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ON T H E  D E S O X Y P E N T O S E  NUCLEIC ACIDS FROM 

SEVERAL MICROORGANISMS* 

by 

S T E P H E N  ZAMENHOF,  G E O R G E  BRAWERMAN** ,  AND ER'vVIN C t t A R G A F F  

Department o[ Biochemistry, College o/ Physicians and Surgeons, 
Columbia University, New York, N . Y .  (U.S.A,) 

The present study continues the attempts of this laboratory to gain an insight into 
the diffelences in composition, and therefore, presumably, in nucleotide sequence, 
distinguishing the desoxypentose nucleic acids (DNA's) derived from different species. 
As has been pointed out on a previous occasion 2, the investigation of microbial DNA's 
is of particular interest in this connection, not only because of the range of cellular 
morphology and physiology, much wider than in higher organisms, that may thus be 
covered, but also because of the role currently assigned to certain microbial DNA's in 
the phenomena of bacterial transformation 3. One of the DNA preparations examined 
here, namely that of Hemophilus influenzae, was, in fact, endowed with transforming 
activity 4. 

EXPERIMENTAL 

Sources 

Representa t ives  of three different bacterial  families served for the isolation of DNA. They  were : 
(i) Serratia marcescens, m u t a n t  VII-I-2 (BUNTING), obtained from strain H y  5 by  ultraviolet  ir- 
radiat ion.  (2) Bacillus Schatz, a facultat ively autotrophic ,  Gram-posi t ive hydrogen organism, kindly 
given us by  Drs C. ]3. VAN NII~L AND A. SCHATZ, Hopkins  Marine Station, Pacific Grove, California. 
(3) Hemophilus influenzae, type  c. 

Preparations 
DATA o[ Serratia marcescens. The organisms were cult ivated in Roux  bott les  a t  room tempera ture  

for 48 hours  on Difco Nut r ien t  Agar. The suspension of the cells in physiol, saline exhibited desoxy- 
ribonuclease act ivi ty;  it contained approx imate ly  7 ° uni ts  6 per  g of wet  cells. When  the organisms 
were ground in a mor t a r  wi th  Pyrex  powder  and then extracted wi th  physiol, saline (1.6 ml per  g 
of cells), the ex t rac t  contained abou t  25 uni ts  per  g of bacteria. The assays were carried out  in the 
a r rangement  described previously 7. This relatively s t rong depolymerase,  which could have precluded 
the  isolation of highly polymerized DNA, was retarded, bu t  not  inhibited, by  o.i  M sodium citrate. 
I t s  inhibit ion was, however,  a lmost  complete in 3-5 M sodium chloride solution. For  the isolation 
of DNA, the 48 hours  old organisms were removed from each bott le by  washing wi th  30 ml of o.i  M 
sodium citrate buffer (pH 7-3), recovered by  centr ifugat ion at  18,ooo × g for 3 ° minutes  and washed 
three t imes by  suspension in 5 volumes of 3.5 M aqueous  sodium chloride. The cells deposited by 
centrifugation,  were frozen immediate ly  and ground for 3 ° minutes  in a chilled mor ta r  wi th  one 
pa r t  (by weight) of washed Pyrex  powder  (diameter 3/~) and o.18 pa r t  of solid sodium chloride. 
After  ext rac t ion  wi th  one volume of 3.5 h i  aqueous sodium chloride and centrifugation at  18,ooo × g 

* This work has been suppor ted  by  research gran ts  from the Nat ional  Ins t i tu tes  of Health,  
United States  Public Hea l th  Service, and from the Rockefeller Foundat ion .  Some of the results  
have formed the subject  of a brief note 1. 

** U.S. Public Heal th  Research Fellow. 
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for 3 ° minu te s ,  t he  s u p e r n a t a n t  was  in jected in to  th ree  v o l u m e s  of ice-cold 9o % e thanol .  The  pre-  
c ip i ta ted  t h r e a d s  were washed  wi th  9o and  s to red  in 95 % e thanol .  The  ex t r ac t i on  res idue  was  re- 
ex t r ac t ed  IO to  15 t imes  wi th  decreas ing  quan t i t i e s  of sa l t  solut ion,  and  fibers were collected from 
each ex t rac t .  The  combined  t h r e a d s  were dissolved in io  % a q u e o u s  sod ium chloride (abou t  o. 5 m g  
D N A  per  ml) a n d  freed of p ro te in  and  purified,  as descr ibed before s. The  final yield of D N A  was 
o.o8 % of t he  wet  cell weight .  I t  con ta ined  8.99 % P, less t h a n  2 % pen tose  nucleic  acid, and  a s sayed  
for 95 % of DNA,  w h e n  c o m p a r e d  w i t h  a calf t h y m u s  D N A  s t a n d a r d  2. 

