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A COMPARISON OF FOUR FREQUENTLY USED ASSAYS FOR QUANTITATIVE 

DETERMINATION O F  DNA 
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L a b o r a t o r i a  v o o r  M e d i s c h e  B i o c h e m i e  e n  v o o r  K l i n i s c h e  

A n a l y s e ,  H a r e l b e k e s t r a a t  7 2 ,  6 - 9 0 0 0  G e n t ,  B e l g i u m  
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ABSTRACT 

F o u r  f r e q u e n t l y  u s e d  DNA d e t e r m i n a t i o n  m e t h o d s  a r e  compa-  

r e d : t h e  d i p h e n y l a m i n e  c o l o r i m e t r i c  a s s a y  a n d  t h r e e  f l u o r e s -  

c e n t  s t a i n  m e t h o d s ,  i . e .  d i a m i n o b e n z o i c  a c i d  d i a m i n o p h e n y l -  

i n d o l e  a n d  b i s i m i d a z o l e  ( H o e c h s t  3 3 2 5 8 ) .  I n t e r f e r e n c e  w i t h  

t h e s e  a s s a y s  b y  t h i r t y - f i v e  s u b s t a n c e s ,  o n  d i f f e r e n t  DNA 

p r e p a r a t i o n s ,  a r e  e x a m i n e d .  T h e  c l a s s i c a l  d i p h e n y l a m i n e  

m e t h o d  i s  f o u n d  t o  b e  t h e  m o s t  r e l i a b l e  o f  a l l ,  c l o s e l y .  

f o l l  owed b y  d i a m i n o b e n z o i c  a c i d  s t a i n i n g .  T h e  r e m a i  n i  n g  t w o  

m e t h o d s ,  a l t h o u g h  v e r y  s e n s i t i v e ,  p e r f o r m  r a t h e r  p o o r l y .  
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616 VAN LANCKER AND GHEYSSENS 

I N T R O D U C T I O N  

N u m e r o u s  p r o c e d u r e s  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  

D N A  h a v e  been  d e s c r i b e d  s i n c e  B u r t o n  p u b l i s h e d  h i s  c l a s -  

s i c a l  d i p h e n y l a m i n e  a s s a y .  M o s t  o f  them a r e  f l u o r e s c e n c e -  

b a s e d  m e t h o d s ,  e x h i b i t i n g  a l a r g e l y  i n c r e a s e d  s e n s i t i v i t y .  

R e v i e w i n g  t h e  r e c e n t  l i t e r a t u r e  d e a l i n g  w i t h  d i f f e r e n t  a s -  

p e c t s  o f  D N A  r e s e a r c h ,  t h r e e  o t h e r  me thods  a p p e a r  w e l l  e s -  

t a b 1  i s h e d  : t h e  d i  ami n o b e n z o i  c a c i d  (DABA) me thod  o r i g i n a l  l y  

d e s c r i b e d  b y  K i s s a n e  a n d  R o b e r t s  * , t h e  d i a m i n o p h e n y l -  

i n d o l e  ( D A P I )  me thod  d e s c r i b e d  by K a p u s c i n s k i  a n d  S k o c z y l a s '  

a n d  f i n a l l y  t h e  b i s i m i d a z o l e  ( H o e c h s t  33258)  m e t h o d  o f  

L a b a r c o  . T h e s e  a s s a y s  a r e  u s e d  i n m a n y  s i t u a t i o n s  and  

Sn p r e s e n c e  o f .  n u m e r o u s  s u b s t a n c e s ,  o r i g i n a t i n g  f r o m  t h e  

i s o l a t i o n  t e c h n i q u e  (e .g .  b u f f e r  componen ts  o r  p r e s e r v a t i v e s  

c o e x t r a c t e d  w i t h  t h e  D N A ,  can  b e  e x p e c t e d  t o  i n t e r f e r e  

w i t h  t h e s e  a s s a y s .  T h i s  c a n  b e  p a r t i c u l a r y  i m p o r t a n t  when  

t h e  c o m p o s i t i o n  o f  s t a n d a r d s  o r  b l a n k s  c a n n o t  b e  e x a c t l y  

m a t c h e d  w i t h  t h o s e  o f  t h e  s a m p l e s  (e.g.. c e l l  h o m o g e n a t e s ) .  

