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Chromatographic fractionation of the transformin 9 principle 
of the pneumococcus* 

Studies  on the  genet ic  t r a n s f o r m a t ions  of bac te r i a  by purified deoxyr ibonuc l ea t e  which have  
been carr ied out  h i the r to  have  ut i l ized specimens  frmn the  ent i re  DNA po<d e x t r a c t e d  from the 
donor  cells. P r e s u m a b l y  only  a small  p a r t  of th is  ma te r i a I  is ac t ive  in the t r a n s f o r m a t i o n  of any  
single character .  The presen t  paper  d e m o n s t r a t e s  a c h r oma t og raph i c  technique,  in pr inc ip le  s imi lar  
to t h a t  employed  by BROWN AND \VATSON 1 tl) p rov ide  an a p p a r e n t  f rac t iona t ion  ~)f DN:\ ,  by means  
of which pneumococcal  DN. \  m a y  be resolved into reproducib le  f ract ions  which exhib i l  p ronounced  
differences in the i r  a c t i v i t y  for t r a n s f o r m a t i o n  to s t r e p tomyc i n  resis tance.  

The donor  s t ra in  of s t r e p t o m y c i n - r e s i s t a n t  pneumococcus  is grown in the presence of r ad ioac t ive  
phospha t e  izi a complex  med ium (Difco hea r t  infus ion- t ryptose)  which has  in i t i a l ly  been freed of 
phospha t e  by passage  at  pH 2 th rough  a co lumn of Amber l i t e  IR-45 (acet-'ate). The ha rves t ed  ceils 
are lysed, p rec ip i t a t ed  with alcohol, redispersed in saline, and depro te in ized  by t r e a t m e n t  wi th  
sodium lauryl  sul fa te  and  shak ing  with chloroform. "File final p r epa ra t i ons  consis ted of from seven ty -  
five to n ine ty -seven  percen t  I)NA, the  r ema inde r  being largely  RNA. 

C h r o m a t o g r a p h y  is carr ied out  by  g rad i en t  e lu t ion  on a co lumn cons is t ing  of m e t h v l a t e d  bovine  
serum a lbumin  2 mixed  with t w e n t y  pa r t s  of Celite. DNA is app l ied  in a small  vo lume of o. ~ 3I saline, 
buffered near  neu t ra l i ty ,  and is q u a n t i t a t i v e l y  bound at  the  top of the  column.  The ma te r i a l  is then  
washed  with a buffered solut ion of an a pp rop r i a t e  sa l t  (e.g.,  o. Io  ,11 NaC1) below its  e lu t ing  concen- 
t ra t ion .  The fluid which cont inues  to percola te  t h rough  the column is g r a d u a l l y  fortified wi th  a 
s lowly r is ing concen t ra t ion  of the same sa l t  or u second salt .  \ \ :here  two different  sa l t s  have  been 
employed,  the i r  p ropor t ions  have  been regu la ted  so as to m a i n t a i n  a c o n s t a n t  to ta l  ionic s t r eng th .  
A cont inuous  recording of the  r a d i o a c t i v i t y  of the  etI luent  fluid provides  a de ta i l ed  c h r o m a t o g r a p h i c  
p a t t e r n  of the  e luted DNA. The effluent is col lected ill Successive hal f -ml  fractions, which are precipi-  
t a t ed  wi th  e thy l  alcohol and re-dissolved in s ter i le  sal ine for assay of t r ans fo rming  ac t iv i ty .  

When  only  sufficient DNA is added  to a c o m p e t e n t  cu l tu re  of I o T to J(¢ cel ls /ml  to t r ans fo rm 
a t  mos t  Io a cells/ml to s t r e p tom yc in  resis tance,  the number  of cells ac tua l ly  t r ans fo rmed  under  
the  cond i t ions  employed  is p ropor t iona l  to the a m o u n t  of DNA added.  The number  of cells t r ans -  
formed per  uni t  DNA, as measured  by the  a2p ac t iv i ty ,  is t a k e n  as an index  of t i le  specific t r an s fo rmi ng  
a c t i v i t y  of each fract ion.  For  the assay, o.I ml of each fraction,  af ter  su i tab le  di lu t ion,  is added  
to  one ml of a cu l tu re  of sens i t ive  cells which haxe  been grown four to five hours in the  presence of 
o.2 % bovine  serum a lbumin  and chil led to 23: for fifteen minu tes  a. After  ten minu te s  i ncuba t ion  
at 37 :, the  cu l tures  are chi l led in ice and  an a l iquo t  p la ted  in s()ft blood agar.  The p la tes  are i ncuba t ed  
at  least  an hour  and  then  over la id  wi th  th ree  ml of soft agar  con ta in ing  two  mg s t r ep tomyc in .  1)ark 
colonies su r rounded  by d i s t inc t  halos  or ig ina te  from each of ti le t r ans fo rmed  cells, and may  eas i ly  
tie counted  af ter  t w e n t y  hours incuba t ion .  No such colonies are found in the absence of t r an s fo rmi ng  
DNA when as m a n y  as IOs cells are p la ted.  

