
;ince the discovery that nucleic acids, and more part 
te components  thereof, were mainly responsible for th 
bing properties of cells ~, several reports have appeared 
ra of nucleic acids, nucleotides, nucleosides, purines 
tissues 2, 3, 4, 5. There have also been attempts to corre 

absorption of cells and cellular domains with the m 
ats of such areas 6. To do this, it is obviously necessar 
=h substances per unit of concentration; (2) whethe~ 
tch substances varies normally with the concentrati, 
es, i.e., whether they obey the BOUGUER-BEER-LAM 
bsorbance values of the substances are influenced by 
is paper we consider the ultraviolet absorption of des 
d to these factors and with respect to its macromole( 

VIaterials : The sodium desoxyr ibonuc lea te  was  a fibrous high J 
zalf t h y m u s  b y  Dr.  D.  O. JORDAN and was  k ind ly  suppl ied 
atary analys is :  C, 3 8 . 7 % ;  H, 3 . 9 5 % ;  N,  15 .8%; P (colori~ 
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,y their chemical environmen 
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ecular structure. 

molecular weight  sample p repan  
by  him along wi th  the followil 

'eolorimetric) 9.29 %. This material  w 
od described by  G U L L A N D ,  JORDAN AND THRELFALL 8. The loss 
vacuo over P205 was 21. 4 %. Our phosphorus  determinat ions  we 
modification of SPERRY'S method 15. 
t a t a  presented in the figures, SDN in aqueous  solution at  p H  6 
m/z (;tmax.) of 25. 5 and at  233 m/~ (~ min.) k = 9.5. The A i% " i c m  
value forA 12gin (259 m/z) is considerably higher t h a n  data  previous 
N a C l a t p H 6 . 8  at  2 5 9 m ~ h a s k  = 21.7, a n d A  ~% = 213 . - -  i c m  

us gift f rom Dr. L. L. UZMAN who prepared it f rom hen egg whit 
sample obtained by  an initial seeding of the egg white at the is 
epared according to FEVOLD A N D  A L D E R T O N  17, and repeat ing t 
aes. The five-times crystallized lysozyme thus  obtained was electr 
ly homogeneous.  
used was crystalline material  obtained from Armour  and Compai 

commercial  sample (du Pon t  grade 91-65) which is a high viscosi 
rization of vinyl acetate  followed by  hydrolysis  of more t han  98.5 

pa r t  by  U.S. Public Heal th  Service Gran t  C-I522. 
Depar tment ,  Polaroid Corporation, Cambridge 39, Massachusetl  
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In this 
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M a t e r i a l s  : The 
f rom calf 
elementar '  
p repared  according to the method  
weight  upon drying at  IiO ° C i n  
made on aqueous  solutions by  a 

As m a y  be seen from the data  
has an absorp t iv i ty  (k) at  259 
259 m #  is 258, e (p)le is 85oo. Our  value for 
repor ted by  others.  SDN in I 2!// 

The lysozyme was a g e n e r o u s  
I t  was a five-times crystallized 
electric point  with lysozyme pre[ 
isoelectric crystall ization four times. 
phoretieal ly and ul tracentr ifugall  

The bovine p lasma a lbumin  use 
and contained less t han  1% salt. 
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mater ia l  prepared by the polymerizat ion 
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In order to determine accurately (by ultraviolet li~ 
amount of nucleic acid in the m~lange of materials th 
~.ssary to know the absorptivity* (specific absorbance, 
ion per unit path length) of the pure substance. Si 
)xypentose nucleic acid (SDN)** samples vary depez 
.'r factors, and since it is very difficult to weigh SI 
roscopic nature, it does not appear feasible to detern 
~cular extinction coefficient of SDN. However, knov 
he absorbing substance, it is possible to determine 
ion is best obtained by determining the amount of ph 

solution with the knowledge of the phosphorus conte~ 
:entration, path length, and absorbance (logz0 Io/I) 

I I I i ' , ~ the relati 
ance divi 

and plot 
solutions 

An c 
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divided by concentration in gra 

per liter times path length in cm, or 

A 
k - -  

c'd, 

the absorptivity (k) of $1 
(Fig. I) as a function of wa 

examination of whether the 
traviolet absorption of SDN is direc 
proportional to concentration and thi 
hess is especially necessary because of 1 
variations in these factors met in ult 
violet absorption microspectroscopy 
cellst Owing to the difficulties in mak 
and accurately measuring the thickn 

