  a r e  t r a n s c r ib e d .  S p e c i f i c a l ly ,  

i t  was found t h a t :  1 . T r a n s c r ip ts  o f  n a t iv e  DNA had h ig h e r  f re q u e n c ie s

o f p u r in e  d in u c le o t id e s  ( i . e .  ApA, ApG, GpA and GpG) th an  th e  RNA 

t r a n s c r ib e d  from  th e  d e n a tu re d  te m p la te .  I n  th e  T7 RNA t r a n s c r i p t s ,  

th e re  was an in c re a s e  in  d in u c le o t id e s  ApA, GpA and GpG. In  th e  T4 

RNA t r a n s c r i p t s ,  GpA and ApG w ere in c re a s e d ,  and in  th e  T5 RNA 

t r a n s c r i p t s ,  th e r e  was an in c re a s e  in  d in u c le o t id e s  ApA and ApG;

2 . By e v a lu a t in g  th e  r a t i o  o f  th e  d in u c le o t id e  f re q u e n c ie s  o f  th e  

com plem entary d in u c le o t id e  p a i r s  ( i . e .  ApA:UpU, ApG:CpU, GpA:UpC, 

GpG:CpC, ApC:GpU and CpA:UpG) i t  was found th a t  t r a n s c r i p t i o n  o f T7 

and T4 n a t iv e  DNA was asym m etric , d e n a tu re d  T7 DNA was t r a n s c r ib e d  

s y m m e tr ic a lly , and t r a n s c r i p t i o n  o f  n a t iv e  T5 DNA and d e n a tu re d  T4 

and T5 DNAs was w eakly  asym m etric ; 3 . The d in u c le o t id e  f re q u e n c ie s  

o f  th e  RNA t r a n s c r i p t s  o f  b o th  n a t iv e  and d e n a tu re d  DNA te m p la te s  

w ere found to  be non-random . T h is  was d e te rm in ed  by com parison w ith  

p r e d ic te d  random f r e q u e n c ie s ,  w hich w ere c a lc u la te d  from th e  known 

b a se  com po sitio n  o f  each  DNA s tu d ie d .
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M a te r ia ls  and Methods

I .  P r e p a ra t io n  o f  E s c h e r ic h ia  c o l i  RNA polym erase

E . c o l i  ENA polym erase was p re p a re d  by th e  method o f B urgess 

(1969) w ith  some m o d if ic a t io n s .  100 g f ro z e n  E. c o l i / B 3 /4  lo g  

phase  c e l l s  w ere mixed in  a  W aring b le n d e r  w ith  g la s s  beads and 100 ml 

o f  b u f f e r  G (0 .0 5  M T ris-H C l pH 7 .5 ,  0 .0 1  M MgCl2> 0 .2  M KC1, 0 .1  mM 

d i t h i o t h r e i t e l  (DTT), 0 .1  mM EDTA, 5$ (v /v )  g ly c e r o l ) .  The c e l l s  

w ere b le n d e d , w ith  c o o l in g ,  f o r  12 m in u te s . The e x t r a c t  was t r e a t e d  

w ith  DNase, washed w ith  200 ml o f  b u f f e r  G and d ecan ted  (F ra c t io n  I ) .  

F r a c t io n  I  was th e n  f r a c t io n a t e d  by ammonium s u l f a t e  p r e c i p i t a t i o n .

The ENA polym erase was re c o v e re d  in  th e  f r a c t i o n  p r e c i p i t a t e d  betw een 

33^£ and 4 2 s a tu r a t i o n .  The p r e c i p i t a t e  was re d is s o lv e d  in  150 ml 

o f  b u f f e r  A (0 .0 1  M T ris-H C l pH 7 .9 ,  0 .0 1  M MgCl2 , 0 .1  mM EDTA, 0 .1  

mM DTT, 5^  (v /v )  g ly c e r o l)  (F ra c t io n  I I I )  and a p p lie d  to  a  DEAE- 

c e l lu lo s e  column. The column was washed w ith  50 ml o f  b u f f e r  A 

and th e n  400 ml o f  b u f f e r  A +  0 .1 3  M KCl. The ENA polym erase was 

e lu te d  w ith  300 ml o f  b u f f e r  A +  0 .2 3  M KCl. The p r o te in  c o n c e n tra t io n  

o f  th e  e l u a t e ,  as d e term ined  by th e  method o f Lowry e t  a l . ,  (1951) and

th e  a c t i v i t y  o f  th e  ENA polym erase (S tan d a rd  enzyme r e a c t io n ,  M a te r ia ls  

and M ethods I I )  a re  shown in  F ig .  1 . The peak  f r a c t io n s  o f  th e  DEAE 

colum n, c o n ta in in g  th e  po lym erase a c t i v i t y ,  were poo led  (50 m l) ,  

r e p r e c i p i t a t e d  w ith  1 .4  volum es o f  s a tu r a te d  ammonium s u l f a t e ,  d is s o lv e d  

in  a  m inim al volume (10 m l) o f b u f f e r  A and d ia ly z e d  3X a g a in s t  100 

volum es o f  b u f f e r  A f o r  2 1 /2  h o u rs  a t  4°C. Low s a l t  g ly c e r o l  d e n s i ty  

g r a d ie n ts  (10^ -  30^ g ly c e ro l  in  b u f f e r  A) w ere run  in  a  Spinco  SW 25 .1



r o to r  (29 m l) .  Twenty f iv e  mg o f  th e  p r o te in  (1 .5  ml volum e) w ere 

a p p lie d  to  each  g r a d ie n t .  The g r a d ie n ts  w ere c e n t r i f u g e d  a t  25 ,000 

rpm f o r  23 hou rs a t  4°C. F ra c t io n s  w ere c o l le c te d  u s in g  an au to -D e n s i 

Flow B u ch le r pump, s t a r t i n g  from  th e  to p  o f  th e  g r a d ie n t .  The p r o te in  

p a t t e r n  o f  each g r a d ie n t  was fo llo w e d , as p re v io u s ly ,  by th e  O.D. a t  

280 mu and by Lowry p r o te in  d e te rm in a tio n s .  The enzyme a c t i v i t y  was 

assay ed  by th e  s ta n d a rd  enzyme r e a c t io n .  R e su lts  from one g r a d ie n t  

a re  shown in  F ig .  2 . The peak  po lym erase f r a c t io n s  w ere p o o le d , and 

th e  p r o te in  r e p r e c ip i t a t e d  w ith  1 .4  volum es o f  s a tu r a te d  ammonium 

s u l f a t e ,  r e d is s o lv e d  in  s to ra g e  b u f f e r  ( b u f f e r  A m o d ified  to  c o n ta in  

0 .1  M KCl and 50^ (v /v )  g ly c e r o l)  and s to r e d  a t  -20°C . The p r o te in  

c o n c e n tra t io n  o f  th e  s to r e d  enzyme p re p a ra t io n  was 2 .6  mg/ml. The 

s te p s  in  th e  p u r i f i c a t i o n  p ro ced u re  a re  shown in  T ab le  1 .

A ccording to  Berg e t  a l .  (1971) p o ly  dAT copolym er i s  n o t  a 

s u i t a b le  te m p la te  f o r  a s sa y s  d u rin g  th e  e a r ly  s ta g e s  o f  p u r i f i c a t i o n ,  

due to  i t s  h ig h  s e n s i t i v i t y  to  E. c o l i  n u c le a s e s .  At l a t e r  s ta g e s ,  

i t  i s  th e  m ost d e s i r a b le  te m p la te  s in c e  rAU s y n th e s is  i s  la rg e ly  

u n a f fe c te d  by th e  rem oval o f  sigm a, and th e  s p e c i f i c  a c t i v i t y  o b ta in e d  

f o r  RNA polym erase depends p r im a r i ly  on th e  a c t i v i t y  o f  th e  enzyme 

p r e s e n t .  F o r t h i s  r e a s o n , T4 DNA was used  as a te m p la te  d u rin g  th e  

e a r ly  s te p s  o f p u r i f i c a t i o n ,  and dAC was used  f o r  a l l  th e  l a t e r  

s ta g e s .  The a c t i v i t y  o f  th e  enzyme i s  th e r e f o r e  ex p re ssed  in  e i t h e r  

T4 o r  dAT u n i t s ,  where one s ta n d a rd  u n i t  o f  ENA polym erase enzyme 

a c t i v i t y  c a ta ly z e s  th e  in c o rp o ra t io n  o f  1 nmole o f AMP in to  a  RNA 

p ro d u c t in  60 m inu tes a t  37°C, u s in g  th e  s ta n d a rd  enzyme r e a c t io n  

(M a te r ia ls  and Methods I I ) .  In  T ab le  1 , th e r e f o r e ,  a dAT o r  T4 u n i t  

i s  eq u a l to  one s ta n d a rd  enzyme u n i t  o f  a c t i v i t y ,  u s in g  dAT copolym er
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o r  n a t iv e  T4 DNA, r e s p e c t iv e ly ,  as te m p la te .  The s p e c i f i c  a c t i v i t y  

o f  th e  f i n a l  f r a c t io n  was 390 T4 u n its /m g  p r o te in  and 840 dAT u n i t s /  

mg p r o te in .  T h is  r e p re s e n ts  a p p ro x im a te ly  a 400 f o ld  p u r i f i c a t i o n ,  

based  on T4 u n i t s . The p re se n c e  o f  an a c t iv e  sigm a f a c t o r  was d e te rm in ed  

by two d i f f e r e n t  m ethods, as d e s c r ib e d  in  R e su lts  I I I .

I I .  S tan d a rd  Enzyme R eac tio n

The s ta n d a rd  enzyme r e a c t io n  was c a r r i e d  o u t ac c o rd in g  to  Grossman

e t  a l . (1 9 7 1 ), w ith  some m o d if ic a t io n s .  The s ta n d a rd  r e a c t io n  m ix tu re ,

to  m easure RNA polym erase enzyme a c t i v i t y ,  c o n ta in e d  th e  fo llo w in g

com ponents, in  250 u l :0 .0 4  M T risH IC l pH 7 .9 ,  0 .0 1  M M gC ^j 0 .1  mM

14 32EDTA, 0 .1  mM DTT, 0 .4  mM p h o sp h a te , 0 .15  M KCl, la b e le d  C o r  P , 

and u n la b e le d  r ib o n u c le o s id e  t r ip h o s p h a te s ,  (50 nmoles each  o f  ATP,

GTP, CTP and I3TP), DNA te m p la te  and RNA polym erase as in d ic a te d  in  

th e  t e x t .  In c u b a tio n  was f o r  20 m in u tes  a t  37°C. At th e  com p le tio n  

o f  th e  r e a c t io n ,  th e  tu b e s  w ere p la c e d  on ic e  and 0 .1  ml o f  0 .1  N 

p y ro p h o sp h a te , in  0 .5  M ^HPO^ and 20 u l  o f  bov ine  serum album in 

(5 mg/ml) w ere added . The p ro d u c t was p r e c i p i t a t e d  w ith  3 ml o f 

co ld  5dja t r i c h lo r o a c e t i c  a c id  (TCA). A f te r  15 m inu tes a t  0° C, th e  

tu b e s  w ere c e n tr ifu g e d  f o r  5 m in u tes  a t  6000 rpm, th e  s u p e rn a ta n t  

d e c a n te d , and th e  p r e c i p i t a t e  r e d is s o lv e d  in  0 .5  ml o f  0 .1  N NaOH 

and im m ediate ly  r e p r e c i p i t a t e d  w ith  a n o th e r  3 ml o f  c o ld  5<jj TCA.

T h is  NaOH and TCA s te p  was c a r r i e d  o u t a t  0°C and com pleted in  ab o u t 

15 seco n d s . I t  was in tro d u c e d  in  o rd e r  to  red u ce  background r a d io ­

a c t i v i t y  in  th e  TCA p r e c i p i t a t e ,  due to  n o n - s p e c if ic  b in d in g  o f  

s u b s t r a t e .  The a l k a l i  s te p  was n o t in c lu d e d  in  th e  r e a c t io n s  perform ed
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f o r  n e a re s t -n e ig h b o r  a n a ly s i s .  In  th e s e  a ssay s  th e  TCA p r e c i p i t a t e  

was washed by re su sp e n s io n  in  5fl c o ld  TCA. Both o f  th e s e  m ethods o f  

w ashing th e  TCA p r e c i p i t a t e  reduced  th e  background r a d io a c t i v i t y  to  

s a t i s f a c t o r i l y  low le v e ls  (ap p ro x im ate ly  60 cpm as compared to  20 cpm 

f o r  a f i l t e r  b la n k ) ,  w ith  no lo s s  o f  RNA p ro d u c t. A f te r  30 m in u tes  on 

i c e ,  th e  TCA p r e c i p i t a t e  was c o l le c te d  on g la s s  f i b e r  f i l t e r s  

(GF/C, Whatman), washed w ith  5$ c o ld  TCA, d r ie d  and coun ted  in  a 

P ack ard  In s tru m e n t T r i-C a rb , by l i q u id  s c i n t i l l a t i o n ,  u s in g  a  to lu e n e  

f l u o r  ( to lu e n e  c o n ta in in g  PPO and d im eth y l P0P0P).

I I I .  N e a re s t-n e ig h b o r  a n a ly s is

N e a re s t-n e ig h b o r  a n a ly s is  was c a r r i e d  o u t ac c o rd in g  to  Grossman

e t  a l .  (1 9 7 1 ), w ith  some m o d if ic a t io n s .  Four s ta n d a rd  enzyme r e a c t io n

m ix tu re s ,  in  d u p l i c a te ,  w ere p re p a re d  f o r  each  DNA s tu d ie d .  Each

r e a c t io n  m ix tu re  c o n ta in e d  a  d i f f e r e n t  one o f  th e  a lp h a - la b e le d  32P -

r ib o n u c le o s id e  tr ip h o s p h a te s  and th e  o th e r  th r e e  r ib o n u c le o s id e

t r ip h o s p h a te s ,  u n la b e le d . (S p e c if ic  a c t i v i t y  o f  th e  la b e le d
3

s u b s t r a te s  was 2 to  13 x 10 cpm /nm ole.) Amounts o f  DNA te m p la te  

and RNA polym erase a re  d e sc r ib e d  in  R e su lts  I ,  T ab le  2 . The s e t  

o f  e ig h t  r e a c t io n  tu b e s  (two tu b es  f o r  each o f  th e  fo u r  la b e le d  

s u b s t r a t e s )  were in c u b a te d , s im u lta n e o u s ly , f o r  20 m in u tes  a t  37°C.

A ll r e s u l t s  re p o r te d  a re  average  v a lu e s  f o r  th e  d u p l ic a te  r e a c t io n s .  

Each r e a c t io n  m ix tu re  was p r e c i p i t a t e d  and washed IX w ith  5$ co ld  

TCA, as d e s c r ib e d  above in  th e  s ta n d a rd  enzyme r e a c t io n .  The washed 

TCA p r e c i p i t a t e  was d is s o lv e d  in  1 ml o f 0 .3  M KOH, and h y d ro ly z e d , 

f o r  18 hours a t  37°C, to  2 ' - ( 3 ' ) -n u c le o s id e  m onophosphates. C a r r ie r
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2 ' - ( 3 ' ) -n u c le o s id e  m onophosphates (13-20 nm oles o f  each  o f  th e  fo u r  

b a s e s ,  in  5 u l  o f  w a te r)  was added to  each h y d ro ly s a te .  The 1 ml 

h y d ro ly s a te  was th e n  d e s a l te d  on sm a ll Dowex -  50/H+ colum ns, by 

e lu t io n  w ith  10 ml o f  w a te r .  The sam ples w ere ev ap o ra ted  to  d ry n ess  

and w ere r e d is s o lv e d  in  150-200 u l  o f  w a te r .  Two 75-100 u l  p o r t io n s  o f 

each  sam ple w ere s p o tte d  f o r  two p a r a l l e l  e l e c t r o p h o r e t ic  s e p a ra t io n s  

on Whatman 3MM p a p e r . P ap er e le c t r o p h o r e s is  was c a r r i e d  o u t in  

c i t r a t e  b u f f e r  ( qq25 M pH 3 .5 )  a t  1500 V f o r  90 m inu tes in  an 

e le c t r o p h o r e s is  c e l l ,  u s in g  CCl^ as c o b la n t .  The p ap ers  w ere oven- 

d r ie d  and th e  UV a b so rb a n t n u c le o s id e  m onophosphates i d e n t i f i e d  by 

ex am in a tio n  under u l t r a v i o l e t  l i g h t .  The fo u r  r ib o n u c le o t id e  sp o ts  

were c u t from  th e  p a p e r and th e  r a d io a c t i v i t y  d e te rm in e d .

IV . S p e c i f ic  a c t i v i t y  o f la b e le d  r ib o n u c le o s id e  tr ip h o s p h a te s

The s p e c i f i c  a c t i v i t y  o f  th e  8-14C and a lp h a - la b e le d  ^^P 

s u b s t r a te s  was de te rm in ed  by p ap e r e l e c t r o p h o r e s i s .  Each tr ip h o s p h a te  

was s p o t te d  on Whatman 3MM p ap e r and e le c t r o p h o r e s is  was c a r r i e d  o u t 

in  c i t r a t e  b u f f e r  (Qp25 M, pH 4 ,9 )  a t  1500 V f o r  90 m in u te s . The 

n u c le o s id e  tr ip h o s p h a te  s p o t was i d e n t i f i e d  u n d er u l t r a v i o l e t  l i g h t ,  

c u t and e lu te d  in  3 ml o f  0 .05  N HCl. The m olar c o n c e n tra t io n  o f 

each tr ip h o s p h a te  was d e term ined  by i t s  o p t i c a l  d e n s i ty  a t  peak  wave­

le n g th  (pH 2 .0 )  and th e  r a d io a c t i v i t y  was d e te rm in e d . The s p e c i f i c

3 14a c t i v i t y  was ap p ro x im a te ly  1 x  10 cpm/nmole f o r  th e  C la b e le d  s u b s t r a te s

and from  2 to  13 x 10^ cpm/nmole f o r  th e  "*̂ P la b e le d  s u b s t r a t e s .
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The RNA t r a n s c r i p t s  s y n th e s iz e d  f o r  n e a re s t -n e ig h b o r  a n a ly s is  w ere 

an a ly zed  by n u c le a se  d ig e s t io n ,  to  d e te rm in e  th e  amount o f  s in g l e ­

s tra n d e d  RNA, RNA:DNA h y b r id  o r  d o u b le -s tra n d e d  RNA s y n th e s iz e d  in  

each  r e a c t io n .  The r a d io a c t iv e  p ro d u c t rem ain ing  a f t e r  d ig e s t io n  was

d e term ined  by a c id  p r e c i p i t a t i o n  and n i t r o c e l l u lo s e  membrane f i l t r a t i o n .

X A*C t r a n s c r i p t s  w ere made w ith  each  DNA te m p la te , u s in g  th e  s ta n d a rd  

enzyme r e a c t io n  ( r e a c t io n  volum e:500 u l ) . The DNA te m p la te  and RNA 

polym erase w ere a t  th e  same r a t i o s  and c o n c e n tra t io n s  as were used 

in  th e  s y n th e s is  o f  th e  32P -RNA f o r  n e a re s t -n e ig h b o r  a n a ly s is  

(T ab le  2 ) .  The f i r s t  p a r t  o f  th e  r e a c t io n ,  i . e .  in c u b a tio n  f o r  20 

m in u tes  a t  37°C, was c a r r i e d  o u t in  a  s in g le  r e a c t io n  m ix tu re .

F o llo w in g  th e  i n i t i a l  in c u b a tio n  th e  sam ple was p la c e d  on ic e  and 

im m ediate ly  d i l u te d  w ith  an eq u a l volume o f  d i lu e n t  c o n ta in in g  0 .1  M 

NaCl a n d 0 .01  M MgCl2 (G eiduschek  and G rau, 1970 ). The f i n a l  c o n c e n tra t io n  

o f  th e  b u f f e r  was th e n : 0 .0 2  M T ris-H C l pH 7 .9 ,  0 .0 5  mM DIT, 0 .05

mM EDTA, 0 .2 0  mM P04 , 0 .7 5  m KCl and 0 .05  M NaCl and 0 .0 1  M MgCl2 

(G eiduschek and G rau , 1970). 100' u l  a l iq u o ts  o f  th e  r e a c t io n

m ix tu re  were rem oved, and one o f  th e  fo llo w in g  a d d i t io n s  was made:

RNase T1 (1 ug /m l) and RNase A (2 u g /m l) , DNase (30 ug /m l) o r  b o th  

RNase and DNase (G eiduschek and G rau , 1970; R o b ertso n , 1971). A ll 

sam ples w ere in c u b a te d  f o r  an  a d d i t io n a l  30 m inu tes a t  37° C. Under 

th e se  c o n d i t io n s ,  DNase d ig e s t io n  made E . c o l i  n a t iv e  32P -DNA 75$ 

a c id  s o lu b le ,  and RNase d ig e s t io n  (RNase A and RNase T l)  made ^-RNA 

o f B. s u b t i l i s  100$ a c id  s o lu b le .  A f te r  th e  second in c u b a t io n ,  two 

a l iq u o ts  (45 u l  each) w ere removed from  each sam ple and t r e a t e d  as
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fo l lo w s : one a l iq u o t  was d i lu te d  in to  10 ml o f  2X s ta n d a rd  s a l i n e -

c i t r a t e  (SSC, s ta n d a rd ,  0 .15  M N aCl, 0 .015  N Na C i t r a t e  pH 7 .0 ) ,  

f i l t e r e d  on a  n i t r o c e l l u l o s e  membrane f i l t e r  (S c h le ic h e r  and S c h u e ll 

C o ., B6 , 24 mm) u s in g  a M il l ip o re  f i l t e r  a p p a ra tu s ,  and washed w ith  

30 ml o f 2X SSC; th e  o th e r  a l iq u o t  was p r e c i p i t a t e d  w ith  5^ co ld  

TCA. A ll sam ples w ere d r ie d  and th e  r a d i o a c t i v i t y  d e te rm in e d .

V I. P r e p a ra t io n  and d e n a tu ra t io n  o f  b a c te r io p h a g e  DNA

DNA was i s o l a t e d  from  phage T4, ac c o rd in g  to  th e  p ro ced u re  o f  

Grossman et a l . (1 9 6 1 ). The phage was e x t r a c te d  th r e e  tim es w ith  a

0 .0 1  M p o tass iu m  p h osphate  b u f f e r  (pH 7 .0 )  -  s a tu r a te d  pheno l m ix tu re . 

The pheno l was removed from  th e  aqueous DNA la y e r  by e th e r  e x t r a c t io n .  

The DNA was p r e c i p i t a t e d  by a d d i t io n  o f co ld  e th a n o l ,  and d is s o lv e d  

in  IX SSC. DNA o f phages T5 and T7, p re p a re d  by pheno l e x t r a c t io n ,  

w ere k in d ly  s u p p lie d  by D r. M. J .  Bessman. D o u b le -s tra n d e d  BF DNA 

o f phage f l  was k in d ly  s u p p lie d  by D r. P . M odell.

A ll  phage DNAs were d e n a tu re d  by a l k a l i .  The DNA (3 -5  ml vo lum e), 

a t  a c o n c e n tra t io n  o f  80-100 u g /m l, in  0.1X SSC, was b ro u g h t to  a pH 

o f 12.5  by a d d i t io n  o f 0 .1  volume o f 3 N NaOH. A f te r  s t i r r i n g  f o r  

10 m inu tes a t  room te m p e ra tu re , th e  s o lu t io n  was n e u t r a l iz e d  w ith  

3 N HC1 and th e n  d ia ly z e d  a g a in s t  IX SSC f o r  18 hou rs  a t  4°C.

V I I .  M a te r ia ls

S u p e rb r i te  100 g la s s  beads w ere p u rch ased  from  3M Company.

E. c o l i , 3 /4  lo g  phase fro z e n  c e l l s ,  grown on e n r ic h e d  medium a t  

37°C, w ere p u rch ased  from  G ra in  P ro c e s s in g  C o rp o ra tio n . Whatman
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m ic ro g ra n u la r  d ie th y la m in e  c e l lu lo s e  (DEAE) DE-52 (1 .0  mg/gm d ry  w eig h t)

was p u rchased  from  Reeve Angel Company. Enzyme grade ammonium s u l f a t e

was p u rch ased  from  Mann R esearch  L a b o ra to r ie s .

14C la b e le d  r ib o n u c le o s id e  t r ip h o s p h a te s ,  u n la b e le d  r ib o n u c le o s id e

t r ip h o s p h a te s  and 2 ' - ( 3 ^ - n u c le o s id e  m onophosphates w ere pu rch ased  from

Schw artz B io re s e a rc h . A lpha- 32P la b e le d  r ib o n u c le o s id e  t r ip h o s p h a te s

w ere p u rchased  from New England N u c le a r .

Copolymer p o ly  (dA-dT) was pu rch ased  from  PL B io c h em ica ls , I n c .

32E. c o l i  P-DNA was k in d ly  su p p lie d  by D r. M. J .  Bessman. B. s u b t i l i s  
3
H-RNA was k in d ly  p re p a re d  by D r. Y. S e to g u c h i, acc o rd in g  to  M arg u lies  

e t  a l . , (1 9 7 0 ). DNase I ,  RNase A and RNase T l w ere pu rch ased  from 

W orth ing ton  B iochem ical Company.
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R e s u lts

I . D e te rm in a tio n  o f optimum r e a c t io n  c o n d itio n s  f o r  t r a n s c r i p t io n

o f n a t iv e  and d e n a tu re d  phage DNA

In  th e s e  s tu d ie s ,  th e  d in u c le o t id e  f re q u e n c ie s  o f  RNA tr a n s c r ib e d  

a sy m m e tric a lly  from n a t iv e  phage DNA w ere compared w ith  th e  d in u c le o t id e  

f re q u e n c ie s  o f  RNA tr a n s c r ib e d  from  d en a tu red  phage DNA. The optimum 

r e a c t io n  c o n d itio n s  f o r  th e se  two ty p es  o f RNA s y n th e s is ,  f o r  phages 

T4, T5 and T7, had to  be d e term ined  f o r  each  phage s tu d ie d .  The 

optimum c o n d itio n s  f o r  each  type  o f  s y n th e s i s ,  as w i l l  be e x p la in e d  

below , depends on th e  DNA:polymerase r a t i o  a t  w hich th e  t r a n s c r i p t s  

a r e  made.

In  v i t r o  t r a n s c r i p t i o n  o f  phages T4, T5 and T7 n a t iv e  DNA, w ith  

E.. c o l i  RNA po lym erase , i s  an asym m etric p ro c e ss  and i s  i n i t i a t e d  a t  

s p e c i f i c  s i t e s  on th e  genome. The E. c o l i  RNA polym erase m ust c o n ta in  

th e  sigma s u b u n it  and th e  te m p la te  m ust be n a t iv e  DNA, fo r  th i s  

s p e c i f i c i t y  to  be r e ta in e d  in  v i t r o  (B urgess e t  a l . , 1969; H ink le  and 

C ham berlin , 1972; P is p a  and Buchanan, 1971). A t low m olar r a t i o s  o f 

DNA to  enzyme i t  i s  p o s s ib le ,  how ever, t h a t  some i n i t i a t i o n  may o ccu r 

a t  o th e r  th a n  t r u e  p rom oter s i t e s  (Dause e t  a l . , 1972). I t  i s  assum ed, 

th e r e f o r e ,  t h a t  a t  h ig h  DNA to  enzyme r a t i o s ,  a l l  o f  th e  RNA polym erase 

b in d s  to  t r u e  prom oter s i t e s  and th e  s e l e c t i v i t y  o f t r a n s c r i p t i o n  i s  

r e t a in e d .  A ll RNA t r a n s c r i p t s  o f  n a t iv e  DNA w ere th e re f o r e  sy n th e s iz e d  

a t  h ig h  DNA to  enzyme r a t i o s ,  a t  w hich th e  DNA was p re s e n t  in  

s a tu r a t in g  am ounts.

In  v i t r o  t r a n s c r i p t i o n  o f d en a tu red  DNA o f  phages T4, T5 and T7,
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y ie ld s  a  d i f f e r e n t  ty p e  o f  RNA p ro d u c t th a n  th e  one j u s t  d e s c r ib e d .

In  th e  d e n a tu re d  DNA th e re  i s  an a l t e r a t i o n  o f  th e  DNA te m p la te  s t r u c tu r e  

and a  lo s s  o f  much o f  th e  s p e c i f i c i t y  o f  i n i t i a t i o n .  I t  i s  p o s s ib le ,  

in  t h i s  c a s e ,  f o r  a lm o st a l l  o f th e  DNA to  be t r a n s c r ib e d  (C ham berlin  

and B erg , 1964). F o r th e  p u rposes o f  th e se  s tu d ie s ,  th e  RNA t r a n s c r i p t s  

o f  th e  d e n a tu re d  te m p la te  a re  c o n s id e re d  to  be approx im ate c o p ie s  o f  

th e  DNA d u p le x . The d e n a tu re d  DNA te m p la te ,  how ever, does r e t a i n  some 

deg ree  o f  s p e c i f i c i t y ,  as has been  shown w ith  phage T4 DNA (Brody and 

G eiduschek , 1970). I t  i s  assum ed, how ever, t h a t  th e  i n i t i a t i o n  o f  

RNA s y n th e s is  a t  p o s s ib le  p r e f e r r e d  s i t e s ,  and t r a n s c r i p t io n  o f  s e l e c t iv e  

re g io n s  o f  th e  DNA, w i l l  be m inim ized i f  th e re  i s  an ex cess  o f  p o ly ­

m erase a v a i la b l e .  T h e re fo re ,  a l l  th e  RNA t r a n s c r i p t s  o f  d en a tu red  

DNA w ere made a t  low te m p la te  to  po lym erase r a t i o s ,  a t  w hich th e  enzyme 

was p r e s e n t  in  s a tu r a t in g  am ounts.

S a tu ra t in g  amounts o f  DNA o r  enzyme w ere d e term ined  f o r  each 

n a t iv e  o r  d e n a tu re d  DNA te m p la te ,  r e s p e c t iv e l y . .  S a tu r a t io n  cu rves  fo r  

n a t iv e  and d e n a tu re d  T5 and T7 DNA te m p la te s  a re  shown in  F ig u re  3 . 

S im ila r  cu rv es  w ere o b ta in e d  f o r  T4 DNA. RNA s y n th e s is  was m easured a t  

v a ry in g  DNAienzyme r a t i o s ,  in  th e  s ta n d a rd  enzyme r e a c t io n  (M a te r ia ls  

and Methods I I ) .  At c o n s ta n t  enzyme c o n c e n tra t io n ,  such t i t r a t i o n  

cu rv es  have an i n i t i a l  l i n e a r  p o r t io n  and u l t im a te ly  re a c h  a p la te a u  

o f  s y n th e s i s ,  i n s e n s i t iv e  to  f u r th e r  a d d i t io n  o f  DNA. In  th e se  s tu d ie s ,  

enzyme s a tu r a t io n  i s  d e f in e d  by th e  l i n e a r  p o r t io n  o f  each c u rv e , and 

DNA s a tu r a t io n  by th e  p la te a u .  The optimum D N A :protein r a t i o  chosen 

f o r  t r a n s c r i p t i o n  o f each  type  o f  DNA i s  shown (F ig . 3) by th e  arrow .

DNA s a tu r a t io n  was ach iev ed  a t  a  DN A :protein r a t i o  o f  ap p ro x im ate ly  

0 .5  f o r  th e  n a t iv e  DNA te m p la te s  (T able 2 ) .  N a tiv e  T7 and T5 DNA
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w ere t r a n s c r ib e d  a t  t h i s  minimum r a t i o .  N a tiv e  T4 DNA was t r a n s c r ib e d  

a t  th e  h ig h e r  r a t i o  o f  1 .0  (se e  Legend, T ab le  2 , f o r  e x p la n a t io n ) .  