A su rvey  of the  e lu t ing  proper t ies  of several  sa l t s  revea led  cons iderable  v a r i a t i o n  in the  m i n i m u m  
concen t ra t ion  necessary  to in i t i a t e  elution,  depend ing  on the  na tu re  of both  anion and cat ion.  The 
anions form a typ ica l  Hofmeis t e r  series, such its is found for their  b ind ing  to p ro te ins :  the ca t ion  
effects, however,  are n l u c h  hlrger t h a n  those  seen with prote ins  4. The q u a t e r n a r y  a l n n l o n i u n l  salt ,  
choline chloride, even at  a concen t ra t ion  of 3 31, fails to dissocia te  the DN.X-protein complex  to 
any  s ignif icant  ex tent ,  while dissocia t ion by sodium chlor ide is near ly  comple te  below i 31. It  is 
possible, therefore,  to e lu te  the 1)N:\ a t  a cons t an t  ionic s t rength ,  us ing a g rad i en t  in which e i ther  
t i le  &nion or the cat io l l  r en la i l l s  c o n s t a n t ,  while a ca t ion  or &n ai l ion  which is r e l a t ive ly  ineffect ive 
for e lut ion is exchanged  for an efIeetive one. C h r o m a t o g r a p h y  has been carr ied out  in both ways  
by pa i r ing  choline percMora te  with sodium perch lora te  and pa i r ing  sodium caeody la te  with sod ium 
percfi lorate.  The da ta  pe rmi t  the conclusion t h a t  the format ion  of a complex  between DNA and 
the  basic prote in  displaces ca t ions  and anions, respect ively ,  bound to each, and t h a t  e lu t ion  is 
de te rmined  not  by the ionic s t r eng th  of the  med ium bu t  by the compe t i t i on  of i ts  ions for the inter-  
ac t ing  charged si tes of both the DNA and protein.  

.\ typ ica l  ch roma tog ra in  ob ta ined  by s imple  e lut ion wi th  a sodium perch lo ra te  g rad i en t  (lmffered 
at  pf-I ~).7 with o.ol .11 phospha te )  is shown in Fig. I A. At 24.o ml the pe rch lo ra te  concen t r a t i on  
is o.it)8 3 I ,  and is increas ing con t inuous ly  by O.Ol I .~[ with each subsequen t  ml. Similar  resu l t s  are 
ob ta ined  by the o ther  e lut ion techniques .  Some v a r i a b i l i t y  in p a t t e r n  is found a m o n g  different  DNA 
prepara t ions .  Fig. 1 B shows the  resul t  of r e -app l ica t ion  to  the  same column of the  DNA collected 
wi th in  the  shaded zone of [A. Similar ly,  Fig. iC  shows the  repe t i t ion  of c h r o m a t o g r a p h y  of DNA 
from the  shaded zone of 1 B. These figures d e m o n s t r a t e  the  ac tua l  segrega t ion  of or iginal  DNA into 
more homogeneous  ~omponents  which re ta in  the i r  c h r o m a t o g r a p h i c  iden t i ty  t h r o u g h o u t  repea ted  
f rac t iona t ions .  