S D N - - A b s o r p t i v i t y  Of absorption cells having path leng 
, ' length obtained with o f  I/~ to 5 °/x, we have not yet examk 

SDN solutions in the high concent 
- in  i M NaC1 p H  6.8. tions and short path lengths found in 1 
ements are contemplated because of their obvious utility 

~gy of BRODE 7. 
DIN, meaning the sodium sait of desoxypentose nucleic acid. 
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Fig .  I .  A b s o r p t i o n  s p e c t r u m  of 
(k) p l o t t e d  as  a f u n c t i o n  of w a v e l e n  
o .oo446  ~/o S D N  s o l u t i o n s  
- -  in  w a t e r  p H  6 .7 ;  . . . . .  m 

sues, although such measurements 

* W e  use  here t h e  t e r m i n o l c  
** H e r e a f t e r  d e s i g n a t e d  as  S D N  
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1 a g a i n s t  d i s t i l l e d  w a t e r  ( s eve ra l  c h a n g e  

; lass  d i s t i l l e d  w a t e r .  
?ecified, a l l  s p e c t r a l  a b s o r p t i ( m  m e a s u r  
a n d  m a t c h e d  fu sed  q u a r t z  a b s o r p t i o n  

} o .o15 u n i t s  at: a b s o r b a n c e s  of 1. 3 an 

a n d  s h o r t  p a t h  l e n g t h  ce i l s  c o n s i s t i n  
e l e n g t h  w e r e  u s e d  in s o m e  of t h e  m 

de  u s i n g  t h e  g l a s s  e l e c t r o d e s  of a B e c k  
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. Absorbance  a t  259 m/t  as a funct ion of pa th  Fig. 3. 

[] concentra t ion o.00115 ~/o SDN (Cary data) 
• concentra t ion o.0o446 ~o SDN (Beckman data) 

a t h  l e n g t h s  f n r  t h e  l n w  r ' n n o ~ n f r o f l n n  z r ~  c d w a n  ;~  
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Absorbance  at  259 m/,  as a fun 
tion of concentrat ion for 

® ® SDN in distilled wate r  
SDN in o. i  M NaC1 soluti~ 

centrat ion are given in [ ]  SDN in I.O M NaC1 soluti~ 
1 lengths for the higher 
ver abscissa scale. 

relationship between absorbance and concentration. Fro~ 
or concentrations not exceeding about o.oi % the 259 m 

to the compliance with tt 
Lw. Fig. 4, however, shows that  at higher concentrations tt  
:o the ideal relationship. No data were obtained for concel 
ecause, even using the shortest solution cells at hand, tt  
tt to measure reliably. As the concentration is increase 
:h length decreased inversely so as to keep the product 
th constant, the absorbance begins to decrease; doubli= 
ag the path  length) decreases the absorbance by about 3 o/, 
t in  vivo in a pure water  solution, it is pertinent to examir 
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the  upper  abscissa scale, the p a t h  len 

concentra t ion are on the lower 

Figs. 3 and 4 show the 
Fig. 3 it may  be seen that  for 
absorbance is proportional 
BOUGUER-BEER-LAMBERT L a w .  

s o l u t i o n s  n o  l o n g e r  c o n f o r m  t o  t h e  
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• Absorbanee  a t  2.59 m/~ as a func t ion  of p a t h  l eng th  and 
solut ions .  Cary  da ta  [ ]  B e c k m a n  dat~ 

',s, e.g., inorganic  sal ts  and  proteins .  The  add i t ion  of 
ons of SDN lowers the  absorbance  (between p H  6.5 ar 
ly  wi th  the  logar i thm of the  sal t  concentrat ion•  
for four different  concen t ra t ions  of SDN are shown 

