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B e h a v i o u r a l  D i f f e r e n c e s  B e t w e e n  N a t i v e  D N A  
a n d  D e n a t u r e d  D N A  

Nat ive  (N-)DNA der ived f rom dif ferent  sources in ter-  
acts  wi th  a va r i e ty  of cat ionic compounds  to  form a clot, 
f ibrous or of o the r  format ions .  Polyanions  such as d e x t r a n  
sulphates ,  po lyphospha tes ,  po lye thy lene  su lphonates ,  
RNA,  double  s t r anded  RNA,  single s t r anded  DNA, hea t  
dena tu red  (D-)DNA etc., however ,  in te rac t  d i f fe rent ly  
by  forming a s imple p rec ip i ta te  (ppt) or granular  p p t  or 
exhib i t ing  t u rb id i t y  (td). Such a difference be tween  
N - D N A  and  o the r  anionic polye lec t ro ly tes  has no t  been  
repor ted  in the  l i te ra ture  ~-~. I t  was of in teres t ,  therefore ,  
to make  a s t u d y  of the  complexes  of D N A  wi th  basic 
compounds .  D N A  was used in a concen t ra t ion  of 0.2 
mg/ml  in s t a n d a r d  c i t ra te  saline. The concen t ra t ion  of 
aqueous solut ions of the  var ious  polyanions  (Na salts) as 
also of m a n y  of t he  basic compounds  (as the i r  salts) was 
1 mg/ml.  The weakly  in te rac t ing  cat ionic compounds  
were, however ,  employed  in higher  concen t ra t ions  of 10 
mg/ml  or more.  The t es t  was pe r fo rmed  by  add ing  an 
equal  volume or more  of a basic compound  to a convenien t  
volume of N - D N A  or any  o the r  polyanion.  A gent le  
shaking evinced a clot  w i th  the  former,  bu t  t d / p p t  w i th  
the  la t ter .  The sens i t iv i ty  of de tec t ion  for D N A  of 5 /~g 
was comparab le  wi th  the  me thods  a l ready known except -  
ing the  osci l lopolarographic t echnique  a. 

The clot  or p p t  formed in a sys tem was sub jec ted  as 
such to the  dissolving act ion of KC15 (0.5-3.0M) to find 
out  the  t i t re  or b inding  s t r e n g t h  of the  in te rac tan t s .  Fo r  
dissolving KCl-insoluble complexes  of DNA wi th  acri- 
f lavine (Acr), to luidine  blue (TB), me thy lene  blue (MB), 
cinchonidine,  decame thy lene  d i i so th iouronium (DDIT) 
etc., the  cent r i fuged clot or  p p t  was t r ea ted  wi th  the  de- 
complexer ,  10M urea or 5 -10% deoxychola te .  A com- 
plete dissolut ion was effected by  gradual  addi t ion  and 
occasional sc ra tch ing  with a fine spa tu la  for 24 h or more  
in the  cold. The aff ini ty  of these  compounds  for DNA may  
be assumed to be much  h igher  t h a n  t h a t  of the  former  
group. This m a y  be due to the  opera t ion  of forces in 
addi t ion  to the  p r im a ry  e lect ros ta t ic  in te rac t ions  in the i r  
format ion.  F r o m  a dissolved complex  involving a dye, 
the  la t t e r  was quan t i t a t i ve ly  ex t rac ted  wi th  n -bu tano l  in 
order  to de te rmine  the  a m o u n t  f rom its s t anda rd  curve. 

Since the  a m o u n t  of a dye  bound  by  N- or D - D N A  was 
found  to be prac t ica l ly  the  same, i t  appears  t h a t  the  
n u m b e r  of b inding  sites for the  dye on the  D N A  molecule 
does no t  undergo percept ib le  a l te ra t ion  on hea t  dena tu ra -  
t ion.  

The order  of re la t ive  b ind ing  s t r e n g t h  of some basic 
c o m p o u n d s  forming KC1 soluble complexes  wi th  D N A  
has  been  found  to be as follows: poly-L-lysine > pro t -  
amine  > h is tones  > < d i m e t h y l  ce ty l  su lphon ium > 
ce ty l  py r id in ium (CPB) > v iomyc in  > neomyc in  > poly-  
m y x i n  > lysozyme > k a n a m y c i n  ~ spermine  > di- 
h y d r o s t r e p t o m y c i n  ,-, ECo(NH3),~+8. Of t he  2 forms of the  
c o m p o u n d  6, leo (en)2C12]§ (en = e thy lenediamine) ,  only  
the  cis form produced  a clot wi th  N-DNA.  Among  the  di- 
m e t h y l  alkyl  su lphoniums  and  the  polyamines ,  t he  affin- 
i t y  for  D N A  increased progress ive ly  f rom the  lower  to the  
h igher  homologues.  This p r o p e r t y  is analogous to  the  
p ro tec t ion  afforded to DNA b y  po lyamines  agains t  hea t  
d e n a t u r a t i o n  and breakage  by  h y d r o d y n a m i c  shear  7. 

