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compr i s ing  the  peaks  F2c and  F 2 b  were pooled and  ana-  
lyzed. The amino  acid analysis  and  e lec t rophores is  in 
s t a r c h  gel showed t h a t  t he  second peak  was  the  F2b  frac- 
t ion ;  t he  f i rs t  peak  r ep resen ted  the  i n t e r m e d i a t e  b a n d  
p ro t e in  which  was labeled F2c. 

The  F2b  h i s tone  f rom chicken e r y t h r o c y t e s  d id  n o t  
differ f rom the  F2b  h is tones  of m a m m a l i a n  origin in 
amino  acid composi t ion ,  in N - t e r m i n a l  proline,  or  in 
s t a rch  gel e l ec t rophore t i c  p a t t e r n  0. 

Amino acid composition and N-terminal amino acids of the lysine- 
rich histone fractions from chicken erythrocyte nuclei a 

Fraction F1 F2b F2b F2c F2c 

Amino Amino acid Amino acid N-terminal Amino acid N-terminal 
acid composi- composi- amino composi- amino 

tion tion acids tion acids 

Lysine 25.1 16.5 2.9 21.0 
Histidine 0.2 2.5 - 1.8 
Arginine 2.6 7.0 - 10.6 
Aspartic 4.0 4.2 - 2.3 
acid 
Thrconine 3.5 6.8 - 4.2 
Serine 6.5 I0.1 7.0 11.9 
Glutamie 4.3 8.3 - 5.3 
acid 
Proline 7.7 4.6 87.2 6.7 
Glycine 7.7 6.5 1.7 5.4 
Alanine 27.1 10.3 2.1 15.1 
Valine 5.4 6.1 - 4.6 
Methio- - 1.3 - 0.2 
nine 
Isoleucine 1.1 5.2 - 3.4 
Leucine 4.3 5.4 - 4.7 
Tyrosine 0.5 3.4 - 1.7 
Phenyl- 0.5 1.4 - 0.7 
alanine 

12.7 

52.0 
8.8 

13.2 
3.0 
8.4 

2.0 

a All values are expressed as moles/100 moles of all amino acids found. 
Amide was not detcrmincd. 

The compos i t ion  of t h e  i n t e r m e d i a t e  b a n d  p ro te in  
labeled F2c is qui te  specific. I t  has  re la t ive ly  h igh  con- 
t e n t s  of lysine, alanine,  serine, and  arginine (e.g. 21.0%, 
15.1%, 11.9% and  10.6%, respect ively)  and  its N- ter -  
mina l  amino  acid is t h r eon ine  (Table). 

To our  knowledge ,  t h reon ine  as N- t e rmina l  in h i s tone  
has  previous ly  n o t  been  r e p o r t e d  in  t he  l i tera ture .  The  
chief  N- t e rmina l  amino  acids of the  m a m m a l i a n  h i s tones  
h a d  been  found  to  be a lanine and  prol ine  1°. The  biological  
s ignif icance of t he  t h reon ine  N--terminal F2c h i s tone  frac- 
t ion  in chicken e r y t h r o c y t e s  is u n k n o w n  a t  t he  p re sen t  
t ime ;  however ,  th i s  f rac t ion  m a y  b e c o me  a useful  bio- 
logical ma r k e r  in s tudies  of d e v e l o p me n t a l  m e c h a n i s m s  ix. 

Zusammen/assung. Isol ierung,  qua l i t a t ive  u n d  quan t i -  
t a t i ve  Charak te r i s i e rung  der  H i s tone  y o n  Ht ihner -  
e r y t h r o c y t e n  wird  beschr ieben.  Mit te ls  Gelf i l t ra t ion an  
Se p h a d e x  G75 wurde  eine F r a k t i o n  des His tons ,  cha rak-  
te r i s t i sch  fiir die Hf ihne re ry th rocy tenze l lke rne  isoliert  
und  analys ier t .  Diese Frak t ion ,  als F2c beze ichnet ,  ist e in 
Tell des lys inre ichen Hi s tons  F2, re ich an  Lysin,  Alanin,  
Ser in  und  Arginin  (z.B. 21,0, 15,1, 11,9 und  10,6% respek-  
t i re ) .  Th reon in  k o n n t e  als N- te rmina le  Aminosi iure  in 
dieser  F r a k t i o n  fes tges te l l t  werden .  
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On the Stability of the Guanine-Cytosine 
Hydrogen Bond 