;. 5, where i t  m a y  be seen t ha t  concen t ra t ions  of 
t round  IO -a M will decrease the  absorbance  of 
ms SDN abou t  IO%, re la t ive  to an SDN solut ion 
,ut added  salt ,  whereas  sal t  concent ra t ions  a round  
ecill decrease the  absorbance  as much  as 17%• The 
i tude  of this  effect makes  i t  a p p a r e n t  t ha t  measure-  
s of concent ra t ion  of SDN solut ions  to accuracies  
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Molar i ty  of  NaCt 

Fig. 5. Absorbance  a t  259 m/~ 
func t ion  of sod ium chlor ide  cc 
cen t r a t i on  for four SDN concc 

O -- o.o134 % SDN;  
[ ]  = 0.00892 ° /o  SDN ; 
× -- o .oo446% SDN;  
• = 0.00223 % SDN 

aqueous  
wi thou t  
i M will 
magn i tude  
men t s  

T A B L E  I 

0.00446 % S D N  aqueous solution 
with following substances added 

None 
H 3 B O  3 0. 4 M 
P h o s p h a t e  buffer 

(Na~HPO 4 + KH~POa) 

Urea  5 iV/ 
Urea  2.5 M 
Urea  o. 5 M 

Glycine  I M 
L-asparagine  1% 
Glycer ine  (60 % solut ion)  
Sucrose (20 % solut ion)  

R e / e r e n c e s  p .  I 6 9 / z 7 o .  

f SDN by subs tances  t ha t  are ])re 

Path length in mm 
10 5 2 

4.5 89  22.3 
% ConcenlFafion of  SDN ( x I0 3) 

a n d  concentr~ 
d a t a  ® 

of sodium 
and  7.0) by 

2 5  

22 

A bsorbance a$ 
~max. (259 m/~) 

Path length= i cm 

6.7 1.15 
4.6 1.23 
7-9 0.92 
7-02 0.95 
5.95 0.92 

7.9 1.06 
7.6 I.O9 
7.4 1.12 

6.3 1.02 t r a t i o n s  
4.8 1.15 
6.7 1.14 
7"4 1.12 
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va ry ing  

I 
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Fig.  6. A b s o r b a n c e  a t  259 m/~ as a f u n c t i o n  o f  p H  f o r  o.oo~ 

The effect of pH on the intensify of absorption of aqu 
a d d e d  sa 
m u m  ab 
less than  
con t ras t  
who use 
found  p: 
ance bet 

I46 % SDN in d is t i l led  water .  

ueous solut ions of SDN, wi th  
salt ,  is seen in Fig.  6. The ma 
absorp t ion  occurs at  p H  val  

6 and  grea te r  t han  I I  in dff 
to the  ear l ier  work  of FRIC 

used sal t  buffered solut ions 
p rac t i ca l ly  unchanging  absc 

be tween  p H  3 and  p H  IO. I 
also in te res t ing  to note  t ha t  all S 
solut ions having  p H  values  less t] 
zo seem to have an isosbestic point 
233 m/ ,  where the  a bso rp t i v i t y  is 
+ o.2 (Fig. 7) anu  ~ cm ~ 96*. Since 
absorbance  at  this  wave leng th  is 

Fig. 7. Absorp t ion  spec t r a  of o.00446 % a( 
ous SDN solu t ions  a t  va r ious  p H  va lues  
buffered solut ion) .  - . . . . .  p H  2 . i ;  - - -  

~ .  p H  3.1; . . . . . . .  p H 4 . 9 ;  - -  
~"*-, ~ ' ,  . . . . . . . .  p H  7.9; . . . . . . . . .  p H  Io. 

..... pH 12.o 

ed t h a t  va lues  of ~ z% given  here and  in o the r  pape r s  are  on ly  ~ax c m  
n m e a s u r e m e n t s ,  s ince  a t  concen t r a t i ons  g rea te r  t h a n  4.5" I ° - a %  

