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Studies on the composition and structure of nucleic acids in which this laboratory 
has been engaged 1-a served to direct early attention to the unusual composition of 
several desoxypentose nucleic acids (DNA) of microbial origin *-7. Whereas, regardless 
of individual differences, all DNA preparations of animal and plant origin examined 
so far belonged to the "AT  type"3, v, three examples of the existence of a "GC type"  
of DNA, in which guanine and cytosine were the major nitrogenous constituents, were 
provided by DNA samples derived from microolganisms6, 7. Other microbial species have, 
however, been shown to yield DNA of the "AT  type"e,s; and no rationalization of the 
meaning of these difference., is as yet  possible. The present paper describes the isclation 
and composition of DNA of three different strains of E. coli; it piovides evidence of 
the existence of a DNA type intermediate between the two main types mentioned 
before; it presents a good example of the remarkable constancy of composition of DNA 
contained in what may  be considered as three strains of the same species. Previous 
results on E. coli DNAg, 1° will be discussed below. 

EXPERIMENTAL 
Material 

Three s t ra ins  of Escherichia coli were used: (i) Strain K- I2  n ,  obtained f rom the Depa r tmen t  
of Microbiology, Yale Universi ty;  (2) Strain UQ TM, kindly supplied by  Dr  M. U. DIANZANI Of the 
Univers i ty  of Genoa; (3) the  thymine-requi r ing  m u t a n t  No. 11117 (American Type Culture Col- 
lection), produced by  the irradiat ion of E. coli No. 9723 (American Type  Culture Collection)13,14. 
A strain isolated here from cultures of this mu tan t ,  obtained th rough  the courtesy of Dr  R. R. Ic{OEPKE 
Of the American Cyanamid Company,  Stamford,  Conn., served for the exper iments  and will be 
referred to as " thymine less" .  

The organisms were cul t ivated at  37 ° on 2 % "Bac to  Nut r ien t  Agar"  (Difco) in Roux  bott les 
(15o ml of agar  per  flask). In  the  case of the thymineless  strain, this medium was supplemented 
by  io }, of t hymine  per  ml of agar. In  a typical  experiment ,  ~ 24 hr  cul ture in 86 bott les  was rinsed 
off the surface wi th  2 liters of o.I M sodium citrate (pH 7.3) ; the cells were recovered by  eentr ifugat ion 
at  I9oo × g for one hour,  washed three to five t imes wi th  ioo ml por t ions  of the same buffer, and 
collected by  centr i fugat ion at  18,ooo X g for 3 ° minutes.  The sediment  (25 g wet  weight) was stored 
in the  frozen state  at  - 1 5  ° for no longer than  48 hours  before being processed. 

Preparation 
All operat ions were carried out  in the cold. One exper iment  will be described. The frozen cells 

were ground in a mortar ,  in 5 to 12 g port ions,  for 3 ° minutes  wi th  equal weights  of washed pyrex  
powder  (diameter 3/~). The crushed mater ia l  was  suspended in io ml of o.i M sodium citrate buffer 
of p H  7.3 and the mix tu re  centrifuged a t  18,ooo × g for one-half hour.  The white  threads,  produced 