D enatured  DNA was found to  be a l e s s  e f f i c i e n t  te m p la te  f o r  SNA 

s y n th e s is  th an  n a t iv e  DNA. To com pensate f o r  t h i s ,  th e  maximum 

D N A :protein r a t i o ,  0 .15  to  0 .2 0 , on th e  l i n e a r  p o r t io n  o f  th e  c u rv e , 

was chosen  f o r  RNA s y n th e s is  w ith  th e  d e n a tu re d  DNA te m p la te s .  The 

D N A :protein r a t i o s ,  d e term ined  from  th e  s a tu r a t io n  c u rv e s , and th e  

amount o f DNA te m p la te  and RNA polym erase p r o te in  used  in  th e  p re s e n t  

s tu d ie s  a re  summarized in  T ab le  2 . The amount o f  RNA s y n th e s iz e d  in  

each  r e a c t io n ,  and th e  p e rc e n ta g e  o f  th e  a v a i la b le  te m p la te  t r a n s c r ib e d  

by th e  RNA p o ly m erase , a re  a ls o  shown.

The s e v e r a l  DNA te m p la te s  v a r ie d  c o n s id e ra b ly  in  e f f ic ie n c y  

(T ab le  2 ) .  The te m p la te  e f f ic ie n c y  (nmoles RNA) s y n th e s iz e d /u g  p r o te in )  

o f  th e  n a t iv e  DNAs was c o n s i s te n t ly  h ig h e r  th a n  t h a t  o f th e  d e n a tu re d  

DNAs. N a tiv e  T7 DNA had th e  h ig h e s t  e f f ic ie n c y  (1 .4  nm oles RNA 

sy n th e s iz e d /u g  p r o t e i n ) . N a tiv e  T4 and T5 DNA had low er e f f i c i e n c i e s  

(0 .87  and 0 .8 2  nm oles RNA sy n th e s iz e d /u g  p r o t e i n ) .  The d en a tu red  

DNAs a l l  had ap p ro x im ate ly  o n e - te n th  th e  te m p la te  e f f i c i e n c i e s  o f  t h e i r  

r e s p e c t iv e  n a t iv e  DNAs, a t  th e  chosen  r a t i o s .  The e f f i c i e n c i e s  o f  

th e  n a t iv e  and d e n a tu re d  te m p la te s  a r e  n o t  s t r i c t l y  com parable s in c e  

th e y  have been d e term ined  un d er two d i f f e r e n t  s a tu r a t io n  c o n d i t io n s .

In  F ig u re  3 , th e  n a t iv e  te m p la te  can a ls o  be seen  to  be more e f f i c i e n t ,  

when s y n th e s is  o f b o th  ty p e s  o f  te m p la te  i s  compared a t  DNA s a tu r a t io n  

l e v e l s .

These r e s u l t s  a re  in  agreem ent w ith  p re v io u s  f in d in g s  t h a t  

d e n a tu re d  DNA i s  a much p o o re r  p r im e r  f o r  RNA s y n th e s is  th an  n a t iv e  

DNA (M aitra  and H u rw itz , 1965; S alvo  e t  a l . ,  1973). The b a s is  f o r
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V t h i s  d i f f e r e n c e  in  p rim in g  e f f ic ie n c y  o f n a t iv e  and d e n a tu re d  te m p la te s ,

w ith  E. c o l i  RNA po ly m erase , i s  n o t known. I t  may be  due to  a  reduced  

r a t e  o f  s y n th e s i s ,  p rem atu re  te rm in a t io n  o r  lo s s  o f  in  v iv o  i n i t i a t i o n  

s i t e s ,  w hich r e q u ir e  th e  d o u b le -s tra n d e d  DNA s t r u c t u r e .  The E . c o l i  

RNA polym erase may a ls o  b in d  to  th e  d e n a tu re d  DNA te m p la te  in  s e v e ra l  

d i f f e r e n t  w ays, and th e  enzyme may n o t  n e c e s s a r i ly  be a b le  to  i n i t i a t e  

s y n th e s is  a t  a l l  o f  th e se  s i t e s  (H ink le  e t  a l . , 1972).

The amount o f DNA and RNA polym erase used  f o r  each  e x p e rim e n t, 

a t  th e  chosen  DNA:polymerase r a t i o s ,  was s e le c te d  w ith  th e  pu rpose  o f 

n o rm a liz in g  th e  amount o f  p ro d u c t made in  each  r e a c t io n .  In  o rd e r  to  

com pensate f o r  th e  low er e f f ic ie n c y  o f  th e  d e n a tu re d  DNA te m p la te s ,  

th e  amount o f  enzyme used  to  t r a n s c r ib e  th e  d e n a tu re d  DNA was alw ays 

much g r e a t e r  th a n  th e  amount used w ith  th e  n a t iv e  DNA te m p la te s .  The 

one e x c e p tio n  to  t h i s  was th e  ex p erim en t in v o lv in g  l im ite d  s y n th e s is  

w ith  n a t iv e  T4 DNA, where th e  r e a c t io n  m ix tu re  was in c u b a te d  f o r  6 

m inu tes a t  23° C. F o r an  e x p la n a tio n  and d is c u s s io n  o f  t h i s  ex p erim en t 

see  R e s u lts  IV.
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I I .  A n a ly s is  o f  p ro d u c ts  form ed In  t r a n s c r i p t i o n  o f  n a t iv e  and

d e n a tu re d  DNA te m p la te s

The RNA t r a n s c r i p t s  o f  T4, T5 and T7 phage DNA, s y n th e s iz e d  in  

th e se  s tu d i e s ,  w ere an a ly zed  to  d e te rm in e  th e  s p e c i f i c  RNA p ro d u c ts  

formed in  o u r r e a c t io n  sy stem . The RNA p ro d u c ts  o f  in  v i t r o  t r a n s ­

c r ip t i o n  o f  n a t iv e  and d e n a tu re d  DNA in c lu d e  s in g le - s t r a n d e d  RNA,

DNA:RNA h y b rid s  and p o s s ib ly ,  a  d o u b le -s tra n d e d  RNA (G eiduschek e t  a l . ,  

1961; W arner e t  a l . ,  1963; B ishop , 1969; R o b ertso n , 1971). T ra n s ­

c r ip t io n  in  v i t r o  o f  n a t iv e  DNA produces a p red o m in an tly  s in g le - s t r a n d e d  

RNA p ro d u c t,  r e a d i ly  s e p a ra b le  from  i t s  DNA te m p la te  in  a CsCl d e n s i ty  

g r a d ie n t  (G eiduschek  et: a l . ,  1961) . T h is  RNA p ro d u c t i s  a ls o  v e ry  

s e n s i t i v e  to  RNase d ig e s t io n .  F o r  exam ple, l e s s  th a n  5^ o f  th e  RNA 

t r a n s c r i p t s  o f  n a t iv e  T4 DNA a r e  RNase r e s i s t a n t  (B ishop , 1969).

In  c o n t r a s t ,  t r a n s c r i p t i o n  in  v i t r o  o f  s in g le - s t r a n d e d  DNA p roduces 

an RNase r e s i s t a n t  DNA:RNA h y b r id  (W arner e t  a l . ,  1963). The fo rm a tio n  

o f  DNA:RNA h y b rid s  has been  shown, w ith  such  te m p la te s  as  d e n a tu re d  

T4 DNA (B ishop , 19 6 9 ), d e n a tu re d  c a l f  thymus DNA (W arner e t  a l . ,  1963) 

and th e  s in g le - s t r a n d e d  DNA o f b a c te r io p h a g e  0X 174 (C ham berlin  and 

B erg , 1964). A d o u b le -s tra n d e d  RNA p ro d u c t was a ls o  re p o r te d  w ith  

d e n a tu re d  T4 DNA (B ish o p , 1969) and s in g le - s t r a n d e d  f l  DNA (R o b e rtso n , 

1971) as te m p la te s  f o r  i n  v i t r o  RNA s y n th e s is .  We w ished to  e s t a b l i s h  

w h eth er s im i la r  p ro d u c ts ,  e s p e c i a l l y  RNA:RNA h y b r id s ,  w ere s y n th e s iz e d  

in  ou r sy stem .

The RNA t r a n s c r i p t s  w ere an a ly zed  by t h e i r  s u s c e p t i b i l i t y  to  

d ig e s t io n  by RNase, DNase o r  a  com bination  o f  b o th  enzym es. The 

amount o f s in g le - s t r a n d e d  RNA, DNA:RNA h y b rid  o r  d o u b le -s tra n d e d
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RNA in  each d ig e s t ,  was d e te rm in ed  by th e  p ro p o r t io n  o f  a c id  p r e c i p i t a b le  

RNA t h a t  was found to  b in d  to  n i t r o c e l l u lo s e  membranes. B r i e f l y ,  th e  

ty p e s  o f  RNA p ro d u c ts  p r e s e n t  w ere de te rm in ed  as fo llo w s : 1 . The membrane

bound RNA p ro d u c t i s  DNA:RNA h y b r id  ; 2 . The amount o f  a c id  p r e c ip i t a b le  

RNA ren d e red  a c id  s o lu b le ,  a f t e r  RNase d ig e s t io n ,  i s  s in g le - s t r a n d e d  

RNA; 3 . D o u b le -s tran d e d  RNA i s  th e  o n ly  p ro d u c t rem ain ing  as non­

membrane bound, a c id  p r e c i p i t a b le  RNA a f t e r  combined DNase and RNase 

d ig e s t io n .  The r e s u l t s  o f  th e se  experim en ts  (T ab le 3) showed d if f e r e n c e s  

in  th e  RNA p ro d u c ts  form ed, in  t r a n s c r i p t i o n  o f  n a t iv e  and d e n a tu re d  

DNA te m p la te s ,  t h a t  w ere c o n s i s t e n t ,  in  p a r t ,  w ith  th e  p u b lish e d  f in d in g s  

a l re a d y  c i t e d .  The t r a n s c r i p t s  o f  n a t iv e  DNA w ere p red o m in an te ly  s i n g l e ­

s tra n d e d  RNA. T h is  was shown as fo llo w s : 1. 85-90$ o f  th e  a c id

p r e c i p i t a b le  RNA p ro d u c t was n o t  r e ta in e d  by membrane f i l t r a t i o n ;

2 . A f te r  RNase d ig e s t io n ,  o n ly  2 -5$  o f th e  a c id  p r e c i p i t a b le  r a d io ­

a c t i v i t y  rem ained ; 3. The sm all amount o f  RNA rem ain ing  a f t e r  RNase 

d ig e s t io n  was a ls o  membrane bound and th e r e f o r e ,  DNA:RNA h y b r id .

The r e d u c t io n  o f  RNA p ro d u c t r e ta in e d  by th e  membrane, i . e . ,  lo s s  o f 

presum ed DNA:RNA h y b r id ,  a f t e r  RNase d ig e s t io n  cou ld  have been  due to  

d ig e s t io n  o f  lo o se  ends o f  RNA in  th e  h y b r id .  I t  co u ld  a ls o  have been 

due to  lo s s  o f  s in g le - s t r a n d e d  RNA, th a t  was membrane bound by th e  

enzyme, in  an RNA-DNA-polymerase com plex. In  th e  l a t t e r  c a s e ,  more 

th a n  95$ o f  th e  RNA tr a n s c r ib e d  from  n a t iv e  DNA would be s in g l e ­

s tra n d e d  RNA.

The t r a n s c r i p t s  o f  d e n a tu re d  DNA had a la rg e  p ro p o r tio n  o f 

DNA:RNA h y b rid  p ro d u c t. T h is  was shown as fo llo w s : 1 . 90$ (T4 DNA)

and 30$ (T7 DNA) o f  th e  a c id  p r e c i p i t a b le  RNA p ro d u c ts  w ere membrane-  

bound; 2 . A f te r  RNase d ig e s t io n ,  as much as 30$ o f  th e  a c id  p r e c ip i t a b le
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p ro d u c t was r e ta in e d  by th e  membrane. In  c o n t r a s t ,  o n ly  2 -5$  o f  th e  

n a t iv e  DNA t r a n s c r i p t s  w ere r e ta in e d  a f t e r  RNase d ig e s t io n ;  3 . A ll 

o f  th e  d en a tu red  T4 DNA t r a n s c r i p t s  t h a t  w ere a c id  p r e c ip i t a b le  a f t e r  

RNase d ig e s t io n  ( i . e . ,  3 0 $ ), w ere a ls o  r e ta in e d  by membrane f i l t r a t i o n .  

They w ere th e r e f o r e  p red o m in an tly  DNA:RNA h y b r id ; 4 . T here was a 

re d u c t io n  in  a c id  p r e c i p i t a b l e  RNA p ro d u c t a f t e r  RNase d ig e s t io n ,  

su g g e s tin g  th a t  a  s i g n i f i c a n t  p ro p o r tio n  o f  membrane-bound p ro d u c t 

may be s in g le - s t r a n d e d  RNA, bound by th e  enzyme, in  an RNA-DNA-polymerase 

com plex.

D ig e s tio n  o f  th e  r e a c t io n  p ro d u c ts  w ith  DNase confirm ed  th e  r e s u l t s  

found w ith  RNase. A f te r  DNase d ig e s t io n ,  th e  t r a n s c r i p t s  o f  n a t iv e  

DNA showed a g r e a t ly  reduced  amount o f  membrane-bound DNA:RNA h y b r id .

Only ab o u t 1-5$ o f  th e  a c id  p r e c i p i t a b l e  RNA was s t i l l  membrane-bound. 

T h is  su g g e s ts  t h a t  m ost o f  th e  RNA, p re v io u s ly  bound to  th e  membrane, 

may have been  s in g le - s t r a n d e d  RNA, bound in  an RNA-DNA-polymerase 

com plex. The DNase d ig e s t s  o f  th e  t r a n s c r i p t s  o f  d e n a tu re d  DNA 

showed a s i g n i f i c a n t l y  h ig h e r  p ro p o r tio n  o f  membrane-bound DNA:RNA 

h y b r id  (2 0 -3 0 $ ). Combined d ig e s t io n  w ith  DNase and RNase, in d ic a te d  

t h a t  o n ly  2-3$ o f th e  RNA t r a n s c r i p t s  o f  th e  d en a tu red  T4 and T7 

DNAs co u ld  be d o u b le -s tra n d e d  RNA. The d if f e r e n c e  betw een th e  a c id  

p r e c i p i t a b le  and membrane-bound RNA, f o r  th e se  d e n a tu re d  DNAs, i . e . ,

2 .4$  f o r  T4 and 1 .8 $  f o r  T7, co u ld  be d o u b le -s tra n d e d  RNA.

In  c o n c lu s io n , based  on t h i s  a n a ly s i s ,  th e  t r a n s c r i p t i o n  p ro d u c ts  

u sed  h e re  f o r  n e a re s t -n e ig h b o r  a n a ly s i s ,  w ere s in g le - s t r a n d e d  RNA o r  

DNA:RNA h y b r id ,  as was d e sc r ib e d  by o th e rs  (G eiduschek  e t  a l . , 1961;

C ham berlin  and B erg , 1964). T here may be a v e ry  sm a ll amount o f  

d o u b le -s tra n d e d  RNA p re s e n t  in  th e  d e n a tu re d  DNA t r a n s c r i p t s ,  b u t  t h i s
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sm a ll amount sh o u ld  n o t  a f f e c t  th e  r e s u l t s  o b ta in e d  In  th e  n e a r e s t -  

n e ig h b o r a n a ly s i s .
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I I I .  The s e l e c t i v i t y  o f  in  v i t r o  RNA s y n th e s is :  

th e  p re sen ce  o f  sigma

E. c o l i  RNA polym erase m ust c o n ta in  an a c t iv e  sigm a s u b u n it  in  

o rd e r  to  c o r r e c t ly  i n i t i a t e  s e l e c t i v e  t r a n s c r i p t i o n  on th e  n a t iv e  

DNA te m p la te .  Two ex perim en ts  w ere c a r r i e d  o u t ,  in  o rd e r  to  e s t a b l i s h  

t h a t  th e  RNA p o lym erase , p rep a red  f o r  th e se  s tu d i e s ,  had an a c t iv e  

sigma f a c t o r .  In  th e  f i r s t  e x p e rim en t, th e  b ase  co m p o sitio n  o f  th e  

RNA p ro d u c t o f  t r a n s c r i p t i o n  o f f l  r e p l i c a t i v e  form  (RF) DNA was 

d e te rm in ed . In  th e  second e x p e rim e n t, th e  e f f ic ie n c y  o f  th e  enzyme, 

in  t r a n s c r ib in g  n a t iv e  T4 DNA and copolym er dAT, was com pared.

The d o u b le -s t ra in e d  RF form  o f f l  DNA p re s e n ts  an id e a l  te m p la te  

f o r  d e te rm in in g  th e  s p e c i f i c i t y  o f  t r a n s c r i p t i o n  o f  E. c o l i  RNA 

po ly m erase . C o rre c t t r a n s c r i p t i o n  i s  c o n fin e d  e x c lu s iv e ly  to  one 

s t r a n d  o f  th e  DNA and th e  b ase  com position  o f  th e  p ro d u c t i s  known.

The minus s tr a n d  o f  th e  f l  RF DNA i s  th e  s o le  te m p la te  f o r  in  v iv o  

t r a n s c r i p t i o n  (S ed a t and S in sh e im e r, 1970). The E. c o l i  RNA 

polym erase holoenzym e, c o n ta in in g  th e  sigma s u b u n i t ,  a ls o  t r a n s c r ib e s  

o n ly  th e  minus s tr a n d  in  v i t r o ,  w hereas b o th  s t r a n d s  a re  t r a n s c r ib e d  

by th e  co re  enzyme, which la c k s  sigma (S u g u ira  ejt a l^ ., 1970 ). The 

la r g e s t  t r a n s c r i p t s  made by th e  holoenzym e, 26S, co rresp o n d  ro u g h ly  

to  th e  le n g th  o f th e  f l  genome (Okamoto e t  a l . ,  1969). The b ase  

com position  o f  c o r r e c t ly  t r a n s c r ib e d  in  v i t r o  RNA i s  com plem entary to  

th e  minus s tr a n d  and i d e n t i c a l  to  t h a t  o f th e  p lu s  s t r a n d ,  whose 

com position  i s :  A: 0 .2 4 5 ; G: 0 .2 0 5 ; C: 0 .2 0 2 ; T : 0 .348 (S c h a l le r

e t  a l . , 1969). The com position  o f  th e  RNA p ro d u c t th e r e f o r e  p ro v id e s  

an e x c e l le n t  means f o r  d e te rm in in g  i f  th e  E. c o l i  RNA polym erase has
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th e  re q u ire d  s p e c i f i c i t y .

An in d ep en d en t method f o r  th e  d e te rm in a tio n  o f  th e  b ase  com position  

o f  an RNA p ro d u c t i s  p ro v id ed  in  th e  method o f  n e a re s t-n e ig h b o r  

a n a ly s is  (Jo s se  e t  a l . ,  1961). I t  was th e r e f o r e  p o s s ib le  to  d e term in e  

th e  b ase  com position  o f  th e  RNA p ro d u c t o f  f l  t r a n s c r i p t io n  by th e  

same method as was to  be used  f o r  th e  d in u c le o t id e  freq u en cy  a n a ly s is  

o f  th e  RNA t r a n s c r i p t s  o f  T4, T5 and T7 phage DNA. N e a re s t-n e ig h b o r  

a n a ly s is  was c a r r i e d  o u t on in  v i t r o  t r a n s c r i p t s  o f f l  RF DNA ( f o r  

ex p e rim e n ta l d e t a i l s  see  M a te r ia ls  and M ethods, I I I ) . The c o n te n t 

and f r a c t io n  o f th e  t o t a l  r a d io a c t i v i t y  t r a n s f e r r e d  to  each o f  th e  

fo u r  2 1 — ( 3 ')  r ib o n u c le o s id e  m onophosphates w ere d e term ined  f o r  each 

s u b s t r a te  and th e  v a lu e s  a re  g iv e n  in  T ab le  4A. The n e a re s t -n e ig h b o r  

f re q u e n c ie s  o f  th e  d in u c le o t id e  p a i r s  and th e  b ase  com position  o f  th e  

RNA p ro d u c t w ere th e n  c a lc u la te d ,  acc o rd in g  to  th e  method o u t l in e d  

in  Appendix A. The b ase  com po sitio n  o f  th e  RNA p ro d u c t (T ab le  4B) 

was found to  be th e  same as t h a t  o f th e  f l  p lu s  DNA s t r a n d  (A =

0 .2 4 2 , G = 0 .2 0 2 , C = 0 .2 0 5 , U = 0 .3 4 6 ) ,  showing t h a t  th e  RNA p o ly ­

m erase was s e l e c t i v e ly  copying o n ly  th e  minus s tr a n d  o f  th e  te m p la te .

The d in u c le o t id e  f re q u e n c ie s  c a lc u la te d  (T ab le 4C) w i l l  be d is c u s se d  

below  (R e su lts  IV) w ith  th e  T phage r e s u l t s .

U sing a n o th e r  m ethod, th e  p re se n c e  o f  sigma in  th e  E. c o l i  RNA 

polym erase was e s ta b l i s h e d  by th e  r e l a t i v e  e f f ic ie n c y  o f  th e  enzyme 

in  t r a n s c r ib in g  n a t iv e  T4 DNA and dAT copolym er. T4 n a t iv e  DNA i s  a 

v e ry  e f f i c i e n t  te m p la te  f o r  th e  sigma c o n ta in in g  holoenzym e, b u t a v e ry  

poo r one f o r  th e  co re  enzyme (B urgess et: a l . ,  1969) . Core enzyme makes 

o n ly  3-4^g o f  th e  amount o f  RNA p ro d u c t sy n th e s iz e d  w ith  th e  holoenzym e. 

F o r  p o ly  dAT, how ever, s y n th e s is  i s  la r g e ly  u n a f fe c te d  by th e  rem oval
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o f sigm a (Berg e t  a l . ,  1971 ). The dAT copolym er i s  a p p ro x im a te ly  th r e e  

tim es more e f f i c i e n t  th a n  th e  T4 DNA, as a  te m p la te  f o r  RNA s y n th e s is  

w ith  th e  E. c o l i  holoenzym e, b u t  ap p ro x im a te ly  f i f t y  tim es more 

e f f i c i e n t  w ith  th e  co re  enzyme. The r e l a t i v e  amount o f  RNA made on 

th e se  two te m p la te s ,  th e r e f o r e ,  in d ic a te s  w h e th e r o r  n o t  th e  RNA 

polym erase b e in g  used  c o n ta in s  sigm a. The s p e c i f i c  a c t i v i t y  o f  th e  

polym erase w ith  each  te m p la te  was d e te rm in e d , u s in g  th e  s ta n d a rd  

enzyme r e a c t io n  (M a te r ia ls  and M ethods, I I ) . The s p e c i f i c  a c t i v i t y  

o f  th e  enzyme was 390 u n its /m g  p r o te in  w ith  th e  n a t iv e  T4 DNA te m p la te  

and 840 u n its /m g  p r o te in  w ith  th e  dAT te m p la te . (The u n i t  o f  enzyme 

a c t i v i t y ,  u sed  h e r e ,  i s  d e f in e d  in  M a te r ia ls  and M ethods I ) .  The 

amount o f  p ro d u c t made w ith  th e  dAT te m p la te  was th e r e f o r e  ap p ro x im ate ly  

tw ice  as  much as w ith  th e  T4 DNA. T h is  i s  th e  r a t i o  t h a t  would be 

ex p ec ted  f o r  t r a n s c r i p t i o n  w ith  E. c o l i  RNA polym erase c o n ta in in g  th e  

sigm a s u b u n it .

The E. c o l i  RNA polym erase p re p a re d , as d e sc r ib e d  in  M a te r ia ls  

and M ethods I ,  sh o u ld  c o n ta in  an a c t iv e  sigm a s u b u n i t .  (There i s  no 

s te p  in  th e  p ro ced u re  w hich i s  b e l ie v e d  to  d i s s o c ia te  t h a t  s u b u n it  

from  th e  r e s t  o f  th e  enzym e.) The two ex p erim en ts  d e sc r ib e d  h e re  

co n firm  th e  p re se n c e  o f  an a c t iv e  sigm a s u b u n it  in  th e  enzyme.
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XV. N e a re s t-n e ig h b o r  a n a ly s i s  o f  in  v i t r o  RNA t r a n s c r i p t s  o f

n a t iv e  and d e n a tu re d  phage DNA

N e a re s t-n e ig h b o r  a n a ly s is  was c a r r i e d  o u t  on in  v i t r o  RNA 

t r a n s c r i p t s  o f  n a t iv e  and d e n a tu re d  DNA from  b a c te r io p h a g e s  T4, T5 and 

T7. The in  v i t r o  RNA p ro d u c t p ro v id e s  n e a re s t -n e ig h b o r  d a ta  f o r  i t s  

DNA te m p la te  (W eiss and Nakamoto, 1961; H urw itz e t  a l . ,  1962; Grossman 

e t  a l . , 19 7 1 ). As was d is c u s se d  in  th e  in t r o d u c t io n ,  com parison o f 

th e  two ty p e s  o f  RNA t r a n s c r i p t  p ro v id e s  a b a s i s  f o r  d e te rm in in g  i f  

an en rich m en t o f  s p e c i f i c  d in u c le o t id e s  e x i s t s  i n  th e  DNA te m p la te  

w hich i s  t r a n s c r ib e d  by RNA po lym erase .

The n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  th e  s ix te e n  p o s s ib le  d i ­

n u c le o t id e  sequences o f  th e  RNA p ro d u c t w ere d e te rm in ed  ac c o rd in g  to  

J o s s e  e t  a l . ,  (1961) (M a te r ia ls  and M ethods, I I ) .  R a d io a c t iv i ty  

m easurem ents o f  32P - l a b e l  t r a n s f e r r e d  from 5 '- n u c le o t id e s  to  2 ' - ( 3 ' ) -  

m o n o n u c le o tid e s , f o r  th e  RNA t r a n s c r i p t s  o f T 7, T4, T 4 - l im ite d  and 

T5 DNAs, a re  g iv e n  in  T ab les  5A, 6A, 7A and 8A, r e s p e c t iv e ly .  The 

T 4 - l im ite d  e x p e rim e n t, w hich r e s t r i c t e d  s y n th e s is  to  im m ediate e a r ly  

m essage , i s  d is c u s s e d  f u l l y  l a t e r  i n  t h i s  s e c t io n .  The c a lc u la t io n  

o f  th e  d in u c le o t id e  f re q u e n c ie s  o f th e  RNA p ro d u c t i s  d e s c r ib e d  in  

Appendix A.

The asymmetry r a t i o  o f  th e  RNA t r a n s c r i p t s .  In  th e  d o u b le -  

s tra n d e d  DNA s t r u c t u r e ,  e s ta b l i s h e d  by n e a re s t -n e ig h b o r  a n a ly s is  o f 

e n z y m a tic a lly  s y n th e s iz e d  32P -DNA, th e re  a re  s ix  p a i r s  o f  m atched , 

com plem entary d in u c le o t id e s  t h a t  have e q u iv a le n t  f r e q u e n c ie s :

ApAsTpT, GpA=TpC, ApG=CpT, GpG=CpC, CpA=TpG and GpT=ApC. The r a t i o  

o f  th e  n e a r e s t -n e ig h b o r  f re q u e n c ie s  o f  th e se  m atch ing  d in u c le o t id e s  i s ,
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th e r e f o r e ,  eq u a l to  1 .0 .  T h is  r a t i o  can be used  to  d e te rm in e  how 

c lo s e ly  th e  n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  th e  RNA t r a n s c r i p t s  resem ble 

th e  n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  th e  DNA genome. The r a t i o  o f th e  

n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  a  m atch ing  p a i r  o f  d in u c le o t id e s  

i s  d e f in e d , f o r  th e s e  s tu d i e s ,  as th e  asymmetry r a t i o .  The asymmetry 

r a t i o ,  o f  any one m atch ing  d in u c le o t id e  p a i r ,  may b e : 1. E qual to  1 .0 ;

t r a n s c r i p t i o n  o f th e  p a i r  i s  sym m etric; 2 . Not eq u a l to  1 .0 :  t r a n s ­

c r ip t io n  o f  th e  p a i r  i s  asym m etric . In  th e  l a t t e r  c a s e ,  th e  asymmetry 

may in v o lv e : 1 . An en richm en t o f  p u r in e  d in u c le o t id e  f r e q u e n c ie s ,

e .g .  ApA g r e a t e r  th a n  UpU; 2 . An en richm en t o f  p y rim id in e  d in u c le o t id e  

f r e q u e n c ie s ,  e .g .  CpU g r e a t e r  th a n  ApG; 3 . An en richm en t in  p u rin e s  

and p y r im id in e s , e .g .  ApC g r e a t e r  th a n  GpU. I t  i s  a l s o  p o s s ib le  fo r  

asym m etric t r a n s c r i p t i o n  to  o ccu r in  such  a way as to  m a in ta in  th e  

e q u a l i ty  o f  th e se  p a ire d  d in u c le o t id e s ,  and an asymmetry r a t i o  o f

1 .0 . T h is  cou ld  happen , f o r  exam ple, in  th e  t r a n s c r i p t i o n  o f 

p a lin d ro m es . P alind rom es c o n ta in  com plem entary sequences which 

a re  a rra n g e d  on s in g le - s t r a n d e d  DNA in  such  a way, t h a t  s e l f - f o ld i n g  

o f  th e  DNA cou ld  form  a  d o u b le -s tra n d e d  DNA, le a v in g  o u t o n ly  a few 

unmatched b a se s  (S ek iy a  and K horana, 1974; M a n ia tis  and P ta s h n e , 1974; 

W ilson and Thomas, 1974).

The b a se  com position  and b ase  r a t i o s  o f  th e  RNA t r a n s c r i p t s . 

Chem ical asymmetry in  th e  t r a n s c r ib e d  DNA te m p la te  may be in f e r r e d  from 

th e  b ase  com p o sitio n  and b ase  r a t i o s  o f  th e  RNA t r a n s c r i p t s .  The 

b ase  com position  o f each RNA t r a n s c r i p t  was d e te rm in e d , as d e sc r ib e d  

in  Appendix A, from  th e  n e a re s t -n e ig h b o r  d a ta ,  acc o rd in g  to  J o s s e  e t  a l . 

(1 9 6 1 ). The b ase  com p o sitio n s  and b ase  r a t i o s  f o r  th e  RNA t r a n s c r i p t s  

o f  T7, T4, T 4 - l im ite d  and T5 DNAs a re  g iv en  in  T ab le s  5B, 6B, 7B and 8B,
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r e s p e c t iv e ly  ( s e le c te d  v a lu e s  shown b e lo w ). As d e sc r ib e d  in  th e  

in t r o d u c t io n ,  t r a n s c r ib in g  DNA s tr a n d s  a re  p y r im id in e - r ic h  (Marmur 

and G reenspan , 1963; S z y b a lsk i e t  a l . ,  1969; M ushynski and S p encer,

1 9 7 0 a ,b ) . RNA t r a n s c r i p t s  o f  th e se  s t r a n d s  would be p u r in e - r i c h  i f  

th e  p y r im id in e - r ic h  re g io n s  a re  t r a n s c r ib e d .  In  RNA t r a n s c r i p t s ,  

in  w hich b o th  s tr a n d s  o f th e  DNA a re  co p ied  sy m m e tr ic a lly , th e  b ase  

com p lem en ta rity  o f  th e  dup lex  DNA would be m a in ta in ed  in  th e  RNA p ro d u c t. 