4~ ~ • | | 1 I 

ix 
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V,, ,, 

I t I i I I i~" 
220 24O ~ 28O 30O 320 

* I t  s h o u l d  be  e m p h a s i z e d  
if  c o m p u t e d  f r o m  d i l u t e  s o l u t i o n  
does  n o t  o b e y  BEER'S L a w  (cf. F ig .  4).  
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:o t h e i r  a r o m a t i c  a m i n o  ac id  

n t ,  m a k e s  u l t r a v i o l e t  a b s o r p -  

n e a s u r e m e n t s  of s u c h  s o l u t i o n s  

~ l t . T h e  p r e s e n c e  of one  m o l a r  

m c h l o r i d e  r e d u c e s  t h e  t e n -  

z t o  p r e c i p i t a t i o n  a n d  u l t r a v i o -  ~ \ j - "  

m a s u r e m e n t s  h a v e  b e e n  m a d e  

: h  s o l u t i o n s .  T y p i c a l  a b s o r p t i o n  "-"/" 
ra  a re  s h o w n  in  Fig.  8 a n d  d a t a  

ble  I I .  

t m a y  b e  s e e n  f r o m  t h e  fore -  

t a b l e  t h a t  t h e  p r e s e n c e  of  I I 

v ine  or  p l a s m a  a l b u m i n  in  a q u e -  

; o lu t ions  of S D N ,  in  g e n e r a l ,  Fig. 8. Absorpt ivi ty 
o.oo223 % SDN in i 
0.0937 % plasma alIc 
me. The measuremer 

m n c e d  as  t h e  a b s o r b a n c e  is g e n e r a l l y  l o w e r  for  s u c h  

n t s  of S D N  a n d  s a l t  in  t h e  a b s e n c e  of t h e  p r o t e i n s .  S 

m t  r a d i a t i o n  as  wel l  as  d e v i a t i o n s  f r o m  t h e  BOUGI~ 

as a function of wavelength f 
;DN in i M NaCl in the  presence of - -  

a lbumin and . . . .  o.o2o5 % lysoz 
surements were made using a water  blan 

:h s o l u t i o n s  t h a n  for  e q u i v a l m  

S c a t t e r i n g  a n d  d i f fus ion  of  t t  

BOUGUER-BEER-LAMBERT L a w  w: 

2max.  in mls Absorbance 

259 
259 

ne plasma albumin (PA) 259 
n I M NaC1 259 

259 
in I M NaCI 259 

2 5 9  

in I M NaC1 259 
:yme in water  Precipitate 
:yme in I M NaC1 26o 
:yme in water Precipitate 
:yme in i M NaC1 260 

pectra  were determined using the appropriate aqueous solution 
at  the  "difference spectra",  t h a t  of SDN, was obtained. 

t e n d s  t o  d e c r e a s e  t h e  a b s o r p t i o n  b y  

t h e  n u c l e i c  a c i d  m o i e t y .  I n  t h e  p re s -  

ence  of sa l t ,  t h e  ef fec t  is e v e n  m o r e  

p r o n o u n c e d  

a m o u n t s  

i n c i d e n t  

Solution * 

0.00223 % SDN 
o.oo446 % SDN 
o.oo223 % SDN + 0.o937 % Bovine 
o.oo223 % SDN + o.o937 % PA in 
o.oo223 % SDN + o.o4685 % PA 
o.oo223 % SDN + o.o4685 % PA 
o.oo446 % SDN + o.o4685 % PA 
o.oo446 % SDN + o.o4685 % PA in 
o.oo223 % SDN + o.o2o5 % lysoz 3 
o.oo223 % SDN + o.o2o5 % lysoz 3 
o.oo446 % SDN + o.o2o5 % lysoz3 
o.oo446 % SDN + o.o205 % lysoz 3 

• In  each case the solution sp 
protein and salt as a b lank so t ha t  the  

Reterences  p.  1691170. 

o IO, i t  is s u g g e s t e d  t h a t  measu re :  

g p u r i t y  of nuc l e i c  ac id  p r e p a r a t i c  

as u p o n  t h e  u l t r a v i o l e t  a b s o r p t i o  

to  f o r t y - f o l d  exces s  of p r o t e i n  to  

e t w o  t y p e s  of m a t e r i a l  w h i c h  occu i  

ue-  
] t I ] -~- I 

ses  

~al- 

!]is, ,o  - 

e n t  

ns,  

3 0  

2 0 - -  

\ \  

I I 
220 240 260 280 

TABLE II  

p H  

6.3 
6.3 
6.I7 
5-9 
6.53 
6 . 1  

6.85 
6.2 

5.3 

5.1 

1 o  vv i~  v v 

us S D N  

ed  s ince  

k d d i t i o n  

I 

J 

a 4 0  

for 

,sozy- 
nk. 