CHARGAFF and  ZAMENHOF 1 have  def ined the  mola r  ex- 
t inc t ion  coeff icient  (Ep) of D N A  as t he  absorbance  of l ight  
of a specific wave  leng th  (usually a t  260 miz) in a cuve t t e  
h a v i n g  a 1 cm p a t h  length,  re la t ive  to each  g r a m - a t o m  of 
p h o s p h a t e  per  l i ter  p re sen t  in t he  sample.  Since the re  is 
one a t o m  of p h o s p h o r u s  for each base  p r e sen t  in DNA, 
the  Ep is t he  equ iva len t  abso rbance  per  base.  This  con- 
cep t  is pa r t i cu la r ly  useful  as a cr i ter ion for assaying the  
p u r i t y  and  na t iveness  of D N A  prepara t ions .  I t  is k n o w n  
t h a t  t he  presence  of p ro te in  in a p r epa ra t i on  will cause the  
value to  be lower t h a n  t h a t  of a depro te in ized  sample  and  
t h a t  degrada t ion  b y  e n z y m a t i c  ac t iv i ty  can be  revea led  
b y  a va lue  h igher  t h a n  an t ic ipa ted .  F u r t h e r m o r e ,  use of 
the  Ep is a d v a n t a g e o u s  as a reference for s tudies  on the  
h y p o c h r o m i s m  of DNA.  For  example ,  FREDERICQ et  al. ~ 
have  used the  Ep as a reference to  show t h a t  t he  s p e c t r u m  
of calf t h y m u s  ill 0 . 1 M  acet ic  acid a t  p H  3 is a lmos t  
ident ica l  to  t he  s p e c t r u m  ca lcu la ted  for its c o n s t i t u e n t  

nucleot ides ,  an increase a t  260 m~  of 50%. In  cont ras t ,  a 
n u m b e r  of inves t iga t ions  a,4 have  appea red  in t he  l i tera-  
tu re  r ecen t ly  pe r t a in ing  to  t he  me l t ing  t r ans i t ions  of 
microbia l  D N A  which  p re sen t  the i r  d a t a  in t e r m s  of 
re la t ive  absorbance .  These  s tudies  charac te r i s t ica l ly  show 
increases  of only  30 to  45%, less t h a n  would  be p r ed i c t ed  
o11 the  basis  of the i r  c o n s t i t u e n t  mononucleo t ides .  The  
D N A  of mic roorgan i sms  var ies  f rom 25 to  75 mole  % 
g u a n i n e +  cy tos ine  ( G +  C) ~ and  the  Ep of a na t ive  p rep -  
a ra t ion  will d e p e n d  on i ts  base  composi t ion .  The purpose  
of th i s  inves t iga t ion  has  been  to  es tabl ish  the  sy s t ema t i c  
va r ia t ion  of Ep wi th  base composi t ion ,  as a reference for 

E. CHARGAFF and J. N. DAVIDSON', The Nucleic Acids, Chapters 10 
and 14 (Academic Press, New York 1955). 
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Extinction coefficients of DNA's from diverse sources 

15 

Source G + C Ep (260) Designation Reference 

Yeast 36 6100 DNA 

Calf thymus 42 6500 DNA 

Drosophila eggs 42 6450 DNA 

Salmon sperm 42 6500 DNA 

Chicken blood 44 6810 DNA 
565O DNP 

Escherichia cell 50 6900 DNA 
7140 DNA 

Avian tubercle bacilli 54 7500 DNP 
6400 DNA 

Achromobacler Sp. 54 6400 DNP 

Aerobacter aerogenes 58 6590 DNA 
7570 DNA 

Bovine tubercle bacilli 64 8200 DNA 
790O DNP 
7O0O DNA 

Microeoccus Iysodeikticus 72 7550 DNA 

CHARGAFF e t  al. ° 

JORDAN 7 
FRI~DERICQ et al. l 

KIRBY 8 

CHARGAFF et .  aL 1 

This paper 
This paper  

CHARGAFF et el. 9 
This paper 

CHARGAFF a n d  SAIDEL 10 
VISCHER et  al.11 

MAsul et al. ~2 

This paper 
This paper 

TSUMITA a n d  CHARGAFF I$ 
TSUMITA a n d  CHARGAFF 18 
TSUMITA a n d  CHARGAFF TM 

This paper 

Studies on  t h e  h y p o c h r o m i s m  of mic rob ia l  D N A s  a n d  to  
cor re la te  t h e  r e su l t s  w i t h  theor i e s  r ega rd ing  t h e  h y d r o g e n  
b o n d i n g  of ba se  pa i rs .  