DNA o[ Bacillus Schatz. T he  o rgan i sms  were g rown in R o u x  bo t t l es  a t  3 o° for 48 hour s  on 
Difco Yeas t  Beef  Agar .  T he  yield was a b o u t  I g of packed  cells (wet weight)  pe r  bot t le .  W i t h  a few 
except ions ,  t he  p rocedure  for the  isolat ion of D N A  followed t h a t  descr ibed in t he  p reced ing  p a r a g r a p h .  
Owing to t he  absence  of de tec tab le  desoxyr ibonuc lease  a c t i v i t y  o.I M a q u e o u s  s o d i u m  c i t ra te  
(pH 7.1) could be used  for t he  w a s h i n g  of the  cells and  lO% a q u e o u s  s o d i u m  chloride for t he  ex-  
t r ac t ion  of t he  c rushed  o rgan i sms .  The  prec ip i ta t ion  of pen tose  nucleic  acid as an  insoluble  ca lc ium 
sal t  s failed to give sa t i s f ac to ry  resu l t s  in th i s  case. For  th i s  reason,  recourse  was  had  to  t he  r emova l  
of c o n t a m i n a t i n g  pen tose  nucleic  acid b y  i ts  convers ion  to  d ia lyzable  pen tose  nucleot ides* .  A so lu t ion  
of t he  c rude  D N A  fibers, collected af te r  t he  depro te in iza t ion ,  in aqueous  s o d i u m  h y d r o x i d e  of p H  13.5 
(1.6 m g  D N A  per  ml) was  dia lyzed wi th  rocking  a t  3 ° °  for 18 h o u r s  aga in s t  t h e  25e-fold v o l u m e  
of the  s ame  solvent ,  for 24 hour s  aga ins t  r u n n i n g  t a p  water ,  and  for t he  s a m e  per iod aga in s t  ice-cold 
dist i l led water .  The  DNA,  recovered  by  lyophi l iza t ion  of t he  dia lyzed solut ion,  a m o u n t e d  to o . i  % 
of t he  cells (wet weight) .  I t  con ta ined  8.83 % P, less t h a n  2 % pen tose  nucleic  acid, and  assayed  
for 9 4 %  of DNA.  

DNA o[ Hemophilus influenzae, type c. T he  isolat ion of th i s  p r epa ra t i on  h a s  been d iscussed in 
a s epa ra t e  pape r  1°. 

Procedures 
The  ana ly t i ca l  m e t h o d s  for t he  e s t i m a t i o n  of pu r ines  and  py r imid ine s  and  t he  d e t e r m i n a t i o n  

of to ta l  D N A  and  pen tose  nucleic  acid and  of p h o s p h o r u s  have ,  w i th  one except ion ,  been  out l ined  
in detai l  in a r ecen t  pub l ica t ion  11. An  add i t iona l  procedure ,  wh ich  p roved  useful  in t he  p l e s e n t  and  
in o the r  work,  is based  on t he  u n e x p e c t e d  f inding t h a t  t h e  pu r ine s  aden ine  and  guan ine  m a y  be 
s epa ra t ed  f rom the  py r imid ines  b y  w h a t  can  be considered as  real  adso rp t ion  c h r o m a t o g r a p h y  on 
filter paper ,  w i th  wa te r  as t he  sole so lven t  . T he  D N A  h y d r o l y s a t e  was  p repa red  in the  u sua l  m a n n e r  
wi th  cone. formic  acid 11 and  appl ied  to  t he  top  of a s t r ip  of filter p a p e r  (Schleicher a n d  Schuell ,  
No. 597), w i th  t he  longer  edge (at leas t  60 cm) para l le l ing t h e  w a t e r - m a r k s  of the  paper .  The  lower 
por t ion  of t he  s t r ip  was  w o u n d  in to  a roll held t o g e t h e r  b y  pape r  clips, so t h a t  t he  pape r  f i t ted in to  
t he  c h r o m a t o g r a p h y  a s s e m b l y  n o r m a l l y  employed  13. Af t e r  neu t ra l i za t ion  of the  d ispensed  h y d r o l y s a t e  
w i th  gaseous  a m m o n i a ,  c h r o m a t o g r a p h y  was  carr ied ou t  w i th  wa te r  or w i th  o .oi  M p h o s p h a t e  buffer  
of p H  7.1 as t h e  solvent .  A sufficient  s epa ra t ion  was  ach ieved  wi th in  a b o u t  165 m i n u t e s  a t  r oom 
t e m p e r a t u r e .  W i t h  a m i x t u r e  of adenine ,  guan ine ,  cytos ine ,  and  t h y m i n e ,  t he  py r imid ine  zone was  
found  to  t r ave l  a b o u t  twice as fas t  as t he  pu r ine  zone. Fol lowing t he  locat ion of t he  s epa ra t ed  a reas  
by  m e a n s  of a su i tab le  u l t rav io le t  l amp,  t he  zone con ta in ing  t he  pu r ines  was  cu t  off, t h e  r e m a i n i n g  
s t r ip  was  unrol led  and  t he  py r imid ines  s epa ra t ed  f rom each  o the r  b y  c h r o m a t o g r a p h y  in t he  u sua l  
fash ion  18. 