In  th e s e  s tu d i e s ,  th e  b ase  co m p o sitio n  o f th e  RNA t r a n s c r i p t s  o f  

n a t iv e  DNA was found to  be e n r ic h e d  in  p u r in e s .  The T7 DNA t r a n s c r i p t s  

w ere h ig h  in  A. The T4, T 4 - l im ite d  and T5 DNA t r a n s c r i p t s  w ere h ig h  

in  G.

S e le c te d  v a lu e s  from T ab les  5B, 6B. 7B and 8B

Phage B ase o r  R a tio  Mole <$> o r  R a tio

___________  N ativ e  DNA D enatured  DNA

T7 A: 0.279 0.262

A/U: 1 .13 1.02

T4 G: 0.181 0.188

C: 0.161 0.157

G/C: 1 .13 1 .20

T 4 - l im ite d G: 0.185

C: 0.167

G/C: 1.11

T5 G: 0 .203 0.225

C: 0.188 0 .183

G/C: 1.08 1.23
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The mole f r a c t i o n  o f  A, in  th e  n a t iv e  T7 RNA t r a n s c r i p t s ,  was h ig h e r  

th a n  th e  amount o f  A in  th e  d e n a tu re d  T7 RNA t r a n s c r i p t s ,  and th e  

amount o f  T in  T7 phage DNA. The A/U r a t i o  o f  th e  n a t iv e  T7 RNA 

t r a n s c r i p t s  was 1 .13  and th e  o th e r  b ase  r a t i o s  ( i . e . ,  G/C, p u r in e /  

p y rim id in e  and 6 -am in o /6 -k e to )  w ere a ls o  g r e a t e r  th a n  1 .0 .  The b ase  

r a t i o s  o f  th e  d e n a tu re d  T7 RNA t r a n s c r i p t s ,  how ever, w ere a l l  c lo s e  

to  1 .0 .  These v a lu e s  show a chem ica l asym m etry, and p u r in e  en ric h m en t, 

in  th e  RNA t r a n s c r i p t s  o f  th e  n a t iv e  T7 DNA. T h is  asymmetry was n o t 

p r e s e n t  in  th e  d e n a tu re d  T7 RNA t r a n s c r i p t s .  In  th e  T4 and T 4 - l im ite d  

RNA t r a n s c r i p t s ,  th e r e  was a r e l a t i v e  r a th e r  th a n  an a b s o lu te  in c re a s e  

in  G, s in c e  th e  mole f r a c t i o n  o f  G was e s s e n t i a l l y  unchanged, w h ile  th e  

mole f r a c t i o n  o f  G d e c re a se d . In  th e  T5 RNA t r a n s c r i p t s ,  th e r e  was 

some in c re a s e  in  G and a ls o  a d e c re a se  in  C. These v a lu e s  w ere 

compared to  t h e i r  com plem entary b a se s  in  th e  phage DNAs. The p u r in e /  

p y rim id in e  r a t i o  rem ained c lo se  to  1 .0  in  t h i s  group o f  RNA t r a n s c r i p t s .

In  c o n t r a s t  to  th e  r e s u l t s  w ith  th e  T7 DNA, where th e  b ase  com position  

and b a se  r a t i o s  o f  n a t iv e  and d e n a tu re d  RNA t r a n s c r i p t s  fo llo w ed  a 

p a t t e r n  o f  asym m etric and sym m etric t r a n s c r i p t i o n ,  th e  v a lu e s  f o r  th e  

T4 and T5 RNA t r a n s c r i p t s  su g g e s t t h a t  b o th  th e  n a t iv e  and d e n a tu re d  

DNA te m p la te s  w ere t r a n s c r ib e d  a sy m m e tr ic a lly . The G/C v a lu e s  w ere 

g r e a t e r  th a n  1 .0  f o r  b o th  ty p e s  o f  t r a n s c r i p t s .  The o th e r  b ase  

r a t i o s  w ere s im i la r  to  each  o th e r  in  b o th  th e  n a t iv e  and d e n a tu re d  DNA 

RNA t r a n s c r i p t s .

V arian c e  o f  th e  asymmetry r a t i o .  The c a lc u la te d  n e a re s t -n e ig h b o r  

f re q u e n c ie s  (NNF) o f  th e  in  v i t r o  RNA t r a n s c r i p t s  o f  T 7, T 4, T4- 

l im i te d  and T5 phage DNA, shown in  T ab les  5C, 6C, 7C and 8C, r e s p e c t iv e ly ,  

have been  a rra n g e d  so t h a t  th e  f i r s t  fo u r  sequences in  column NNF I
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a re  a l l  p u r in e  d in u c le o t id e s  ( i . e .  ApA, ApG, GpA and GpG) and th e  

m atch ing  seq u en ce s , in  column NNF I I ,  a re  p y rim id in e  d in u c le o t id e s  

( i . e . ,  UpU, CpU, UpC and CpC). An asymmetry r a t i o  s i g n i f i c a n t l y  

g r e a t e r  th a n  1 . 0 , f o r  th e s e  fo u r  d in u c le o t id e  p a i r s ,  in d ic a te s  an 

en richm en t o f p u r in e  sequences in  th e  BNA p ro d u c t. An asymmetry 

r a t i o  s i g n i f i c a n t l y  l e s s  th a n  1 .0  in d ic a te s  a  d e c re a se  o f  p u rin e  

sequences i n  th e  BNA p ro d u c t. The o th e r  two m atch ing  p a i r s  a re  

mixed p u rin e -p y r im id in e  d in u c le o t id e s  ( i . e .  CpA:UpG and GpU:ApC). 

Asymmetry r a t i o s  s i g n i f i c a n t l y  d i f f e r e n t  from  1 .0 ,  f o r  th e se  two 

p a i r s ,  in d ic a te  an en rich m en t o f  p u r in e s  A o r  G, n o t  p u r in e  seq u en ce s , 

in  th e  BNA p ro d u c t.

The n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  th e  s ix  m atched d in u c le o t id e  

p a i r s  w ere e v a lu a te d  f o r  e q u iv a le n c e  by th e  ' t '  t e s t  and th e  co n fid en ce  

l e v e l ,  p ,  d e te rm in e d . In  t h i s  a n a ly s i s ,  th e  asymmetry r a t i o  was 

c o n s id e re d  to  be s i g n i f i c a n t l y  d i f f e r e n t  from  1 . 0 , and th e  f re q u e n c ie s  

NNF I  and NNF I I  w ere de te rm in ed  to  be u n e q u a l, when p was le s s  th an  

o r  eq u a l to  0 .0 5 . The asymmetry r a t i o  was n o t  c o n s id e re d  to  be 

s i g n i f i c a n t l y  d i f f e r e n t  from  1 .0 ,  and th e  f re q u e n c ie s  NNF I  and NNF I I  

w ere c o n s id e re d  to  be e q u a l ,  when p was g r e a t e r  th a n  0 .0 5 .

The d eg ree  o f  asymmetry o f  t r a n s c r i p t i o n  o f  each DNA te m p la te  

was e s tim a te d  from th e  v a r ia n c e  o f  each s e t  o f  s ix  asymmetry r a t i o s .  

The v a r ia n c e  i s  a m easure o f  th e  e x te n t  to  w hich each  asymmetry r a t i o  

d i f f e r s  from  th e  p r e d ic te d  v a lu e  ( 1 . 0) f o r  sym m etric t r a n s c r i p t i o n .  

Based on th e  v a r ia n c e  o f  th e  asymmetry r a t i o s ,  th e  d eg ree  o f  asym m etric

* See Appendix B f o r  an e x p la n a tio n  o f  th e  c a lc u la t io n  o f  th e  v a r ia n c e .
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t r a n s c r i p t i o n  o f  n a t iv e  and d e n a tu re d  te m p la te s  was compared (T ab le  

9 ) .  The v a r ia n c e  i s  c a lc u la te d  from th e  d e v ia t io n  o f  each asymmetry 

r a t i o  from  1 .0  (v a r ia n c e  o b s e rv e d ) . The ex p ec ted  v a r ia n c e  o f  th e  

p r e d ic te d  v a lu e  ( 1 . 0) ,  due to  e x p e rim e n ta l e r r o r ,  m ust a ls o  be 

d e te rm in ed  (v a r ia n c e  e r r o r ) .  The r a t i o  o f  th e se  two v a r ia n c e s ,  i . e .  

v a r ia n c e  o b s e rv e d /v a r ia n c e  e r r o r ,  and th e  number o f  d eg rees  o f  freedom  

in v o lv e d , d e te rm in e s  th e  le v e l  o f  p r o b a b i l i t y ,  P , a t  w hich th e  

observ ed  v a r ia n c e  i s  s i g n i f i c a n t l y  g r e a t e r  th a n  e x p e rim e n ta l e r r o r ,  

and i s  th e re b y  d i f f e r e n t  from  th e  p re d ic te d  v a lu e  (T ab le f o r  F t e s t  

f o r  e q u a l i ty  o f  v a r ia n c e s :  S n e d o c o r) . F o r v a lu e s  o f  P g r e a t e r  th a n  

0 .0 5 , th e  v a r ia n c e  o f th e  asymmetry r a t i o s  was ta k e n  to  be e q u a l to  

th e  e x p e rim e n ta l v a r ia n c e ;  th e  asymmetry r a t i o s  w ere c o n s id e re d  to  

th e  e q u a l to  1 .0 ,  and t r a n s c r i p t i o n  assumed to  be sym m etric . F o r 

v a lu e s  o f  P le s s  th a n  0 .0 5 , th e  o bserved  v a r ia n c e  was ta k e n  to  be 

s i g n i f i c a n t l y  d i f f e r e n t  from  th e  e x p e rim e n ta l v a r ia n c e ;  th e  asymmetry 

r a t i o s  w ere c o n s id e re d  to  be d i f f e r e n t  from 1 . 0 , and t r a n s c r i p t i o n  

assumed to  be asym m etric .

A n a ly s is  o f  n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  th e  RNA t r a n s c r i p t s .  

The asymmetry r a t i o s  o f  th e  s ix  m atch ing  com plem entary d in u c le o t id e  

p a i r s  in  th e  RNA t r a n s c r i p t s  o f  T7 DNA w ere ana ly zed  (T ab le  5C, 

s e le c te d  v a lu e s  shown b e lo w ). In  th e  t r a n s c r i p t s  o f  n a t iv e  DNA, an 

en rich m en t o f  p u r in e  sequences was found f o r  th re e  o f th e  f i r s t  fo u r  

p a i r s ;  th e  asymmetry r a t i o s  w ere s i g n i f i c a n t l y  g r e a t e r  th a n  1 . 0 .

The r a t i o s  w ere s i g n i f i c a n t l y  le s s  th a n  1 .0  f o r  two o f  th e  p a i r s ,  and 

in  th e  s ix th  p a i r  th e  f re q u e n c ie s  w ere e q u a l .  In  th e  RNA t r a n s c r i p t s  

o f  d e n a tu re d  T7 DNA, asymmetry r a t i o s  in  fo u r  o f th e  s ix  p a i r s  w ere 

n o t  s ig n i f i c a n t l y  d i f f e r e n t  from  1 . 0 .



44

S e le c te d  v a lu e s  from  T ab le  5C. 

D in u c le o tid e  p a i r  Asymmetry R a tio s

N a tiv e (T7 DNA te m p la te ) D enatured

ApA:UpU 1.18
P
0.001 1 .02

P
0 .2 0

GpA:UpC 1.26 0 .001 1 .03 0 .1 0

ApG:CpU 0 .82 0.001 0 .9 2 0 .001

GpG:CpC 1.32 0 .001 0 .96 0 .20

CpA:UpG 1.02 0 .3 0 1.01 0 .5 0

GpU:ApC 0 .8 0 0 .001 0 .9 0 0 .001

The v a r ia n c e  o f  th e  asymmetry r a t i o s  f o r  th e  n a t iv e  T7 RNA t r a n s c r i p t s  

(T ab le  9 ) ,  f o r  fo u r  and s ix  d in u c le o t id e  p a i r s  (7 .8  and 5 .5 ,  r e s p e c t iv e l y ) ,  

was found to  be s i g n i f i c a n t l y  g r e a t e r  th a n  th e  v a r ia n c e  c a lc u la te d  

f o r  th e  e x p e rim e n ta l e r r o r  (0 .0 9  and 0 .0 8 ,  r e s p e c t iv e l y ) ,  and th e  

asymmetry r a t i o s  w ere d e te rm in ed  to  be s ig n i f i c a n t l y  d i f f e r e n t  from

1 .0 .  F o r th e  d e n a tu re d  T7 RNA t r a n s c r i p t s ,  th e  v a r ia n c e s  o bserved  

w ere much s m a lle r  (0 .3 1  and 0 .3 9 ) and th e  asymmetry r a t i o s  w ere 

d e te rm in ed  to  be n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  1 .0 .  F o llow ing  

th e  c r i t e r i a  p roposed  h e re ,  t r a n s c r i p t i o n  o f  n a t iv e  T7 DNA was c l e a r ly  

asym m etric , w h ile  t r a n s c r i p t i o n  o f  d e n a tu re d  T7 DNA was sym m etric .

The asymmetry r a t i o s  and th e  v a r ia n c e  show t h a t  th e r e  was an en richm en t 

o f  p u r in e  sequences in  th e  RNA t r a n s c r i p t s  o f  n a t iv e  T7 DNA. T h is  

f in d in g  i s  c o n s is te n t  w ith  th e  o b s e rv a tio n  th a t  a l l  T7 in  v iv o  and 

in  v i t r o  t r a n s c r i p t i o n  o ccu rs  on th e  r  s t r a n d  (Summers and S z y b a lsk i ,

1968; Summers and S ie g e l ,  1 9 6 9 ), w hich a ls o  c o n ta in s  a l l  th e  long 

p y rim id in e  o l ig o n u c le o t id e s  t h a t  have been found in  T7 DNA (M ushynski



45

and S p en ce r, 1970a). The p u r in e  e n ric h m en t, found in  th e  RNA t r a n s ­

c r i p t s  in  th e  p r e s e n t  s tu d i e s ,  su g g e s ts  t h a t  p y r im id in e - r ic h  re g io n s  

on th e  r  s t r a n d  o f  T7 DNA a re  t r a n s c r ib e d  in t o  an RNA p ro d u c t.

The b ase  co m p o sitio n  o f  th e  RNA t r a n s c r i p t s  o f  T7 n a t iv e  DNA 

was h ig h  in  A, b u t  n o t  in  G (T ab le  5 B ). However, when th e  in d iv id u a l  

d in u c le o t id e  f re q u e n c ie s  o f  th e  n a t iv e  and d e n a tu re d  T7 RNA t r a n s c r i p t s  

w ere compared (T ab le  5D, s e le c te d  v a lu e s  shown b e lo w ), th e  f re q u e n c ie s  

o f  s ix  d in u c le o t id e s ,  c o n ta in in g  b o th  A and G, w ere h ig h e r  in  th e  

t r a n s c r i p t s  o f n a t iv e  DNA.

S e le c te d  v a lu e s  from T ab le  5D.

D in u c le o tid e  F requency  (RNA) Base change ( in  N a tiv e )
Sequence

N a tiv e
T7 DNA te m p la te  
D enatu red

+  in c re a s e  
-  d e c re a se  
0 no change

ApA 0.0804 0.0668 + A

GpA 0.0734 0 .0683 + G,A
UpC 0.0583 0 .0664 - u,c

ApG 0.0599 0.0671 -  A,'G

GpG 0.0545 0.0510 + G
CpC 0.0414 0.0532 -  C

GpU 0.0590 0.0627 -  G.U
ApC 0.0728 0.0696 + A,C

ApU 0.0588 0.0575 +  A,U

GpC 0.0682 0.0556 +  G,C

In  th e  n a t iv e  T7 RNA t r a n s c r i p t s ,  th e  f re q u e n c ie s  o f th re e  p u r in e  

d in u c le o t id e s  in c re a s e d .  F o r two o f  th e s e ,  th e  f re q u e n c ie s  o f  t h e i r  

com plem entary p y rim id in e  d in u c le o t id e s  d e c re a se d , th e re b y  in c re a s in g  

th e  asym m etric t r a n s c r i p t i o n  o f  th e s e  two p a i r s .  I n c re a s e s  in  G 

w ere found m o stly  i n  d in u c le o t id e s  such  as GpA, t h a t  would c o n t r ib u te
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to  an in c re a s e  in  p u r in e  se q u e n c e s . The unchanged b ase  com po sitio n  

found f o r  G, in  t h i s  ENA p ro d u c t,  i s  due to  d e c re a se s  in  G in  two 

o th e r  d in u c le o t id e s .

The s ix te e n  d in u c le o t id e s  w ere d iv id e d  in to  fo u r  groups o f 

s im i la r  sequence , as fo llo w s : 1 . P u r in e  d in u c le o t id e s :  ApA,

ApG, GpA, GpG; 2 . P y rim id in e  d in u c le o t id e s :  UpU, CpU, UpC, CpC;

3 . M ixed, p u r in e -p y r im id in e ,  com plem entary p a i r s :  CpA:UpG, ApC:GpU;

4 . M ixed, p u r in e -p y r im id in e ,  se lf-co m p lem en ta ry  d in u c le o t id e s :  UpA,

ApU, CpG, GpC. The f r a c t i o n  found in  each  g ro u p , f o r  th e  T7 ENA 

t r a n s c r i p t s ,  i s  shown in  T ab le  5E. Compared to  th e  d en a tu red  T7 

ENA t r a n s c r i p t s ,  th e  n a t iv e  T7 ENA t r a n s c r i p t s  showed an in c re a s e

in  p u r in e  d in u c le o t id e s ,  a d e c re a se  in  p y rim id in e  d in u c le o t id e s ,  

an unchanged f r a c t i o n  o f  m ixed , com plem entary d in u c le o t id e s .  The 

r a t i o  o f  p u r in e /p y r im id in e  d in u c le o t id e s  was 1 .11  f o r  th e  n a t iv e  T7 

ENA t r a n s c r i p t s  and 0 .9 8  f o r  th e  d e n a tu re d  T7 ENA t r a n s c r i p t s .

In  c o n t r a c t  to  th e  r e s u l t s  found f o r  T7 DNA t r a n s c r i p t i o n , ,  a n a ly s is  o f

th e  d in u c le o t id e  f re q u e n c ie s  o f th e  BNA t r a n s c r i p t s  o f  T4 DNA d id  

n o t  show a u n ique  p u r in e  en rich m en t in  th e  t r a n s c r i p t s  o f  n a t iv e  

T4 DNA. The asymmetry r a t i o s  o f th e  BNA t r a n s c r i p t s  o f  n a t iv e  

and d e n a tu re d  T4 DNA w ere s im i la r  to  each  o th e r  (T ab le  6C, s e le c te d  

v a lu e s  shown b e lo w ). Many o f th e  com plem entary d in u c le o t id e  p a i r s , 

o f b o th  th e  n a t iv e  and d e n a tu re d  T4 BNA t r a n s c r i p t s  had asymmetry 

r a t i o s  s i g n i f i c a n t l y  d i f f e r e n t  from  1 .0 .  In  th e  t r a n s c r i p t s  o f 

n a t iv e  DNA o n ly  one p a i r  showed an in c re a s e  in  p u r in e  sequences 

( r a t i o :  1 .2 6 ) .  One p a i r  d e c re a se d  ( r a t i o :  0 .9 3 ) and th e  o th e r  two 

had m atch ing  f re q u e n c ie s  o f  p u r in e  and p y rim id in e  seq u en ce s . In
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S e le c te d  v a lu e s  from  T ab le  6C

D in u c le o tid e  Asymmetry R a tio s

p a i r  (T4 DNA te m p la te  )

N a tiv e (p) D enatured <P>

ApA.-UpU 0 .9 3 0.001 1.08 0 .001

GpArUpC 1.10 0 .1 0 1.20 0 .001

ApG:CpU 0 .88 0 .1 0 1.00 0 .5 0

GpG:CpC 1.26 0.001 1 .44 0.001

CpA:UpG 0 .7 2 0 .001 0 .7 3 0.001

GpU:ApC 1.17 0 .1 0 1.22 0.001

th e  t r a n s c r i p t s  o f  d e n a tu re d  T4 DNA, th r e e  o f  th e s e  same fo u r  p a i r s  

showed an in c re a s e  in  p u r in e  se q u e n c e s . The f o u r th  p a i r  had  eq u a l 

f r e q u e n c ie s .  T hree o f  th e  m ixed , com plem entary d in u c le o t id e  p a i r s  

had  asymmetry r a t i o s  t h a t  w ere s ig n i f i c a n t l y  d i f f e r e n t  from  1 . 0 .

The v a r ia n c e  o f  th e  asymmetry r a t i o ,  f o r  b o th  s e t s  o f t r a n s c r i p t s ,  

was much g r e a t e r  th a n  th e  e x p ec ted  v a r ia n c e  due to  e x p e rim e n ta l 

e r r o r  (T ab le  9 ) ,  and th e r e f o r e  th e  asymmetry r a t i o s  o f b o th  s e t s  

o f d a ta  w ere s i g n i f i c a n t l y  d i f f e r e n t  from 1 .0 .  T ra n s c r ip t io n  o f  b o th  

n a t iv e  and d e n a tu re d  T4 DNA, by th e s e  c r i t e r i a ,  i s  th e r e f o r e  c o n s id e re d  

to  be asym m etric .

The in d iv id u a l  d in u c le o t id e  f re q u e n c ie s  o f  th e  n a t iv e  and 

d e n a tu re d  T4 RNA t r a n s c r i p t s  w ere compared (T ab le  6D, s e le c te d  

v a lu e s  shown b e lo w ) . A ll  th e  p u r in e  d in u c le o t id e s  had low er 

f re q u e n c ie s  i n  th e  RNA t r a n s c r i p t s  o f  th e  n a t iv e  DNA th a n  in  th o se  

o f  th e  d e n a tu re d  DNA. Many o f  th e  o th e r  d in u c le o t id e s  had th e  same
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D in u c le o tid e
Sequence

S e le c te d  v a lu e s  from  T ab le  6D 

F requency  (RNA) Base change ( in  N a tiv e )

T4 DNA te m p la te  

N a tiv e  D enatu red

+  in c re a s e  
-  d e c re a se  
0 no change

ApA 0 .119 0.125 — A

GpA 0.0625 0.0673 -  G,A

ApG 0.0506 0.0530 -  A,G

GpG 0.0325 0 .0344 -  G

GpU 0.0498 0 .0534 0
ApC 0.0426 0.0439 0

UpA 0.0858 0.0854 0
ApU 0.105 0.105 0

fre q u e n c ie s  in  b o th  s e t s  o f  RNA t r a n s c r i p t s .  When th e  d in u c le o t id e s  

w ere d iv id e d  in to  fo u r  groups o f  s im i l a r  sequence (T ab le  6E ) , th e  

t r a n s c r i p t s  o f  n a t iv e  T4 DNA w ere found to  have e q u a l ^nounts o f  

p u r in e  and p y rim id in e  d in u c le o t id e s .  The t r a n s c r i p t s  o f  th e  d e n a tu re d  

T4 DNA, how ever, had an in c re a s e d  p u r in e ,  and a  d ec re a se d  p y rim id in e  

f r a c t i o n .

In  c o n t r a s t  to  th e  r e s u l t s  found f o r  T7 DNA t r a n s c r i p t i o n ,  th e  

n a t iv e  T4 RNA t r a n s c r i p t s  a re  n o t  e n r ic h e d  in  p u r in e  se q u e n c e s , and 

th e  d e n a tu re d  T4 RNA t r a n s c r i p t s  a re  n o t  sym m etric . The o b s e rv a tio n  th a t  

t r a n s c r i p t i o n  o f  d en a tu red  T4 DNA ap p ea rs  to  be asym m etric , i s  

c o n s i s te n t  w ith  th e  work o f  Brody and G eiduschek  (1 9 7 0 ), who have 

shown t h a t  in  v i t r o  t r a n s c r i p t i o n  o f  d e n a tu re d  T4 DNA r e t a i n s  some 

o f th e  s p e c i f i c i t y  o f  t r a n s c r i p t i o n  found f o r  i n  v i t r o  t r a n s c r i p t i o n  

o f  th e  n a t iv e  te m p la te . They a l s o  showed th a t  th e  RNA t r a n s c r ib e d  

from  d e n a tu re d  T4 DNA was d i f f e r e n t  from  th e  RNA t r a n s c r ib e d  from
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n a t iv e  T4 DNA. The t r a n s c r i p t s  o f  d e n a tu re d  T4 DNA had a la rg e  

amount o f  se lf-co m p lem en ta ry  RNA ( i . e .  th e y  w ere more sy m m etric ), 

and th e y  a ls o  had d i f f e r e n t  h y b r id iz a t io n -c o m p e t i t io n  p r o p e r t i e s .

The d if f e r e n c e  betw een th e  r e s u l t s  found f o r  T4 and T7 DNA t r a n s c r i p t i o n  

cou ld  be du e , i n  p a r t ,  to  th e  d i f f e r e n t  le n g th  o f  th e  DNA te m p la te  

t r a n s c r ib e d  in  v i t r o ,  in  each  phage sy stem . The n a t iv e  T4 DNA

te m p la te  t r a n s c r ib e d  in  v i t r o  has a  le n g th  e q u iv a le n t  to  ap p ro x im ate ly
£

22 x 10 d a l to n s ,  (Brody et a l . , 1970 ). The T7 DNA te m p la te  t r a n s ­

c r ib e d  in  v i t r o  i s  much s m a l le r ,  b e in g  e q u iv a le n t  to  ap p ro x im ate ly
£

2 x  10 d a l to n s  (Summers and S ie g e l ,  1970) . The a b i l i t y  to  d e te c t  an 

en rich m en t o f  p u r in e  d in u c le o t id e s  in  th e  RNA t r a n s c r i p t s  depends, 

a t  l e a s t  p a r t l y ,  on th e  r e l a t i v e  le n g th  o f  th e  p u r in e - r i c h  r e g io n s .

A s h o r t  un ique p u r in e - r i c h  r e g io n ,  f o r  exam ple, m igh t be d e te c te d  

i f  i t  w ere 25^ o f  th e  le n g th  o f  th e  t o t a l  RNA, b u t  'd i l u t e d '  o u t 

i f  i t  w ere o n ly  5e£ o f  a much lo n g e r  RNA t r a n s c r i p t .  A lthough no 

assum ptions a re  b e in g  made h e re  ab o u t th e  r e l a t i v e  le n g th s  o f 

presumed p y r im id in e - r ic h  c o n t ro l  re g io n s  o f  t r a n s c r ib in g  DNA s t r a n d s ,  

i t  i s  p o s s ib le  t h a t  th e  much lo n g e r  T4 RNA t r a n s c r i p t s  m igh t le a d  to  

a 'd i l u t i o n '  e f f e c t  on p u r in e - r i c h  re g io n s  in  th e  RNA. In  o rd e r  to  

t e s t  t h i s  p o s s i b i l i t y ,  a n o th e r  ex p erim en t was c a r r i e d  o u t w ith  

n a t iv e  T4 DNA, in  which RNA s y n th e s is  was l im i te d  to  a  sm a ll re g io n  

o f  th e  DNA. The l im i te d - s y n th e s is  r e a c t io n  was in c u b a te d  a t  a low er 

te m p e ra tu re  (23° C) and f o r  a s h o r t e r  tim e (6 m in u te s )  th a n  th e  

s ta n d a rd  enzyme r e a c t io n  (M a te r ia ls  and Methods I I ) . RNA s y n th e s iz e d  

under th e se  c o n d itio n s  i s  th e  s i z e  o f  im m ediate e a r ly  T4 m essage 

(ap p ro x im a te ly  4300 n u c le o t id e s  lo n g ) ,  as d e s c r ib e d  by W itmer (1 9 7 1 ).
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A n a ly s is  o f  th e s e  l im i t e d - s y n th e s is  RNA t r a n s c r i p t s  showed th a t  

th e y  w ere more asym m etric th a n  th e  RNA t r a n s c r i p t s  o f  b o th  n a t iv e  

and d e n a tu re d  T4 DNA, d is c u s s e d  above, (T ab les  6C, 7C, s e le c te d  v a lu e s  

shown b e lo w ). A lthough th e  b a se  co m p o sitio n  and b ase  r a t i o s  o f  th i s  

RNA d id  n o t  d i f f e r  n o t ic e a b ly  from  th e  two o th e r  T4 RNA t r a n s c r i p t s  

(T ab les 6B, 7B, s e le c te d  v a lu e s  shown b e lo w ), th e re  was a  s i g n i f i c a n t  

en rich m en t o f  p u r in e  sequences in  th e  l im i te d  s y n th e s is  RNA t r a n s c r i p t s .

S e le c te d  v a lu e s  from  T ab le s  6C, 7C, 6B and 7B

D in u c le o tid e  Asymmetry R a tio s
p a i r

T4 DNA te m p la te

N a tiv e
lim ite d

P. .. , D enatured P.., N a tiv e
s ta n d a rd

P . ____

ApA:UpU 1.05 0 .2 0 1.08 0 .001 0 .9 3 0 .001

GpA:UpC 1.43 0 .001 1 .2 0 0 .001 1 .10 0 .0 1 0

ApGrCpli 1 .12 0 .0 2 0 1 .00 0 .5 0 0.88 0 .1 0

GpG:CpC 1 .7 3 0 .001 1 .4 4 0 .001 1 .26 0.001

CpA:UpC 0.5 2 0 .001 0 .7 3 0.001 0 .7 2 0 .001

GpU:ApC 1.48 0 .0 2 1 .2 2 0 .001 1.17 0 .1 0

DNA B ase C o m p o sitio n /R a tio

A G C U G/C

N a tiv e - l im ite d 0 .321 0 .185 0.167 0 .340 1.11

D enatu red 0 .328 0 .188 0.157 0.328 1 .2 0

N a tiv e 0 .317 0.181 0 .161 0 .340 1 .1 3

Compared to  th e  s ta n d a rd  n a t iv e  T4 RNA t r a n s c r i p t s ,  th e re  was a  la rg e  

in c re a s e  in  th e  asymmetry r a t i o  f o r  f iv e  o f  th e  com plem entary 

d in u c le o t id e  p a i r s . P u r in e  sequences GpG and GpA w ere p a r t i c u l a r l y
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e n ric h e d  in  th e  l i r a i t e d - s y n th e s is  RNA p ro d u c t. The v a r ia n c e  o f th e
-2

asymmetry r a t i o s  o f  t h i s  RNA (24 x 10 ) was much h ig h e r  th a n  th e  v a r ia n c e
-2

o f  th e  d e n a tu re d  DNA t r a n s c r i p t s  (7 .9  x 10 ) (T ab le  9 ) .  These t r a n s c r i p t s  

w e re , t h e r e f o r e ,  h ig h ly  asym m etric and e n r ic h e d  in  p u r in e  seq u en ces .

The in d iv id u a l  d in u c le o t id e  fre q u e n c e s  o f  th e  l im i te d - s y n th e s is  

t r a n s c r i p t s  w ere compared w ith  th e  two o th e r  T4 RNA t r a n s c r i p t s  (T ab les 

6D, 7D, s e le c te d  v a lu e s  shown b e lo w ).

