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Preliminary Notes 

A lipid factor from liver which enables P. n o t a t u m  extracts 
to break down intact lecithin 

FAIRBAIRN 1 repor ted  t h a t  a d ia lysed  ex t r ac t  of Penicillium notatum possessed an  act ive  phospho -  
l ipase ]3 which  a t t a c k e d  lysoleci thin  b u t  was  comple te ly  inac t ive  towards  in t ac t  lecithin.  I n  the  
p re sen t  e x p e r i m e n t s  it  was  found  t h a t  when  s imilar  phospho l ipase  B p repa ra t ions  were i ncuba t ed  
wi th  c rude  liver-lipid emuls ions  a t  p H  4, the  leci thin con ta ined  in t h e m  was  rap id ly  and  comple te ly  
degraded  a l t hough  purified ovo-leci thin  or l iver leci thin were no t  a t t a cked  by  t he  enzyme.  Ana lys i s  
of the  reac t ion  m i x t u r e  for g lycery lphosphorylchol ine ,  acid-soluble  P, f a t t y  acids  and  disap-  
pearance  of f a t ty -ac id  acyl  es ter  bonds  indica ted  t h a t  the  leci thin had  been b roken  down in to  
g lycery lphosphory lcho l ine  and  f a t t y  acids. Pape r  c h r o m a t o g r a p h y  conf i rmed t he  fo rma t ion  of 
g lycery lphosphorylchol ine ,  and  also showed  t h a t  p h o s p h a t i d y l e t h a n o l a m i n e  h a d  been a t t a cked  
wi th  the  l iberat ion of g lyce ry lphosphory l e thano lamine .  

By  c h r o m a t o g r a p h y  on a l u m i n a  co l umns  and  so lven t  f rac t ionat ion ,  etc., a purif ied fract ion 
ha s  been isolated f rom sheep  and  ra t  liver, which  is especial ly ac t ive  in caus ing  ex t rac t s  of P .  
notatum to a t t a c k  purified lecithin.  No leci thin a t t a c k  was  de tec ted  e i ther  in the  absence  of t he  
f ract ion or t he  e n z y m e  prepara t ion .  The  f ract ion is free of lecithin,  b u t  con ta ins  some  p h o s p h a t i d y l -  
e t h a n o l a m i n e  and  a little p h o s p h a t i d y l  inositol.  In  solubi l i ty  i t  behaves  comple te ly  as a lipid, 
being soluble in d ie thy l  ether,  ch loroform and  abso lu te  me thano l ,  and  is no t  r emoved  f rom CHC13 
by  aqueous  wash ing  according to t he  procedure  of FOLCH et al. ~. The  act ive  fract ion is t h e r m o s t a b l e  
a t  IOO ° (pH 4), and  also when  left  s t a n d i n g  in me thano l i c  solut ion a t  room t empe ra tu r e ,  and  
i t  is insoluble  in acetone.  I t  is rap id ly  des t royed  by  boiling wi th  o . i N  acids  or alkalis or by  
prec ip i ta t ion  of the  t i ssue wi th  t r ichloroacet ic  acid. 
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On a chemical degradation of deoxyribosenucleic acid 

A l t h o u g h  degraded  to mononuc leo t ides  by  a c o m b i n a t i o n  of e n z y m e s  1 D N A  has  been well k n o w n  
for i ts  res i s tance  to chemical  hydrolys is .  W e  wish  to  repor t  here  a m e t h o d  by  which  D N A  has  
been degraded  wi th  alkali  u n d e r  mi ld  condi t ions .  

The  m e t h o d  emp l oyed  was  sugges ted  by  t he  hydro ly t i c  behav io r  of r ibosenucleic  acid, RNA,  
which  in con t r a s t  to D N A  is readi ly  hyd ro lyzed  to mononuc l eo t i de s  by  alkali.  This  surpr i s ing  
difference in hydro ly t i c  behav io r  h a s  been ve ry  e l egan t ly  exp la ined  by  BROWN AND TODD ~ on 
t he  basis  t h a t  R N A  can  exis t  as a cyclic 2 ~, 3 ' -r ibose phospha t e ,  a t e r t i a ry  es te r  sens i t ive  to 
hydrolys is ,  whereas  DNA,  lacking t he  2 ' -hydroxy l ,  can  ex is t  on ly  as a s econda ry  p h o s p h a t e  e s t e r  
re la t ive ly  s table  to alkali.  Es ter i f ica t ion of D N A  to  t he  sens i t ive  t e r t i a ry  p h o s p h a t e  s t a t e  s h o u l d  
p r e sumab ly ,  therefore,  give a p r o d u c t  h y d r o l y z a b l e  by  alkali .  

