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Recen t ly  much  work  has  been carr ied out  on the  composi t ion  of bac te r i a l  nucle ic  
acids  (CHARGAFI~ et al.l,2; SMITH AND WYATT3). I t  has  been found, however ,  t h a t  t he  
isolat ion of pure  nucleic acids  from bac te r i a l  cells is a r a the r  difficult opera t ion .  The  
classical sa l t  ex t r ac t ion  and  d i lu t ion  technique  of MIRSKY AND POLLISTER 4 has  no t  
found genera l  app l i ca t ion  in the  field of bac te r i a l  nucleic acids  due to  the  fact  t h a t  
m a n y  bac te r i a l  nucleoprote ins  could no t  be p rec ip i t a t ed  from solut ion in I M sodium 
chloride b y  d i lu t ion  wi th  wa te r  (CHARGAFF AND SAIDEL 1, OVEREND, STACEY', WEBB AND 
UNGARS). The  m e t h o d  of HAMMARSTEN e has been used to isola te  nucleic ac id  f rom 
Mycobacterium phl6i (SNELLMAN AND WIDSTROM;), bu t  in the  presen t  work  this  p rocedure  
gave gela t inous  prec ip i ta tes  which were worked  wi th  difficulty. The presen t  i nves t i ga t i on  
was carr ied  out,  therefore,  in order  to  devise for the  isolation,  under  mi ld  condi t ions ,  
of bac te r i a l  nucleic acids, a new m e t h o d  which migh t  be more  convenien t  and  of wider  
app l ica t ion  t han  those  used a t  present .  A shor t  account  of such a m e t h o d  has a l r eady  
been pub l i shed  (JoNEss); this  communica t ion  gives deta i l s  of the  procedure  adop ted .  

E X P E R I M E N T A L  

Source o/ organisms 
Mycobacterium tuberculosis (human strain). This was a mi~ed strain kindly supplied by "The 

Ministry of Agriculture and Fisheries Veterinary Laboratories, W0ybridge". The cells were removed 
from the culture medium and were immediately extracted with u roa at 37 ° C. 

Mycobacterium phlei SOhn. (National type culture collection). The organism was grown on the 
following complex medium. Lab. lemco, 1%; Oxoid bacteriological peptolm, i ~ ;  sodium chloride, 
0. 5 % and glycerol 5 %. The cells were harvested after 6-1o days incubation at 37 ° C. 

Sarcina lutea was grown on solid complex medium of the following composition: Lab. lemco, 
i % ; Oxoid bacteriological peptone, i % ; sodium chloride, o.5 % ; glucose, 2 % and agar, 2 %. Cells 
were harvested after 48 hours incubation at 37 ° C. 

Analytical methods 
Nitrogen estimations were carried out by the micro-Kjeldahl method of MA AND ZUAZAGA 9 

using the distillation apparatus of MARKHAM 10. Phosphorus was estimated by the method of JoNEs, 
LEE AND PEACOCKE 11. Pentose estimations were carried out by the method of EULER AND H a H N  TM 
using a purified sample of yeast nucleic acid as standard. 

Extraction o~ nucleic acids/rom bacterial cells 

In  the  case of Myco. tuberculosis, the  cells were read i ly  ex t r ac t ed  wi th  s a t u r a t e d  
aqueous  urea  solut ion a t  37°C  (BALDWIN, ILAND, GILBERT AND JONES13). The  urea  
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extract contained only a small amount of nucleic acid, but, upon re-extraction of the 
cell residues remaining after urea extraction, with water at o ° C, a considerable pro- 
portion of the nucleic acid diffused into solution. The aqueous extraction of urea- 
extracted cells of Myco. tuberculosis provided a convenient method for obtaining nucleic 
acid from this organism. This effect of urea extraction was not obtained with Myco phlei 
or Sarcina lutea, however, and nucleic acid could only be extracted from intact cells of 
these organisms by relatively drastic methods, such as extraction with sodium cholate 
at 60 ° C (HENRY AND STACEY 14, JONES, MUGGLETON AND STACEy15). These organisms 
were therefore disintegrated by shaking with glass beads, prior to their extraction with 
dilute sodium citrate or sodium arsenate at o ° C. 