Thus,  if acridines,  h is tones  and po lyamines  are endowed 
wi th  the  p ro p e r t y  of p ro tec t ing  v-9 D N A  and  also of clot  
format ion ,  one m a y  infer  t h a t  some of the  c lo t - forming  
compounds  such as basic ant ibiot ics ,  basic dyes, alkaloids, 
d iamidines ,  me ta l  complexes  n, DDIT ,  lysozyme,  cyto-  
ch rome  c, polybasic  amino  acids etc. m a y  exh ib i t  a pro-  
tec t ive  effect  towards  DNA. 

The b inding  s t r eng th  (affinity) of the  2 forms of D N A  
for a r ep resen ta t ive  group  of basic c o m p o u n d s  shows 3 
p a t t e r n s :  (a) N - D N A  > D - D N A  (onium salts  of n i t rogen 
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Recovery of N-DNA from its mixtures with D-DNA 

Basic compound Amounts of N- and D-DNA in a system in/~g 

System I 

Ns0 + Dloo 

DNA in the clot a,/*g 

Systeln I I System I I I 

Ns0 + Dso N100 + I)50 

DNA in the clot, ]~g DNA in the clot, ~g 

1. CPB, 1 mg/ml 50 128 (+ 28) N-DNA lost in the ppt or as non-workable 
small bits or thready mass 

2. Protalnin, 1 mg/ml 58 (+ 16) b 77 (+ 54) 140 (+ 40) 

3. Acriflavine, 1 mg/ml I35 (+ 170) 95 (+ 90) 141 (+ 41) 

4. Cobalt complex, 5 mg/ml As in CPB. The loss was, however, greater 12 (-- 76) 60 (-- 40) 
[Co(NHa)6]C1 a and recovery impossible 

a The clot after its separation from the system was dissolved in a drop or two of 0.1 N NaOH and warmed after adding M KC1 solution. The 
volume was made up with the latter and the amount of DNA determined eolorimetrically by BURTON'S method TM. b For compounds 1-3, 
the values in parenthesis indicate the amount of D-DNA which is co-precipitated and it is expressed as % of the N-DNA initially present 
in the system. For compound 4, however, the values in parenthesis represent the loss of the N-DNA expressed as % of the N-DNA initially 
present in the system. 
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a n d  su lphur ) ,  (b) N - D N A  ~ D - D N A  (Act  a n d  hemoglo-  
bin,  p H  3.5) a n d  (c) N - D N A  < D - D N A  (MB, TB).  DiG 
fe ren t  modes  of b i n d i n g  of N- and  D - I ) N A  wi th  t he  
va r ious  ca t ionic  c o m p o u n d s  can  be in fe r red  f rom this .  
D i f fe ren t  b i n d i n g  p a t t e r n s  of D N A  h a v e  also beelt  re- 
p o r t e d  b y  o t h e r  i n v e s t i g a t o r s l ~  us ing  t echn iques  qu i te  
d i s t i nc t  f rom the  p r e s en t  one. As ev i den t  f rom the  Table ,  
t he  inf luence  of D - D N A  on t he  clot  f o r m a t i o n  b y  N - D N A  
is cond i t i oned  b o t h  b y  t h e  n a t u r e  of t h e  ca t ion ic  com-  
p o u n d  a n d  the  p r o p o r t i o n  of t he  two  forms  of D N A  in t h e  
sys tem.  

The  u l t r a son i ca t ed  D N A  (N 2 a tmosphe re ,  12 Kcs, 2.5 A, 
60 rain)loses i ts  c lo t - fo rming  ab i l i t y  to  d i f fe ren t  e x t e n t s  
as t e s t ed  w i t h  d i f fe ren t  bas ic  compounds .  T he  c h a n g e  is, 
however ,  d ras t i c  a n d  fas t  in  a n  a t m o s p h e r e  Of air. 

The  u n i q u e  b e h a v i o u r  of c lot  f o r m a t i o n  b y  N - D N A  m a y  
be  due  to  i ts  h igh  v i scos i ty  as well  as large  ex tens ion  in 
space of i ts  molecules  as c o m p a r e d  to  o t h e r  p o l y m e r s : L  
P r e l i m i n a r y  e x p e r i m e n t s  w i t h  some of t h e  sys t ems  indi-  
ca te  t h a t  D N A  is r ecoverab le  f rom t he  clots.  LERMAN : ha s  
r epo r t ed  t he  r ecove ry  of N - D N A  f rom i ts  complexes  w i t h  
acr id ines  14. 