N e v e r t h e l e s s ,  a l t h o u g h  t h e  i m p o r t a n c e  o f  s u c h  i n t e r f e r e n c e s  

i s  o b v i o u s ,  t h e y  a r e  o n l y  r a r e l y  r e p o r t e d .  We e x a m i n e d  

t h i r t y - f i v e  s u b s t a n c e s ,  f r e q u e n t l y  u s e d  i n  e x t r a c t i o n  

m e t h o d s  o r  o c c u r r i n g  i n  b i o l o g i c a l  m a t r i c e s ,  f o r  t h e i r  

p o s s i b l e  d i s t u r b i n g  a c t i v i t y  i n  t h e s e  f o u r  D N A  a s s a y s .  

EXPERIMENTAL 

S t o c k  s o l u t i o n s  o f  D N A  w e r e  p r e p a r e d  by d i s s o l v i n g  h i g h l y  

p o l y m e r i s e d  c a l f  t h y m u s  D N A  ( S i g m a )  i n  d o u b l e  d i s t i l l e d  

w a t e r  ( 4 8  h o u r s  o r  more a t  4 ' C  w e r e  needed,  e v e n t u a l l y  w i t h  
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DETERMINATION OF DNA 617 

c e n t r a t i  ons 

D A P I  a n d  b 

me thods  a r e  
3 d e s c r i b e d  

o r d e r  t o  accomoda te  f o r  

We t h e r e f o r e  c h o o s e  a 

0 - 1 0 - 5 0 - 8 0 - 1 0 0  ug /m l .  A 

g e n t l e  s h a k i n g ) .  C o n c e n t r a t i o n s  w e r e  m e a s u r e d  s p e c t r o p h o -  

t o m e t r i c a l l y  ( E  260= 2 0 0 ) .  F i v e  d i f f e r e n t  D N A  c o n -  

were  u s e d  : 0 - 1 0 - 1 0 0 - 5 0 0 - 1 0 0 0  p g / m l  , e x c e p t  f o r  

s i m i d a z o l e  a s s a y s .  T h e  w o r k i n g  r a n g e s  o f  t h e s e  

ower  t h e n  t h o s e  o f  t h e  o t h e r  t w o  . M o r e o v e r ,  a s  

, d i f f e r e n t  D A P I  c o n c e n t r a t i o n s  a r e  needed  i n  

e x t e n d e d  D N A  c o n c e n t r a t i o n  r a n g e s .  

l o w e r  a n d  m o r e  r e s t r i c t e d  r a n g e  

i q u o t s  o f  1 0 0  1.11 o f  e a c h  w e r e  d i s -  

p e n s e d  i n  g l a s s  t e s t  t u b e s ,  a n d  d r i e d  a t  4 0 ' C  i n  a vacuum 

e v a p o r a t o r  ( V o r t e x  E v a p o r a t o r ,  B u c h l e r  I n s t r u m e n t s ,  F o r t  

Lee,  NJ). P r i o r  t o  use ,  D N A  s a m p l e s  w e r e  d i s s o l v e d  a g a i n  i n  

1 0 0  1.11 w a t e r  o r  100 ~1 o f  a s o l u t i o n  c o n t a i n i n g  v a r i o u s  

( t h r e e )  c o n c e n t r a t i o n s  o f  t h e  t e s t  s u b s t a n c e .  F o r  e a c h  t e s t  

s u b s t a n c e ,  f o u r  c u r v e s  w e r e  o b t a i n e d  : a s t a n d a r d  c u r v e  

c o n t a i n i n g  n o  i n t e r f e r i n g  p r o d u c t  and  t h r e e  c u r v e s ,  c o r r e s -  

p o n d i n g  t o  t h e  t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  com- 

p o u n d  t e s t e d .  T h i s  p r o c e d u r e  a l l o w e d  us t o  measure  s i m u l -  

t a n e o u s l y  t h e  s p e c i f i c i t y  o f  t h e  me thods  and i n t e r f e r e n c e  o f  

t h e  t e s t  s u b s t a n c e  w i t h  t h e  DNA-dye r e a c t i o n .  M o r e o v e r ,  an 

a p p r e c i a t i o n  o f  t h e  s c a t t e r  a r o u n d  t h e  s t a n d a r d  c u r v e  a n d  

e v e n t u a l y  d i s t o r t i o n s  ( l o s s  o f  l i n e a r i t y )  c o u l d  b e  made. 