Composition 
Table  I p r e sen t s  t he  ana ly t i ca l  resu l t s  on t he  c o n t e n t s  of i nd iv idua l  pu r ines  and  py r imid ine s  

in the  D N A  p repa ra t i ons  e x a m i n e d  here.  T he  f igures are  ave rages  based  on be tween  3 a n d  io  inde-  
p e n d e n t  hydro lys i s  e x p e r i m e n t s  and  on a large n u m b e r  of ind iv idua l  de t e rmina t ions .  The  m a n n e r  
of p r e s e n t a t i o n  of t he  d a t a  follows t h a t  adop t ed  p rev ious ly  11,12,14. 

DISCUSSION 

T h e  q u a l i t y  o f  t h e  D N A  p r e p a r a t i o n s  w a s  f a i r l y  s a t i s f a c t o r y ,  w i t h  t h e  e x c e p t i o n  

o f  t h e  D N A  o f  t h e  h y d r o g e n  o r g a n i s m  Bac i l l u s  Schatz ,  w h i c h  w a s  n o t  a n a l y z e d  a s  t h e  

h i g h l y  p o l y m e r i z e d  p r o d u c t .  W o r k  i n  t h i s  l a b o r a t o r y ,  a s  y e t  u n p u b l i s h e d ,  h a s ,  h o w e v e r ,  

y i e l d e d  n o  i n d i c a t i o n s  t h a t  t h e  d e p o l y m e r i z a t i o n  o f  a D N A  b y  a l k a l i  t o  n o n - d i a l y z a b l e  

* The  r ecen t ly  pub l i shed  p rocedure  for r idd ing  D N A  of pen tose  nucleic  acid 9 was  n o t  y e t  
ava i lab le  a t  t he  t ime  th i s  work  was  carr ied ont .  

** This  m e t h o d  ha s  been found  of va lue  for t he  c h r o m a t o g r a p h i c  de tec t ion  of t race  c o m p o n e n t s  
and  has ,  for ins tance ,  been ut i l ized r ecen t ly  for t he  e s t i m a t i o n  of 5 - m e t h y l c y t o s i n e  in t h e  D N A  of 
Paracentrotus lividus 12. I t  also is useful ,  w h e n  to t a l  D N A  h y d r o l y s a t e s  are to be  t e s ted  for t he  presence  
of uracil ,  wh ich  o therwise  is ove r shadowed  b y  adenine .  
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TABLE I 
D N A ' S  O F  S E V E R A L  M I C R O O R G A N I S M S ;  M O L A R  P R O P O R T I O N S  A N D  R E L A T I O N S H I P S  

Source of preparation 

Serratia Bacillus Hemophilus 
Influenzae, marcescens Sehatz Type c 

Moles per mole t s 
Adenine o.18o o.173 0.296 
Guanine 0.237 o.253 o.169 
Cytosine o.278 o.281 o.182 
Thymine o.i75 o.162 0.280 

P accounted for, % P in hydrolysate 87,o 86.9 92. 7 

Molar ratio 
Adenine to guanine o,76 0.68 1.75 
Thymine to cytosine o,63 0.58 1.54 
Adenine to thymine 1,o 3 1.o 7 1.o6 
Guanine to cytosine 0-85 0.9o 0.93 
Purines to pyrimidines o.92 0.96 i.oi 
Amino groups to enolic hydroxyls 1.69 1.7o 1.44 

fragments is at tended by appreciable changes in the proportions of the constituents. 
The figures reported here may  be considered as representative of the composition of 
the DNA's  under examination, the more so, since contamination with pentose nucleic 
acid had been reduced to insignificant levels. 