D in u c le o tid e
sequence

S e le c te d  v a lu e s  from  T ab les  6D, 7D

N e a re s t-n e ig h b o r  F requency  (RNA) 

T4 DNA te m p la te

N a tiv e
( l im ite d )

D enatured N a tiv e
(s ta n d a rd )

ApA 0.128 0.125 0 .119

GpA 0.0731 0 .0673 0.0625
UpC 0.0511 0.0558 0.0567

ApG 0.0588 0 .0530 0.0506

GpG 0.0340 0 .0344 0.0325
CpC 0.0197 0.0239 0.0258

In c re a s e s  w ere found in  th e  l im i te d - s y n th e s is  RNA p ro d u c t f o r  p u r in e  

d in u c le o t id e s  ApA, GpA and ApG. A d e c re a se  in  p y rim id in e  d in u c le o t id e  

CpC was a ls o  o b se rv ed . The asymmetry r a t i o  o f  th e  p a i r  GpG:CpC, 

th e r e f o r e  in c re a s e d ,  and th e  p u r in e  d in u c le o t id e  GpG was ' r e l a t i v e l y '  

e n r ic h e d  in  th e s e  t r a n s c r i p t s .  When th e  d in u c le o t id e s  o f  th e  l im i te d -  

s y n th e s is  RNA t r a n s c r i p t s  w ere d iv id e d  in to  fo u r  groups o f  s im i la r  

seq u en ce s , th e  p u rin e  d in u c le o t id e  f r a c t i o n  was h ig h , and th e  p y rim id in e  

d in u c le o t id e  f r a c t i o n  was low (T ab le  7 E ). The d in u c le o t id e  d i s t r i b u t i o n  

was s im i la r  to  th e  one found f o r  th e  t r a n s c r i p t s  o f  d e n a tu re d  T4 DNA,
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e x c e p t t h a t  th e  p u r in e  d in u c le o t id e  f r a c t i o n  was h ig h e r  in  th e  l im i te d -  

s y n th e s is  RNA p ro d u c t. I t  i s  co n c lu d ed , from th e  a n a ly s is  o f  th e  

RNA t r a n s c r i p t s  o f  T4 DNA, t h a t :  1 . In  th e  s ta n d a rd  s y n th e s is  r e a c t io n ,

b o th  n a t iv e  and d e n a tu re d  T4 DNA te m p la te s  a re  t r a n s c r ib e d  asym m etri­

c a l l y .  The e x te n t  o f  th e  asymmetry i s  abou t th e  same in  b o th  ty p e s  o f  

t r a n s c r i p t i o n ;  2 . The T4 n a t iv e  DNA te m p la te ,  t r a n s c r ib e d  in  th e  

l im i te d - s y n th e s is  t r a n s c r i p t s ,  has  a h ig h e r  p ro p o r tio n  o f p y rim id in e  

d in u c le o t id e s  th a n  th e  n a t iv e  DNA t r a n s c r ib e d  in  th e  s ta n d a rd  r a c t i o n .  

R e s t r i c t i n g  t r a n s c r i p t i o n  to  a  s m a lle r  re g io n  o f th e  T4 DNA te m p la te  

h as  made i t  p o s s ib le  to  d e te c t  p y r im id in e - r ic h  re g io n s  in  th e  te m p la te  

t h a t  w ere n o t  o b se rv a b le  b e fo re ;  3 . Compared to  th e  d e n a tu re d  T4 

RNA t r a n s c r i p t s ,  th e  h ig h e r  asymmetry r a t i o s  and th e  h ig h e r  v a r ia n c e  

o f  th e  l im i te d - s y n th e s is  RNA t r a n s c r i p t s ,  su g g e s ts  t h a t  un ique re g io n s  

o f  th e  s e l e c t i v e ly  t r a n s c r ib e d  DNA te m p la te  a re  p y r im id in e - r ic h .

The d in u c le o t id e  fre q u e n c ie s  o f  T4 DNA have p re v io u s ly  been 

d e te rm in ed  by J o s se  e t  a l .  (19 6 1 ). These v a lu e s  have been  compared 

w ith  th e  d in u c le o t id e  f re q u e n c ie s  o f  th e  RNA s y n th e s iz e d  by t r a n s ­

c r i p t i o n  o f  T4 DNA, de te rm in ed  in  th e  p r e s e n t  s tu d ie s  (T ab le  7D) .

The n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  th e  RNA p u rin e  d in u c le o t id e s  w ere 

fo u n d , in  m ost in s ta n c e s ,  to  be h ig h e r  th a n  t h e i r  com plem entary d i ­

n u c le o t id e s  in  th e  DNA. F o r exam ple, ApA and GpA had h ig h e r  f re q u e n c ie s

in  a l l  th e  RNA t r a n s c r i p t s  th a n  TpT and TpC in  th e  DNA. M ost o f  th e  

p y rim id in e  d in u c le o t id e  fre q u e n c ie s  w ere c o n s id e ra b ly  low er in  th e  

RNA th a n  in  t h e i r  DNA com plem ents. The d i s t r i b u t i o n  o f p u r in e  and 

p y rim id in e  d in u c le o t id e s  in  th e  T4 DNA and in  th e  RNA t r a n s c r i p t s  o f

T4 DNA was d i f f e r e n t  (T ab les 6E, 7 E ). In  th e  DNA th e  r a t i o  o f  p u r in e

to  p y rim id in e  d in u c le o t id e s  was e q u a l to  1 .0 ,  w h ile  in  th e  RNA
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t r a n s c r i p t s  th e  v a lu e s  w ere as fo llo w s : n a t iv e  te m p la te :  0 .9 9 ,

d e n a tu re d  te m p la te : 1 .0 9 , l im i t e d - s y n th e s i s ,  n a t iv e  te m p la te :  1 .2 0 .

T h is  com parison o f  th e  d in u c le o t id e  f re q u e n c ie s  o f  T4 DNA w ith  th e  

fre q u e n c ie s  found f o r  th e  RNA t r a n s c r i p t s  o f  T4 DNA con firm s th e  e a r l i e r  

c o n c lu s io n  th a t  p y rim id in e  sequences a re  p r e f e r e n t i a l l y  t r a n s c r ib e d  

in  T4 KNA s y n th e s i s .

The r e s u l t s  o f  a n a ly s i s  o f  th e  d in u c le o t id e  f re q u e n c ie s  o f  

t r a n s c r i p t s  o f  T5 DNA w ere s im i la r  to  th o s e  found w ith  T4 DNA 

(e x c lu d in g  th e  l im i te d - s y n th e s is  p r o d u c t ) , in  t h a t  th e  ENA p ro d u c ts  

o f  b o th  n a t iv e  and d e n a tu re d  DNA t r a n s c r i p t s  w ere w eakly  asym m etric 

(T ab le  8C, s e le c te d  v a lu e s  shown b e lo w ).

S e le c te d  v a lu e s  from  T ab le  8C

D in u c le o tid e  p a i r  Asymmetry R a tio s

N a tiv e  (T5 DNA te m p la te )  D enatu red

P P

ApA:UpU 1.02 0 .2 0 0 .9 0 0 .1 0

GpArUpC 1.11 0.001 0 .9 2 0.005

ApG: CpU 0 .9 9 0 .4 0 1.07 0 .05

GpG:CpC 1.15 0.001 1 .22 0 .001

CpA:UpG 0 .77 0.001 0 .6 9 0 .001

GpU:ApC 1 .10 0.001 1 .11 0 .001

In  th e  RNA p ro d u c t o f  d e n a tu re d  T5 DNA t r a n s c r i p t i o n ,  th e  f i r s t  fo u r  

m atch ing  d in u c le o t id e  p a i r s  in c lu d e d  two p a i r s  w ith  asymmetry r a t i o s  

g r e a t e r  th a n  1 . 0 , one p a i r  w ith  a  r a t i o  l e s s  th a n  1 . 0 , and one p a i r  

w i th  a  r a t i o  eq u a l to  1 .0 .  I n  th e  n a t iv e  T5 RNA t r a n s c r i p t s ,  two p a i r s  

had r a t i o s  g r e a t e r  th a n  1 .0  and two had r a t i o s  e q u a l to  l'wO. T here  was
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a r e l a t i v e  en rich m en t o f  p u r in e s , p red o m in an tly  G, i n  b o th  s e t s  o f  

t r a n s c r i p t s ,  b u t  th e  asymmetry was l e s s  marked in  th e s e  t r a n s c r i p t s  

than  i t  had been  in  th e  T4 and T7 RNA t r a n s c r i p t s .  The two m atch ing  

p a i r s  o f  mixed com plem entary d in u c le o t id e s  had asymmetry r a t i o s  d i f f e r e n t  

from  1 .0 ,  in  b o th  s e t s  o f  T5 RNA t r a n s c r i p t s .  The o b serv ed  v a r ia n c e  

o f  b o th  s e t s  o f  asymmetry r a t i o s ,  f o r  th e  T5 t r a n s c r i p t s ,  was found 

to  be low er th a n  th e  v a lu e s  found f o r  any o f  th e  asym m etric t r a n s c r i p t s .  

The asymmetry r a t i o s ,  how ever, w ere found to  be d i f f e r e n t  from 1 .0 ,  

and b o th  ty p e s  o f  t r a n s c r i p t s ,  by t h i s  c r i t e r i o n ,  w ere c o n s id e re d  

to  be asym m etric .

The in d iv id u a l  d in u c le o t id e  f re q u e n c ie s  o f b o th  T5 RNA t r a n s c r i p t s  

w ere compared (T ab le  8D, s e le c te d  v a lu e s  shown b e lo w ).

S e le c te d  v a lu e s  from T ab le  8D

D in u c le o tid e
sequence

F requency  (RNA)

T5 DNA te m p la te  

N a tiv e  D enatured

Base change

+  in c re a s e  
-  d e c re a se

ApA 0.102 0.0950 + A

GpA 0.0606 0 .0524 +  G,A

ApG 0.0632 0.0680 -  A,G

GpG 0.0426 0.0455 -  G

UpG 0.0644 0.0725 -  G,U

ApU 0.0907 0 .0864 +  A,U

Two p u r in e  d in u c le o t id e s  had h ig h e r  f re q u e n c ie s  in  th e  n a t iv e  T5 

t r a n s c r i p t s ,  and th e  two o th e rs  had low er f r e q u e n c ie s .  The p y rim id in e  

d in u c le o t id e s  o f  b o th  t r a n s c r i p t s  w ere s im i la r  to  each  o th e r ,  b u t 

a lm o s t a l l  th e  mixed d in u c le o t id e s  w ere d i f f e r e n t  from  one a n o th e r .
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Comparing th e  d i s t r i b u t i o n  o f  ENA in  p u r in e ,  p y rim id in e  and mixed 

d in u c le o t id e s  (T ab le  8E ) , th e  p u r in e  and p y rim id in e  d in u c le o t id e s  

w ere found to  be  eq u a l to  each  o th e r  in  th e  t r a n s c r i p t s  o f  d e n a tu re d  

DNA. In  th e  t r a n s c r i p t s  o f  n a t iv e  T5 DNA, th e  p u r in e  f r a c t i o n  was 

a l i t t l e  h ig h e r  th a n  th e  p y rim id in e  f r a c t i o n .  T5 DNA t r a n s c r i p t i o n  

ap p ea rs  to  resem ble  T4 t r a n s c r i p t i o n .  Based on th e  asymmetry r a t i o s ,  

th e re  i s  some s p e c i f i c i t y  r e ta in e d  in  th e  in  v i t r o  t r a n s c r i p t i o n  o f  

th e  d e n a tu re d  te m p la te ,  as in  T4 DNA t r a n s c r i p t i o n .  T here i s  a ls o  

a l im i te d  en richm en t o f  p u r in e s  in  th e  t r a n s c r i p t s  o f  n a t iv e  T5 DNA.

The n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  T5 phage DNA have been 

de te rm in ed  (Sw artz e t  a l .  1962 ), and th e  r e s u l t s  found in  th e se  

s t u d i e s ,  f o r  th e  n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  RNA t r a n s c r i p t s  o f  

T5 DNA, w ere compared w ith  them (T ab le  8D ). Many o f th e  RNA d i ­

n u c le o t id e  f re q u e n c ie s  w ere d i f f e r e n t  from  th o se  in  th e  T5 DNA.

However, th e r e  was no c o n s is te n t  p a t t e r n  in  th e  d i f f e r e n c e s  found .

Only one p u r in e  d in u c le o t id e ,  GpG, had a  h ig h e r  freq u en cy  in  b o th  

ty p e s  o f  RNA t r a n s c r i p t  th a n  i t s  DNA complement CpC. T h is  i s  c o n s is te n t  

w ith  th e  h ig h  G/C v a lu e s  found f o r  th e  T5 RNA (T ab le 8B ) . The p y rim id in e  

d in u c le o t id e  CpU was a ls o  h ig h e r  in  th e  RNA t r a n s c r i p t s ,  th a n  i t s

DNA complement ApG. When th e  d in u c le o t id e s  w ere d iv id e d  in to  fo u r

groups o f s im i la r  seq u en ce , th e  d i s t r i b u t i o n  in  th e  T5 DNA o f  th e  

p u r in e ,  p y rim id in e  and mixed d in u c le o t id e s  was d i f f e r e n t  th a n  th a t  

found f o r  th e  RNA p ro d u c ts  (T ab le  8E ) . The r a t i o  o f  p u r in e  to

p y rim id in e  d in u c le o t id e s ,  w hich was 0 .9 6  in  th e  DNA, was 1 .05  f o r  th e

t r a n s c r i p t s  o f  n a t iv e  DNA and 0 .9 9  f o r  th e  t r a n s c r i p t s  o f d e n a tu re d  

T5 DNA. The m ixed, se lf-co m p lem en ta ry  d in u c le o t id e s  w ere low er in  

th e  RNA th an  in  th e  T5 DNA. T r a n s c r ip t io n  o f  b o th  n a t iv e  and
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d e n a tu re d  T5 DNA i s  s e l e c t i v e  to  some e x te n t ,  s in c e  th e  sequence 

p a t t e r n  o f  th e  t r a n s c r i p t s  i s  d i f f e r e n t  from t h a t  o f th e  T5 DNA.

T here  i s  o n ly  a su g g e s tio n  in  th e se  r e s u l t s ,  how ever, th a t  e n r ic h e d  

p y rim id in e  sequences in  th e  DNA a re  t r a n s c r ib e d .

The d in u c le o t id e  f re q u e n c ie s  o f  RNA tr a n s c r ib e d  from f l  KF DNA 

te m p la te  w ere a ls o  d e te rm in e d , as p a r t  o f  th e  experim en t to  e s t a b l i s h  

th e  s e l e c t i v i t y  o f  th e  RNA polym erase used  in  th e se  t r a n s c r i p t s  

(R e su lts  I I I ) . Phage f 1 was n o t s tu d ie d  in  th e  same way as th e  T 

p h ag es, b u t  th e  p a r t i a l  r e s u l t s  a re  p re s e n te d  in  T ab le  4C. These 

t r a n s c r i p t s  w ere found to  be ex tre m ely  asym m etric , th e  d i r e c t i o n  o f  

th e  asymmetry b e in g  re v e r s e d ,  w ith  low asymmetry r a t i o s ,  such  as 0 .57  

and 0 .6 0 . The DNA te m p la te  h e re  i s  v e ry  r i c h  in  p u r in e  seq u en ce s , 

and t h i s  su g g e s ts  t h a t  p erhaps a d i f f e r e n t  k in d  o f  t r a n s c r i p t i o n a l  

c o n t ro l  may be in v o lv e d .

Non-random n a tu re  o f n e a re s t -n e ig h b o r  f re q u e n c ie s  o f th e  RNA 

t r a n s c r i p t s . The n e a re s t -n e ig h b o r  f re q u e n c ie s  o f th e  RNA t r a n s c r i p t s ,  

de te rm in ed  in  th e se  s tu d ie s ,  have been an a ly zed  f o r  d e v ia t io n  from  th e  

n e a re s t -n e ig h b o r  f re q u e n c ie s  p r e d ic te d  f o r  random arrangem ent o f  th e  

m o nonuc leo tides in  th e  RNA. In  a  random ly a rran g ed  RNA, th e  freq u en cy  

o f  any n e a re s t -n e ig h b o r  p a i r  sh o u ld  be p r e d ic ta b le  as th e  p ro d u c t 

o f  th e  f re q u e n c ie s  o f i t s  c o n s t i tu e n t  m o n o n u c leo tid es ; f o r  exam ple, 

th e  freq u en cy  o f UpA would be th e  same as th e  freq u en cy  o f  ApU, and 

would be eq u a l to  th e  p ro d u c t o f  th e  f re q u e n c ie s  (o r  mole <̂ ) o f  Up 

and Ap. U sing th e  known b ase  com position  o f  each DNA s tu d ie d ,  th e  

random n e a re s t -n e ig h b o r  f re q u e n c ie s  o f a l l  th e  d in u c le o t id e s  w ere 

c a lc u la te d  in  t h i s  way, f o r  th e  RNA t r a n s c r i p t s  o f  T 7, T4 and T5 

DNA (T ab les  5D, 7D and 8D, r e s p e c t iv e l y ) .  The d e v ia t io n  o f  th e
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d in u c le o t id e  f re q u e n c ie s  from  t h e i r  random v a lu e s  was an a ly zed  in  

th r e e  w ays, as fo llo w s : 1 . th e .s ix t e e n  d in u c le o t id e  f re q u e n c ie s  o f

each  RNA s y n th e s iz e d  were t e s t e d  a g a in s t  t h e i r  random v a lu e s ;  2 . Each 

d in u c le o t id e  sequence was t e s t e d  a g a in s t  i t s  random v a lu e  f o r  a l l  th e  

RNA t r a n s c r i p t s  s y n th e s iz e d ;  3 . The freq u en cy  o f  each  in d iv id u a l  

d in u c le o t id e  sequence was compared to  i t s  random v a lu e .

The v a r ia n c e  (Appendix B) o f  th e  observed  d in u c le o t id e  f re q u e n c ie s  

from  th e  p r e d ic te d  (random) v a lu e s  was c a lc u la te d  f o r  th e  s ix te e n  

d in u c le o t id e  sequences o f  each RNA t r a n s c r i p t  (T ab le  1 0 ) . The ex p ec ted  

v a r ia n c e  o f  th e  p r e d ic te d  random f re q u e n c ie s  was de te rm in ed  from th e  

ex p e rim e n ta l e r r o r  o f  each  e x p e rim e n t. The r a t i o  o f th e  two v a r ia n c e s ,  

and th e  number o f  d eg rees  o f  freedom , d e te rm in e  th e  le v e l  o f  p r o b a b i l i t y ,  

P , a t  w hich th e  observed  f re q u e n c ie s  a re  s i g n i f i c a n t l y  d i f f e r e n t  from  

th e  random f r e q u e n c ie s .  F o r th e  p u rp o ses  o f  t h i s  s tu d y , i f  P i s  g r e a t e r  

th a n  0 .05  th e  observ ed  and random fre q u e n c ie s  a re  ta k e n  to  be th e  same.

I f  P i s  l e s s  th a n  o r  eq u a l to  0 .0 5 , th e  observed  f re q u e n c ie s  a re  

c o n s id e re d  to  be d i f f e r e n t  from  th e  random o n e s . The v a lu e  o f  P was 

found to  be le s s  th a n  0 .05  f o r  each  RNA t r a n s c r i p t ,  th e r e f o r e  th e  n e a r e s t -  

n e ig h b o r f re q u e n c ie s  w ere d e te rm in ed  to  be non-random  f o r  a l l  th e  RNA 

t r a n s c r i p t s .

In  o rd e r  to  d e te c t  any s i m i l a r i t y  in  th e  d e v ia t io n  from  random 

v a lu e s  o f  p a r t i c u l a r  d in u c le o t id e s ,  th e  d e v ia t io n  o f  each  d in u c le o t id e  

was d e te rm in ed  f o r  a l l  th e  RNA t r a n s c r i p t s  (T ab le  1 1 ). The v a r ia n c e  

(A ppendix B) o f  th e  observed  f re q u e n c ie s  from th e  p r e d ic te d  v a lu e s  was 

c a lc u la te d  f o r  each  d in u c le o t id e .  The v a r ia n c e  ex p ec ted  in  th e  p r e ­

d ic te d  v a lu e ,  due to  e x p e rim e n ta l e r r o r ,  was a ls o  c a lc u la te d .  The 

le v e l  o f  p r o b a b i l i t y ,  P , a t  w hich th e  observed  f re q u e n c ie s  a re
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s i g n i f i c a n t l y  d i f f e r e n t  from th e  random v a lu e s  was d e te rm in e d , as

d e s c r ib e d  above. A ll th e  s e t s  o f  in d iv id u a l  d in u c le o t id e  f r e q u e n c ie s ,

e x c e p t GpU, w ere found to  be d i f f e r e n t  from  th e  p r e d ic te d  random v a lu e s .

The random f in d in g  f o r  GpU i s  due to  some u n u su a lly  s c a t t e r e d  d a ta

v a lu e s ,  w hich r e s u l t e d  in  a  r e l a t i v e l y  h ig h  v a lu e  f o r  th e  v a r ia n c e

due to  e x p e rim e n ta l e r r o r .  D in u c le o tid e s  w ith  low er observ ed  v a r ia n c e s ,  

-4such as 0 .2 7  x 10 f o r  ApG, do n o t  d i f f e r  as much from random v a lu e s

-4as o th e r s ,  such  as ApA, f o r  w hich th e  v a r ia n c e  was 3 .2  x 10 . When

d e v ia t io n  o f  th e  in d iv id u a l  d in u c le o t id e s  was compared to  t h i s  average  

c a l c u la t io n ,  i t  was found (T ab le  11) t h a t  4 If o f  th e  d in u c le o t id e s  

had v a lu e s  c o n s id e re d  to  be e q u a l to  th e  random v a lu e s ,  and abou t 30^ 

w ere above o r  below  random v a lu e s .

The asymm etry p re v io u s ly  d e sc r ib e d  in  a n a ly s is  o f  th e  KNA 

t r a n s c r i p t s  i s  r e f l e c t e d  h e re  in  th e  way in  w hich many o f th e  

m atch ing  d in u c le o t id e  p a i r s  v a r ie d  from  th e  random v a lu e s .  F o r 

exam ple, in  th e  p a i r  CpA/UpG th e  v a lu e s  o f  CpA were e q u a l to  o r  le s s  

th a n  th e  random v a lu e s ,  w h ile  f o r  UpG a l l  th e  v a lu e s  w ere above th e  

random v a lu e s .  In  th e  fo u r  p u r in e  d in u c le o t id e s ,  a lm o st a l l  th e  f r e ­

q u en c ies  w ere e q u a l t o ,  o r  g r e a t e r  th a n  th e  random v a lu e s ,  w h ile  in  

p y rim id in e  d in u c le o t id e s  UpC and CpC th e  f re q u e n c ie s  w ere eq u a l t o ,  

o r  le s s  th a n  random v a lu e s .  The non-random  n a tu re  o f th e  d in u c le o t id e  

f re q u e n c ie s  o f  th e  RNA t r a n s c r i p t s  can a l s o  be seen  in  a  com parison 

o f  th e  f re q u e n c ie s  o f  iso m e ric  p a i r s ,  such  as ApG-GpA and UpC-CpU.

The c a lc u la te d  random v a lu e  o f  each member o f  th e  p a i r  i s  th e  same, 

s in c e  i t  i s  d e te rm in ed  from  th e  p ro d u c t o f  th e  mole ^  o f  each b ase  

in  th e  d in u c le o t id e .  The d in u c le o t id e  f re q u e n c ie s  found e x p e r im e n ta lly  

f o r  many o f  th e s e  iso m e ric  p a i r s ,  how ever, w ere q u i t e  d i f f e r e n t  from
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each  o th e r .  F o r  exam ple, in  th e  d e n a tu re d  T4 RNA t r a n s c r i p t s  (T ab le  6C ), 

th e  fre q u e n c y  o f  ApG was 0 .0530 w h ile  GpA was 0 .0 6 7 3 . S im ila r  

d i f f e r e n c e s  w ere found in  a l l  th e  RNA t r a n s c r i p t s  s tu d ie d .  The d in u c ­

l e o t id e  f re q u e n c ie s  o f  s e v e r a l  b a c t e r i a l  and v i r a l  DNAs have a ls o  been 

shown to  be non-random  (J o s s e  e t  al . ,  1961; Sw artz e t  a l . , 1962).

The way in  w hich th e  o b serv ed  d in u c le o t id e  f re q u e n c ie s  v a r ie d  

from  th e  p r e d ic te d  random v a lu e s  has  been p re se n te d  g r a p h ic a l ly ,  

a c c o rd in g  to  th e  method o f  K a is e r  and Baldw in (1962) in  F ig u re s  4 -7 .

On each  g rap h  th e  observ ed  n e a re s t -n e ig h b o r  freq u en cy  o f  a  s p e c i f i c  

d in u c le o t id e  p a i r ,  f o r  each  DNA s tu d ie d ,  was p lo t t e d  a g a in s t  th e  v a lu e  

p r e d ic te d  from  a  random d i s t r i b u t i o n .  I f  th e  observed  and p r e d ic te d  

v a lu e s  w ere e q u a l ,  th e n  th e  p o in ts  would f a l l  on th e  s t r a i g h t  45 deg ree  

l i n e ,  drawn on each  g ra p h . The p o in ts  p lo t t e d ,  th e r e f o r e ,  f a l l  above, 

on , o r  below  t h i s  l i n e ,  as th e  observ ed  d in u c le o t id e  freq u en cy  i s  

g r e a t e r  th a n ,  e q u a l t o ,  o r  l e s s  th a n  th e  p r e d ic te d  random v a lu e .  F o r 

phages T4 and T5 th e  n e a re s t -n e ig h b o r  f re q u e n c ie s  o f th e  DNA complements 

have a ls o  b een  p lo t t e d  on each  g rap h .

F o r some o f  th e  d in u c le o t id e s  th e  f re q u e n c ie s  can be  seen  to  be 

v e ry  d i f f e r e n t  from  each  o th e r ,  co rre sp o n d in g  to  th e  AT/GC v a lu e s  o f  

th e  DNA o f  each  phage (AI/GC = 1 .86  fo r  phage T4, 1 .5 3  f o r  phage T5 and

1.08  f o r  phage T7; W yatt and Cohen, 1953; Lunan and S in sh e im er, 1956).

F o r exam ple, on th e  g raphs o f  d in u c le o t id e s  ApA and UpU, th e  p o in ts  

a re  w id e ly  s c a t t e r e d .  F o r o th e r  d in u c le o t id e s ,  such as GpA and UpC, 

th e  f re q u e n c ie s  w ere s im i la r  and th e  p o in ts  a r e  c lu s te r e d  on th e  g ra p h s . 

The DNA v a lu e s  g e n e ra l ly  f e l l  c lo s e r  to  th e  random 45 d eg ree  l i n e  th an  

th e  RNA v a lu e s .
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The d in u c le o t id e  f re q u e n c ie s  o f  th e  p a i r  ApArUpU w ere c o n s id e ra b ly  

h ig h e r  th a n  th e  random v a lu e s ,  f o r  th e  RNA t r a n s c r i p t s  o f  n a t iv e  DNA, 

and f o r  th e  DNA te m p la te  as w e l l .  In  phages T4 and T 5, b o th  h ig h  in  

AT b a se  co m p o sitio n , t h i s  p a i r ,  ApA:UpU, has  th e  h ig h e s t  p r e d ic te d  

random fre q u e n c y , and y e t  th e r e  was a la rg e  a d d i t io n a l  in c re a s e  o ver 

th e  random v a lu e s , in  b o th  th e  DNA and ENA f r e q u e n c ie s . The d in u c le o t id e  

p a i r  GpG:CpC was q u i te  d i f f e r e n t  in  b o th  DNA and RNA d in u c le o t id e  

f r e q u e n c ie s .  The DNA fre q u e n c ie s  w ere c lo s e  to  th e  random v a lu e s  

fo r  b o th  d in u c le o t id e s .  In  th e  ENA, GpG rem ained  a t  random l e v e l s ,  b u t 

CpC was found a t  low er th a n  random f r e q u e n c ie s .  T hese o b s e rv a tio n s  a re  

in  ag reem ent w ith  s tu d ie s  o f  th e  d i s t r i b u t i o n  o f  thym ine and c y to s in e  

o l ig o n u c le o t id e s  in  b a c t e r i a l  and v i r a l  DNA (M ushynski and S pencer 

1 9 70a ,b ; Rudner e t  a l . ,  19 7 2 ). In  B. s u b t i l i s  DNA th e  d i s t r i b u t i o n  

o f  thym ine o l ig o n u c le o t id e s  was found to  be  g r e a t e r  th a n  e x p ec ted  from 

a  random d i s t r i b u t i o n ,  w h ile  c y to s in e  o l ig o n u c le o t id e s  fo llo w ed  th e  

e x p ec ted  random d i s t r i b u t i o n  (Rudner e t  a l . ,  1972). In  b a c t e r i a l  and 

v i r a l  DNAs , long  c y to s in e  o l ig o n u c le o t id e s ,  g r e a t e r  th a n  5 in  ch a in  

le n g th ,  a re  q u i t e  r a r e ,  w hereas long  thym ine o l ig o n u c le o t id e s  a re  

f r e q u e n t ly  fo u n d . In  th e s e  s tu d i e s ,  d in u c le o t id e  ApA, w hich i s  

com plem entary to  thym ine se q u e n c e s , was found a t  h ig h e r  th a n  random 

f r e q u e n c ie s .  D in u c le o tid e  GpG, com plem entary to  c y to s in e  se q u e n c e s , was 

found, to  be random ly d i s t r i b u t e d .

The f re q u e n c ie s  o f  th e  p u r in e :p y r im id in e  d in u c le o t id e  p a i r s ,  ApG:

CpU and GpA:UpC, w ere somewhat s im i la r  to  each  o th e r  (F ig u re  5 a - d ) .

Many o f  th e  d in u c le o t id e s  in  t h i s  group w ere a t ,  o r  n e a r ,  random 

f r e q u e n c ie s .  In  th e  ENA t r a n s c r ib e d  from  n a t iv e  DNA, p u r in e  d in u c le o t id e
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D isc u ss io n

In  th e se  s tu d i e s ,  th e  p ro p o sa l t h a t  p y r im id in e - r ic h  re g io n s  o f 

t r a n s c r ib in g  DNA s tr a n d s  a re  in v o lv ed  in  t r a n s c r i p t i o n a l  c o n t ro l  has 

been exam ined. These p y r im id in e - r ic h  re g io n s  would be 'r e c o g n i t io n ' 

s i t e s  f o r  s p e c i f i c  in t e r a c t io n  o f  th e  KNA polym erase and th e  DNA 

te m p la te . The s p e c i f i c i t y  o f  th e  in t e r a c t io n  would be de te rm in ed  

by th e  DNA seq u en ce , and co u ld  s ig n a l  any s te p  in  th e  t r a n s c r i p t i o n  

p ro c e s s .  Such a c o n tro l  sequence would n o t n e c e s s a r i ly  have to  be 

t r a n s c r ib e d  in to  an RNA p ro d u c t. However, a sequence in v o lv e d  in  

i n i t i a t i o n  c o n t r o l ,  f o r  exam ple, co u ld  be c lo s e  to  o r  w ith in  th e  

e a r ly  re g io n  t r a n s c r ib e d .  I t  was p ro p o sed , th e r e f o r e ,  in  th e  p r e s e n t  

s tu d i e s ,  to  d e te rm in e  i f  t r a n s c r i p t i o n  o f  such  p y r im id in e - r ic h  re g io n s  

co u ld  be d e te c te d  in  th e  RNA t r a n s c r i p t s .  L im ited  RNA s y n th e s i s ,  

c o n f in in g  t r a n s c r i p t io n  to  v e ry  e a r ly  mRNA, was a l s o  u se d , in  one 

in s t a n c e .

In  o rd e r  to  see  i f  th e s e  p y r im id in e - r ic h  re g io n s  a re  t r a n s c r ib e d  

in to  th e  RNA p ro d u c t,  th e  d in u c le o t id e  f re q u e n c ie s  o f  RNA sy n th e s iz e d  

in  v i t r o  on T 4, T5 and T7 phage DNA te m p la te s  w ere d e te rm in e d . I t  

was found th a t  th e  RNA is  e n r ic h e d  in  p u r in e  d in u c le o t id e s  and 

th e r e f o r e  t h a t  p y r im id in e - r ic h  re g io n s  a re  p r e f e r e n t i a l l y  t r a n s c r ib e d .  