* Aided by" a research con t rac t  with the  Divis ion of Biology and  Medicine of the  Atomic  Energy  
Commiss ion and an in s t i t u t iona l  g r an t  from the  D a m o n  R u n y o n  Fund.  
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Fig. I. The ch romatography  of DNA 
by gradient elution with sodium per- ~ 20~ 
chlorate (containing o.oi M. phospha te  
buffer, p H  6.7). A: Crude DNA from 
pneumococcus;  B: Repeated chromato-  .~ C 
graphy of the fraction collected within , . ,  6C 
the shaded zone of ch romatogram A; 
C: Repeated ch romatography  of the frac- ~ 30 
tion collected within the shaded zone of " 
ch romatogram B. The salt concentra-  
t ions of fractions corresponding to the ~, 
same volume of effluent in A, B, and .a 
C are equal within an error of less than  a~ 
difference between successive fractions. 
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Data  comparing the t ransforming activity and the DNA content  as measured by  the 32p activity 
of selected fractions f rom the experiments  shown in Figs. i A and i B are given in Tables I A and I B. 
Corresponding data  for another  ch romatogram of somewhat  differently prepared material  are given 
in Table II .  These figures demonst ra te  t ha t  the specific t ransforming activity of the best fraction 
obtained is twice tha t  of the original unfract ionated material, and the ratio of activities of the most  
and least active fractions is at least ten, and in some experiments,  about  fifteen. Although only 
a rough computa t ion  of the total  recovery of t ransforming activity can be made, it indicates no 
detectable loss. 

While it is evident t ha t  a pronounced fractionation of t ransforming activity has been achieved, 
together  with some degree of purification of the most  active DNA, these exper iments  do not  elucidate 
the basis of the separation.  I t  has been shown ~,S tha t  the salt concentrat ion required to dissociate 
DNA f rom histone complexes varies as the ratio of the sums of the adenine + thymine  content  

TABLE I 

F R A C T I O N A T I O N  O F  P N E U M O C O C C A L  DNA: R E P E A T E D  C H R O M A T O G R A P H Y  

A: First  passage through column (chromatogram shown in Fig. Ia) 

Unfrac. 
a. Fraction number 26 29 32 36 DNA 
b. Cells trans/ormed by a s tandard  

dilution of each fraction I IO 317 265 62 226 
c. D N A  content 145 861 1527 444 5o5 
d. Specific trans/orming activity 3.o3 1.46 0.69 0.56 1.42 

B: Second passage th rough  column; r echromatography  of fraction 27 from the set given above 
(chromatogram shown in Fig. Ib) 

a. Fraction number 36 38 4 ° 
b. Cells trans/ormed by a s tandard  

dilution of each fraction 320 91 19. 4 
c. D N A  content lo8.2 92.0 27. 5 
d. Specific trans/orming activity 2.96 0.98 0-77 

Unfrac. 
DNA 

94 ° 
563 

1.66 

Fraction number designates the posit ion of the fractions in the sequence of 0. 5 ml fractions 
collected, numbered  from an a rb i t ra ry  s tar t ing point.  

Cells trans/ormed is the num ber  of colonies formed in the presence of s t reptomycin  from a 
0.2 ml aliquot of a I ml culture to which had been added o.i ml of appropr ia te ly  diluted DNA. 

D N A  content is given by  the am oun t  of 3zp in each fraction in counts/sec/ml and the amoun t  
of DNA 32p in the unfract ionated material .  

Specific trans/orming activity is the number  of cells t ransformed per uni t  DNA. 



1~4  SHORT t't)MMUN1CATI()NS, I'I(FA,IMINARY N()TES VIII.. 18  (I()55) 

T.\HIA'; 11 

I"RA('I;IONATION Ol; I'NEUMOCOCCAL I ) N , \  

U,/racl .  
Fracli(m ~zumber 3 t 33 36 3,~; l)N.q 

a. Cells trans/ormed by 1o '2 d i lu t ion  480 ~ ~i 
b. Cells lra~zs/ormed by to 3 d i lu t ion  154 51 ,s -t 
c. DN.4 co~zle~z! 17.(~ to.O 7.53 7.4 o 
d. ?;pecific tr(o~s/ormintz aclivity 43.7 24.o .5-72 4. t3 

Jo 3 
20.0 
27.3 

to t h a t  of guanine  } cytosine.  In view of the  close r e l a t ionsh ip  be tween  the  c h r o m a t o g r a p h i c  and  
the  s imple  d issocia t ion  processes, it m a y  be p re sumed  t h a t  the  same change  in r a t io  of the  bases  
ob ta ins  f rom the  f ront  to  the  rear  of the  c h r o m a t o g r a p h i c  zone. Never theless ,  the  evidence  is in- 
sufficient to favor  the s imple  hypo thes i s  t h a t  each genet ic  un i t  of DNA reaches  a cha r ac t e r i s t i c  
ch roma tog raph i c  pos i t ion  because  of a pa r t i cu l a r  and  charac te r i s t i c  ra t io  of bases in i ts  molecule .  
I t  is also possible t h a t  the  posi t ion and  base ra t io  reflects:  differences in some as ye t  u n c h a r a c t e r i z e d  
s t a t e  of var ious  t ypes  of D N A ;  differences in degree of deg rada t i on ;  differences in e x t e n t  of irre- 
vers ible  associa t ion  a m o n g  the  genet ic  un i t s  (va ry ing  leng ths  of ch romosome segments) .  E x p e r i m e n t s  
designed to  c lar i fy  some of these  poss ibi l i t ies  are in progress.  

