
16 Br6ves communications - Kurze Mitteilungen EXPERIENTIA XX[1 

taken from the data  of FREDERICQ et al.S, The bot tom 
two lines are regression lines calculated for the values 
which fall upon them. The mathematical  formulae for 
these lines are: 

(Ep260 h = 11500-- 2325 (G+ C) 
(Ep260)z = 6965 (G+ C) + 3595 
(Ep260)s = 6250 (G + C)+ 2970 

where (G+ C) is the mole fraction of guanine+ cytosine. 
Almost all the points on line II  represent samples desig- 
nated by the authors as DNA, and the 'goodness of the fit '  
of the line is sufficient to conclude tha t  the samples falling 
upon it correspond to what  is generally termed 'native 
DNA'.  All the points on line I I I  represent samples desig- 
nated as DNP or DNA which have been inadequately de- 
proteinized. I t  has already been mentioned tha t  a sample 
designated as D N P  may, by appropriate treatments,  give 
a value characteristic of DNA. 

The most likely cause of the hypochromism of DNA is 
the formation of hydrogen bonds between complimentary 
base pairs by dipole interaction 15. The hydrogen bond b e -  
tween adenine and thymine, as postulated by "WATsoN 
and CRICK le differs considerably in strength from tha t  
between guanine and cytosine, which would lead one to 
expect that  the Ep of native DNA would vary as a linear 
function of the base composition. Tha t  is to say, each of 
the two types of base pairs should contribute to the hypo- 
chromism in proportion to the strength of its hydrogen 
bond. The hypochromism is represented by the increment 
between line i and the observed values on lines 2 or 3. I t  
is largest for a polymer consisting entirely of adenine and 
thymine residues and gradually diminishes as the G +  C 
content increases. The extrapolated value for a polymer 
consisting entirely of guanine and cytosine residues is 
identical to its constituent nucleotides. One would predict 
from these data  tha t  helix formation would not occur 
under these conditions between polyguanylate and poly- 
eytidylate.  (Polyguanylate has thus far defied synthesis 
in vitro.) This does not necessarily exclude the existence 
of a guanine-cytosine hydrogen bond, but  its existence in 
the absence of some structural  integrity conferred by 
presence of the nucleoprotein or by adjacent  adenine- 
thymine bonding seems unlikely. 

There has been a controversy for some time as to which 
base pair was most stable. MARMUR and I.)OTY 3 presented 
evidence tha t  DNAs of high G +  C content have higher 
melting transitions than DNAs of low G +  C content and 
interpreted this observation as indicating the guanine- 
cytosine bond to be stronger. This interpretation was 
challenged by SCHUSTER 17 who found the guanine and 
cytosine residues of native DNA reactive to nitrous acid 
but  not the adenine or thymine residues--evidence for a 
more stable adenine-thymine bond. DEVoE and TiNoco 15 
derived mathematical  equations from the dipole moments 
of the constituent bases which indicated that  in water an 
adenine-thymine helix is more stable relative to the coils 
than is a guanine-cytosine helix. Evidence presented here 

from the evaluation of molar extinction coefficients cor- 
roborates the conclusions of SCHUSTER ~ and of DEVoE 
and T m o c o  ~5, but  does not explain the melt ing behavior 
observed. I t  has generally been assumed tha t  the melt ing 
transitions are a sole consequence of the separation of 
hydrogen bonded base pairs. This assumption has already 
been shown to be faulty by the melting transition of 
deuterated DNA 18. The substi tution of deuterium for 
hydrogen in proteins and polypeptides results in a signifi- 
cant change in their thermal transitions, as one would 
predict upon theoretical grounds, but  the melting transi- 
t ion of deuterated DNA is vir tually identical to tha t  of 
the hydrogen containing species. Stabilizing forces other 
than hydrogen bonding must be involved. GEIDUSCHEK 
and HERSKOVlTS t° have suggested stable hydrophobic 
'nuclei '  as a result of local regions of high base content  of 
the stronger of the two base pairs (which they assumed to 
be guanine+cytos ine  rather than adenine-l-thymine) 
while KIRBY s believes tha t  small proteinatious units are 
bound to DNA by chelation of metal  ion with the purine 
bases. Both of these theories are compatible with our 
results. The consistently lower Eps found with DNAs 
which have been inadequately deproteinized and the diffi- 
cul ty  in obtaining a completely deproteinized preparation 
of high G +  C content  (e .g .M.  lysodeikticus, 72% G +  C) 
certainly indicates that  some protein is tenaciously bound 
to DNA by extraordinarily stable bonds, while the nature 
of the variat ion of Ep with base content  supports the con- 
tention tha t  regions high in adenine + th?maine are further 
strengthened by the formation of guan ine+cytos ine  
bonds. 

Zusammen/assung. Die ~nderung des molaren Ext ink-  
tionskoeffizienten nattirlicher Desoxyribonucleinsi£uren 
wurde untersucht in Abhlingigkeit der Basenzusammen- 
setzung. Aus den experimentellen Befunden wird ge- 
schlossen, dass die Wasserstoffbindung zwischen Cytosin 
und Guanin im Doppelhelix schwach ist und in w~issriger 
L6sung ohne die stabilisierende Wirkung benachbarter  
Adenin-Tyminbindungen nicht vorliegt. Die mit  der 
Nucleins£ure verbundenen Proteine liefern einen zns~itz- 
lichen Stabilisationsfaktor zur Guanin- und Cytosin- 
bindung. 
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The Degradation of Deoxyribonucleic Acid 
b y  L-Cysteine and the Promoting E f f e c t  of  Metal 

Chelating Agents and of Catalase 

I t  is known tha t  mercapto compounds can exhibit  a pro- 
oxidative effect 1 which is ascribed to the formation of 
hydrogen peroxide during their autoxidation 2. Heavy  
metal  salts are apparently powerful catalysts for the 

autoxidation of mercapto compounds 3. In the experi- 
ments described, the pro-oxidative effect of cysteine and 
of cysteamine towards iron containing sodium deoxyribo- 
nucleinate was tested and the influence of metal  chelating 
agents and of catalase on tfle lat ter  effect was investi- 
gated. 