The three DNA specimens are good examples of two of the main types of DNA 
encountered so fa11,15: the infrequent "GC type"  (represented by the DNA's of Serralia 
and the hydrogen organism) and the much more prevalent "AT type"  (here repr~ented  
by the Hemophilus DNA). Quite apart  from differences in the proportion: of individual 
nitrogenous constituents, which appear to be characteristic of the species furnishing 
the paltieular DNA TM, and from regularities governing the composition of all DNA's 
analyzed is, the majori ty seems to belong to a class in which adenine and thymine 
exceed guanine and cytosine by  35 to 9o%. In the case of microbial DNA's, this "AT 
type"  is represented by  the Hemophilus DNA described here, by the DNA of yeast s 
and that  of Pneumococcus, Type 11117. An intermediate type, containing all bases in 
nearly equimolar quantities, has been found in several strains of E. coli14,15, TM. The 
"GC type" ,  containing larger amounts of guanine and cytosine than of adenine and 
thymine, is exemplified by the DNA of different strains of tubercle bacilliZ, TM and by 
two of the DNA prepalations discussed in the present communication. I t  is worthy of 
mention that  until now only microorganisms have yielded representatives of all three 
types. I t  is, however, clear tha t  the correlation between the composition and the 
biological functions of a DNA and the taxonomy and phylogeny of the species from 
which it is derived will not be possible without supplementary methods of investigation, 
whether they aim at distinction by  physical means (compare TM) or by  analysis of the 
nucleotide sequence. 

We should like to express our appreciation to Miss BERTA GANDELMAN AND Mr. 
LEONARD KERIN for help in some of the experiments. 
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S U M M A R Y  

The  isolat ion of t he  de soxypen t o se  nucleic  ac ids  of three  mic roorgan i sms ,  viz. Serratia marcescens, 
a f acu l t a t i ve ly  au to t roph i c  h y d r o g e n  o rgan i sm  Bacillus Schatz, a n d  Hemophilus influenzae, t ype  c, 
is described.  The  compos i t i on  of these  s u b s t a n c e s  w i t h  respec t  to  t he  c o n t e n t s  of adenine ,  guanine ,  
cytosine ,  a n d  t h y m i n e  was  de t e rmi ned ;  th i s  led to the i r  classif icat ion in regard  to  t he  D N A  types  
to wh ich  t h e y  belong.  A procedure  for the  s epa ra t i on  of t he  pu r ines  aden ine  and  guan ine  f rom the  
pyr in i id ines  cy tos ine  and  t h y m i n e  by  adso rp t ion  c h r o m a t o g r a p h y  on filter p a p e r  wi th  wa t e r  as t he  
so lven t  has  been developed.  

RI~SUMI~ 

Les  a u t e u r s  d~cr ivent  le mode  d ' o b t e n t i o n  des  acides d6soxypen tosenuc l6 iques  de t rois  micro-  
o rgan i smes ,  Serratia marcescens, Bacillus Schatz (organisme f a c u l t a t i v e m e n t  au to t rophe)  e t  Haemo- 
philus influenzae, t y p e  c. L a  d 6 t e r m i n a t i o n  de la t e n e u r  de ces s u b s t a n c e s  en  ad6nine,  guan ine ,  
cy tos ine  et  t h y m i n e  p e r m e t  leur  g r o u p e m e n t  pa r  r a p p o r t  au  t y p e  d ' ac ide  nucld ique  auque l  elles 
a p p a r t i e n n e n t .  Le proc6d6 de s6para t ion  des pu r ines  (adenine et  guanine)  des py r imid ine s  (cytosine 
et  t hymine )  en solut ion aqueuse  pa r  adso rp t ion  c h r o m a t o g r a p h i q u e  sur  pap ie r  filtre es t  d6crit .  

Z U S A M M E N F A S S U N G  

Die ]3erei tung der  D e s o x y p e n t o s e n u k l e i n s g u r e n  aus  drei Mik robens t i immen ,  ngml i ch  Serratia 
marceseens, Bacillus Schatz (einem f a k u l t a t i v  a u t o t r o p h e n  Wasse r s to f fo rgan i smus )  u n d  Haemophilus 
influenzae, T y p u s  c, wird geschi lder t .  Die q u a n t i t a t i v e  B e s t i m m u n g  des Geha l tes  dieser V e r b i n d u n g e n  
an  Adenin ,  Guanin ,  Cytos in  u n d  T h y m i n  e rm6gl ich te  ihre G r u p p i e r u n g  in Bezug  au f  die Nukleins~iure- 
t ypen ,  denen  sie angeh6r t en .  Die T r e n n u n g  der  Pu r ine  Aden in  u n d  G u a n i n  yon  den  P y r i m i d i n e n  
Cytos in  u n d  T h y m i n  in rein wiisseriger L 6 s u n g  mi t t e l s  A d s o r p t i o n s c h r o m a t o g r a p h i e  au f  F i l t r ie rpapier  
wird beschr ieben.  
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