The  p rocedure  followed was  based  u p o n  a p rev ious  report* t h a t  n a p h t h y l  acid p h o s p h a t e s  
are q u a n t i t a t i v e l y  esterified b y  d i azome t hane .  T he  s o d i u m  "ha l f - s a l t "  of f l -naph thy l  d ihyd rogen  
phospha t e ,  for example ,  gave  wi th  d i a z o m e t h a n e  an  equ imo la r  m i x t u r e  of f l -naph thy l  d i m e t h y l  
p h o s p h a t e  and  s o d i u m  ~ - n a p h t h y l  m e t h y l  p h o s p h a t e  in essent ia l ly  q u a n t i t a t i v e  yield. Subse-  
quen t ly ,  p h o s p h a t o e t h y l  co t ton  4., an  ion-exchange  fabric,  was  s imilar ly  q u a n t i t a t i v e l y  me thy l  a t ed  
by  th i s  p rocedure  5. More recen t ly  BROWN A~D TODD 6 p repa red  a lky l  esters  of t he  four  r ibose 
nucleot ides  as wel l -character ized p roduc t s  by  the  use  of d iazoalkanes ,  and  t he  d ime thy l  ester  
of u r id ine -3 -phospha te  wi th  d i a z o m e t h a n e L  

* A sample  of th is  ma te r i a l  had  ve ry  k ind ly  been m a d e  avai lable  in an  o the r  connec t ion  by  
Dr. JO~N D. GUTHRIE of the  S o u t h e r n  Regiona l  Resea rch  Labora to ry .  
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Comparab le  m e t h y l a t i o n  of D N A  in the  acid form, would  t r a n s f o r m  the  alkal i -s table di- 
nucleos ide  p h o s p h a t e s  in t he  molecule  to alkali-labile dinucleoside m e t h y l p h o s p h a t e  groups.  
S u b s e q u e n t  cleavage,  on t r e a t m e n t  wi th  alkali,  a t  t he  in te rnncleot ide  l inks (bond a or b, Fig. i), 
would  degrade  the  molecule  to mononuc leo t ides .  In  par t ia l ly  neut ra l ized  DNA's ,  moreover ,  
phosphor i c  acid g roups  in the  sal t  form would  be protec ted ,  and  metby la t ion ,  and  hence  hydro -  
lysis, would  t ake  place exc lus ive ly  a t  p h o s p h a t e  groups  in t he  acid form,  as indica ted  (Fig. I). 
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Hydro lys i s  a t  t he  in te rnuc leo t ide  bonds  in t he  la t t e r  cases  would  give ol igonucleot ides of var ious  
cha in  lengths .  

T h u s  if hydro lys i s  t akes  place in t he  m a n n e r  indicated,  as the  resul ts  below suggest ,  poly-  
deoxynuc leo t ide  cha ins  can  be  c leaved in a p r ede t e rmined  w a y  to give f r a g m e n t s  of predic tab le  
average  cha in  length.  In  th i s  regard  th is  m e t h o d  is of special  significance in s tudies  concerned 
wi th  t he  molecu la r  s t r u c t u r e  of DNA.  

In  th i s  init ial  s t u d y  crude  commerc ia l  DNA,  prec ip i ta ted  f rom solut ion in i M saline wi th  
a s l ight  excess of hydrochlor ic  acid, was  used.  F r o m  the  po ten t iome t r i c  t i t r a t ion  curve  of t he  
acidified p roduc t  it  was ev iden t  t h a t  3 ° % of the  ionizable p r i m a r y  phosphor ic  acid groups  were 
still  in t he  sa l t  fo rm (neutra l  equ iva len t ,  ca lcula ted:  340; found :  500) and  t h a t  13% of the  
s e c o n d a r y  phosphor ic  acid groups  were ionizable. The  la t te r  observa t ion  indicates  t h a t  this  sample  
cons i s t ed  of po lynucleo t ide  chains,  e ight  nucleot ide  un i t s  in l eng th  on t he  average.  