In the Figure, results of experiments are presented 
which were carried out with a 0.07% w/v aqueous solution 
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of D N A * .  T h e  d e g r a d a t i o n  o f  t h e  D N A  w a s  c h e c k e d  b y  
v i s c o s i t y  m e a s u r e m e n t s a .  C u r v e  1 s h o w s  t h a t  a d d i t i o n  o f  
0 . 1 %  c y s t e a m i n e  h y d r o c h l o r i d e  t o  t h e  D N A  s o l u t i o n  h a s  
n o  e f f e c t  o n  i t s  v i s c o s i t y ,  w h e r e a s  t h e  s a m e  a m o u n t  of  L- 
c y s t e i n e  c a u s e s  a d i s t i n c t  d e c r e a s e  o f  t h e  v i s c o s i t y  ( c u r v e  
2). T h e  v i s c o s i t y  d e c r e a s e  c a u s e d  b y  0 . 1 %  L - c y s t e i n e  is 
S t r o n g l y  e n h a n c e d  b y  t h e  p r e s e n c e  o f  e i t h e r  0 . 0 1 %  des-" 
f e r r i o x a m i n e  B ~ o r  0 . 0 1 %  E . D . T . A .  * o r  0 . 0 0 1 %  c a t a l a s e  7 
(curve ~) s. 

A c c o r d i n g  to  t h e  e x p e r i m e n t a l  r e s u l t s  p r e s e n t e d ,  t h e r e  
is a s u b s t a n t i a l  d i f f e r e n c e  b e t w e e n  c y s t e i n 6  a n d  c y s t e -  
a m i n e  w i t h  r e s p e c t  t o  t h e i r  p r o - o x i d a t i v e  e f f e c t  t o w a r d s  
]3NA.  T h i s  r e s u l t  m a y  h a v e  s o m e  r e l a t i o n  t o  t h e  f a c t  t h a t  
c y s t e a m i n e ,  w h i c h  c a u s e s  n o  D N A  d e g r a d a t i o n  in  o u r  
s y s t e m ,  is  a m u c h  b e t t e r  r a d i o p r o t e e t i v e  a g e n t  t h a n  
c y s t e i n e  L 

T h e  p r o m o t i n g  e f f e c t  o f  t h e  t w o  m e t a l  c h e l a t i n g  a g e n t s  
m e n t i o n e d  a n d  of  c a t a l a s e  t o w a r d s  t h e  D N A  d e g r a d a t i o n  
b y  c y s t e i n e  is  v e r y  s u r p r i s i n g ,  s i n c e  t h e  s a m e  c h e l a t i n g  
a g e n t s  a n d  c a t a l a s e  a r e  s t r o n g  i n h i b i t o r s  w i t h  r e s p e c t  to  
I ) N A  d e g r a d a t i o n  w h e n  h y d r o g e n  p e r o x i d e  is u s e d  a s  t h e  
d e g r a d i n g  a g e n t ~ 0 . n  A p p a r e n t l y  t h e  f o r m a t i o n  o f  s t r o n g  
Oxid iz ing  a g e n t s ~ , *  in  t h e  c o u r s e  o f  t h e  a u t o x i d a t i o n  o f  
c y s t e i n e  is  f a v o u r e d  b y  t h e  p r e s e n c e  o f  c e r t a i n  c h e l a t i n g  
a g e n t s  ~ a n d  b y  c a t a l a s e  ~ .  
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Effect of mercapto compounds on the specific viscosity of an aqueous 
solution of 0.07% DNA. (1) 0.1% cys~;eamine. (2) 0.1% L-cysteine. 
(a) 0.1% L-cysteine plus the following additives: ~ 0.01% desferri- 

oxamine B; • 0.01% E.D.T.A.; • 0.001% catalase. 

Zusammen/assung .  L - C y s t e i n  b e w i r k t  in  w i i s s r ige r  LS-  
SUng u n t e r  a e r o b e n  B e d i n g u n g e n  e i n e n  A b b a u  y o n  D e s -  
° x y r i b o n u c l e i n s l i u r e  ( D N S ) ,  w ~ h r e n d  C y s t e a m i n  i n  d e r -  
Selben V e r s u c h s a n o r d n u n g  d i e s e  \ V i r k u n g  n i c h t  a u s f i b t .  
I ) u r c h  K a t a l a s e  s o w i e  d u t c h  d i e  C h e l a t b i l d n e r  D e s f e r r i -  
o x a r n i n  ]3 u n d  E . D . T . A .  w i r d  d e r  a b b a u e n d e  E f f e k t  y o n  
C y s t e i n  g e g e n i i b e r  D N S  w e s e n t l i c h  v e r s t i i r k t .  E s  l i egen  
so rn i t  g e r a d e  d i e  u m g e k e h r t e n  V e r h ~ l t n i s s e  v o r  wie  b r i m  

D N S - A b b a u  d u t c h  W a s s e r s t o f f p e r o x y d ,  w e l c h e r  d u r c h  
d i e  e r w ~ i h n t e n  C h e l a t b i l d n e r  u n d  d u r c h  K a t a l a s e  s t a r k  
a b g e s c h w ~ i c h t  o d e r  s o g a r  u n t e r b u n d e n  w i r d .  
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