l e n t  

t h e  

w i n  

o.58 
1.17 
o.47 
o.47 
o.47 
0.47 
o.98 
0.94 

0.45 

0.93 

of 
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ddition of glycine had a similar but  smaller effect or 
idly, our data indicate tha t  the intensity of absorpti  
ependent, in the absence of salt, over the pH range : 
sity of absorption is practically the same at the two,  
?hese two facts make it evident that  ionized forms 
Lors to its ultraviolet absorption. I t  may  be furtt 
)hate groups of nucleic acid probably are not direct c 
ption since the absorption is high both in acidic and 
hosphate groups are well removed from the purine 
residues which themselves show no radiation abso 

pts consideration of the effect of pH and ionic streng 
components. The ultraviolet 
ared in aqueous solution at acidic, neutral and basic l 
• absorption of solutions of these materials is highly p t  
c h a n g e  upon the absorption intensity of the free base,. 
when the ultraviolet absorption of an approximatel? 

7mine, cytosine, adenine and guanine is measured a 
ion containing I M sodium chloride, no significant diff( 
ar results were obtained with a mixture of ribonucle( 

pH's ,  and although the ultn 
pH-dependent,  no unique effe~ 

the free bases has been observed. Furthe 
Ly equimolar aqueous solutic 
and compared with the sarr 

nificant difference is observed (Table I I I  
~nucleotides. 

~ m~x.  in  ml~ A bsorbance 

~r adenine, 3.3" Io-5 M 
nd 3.4" Io -SM thymine  

2 6 3  

263 

nylic acid, 1.5. IO-a M 
tylic acid 258 

258 
Tvinyl alcohol in water  259 

the conclusion that  the ultraviolet absorption of SDN 
adividual constituents, but  rather  reflects the interactic 
component purines and pyrimidines when bound in nucle 
ualize the action of salt as effectively separating the al 

of p H  
more, 
of thymine, 
solution 
Simil~ 

Solution 

I. Mixture containing 3.7" IO-5 M 
guanine,  4.5" lO-5 M cytosine and 
in wate r  

2. Same mixture  as (i) in i M NaC1 
3. Mixture containing ribonucleotides 

adenylic acid, 1.6, lO -4 M guan 3 
cytidylic acid, 1.5. IO-a M urid ~ 

4- Same mix tu re  as (3) in I M NaCI 
5. o.oo446 % SDN + o.o2 % polyvin 3 

We are therefore led to 
not simply the sum of its individu 
that  must  occur between the com 
acid molecules. We may  visualize 
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absorption measurements,  and t[ 
Fable II .  

:DISCUSSION 

drawn from the foregoing resu 
solutions is dependent on the io~ 
erminations using sodium chlorid 
~r in sodium chloride significantly 1 
urther, it was observed tha t  additi 
d phosphate buffer had an analot 

on the inte 
)tion of aqt 

3 to 12 (t 
extremes 
of nucleic 

further argu( 
contribute 

basic sol 
and pyrfi 

absorption m 
th  on the 

absorption of these compour 
)H's,  and 

TABLE III  

#n 

6.6 
6.8 

8.6. lO -5 M 

4-5 
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~he addi t ion of bovine plasma a lbumin,  which has an 
not  result  in precipi ta t ion when added to dilute sol 
case (Table II),  whether  in the presence of added 
ion of p lasma a lbumin  results in a lowering of the intm 

SDN. This result  probably  can be in te rpre ted  similm 
~, tha t  is, the association of the charged groups on 
"ules with the purines  and pyr imidines  of the SDN pl 
other and  thus lowers the absorpt ion in tensi ty .  
:hus, we seem to be dealing with three effects: (I) 
~se absorpt ion in tens i ty  at high and  low pH ' s  probabl  
ng absorbing uni ts  in nucleic acid molecules, (2) a "sm: 
:endency to associate as evidenced by  lowered absc 
(3) a "macromolecular  ion" effect which also lowers 

fur ther  evidence tha t  these are ionic effects is seen J 
"ule and  macromolecular  non- ionic  substances  such as 
o lyvinyl  alcohol {Table I I I ) ,  all of which seem to have 
sity of aqueous SDN solutions even when the non-it 