T h e  T a b l e  p r e s e n t s  a c o m p i l a t i o n  of d a t a  for D N A s  a n d  
15NPs of d i f f e r e n t  b a s e  compos i t ions .  V a l u e s  were  de te r -  
m i n e d  for  Escherichia cell, Aerobacter aerogens a n d  31fete- 
coccus lysodeihticus D N A  iso la ted  b y  t h e  fo l lowing p ro -  
cedure  (see MARMURI4). A suspens ion  of b a c t e r i a  in  0 . 1 5 M  
NaC1 was  s t i r r ed  for  10 ra in  a t  60°C w i t h  10% rec rys t a l -  
ized s o d i u m  dodecy l  su l fa te  to  p r oduce  a v i scous  solut ion.  
The  so lu t ion  was cooled to  5°C a n d  0 . 1 M  versene  p H  4.5 
was a d d e d  to  yield a gel w h i c h  was s e p a r a t e d  b y  cen t r i fu -  
ga t ion  a t  3000 g for 30 rain.  A f ibrous  p r ec i p i t a t e  was  ob-  
t a ined  b y  t he  a d d i t i o n  of 0.54 vol  of i s op r opano l  to  t h e  
Supe rna t an t .  T h i s  p r o d u c t  was  f u r t h e r  pu r i f i ed  b y  t r e a t -  
m e n t  w i t h  r ibonuclease ,  a r e p e t i t i o n  of t h e  d e t e r g e n t  pro-  
Cedure, a n d  t h r e e  a lcohol  p rec ip i t a t ions .  Op t i ca l  dens i t i e s  
Were d e t e r m i n e d  for s amples  in 0.3 M NaC1 in a B e c k m a n  
1513 S p e c t r o p h o t o m e t e r  e q u i p p e d  w i t h  a P h o t o v o l t  No. 43 
l oga r i t hmic  recorder .  P h o s p h a t e s  were  d e t e r m i n e d  b y  t he  
a b s o r b a n c e  of t h e i r  m o l y b d a t e  c o m p l e x  a t  620 m ~  in E l o n  
buffer  a f t e r  a 1 h d iges t ion  of a 1/~ ml  s a m p l e  a t  195°C in 
70% perch lor ic  acid.  T h i s  p r o c e d u r e  y ie lded p r e p a r a t i o n s  
of cons i s t en t l y  h i g h  Ep va lues :  7550 for  M. lysodeikticus 
a n d  7570 for  A.  aerogenes. Omiss ion  of t h e  ve r s ene  s t ep  
r e su l t ed  i n  a lower  v a l u e  for A.  aerogenes (6590), a n d  M .  
lysodeikticus (6270) b u t  d id  n o t  effect  t h e  v a l u e  of E. cell 
(7140). Also i n c l u d e d  i n  t h e  T a b l e  is t h e  Ep of ch i cken  
blood n u c l e o p r o t e i n  (DNP)  i so la ted  as descr ibed  b y  
JORI)AN 7. T h e  s a m e  v a l u e  (5650) is o b t a i n e d  b y  e i t h e r  t h e  
low ionic s t r e n g t h  m e t h o d  or  t h e  m e t h o d  of D o t y  a n d  
Zubay .  T h e  Ep of these  p r e p a r a t i o n s  was  obse rved  to  in-  
crease to  t h e  v a l u e  c h a r a c t e r i s t i c  of t h e  D N A  (6810) a f t e r  
f reezing a n d  t h a w i n g ,  t r e a t m e n t  w i t h  1 M  NaC1, or a f t e r  
s t a n d i n g  in  t h e  r e f r ige ra to r  for one m o n t h .  

The  va lues  are  p l o t t e d  g r aph i ca l l y  in  t h e  Figure .  L ine  I 
g raphs  t h e  e x t i n c t i o n  coeff ic ient  expec t ed  for a m i x t u r e  
of m o n o n u c l e o t i d e s  of t h e  i n d i c a t e d  ba se  com pos i t i on  

Varial]on of the molar extinction coefficisnl of DNA,DNP and 
mononucleotides • pit 5-7 
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Variation of the molar extinction coefficient of DNA, DNP, aud 
mononucleotides at pH 5-7. 
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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 