Precipitation o/the Bacterial Nucleoproteins 
Since the nucleoproteins of the three organisms used in this work, were not pre- 

cipitated by the dilution of a I M sodium chloride solution, other methods for the 
precipitation of the nucleoprotein were tried. They were easily precipitated by adjusting 
the solutions to pH 4.5, but  it was considered to be desirable to avoid the use of acid 
conditions due to possible degradation of the nucleic acids. The precipitate which was 
obtained by the addition of calcium chloride solution was difficult to separate, but  it 
was found that  copper sulphate gave a nucleoprotein-containing precipitate with which 
it was convenient to work. Using the latter reagent as a precipitant for the nucleo- 
protein, the following method was employed to isolate the nucleic acid from Myco. phlai. 

Living cells of Myco. phlei (dry weight 1.4 g), disintegrated in the presence of sodium 
citrate (o.I M) were extracted at o ° C with o.I M sodium citrate, pH 7.5 (200 ml) for 
48 hours. The cell debris was removed (Sharpies super centrifuge), the supernatant 
liquid treated with ethanol (3 vols) and the fibrous material thus precipitated, removed 
mechanically. The granular material was collected at the centrifuge, redissolved in I M 
sodium chloride and ethanol (3 vols) added when a further quanti ty of fibrous material 
was obtained. This material was dissolved in I M sodium chloride, purified by repre- 
cipitation with ethanol, the fibres collected, redissolved in I M sodium chloride, and 
2 % copper sulphate solution added until precipitation was complete. The precipitate 
was removed at the centrifuge, washed with water, dissolved in I M ammonium chloride 
(adjusted to pH 8 with 0.2 M borate buffer, pH 9) (3 ° mi) and dialysed against the same 
solution until no more copper was removed. The solution was centrifuged and to the 
supernatant liquid (35 ml) there was added ethanol (3 vols). The fibrous material was 
collected, dissolved in I M sodium chloride and protein removed by repeated shaking 
with chloroform and octanol (9 : I), The nucleic acid was precipitated from the aqueous 
solution by the addition of ethanol (3 vols), redissolved in distilled water, the solution 
dialysed against distilled water until free from sodium chloride, and dried from the 
frozen state. The nucleic acid was obtained as a slightly green fibrous product (39 mg) 
which had N, I I . I  % ; P, 6.2 % and pentosenucleic acid, 13.4%. 

This method was effective for the isolation of bacterial nucleic acids, but  it was 
found to be extremely difficult to remove the copper by dialysis. Furthermore, the 
analytical data indicated that  there was present a considerable amount of impurity in 
the final product. 

The most convenient method for the precipitation of bacterial nucleoproteins was 
found to be by the use of the cationic detergent, cetyltrimethylammonium bromide 
(Cetavlon). The complex formed by this substance with nucleoproteins was insoluble in 
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dilute salt solutions (<  0. 3 M) but  soluble in I M sodium chloride. Thus this complex 
could be purified by repeated precipitation from solution in I M sodium chloride by 
dilution with water. This reagent has been used to precipitate the nucleoproteins of 
Myco. tuberculosis, Myco. phlei, and Sarcina lutea and thus to isolate the nucleic acids 
from these organisms. 

The isolation o] nucleic acid/rom Myco. tuberculosis 

Myco. tuberculosis (ca. I kg of moist cells) was extracted with urea at 37 ° C for 
several days. The urea extract was removed and the residual cells extracted repeatedly 
with water. To the combined extracts (3 litres), 2 % Cetavlon solution was added until 
precipitation was complete. The precipitate was removed, dissolved in I M sodium 
chloride (3oo ml) and the viscous solution diluted with two volumes of water. The fibrous 
precipitate was separated at the centrifuge and redissolved in I M sodium chloride. 
This procedure was then repeated a further three times. Protein was removed by shaking 
the solution of the nucleoprotein-Cetavlon complex in I M sodium chloride, with chloro- 
form and octanol (9:1) until no more protein-chloroform gel was formed. This process 
simultaneously removed the Cetavlon. The nucleic acid was then precipitated with 
ethanol, dissolved in I M sodium chloride, and reprecipitated with ethanol. The fibrous 
precipitate was washed with 85 % ethanol (5 times), to remove most of the sodium 
chloride, dissolved in distilled water and the solution dialysed against distilled water 
at o ° C. Upon freeze-drying, the nucleic acid was obtained as a white fibrous solid 
(4oo rag) which contained N 13.5%; P, 7.9% and pentosenucleic acid, 32.2%. 