The in c re a s e d  p ro p o r tio n  o f p u rin e  d in u c le o t id e s  in  th e  RNA p ro d u c t 

was m ost pronounced in  th e  RNA t r a n s c r i p t s  o f T7 DNA and in  th e  l im i te d -  

s y n th e s is  t r a n s c r i p t s  o f  T4 DNA. In  th e  RNA t r a n s c r i p t s  o f T5 DNA, 

and f o r  s ta n d a rd  s y n th e s is  o f  T4 DNA, th e re  was a  l im ite d  en rich m en t 

o f  p u r in e  se q u e n c e s . *
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found (H ink le  e t  a l . ,  1972).

I t  was assumed th a t  th e  RNA t r a n s c r i p t s  o f  d e n a tu re d  DNA, in  

th e se  s tu d i e s ,  would be q u i te  sym m etric in  com po sitio n  and m atch ing  

d in u c le o t id e  seq u en ce s . Some o f  them , how ever, w ere found to  be 

asym m etric and s im i la r  to  th e  t r a n s c r i p t s  o f  n a t iv e  DNA (T ab les 

6C .-8 C ). I t  had to  be co n c lu d ed , from th e  e x te n t  o f  asymmetry fo u n d , 

t h a t  t r a n s c r i p t i o n  o f d e n a tu re d  T4 and T5 DNAs had r e ta in e d  a s i g n i -  

f i c e n t  amount o f  s p e c i f i c i t y .  The n e a re s t -n e ig h b o r  f re q u e n c ie s  o f  

th e  T7 RNA t r a n s c r i p t s  w ere c o n s i s te n t  w ith  th e  i n i t i a l  assu m p tio n , 

o f  sym m etric t r a n s c r i p t i o n ,  s in c e  th e  asymmetry r a t i o s  o f  th e  

com plem entary d in u c le o t id e  p a i r s  w ere found to  be eq u a l to  1 .0  

(T ab le  5C ). The asymmetry found in  th e  RNA t r a n s c r i p t s  o f  d e n a tu re d  

T4 and T5 DNA made i t  more d i f f i c u l t  to  e v a lu a te  th e  e x te n t  o f 

en rich m en t o f  p u r in e  d in u c le o t id e s  in  t h e i r  r e s p e c t iv e  t r a n s c r i p t s  

o f  n a t iv e  DNA. In  th e  case  o f  T4 t r a n s c r i p t i o n ,  t h i s  d i f f i c u l t y  

was overcome in  th e  l im i te d - s y n th e s is  e x p e rim e n t, w here a d e f i n i t e  

en rich m en t o f  p u r in e  sequences was found in  th e  s h o r t e r  t r a n s c r i p t s  

o f n a t iv e  T4 DNA (T able 7C ). As was d is c u s s e d  e a r l i e r ,  in  th e  case  

o f  th e  T4 DNA, i t  i s  p o s s ib le  th a t  th e  r e s u l t s  found f o r  th e  n a t iv e  

T5 DNA may be due to  th e  s iz e  o f  th e  in  v i t r o  t r a n s c r i p t s  made. T5
g

DNA i s  somewhat s m a lle r  th an  T4 DNA (83 x 10 d a l to n s ,  R u b e n s te in ,

19 68), and in  v i t r o  t r a n s c r i p t i o n  o f n a t iv e  T5 in v o lv e s  a t o t a l  le n g th  

o f  DNA e s tim a te d  to  be ab o u t 20 x 10 d a l to n s  (P isp a  and Buchanan,
g

1971). (The T4 RNA t r a n s c r i p t  was e s tim a te d  to  be ab o u t 22 x 10 

d a l to n s ) .T h e  s iz e  o f  th e  RNA t r a n s c r i p t s  may make i t  d i f f i c u l t  to  

d e te c t  sm a ll un ique  p y r im id in e - r ic h  re g io n s  by t h i s  k in d  o f  a n a ly s i s .
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On th e  o th e r  h and , p y rim id in e  sequences may n o t be in v o lv e d  in  th e  

c o n t ro l  o f t r a n s c r i p t i o n  o f  T5 DNA. The T5 DNA te m p la te  d i f f e r s  from 

b o th  T4 and T7, f o r  exam ple, in  t h a t  i t  c o n ta in s  s i x  o r  more g e n e t ic a l ly  

d i s t i n c t  s in g le - s t r a n d e d  b r e a k s ,  on one o f  th e  DNA s t r a n d s  (B u ja rd  

and H en d rick so n , 1973). T hese b reak s  co u ld  be in v o lv ed  in  t r a n s ­

c r i p t i o n a l  c o n tro l  and th e r e f o r e  r e q u ir e  d i f f e r e n t  DNA sequences f o r  

enzyme r e c o g n i t io n .

The d in u c le o t id e  f re q u e n c ie s  o f  th e  DNA o f phages T4 and T5 

have been de te rm in ed  (Jo sse  e t  J i l . , 1961; Sw artz et: £ l . ,  1962) and 

i t  was th e r e f o r e  p o s s ib le  to  compare th e  d in u c le o t id e  f re q u e n c ie s  o f 

t h e i r  RNA t r a n s c r i p t s  w ith  th e  v a lu e s  o b ta in e d  f o r  th e  DNA te m p la te  

(T ab les 6D, 7D, 8D ). When compared to  th e  d in u c le o t id e  f re q u e n c ie s  

o f th e  DNA te m p la te  a p r e f e r e n t i a l  t r a n s c r i p t i o n  o f  p u r in e  d in u c le o t id e s  

was found f o r  a l l  th e  T4 RNA t r a n s c r i p t s .  In  th e  n a t iv e  and d e n a tu re d  

T5 RNA t r a n s c r i p t s  th e re  was an in c re a s e  in  d in u c le o t id e  GpG.

The p r e s e n t  s tu d ie s  show th e  s e l e c t iv e  t r a n s c r i p t i o n  o f p y rim id in e  

sequences on th e  t r a n s c r ib in g  DNA s t r a n d  b u t do n o t  p ro v id e  any b a s is  

o f  d is t in g u is h in g  betw een s h o r t  runs o f  p y rim id in e s  (c h a in  le n g th  5 -6 ) 

and c l u s t e r s  (c h a in  le n g th  8 -13 ) in  th e  DNA te m p la te .  C y to s in e  c l u s t e r s  

w ere p roposed  e a r l i e r  as c o n t ro l  e lem en ts in  t r a n s c r i p t i o n ,  based  

on th e  b in d in g  o f  t r a n s c r ib in g  DNA s tra n d s  to  p o ly  (U,G) (S z y b a lsk i 

e t  a l . ,  1966). When p y rim id in e  i s o s t i c h s  w ere i s o l a t e d  from  v i r a l  

and b a c t e r i a l  DNA, long  c y to s in e  c l u s t e r s  w ere n o t fo u n d , b u t  long  

thym ine and mixed c y to s in e - th y m in e  o l ig o n u c le o t id e s  (c h a in  le n g th  13) 

w ere found (M ushynski and S p en cer, 1970a,b ; Rudner e t  a l . ,  1972;

Rudner and LeDoux, 1974). T hese r e s u l t s  s tre n g th e n e d  th e  e a r l i e r  

p ro p o sa l t h a t  p y rim id in e  c l u s t e r s  m igh t be in v o lv e d  in  i n i t i a t i o n
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o f  SNA s y n th e s i s .  S tu d ie s  o f  o l ig o r ib o n u c le o t id e b in d in g  to  homologous 

phage DNAs su g g e s t t h a t  s p e c i f i c  b in d in g  o f  p o ly  G and g u a n in e - r ic h  

rib o p o ly m ers  r e q u ir e s  o lig o m ers  o f  a t  l e a s t  10 r e s id u e s  in  ch a in  le n g th  

(N iy o g i, 1969; N iy o g i, 1973). When c y to s in e  c l u s t e r s  o f  t h i s  le n g th  were 

n o t  found some a l t e r n a t i v e  p ro p o s a ls  f o r  b in d in g  w ere made. I t  was 

su g g es ted  t h a t  th e  b in d in g  co u ld  be due to  C - r ic h  DNA t h a t  c o n s is ts  

o f  sm a ll C c l u s t e r s ,  s e p a ra te d  by a s in g le  p u r in e  r e s id u e  (M ushynski 

and  S p en ce r, 1970b). P o ly  G can a ls o  form  com plexes w ith  segm ents 

c o n ta in in g  s h o r t  TC s e c t io n s  (Morgan and W e lls , 1968).

S e v e ra l i n i t i a t i o n  and te rm in a t io n  re g io n s  in  12. c o l i  , and in  

s e v e r a l  v i r u s e s ,  have been  sequenced  (G i lb e r t  and Maxam, 1973; Sekiya 

and K horana, 1974; M a n ia tis  e t  a l . ,  1974; P ribnow , 1975; S c h a l le r  e t  a l . , 

1975). These re g io n s  a re  r e p r e s e n ta t iv e  o f  o th e r  c o n t ro l  re g io n s  f o r  

E . c o l i  RNA p o ly m erase , s in c e  a l l  E. c o l i , and many v i r a l  genes a re  

b e l ie v e d  to  be t r a n s c r ib e d  by one RNA polym erase enzyme w hich may be 

m o d ifie d  under d i f f e r e n t  c o n d itio n s  (Fukuda e t  a l . , 1974; W ickner 

and K om berg , 1974). The sequences in v o lv ed  in  te rm in a t io n  and 

i n i t i a t i o n  would be e x p e c te d , th e r e f o r e ,  to  have some s i m i l a r i t i e s  

f o r  r e c o g n i t io n  by th e  E. c o l i  enzyme. Two common sequences o f  s ix  

b a s e s ,  re c o g n iz e d  by th e  Hind endonuclease,(GTCGAC and GTTAAC), 

have been  found in  p rom oter s i t e s  f o r  E. c o l i  RNA p o lym erase , in  

DNA o f b a c te r io p h a g e s  T7 and lam bda, and in  s im ian  v i r u s  40 and human 

ad en o v iru s  ( A l le t  et: a l . , 1974). In  th e  po lym erase p ro te c te d  re g io n  

o f  th e  T7 Ag p ro m o te r, a  7 b ase  sequence has  been  found (S'-TATPuAIG-S1: 

P ribnow , 1975) w hich i s  homologous w ith  p rom oter sequences in  

s im ian  v i r u s  40 (Dhar e t  a l . , 1974 ), lambda P^ p rom oter (M an ia tis  

e t  a l . , 1974 ), E . c o l i  Tyr-tKNA gene (S ek iya  and K horana, 1974 ), th e
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la c  re g io n  (D ickson e t  a l . ,  1975) and fd  p ro m o te r-I  (S c h a l le r  e t  a l . , 

19 7 5 ). In  th e  c o n t ro l  re g io n s  a lre a d y  sequenced , no long p y rim id in e  

i s o s t i c h s  (c h a in  le n g th  12-13) have been found . A lthough such  i s o s t i c h s  

a re  known to  be p re s e n t  in  some o f  th e se  DNAs, e .g .  i n  T7, lambda and 

E . c o l i  DNAs (M ushynski and S p en cer, 1970a ,b ; Rudner and LeDoux, 1974), 

th e y  do n o t  ap p ea r to  be p r e s e n t  in  th e  i n i t i a t i o n  and te rm in a t io n  

r e g io n s .

The seco n d ary  s t r u c t u r e  o f th e  DNA h e l ix  depends on i t s  b ase  

com position  (Bram, 1971; Bram and T ougard , 1972). F o r exam ple, 

n a t u r a l  DNAs th a t  a re  v e ry  r i c h  in  AT (AT/GC g r e a t e r  th a n  2 .0 )  have 

a d i f f e r e n t  secondary  s t r u c t u r e  th a n  DNA o f m odera te  and low AT 

c o n te n t (Bram, 1971). I t  i s  a l s o  q u i te  p o s s ib le  f o r  th e  seco n d ary  

s t r u c t u r e  o f  th e  DNA to  p ro v id e  a  b a s is  f o r  s p e c i f i c  i n t e r a c t i o n s ,  

such  as RNA polym erase b in d in g  to  a p rom oter s i t e ,  i f  th e  secondary  

s t r u c t u r e  e x i s t s  in  a  co n fo rm a tio n  w hich i s  dependen t on th e  p rim ary  

sequence o f  th e  DNA (Bram 1973) . S h o rt re g io n s  o f  h ig h ly  r e g u la r  

b ase  sequence can a ls o  m odify th e  seco n d ary  s t r u c t u r e  o f  th e  DNA h e l ix  

in  a l im i te d  r e g io n ,  and p ro v id e  a r e c o g n i t io n  s i t e  f o r  t r a n s c r i p t i o n a l  

c o n t r o l .  I n  d i f f r a c t i o n  s tu d ie s  on th e  co n fo rm ation  o f  DNA (L an g rid g e , 

1969) i t  was found th a t  DNA sequences w hich c o n ta in  o n ly  p y rim id in e s  

on one s t r a n d  and p u r in e s  on th e  o th e r ,  have X -ray  d i f f r a c t i o n  

p a t te r n s  t h a t  a l l  d i f f e r  from  n a t iv e  DNA. P o ly  dA;dT has a l l  th e  

f e a tu r e s  o f  a h e l i c a l  s t r u c t u r e ,  b u t  w ith  a d i f f e r e n t  b ase  t i l t ;  

p o ly  d (T -C ); p o ly  d(G-A) a ls o  d i f f e r s  c l e a r ly  from  th e  norm al DNA 

p a t t e r n  and p o ly  dG :poly  dC had th e  m ost u n u su a l s t r u c t u r e ,  ap p ea rin g  

to  be n o n - in t e g r a l .  I t  was concluded  (L an g rid g e , 1969) t h a t  DNAs, 

c o n ta in in g  lo c a l  re g io n s  o f  h ig h ly  r e g u la r  seq u en ce , can c l e a r ly  adop t
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u n u su a l c o n f ig u r a t io n s .  Such a m o d ifie d  DNA s t r u c tu r e  cou ld  th en  

se rv e  as  a s ig n a l  f o r  t r a n s c r i p t i o n a l  c o n t r o l .  The en richm en t o f  

p y r im id in e  sequences in  th e  t r a n s c r ib in g  DNA s t r a n d s ,  found in  th e  

p r e s e n t  s tu d i e s ,  may in v o lv e  j u s t  such  s h o r t  r e g u la r  r e g io n s .  These 

r e g u la r  re g io n s  may cau se  lo c a l  m o d if ic a t io n  o f  th e  h e l i c a l  s t r u c t u r e  

o f th e  DNA, p ro v id in g  th e  c o n f ig u r a t io n a l  changes n e c e s s a ry  f o r  

r e c o g n i t io n  s ig n a l s .

DNA se q u e n c e s , w hich have been  de te rm in ed  f o r  a number o f  c o n t ro l  

r e g io n s  (P ribnow , 1975; S c h a l le r  e t  a l . ,  1975) w ere an a ly zed  f o r  t h e i r  

p y rim id in e  en rich m en t and f o r  s h o r t  re g io n s  o f r e g u la r  b ase  seq u en ce .

The f re q u e n c ie s  o f  p u r in e ,  p y r im id in e , mixed com plem entary and mixed 

se lf-c o m p le m e n ta ry  d in u c le o t id e s ,  w ere de te rm in ed  f o r  each  r e g io n , 

and compared w ith  th e  d in u c le o tid e  f re q u e n c ie s  re p o r te d  h e r e .  The 

c o n t ro l  sequences an a ly zed  in c lu d e  E. c o l i  la c  o p e ra to r-p ro m o te r  

r e g io n  ( G i lb e r t  and Maxam, 19 7 3 ), th e  p rom oter and te rm in a to r  

r e g io n s  o f  E. c o l i  Tyr-tENA gene (S ek iya  and K horana, 1974; Loewen e t  al . ,

1974 ), th e  lambda P^ p rom oter (M an ia tis  e t  a l . , 1974), th e  T7 A^ 

p ro m o ter (P ribnow , 1 9 7 5 ), s im ian  v i r u s  40 (Dhar e t  a l . ,  1974) and 

fd  r e g io n - I  p rom oter ( S c h a l le r  et: a l . ,  1975) (T ab le 1 2 ) . The la c  

o p e ra to r -p ro m o te r  re g io n  ( G i lb e r t  and Maxam, 1973), w hich i s  known 

to  be t r a n s c r ib e d ,  was found to  have a  h ig h e r  freq u en cy  o f  p y rim id in e  

d in u c le o t id e s  (0 .3 5  f o r  th e  o p e ra to r  r e g io n ,  0 .3 2  f o r  th e  o p e ra to r -  

p ro m o te r re g io n )  th a n  E. c o l i  DNA (0 .2 4 3 ; J o s s e  e t  a l . ,  1961). Both 

l a c  r e p r e s s o r  and ENA polym erase b in d  to  d i f f e r e n t  re g io n s  o f  th i s  

DNA. The freq u en cy  o f  p u r in e  d in u c le o t id e s  i s  v e ry  low (0 .1 0  and 

0 .1 2 ) compared to  th e  E. c o l i  v a lu e  (0 .2 3 7 ) .  T here a re  two sequences 

i n  th e  re g io n  th a t  a r e  p y r im id in e - r ic h .  T here  i s  one sequence o f



70

13 b a s e s ,  c o n s is t in g  o f  10 p y r im id in e s ,  i n  c l u s t e r s  o f  2 and 3 , 

(CTCGCCTATTGTT), and one sequence o f  9 b a s e s ,  c o n s is t in g  o f  8 

p y r im id in e s  (TCCTTTGTC).

In  th e  E. c o l i  Tyr-tKNA gene^ p rom oter and te rm in a to r  re g io n s  

(S ek iy a  and K horana, 1974; Loewen e t  a l . , 1974) a re  p ro b ab ly  n o t 

t r a n s c r ib e d .  The d in u c le o t id e  f re q u e n c ie s  w ere d e te rm in e d , in  t h i s  

a n a l y s i s ,  f o r  th e  s t r a n d  w hich i s  co n tin u o u s  w ith  th e  t r a n s c r ib e d  

tKNA g en e . In  th e  p rom oter r e g io n ,  b o th  th e  p y rim id in e  and p u r in e  

d in u c le o t id e s  have v e ry  low f re q u e n c ie s  (0 .11  and 0 . 21 , r e s p e c t iv e l y ) .  

The m ixed se lf-co m p lem en ta ry  d in u c le o t id e s  have an u n u su a lly  h igh  

v a lu e  ( 0 .5 0 ) .  The te rm in a to r  re g io n  o f  th e  gene has a h ig h  freq u en cy  

o f  p u r in e  d in u c le o t id e s  ( 0 .4 5 ) .  The combined freq u en cy  o f  p u r in e  and 

p y rim id in e  d in u c le o t id e s  in  t h i s  r e g io n  i s  0 .7 2 , su g g e s tin g  t h a t  th e re  

i s  a  r e g u la r  lo c a l  s t r u c t u r e .  The te rm in a to r  re g io n  c o n s is ts  o f 

a l t e r n a t i n g  p u r in e  and p y rim id in e  c l u s t e r s ,  2 to  6 b a se s  long 

(AGTGAAAGTTTTCAGGGGACTTGA). RNA s y n th e s iz e d  from  th i s  re g io n  would 

be  p y r im id in e - r ic h .  In  s e v e r a l  phage T7 RNAs, a long  p y rim id in e  

r e g io n ,  c o n ta in in g  a sequence o f  s ix  p y rim id in e  r e s id u e s ,  (CCCUUUAU-OH), 

was found in  th e  te rm in a l sequences (Kramer e t  a l . ,  1974) o f  fo u r  

o f f iv e  mRNA s p e c ie s  s tu d ie d .  T h is  s u g g e s ts  t h a t  sm a ll p u r in e - r i c h  

DNA re g io n s  may be in v o lv ed  as te rm in a t io n  s ig n a l s  f o r  t r a n s c r i p t i o n .

The P_ prom oter b in d in g  s i t e  in  lambda, which a lso  b inds re p re s s o r
i l

(M aurer e t  a l . ,  1974), was found to  have an u n u s u a lly  h ig h  freq u en cy  

o f  com plem entary and se lf-co m p lem en ta ry  m ixed d in u c le o t id e s  (0 .3 8 ,

0 .3 1 ) ,  compared to  th e  E. c o l i  v a lu e s  (0 .2 5 ,  0 .2 7 ) (T ab le  1 2 ) . T h is  

re g io n  i s  n o t t r a n s c r ib e d  in  v iv o  (M an ia tis  e t  a l . ,  1974). T here 

i s  one p y r im id in e - r ic h  seq u en ce , 8 re s id u e s  lo n g , c o n ta in in g  6
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pyrim id ines (TCACCGCC) in  th i s  c o n tro l re g io n . In  th e  E. c o l i  RNA

polym erase b in d in g  and i n i t i a t i o n  s i t e  in  phage fd  (Sugim oto e£  a l . . ,

1975) th e  sum o f  p u r in e  and p y rim id in e  d in u c le o t id e  f re q u e n c ie s  i s

h ig h  in  th e  b in d in g  s i t e ,  and in  th e  s h o r te r  t r a n s c r ib e d  r e g io n ,  as

w e ll  (0 .6 0  and 0 .6 7 , r e s p e c t iv e l y ) .  These f re q u e n c ie s  have been  compared

to  the  freq u en c ies  determ ined in  th i s  s tu d y , f o r  f l  KF t r a n s c r ip t s ,

s in c e  v a lu e s  f o r  th e  fd  s in g le - s t r a n d e d  DNA a re  n o t a v a i l a b l e .  The

d i s t r i b u t i o n  p a t te r n  o f  th e  p u r in e ,  p y rim id in e  and mixed d in u c le o t id e

f re q u e n c ie s  in  t h i s  c o n t ro l  r e g io n  i s  d i f f e r e n t  from th e  p a t te r n  o f

the  RNA t r a n s c r ip t s .  The s i t e  o f i n i t i a t i o n  of t r a n s c r ip t io n  i s  in

th e  c e n te r  o f  a p y r im id in e - r ic h  r e g io n , 17 r e s id u e s  lo n g ,
•k

(TTATCTGTCCCATTTCT); t r a n s c r i p t i o n  i s  to  th e  r i g h t ,  s t a r t i n g  a t  th e  

a s t e r i s k .  T here i s  a l s o  a p u r in e - r i c h  re g io n  in  th e  e a r ly  p a r t  o f  

th e  t r a n s c r i p t ,  (GGACTAAAAACTAAA). _.

In  th e  phage T7 A^ p rom oter re g io n  (P ribnow , 19 7 5 ), th e re  i s  an 

in c re a s e  in  p y rim id in e  d in u c le o t id e s  (0 .3 0 ; T7 v a lu e :  0 .2 5 7 ) and a 

d e c re a se  in  p u r in e  d in u c le o t id e s  (0 .0 5 ; T7 v a lu e :  0 .2 5 3 ) (T ab le  1 2 ).

T here  a re  two p y r im id in e - r ic h  sequences in  th e  r e g io n .  One i s  a t  th e  

b e g in n in g  o f  t r a n s c r i p t i o n ,  and c o n s is t s  o f  a sequence o f  14 r e s id u e s ,  

c o n ta in in g  11 p y r im id in e s , (CITTGCTGTCACTC). The o th e r  i s  a t  th e  l e f t  

end o f  th e  p o ly m e ra s e -p ro te c te d  r e g io n ,  and c o n s is ts  o f  6 r e s id u e s ,

(TTCAITT). In  th e  s im ian  v i r u s  40 p rom oter re g io n  (Dhar e t  a l . ,  19 7 4 ), th e re  

i s  one p y r im id in e - r ic h  sequence which i s  t r a n s c r ib e d ,  and i s  a t  th e  

i n i t i a t i o n  s i t e  f o r  t r a n s c r i p t i o n .  I t  c o n ta in s  11 r e s id u e s ,  o f  w hich 

9 a re  p y r im id in e s , (TTTATTTCGTT).

In  th e s e  r e g u la to r y  seq u en ce s , th e  d in u c le o t id e  f re q u e n c ie s  a re
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q u i te  d i f f e r e n t  from  th e  f re q u e n c ie s  o f  th e  DNA genom es. DNA b ase  

com po sitio n  in  c o n t ro l  re g io n s  i s  a ls o  v e ry  d i f f e r e n t  from  th e  b a se  

com po sitio n  o f  th e  genome. F o r  exam ple, th e  E. c o l i  RNA polym erase 

b in d in g  s i t e s  in  T 5, T7 and lambda a re  a l t e r n a t in g  h ig h  GC (ab o u t 14 

b ase  p a i r s  lo n g ) and h ig h  AT re g io n s  (ab o u t 38 n u c le o t id e s  long)

(Giacomoni e t  a l . ,  1974). In  a l l  o f  th e  sequences a n a ly zed  above, th e re  

a re  s h o r t  re g io n s  o f  h ig h ly  r e g u la r  sequences w hich may be a b le  to  

m odify th e  lo c a l  seco n d ary  s t r u c t u r e  o f  th e  DNA. Such c o n f ig u ra t io n s  

cou ld  be in v o lv ed  in  d e te rm in in g  s p e c i f i c i t y  in  t r a n s c r i p t i o n a l  c o n t r o l .

The r e p re s s o r  b in d in g  c a p a c i ty  o f  th e  la c to s e  o p e ra to r  in  E. c o l i  

has been  s tu d ie d ,  to  d e te rm in e  i f  n a t u r a l  DNA has th e  same co n fo rm atio n  

th ro u g h o u t i t s  e n t i r e  le n g th ,  o r  i f  d i f f e r e n t  s t r u c t u r e s  e x i s t  a t  

v a r io u s  s i t e s  a lo n g  th e  ch a in  (Chan and W e lls , 1974). The a b i l i t y  

o f s in g le - s t r a n d  s p e c i f i c  n u c le a s e s ,  and o f  n o n - s p e c if ic  n ic k in g  

a g e n ts ,  to  a b o l is h  r e p r e s s o r  b in d in g  was d e te rm in e d . C e r ta in  re g io n s  

o f  th e  la c to s e  o p e ra to r  w ere q u i t e  s e n s i t i v e  to  s in g le - s t r a n d  s p e c i f i c  

n u c le a se s  and th e r e f o r e  w ere assumed to  have d i f f e r e n t  s t r u c tu r e s  

th a n  th e  g r e a t e r  p a r t  o f  th e  DNA. The n a tu re  o f  th e  u n iq u en ess  i s  

n o t known, b u t  s e v e r a l  m odels w ere p ro p o sed : 1 . The re g io n  has a low 

th e r m o s ta b i l i ty  and co u ld  be in  an open s t r u c t u r e  f o r  a  la rg e  p a r t  

o f  th e  tim e ; 2 . The re g io n  has  2 - fo ld  symmetry and co u ld  form  a 

c ru c ifo rm  s t r u c t u r e ,  each s t r a n d  lo o p in g  o u t on i t s e l f ;  3 . The DNA 

may have a d i f f e r e n t  c o n f ig u ra t io n  th a n  norm al h e l i c a l  DNA, such  as 

a d i f f e r e n t  b ase  t i l t  o r  a l t e r e d  h e l i c a l  d im en s io n s .

In  c o n c lu s io n , th e  r e s u l t s  o f  th e  p r e s e n t  s tu d y  a re  c o n s is te n t  

w ith  a model o f  t r a n s c r i p t i o n a l  c o n t ro l  w hich p ro p o ses  t h a t  co n fo rm a tio n a l 

changes in  th e  seco n d a ry  s t r u c t u r e  o f  th e  DNA h e l i x ,  b ased  on th e
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p rim ary  sequence in  th e  DNA, a llo w  f o r  th e  fo rm a tio n  o f  un ique  

s t r u c tu r e s  w hich co u ld  p a r t i c i p a t e  in  h ig h ly  s p e c i f i c  i n t e r a c t io n s  w ith  

p r o te i n s ,  and o th e r  r e g u la to r y  m o le c u le s . The p o s s i b i l i t i e s  f o r  

s p e c i f i c  m o d u la tio n  o f  th e  seco n d a ry  s t r u c t u r e  by b a se  c o m p o sitio n , 

in  such  a sy stem , would be  v e ry  e x te n s iv e .  P y r im id in e - r ic h  r e g io n s ,  

o f  v a ry in g  s i z e  and c l u s t e r  le n g th s ,  and a l t e r n a t in g  h ig h  GG and A I- 

r i c h  r e g io n s ,  would a l l  a f f e c t  th e  seco n d ary  s t r u c t u r e  in  t h e i r  own 

un ique w ays. T h is  would p ro v id e  th e  b a s is  f o r  a la rg e  number o f  

d i f f e r e n t ,  h ig h ly  s p e c i f i c  i n t e r a c t io n s  w ith  p r o te in s  and o th e r  

r e g u la to ry  m o le c u le s . T hese co n fo rm a tio n a l changes w ould a l s o  be 

v e ry  s e n s i t i v e  to  e n v iro n m en ta l c o n d i t io n s ,  such  as io n ic  s t r e n g th  and 

r e l a t i v e  h u m id ity  (Bram and T ougard, 1972 ). The f in d in g s  in  th e  

p r e s e n t  s tu d y  s u g g e s t t h a t  p u r in e  and p y rim id in e  se q u e n c e s , o f  2 to  

7 r e s id u e s  i n  le n g th ,  o c c u r r in g  in  a r e g u la r  p a t t e r n  in  c o n t ro l  

re g io n s  o f  th e  DNA, p ro v id e  one b a s is  f o r  un ique  lo c a l  s t r u c t u r a l  

m o d if ic a t io n ,  and f o r  c o n t ro l  o f  RNA s y n th e s i s .
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Appendix A: C a lc u la t io n  o f  n e a re s t-n e ig h b o r

f r e q u e n c ie s ,  a c c o rd in g  to  Jo ss e  e t  a l .  (1961)

F o llow ing  th e  method o u t l in e d  in  M a te r ia ls  and Methods I I I ,

32P m easurem ents o f  th e  fo u r  2 ' - ( 3 ' ) -n u c le o t id e s  w ere made. Samples

o f  t h i s  d a ta ,  f o r  each  phage s tu d ie d ,  a re  g iv en  in  T ab les  4A, 5A,

6A, 7A and 8A. F o r each  e le c t r o p h o r e t ic  s e p a ra t io n  th e  f r a c t i o n  o f  

32th e  t o t a l  P la b e l  th a t  was t r a n s f e r r e d  from th e  5 '- n u c le o t id e  to

th e  2 ' - ( 3 ' ) -n u c le o t id e s  was d e te rm in e d . The freq u en cy  o f  each  3 ' -

n u c le o t id e  p r e s e n t  in  th e  RNA p ro d u c t depends on th e  r e l a t i v e  freq u en cy

w ith  w hich th e  p a r t i c u l a r  5 1- n u c le o t id e ,  from w hich th e  la b e l  i s

t r a n s f e r r e d ,  i s  in c o rp o ra te d  in to  th e  RNA. I f  th e  b ase  com p o sitio n

o f  th e  RNA i s  known th e n  each  f r a c t i o n a l  t r a n s f e r  v a lu e  i s  m u l t ip l ie d

by th e  b ase  com position  o f th e  p a r t i c u l a r  5 1-n u c le o t id e  to  g iv e  th e

n e a re s t -n e ig h b o r  freq u en cy  o f  th e  2 ' - ( 3 ' ) - n u c le o t id e .  I f ,  f o r  exam ple,

32in  a r e a c t io n  u s in g  ATP as s u b s t r a t e ,  th e  f r a c t i o n  o f  t o t a l  la b e l  

t r a n s f e r r e d  from  pA to  Gp i s  found to  be 0 .2 6 3 , and i f  th e  b ase  

com position  o f  th e  RNA i s  0 .279  Mole ^  f o r  A, th e n  th e  n e a re s t -n e ig h b o r  

freq u en cy  o f  Gp o r  o f  d in u c le o t id e  GpA i s  eq u a l to  0 .263  x 0 .279  o r  

0 .0 7 3 4 . The b ase  com position  used  f o r  th e se  c a lc u la t io n s  has  been 

d e r iv e d  from  th e  r a d io a c t i v i t y  m easurem ents in  th e  experim en t and i s  

th e  b ase  co m p o sitio n  o f th e  RNA p ro d u c t made.