Th i s  acidified D N A  in finely divided form, t rea ted  twice wi th  a to ta l  of an  8 mola r  excess  
of  d i a z o m e t h a n e  in ether ,  gave  a neu t ra l  p roduc t  (pH 6.6) in which the  acidic p r ima ry  and  
s e c o n d a r y  phospho ry l  g roups  were appa ren t l y  q u a n t i t a t i v e l y  m e t h y l a t e d  (calculated for D N A  
(o. 7 equ iva l en t s  p r i m a r y  + o.13 equ iva len t s  s econda ry  phospha t e ) :  m e t h y l  ester :  OCH 3, 7.3 ° %;  
found :  OCH 3, 7 .15%).  W h e n  a solut ion of th i s  m e t h y l a t e d  D N A  in a known  vo lume  of 2 . o N  
s o d i u m  h y d r o x i d e  was hea t ed  to 35 ° for 24 hours ,  and  the  added  alkali exac t ly  neut ra l ized  wi th  
hydrochlor ic  acid, t he  r e s u l t a n t  m i x t u r e  was acidic, p H  3.o, and  smel led s t rong ly  of methano l .  
F r o m  po ten t iome t r i c  t i t r a t ion  it  was a p p a r e n t  t h a t  t r e a t m e n t  wi th  alkali no t  only  h a d  l iberated 
a p p r o x i m a t e l y  t he  theore t ica l  o, 7 equ iva len t s  of p r i m a r y  phosphor ic  acid as expected,  but ,  in 
addi t ion,  and  m o s t  s ignif icantly,  a p p r o x i m a t e l y  o.75 equ iva len t s  of secondary  phosphor ic  acid. 

The  p roduc t ion  of 0. 7 equ iva len t s  of p r i m a r y  phosphor ic  acid does no t  in itself imply  scission 
of the  po lynucleo t ide  cha in  since hydro lys i s  of the  m e t h y l  es ters  (bond C, Fig. i), m i g h t  have  
occurred wi th  regenera t ion  of the  original DNA.  The  l iberat ion of the  o.75 equ iva len t s  of secondary  
phosphor ic  acid, however ,  can  only  m e a n  t h a t  the  cha in  was b roken  a t  a n u m b e r  of po in t s  (bond a 
or  b, Fig. I). The  s imples t  i n t e rp re t a t ion  of these  facts  is t h a t  c leavage of the  m e t h y l a t e d  in t ra-  
nuc leo t ide  p h o s p h a t e  l inks a t  e i ther  bond  a or b (Fig. i) had  occurred first, and  essent ia l ly  
q u a n t i t a t i v e l y ;  and  t h a t  th i s  c leavage was followed by  a second,  essent ia l ly  quan t i t a t i ve ,  hyd ro -  
lysis  of t he  m e t h y l  nucleot ides  t h u s  fo rmed  a t  e i ther  of the  r ema in ing  bonds.  

The  hydro ly t i c  p roduc ts ,  consequent ly ,  should  consis t  of a m i x t u r e  of ol igonucleot ides and  
e i ther  mononue leo t ides  and  m e t h a n o l  or mononuc leos ides  and  me thy l  phosphor ic  acid. On the  
bas is  of r a n d o m  c leavage  of 75 % of the  in t ranuc leo t ide  l inks in a " s t a t i s t i ca l "  oc tanuc leo t ide  
chain,  the  ca lcu la ted  compos i t ion  of the  hydro ly t i c  m i x t u r e  would  be mononucleo t ides ,  5 9 % ;  
dinucleot ides,  33 % ; and  t r inucleot ides ,  8 % ; wi th  an  average  cha in  l eng th  of I. 5 nueleot ide  un i t s  
for t he  mix tu re .  The  average  cha in  l eng th  for the  hydro ly t i c  p roduc ts ,  ca lcula ted  f rom the  
t i t r a t i on  da ta ,  1.33 nucleot ide  uni ts ,  is, therefore,  in r easonab ly  good a g r e e m e n t  wi th  th is  predic ted 
value .  

The  behav ior  of the  hyd ro l y sa t e  on dialysis  was also cons i s t en t  wi th  the  predic ted  com- 
pos i t ion  for t he  mix tu re .  F r o m  po ten t iomet r i c  t i t r a t ion  da t a  the  35 % of the  m i x t u r e  t h a t  was 
n o t  d ia lyzable  cons is ted  of di- to t r i -nucleot ide  f r a g m e n t s  on t he  average  (predicted size, 2.2 
nuc leo t ide  maits~. ;The r ema in ing  65 % which did pass  t h r o u g h  the  m e m b r a n e  was by  impl icat ion 
pr inc ipa l ly  motronueMotide f r a g m e n t s  in a p p r o x i m a t e l y  the  predic ted  a m o u n t .  
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The original non-methyla ted  DNA, in contrast ,  when t reated identically was not  appreciably 
hydrolyzed;  0.23 equivalents  of secondary phosphoric  acid groups were liberated, and 90% of 
the hydrolyt ic  products  were found to be undialyzable. The a m o u n t  of dialyzable material,  io  %, 
was again generally in accord with the calcu]ated mononucleot ide content  of the hydrolyt ic  
products .  