The isolation o] the nucleic acid o/Myco, phlei 

Cells of Myco. phlei (dry weight 14 g) were disintegrated in the presence of sodium 
arsenate (o.oi M) by shaking a thick suspension of the organisms with ballotini glass 
beads (o.8-1 mm dia.) for 3 hours. The solution was diluted ten times and allowed to 
stand at o ° C for 24 hours. The suspension was decanted from the glass beads and solid 
Cetavlon added with stirring until precipitation was complete. The precipitate was 
washed with water and purified by four reprecipitations from I M sodium chloride 
solution by dilution with water. The complex was finally dissolved in I M sodium 
chloride and the protein, cell debris and Cetavlon removed by repeatedly shaking the 
solution with chloroform and octanol (9:1). The nucleic acid was precipitated by the 
addition of ethanol (3 vols.), redissolved in I M sodium chloride, reprecipitated with 
ethanol, sodium chloride removed by repeated washing with 85 % ethanol (ca. 15 times) 
and the NA dissolved in distilled water. The solution was freeze-dried to give a white 
fibrous product (200 rag) containing N, 12.2 %; P, 7.6 % and pentosenucleic acid, ix.2 %. 

The isolation o/ the nucleic acid o] Sarcina lutea 

Cells of Sarcina lutea (dry weight, 16.4 g) were disintegrated by shaking with glass 
beads, extracted with sodium arsenate solution and the nucleoproteins precipitated with 
Cetavlon as previously described. The nucleoprotein was purified by repeated repre- 
cipitations from I M sodium chloride solution by dilution with water and the solution 
treated with chloroform and octanol in the usual way. The nucleic acid was precipitated 
and reprecipitated from I M sodium chloride solution, with ethanol, the precipitate 
washed with 85 % ethanol, and dissolved in distilled water. The solution was dialysed 
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against distilled water  and freeze-dried to give the nucleic acid as a white solid (23o mg) 
N, I2 .o%;  P, 7.3%; pentosenucleic acid, 59%. 

Es t ima t ion  o /Cetav lon  in nucleic acid preparations 

The amount  of Cetavlon remaining in the nucleic acid preparations was estimated 
by  microbiological assay. The bacteriostatic activity of Cetavlon (I: 256,000) against 
Staphylococcus aureus in a nutrient broth medium containing 4 % sodium chloride was 
found to be unaffected by  the presence of o.I % nucleic acid which had been isolated 
without the use of Cetavlon. A o.1% solution of the nucleic acids isolated by  the 
Cetavlon method was without bacteriostatic activity against staphylococcus aureus, 
thus indicating that  there was less than 0.4% Cetavlon in the nucleic acid preparation. 

The reaction o[ acidic polysaccharides wi th  Cetavlon 

Acidic polysaccharides are frequently found in bacterial cells and as these substances 
may precipitate with Cetavlon it was possible that  they would occur as impurities in 
the nucleic acids isolated by  the above method. I t  was of interest, therefore, to investi- 
gate the action of Cetavlon on certain acidic polysaccharides. The results recorded in 
Table I were taken immediately after dilution of the solutions. After standing for 
several hours at o ° C precipitates slowly formed in some solutions which hitherto had 
been clear. 