ZusammenJassung. Es  wird  ein Tes t  angewende t ,  de r  
n a t i v e  u n d  d e n a t u r i e r t e  D N S  u n t e r s c h e i d e n  liisst. E r  

b e s t e h t  au f  e iner  V e r k l u m p u n g  n a t i v e r  I ) N S  bet  Zugabe  
y o n  ka t i on i s i e r t en  Stoffen,  wS.hrend d e n a t u r i e r t e  D N S  
n u r  eine Tr i ibung ,  r e spek t ive  e inen  Niedersch lag  gibt .  
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Glyc ine  M e t h o x y a m i d e ,  Acyc l i c  A n a l o g  of Cyc lo-  
ser ine  

There  has  been  cons iderab le  specu la t ion  on  t he  molecu-  
la r  m e c h a n i s m  b y  which  cycloser ine (1) i nh ib i t s  c e r t a i n  
enzymes  in microbiological  sys t ems  :. T he  f o r m a t i o n  of a 
Schiff  base  w i t h  p y r i d o x a l  followed b y  open ing  of t he  
i soxazol idonc  r ing  are t he  p r inc ipa l  s teps  in  t he  p roposed  
m e c h a n i s m .  I t  seemed,  therefore ,  of i n t e r e s t  to  syn thes ize  
t he  acycl ic  ana log  of cycloserine,  glyciue m e t h o x y a m i d e  
(GMA) (2), to  d e t e r m i n e  w h e t h e r  the  i soxazol idone  r ing  
was necessa ry  to  an t ib io t i c  ac t iv i ty .  GMA does  n o t  a p p e a r  
in  t h e  chemica l  l i t e ra tu re ,  b u t  was read i ly  syn thes i zed  b y  
t h e  p rocedure  of KNOBLER 2 e t  al., u s i n g  glycine N-car -  
bon ic  a n h y d r i d e  a n d  m e t h o x y a m i n e .  The  pur i f ied  p r o d u c t  
of th i s  r eac t ion  showed  no a c t i v i t y  aga ins t  29 r ep resen ta -  
t ive  bac te r i a ,  fungi  a n d  yeasts ,  d e m o n s t r a t i n g  c lear ly  t h a t  
t h e  r ing  is necessa ry  for biological  ac t iv i ty .  

] / N H ~  CH 3 CH2_NH ~ 
[ I ~ 

O - , N / ~  O O ~ N / C ~  O 
H H 
(1) (2) 

The  s t r u c t u r e  of GMA was e s t ab l i shed  b y  e l e m e n t a l  
analysis ,  IR- ,  UV-  a n d  NMR-spec t roseopy .  The  solid- 
s t a t e  I R - s p e c t r u m  of GMA showed m a j o r  b a n d s  a t  6.1 
(C--O), 6.22 (N-H) ,  6.52 (amide I I )  and  9 . 4 4 #  (C-O). M u c h  
h y d r o g e n  b o n d i n g  of t he  ~-amino  group  was ind ica t ed  b y  
b r o a d  a b s o r p t i o n  in  t he  3.0-4.0/z region. These  resul t s  are 
c o n s i s t e n t  w i t h  those  of EXNER 3, bu t ,  in  our  opinion,  do 
n o t  s u p p o r t  e i t he r  t h e  amide  (3) or imide  (4) s t ruc tu re .  

U V  da ta ,  ~t Meoft = 214 (log e, 3.07), 2 2 2 n m  (log e, 3.38), 
was s imi la r  to  t h a t  for cycloser ine a n d  N M R  peaks  in 
N a O D / D 2 0  a p p e a r e d  a t  d 3.72 ( -O-CH3) a n d  3.35 ( - C H , - )  
w h i c h  are  c o n s i s t e n t  w i t h  t h e  s t ruc tu re .  T h e  expec ted  

p a r a m a g n e t i c  shi f t s  to  ~ 3.78 and  3.55 occur red  w h e n  t he  
so lu t ion  was acidif ied w i t h  t r i f luoroace t ic  acid. 

H2N-.- ....... H tt2N .......... I-I 
I I I I 

I t~C~-c /N~-oCH3  H 2 C ~ c / O  

Ii [ 
O N~OCtIa  

(3) (4) 

I t  seemed p e r t i n e n t  to  c o m p a r e  t he  ion iza t ion  con-  
s t a n t s  a n d  m e t a l  b i n d i n g  af f in i t ies  of GMA w i t h  those  of 
cycloser ine  s ince large differences  in  these  p roper t i e s  
m i g h t  a c c o u n t  for  t he  dif ference in  biological  a c t i v i t y  
be tween  these  two  compounds .  I n  our  hands ,  cycloserine 
showed p K a  va lues  of 4.53 ( - C O N H O - )  a n d  7.31 (-NH~) 
in a g r e e m e n t  w i t h  those  r epo r t ed  b y  NEILANDS ~. GMA, 
however ,  was m u c h  less acidic t h a n  cycloserine,  h a v i n g  
7.20 ( - C O N H O - )  and  9.51 (-NH2) p K a  values.  This  large 
difference of 1.8 p K  uni t s  in t he  ac id i ty  of t he  cyclic a n d  
acyclic a l k o x y a m i d e s  is qu i t e  surpr is ing.  The  f la t  cyclo- 
ser ine rilag 5 u n d o u b t e d l y  s tab i l i zed  t he  a n i o n  b y  facili- 
t a t i n g  over lap  of t he  n i t r ogen  p-e lec t rons  wi th  the  car-  
b o n y l  group,  t h u s  inc reas ing  t he  ac id i ty  a lmos t  one 
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