I t  is evident, therefore, f rom these results, t ha t  when methyla ted  as described DNA becomes 
much more sensitive to alkaline hydrolysis  than  is normally  the case. The data  imply t ha t  
methyla t ion  and hydrolysis  are essentially quant i ta t ive  bu t  confirmation of the suggested 
mechanism or elucidation of the exact course of these t ransformat ions  along other  lines will have 
to await  chemical identification of the hydrolytic products,  on which work is current ly  in progress. 
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Incorporation of radioactive uridine-5'-monophosphate into 
ribonucleic acid by soluble mammalian enzymes 

Recent work from this laboratory has indicated the requirements  for the degradation of uracil 
by  enzymes of rat  liver 1. In addition, the existence in this tissue of enzyme systems which can 
convert  uracil to uridine, uridine-5'-mono-, di-, and t r i -phosphates  (UMP, U D P  and UTP re- 
spectively) 2 has been demonstrated.  Uracil, uridine and UMP have been shown, under  certain 
conditions, to be incorporated into the ribonucleic acid (I~NA) of ra t  liver slices at rates com- 
parable to those obtained with orotie acid s. A logical extrapolat ion of this work was to a t t empt  to 
obtain  a cell-free, and if possible, a soluble sys tem from rat  liver capable of incorporat ing UMP 
into RNA. Recently this has been achieved. The object of this communicat ion  is to describe 
the experimental  conditions and the requirements  of the system. 

Dialyzed acetone powder  extracts  of the particle-free cytoplasmic fraction of rat  liver 1 have 
been used th roughou t  these experiments.  The UMP-4-14C was prepared from orotic acid-4-14C 
(obtained from Tracerlab Inc.) by  the method already described for the prepara t ion of UMP-2-14C 3. 
At  the end of the incubation period, perchloric acid was added to the incubation mixture;  the 
precipitate obtained was washed 4 and incubated overnight  in o .2N K O H  at  38°; the resul tant  
solution was acidified to o.I N with respect to perchloric acid. After centrifugation, the supe rna tan t  
fraction was heated at  IOO ° for one hour  to hydrolyze the purine nucleotides, and the uridylic 
acid was isolated by  paper  chromatography  5. Because of the low amounts  of RNA present  in 
the acetone powder  extract ,  carrier RNA was added to the acid-denatured incubation mixture,  
when the extract  was incubated in the absence of microsomes. This was done in order to facilitate 
the subsequent  isolation of the uridylic acid from RNA. I t  was found most  convenient  to add 
the carrier RNA in the form of a known volume of ra t  liver microsomes to the already denatured 
incubation mixture.  The uridylic acid was then isolated as previously described. A correction 
for the added carrier RNA was applied to the calculation of the specific activity of the uridylic 
acid isolated from RNA. 

As can be seen from Table I, the microsomes alone showed no incorporation of UMP. Some 
activity was obtained when the microsomes were incubated in the presence of the acetone powder  
extract ,  while the lat ter  alone showed maximal  activity, Pre-incubation of microsomes alone for 
io minutes,  followed by a fur ther  IO minute  incubation wi th  the extract  showed no incorporat ion 
of UMP into RNA;  this value should be compared to tha t  obtained when the extract  was incubated 
with microsomes and ATP. This suggests tha t  a factor is released from the microsomes which 
inhibits the incorporation of UMP into RNA. High-energy phosphate  is essential; a l though ATP 
showed maximal  activity in this system, A D P  was also active. 

A time curve of UMP-incorporat ion (not presented) into RNA in the presence and absence 
of microsomes shows tha t  in the former sys tem the specific activity at tained a m a x i m u m  at  
IO minutes,  which was then  followed by a sharp  decline. In  contrast ,  ill the lat ter  system, the 
specific activity a t ta ined a m a x i m u m  at  20 minutes;  this was followed by a slower decline. I t  
may  be suggested tha t  the inhibition exerted by  the microsomes, and the decrease in the specific 