from the foregoing it is evident  tha t  care mus t  be exe 
mrpt ion  intensi t ies  in the ul t raviole t  for determinat i (  
sues and  cells or extracts  thereof, unless the ionic str( 
of course apparent ,  too, tha t  this applies to measu 
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been carefully measured and appears to vary linearly with the h 

tion over a IOs change in salt concentration. In the absence of sa 
g solutions show strong pH dependence between pH 3 and pH I 
absence of added salt has an absorptivity (k) of 25. 5 and Ax ~, 
merits are made on concentrations less than o.oi °/o ). These valu 
viously reported. Aqueous SDN solutions in the pH range 2 to 
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d 6troi tement  du p H  entre p H  3 et p H  I i. Une solution aquel 
s, a un coefficient d 'absorp t ion  (k) de 25. 5 et un Ax% de 

- z c m  
sur  des solutions dont  les concentrat ions sont  inf6rieures 5̀  o.: 
tev6es que eelles donn6es antdrieurement.  Les courbes d 'abs 
d6terminGes 5̀  des p H  compris entre 2 et io, se coupent  5. 231 
~'addition de lysozyme ou de s6rumalbumine de boeuf 5̀  des 
une diminut ion de l ' absorpt ion  U.V. du SDN. Au contrair¢ 
as 61ev6es, de subs tances  non ionisables telles que l'alcool poly 
;olutions aqueuses  de SDN ne diminue pas l ' absorpt ion U.V. C 
ction de l 'associat ion des groupes pur iques  et pyrimidiques.  
ls m o n t r e n t  que la dGtermination de la puretG de prGparatiol 
ion de la teneur  en acides nuclGiques des t issus et des cellules 
V. doivent  6tre faites avec prudence, 5̀  moins que la force io 
ER ne soient connus. 

)ie Intensi t i i t  der Absorpt ion  yon Natr iumdesoxypentosenu,  
ger LSsung wird dutch  den Zusatz yon Salzen wie Alkalih~ 
rt.  Die Absorpt ion  der SDN in Natr iumchlor idlSsungen wurd 
~m Logar i thmus  der Nat r iumchlor idkonzent ra t ion  tiber eine 

linear abhiingig zu sein. Bei Abwesenhei t  yon Salz zeigt di 
:ravioletten eine strenge AbhXngigkeit vom pH zwisehen p H  
esitzt die w/issrige SDN-L6sung bei p H  6. 7 eine Absorpt ion  
9 m/t, wenn die Messungen bei Konzentrat ionen,  die niedri I 
n. Diese ~Verte sind betr/ichtlich hSher als die friiher beric 
[-Bereich von 2-1o besitzen einen isosbestischen Punk t  bei 2: 
Der Zusat2 yon Lysozym und Rinderp lasmaalbumin  zu SDI 
DN zuzuschreibende Verminderung  der Absorpt ion im Ultn  

?entosenucleat (SDN) im Ultraviolet ten 
alihalogeniden und -phospha ten  ve 

wurde  sorgf~ltig gemessen und  schei~ 
lO s Ver~nderung der Salzkonze 

die Absorpt ion der SDN-L6sung( 
3 und p H i  i. Ohne hinzugeftigt 
(k) von 25. 5 und A~% von 2 

ger  als o.o I ~o sind durchgefiih 
chteten. \V/issrige SDN-L6sung¢ 

233 nl/~. 
SDN-L6sungen ergibt ebenfalls eiz 

Ultravioletten.  Auf der anderen Sei 
:htionischen Substanzen wie Polyvinylalkohol,  Rohrzucker  od 
ungen sogar in hohen Konzent ra t ionen die Absorpt ion im Ultn 
flieser Tatsachen wird in der Assoziation der Purin- und Pyrimidi: 

s man  Vorsicht  wal ten lassen muss  bei der Benii tzung yon Messung¢ 
t raviolet ten bei der Bes t immung  der Reinheit  yon NucleinsAur 
ung des Nucleins~Luregehaltes yon Geweben und Zellen, wenn nicl 
Abweichung vom BEER'schen Gesetz bekannt  sind. 
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