F o r th e  la b e le d  s u b s t r a te  used  in  any one r e a c t io n  th e  t o t a l  

5 1-n u c le o t id e  in c o rp o ra te d  i s  e q u a l to  th e  t o t a l  amount reco v e re d  

as 2 ' - ( 3 ' ) -m o n o n u c leo tid e s , i . e . ,

T o ta l  A = ApA + ApU +  ApC + ApG 

in c o rp o ra te d
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o r  SA  = * A  + 5 U  + * C + 7>G

where ^  >£> > If and"^  a re  th e  f r a c t io n s  t r a n s f e r r e d  from  each  s u b s t r a te  

to  Ap. U sing th e  r e s u l t s  o b ta in e d  in  th e  n a t iv e  T7 DNA r e a c t io n ,

T ab le  5C, we th e n  have th e  fo llo w in g  s im u ltan eo u s  e q u a t io n s :

1 .00 A = 0.288 A + 0.256 G + 0.242 C + 0.227 U

1.00 G = 0 .263 A + 0 .234 G + 0 .2 8 3  G + 0 .239 U

1.00 C = 0 .244 A + 0 .224 G + 0.172 G + 0.297 U

1.00 U = 0 .206 A + 0.206 G + 0.242 G + 0.227 U

U sing d e te rm in a n ts ,  we may so lv e  f o r  any th r e e  o f  th e  unknowns in  

term s o f  th e  f o u r th .  F o r t h i s  s e t  o f  e q u a tio n s  th e  s o lu t io n  i s :

A = 1 .13  U, G = 0 .946  U, C = 0 .977  U

These v a lu e s  r e p r e s e n t  th e  p ro p o r tio n  o f  each b a se  p r e s e n t  in  th e  

RNA and th e  sum o f th e  fo u r  b a se s  may be s e t  eq u a l to  1 .0 ,  i . e . ,

A + G +  C +  U = 1 .00

and th e r e f o r e ,  1 .13  U + 0 .946  U +  0 .977  U +  1 .00  U = 1 .0 0 .

S o lv in g  t h i s  e q u a tio n  f o r  U we g e t  th e  b ase  co m p o sitio n  o f  th e  RNA

p ro d u c t made. From th i s  e q u a t io n , f o r  T7 DNA, th e  s o lu t io n  i s  U =

0 .2 4 7 , A - 0 .2 7 9 , G = 0 .2 3 4 , C = 0 .2 4 1 . M u ltip ly in g  th e  v a lu e s  

d e te rm in e d , f o r  th e  f r a c t io n s  t r a n s f e r r e d  o f  each d in u c le o t id e ,  by 

th e se  v a lu e s ,  th e  16 n e a re s t -n e ig h b o r  f re q u e n c ie s  may th en  be 

c a lc u la te d .  An example f o r  n a t iv e  T7 DNA i s  g iv en  in  T ab le A.
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T ab le  A. N e a re s t-n e ig h b o r  b ase  f re q u e n c ie s  o f  n a t iv e  T7 PNA 

t r a n s c r i p t s :  2 * - (3 * ) -n u c le o t id e  f r a c t i o n  x Mole €

o f  5 ' - n u c le o tid e  s u b s t r a te

32P-XCP 2 ' — ( 3 ')  Sequence
XMP

ATP AMP ApA

GMP GpA

CMP CpA

UMP UpA

GTP AMP ApG

GMP GpG

CMP CpG

UMP UpG

CTP AMP ApC

GMP GpC

CMP CpC

UMP UpC

UTP AMP ApU

GMP GpU

CMP CpU

UMP UpU

N e a re s t-
Mole $  F ra c t io n  n e ig h b o r

32p-XEP t r a n s f e r r e d  freq u en cy

0 .279  0.288 0 .0804

" 0 .263  0 .0734

" 0 .244  0 .0681

" 0 .205  0 .0575

0 .234  0 .256  0 .0599

" 0 .234  0 .0545

" 0 .224  0 .0524

" 0 .286 0 .0669

0 .241  0 .302  0 .0728

" 0 .283  0 .0682

" 0 .172  0 .0414

" 0 .242  0 .0583

0 .247  0.238 0 .0588

" 0.238 0 .0590

" 0.297 0 .0734

" 0.226 0 .0684
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Appendix B; C a lc u la t io n  o f  V ariance

V arian ce  i s  a m easure o f  th e  v a r i a t i o n  found in  a  s e t  o f  v a lu e s .

In  any s e t  o f  o bserved  v a lu e s  th e re  i s  a v a r ia n c e  due to  e x p e rim e n ta l

e r r o r  w hich r e p re s e n ts  th e  minimum v a r ia t io n  o f  th e  d a ta .  Xhe v a r i a t i o n  

o f  a  s e t  o f  v a lu e s  from a p r e d ic te d  s e t  o f  v a lu e s  may a ls o  be m easured

by v a r ia n c e .  A com parison o f  th e se  two v a r ia n c e s  may be u sed  to

d e te rm in e  w h e th er o r  n o t th e  observed  v a lu e s  a re  s i g n i f i c a n t l y  

d i f f e r e n t  from  th e  p r e d ic te d  o n es . The le v e l  o f  p r o b a b i l i t y  o f  s i g n i f i ­

c a n t d i f f e r e n c e  i s  d e term ined  from  th e  r a t i o  o f  th e  two v a r ia n c e s  

and th e  number o f  d eg rees  o f  freedom  in v o lv e d . (T ab le  f o r  F t e s t  

f o r  e q u a l i ty  o f  v a r ia n c e s : S n ed o co r) .

The v a r ia n c e  o f a s e t  o f  observed  v a lu e s ,  due to  e x p e rim e n ta l 

e r r o r  may be e x p re ssed  a s :

V arian ce  = — —" ■
n -1

where D = th e  d i f f e r e n c e  betw een th e  observed  v a lu e  and th e  mean, 

and n = number o f  e n t r i e s . The v a r ia n c e  o f  a p re d ic te d  s e t  o f  v a lu e s  

can a ls o  be d e te rm in ed  from th e  e x p e rim e n ta l e r r o r  o f  observed  v a lu e s  

to  w hich th e y  a re  b e in g  com pared. To d e te rm in e  th i s  v a r ia n c e  th e  

c o e f f i c i e n t  o f  v a r i a t i o n  o f  th e  observed  v a lu e s  i s  c a lc u la te d :  

C o e f f ic ie n t  o f  v a r i a t io n  (v) =

/<< /n-1
s ta n d a rd  d e v ia t io n  '  '

mean ~ STobserved v a lu e s /n

th e  s ta n d a rd  d e v ia t io n  o f  th e  ex p erim en t ex p re ssed  as  a p e rc e n ta g e .
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To c a l c u la te  th e  v a r ia n c e ,  th e n ,  we have:

£? Cv# 2
V ariance , = ■  --------------

1 n -1

w here f  = th e  p r e d ic te d  v a lu e ,  v = th e  c o e f f i c i e n t  o f  v a r i a t i o n .

The v a r ia n c e  o f  any s e t  o f  v a lu e s ,  from  a  known o r  p re d ic te d  

s e t ,  may be ex p re ssed  a s :

2 . d2V ariance- = -  * — ’ —
1 n -1

w here d = th e  d i f f e r e n c e  betw een th e  o bserved  v a lu e  and th e  p r e d ic te d  

v a lu e ,  n i s  th e  same as b e fo re  (Sw artz e_t a l . ,  1962).

In  T ab le  9 th e  v a r ia n c e  o f  th e  asymmetry r a t i o s  from  th e  p re d ic te d  

v a lu e  o f 1 . 0 , f o r  fo u r  and s ix  p a i r s  o f  m atch ing  d in u c le o t id e s ,  has 

been c a lc u la te d  f o r  each  n a t iv e  and d en a tu red  DNA te m p la te  u se d .

F o r each  DNA th e  e x p e rim e n ta l v a r ia n c e  o f  th e  p r e d ic te d  v a lu e  o f  1 .0  

has been de te rm in ed  u s in g  th e  c o e f f i c i e n t  o f  v a r i a t i o n ,  c a lc u la te d  

f o r  each  o f  th e  s e t s  o f  m atch ing  d in u c le o t id e  p a i r s .  The fo llo w in g  

fo rm ulas w ere u sed :

S .( v  x 1 . 0 ) 2
V a ria n c e , = ■  ........................

1 n -1

2
^  (Asymmetry R a tio  -  1)

V a ria n c e -  =    — ~ — - —  -----     •
^ n -1

w here v = th e  c o e f f i c i e n t  o f  v a r i a t i o n ,  1 .0  = th e  p r e d ic te d  asymmetry 

r a t i o  and n = number o f  e n t r i e s .  The le v e l  o f  p r o b a b i l i t y  o f  s i g n i ­

f i c a n t  d i f f e r e n c e  (P) betw een th e  asymmetry r a t i o s  and 1 .0  has been
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d e te rm in ed  by th e  F t e s t  f o r  th e  r a t i o  o f  V a r ia n c e s /V a r ia n c e ^ .

I n  T ab les  10 and 11 th e  v a r ia n c e  o f  e x p e r im e n ta lly  d e te rm in ed  

n e a re s t -n e ig h b o r  f re q u e n c ie s  from  th e  p r e d ic te d  random v a lu e s  has 

been  d e te rm in e d . In  th e s e  T a b le s :
2

(o b serv ed  freq u en cy  -  random freq u en cy )
V a ria n c e . =» . ... , ,   ...............   , . . ——   . -

n -1

and 2
^ ( v  x Random freq u en cy )

V a ria n c e -  = ■ ■1 ■ 1 1 ■   —
n -1

w here th e  observ ed  freq u en cy  = th e  e x p e r im e n ta lly  d e te rm in ed  d in u c le o t id e  

freq u en cy  and th e  random freq u en cy  = d in u c le o t id e  freq u en cy  c a lc u la te d  

from  th e  phage DNA b ase  co m p o sitio n .
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T a b le  1 : Legend

a .  #  re c o v e re d  r e f e r s  t o  t o t a l  T4 o r  dAT 

u n i t s  r e c o v e re d .  The u n i t s  re c o v e re d  

from  th e  DEAE p o o led  enzyme a r e  ta k e n  

a s  100# f o r  dAT te m p la te .

b .  A p p ro x im a te ly  40# o f  th e  DEAE p o o le d  

enzyme was a p p l i e d  t o  th e  g l y c e r o l  

g r a d i e n t s .  1 3 .4 #  dAT u n i t s  r e p r e s e n t  

a  r e c o v e ry  o f  a p p ro x im a te ly  33# o f  th e  

enzyme a c t i v i t y  a p p l i e d  t o  th e  g r a d i e n t s .
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T a b le  1 : P u r i f i c a t i o n  o f  RNA p o ly m erase

from  c o l l ,  a c c o rd in g  t o  B u rg e ss  e t  a . i . .  

(1969) w ith  some m o d if ic a t io n s

Enzyme
F r a c t io n

Pr o t e i n  U n its  S p e c i f i c  ^R ecove re d 3
t f o ta i  mg/mi R e co v e red  A c t i v i t y

mg
(u n l ts /m g )

I .  D nase 1 3 ,6 0 0  5 3 .2
t r e a t e d  
e x t r a c t

I I :  H igh 
sp eed
s u p e r n a ta n t

I I I :
Ammonium

s u l f a t e
f r a c t i o n

DEAE
p o o led
enzyme

G ly c e ro l
g r a d i e n t
p o o l

6.600 33.0

1 ,7 8 0  1 1 .9

T4 dAT T4 dAT

1 5 .6  -

1 5 .5  -

1 6 .3  -

1 .1 5  -

2 .3 5  -

9 .2

165 3 .3

1 6 .8  0 .5

Ammonium 
S u l f a te  
p r e c i p i t a t e d  
f i n a l  f r a c t i o n

7.8  2.6

9 .3  100

-  1 3 .4

3 .0  6 .5

-  800

390 840

T4 dAT

100

99

104

56 632 60  100

-  1 3 .4

1 9 .2  6 .5



T a b le  2 : Legend

A l l  t r a n s c r i p t s  w ere p re p a re d  u s in g  th e  s ta n d a r d  

enzyme r e a c t i o n  ( M a te r ia l s  and  M ethods I I ) .

R e a c t io n  volum e was 500 u l ,  e x c e p t  f o r  T4 n a t iv e  

DNA (b o th  s e t s )  and  f l  RP DNA, w hich  w ere 250 u l .

T4 n a t iv e  DNA, l l m l t e d - s y n t h e s l s ,  was in c u b a te d  

f o r  6 m in u te s  a t  23 C.

The am ount o f  p r o t e i n  and  DNA a r e  shown f o r  one 

e x p e r im e n t ,  i . e .  f o r  one r e a c t i o n  m ix tu r e .  E ig h t  

p a r a l l e l  e x p e r im e n ts ,  two f o r  e a c h  ^2 P - la b e le d  

s u b s t r a t e  w ere c a r r i e d  o u t .  The D N A :pro te in  r a t i o s  

a r e  d e r iv e d  from  th e  s a t u r a t i o n  c u r v e s ,  a s  d e s c r ib e d  

I n  th e  t e x t .  To e n s u re  a  maximum am ount o f  s y n th e s i s  

f o r  th e  l lm l t e d - s y n t h e s l s  T4 DNA t r a n s c r i p t i o n ,  th e  

h ig h e r  r a t i o  o f  1 .0  was c h o se n  f o r  t h i s  r e a c t i o n .

The o t h e r  T4 DNA t r a n s c r i p t s  w ere s y n th e s iz e d  a t  a 

r a t i o  o f  1 .0  a l s o ,  In  o r d e r  t o  m a in ta in  th e  same co n ­

d i t i o n s  f o r  a l l  T4 DNA t r a n s c r i p t i o n .

a .  4» s y n th e s i s  5 nm oles o f  RNA s y n th e s iz e d
nm oles DNa te m p la te  a v a l i a b l e

b .  te m p la te  e f f i c i e n c y  -

nm oles o f  RNA s y n th e s iz e d  
' ug  p r o t e i n
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T a b le  2 :  Optimum r e a c t i o n  c o n d i t io n s  u se d  i n  th e

p r e p a r a t i o n  o f  ^2 P-HNA t r a n s c r i p t s  f o r  n e a r e s t -  

n e ig h b o r  a n a l y s i s :  £  s y n t h e s i s ,  te m p la te  e f f i c i e n c y

DNA te m p la te  P r o te in
ug

T4 N a tiv e  6 .2

T4 N a tiv e  6 .2
l l m l t e d - s y n t h e s l s

T4 D e n a tu re d  62

DNA DNA: p r o t e i n
ug r a t i o

6 . 2  1 .0

6 .2  1 .0

8 .0  0 .1 3

T5 N a tiv e  6 .2  3 .1  0 ,5 0

T5 D e n a tu red  74  15 0v20

T7 N a tiv e  20 11 0 .5 5

T7 D e n a tu red  72 11 0 .1 5

f l  RF 6 .2 3 .0 0 .4 8
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nmolea MB t ayntheala 8
RWJTmade nmolea

5 .4  2 0 .4  26 0 .8 7

0 .7 5  2 0 .4  3 .6  0 .1 2

6 .0  2 6 .4  23 0 .1 0

5 .1

7 .7

10.2

50

50

15

0 .8 2

0.10

27

12

36

36

75

33

1 .4

0 .1 7

4 .4 9 .9 45 0 .7 1



T a b le  3? Legend

A n a ly s is ,  by n u c le a s e  d i g e s t i o n ,  o f  p ro d u c ts  

form ed i n  th e  s ta n d a r d  enzyme r e a c t i o n ,  u s in g  

n a t iv e  (N) and d e n a tu re d  (D) DNA te m p la te s ,  w ith  

E . c o l l  RNA p o ly m e ra se . D en a tu red  T5 DNA i s  n o t 

In c lu d e d  b e c a u se  t h e r e  was n o t enough o f  th e  same 

T5 DNA p r e p a r a t io n  a v a i l a b l e  t o  c a r r y  o u t th e s e  

e x p e r im e n ts .

A f te r  th e  s ta n d a r d  enzyme r e a c t i o n  was c o m p le te d ,

i . e .  20  m in u te s  in c u b a t io n  a t  37 C .,  a l i q u o t s  w ere 

s u b je c te d  t o  d i g e s t i o n  w ith  RNase (panRNase a t  

2 u g /m l and T l  RNase a t  1 u g /m l) ,  DNase (DNase 1 

a t  30 u g /m l)  o r  b o th .  P ro d u c ts  o f  d ig e s te d  and 

u n d ig e s te d  sam p les w ere th e n  com pared , a s  t o  th e  

am ount o f  l a b e le d  RNA t h a t  was a c id  p r e c lp lb a b le  

and  n i t r o c e l l u l o s e  membrane bound . D e ta i l s  o f 

th e  e x p e r im e n ta l  p ro c e d u re  a r e  d e s c r ib e d  In  

M a te r i a l  and  M ethods V.

The r a d i o a c t i v i t y  p r e s e n t  i n  e ac h  sam ple  h a s  b een  

n o rm a liz e d  t o  100# f o r  a c id  p r e c i p i t a b l e  RNA in  

th e  u n d ig e s te d  c o n t r o l  sam p le .
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T a b le  3 : A n a ly s is  o f  t r a n s c r i p t i o n  p ro d u c ts

by  n u c le a s e  d i g e s t i o n :  TCA p r e c lp l t a b le *
. . .  ^  .  . .  - . -  .

l a b e le d  RNA p ro d u c t (T ) , com pared t b  n i t r o ­

c e l l u l o s e  membrane bound p ro d u c t (M)

N u c lea se  Type o f  c o u n ts  T .4  DNA
tr e a tm e n t

N

% cpra % cpm

None ( c o n t r o l )  T 100 2724 100 1500

M 14 388 91 1364

RNase T 2 .5  68  30 447

M 2 .2  60 39 579

DNase T 50 1363 67 1003

M 2 .2  61 15 230

RNase and DNase T 2 .0  56 6 .6  99

M 0 .8  21 4 .2  63
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T7 DMA

N

T5 DNA 

N

# cpm # cpm % cpm

100 5656 100 2239

7 .8  441 31 695

100 4134 

6 .9  286

4 .2  235

1.5  86

17 392

5 .6  126

3 .0  125

2 .0  86

66 3706

0 .8  50

80 1707

16 351

72 2984 

1 .1  44

0 .4  25 5 .4  122

0 .3  18 3 .6  82

2^4 99

0.2  10
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L egend: T a b le s  4A, 4B and  4C

T a b le  4A: A sam ple  s e t  o f  d a ta  I s  g iv e n  f o r  th e  f o u r

2 , - ( 3 t ) r lb o n u c le o s ld e  m onophosphates o f  one e l e c t r o p h o r e t i c  

s e p a r a t i o n .  The a v e ra g e  f r a c t i o n  I s  th e  a v e ra g e  o f  th e  f o u r  

f r a c t i o n a l  v a lu e s  d e te rm in e d  f o r  th e  tw o a l i q u o t s  o f th e  

d u p l i c a t e  r e a c t i o n s ,  t h a t  w ere ru n  f o r  e a c h  l a b e le d  su b ­

s t r a t e .  The d l n u c l e o t l d e  se q u en c e  a s s o c i a t e d  w ith  e ach  

t r a n s f e r  i s  a l s o  show n.

T a b le  4B: The b a se  c o m p o s it io n  o f  th e  RNA t r a n s c r i p t s  was

e x p e r im e n ta l ly  d e te rm in e d  from  th e  n e a r e s t - n e ig h b o r  a n a l y s i s .  

The b a se  r a t i o s  and b a se  c o m p o s it io n  f o r  th e  f l  DNA t r a n -  

s o r l p t s  a r e  com pared w ith  th e  known v a lu e s  f o r  f l  p lu s  DNA.

T a b le  4 0 : P a ire d  se q u e n c e s  I  and  I I  c o rre s p o n d  t o  th e  s i x

s e t s  o f  d l n u c l e o t l d e s  w ith  m a tc h in g  n e a r e s t - n e ig h b o r  f r e q u e n ­

c i e s  w hich  a r e  fo u n d  I n  d o u b le - s t r a n d e d  DNA. D ln u c le o t ld e s  

ApA, ApG, GpA and GpG a r e  p u r in e  d ln u c l e o t l d e s  (NNF I ) .  D l­

n u c le o t ld e s  UpU, CpU, UpC and  CpC a r e  p y r im id in e  d ln u o le o * .. 

t i d e s  (NNF I I ) .  The l a s t  two p a i r s  a r e  m ixed p u r ln e - p y r lm i -  

d ln e  d l n u c l e o t l d e s .  The asym m etry  r a t i o  f o r  e ach  p a i r ,  I . e .  

NNF I/NNF I I ,  h a s  b e e n  c a l c u l a t e d .  Bach p a i r  h a s  been  e v a l ­

u a te d  f o r  e q u iv a le n c e  by  th e  *t 1 t e s t ,  and  th e  p v a lu e s  a r e  

g iv e n .

a .  s  a. s ta n d a r d  e r r o r  o f  th e  mean, and  I s  e q u a l

t o  D /ri^, w here D i s  th e  s ta n d a r d  d e v ia t i o n  and 

n i s  th e  num ber o f  e n t r i e s .
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T a b le  4A: R a d io a c t i v i t y  m eaaurem enta  o f  32p . l a b e l

t r a n a f e r r e d  from  S '- n u c l e o t l d e a  t o  2 '- ( 3 » ) - n u c l e o t l d e a :

RNA t r a n a c r l p t a o f  f l  RP DNA

32p - xtp 2 ' - ( 3 ' )
XMP

Sequence cpm F r a c t i o n . A verage
F r a c t io n

ATP AMP ApA 836 0 .3 2 8 0 .3 2 8

GMP GpA 492 0 .1 9 3 0 .1 9 6

CMP CpA 473 0 .1 8 5 0 .1 8 0

UMP UpA 750 O.2 9 4 0 .2 9 5

SUm 2551 1 .0 0 0 1 .0 0 0

GTP AMP ApG 558 0 .1 9 9 0 .2 0 5

GMP GpG 635 0 .2 2 7 0 .2 2 4

CMP CpG 590 0 .2 1 1 0 .2 0 5

UMP UpG 1017 0 .3 6 3 0 .3 6 5

Sum 2800 1 .0 0 0 1 .0 0 0

CTP AMP ApC 430 0 .1 9 8 0 .1 9 6

GMP GpC 541 0 .2 4 9 0 .2 4 8

CMP CpC 465 0 .2 1 4 0 .2 1 6

UMP UpC 740 0 .3 4 0 0 .3 4 2

Sum 2176 1 .0 0 0 1 .0 0 0

UTP AMP ApU 1369 0 .2 3 5 0 .2 3 2

GMP GpU 1087 0 .1 8 7 0 .1 8 0

CMP CpU 1229 0 .2 1 1 0 .2 1 3

UMP UpU 2136 0 .3 6 7 0 .3 7 4

Sum 5821 1 .0 0 0 1 .0 0 0



T a b le  4B: B ase c o m p o s it io n  and  b a a e  r a t i o s :

f l  (+) DNA; RNA t r a n s c r i p t s  o f  f l  RF DNA

B ase c o m p o s it io n  (Mole # )

RNA t r a n s c r i p t s

RNA b a se

A 0 .2 4 2

G 0 .2 0 2

C 0 .2 0 5

U 0 .3 4 6

f l  ( f )  phage DNA*

DNA b a se

A 0 .2 4 5

G 0 .2 0 2

C 0 .2 0 5

T 0 .3 4 8

B ase  R a t io s

RNA t r a n s c r i p t s  f l  (+ ) phage DNA

RNA r a t i o  DNA r a t i o

A/U 0 .6 9 8  A/T 0 .7 0 4

G/C 0 .9 8 5  0 /C  0 .9 8 5

D iasym m etry  r a t i o  

A4U/G*C 1 .4 4  A»T/G+C 1 .4 6

P u r in e  s /P y r  lm ld  ln e  s 

A+G/GtC 0 .8 0 6  A+G/T+C 0 .8 1 0

6 -a m ln o /6 -k e to  

A+C/tJ+G 0 .8 1 5  A^C/P+G 0 .8 1 8

* S o h a l le r  e t  a l .  (19^9)
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T a b le  4C: N e a r e s t - n e ig h b o r  f r e q u e n c ie s  (NNF) 

o f  RNA t r a n s c r i p t s  o f  d o u b le - s t r a n d e d  RF f l  

DNA te m p la te

;quence NNF I s

x lO 2

Sequence NNF I I s

x lO 2

Asymmetry p 
R a t io

ApA 0 . 0 7 9 3 t o .  01 UpU 0 . 1 3 0 t o .  26 0 .61 0 . 0 0 5

GpA 0 . 0 4 7 5 - 0 . 0 8 UpO 0 . 0 7 0 1 t o .  0 4 0 . 6 8 0 . 0 0 5

ApG 0 . 0 4 2 3 - 0 . 1 2 CpU 0 . 0 7 3 7 t o .  07 0 . 5 7 0 . 0 0 5

GpG 0 . 0 4 6 2 * 0 . 9 5 CpC 0 . 0 4 4 1 t o .  0 3 1 . 0 5 0 . 0 5

CpA 0 . 0 4 3 8 t o .  1 1 UpG 0 . 0 7 5 2 t o .  0 4 0 . 6 0 0 . 0 0 5

GpU 0 . 0 6 2 2 t o .  2 4 ApC 0 . 0 4 0 1 t o .  05 1 . 5 5 0 . 0 1

UpA 0 . 0 7 1 4 t o .  03

ApU 0 . 0 8 0 5 t o .  09

CpG 0 . 0 4 2 2 t o .  12

GpC 0 . 0 5 6 3 t o .  02



L egend: T a b le s  5A ,B ,C ,D ,E

T a b le s  5A .B .C : See Legend f o r  T a b le  4A ,B ,C .

T a b le  5D: The n e a r e s t - n e ig h b o r  frequenodfcs o f

n a t iv e  and  d e n a tu re d  DNA t r a n s c r i p t s  o f  e ac h  

d ln u c l e o t ld e  have b een  e v a lu a te d  f o r  e q u iv a ­

le n c e  by th e  »t  * t e s t ,  and  th e  p v a lu e s  a r e  

g iv e n .  From t h i s  c o m p a riso n , ch an g es  In  i n d i ­

v id u a l  b a s e s  i n  th e  RNA t r a n s c r i p t s  o f  th e  

n a t iv e  DNA a r e  shown. The random  n e a r e s t -  

n e ig h b o r  f r e q u e n c ie s  have b een  c a l c u l a t e d  from  

th e  known DNA b a se  c o m p o s it io n  o f  e ac h  phage 

s tu d ie d  (T7 DNA: M ushynaki and  S p e n c e r , 1970 a 3 

T4 and  T5 DNAs: W yatt and  Cohen, 1 9 5 3 ).

T a b le  5E: The d i s t r i b u t i o n  o f  d ln u c l e o t l d e s  In

th e  RNA t r a n s c r i p t s  l a  shown f o r  f o u r  g ro u p s  o f  

s i m i l a r  se q u e n c e .



