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Short Communications and Preliminary Notes 

PRELIMINARY STUDIES ON RIBONUCLEASE STRUCTURE 

b y  

C. B. A N F I N S E N ,  M. F L A V I N ,  AND J. F A R N S W O R T H  

Section on Cellular Physiology, National Heart Institute, National Institutes o/Health, 
Public Health Service, Federal Security Agency, Bethesda, Maryland (U.S.A.) 

Prev ious  s tud ies  1 have  ind ica ted  an  u n e q u a l  label ing of alanine,  a spar t i c  acid, or g lu t amic  acid 
res idues  isolated f rom different  pos i t ions  in t he  s t r u c t u r e  of rad ioac t ive  o v a l b u m i n  p repa red  in vitro 
and  in vivo. These  resu l t s  s u p p o r t  an  h y p o t h e s i s  of s tepwise  p ro te in  syn the s i s  invo lv ing  pep t ide  
i n t e rmed ia t e s  and  m a k e  unl ikely,  a t  leas t  in t he  case of ova lbumin ,  a process  invo lv ing  t he  s imul -  
t a n e o u s  " t e m p l a t e "  c o m b i n a t i o n  of free a m i n o  acids. To t e s t  t he  genera l i ty  of these  conclus ions  
we h a v e  b e g u n  s imilar  s tud ies  on r ibonuclease ,  a p ro te in  pa r t i cu la r ly  su i ted  to such  work  because  
of i t s  low molecu la r  weight ,  pa r t i a l ly  d e t e r m i n e d  a m i n o  acid compos i t ion  s, and  re la t ive  ease of 
p r epa ra t i on  in pure  rad ioac t ive  fo rm a. A s s u m i n g  a molecu la r  we igh t  of 13,5oo g/M, it  follows f rom 
t h e  ana lyses  of  BRAND et al. ~ t h a t  r ibonuclease  con t a i n s  th ree  res idues  each  of glycine and  pheny l -  
a lanine.  The  p r e sen t  s tud ies  are  concerned  wi th  t he  s epa ra t i on  of t hese  res idues  for the  purpose  of 
specific a c t i v i t y  compa r i sons  t h r o u g h  isolat ion of specific pep t ide  f r a g m e n t s  of t he  p ro te in  cha in  
con t a in ing  t h e m .  

Silica gel c h r o m a t o g r a p h y  ~ of a n u m b e r  of 6 N HC1 and  12 N HC1 h y d r o l y s a t e s  of d in i t ropheny l -  
r ibonuc lease  h a v e  resu l ted  in t he  f inding of b i s -d in i t rophenyl - lys ine  as t he  on ly  N- t e rmina l  amino  
acid in th i s  p ro te in  a n d  q u a n t i t a t i v e  spec t ropho t ome t r i c  d a t a  indica te  t he  presence  of on ly  one 
N - t e r m i n a l  a m i n o  acid per  mole (o.3-o.96 moles  b i s -d in i t ropheny l - lys ine /mole  r ibonuclease) .  These  
re su l t s  sugges t  t h a t  r ibonuc lease  is composed  of a single chemica l  pept ide  chain,  as d i s t inc t  f rom 
the  5 c rys ta l lograph ic  cha in  repor ted  by  CARLISLE AND SCOULOUDI 5, This  conclus ion  m u s t ,  of course,  
be t e s ted  b y  t h e  use  of o the r  t e rmi na l  g roup  m e t h o d s  in add i t ion  of t he  d in i t ro- f luorobenzene  m e t h o d .  
P r e l im ina ry  e x p e r i m e n t s  w i t h  seven  t i mes  recrys ta l l ized  c a r b o x y p e p t i d a s e  unde r  a v a r i e t y  of con-  
d i t ions  h a v e  s h o w n  t h a t  va l ine  is r ap id ly  re leased f rom the  C- te rmina l  por t ion  of r ibonuclease .  T h i s  
f inding s u p p o r t s  t h e  single cha in  s t r u c t u r e  of r ibonuclease  a l t h o u g h  t races  of o the r  a m i n o  ac ids  
(alanine,  g lu t amic  acid, a spa r t i c  acid, serine, th reonine)  in add i t ion  to t he  s t r o n g  val ine  spo t  were 
also observed .  