* This  work  has been suppor ted  by  research grants  f rom the Nat ional  Ins t i tu tes  of Health,  
Uni ted States  Public Hea l th  Service, and f rom the Rockefeller Foundat ion .  
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b y  t he  in jec t ion  of t he  s u p e r n a t a n t  in to  3 v o l u m e s  of 9o~o e thanol ,  were washed  wi th  9 o %  and  
s tored  in 95 % alcohol.  The  s e d i m e n t  p roduced  by  the  cen t r i fuga t ion  was  re -ex t rac ted  for 24 to 
48 hour s  wi th  3o ml  of IO°/o aqueous  s o d i u m  chloride, w h e n  more  fibers prec ip i tab le  wi th  e thano l  
were ob ta ined .  Six more  ex t r ac t i ons  wi th  decreas ing  v o l u m e s  of s o d i u m  chloride solut ion were 
pe r fo rmed .  The  so lu t ion  of t he  combined  f ibrous prec ip i ta tes  in 3 ° m l  of lO% aqueous  NaC1 was  
freed of p ro te in  b y  t en  t r e a t m e n t s  wi th  chloroform-pentanol lS.  The  crude  f ibrous DNA,  p roduced  
by  prec ip i ta t ion  wi th  e thanol ,  was  dissolved in 24 ml  of o.14 M aqueous  sod ium chloride and  freed 
of c o n t a m i n a t i n g  pen tose  nucleic  acid b y  t r e a t m e n t  wi th  Nor i t  in t he  r ecen t ly  pub l i shed  a r range-  
m e n t  16. Dia lys is  of the  solut ion aga ins t  r u n n i n g  t a p  wa te r  and  ice-cold disti l led water ,  each for 
24 hours ,  and  lyophi l iza t ion  yielded t he  sod i um sa l t  of DNA,  17 m g  of a whi te  fluff readi ly  soluble 
in wa t e r  to  give a clear, ve ry  v iscous  solut ion.  
Results 

The  mic roprocedures  for t he  e s t i ma t i on  in the  final D N A  p repa ra t i ons  of to ta l  DNA,  pen tose  
nucleic  acid, and  pro te in  were a d a p t a t i o n s  of p rev ious ly  used  m e t h o d s  wh ich  will be descr ibed on 
a la ter  occasion.  Hydro lys i s  was  carr ied ou t  in concen t r a t ed  formic acidlL Separa t ion  and  ana lys i s  
of ind iv idua l  pu r ines  and  py r imid ines  were pe r fo rmed  in t he  a r r a n g e m e n t  descr ibed recentlvlS, and  
t he  c o m p u t a t i o n s  were based  on t he  quan t i t i e s  of p h o s p h o r u s  in the  hydrolysateslg,a0.  Prel~aration 
K - I 2  con ta ined  6. 5 ~o of P, 75 ~o of DNA,  when  compared  wi th  a s t a n d a r d  preparat ionlT,  and  less 
t h a n  i ~o of pen tose  nucleic  acid. T he  cor respond ing  f igures for P r epa ra t i on  U Q  were 7-4, 85, 1.7 ~o ; 
for P r epa ra t i on  " T h y m i n e l e s s " ,  7.3, 85, less t h a n  I ~o- The  p ro te in  c o n t e n t  of all p r epa ra t i ons  lay  
below 2. 5 ~o. The  compos i t ion  of t he  D N A  p repa ra t i ons  wi th  respec t  to t he  d i s t r ibu t ion  of ind iv idua l  
pu r ines  and  py r imid ine s  is s u m m a r i z e d  in Table  I. E a c h  figure r ep resen t s  t he  ave rage  of th ree  
i n d e p e n d e n t  hydro lys i s  e x p e r i m e n t s  and  of 24 to 36 single de t e rmina t ions .  The  conven t ions  adop ted  
for t he  p resen ta t ion ,  in the  s ame  table,  of the  charac te r i s t i c  mola r  re la t ionsh ips  have  been d iscussed 
in p rev ious  publicationslT,lS,21. 

T A B L E  I 
D N A  O F  E. coli; 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  

Preparation 

K-za UQ Thymineless 
Moles per  mole P - -  

Aden i ne  
G u a n i n e  0"247 0"24o 0"227 

o.236 0.234 o.215 
Cytos ine  o.239 o.239 0.229 

T h y m i n e  0.227 0.224 o.221 

P accoun t ed  for, % P in h y d r o l y s a t e  94-9 93.7 89.2 

Molar  ra t io  
Aden ine  to  guan i ne  I.O5 i .o  3 i .o 5 
T h y m i n e  to cy tos ine  o.95 o.94 0.97 
Aden ine  to  t h y m i n e  I .o9 1.o 7 1.o 3 
G u a n i n e  to cy tos ine  o.99 o.98 o.94 
Aden ine  to  cy tos ine  I.O 3 I.OO o.99 
Pur ines  to  py r i mi d i ne s  I.O 4 I.O2 0.98 
A m i n o  g roups  to enolic h y d r o x y l s  1.56 1.56 1.54 