T a b le  5A: R a d io a c t i v i t y  m easu rem en ts o f  32 P - l a b e l

t r a n s f e r r e d  from  5 '- n u c l e o t i d e s  t o  2 » - ( 3 ' ) - n u c l e o t i d e s :  

RNA t r a n s c r i p t s  o f  T7 DNA

N a tiv e  T7 DNA
J  P-XTP 2 1 — (3 *) Sequence  cpm F r a c t io n  A verage

XMP

ATP AMP ApA

GMP GpA

CMP CpA

UMP UpA

GTP AMP ApG

GMP GpG

CMP CjSG

UMP UpG

CTP AMP ApC

GMP GpC

CMP CpC

UMP UpC

UTP AMP ApU

GMP GpU

CMP CpU

UMP UpU

F r a c t io n

1384 0 .2 9 6 0 .2 8 8

1230 0 .2 6 3 0 .2 6 3

1165 0 .2 4 9 0 .2 4 4

902 0.1.93 0 .2 0 5

Sum 4 6 8 l 1 .0 0 0 1 .0 0 0

1410 0 .2 5 6 0 .2 5 6

1286 0 .3 3 4 0 .2 3 4

1285 0 .2 3 4 0 .2 2 4

1518 0 .2 7 6 0 .2 8 6

Sum 5499 1 .0 0 0 1 .0 0 0

1031 0 .3 0 6 0 .3 0 2

944 0 .2 8 3 0 .2 8 3

565 0 .1 6 9 0 .1 7 2

777 0 .2 3 4 0 .2 4 2

Sura 3317 1 .0 0 0 1 .0 0 0

1198 0 .2 3 8 0 .2 3 8

1186 0 .2 3 6 0 .2 3 8

1542 0 .3 0 7 0 .2 9 7

1103 0 .2 1 9 0 .2 2 6

Sum 5029 11.000 1 .0 0 0
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D e n a tu red  T7 DNA 
32p„xTP 2«-j£,31) -  S equence  cpm F r a c t io n  A verage 

XMP F r a c t i o n

ATP AMP ApA 643 0 .2 5 4 0 .2 5 5

GMP GpA 670 0 .2 6 5 0 .2 6 1

CMP CpA 639 0 .2 5 2 0 .2 5 9

UMP UpA 583 0 .2 3 0 0 .2 2 6

Sum 2535 1 .0 0 0 1 .0 0 0

OTP AMP ApG 874 O.2 7 6 0 .2 8 4

GMP GpG 714 0 .2 2 6 0 .2 1 6

CMP CpG 701 0 .2 2 2 0 .2 2 0

UMP UpG 871 0 .2 7 6 0 .2 8 2

Sum 3160 1 .0 0 0 1 .0 0 0

CTP AMP ApC 462 0 .2 8 9 0 .2 8 4

GMP GpC 336 0 .2 1 0 0 .2 2 7

CMP CpC 361 0 .2 2 6 0 .2 1 7

UMP UpC 440 0 .2 7 5 0 .2 7 1

Sum 1599 1 .0 0 0 1 .0 0 0

DTP AMP ApU 666 0 .2 2 3 0 .2 2 3

GMP GpU 711 0 .2 3 8 0 .2 4 3

CMP CpU 830 0 .2 7 8 0 .2 8 2

UMP UpU 771 0 .2 6 0 0 .2 5 2

Sum 2984 01,000 III. 000



T a b le  5B: B ase c o m p o s itio n  and  b a se  r a t i o s :

T7 DNA5 RNA t r a n s c r i p t s  o f  T7 DNA

B ase C o m p o sitio n  (Mole $)

RNA t r a n s c r i p t s  T7 phage DNA*

RNA b a s e  DNA te m p la te  DNA b a se

N a tiv e D e n a tu red

A O.2 7 9 0 .2 6 2 T 0 .2 5 3

G 0 .2 3 4 0 .2 3 7 C 0 .2 4 9

C 0 .2 4 1 0 .2 4 5 G 0 .2 3 7

U 0 .2 4 7 0 .2 5 7 A 0 .2 6 0

B ase R a t io s

RNA t r a n s c r i p t s

RNA r a t i o  DNA te m p la te

N a tiv e  D en a tu red  

A/tJ 1 .1 3  1 .0 2

G/C 0 .9 7  0 .9 7

T7 phage DNA

DNA r a t i o

A+U/G+C 1 .1 1  

A+G/lT+C 1 .0 5  

A+C/U+C 1 .0 8

A/T

G/C

0 .9 7

1 .0 5

D issym m etry  r a t i o

1 .0 8  A+T/O+C 1 .0 6

P u r in e s /P y r im id in e a

1 .0 0  A+G/T+C 0 .9 8

6 -a m ln o /6 -k e to

1 .0 3  A+C/T+C 1 .0 4

* M ubhynski and  S p e n c e r , (1970 a )
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T a b le  5C: N e a re s t -n e ig h b o r  f r e q u e n c ie s  NNF o f  NA

t r a n s c r i p t s  o f  n a t iv e  and  d e n a tu re d  T7 DNA te m p la te s

N a tiv e  T7 DNA te m p la te

squence NNF I s
2

xlO

Sequence NNF I I s

xlO2

Asymmetry p 
R a t io

ApA 0 .0 8 0 4 t o .  05 UpU 0 .0 6 8 4 ± 0 .0 6 1 .1 8 0 .0 0 1

QpA 0 .0 7 3 4 ± 0 .0 6 UpO 0 .0 5 8 3 ± 0 .0 5 1 .2 6 0 .0 0 1

ApG 0 .0 5 9 9 ± 0 .0 4 CpU 0 .0 7 3 4 ± 0 .0 7 0 .8 2 0 ,0 0 1

GpG 0 .0 5 4 5 ± 0 .0 4 CpC 0 .0 4 1 4 ± 0 .0 2 1 .3 2 0 .0 0 1

CpA 0 .0 6 8 1 ± 0 .0 4 UpG 0 .0 6 6 9 ± 0 .1 0 1 .0 2 0 .3 0

GpU 0 .0 5 9 0 ± 0 .03 ApC 0 .0 7 2 8 ± 0 .0 7 0 .8 0 0 .0 0 1

UpA 0 .0 5 7 5 ± 0 .1 1

ApU 0 .0 5 8 8 ± 0 .0 2

CpG 0 .0 5 2 4 ± 0 .0 6

GpA 0 .0 6 8 2 ± 0 .0 4



I l l

D e n a tu red  T7 DNA te m p la te

equence NNF I s
2

xlO

Sequence NNF I I s

xlO 2

Asymmetry p 
R a t io

ApA 0.0668 ^ 0 . 0 4 UpU 0 . 0 6 5 0 t o .  10 1 . 0 2 0 . 2 0

DpA 0 . 0 6 8 3 t o .  06 UpC 0 . 0 6 6 4 t o .  07 1 . 0 3 0 . 1 0

ApG 0 . 0 6 7 1 t o .  07 CpU 0 . 0 7 2 8 1 0 * 0 6 0 . 9 2 0 . 0 0 1

GpG 0 . 0 5 1 0 t o .  12 CpC 0 . 0 5 3 2 t o .  09 0 . 9 6 0 . 2 0

CpA 0 . 0 6 7 8 t o .  10 UpG 0 . 0 6 6 8 t o .  15 1 . 0 1 0 . 5 0

GpU 0 . 0 6 2 7 t o .  05 ApC 0 . 0 6 9 6 t o .  08 0 . 9 0 0 . 0 0 1

UpA 0 . 0 5 9 2 t o .  1 4

ApU 0 . 0 5 7 5 tO .  0 2

Cpfl 0 . 0 5 2 1 t o .  1 4

GpG 0 . 0 5 5 6 t o .  1 4
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T a b le  5D: C om parison o f  d ln u c l e o t ld e  f r e q u e n c ie s

o f  n a t iv e  (N) and  d e n a tu re d  (D) T7 BNA t r a n s o r l p t s :  

f r e q u e n c ie s  c a l c u l a t e d  f o r  random  a s s o c i a t i o n  o f  b a s e s

Sequence NNF

RNA t r a n s c r i p t s

N /b B ase change m  N 
♦ I n c r e a s e  
-  d e c re a s e  
0 no change

N D

ApA 0 .0 8 0 4 0 .0 6 6 8 1 .2 0 0 .0 1 ¥ A

UpU 0 .0 6 8 4 0 .0 6 5 0 1 .0 5 0 .0 0 1 -  u

GpA 0 .0 7 3 4 0 .0 6 8 3 1 .0 8 0 .0 0 1 ¥ G.A

UpC 0 .0 5 8 3 0 .0 6 6 4 0 .8 8 0 .0 0 1 -  u , c

ApG 0 .0 5 9 9 0 .0 6 7 1 0 .8 9 0 .0 0 1 -  A,G

CpU 0 .0 7 3 4 0 .0 7 2 8 1 .0 1 0 .0 0 1 + U,C

GpS 0 .0 5 4 5 0 .0 5 1 0 1 .0 7 0 .0 0 1 f  G

CpC 0 .0 4 l4 0 .0 5 3 2 0 .7 8 0 .0 1 -  C

CpA 0 .0 6 8 1 0 .0 6 7 8 1 .0 0 0 .5 0 0

UpG 0 .0 6 6 9 0 .0 6 6 8 1 .0 0 0 .5 0 0

GpU 0 .0 5 9 0 0 .0627 0 .9 4 0 .0 1 -  G,U

ApC 0 .0 7 2 8 0 .0 6 9 6 1 .0 5 0 .0 0 1 4- A,C

UpA 0 .0 5 7 5 0 .0 5 9 2 0 .9 7 0 .4 0 0

ApU 0 .0 5 8 8 0 .0 5 7 5 1 .0 2 0 .0 0 1 + A,U

CpG 0 .0 5 2 4 0 .0 5 2 1 1 .0 1 0 .5 0 0

GpC 0 .0 6 8 2 0 .0 5 5 6 1 .2 3 0 .0 0 1 + G,C



Sequence Random NNF

ApA

UpU

GpA

UpC

ApG

CpU

GpG

CpC

CpA

UpG

GpU

ApC

UpA

ApU

CpG

GpC

0.0676

0 . 0 6 4 0

0.0616

0.0630

0.0616

0.0630

0.0562

0.0620

0 . 0 6 4 5

0.0600  

0.0600

0 . 0 6 4 5

0.0658 

0.0658

0 . 0 5 9 0

0 . 0 5 9 0
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T a b le  5E: D ln u c le o t ld e  d i s t r i b u t i o n

o f  RNA t r a n s c r i p t s  o f  T7 DNA

D ln u c le o t ld e  g ro u p s*

RNA

RNA t r a n s c r i p t  
o f  n a t i v e  T7 DNA

RNA t r a n s o r l p t  
o f  d e n a tu re d  T7 DNA

I I I I I I IV

ApA UptT CpA UpA

ApG CpU UpG ApU

GpA UpC ApC CpG

GpG CpC GpU GpC

Mole %

0 .2 6 8 0 .2 4 2 0 .2 6 7 0v237

0 .2 5 3 0 .2 5 7 0 .2 6 7 0 .2 2 4

* g ro u p s  a r e :

I .  P u r in e  d ln u c l e o t l d e s

I I .  P y r im id in e  d l n u c l e o t l d e s

I I I .  M ixed com p lem en ta ry  d ln u o le o t ld e s

IV . M ixed s e lf -c o m p le m e n ta ry  d ln u o le o t ld e s



L egend: T a b le s  6A ,B ,C ,D ,E

See Legend f o r  T a b le s  4A ,B ,0  and  5D ,E . 

I n  T a b le  6D, th e  n e a r e s t - n e ig h b o r  

f r e q u e n c ie s  o f  th e  T4 phage DNA a r e  

show n. I n  T a b le  6E , th e  d i s t r i b u t i o n  

o f  th e  d ln u c l e o t l d e s  h a s  a l s o  been  

g iv e n  f o r  T4 phage DNA.



T a b le  6A: R a d io a c t i v i t y  m easu rem en ts o f  32 P - l a b e l

t r a n s f e r r e d  from  5 ' - n u c l e o t id e s  t o  2 ' 0 ( 3 ' ) - n u c l e o t i d e s ;

RNA t r a n s c r i p t s o f  T4 DNA

32p_XTP 2 ' - ( 3 ' )
XMP

N a tiv e  T4 DNA 
S equence apm F r a c t io n A verage

F r a c t io n

ATP AMP ApA 4512 0 .3 8 1 0 .3 7 5

OMP GpA 2464 0 .2 0 8 0 .1 9 7

CMP CpA 1766 0 .1 4 0 0 .1 5 6

UMP UpA 3087 0 .2 6 1 0 .2 7 1

Sum 11829 1 .0 0 0 1 .0 0 0

GTP AMP ApG i8 6 0 0 .2 7 5 0 .2 7 9

GMP GpG 1245 0 .1 8 5 0 .1 7 9

CMP CpG 1147 0 .1 7 0 0 .1 5 8

UMP UpG 2490 0 .3 6 9 0 .3 8 3

Sum 6742 1 .0 0 0 1 .0 0 0

CTP AMP ApC 1091 0 .2 7 0 0 .2 6 5

GMP GpC 851 0 .2 1 1 0 .2 2 2

CMP CpC 668 0 .1 6 5 0 .1 6 0

UMP UpC 1431 0 .3 5 4 0 .3 5 2

Sum 4041 1 .0 0 0 1 .0 0 0

UTP AMP ApU 1772 0 .2 9 5 0 .3 0 8

GMP GpU 801 0 .1 3 3 0 .1 4 5

CMP CpU 1061 0 .1 7 6 0 .1 6 9

UMP UpU 2380 0 .3 9 6 0 .3 7 6

Sum 6014 1 .0 0 0 1 .0 0 0
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32p-XTP

ATP

GTP

CTP

UTP

D e n a tu red  T4 DNA
2 '- ( 3 » )

XMP
Sequencei cpm F r a c t io n A verage

F r a c t io n

AMP ApA 1647 0 .3 8 0 0 .3 8 0

GMP GpA 851 0 .1 9 6 0 .2 0 5

CMP CpA 665 0 .1 5 4 0 .1 5 5

UMP UpA 1168 O.2 9 0 0 .2 6 0

Sum 4331 1 .0 0 0 1 .0 0 0

AMP ApG 716 0 .2 8 4 0 .2 9 2

GMP GpG 459 0 .1 8 2 0 .1 8 3

CMP CpG 385 0 .1 5 3 0 .1 5 2

UMP UpG 960 0 .3 8 1 0 .3 7 2

Sum 2520 1 .0 0 0 1 .0 0 0

AMP ApC 530 0 .2 7 3 0 .2 8 0

GMP GpC 411 0 .2 1 2 0 .2 0 9

CMP CpC 305 0 .1 5 7 0 .1 5 2

UMP UpC 696 0 .3 5 8 0 .3 5 6

Sum 1902 1 .0 0 0 1 ,0 0 0

AMP ApU 2023 0 .3 2 6 0 .3 2 0

GMP GpU 1043 0 .1 6 8 0 .1 6 4

CMP CpU 985 0 .1 5 9 0 .1 6 2

UMP UpU 2151 0 .3 4 7 0 .3 5 4

Sum 6202 1 .0 0 0 1 .0 0 0



T a b le  6B: B ase  c o m p o s it io n  and  b a se  r a t i o s :

T4 DNA; RNA t r a n s c r i p t s  o f  T4 DNA

B ase C o m p o sitio n  (M ole $)
RNA t r a n s c r i p t s  T4 phage DNA*

RNA b a s e  DNA te m p la te  DNA b a se

N a tiv e D e n a tu red

A 0 .3 1 7 0 .3 2 8 T 0 .3 1 8

G 0 .1 8 1 0 .1 8 8 C 0 .1 7 9

C 0 .1 6 1 0 .1 5 7 G 0 .1 8 4

U 0 .3 4 0 0 .3 2 8 A 0 .3 1 9

B ase  r a t i o s

RNA t r a n s c r i p t s T4 phage DNA*

RNA r a t i o  DNA te m p la te DNA r a t i o

N a tiv e D e n a tu red

A/U 0 .9 3 1 .0 0 A/T 1 .0 0

G/C 1 .1 3 1 .2 0 G/C 0 .9 7

D issym m etry  r a t i o

A+U/G+C 1 .9 2 1 .9 0 A+T/G+C 1 .7 5

P u r ln e s /P y r lm ld ln e s

A+G/U+C 0 .9 9 1 .0 6 A+G/F4C 0 .9 9

6 - a m ln o /6 - k e t0

A+C/UeO 0 .9 2 0 .9 4 A+C/T+G 0 .9 9

* W yatt and  C ohen, (1953)
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T a b le  6C: N e a re s t -n e ig h b o r  f r e q u e n c ie s  (NNF) o f  RNA

t r a n s c r i p t s  o f  n a t iv e  and d e n a tu re d  T4 DNA te m p la te s

N a tiv e T4 DNA te m p la te

jquence NNF I s

xlO 2

Sequence NNF I I s

xlO 2

Asymmetry p 
R a t io

ApA 0 . 1 1 9 * 0 . 1 3 UpU 0 . 1 2 8 ± 0 . 0 4 0 . 9 3 0 . 0 0 1

GpA 0 . 0 6 2 5 t o .  30 UpC 0 . 0 5 6 7 ± 0 . 0 6 1 . 1 0 0 . 1 0

ApG 0 . 0 5 0 6 t o .  08 CpU 0 . 0 5 7 4 ± 0 . 1 5 0 . 8 8 0 . 1 0

GpG 0 . 0 3 2 5 t o .  03 CpC 0.0258 ± 0 . 0 5 1 . 2 6 0 . 0 0 1

CpA 0 . 0 4 9 6 t o .  11 UpG 0 . 0 6 9 3 ± 0 . 1 1 0 . 7 2 0 . 0 0 1

GpU 0 . 0 4 9 8 t o .  3 4 ApC 0 . 0 4 2 6 ± 0 . 1 1 1 . 1 7 0 . 1 0

UpA 0 * 0 8 5 8 ± 0 . 0 4

ApU 0 . 1 0 5 ± 0 . 2 2

CpG 0 . 0 2 8 6 t o .  08

GpC 0 . 0 3 5 8 ± 0.16
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D en a tu red  T4 DNA te m p la te

Sequence  NNF I  a S equence NNF I I  a Asymmetry p
R a t io

xlO  xlO 2

ApA 0 . 1 2 5 tO . 0 2 UpU 0.116 ± 0 . 1 0 1 . 0 8 0 . 0 0 1

OpA 0 . 0 6 7 3 * 0 . 0 7 UpC 0 . 0 5 5 8 ± 0 . 0 3 1 . 2 0 0 . 0 0 1

ApG 0 . 0 5 3 0 t o .  07 CpU 0 . 0 5 2 9 t o .  03 1 . 0 0 0 . 5 0

GpG 0 . 0 3 4 4 ± 0 . 0 4 CpC 0 * 0 2 3 9 ± 0 . 0 3 1 . 4 4 0 . 0 0 1

CpA 0 . 0 5 1 0 ± 0 . 0 1 UpG 0 . 0 6 9 9 ± 0 . 0 1 0 . 7 3 0 . 0 0 1

GpU 0 . 0 5 3 4 ± 0 . 0 6 ApC OvQ439 t o .  0 4 1 . 2 2 0 . 0 0 1

UpA 0 . 0 8 5 4 ± 0 . 0 8

ApU 0 . 1 0 5 ± 0 . 0 8

CpG 0 . 0 2 8 6 ± 0 . 0 2

GpC 0 . 0 3 2 9 t O .  0 2
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T a b le  6D: C om parison o f  d l n u c l e o t ld e  f r e q u e n c ie s

o f  n a t iv e  (N) and d e n a tu re d  (D) T4 RNA t r a n s c r i p t s ;  

d ln u c l e o t ld e  f r e q u e n c ie s  f o r  random  a s s o c i a t i o n  o f  

b a s e s  and f o r  T4 phage DNA

Sequence NNF

RNA t r a n s c r i p t s

N/D B ase change  In  N 
♦ I n c r e a s e  
-  d e c r e a s e  
0 no change

N D

ApA G. 119 0 .1 2 5 0 .9 5 0 .0 0 1 -  A

UpU 0 .1 2 8 0 .1 1 6 1 .1 1 0 .0 0 1 * U

GpA 0 .0 6 2 5 0 .0 6 7 3 0 93 0 .0 5 -  G,A

UpC 0 .0 5 6 ? 0 .0 5 5 8 1 .0 2 0 .2 0 0

ApG 0 .0 5 0 6 0 .0 5 3 0 0 .9 5 0 .0 5 -  A ,G

CpU 0 .0 5 7 4 0 .0 5 2 9 1 .0 8 0 .0 0 5 * c , u

GpG 0 .0 3 2 5 0 .0 3 4 4 0 .9 4 0 .0 5 -  G

CpC 0 .0 2 3 8 0 .0 2 3 9 1 .0 8 0 .0 0 1 t  c

CpA 0 .0 4 9 6 0 .0 5 1 0 0 .9 7 0 .0 5 -  A ,C

UpG 0 .0 6 9 3 0 .0 6 9 9 0 .9 9 0 .5 0 0

GpU 0 .0 4 9 8 0 .0 5 3 4 0 .9 3 0 .2 0 0

ApC 0 .0 4 2 6 0 .0 4 3 9 0 .9 7 0 .2 0 0

UpA 0 .0 8 5 8 0 .0 8 5 4 1 .0 0 0 .5 0 0

ApU 0 .1 0 5 0 .1 0 5 1 .0 0 0 .5 0 0

GpG 0 .0 2 8 6 0 .0 8 8 6 1 .0 0 0 .5 0 0

GpC 0 .9 3 0 8 0 .0 3 3 9 1 .0 9 0 .0 1 + G ,C
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S equence  Random NNF T4 DNA* Sequence

RNA DNA

ApA 0 .1 0 1  0 .1 0 9  TpT

TJpU 0 .1 0 2  0 .1 0 9  ApA

GpA 0 .5 6 9  0 .0 5 9  TpC

UpC 0 .0 5 8 7  0 .0 5 9  GPA

ApG 0 .0 5 6 9  0 .0 5 6  CpT

CpU 0 .0 5 8 7  0 .0 5 7  ApG

GpG 0 .0 3 2 0  0 .0 3 2  CpC

CpC 0 .0 3 3 8  0 .0 3 5  GpG

CpA 0 .0 5 8 5  0 .0 6 3  TpG

UpG 0 .0 5 7 1  0 .0 6 1  CpA

GpU 0 .0 5 7 1  0 .0 4 9  ApC

ApC 0 .0 5 8 5  0 .0 5 2  GpT

UpA 0 .1 0 1  0 .0 9 1  TpA

ApU 0 .1 0 1  0 .1 0 5  ApT

CpG 0 .0 3 2 9  0 .0 2 7  CpG

GpC 0 .0 3 2 9  0 .0 3 6  GpC

* fro m  Jo a a e  e t  a l . ( 1961)
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T a b le  6E: D ln u c le o t ld e  d i s t r i b u t i o n

o f  ENA t r a n s c r i p t s  o f  T4 DNA

D ln u c le o t ld e  g ro u p s*

I I I I I I IV

ApA UpU CpA UpA

ApG CpU UpG ApU

GpA UpC ApG CpG

GpG CpC GpU GpC

RNA o r  DNA Mole £

RNA t r a n s c r i p t  o f  
n a t iv e  T4 DNA

0 .2 9 4 0 .2 4 5 0 .2 1 4 0 .2 4 7

RNA t r a n s c r i p t  o f  
d e n a tu re d  T4 DNA

0 .2 8 0 0 .2 4 9 0 .2 1 8 0 .2 5 2

T4 phage DNA # 0 .2 6 0 0 .2 5 6 0 .2 2 5 0 .2 5 9

* g ro u p s  a r e :  I .  P u r in e  d ln u c l e o t ld e s

I I .  P y r im id in e  d ln u o le o t ld e s

I I I .  M ixed com plem en tary  d ln u c l e o t ld e s

IV . M ixed se lf -c o m p le m e n ta ry  d ln u c l e o t l d e s

#  J o s s e  e t  a l .  ( 1961)



L egend: T a b le s  7A ,B ,C ,D ,E

See Legend f o r  T a b le s  4A,B,C and  5D ,E. 

I n  T a b le  7D, th e  n e a r e s t - n e ig h b o r  

f r e q u e n c ie s  o f  th e  T4 phage DNA a r e  

show n. I n  T a b le  7E , th e  d i s t r i b u t i o n  

o f  th e  d ln u o le o t ld e s  h a s  a l s o  b een  

g iv e n  f o r  T4 phage DNA.
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T a b le  7A: R a d io a c t i v i t y  m easu rem en ts o f  ^ P -la b e l

t r a n s f e r r e d  fro m  5 ’- n u c l e o t i d e s  t o  2 ' - ( 3 ’ ) - n u c l e o t i d e s :  

l l m l t e d - s y n t h e s l s  t r a n s c r i p t s  o f  n a t iv e  T4 DNA

ATP

GTP

DTP

DTP

2 » - ( 3 ’ )
XTP

Sequence! cpm F r a c t io n A verage
F r a c t io n

AMP ApA 1131 0 .3 8 4 0 .3 8 8

GMP GpA 641 ° - 217 0 .2 2 2

CMP CpA 421 0 .1 4 3 0 .1 3 5

UMP UpA 753 0 .2 5 6 0 .2 5 4

Sum 2946 1 .0 0 0 1 .0 0 0

AMP ApG 418 0 .3 0 3 0 .3 0 2

GMP GpG 256 0 .1 8 6 0 .1 7 4

CMP CpG 159 0 .1 1 5 0 .1 2 6

UMP UpG 545 0 .3 9 6 0 .3 9 8

Sum 1378 1 .0 0 0 1 .6 0 0

AMP ApC 321 0 .2 6 6 0 .2 6 3

GMP GpC 290 0 .2 4 0 0 .2 3 5

CMP CpC 167 0 .1 3 8 0 .1 3 9

UMP UpC 430 0 .3 5 6 0 .3 6 2

Sutp 1208 1 .0 0 0 1 .0 0 0

AMP ApU 521 0 .3 2 4 0 .3 1 5

GMP GpU 246 0 .1 5 1 0 .1 6 4

CMP CpU 251 0 .1 5 4 0 .1 5 6

UMP UpU 603 0 .3 7 0 0 .3 6 4

Sum 1628 1 .0 0 0 1 .0 0 0
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T a b le  7B: B ase c o m p o s it io n  and  b a se  r a t i o s :

T4 DNAj l l m l t e d - s y n t h e s l s  RNA t r a n s o r l p t s  o f  T4 DNA

B ase C o m positIon  (m ole # )

RNA t r a n s c r i p t s  T4 phage DNA*

RNA b a se  DNA te m p la te  DNA b a se

N a tiv e D e n a tu red

A 0 .3 2 1 0 .3 2 8 T 0 .3 1 8

G 0 .1 8 5 0 .1 8 8 C 0 .1 7 9

C 0 .1 6 7 0 .1 5 7 G 0 .1 8 4

U 0 .3 4 0 0 .3 2 8 A 0 .3 1 9

B ase  r a t i o s

RNA t r a n s c r i p t s T4 phage DNA*

RNA r a t i o  DNA te m p la te DNA r a t i o

N a tiv e D e n a tu red

A/U 0 .9 8 IvOO A/T 1 .0 0

G/C 1 .1 1 1 .2 0 G/C 0 .9 7

D issym m etry  r a t i o

A+U/G+C 1 .8 4 1 .9 0 A+T/G+C 1 .7 5

P u r in e s /P y r lm id  in e s

A+G/U+C 0 .9 8 1 .0 6 A+G/T+C 0 .9 9

6 -a ra ln o /6 -k e to

A+C/U+G 0 .9 5 0 .9 4 A+C/P+C 0 .9 9

* W yatt and  Cohen (1953)
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T a b le  70 : N e a r e s t - n e ig h b o r  f r e q u e n c ie s  (NNF) o f  RNA

t r a n s c r i p t s  o f  n a t iv e  T4 DNA ( l l m l t e d - s y n t h e s l s )

jquence NNF 1 s

xlO 2

Sequence NNF I I S

xlO2

Asymmetry p 
R a t io

ApA 0 . 1 2 8 i 0 . 0 7 tTpU 0 . 1 2 2 * 0 . 4 l 1 . 0 5 0 . 2 0

GpA 0 . 0 7 3 1 t o .  11 UpC 0 . 0 5 1 1 t o .  05 1 . 4 3 0 . 0 0 1

ApG 0 . 0 5 8 8 t o .  11 CpU 0 . 0 5 2 4 t o .  18 1 . 1 2 0 . 0 2

GpG 0 . 0 3 4 0 t o .  0 8 CpC 0 . 0 1 9 7 t o .  0 2 1 . 7 3 0 . 0 0 1

CpA 0 . 0 4 4 5 t o .  09 GpG 0 . 0 7 7 7 t o .  19 0 . 5 2 0 . 0 0 1

GpU 0 . 0 5 4 8 t o .  49 ApC 0 . 0 3 7 2 t o .  07 1 . 4 8 0 . 0 2

UpA 0 . 0 8 3 8 tO . 0 6

ApU 0 . 1 0 5 t o .  19

CpG 0 . 0 2 4 6 t o .  1 2

GpC 0 . 0 3 3 2 * 0 . 0 7



T a b le  7D: C om parison  o f  d l n u c l e o t ld e  f r e q u e n c ie s

o f  arihffllted s y n th e s i s  n a t iv e  (N) and  d e n a tu re d  (D) 

T4 RNA t r a n s o r l p t s :  d ln u c l e o t ld e  f r e q u e n c ie s  f o r

random  a s s o c i a t i o n  o f  b a s e s  

S equence  NNF

RNA t r a n s c r i p t s

N D

ApA 0 .1 2 8 0 .1 2 5

UpU 0 .1 2 2 0 .1 1 6

QpA 0 .0 7 3 1 0 .0 6 7 3

UpC 0 .0 5 1 1 0 .0 5 5 8

ApG 0 .0 5 8 8 0 .0 5 3 0

CpU 0 .0 5 2 4 0 .0 5 2 9

GpG 0 .0 3 4 0 0 .0 3 4 4

CpC 0 .0 1 9 7 0 .0 2 3 9

CpA 0 .0 4 4 5 0 .0 5 1 0

UpC 0 .0 7 7 7 0 .0 6 9 9

GpU 0 .0 5 4 8 0 .0 5 3 4

ApC 0 .0 3 7 2 0 .0 4 3 9

UpA 0 .0 8 3 8 0 .0 8 5 4

ApU 0 .1 0 5 0 .1 0 5

CpG 0 .0 2 4 6 0 .0 2 8 6

GpC 0 .0 3 3 2 0 .0 3 2 9

and  f o r  T4 phage DNA

N/D p B ase  change  I n  N
♦ I n c r e a s e  
-  d e c r e a s e  
0 no change

1.02 0 .30 0

1.06 0 .05  + U

1 .0 9 0 .0 0 1 t  Gj A

0 .9 2 0 .0 0 1 -  U ,C

1 .1 1 0 .0 0 1 + A ,G

0 .9 9 0 .5 0 0

0 .9 9 0 .5 0 0

0 .8 2 0 .0 0 1 -  c

0 .8 7 0 .3 0 0

1 .1 1 0 .0 0 1 f  G ,U

1 .0 3 0 .5 0 0

0 .8 5 0 .0 0 1 -  A ,C

0 .9 8 0 .3 0 0

1 .0 0 0 .5 0 0

0*86 0 .0 0 5 -  G ,C

1 .0 1 0 .5 0 0
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S equence Random NNF T4 DNA* S equence

RNA DNA

ApA 0 .1 0 1  0 .1 0 9  TpT

UpU 0 .1 0 2  0 .1 0 9  ApA

apA 0 .0 5 6 9  0 .0 5 9  TpC

UpC 0*0587 0 .0 5 9  GpA

ApG 0 .0 5 6 9  0*056 CpT

CpU 0 .0 5 8 7  0 .0 5 7  ApG

GpG 0 .0 3 2 0  0 .0 3 2  CpC

CpC 0 .0 3 3 8  0 .0 3 5  GpG

CpA 0 .0 5 8 5  0 .0 6 3  TpG

UpG 0 .0 5 7 1  0 .0 6 1  CpA

GpU 0 .0 5 7 1  0 .0 4 9  ApC

ApC 0 .0 5 8 5  0 .0 5 2  GpT

UpA 0 .1 0 1  0 .0 9 1  TpA

ApU 0 .1 0 1  0 .1 0 5  ApT

CpG 0 .0 3 2 9  0 .0 2 7  CpG

GpC 0 .0 3 2 9  0 .0 3 6  GpC

* from  J o a s e  e t  a l .  ( 1961)
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T a b le  7E: D ln u c le o t id e  d i s t r i b u t i o n  o f  RNA

t r a n s c r i p t s  o f  T4 DNA ( l l m l t e d - s y n t h e s l s )

D ln u c le o t ld e  g ro u p s*

I I I I I I IV

ApA UpU CpA UpA

ApG CpU UpG ApU

GpA UpC ApC CpG

GpG CpC GpU GpC

RNA o r  DNA Mole £

RNA t r a n s c r i p t s  o f  
n a t iv e  DNA 
( l im i te d  s y n t h e s i s )

0 .2 9 4 0 .2 4 5 0 .2 1 4 0 .2 4 7

RNA t r a n s c r i p t s  o f  
d e n a tu re d  T4 DNA

0 .2 8 0 0 .2 4 9 0.21Q 0 .2 5 2

T4 phage DNA # 0 .2 6 0 0 .2 5 6 0 .2 2 5 0 .2 5 9

* g ro u p s a r e : I .  P u r in e  d ln u o le o t ld e s

I I .  P y r im id in e  d ln u o le o t ld e s

I I I .  Mixed com plem en ta ry  d ln u o le o t ld e s

IV . M ixed s e lf -c o m p le m e n ta ry  d l n u o le o t ld e s

#  J o s s e  e t  a l .  (1961)



L egend: T a b le s  SAjB^C^Dj E

See Legend f o r  T a b le s  4a ,B ,C  an d  T a b le s  

5D ,E . I n  T a b le  8D, th e  n e a r e s t - n e ig h b o r  

f r e q u e n c ie s  o f  th e  T5 phage DNA a r e  

shown. I n  T a b le  7E , th e  d i s t r i b u t i o n  o f  

th e  d ln u o le o t ld e s  h a s  a l s o  b e e n  g iv e n  

f o r  T5 phage DNA.