Peps in  d iges t ion  of r ibonuc lease  r e su l t s  in t he  reproducible  fo rma t ion  of 13-15 pep t ide  f r a g m e n t s  
w i th  an  average pep t ide  cha in  l e n g t h  of 8 -9  a m i n o  acids  e. Pape r  c h r o m a t o g r a p h y  of t he  d iges t  u s ing  
a v a r i e t y  of so lven t s  leads  to  on ly  a par t i a l  s epa ra t ion  of t hese  pept ides .  

Pep t i c  d iges ts  h a v e  been sub jec t ed  to  filter p a p e r  e lec t rophores is  7 to faci l i tate  t he  s epa ra t i on  
of r e la t ive ly  large  qua n t i t i e s  of  ma t e r i a l  for s t udy .  Comple te ly  reproducib le  p a t t e r n s  are ob ta ined  
(o.o4 M p h o s p h a t e  buffer ;  p H  7.20, 25o my,  20 m a m p . ,  Munk te l l  pape r  =~= 2o/I5O, 8.5 inches  
x 2o inches,  16 hou r s  a t  5 ° C), and  IO-3 o m g  quan t i t i e s  m a y  be r u n  a t  once. F ive  c o m p o n e n t s  

s epa ra t e  well u n d e r  these  condi t ions  l eav ing  a pa r t i a l ly  resolved complex  of neu t r a l  ma te r i a l  (Table I). 
T h e  a m i n o  acid periodici t ies  of pep t ides  =~#3 a n d  @5 are  u n d e r  pa r t i cu l a r  i nves t i ga t i on  s ince t h e y  
are  m o s t  c leanly  separa ted ,  and  are  p r o b a b l y  single componen t s ,  as ev idenced  b y  the i r  pape r  
c h r o m a t o g r a p h i c  homogene i t y .  I n  addi t ion ,  t h e y  each  con t a in  p h e n y l a l a n i n e  and  glycine,  a m i n o  
acids  we have  employed  as isotopical ly  labelled precursors  in t he  p r e p a r a t i o n  of r ad ioac t ive  r ibo- 
nuc lease  for t he  specific r ad ioac t iv i t y  d i s t r ibu t ion  s tud ies  m e n t i o n e d  above.  
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T A B L E  I 

R E S U L T S  O F  F I L T E R  P A P E R  E L E C T R O P H O R E S I S  O F  R I B O N U C L E A S E  D I G E S T S  

U N D E R  THE CONDITIONS DESCRIBED IN THE TEXT 

Component Charge Distance of Migration * Qualitative Composition * * 

469 

I - -  7.5 ala, asp, glu, gly, val 

2 - -  5.5 

3 - -  3.5 ala, arg, asp, glu, gly, 
iso, lys, phe, tyr, val 

4 - -  1.3 

Neutra l  Complex ~ - - 0 . 5  to + 2. 5 

5 + 3.5 ala, arg, asp, gly, 
lys, met, phe, t h r  

* Measured in inches from the poin t  of zero mobility. 
** The abbreviat ions  used for the amino acids are those of E. BRAND AND J. T. EDSALL, A n n .  

Rev. Biochem., 16 (1947) 224. 
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A D E N I N E  AS A PRECURSOR OF ACID SOLUBLE 

NUCLEOTIDES IN T H E  RAT 

by  

D E N I S  H. M A R R I A N  

Department  o/Radiotherapeut ics ,  Univers i ty  o /Cambridge  (England) 

Adenine_8_14 C 1 (0.2 mMole/kg) has been given intraperi toneaUy to adult  male rats. Two hours  
after  injection, the livers and o ther  internal  organs (kidney, spleen, testis, and washed small intestine) 
were separately pooled, extracted wi th  cold 7 % aqueous  trichloracetic acid, and the ice-cooled ext rac t  
freed from acid b y  cont inuous  ether  extract ion.  Following mercuric precipi ta t ion and t r ea tmen t  
wi th  hydrogen sulphide, the nucleotides were separated on Dowex 2 (formate) b y  an adapta t ion  
of the method of COHN AND C A R T E R  ~, using formic acid/formate  mix tures  whose volatil i ty simplified 
purification and count ing of the adenosine phospha te  fractions. Details of the specifc  activities of 
the var ious fractions are tabula ted  (Table I). 