TABLE I 

Pptn .  with 
Polysaccharide Cctavlon 

Pptn .  when ~ M NaCl  solution of  
complex was diluted to - -  

(a) o 3 Molar  (b) o.r Molar  

Rhizobium radicicolum + - -  + 
Azoterbacter cr6ococcum + - -  ~- 
PneumOCoccus type II + - -  - -  
Gum arabic - -  I I 
Arabic acid + - -  + 
Starch giycollate + ~: + 
Gum tragacanth + - -  --- 
Luteic acid + - -  - -  
Quince gum + - -  + 
Sodium alginate + + + 

DISCUSSION 

The bacterial nucleic acids isolated by  the use of Cetavlon were white, fibrous 
substances which gave highly viscous aqueous solutions. I t  did not appear, therefore, 
tha t  the method of isolation had caused any e~ttenslve degradation. I t  was interesting 
to note tha t  the. mmleoproteias of the  bacte2ia examined were soluble in dilute salt 
solutions ( <  0.3 M) thereby differing f r m n  the desoxyperrtosenucleoproteins of certain 
higher organisms such as  :herring roe,  calf  thymus  and  wheat germ. The Cetavlon com- 
plexes of the  bactexial, nucteoImoteins were ~insolub~e in flitute sodium chloride solution 
but  soluble in I M sodium c l f l~de .  In  i lds  respect, ,thexeiote, the Cetavlon-bacterial 
nucleoprotein complex was rather  similar! to the desoxypentosenucleoproteins of animal 
tissues. 
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Nucleoproteins were not the only substances found in a bacterial extract which 
were precipitated by Cetavlon; a great many acidic polysaccharides were readily 
precipitated by this reagent. The Cetavlon complexes of most of the polysaccharides 
differed from those of the nucleoproteins in being soluble in 0.3 M sodium chloride. 
Therefore, much polysaccharide material was removed from the precipitated nucleo- 
protein by repeated reprecipitation at 0.3 M sodium chloride concentration. I t  may be 
noted, however, that  the nucleic acids isolated by the above method had rather low 
nitrogen and phosphorus values. Therefore, they may have still contained polysaccharide 
impurities. Work in progress at present has resulted in the separation of carbohydrate 
material from these nucleic acids. 

Many of the nucleic acids isolated from bacterial sources gave low nitrogen and 
phosphorus values, e.g. desoxypentosenucleic acid from avian tubercle bacilli (N, IO.6%, 
13.3 % ; P, 6.3 %, 7.4 %) (CHARGAFF AND SAIDEL 1 ; VISCHER, ZAMENHOF AND CHARGAFF TM) 
and desoxypentosenucleic acid of Haemophilus pertussis (OVEREND, STACEY, WEBB AND 
UNGAR 5) (N, lO.83%; P, 6.36% ). I t  appears, therefore, that  certain bacterial nucleic 
acids are contaminated with impurity such as polysaccharide, or that  the composition 
of these nucleic acids differs from that required for the accepted polynucleotide structure. 
Thus, although the nucleic acids isolated b y  the use of Cetavlon may still contain 
impurities, the method compares favourably with any existing mild method for the 
isolation of bacterial nucleic acids. The Cetavlon method has the great advantage of 
simplicity and appears to be of fairly general application. 

I t  was apparent that  both desoxypentosenucleoproteins and pentosenucleoproteins 
were precipitated by Cetavlon as the nucleic acids isolated were in all cases mixtures 
of the two types. The pentosenucleic acid content of the final product varied quite 
widely in different preparations from the same organism. This was probably due to the 
fact that  no attempt was made to ensure that  all the cells were harvested at the same 
phase of growth for each preparation. A method for the separation of the two types 
of nucleic acid is described in the following paper. 

The author wishes to thank Professor M. STACEY, F.R.S. for his interest in this 
work, Mr K. G. HIGGINS for technical assistance, and the Medical Research Council 
for financial assistance. 