T a b le  8A: R a d io a c t iv i t y  m easu rem en ts o f  32 P - l a b e l

t r a n s f e r r e d  from  5 ’- n u c l e o t id e s  t o  2^ - ( 3 «) - n u c l e o t i d e s :  

RNA t r a n s c r i p t s  o f  T5 DNA

32p„XTP 2 ' - ( 3 ' )
XMP

N a tiv e  T5 DNA 
Sequence1 cpm F r a c t io n A verage

F r a c t io n

ATP AMP ApA 2386 0 .3 4 1 0 .3 3 4

QMP GpA 1417 0 .2 0 2 0 .2 0 2

CMP CpA 1100 0 .1 5 7 0 .1 6 3

UMP UpA 2099 0 .3 0 0 0 .3 0 1

Sum 7002 1 .0 0 0 1 .0 0 0

GTP AMP ApG 1309 0 .3 0 8 0 .3 1 1

QMP GpG 897 0 .2 1 1 0 .2 1 0

CMP CpG 7 °5 0 .1 6 6 0 .1 6 2

UMP UpG 1334 0 .3 1 4 0 .3 1 8

Sum 4245 1 .0 0 0 1 .0 0 0

CTP AMP ApC 1044 01272 01274

QMP GpC 903 O.236 0 .2 3 4

CMP CpC 740 0 .1 9 3 0 .1 9 8

UMP UpC 1148 0 .2 9 9 0 .2 9 4

Sum 3835 1 .0 0 0 1 .0 0 0

DTP AMP ApU 1661 0 .2 9 4 0 .2 9 2

GMP GpU 1084 0 .1 9 2 0 .1 8 2

CMP CpU 1130 0 .2 0 0 0 .2 0 6

UMP UpU 1783 0 .3 1 5 0 .3 2 0

Sum 5658 1 .0 0 0 1 .0 0 0
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32 p - xtf

ATP

GTP

CTP

OTP

2 ' - ( 3 ' )
XMP

D e n a tu red  T5 DNA 
se q u en c e  cpm F r a c t io n A verage

F r a c t io n

AMP ApA 1468 0 .3 4 0 0 .3 3 4

GMP GpA 810 O.1 8 9 0 .1 8 4

CMP CpA 756 0 .1 7 6 0 .1 7 7

UMP UpA 1264 O.2 9 5 0 .3 0 4

Sum 4285 1 .0 0 0 1 .0 0 0

AMP ApG 1187 0 .3 0 0 0 .3 0 2

GMP GpG 761 0 .1 9 3 0 .2 0 2

CMP CpG 709 0 .1 7 9 0 .1 7 3

UMP UpG 1295 0 .3 2 8 0 .3 2 2

Sum 3952 1 .0 0 0 1 .0 0 0

AMP ApC 776 0 .2 7 0 0 .2 6 3

GMP GpC 683 0 .2 3 8 0 .2 2 2

CMP CpC 553 0 .1 9 2 0 .2 0 4

UMP UpC 862 0 .3 0 0 0 .3 1 1

Sum 2874 1 .0 0 0 1 .0 0 0

AMP ApU 1511 0 .2 7 6 0 .2 8 0

GMP GpU 9 66 0 .1 7 6 0 .1 7 4

CMP CpU 1153 0 .2 1 0 0 .2 0 6

UMP UpU 1852 0 .3 3 8 0 .3 4 0

Sum 5477 1 .0 0 0 1 .0 0 0



T a b le  8B: B ase  c o m p o s it io n  and  b a se  r a t i o s :

T5 DNA; RNA t r a n s c r i p t s  o f  T5 DNA

B ase C o m p o sitio n  (Mole $>)
RNA t r a n s c r i p t s T5 phage DNA*

RNA b a se DNA te m p la te DNA b a se

N a tiv e D e n a tu re d

A 0 .3 0 4 0 .2 8 4 T 0 .3 0 3

0 0 .2 0 3 0 .2 2 5 C 0 .1 9 5

C 0 .1 8 8 0 .1 8 3 G 0 .1 9 5

U 0 .3 1 1 0 .3 0 8 A 0 .3 0 8

B ase r a t i o s

RNA t r a n s c r i p t s T5 phage DNA*

RNA r a t i o  DNA te m p la te DNA r a t i o

N a tiv e D e n a tu red

A/U 0 .9 8 1 .0 8 A/T 0 .9 8

G/C 1 .0 8 1 .2 3 G/C 1 .0 0

D issym m etry  r a t i o s

A+U/G+C 1 .5 7 1 .4 5 A+T/G+C 1 .5 7

P u r l  ne s /P y  r  lm ld  in e  s

A+G/U+C 1 .0 2 1 .0 4 A+G/T+C 1 .0 1

6 -a m ln o /6 -k e to

A+C/U+G 0 .9 6 0 .8 8 A*C/T+C 0 .9 9

* W yatt and  Cohen (1953)



T a b le  8C: N e a r e s t -n e ig h b o r  f r e q u e n c ie s  (NNF) o f  RNA

t r a n s c r i p t s  o f  n a t iv e  and  d e n a tu re d  T5 DNA te m p la te s

N a tiv e  T5 DNA te m p la te

>quence NNF I s
2

xlO

S equence NNF I I s

xlO 2

Asymmetry p 
R a t io

ApA 0 . 1 0 2 t o .  12 UpU 0 . 0 9 9 8 t o .  1 4 1 . 0 2 0 . 2 0

GpA 0 . 0 6 0 6 t o .  10 UpC 0 . 0 5 5 1 t o .  08 1 . 1 1 0 . 0 0 1

ApG 0 . 0 6 3 2 ± 0 . 0 4 CpU 0 . 0 6 4 0 t o .  08 0 . 9 9 0 . 4 0

GpG 0 . 0 4 2 6 t o .  0 2 CpC 0 . 0 3 7 1 t o .  03 1 . 1 5 0 . 0 0 1

CpA 0 . 0 4 9 5 t o .  0 4 UpG 0 . 0 6 4 4 t o .  05 0 . 7 7 0 . 0 0 1

GpU 0 . 0 5 6 7 $ 0 . 1 0 ApC 0 . 0 5 1 4 t o .  06 1 . 1 0 0 . 0 0 1

UpA 0 . 0 9 1 7 t o .  07

ApU 0 . 0 9 0 7 t o .  11

CpG 0 . 0 3 2 8 t o .  02

GpC 0 . 0 4 4 0 t o .  0 2
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D e n a tu red  T5 DNA te m p la te

jquenoe NNF I s

xlO 2

Sequence NNF I I a

xlO 2

Asymmetry p 
R a t io

ApA 0 .0 9 5 0 ± 0 .1 7 UpU 0 .1 0 5 ± 0 .2 4 0 .9 0 0 .1 0

GpA 0 .0 5 2 4 ± 0 .1 2 UpC 0 .0 5 7 0 ± 0 .0 7 0 .9 2 0 .0 0 5

ApG 0 .0 6 8 0 ± 0 .0 3 CpU 0 .0 6 3 3 ± 0 .1 6 1 .0 7 0 .0 5

GpG 0 .0 4 5 5 ± 0 .0 8 CpC 0 .0 3 7 4 ± 0 .1 3 1 .2 2 0 .0 0 1

CpA 0 .0 5 0 2 ± 0 .0 2 UpG 0 .0 7 2 5 ± 0 .0 9 0 .6 9 0 .0 0 1

GpU 0 .0 5 3 6 ± 0 .0 5 ApC 0 .0 4 8 1 ± 0 .0 7 1 .1 1 0 .0 0 1

UpA 0 .0 8 6 4 ± 0 .2 6

ApU 0 .0 8 6 4 ± 0 .0 9

CpG 0 .0 3 9 0 ± 0 .0 7

GpC 0 .0 4 0 6 ±0 . 1 6



T a b le  8D: C om parison  o f  d ln u c l e o t ld e  f r e q u e n c ie s

o f  n a t iv e  (N) and  d e n a tu re d  (D) T5 BNA t r a n s c r i p t s :  

d l n u c l e o t l d e  f r e q u e n c ie s  f o r  random  a s s o c i a t i o n  o f  

b a s e s  and  f o r  T5 phage DNA

S equence  NNF N/D p B ase change  in  N

RNA t r a n s c r i p t s  

N D

+

0

I n c r e a s e  
d e c re a s e  
no change

ApA 0 .1 0 2 0 .0 9 5 0 1 .0 7 0 .0 2 5 * A

UpU 0 .0 9 9 0 ,1 0 5 0 .9 5 0 .0 5 mm U

GpA 0 .0 6 0 6 0 .0 5 2 4 1 .2 0 0 .0 0 5 + G,A

UpC 0 .0 5 5 1 0 .0 5 7 0 0 .9 7 0 .1 0 0

ApG 0 .0 6 3 2 0 .0 6 8 0 0 .9 3 0 ;0 0 1 mm A,G

CpU 0 .0 6 4 0 0 .0 6 3 3 1 .0 1 0 .5 0 0

GpG 0 .0 4 2 6 0 .0 4 5 5 0 .9 4 0 .0 0 1 - G

CpC 0 .0 3 7 1 0 .0 3 7 4 0 .9 9 0 .5 0 0

CpA 0 .0 4 9 5 0 .0 5 0 2 0 .9 9 0 .4 0 0

UpG 0 .0 6 4 4 0 .0 7 2 5 0 .8 9 0 .0 0 1 - G,U

GpU 0 .0 5 6 7 0 .0 5 3 6 1 .0 6 0 .1 0 0

ApC 0 .0 5 1 4 0 .0 4 8 1 1 .0 7 0 .0 0 5 ¥ A,C

UpA 0 .0 9 1 7 0 .0 8 6 4 1 .0 6 0 . 0 2 5 ¥ A,U

ApU 0 .0 9 0 7 0 .0 8 6 4 1 .0 5 0 .0 5 ¥ A ,a

CpG 0 .0 3 2 8 0 .0 3 9 0 0 .8 4 0 .1 0 0

GpC 0 .0 4 4 0 0 .0 4 0 6 1 .0 8 0 .0 1 + a , c



138

Sequence Random NNF T5 DNA* S equence

RNA SNA

ApA 0 .0 9 ^ 9  0 .1 0 0  TpT

UpU 0 .0 9 1 9  0 .1 0 5  ApA

GpA 0 .0 6 0 1  0 .0 6  TpC

UpC 0 .0 5 9 1  0 .0 5 4  GPA

ApG 0 .0 6 0 1  0 .0 6 4  CpT

CpU 0 .0 5 9 1  0 .0 5 6  ApG

GpG 0 .0 3 8 0  0 .0 3 8  CpC

CpC 0 .0 3 8 0  0 .0 3 5  GPG

CpA 0 .0 6 0 1  0 .0 5 7  TpG

UpG 0 .0 5 9 1  0 .0 5 8  CpA

GpU 0 .0 5 9 1  0 .0 5 2  ApC

ApC 0 .0 6 0 1  0 .0 4 8  GpT

UpA 0 .0 9 3 3  0 .0 9 8  TpA

ApU 0 .0 9 3 3  0 .1 0 3  ApT

CpG 0 .0 3 8 0  0 .0 3 2  CpG

GpC 0 .0 3 8 0  0 .0 4 3  GpC

* fro m  S w a rtz  efc a l .  (1962)
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T a b le  8E: D in u c le o t id e  d i s t r i b u t i o n

o f  RNA t r a n s c r i p t s  o f  T5 DNA

D in u c le o t id e  g ro u p s*

I I I I I I IV

ApA GpU CpA GpA

ApG CpU GpG ApG

GpA GpC GpG CpG

GpG CpC ApC GpC

RNA o r  DNA Mole %

RNA t r a n s c r i p t s  
o f  n a t iv e  T5 DNA

0 .2 6 8 0 .2 5 6 0 .2 0 2 0 .2 5 9

RNA t r a n s c r i p t s  o f  
d e n a tu re d  T5 DNA

0 .2 6 1 0 .2 6 3 0 .2 2 4 0 . 2 5 2

T5 phage DNA # 0 .2 5 0 0 .2 6 2 0 .2 1 5 0 .2 7 6

* g ro u p s  a r e :  I .  P u r in e  d in u o le o t id e s

I I .  P y r im id in e  d ln u c l e o t id e a

I I I .  N ixed co m plem en ta ry  d in u o le o t id e s

IV . Mixed s e lf -c o m p le m e n ta ry  d in u o le o t id e s

#  S w artz  e t  a l .  (1962)
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L egend: T a b le  9

The v a r ia n c e s  i n  t h i s  t a b l e  have b een  c a l c u l a t e d  f o r  

th e  f i r s t  f o u r  p a i r s  o f  d l n u o le o t ld e s ,  and  a l s o  f o r  a l l  

sloe d ln u o le o t ld e  p a i r s .  The f o u r  d l n u c l e o t l d e  p a i r s  a r e  

p u r in e ;p y r im id in e  p a i r s :

ApA :UpU, ApG:CpU, GpA:UpC, GpG:CpC;

The a l x  d l n u c l e o t l d e  p a i r s  in c lu d e  th e s e  f o u r ,a n d  th e  two 

m ixed p u r in e - p y r im id in e  p a i r s :

CpA:UpG and  GpU:ApC.

The v a lu e s  o f  th e  v a r ia n c e s  a r e :
/

O bserved  -  ^(A sym m etry  r a t i o  p r e d ic te d - o b s e r v e d  asym m etry  r a t i o ) '

E r r o r  - X (v  x  Asymmetry r a t i o  p r e d i c t e d ) 2
n -  1

w here n a  num ber o f  e n t r i e d ,  v =■ c o e f f i c i e n t  o f  v a r i a t i o n ,  

s e e  A ppend ix  B .

The asym m etry  r a t i o  I s  d is c u s s e d  I n  th e  t e x t ,  and  th e  

v a lu e s  d e te rm in e d  f o r  a l l  th e  DNAs s tu d i e d  a r e  g iv e n  I n  T a b le s  

5C, 6C, 7C and  8C. The o b se rv e d  asym m etry  r a t i o  I s  d e f in e d  

a s  th e  r a t i o  o f  th e  n e a r e s t - n e ig h b o r  f r e q u e n c ie s ,  In  th e  

t r a n s c r i b e d  RNA, o f  th e  m a tch in g  d ln u c l e o t ld e  p a i r s .  The 

p r e d ic te d  asym m etry  r a t i o  i s  d e f in e d  a s  1 .0 ,  I t s  v a lu e  i n  

d o u b le - s t r a n d e d  DNA.

a .  T4 N a tiv e  ( l im i t e d )  r e f e r s  t o  th e  e x p e r im e n t ,  

d i s c u s s e d  I n  th e  t e x t ,  i n  w hich  RNA s y n th e s i s  

was l im i t e d  t o  e a r l y  mRNA.



l 4 l

T a b le  9 : V a r ia n c e s  o f  th e  asym m etry

r a t i o s  o f  th e  p a i r e d  d ln u o le o t ld e s  In  th e  RNA 

t r a n s c r i p t s

V a r ia n c e s  (x  102 )

4 D ln u c le o t ld e  p a i r s  

O bserved  E r r o r  p

6 D ln u o le o t ld e  p a i r s  

O bserved  E r r o r  p

< 0 . 0 9  4 .1

DNA te m p la te

T4 N a tiv e  

T4 D e n a tu red

T4 N a tiv e  
( l im i t e d )

T4 D e n a tu red

T5 N a tiv e  

T5 D e n a tu re d

T7 N a tiv e  

T7 D en a tu red

3 .2  0 .2 4

7 . 9  0.16

24 0 .3 3

7 . 9  0.16

1.2  0.16

2 . 3  0 . 2 0

7 .8  0 .0 9

0 .3 1  0 .1 0

< 0 .0 9  7 .2

< 0 .0 9  24

< 0 .0 5  7 .2

< 0.05 1.2

< 0 .0 5  3 .6

< 0 .0 5  5 .5

0 .2 0  0 .3 9

0 .29  < 0.05  

0.12  < 0.09

0 .5 9  < 0 .0 5  

0 .1 2  < 0 .0 5

0 .1 5  < 0 .0 5  

0 .1 3  < 0 .0 5

0 .0 8  < 0 .0 5  

0 .09  0.10
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L egend: T a b le  10

The s i x t e e n  d l n u c l e o t l d e  f r e q u e n c ie s  fo u n d  e x p e r i ­

m e n ta l ly ,  f o r  e a c h  phage DNA, hav e  b e e n  com pared t o  th e  

random  n e a r e s t - n e ig h b o r  f r e q u e n c ie s  o f  t h e s e  d l n u o le o t ld e s .  

The random  v a lu e s  u s e d ,  a r e  g iv e n  In  T a b le s  5D, 6D, 7D and 

8D. The v a r ia n c e  o f  th e  o b se rv e d  f r e q u e n c ie s  (NNF o b se rv e d )  

from  th e  p r e d ic te d  random  f r e q u e n c ie s  (NNF random ) was 

c a l c u l a t e d ,  a s  f o l lo w s :

V a r ia n c e  o b se rv e d  * 3t(NNF o b se rv e d  -  NNF random )2
n  j  i

The v a r la n o e  o f  th e  p r e d ic te d  v a lu e s ,  c a l c u l a t e d  from  

e x p e r im e n ta l  e r r o r ,  was a l s o  d e te rm in e d , a s  f o l lo w s :

V a r ia n c e  e r r o r  * %.(v x  NNF p r e d i c t e d ) 2
n -  1

w here n r  num ber o f  e n t r i e s ,  and  v s  c o e f f i c i e n t  o f

v a r i a t i o n  ( s e e  A ppendix  B ) .
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T a b le  10 : V a r ia n c e  from  random  n e a r e s t - n e ig h b o r

f r e q u e n c ie s  f o r  e a c h  b a c te r io p h a g e  DNA

DNA te m p la te

O bserved

V a r ia n c e  (x  10 ) 

E r r o r

T4 N a tiv e  1 .3

T4 N a tiv e  2 .1
( l i m i t e d )

T4 D e n a tu re d  1 .2

0.10

0.12

0 .0 3

0.001

0.001

0.001

T5 N a tiv e  0 .3 2

T5 D e n a tu red  0 .6 2

0.06

0 .0 5

0.001

0.001

T7 N a tiv e  0 .8 4

T7 D e n a tu re d  0 .3 6

0 .0 3

0 .0 3

0.001

0 .0 0 1



L egend: T a b le  11

The e x p e r im e n ta l  d l n u c l e o t ld e  f r e q u e n c ie s  

have  b e e n  com pared t o  th e  c a l c u l a t e d  random  

f r e q u e n c ie s  (T a b le s  5D, 6D, 7D and  8d ) f o r  

e ac h  d l n u c l e o t l d e  s e q u e n c e . The v a r ia n c e  h as  

b een  d e te rm in e d  f o r  th e  t r a n s c r i p t s  o f  th e  

f o u r  n a t iv e  DNA te m p la te s  and th e  t h r e e  

d e n a tu re d  DNA te m p la te s ,  com bined ( n a t i v e :

T 4, T 4 - l lm l t e d ,  T5 and  T7; d e n a tu r e d :  T 4,

T5 an d  T 7 ) . The c a l c u l a t i o n s  a r e  d e s c r ib e d  

In  T a b le  10 and  i n  A ppendix  B.
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T a b le  11: V a ria n c e  fro m  random  n e a r e s t - n e ig h b o r

f r e q u e n c ie s  f o r  e ach  d ln u c l e o t l d e  seq u en ce

D ln u c le o t ld e  V a r ia n c e  (x  10^) D e v ia t io n  from  random
f r e q u e n c ie s  *  0 .0 0 5

O bserved E r r o r  p
+ 0 -

ApA 3 .2 0 .0 2 6  < 0 .0 5 5 2

UpU 2 .5 0 .1 5  ><0.05 5 2

GpA 1 .0 6 0 .0 7 4  < 0 .0 5 5 1 1

UpC 0 .2 1 0 .0 2 4 <  0 .0 5 6 1

ApG 0 .2 7 0 .0 4 1  < 0 .0 5 2 4 1

GpG 0 .2 0 0 .0 2 0  < 0 .0 5 1 5 1

CpC 1 .4 4 0 .0 3 0  < 0 .0 5 2 5

CpA 0 .9 4 0 .0 3 0  < 0 .0 5 2 5

UpG 1 .7 3 0 .0 5 3  < 0 .0 5 7

GpU 0 .2 0 0 .2 6  > 0 .0 5 5 2

ApC 2 .0 0 . 1 8  < 0 .0 5 1 l 5

Upfl 1 .5 5 0 .0 8 7  < 0 .0 5 1 6

ApU 0 .3 6 0 .0 6 1  < 0 .0 5 4 3

CpG 0 .3 7 0 .0 4 5  < 0 .0 5 3 4

GpC 0 .2 4 0 .0 4 1  < 0 .0 5 2 5

£  ( + ,0 , - )  0 .2 7  0 .4 1  0 .3 2

Sum -  112 Sum 30 46 36
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L egend : T a b le  12

The se q u e n c e s  o f  s e v e r a l  c o n t r o l  r e g io n s  i n  E . c o l l

and c o l ip h a g e  DNA have b een  a n a ly z e d .  The number
*

o f  p a i r s  o f  f o u r  d i f f e r e n t  ty p e s  o f  d ln u c le o t ld e  

w ere c o u n te d  In  e ach  r e g io n .  The f r e q u e n c ie s  o f  th e  

d ln u o le o t ld e s  w ere c a l c u l a t e d  a s  th e  f r a c t i o n  o f  th e  

number o f  b a s e s  seq u en ced  In  th e  r e g io n .

a .  Lac o p e r a to r  r e g io n  In  E. c o l l .

Lac o p e ra to r -p ro m o te r  r e g io n  In  E . c o l l .

G i l b e r t  and  Maxam, 1973

b . P r o m o te r  and  t e r m in a to r  r e g io n  o f  E . c o l l  

Tyr-tRNA g e n e .

S ek ly a  and K horana , 1974; Loewen e t  a l . ,  1974

c . PL p ro m o te r r e g io n  In  lam bda.

M a n la t ls  e £  a l . ,  1974

d . Phage fd  b in d in g  s i t e  f o r  RNA po ly m erase  

and i n i t i a t i o n  s i t e  f o r  t r a n s c r i p t i o n .

Sugim oto e t  a l . ,  1975

e .  A3 p ro m o te r r e g io n  In  phage T7.

P rlbnow , 1975

* The d ln u o le o t ld e s  w ere d iv id e d  I n to  f o u r  g ro u p s , a s  f o l lo w s :

P u r in e s ;  ApA, ApG, GpA, GpG 
P y r im id in e s :  TpT, TpC, CpT, CpC 
M ixed, com p lem en tary : CpA, TpG, GpT, ApC 
M ixed, s e lf -c o m p le m e n ta ry :  TpA, ApT, CpG, GpC
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S equences o f  r e g io n s  a n a ly z e d

* mRNA s y n th e s i s  
5»-AATCATGGTCAGAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATT-3' a

* r e p ^ r e s s o r  g ln d ln g  *

5 1-AGTTCAGGGACTTTTGAAAGTGA-31 T e rm in a to r  r e g io n  b

5»-CGCCGCGCAGTAAACTATACTACGCGGGG-31 P ro m o ter r e g io n

5 ' -GTGCTCAGTATCACCGCCAGTGGTATTTATGTC-31 c

5»-AAATCAAAAATCAGGTCTTTACCCTGTCTATTATAGTCAGAAGC-3' <3
mRNA i n i t i a t i o n  *

5«-TGACTCACTGTCGTTTCATGTGGTACACGTACCGTGTTTACTT- 3 1 
mRNA i n i t i a t i o n  * .

e



T a b le  12 : C a lc u la te d  d l n u c l e o t ld e  f r e q u e n c ie s

c o n t r o l  se q u e n c e s  o f  3 .  c o l l  and  c o l lp h a g e  DNA

D ln u c le o t ld e

R eg ion  Sequenced
a O p e ra to r  

la c
a O pera t o r -  

F ro m o te r  
la c

P u r in e
#  o f  p a i r s  2
f re q u e n c y  0 . 1 0

P y r im id in e
#  o f  p a i r s  7
f re q u e n o y q  0 . 3 5

M ixed,
com plem en ta ry
#  o f  p a i r s  5
f re q u e n o y  O.25

M ixed, 
s e lf -c o m p le m e n ta ry
#  o f  p a i r s  6
f re q u e n c y  0 .3 0

a£ bases 
se q u en c ed  24

5
0.12

13
0 .3 2

13
0 .3 2

9
0.22

41

D ln u c le o t ld e  f re q u e n c y  
In  E .c o l l

P u r in e

P y rim id in e

M ixed,
com plem en tary

M ixed,
se lf -c o m p le m e n ta ry

^ P ro m o te r  
E . c o l l  
Tyr-tRNA

6
0.21

3
0.11

5
0 .18

14
0 .5 0

29

0 .2 3 7

0 .2 4 3

0 .2 5 1

0 .2 6 9
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R eg ion  se q u en c ed

^ T e rm in a to r  CLambda Pj, d fd  b in d in g  d fd  e P ro m o te r
E . c o l l  P ro m o te r  s i t e  f o r  I n i t i a t i o n  A3 in  T7 
Tyr-fcftMA RNA polym . s i t e

10 2 13 8 2
0 .4 5  0 . 0 6  0 . 3 0  0 . 3 8  0 .0 5

6 8 13 6 13
O.27 0 . 2 5  0 . 3 0  O. 2 9  0 . 3 0

6 12 9 6  21
0 .2 7  0 .3 8  0 . 2 1  0 . 2 9  0 .4 9

0 10 8 1 7 
0 . 0  0 .3 1  0 .1 9  0 .0 5  0 .1 6

23 32 44 22 44

D ln u c le o t ld e  f re q u e n o y  
In  f& p lu s  DNA

P u r in e  0 .2 1 5  ( ApA,ApG,GpA,GpG)

P y rim id in e  0 .3 1 8  (TpT, TpC,CpT,CpC)

M ixed, 0 .2 2 1  (CpA,TpG,ApC,GpT)
com plem en ta ry

M ixed, 0 .2 5 0  (TpA ,  ApT , CpG,GpC)
a e I f -c o m p le m e n ta ry
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L egend: F ig u re  1 .

F r a c t i o n a t i o n  o f  RNA p o ly m e rase  on a D E A E -ce llu lo se  oolumn

1780 mg o f  F r a c t io n  I I I  p r o t e i n  was a p p l i e d  t o  a  DEAE- 

c e l l u l o s e  colum n ( 3 .5  x  11 cm) t h a t  had  b e e n  e q u i l i b r a t e d  

w ith  b u f f e r  A. The p r o t e i n  was e lu t e d  in  a  s te p w is e  m anner, 

a s  d e s c r ib e d  In  th e  t e x t .  The flo w  r a t e  was 60 m l /h r ,  and  

th e  RNA p o ltm e ra s e  a c t i v i t y  was e lu t e d  a t  t h e  0 .2 3  M KC1 s t e p .  

P r o te in  c o n c e n t r a t io n  was d e te rm in e d  by  th e  m ethod o f  Lowry 

e t  a l . (1 9 5 1 ) . RNA p o ly m e rase  a c t i v i t y  I n  e a c h  f r a c t i o n  was 

d e te rm in e d  In  th e  s ta n d a r d  enzyme r e a c t i o n  ( M a te r ia l s  and  

M ethods I I ) ,  u s in g  4 .5  ug  o f  dAT co p o ly m er a s  te m p la te ,  

and  ^C -A T P  a s  th e  l a b e le d  s u b s t r a t e  (910  ep m /n m o le).

F r a c t io n s  # 1 -1 7  c o n ta in e d  th e  f lo w - th ro u g h  m a t e r i a l .  

F r a c t io n s  # 2 4 -3 6  c o n ta in e d  th e  b u f f e r  A + 0 .1 3  M KC1 p e ak .

The RNA p o ly m erase  a c t i v i t y  was e lu t e d  i n  th e  b u f f e r  A ♦

O.2 3  M KCl p e a k , f r a c t i o n s  # 4 6 -5 4 . F r a c t io n s  4 6 -4 9 , c o n ­

t a i n i n g  th e  peak  enzyme a c t i v i t y  w ere p o o le d .



151

FIGURE 1

4 0 -

30-
LU

C l

20 -

10-

r®— r  
>4 32

>@fe&

72
0.13 MKCJ

FRA2TDN NUMBER

d AT 
un'ils/ml (xio2)



L egend: F ig u re  2

152

Low s a l t  g l y c e r o l  d e n s i ty  g r a d i e n t  o f  RNA p o ly m e rase

T w e n ty -f iv e  mg o f  D E A E -ce llu lo se  p o o led  p r o t e i n  ( i n  

1 .5  w l) was la y e r e d  on a  29  m l, 1 0 # -30#  g l y c e r o l  d e n s i ty  

g r a d i e n t .  The g r a d ie n t  was c e n t r i f u g e d  I n  a  S p in e o  SW 2 5 .1  

r o t o r  a t  2 5 ,0 0 0  rpm f o r  23 h o u rs  a t  4 C. 1 .2  ml f r a c t i o n s  

w ere c o l l e c t e d .

RNA p o ly m erase  a c t i v i t y  was d e te rm in e d  I n  th e  s ta n d a r d  

enzyme r e a c t i o n  ( M a te r ia l s  and  M ethods I I ) ,  u s in g  15 nm oles 

o f  dAT co p o ly m er a s  t e m p la te ,  and  lZ*C-ATP (910  cpm /nm ole) 

a s  th e  l a b e le d  s u  s t r a t e .  P r o te in  c o n c e n t r a t i o n  was d e t e r ­

m ined by  th e  m ethod o f  Lowry e t  a l .  (1951)*

F r a c t io n s  # 1 6 -2 5 , c o n ta in in g  th e  p o ly m e rase  a c t i v i t y ,  

w ere p o o le d .
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L egend: F ig u re  3 .

S a t u r a t io n  c u rv e s  f o r  n a t iv e  an d  d e n a tu re d  T5 and  T7

phage DNA

S a tu r a t io n  c u rv e s  w ere  made, u s in g  th e  

s ta n d a r d  enzyme r e a c t i o n  ( M a te r ia l s  and  

M ethods I I ) ,  c o n ta in in g  from  0 .5  tio 9 .0  

u n i t s  o f  enzym e, and 1 t o  20 nm oles o f  

phage DNA. The a rro w s  i n d i c a t e  th e  r a t i o  

o f  DNA t o  p r o t e i n ,  s e l e c t e d  f o r  t r a n s c r i p ­

t i o n  o f  e ac h  ty p e  o f  DNA. The c u rv e s  a r e  

d is c u s s e d  in  th e  t e x t ,  R e s u l t s  I .
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FIGURE 3
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L egend: F ig u re s  4 -7 :  D in u c le o t id e  f r e q u e n c ie s  o f

In  v i t r o  RNA t r a n s c r i p t s  o f  T 4, T5 and  T7 phage DNA, 

com pared w ith  th e  v a lu e s  p r e d ic te d  from  random  

a s s o c i a t i o n :

F ig u re  4 : ApA, UpU, GpG, CpC

F ig u re  5 : ApG, CpU, GpA, UpC

F ig u re  6 : CpA, DpG, GpU, ApC

F ig u re  7 :  UpA, ApU, CpG, GpC

I n  e ac h  f i g u r e ,  th e  o b se rv e d  n e a r e s t - n e ig h b o r  

f re q u e n c y  f o r  e a c h  d ln u c l e o t ld e  se q u en c e  h a s  been  

p l o t t e d  a g a i n s t  th e  v a lu e  p r e d ic te d  from  random  

a s s o c i a t i o n .  The v a lu e s  f o r  th e  t r a n s c r i p t s  o f  

n a t iv e  and  d e n a tu re d  DNA a r e  show n, f o r  e a c h  DNA 

s t u d i e d .  The 45 d e g re e  l i n e ,  i>n e a c h  g ra p h , 

r e p r e s e n t s  th e  p o in ts  f o r  w hich th e  o b se rv e d  and 

random  f r e q u e n c ie s  a r e  th e  sam e. The v a lu e s  u sed  

a r e  from  T a b le s  5D, 6D, 7D and 8D.



Key: D ln u c le o t ld e  f r e q u e n c ie s  o f :

N a tiv e  T7 RNA t r a n s c r i p t s  

D e n a tu red  T7 RNA t r a n s c r i p t s

N a tiv e  T4 RNA t r a n s c r i p t s

N a tiv e  T4 RNA t r a n s c r i p t s  ( l lm l t e d - a y n t h e s l s )  

D e n a tu re d  T4 RNA t r a n s c r i p t s  

T4 DNA , com p lem en ta ry  d ln u c l e o t ld e

N a tiv e  T5 RNA t r a n s o r l p t s  

D e n a tu red  T5 RNA t r a n s c r i p t s  

T5 DNA , com p lem en ta ry  d ln u c l e o t ld e
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FIGURE 5.
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FIGURE

CpA

0.08-

0.06-

0.04-

oo:
ApC

008-

Q06-

Q04-

Q02 008006004004 Q08 QD2006

RANDOM FREQUENCY



FIGURE 7
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