DISCUSSION 

The quality of the DNA preparations examined here was satisfactory; the most 
troublesome contaminant, pentose nucleic acid, was reduced to insignificant amounts* 
In the recent past, E. coli DNA appears to have been analyzed twice. WYATT 9 reported 
figures that  indicated a composition differing considerably from the one indicated by  
the present study. The distribution of purines and pyrimidines (in moles per IOO moles P) 
was: adenine 23, guanine 20.3, cytosine 25.5, thymine 3o. Shortly after the pleliminary 
presentation of our results 3, however, an independent study of SMITH AND WYATT l0 
arrived at figures for the DNA of E. coli, mutant  B/r, which are in good agreement 

* R e c e n t l y  pub l i shed  figures22 on t he  pu r i ne  and  py r imid ine  c o n t e n t  of E. coli cells c a n n o t  be 
ut i l ized for a cons idera t ion  of D N A  composi t ion ,  s ince th ree  of t h e  n i t rogenous  c o n s t i t u e n t s  are  
con t r i bu t ed  by  bo th  t y p e s  of nucleic  acid. 
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with the results submitted here. One must conclude that DNA of E. coli possesses 
unusual features: the four nitlogenous constituents, adenine, guanine, cytesine, and 
thymine, are plesent in nearly equimolal amounts. This is in contrast to the composition 
of the DNA's found until now in other species. The specimens from E. coli represent, 
in fact, the first instance where the formulation of a "statistical tetranucleotide", though 
devoid of any meaning when applied to a high polymer, would find some justification, 
at least on analytical grounds. 

I t  is noteworthy that  three different strains of the same species, varying as to 
origin and biochemical characteristics, yielded DNA preparations that resembled each 
other so closely with respect to their composition. I t  is remarkable that the constancy 
of DNA composition held true even of the strain unable to synthesize thymine, which 
was cultivated in the presence of an about 5o-fold excess of thymine as compared with 
the quanti ty necessary for optimal growth. 

SUMMARY 

The isolation and composi t ion of desoxypentose nucleic acid prepara t ions  from three different 
s trains of E. coli are described. All specimens resembled each other  very  closely wi th  respect  to the 
relative amoun t s  of adenine, guanine, cytosine, and thymine.  The purine and pyrimidine composi t ion 
was unusual  and distinguished these subs tances  f rom all o ther  DNA's  encountered so far: all nitro- 
genous const i tuents  were found in nearly equimolar  amounts .  

RI~SUMt~ 

Les au teurs  dScrivent le mode d 'ob ten t ion  et la composit ion de prGparations d'acide dGsoxy- 
pentosenucl~ique de trois souches diff3rentes de E. coll. Toutes  les prSparat ions contenaient  environ 
les m~mes quanti t~s relatives d'ad~nine, de guanine, de cytosine et de thymine.  Les subs tances  en 
quest ion se dis t inguent  de t o u s l e s  acides d~soxypentosenuclGiques prGcGdemment dGcrits par  la 
r~part i t ion peu commune  de purine et de pyrimidine:  en effet, t o u s l e s  cons t i tuan ts  azotGs s 'y  
t rouven t  en quantitGs app rox ima t ivemen t  ~quimolGculaires. 

Z U SA MME N FA SS UNG 

Die Hers te l lung und Zusammense tzung  von Pr~iparaten von Desoxypentosenukleins~ure  aus 
drei verschiedenen St~immen von E. coli werden beschrieben. Alle lPr~iparate enthiel ten fast  dieselben 
relat iven Mengen von Adenin, Guanin, Cytosin und Thymin.  Die ungewGhnliche Purin-  und 
Pyr imidinver te i lung unterschied die hier besprochenen Substanzen von allen anderen bisher be- 
schriebenen Desoxypentosenukle ins~uren:  alle N-halt igen Bestandteile fanden sich in fast  ~iqui- 
molekularen Mengen. 
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