S U M M A R Y  

Nucleic  ac ids  h a v e  been  isola ted f rom Myco. tuberculosis, Myco. phlei and  Sarcina lutea by  a 
new mild m e t h o d .  The  nuc leopro te ins  were e x t r a c t e d  f rom d is in tegra ted  cells of t he  organisms ,  or 
in t h e  case of Myco. tuberculosis f rom u r e a - e x t r a c t e d  cells, and  t h e n  prec ip i ta ted  wi th  ce ty l t r ime thy l -  
a m m o n i u m  b romide  (Cetavlon).  T h e  Ce tav lon-nuc leopro te in  complex  was  dissolved in i M sod ium 
chloride and  reprec ip i t a ted  by  d i lu t ion  wi th  two v o l u m e s  of water .  Th i s  pur i f icat ion procedure  was  
repea ted  severa l  t imes .  T he  p ro te in  a n d  Ce tav lon  were r emoved  by  repea ted ly  s h a k i n g  a solutior~ 
of t he  complex  in i M s o d i u m  chlor ide w i t h  ch loroform and  oc tanol  (9 : i). The  nucleic  acids  were 
ob ta ined  as whi te  f ibrous solids wh ich  were m i x t u r e s  of desoxypentosenuc le ic  acid and  pentosenucle ic  
acid. 

Rt~SUMt~ 

Des acides nucMiques  on t  6t6 isoMs pa r  une  m6thode  douce nouvelle ,  ~ pa r t i r  de Myco. tuberculosis 
Myco. phlei et  Sarcina lutea. Les  nucMoprot~ines  f u r en t  ex t ra i t e s  de cellules d~sint6grdes ou, dans  
le cas  de Myco. tuberculosis, de ceUules ex t ra i t e s  A l 'urde;  elles fu ren t  ensu i te  pr~cipit6es pa r  le b r o m u r e  
de c ~ t y l - t r i m 6 t h y l - a m m o n i u m  (Cetavlon) .  Le Gomplexe nucl~oprot6ines-Cetavlon,  d i ssous  dans  une  
solut ion I M de chlorure  de sod ium,  a dt~ reprbcipit~ p a r  d i lu t ion  avec  d e u x  vo lumes  d 'eau .  Ce 
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proc6d6 de pur i f ica t ion  a 6t6 r6p6t6 p lus ieurs  lois. L a  pro t6 ine  et le Ce tav lon  ont  6t6 61imin6s pa r  
ag i t a t i on  r6p6t6e de la so lu t ion  du  complexe  d a n s  du chlorure  de sod ium I M avec u n  m61ange 
ch lo roforme-oc tano l  (9: i). Les  acides nucl6iques ,  o b t e n u s  sous  forme de solides b lancs  fibreux, 
6 ta l en t  des  m61anges d 'ac ides  d6soxypen tose -  e t  pen tosenucMique .  

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

Es  w u r d e n  Nuk le i n s~u ren  aus  Myco. tuberculosis, Myco. phlei und  Sarcina lutea mi t  einer neuen  
mi lden  Methode  isoliert.  Die Nukleopro te ine  w u r d e n  ex t r ah i e r t  aus  ze rs tb r ten  Zellen der  Organ i smen  
oder,  im Fal l  yon  Myco. tuberculosis, aus  m i t  Ha rns t o f f  ex t r ah ie r t en  Zellen u n d  d a n n  mi t  Cetyl-  
t r i m e t h y l a m m o n i u m b r o m i d  (Cetavlon) gef~illt. Der  Ce t av lon -Nuk leop ro t e inkomplex  wurde  in I M 
N a t r i u m c h l o r i d  au fge lbs t  u n d  d u r c h  Ve rd i i nnung  mi t  zwei V o l u m e n  W a s s e r  wieder  ausgef/illt .  Dieses 
R e i n i g u n g s v e r f a h r e n  w u r d e  mehre re  Male wiederhol t .  Das  Pro te in  und  das  Ce tav lon  wurde  du rch  
wiederho l tes  Scht i t te ln  einer  L b s u n g  des  K o m p l e x e s  in i M Na t r i umch lo r id  mi t  Chloroform und  
Ok tano l  (9 : I) en t fe rn t .  Die Nukle ins l iu ren  w u r d e n  als weisse faserige Massen  erhal ten ,  die Mischungen  
yon Desoxypen to senuk l e i n s i i u r e  u n d  Pentosenukle ins~iure  darstel len.  
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