IA~YONARI) ~. HERMAN 
DepctrlmeJ# o/ Biophysics*,  lZlorc~ce R. Sabi~t Laboratories, 
U~tiversity o~ Colorado 31edical ('e~lter, l )e,ver,  Colo. (()'.S.:t.) 
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* Con t r ibu t ion  No. 32. 
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The biosynthesis of methionine from homocysteine and 
methylmethionine sulfonium salt* 

The microbio logica l  a c t i v i t y  o f  m e t h y l m e t h i o n i n e  su l fonium sa l t  (MMS) has been repor t ed  by 
M c R o m E  el a l ) .  I t  was  found t h a t  th is  c o m p o u n d  can  replace  the  me th ion ine  r equ i r emen t  of some 
s t r a ins  of m e t h i o n i n e  a u x o t r o p h s  of E. coll. Since the  su l fonium de r iva t i ve  was as much  as th ree  
t imes  as effective as me th ion ine  in s u p p o r t i n g  g rowth  of these  m u t a n t s ,  i t  was sugges ted  t h a t  MMS 
serves  a role more  comple x  t h a n  s imple  convers ion to meth ionine .  SCHL~ENK AND DFPALMA 2 have  
shown t h a t  MMS in c o m b i n a t i o n  w i t h  homocys t e ine  suppor t s  g rea te r  p roduc t ion  of m e t h y l t h i o -  
adenosine  in Touulopsis ulilis t h a n  could be accoun ted  for by  s imple  convers ion  to  meth ionine .  I t  
seemed of in teres t ,  therefore ,  to t es t  the  a b i l i t y  of MMS and  homocys t e ine  to rep lace  the  me th ion ine  
r e q u i r e m e n t  of a u x o t r o p h s  of ..lerobacler aerogenes which can ut i l ize  m e t h y l t h i o a d e n o s i n e  in  the  
b iosyn thes i s  of me th ion ine  a,*. M e t h y h n e t h i o n i n e  su l fonium iodide was  p repa red  accord ing  to  the  
p rocedure  of TOENNIES AND KOLB 5. All o the r  c o m p o u n d s  used were commerc ia l  p roduc ts .  I3oth 
h o m o c y s t e i n e  and  MMS were s ter i l ized  by  f i l t ra t ion.  

A s u m m a r y  of t yp i c a l  resu l t s  is p resen ted  in Table  I. I t  can  be seen t h a t  MMS alone would 
not  s u p p o r t  g rowth  of e i ther  me th ion ine  a u x o t r o p h  62 or 68. H o m o c y s t e i n e  p e r m i t t e d  less t h a n  
half  m a x i m a l  g rowth  of bo th  cul tures .  However ,  the  c o m b i n a t i o n  of MMS and  homocys t e i ne  per- 
m i t t e d  g r o w t h  nea r ly  equal  to t h a t  of equ imo la r  concen t r a t i ons  of meth ion ine .  I t  is i n t e r e s t i ng  t h a t  
bo th  cu l tu res  r e sponded  well to  the  two  c o m p o u n d s  a l t h o u g h  on ly  a u x o t r o p h  68 can  u t i l ize  me t hy l -  
t h ioadenos ine  as well  as meth ion ine .  Prolonged i ncuba t ion  up  to  96 hours  or the  use of v e r y  h e a v y  
inocula  d id  no t  affect the  p a t t e r n  of resul ts .  No g rowth  occurred in the  presence of cys te ine  and  MMS. 
This  is in c o n t r a s t  to the  e x p e r i m e n t s  of STEKOC 6 who found t h a t  th i s  c o m b i n a t i o n  would  p e r m i t  
g rowth  of r a t s  on a meth ion ine-def ic ien t  ra t ion .  

* \Vork pe r fo rmed  under  the  auspices  of the  U . S .  Atomic  E n e r g y  Commission.  