S p e c i f i c i t y  was  d e r i v e d  f r o m  t h e  z e r o  D N A  c o n c e n t r a t i o n  

i n t e r c e p t s  o f  t h e  c u r v e s  and  e x p r e s s e d  as  r e l a t i v e  c o l o r  o r  

f l u o r e s c e n c e  / 100 ug . I n t e r f e r e n c e  w i t h  t h e  D N A - d y e  r e a c -  

t i o n  i s  g i v e n  a s  t h e  r e l a t i v e  i n h i b i t i o n  o r  enhancement  o f  

t h e  s l o p e  o f  t h e  s t a n d a r d  c u r v e  . 
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618 VAN LANCKER AND GHEYSSENS 

T h e  c o n c e n t r a t i o n s  o f  t h e  t e s t  s u b s t a n c e s  were :  b u f f e r  com- 

p o n e n t s :  0 . 1 - 0 . 5 - 1 . 0  M ; s u g a r s :  0 . 1 - 0 . 5 - 1 . 0  m g / m l  ; i n -  

o r g a n i c  s a l t s :  0 . 1 - 0 . 5 - 1 . 0  M ; a l b u m i n :  0 .1 -0 .2 -0 .4  g / d l  

g l y c i n :  0 . 1 - 0 . 5 - 1 . 0  m g / m l  ; d e t e r g e n t s :  0 .1-0.5-1.0 g / d l  

R N A :  0 . 1 - 0 . 5 - 1 . 0  mg /m l  ; NADP:0 .2 -1 .0 -2 .0  u g / m l  ; u r e u m  

1 . 0 - 2 . 0 - 4 . 0  M ; p h e n o l :  5 . 0 - 2 5 . 0 - 5 0 . 0  mg /m l  ; e t h a n o l  

0 .01 -0 .05 -0 .1  g / m l  ; E D T A :  0 . 0 1 - 0 . 0 5 - 0 . 1  M ; a d r i a m y c i n :  

10.0-50.0-100.0 u g / m l .  

T h e  s u i t a b i l i t y  o f  e a c h  me thod  f o r  t h e  a n a l y s i s  o f  s i n g l e -  

s t r a n d e d  o r  s e v e r e l y  d e g r a d e d  D N A  was t e s t e d  b y  c o m p a r i n g  

i d e n t i c a l  q u a n t i t i e s  o f  t e m p e r a t u r e - d e g r a d e d  c a l f  t hymus  DNA 

and  H e r r i n g  spe rm D N A  t y p e  I V  ( S i g m a )  w i t h  t h e  s t a n d a r d s .  

A1 1 e x p e r i m e n t s  were  p e r f o r m e d  a dupl ' i 'cate. 

5 
D i p h e n y l a m i n e  a s s a y  : R i c h a r d ' s  m o d i f i c a t i o n  o f  t h e  

o r i g i n a l  a s s a y  was u s e d ,  o f f e r i n g  h i g h e r  s e n s i t i v i t y  a n d  

l o w e r  r e a g e n t  b l a n k s .  To 100  p l  o f  samp le  1 .9  m l  o f  1.65 M 

HC104 was added,  f o l l o w e d  by 1.2 m l  c o l o r  r e a g e n t  ( d i p h e n y l -  

amine 4 % w / v ,  g l a c i a l  a c e t i c  a c i d  9 6  % v / v ,  p a r a l d e h y d e  

0.01 % v / v ) .  The m i x t u r e  was k e p t  o v e r n i g h t  i n  t h e  d a r k  and  

c o l o r  r e a d  a t  600 nm. 

D i a m i n o b e n z o i c  a c i d  a s s a y  (DABA a s s a y )  : t h e  H i n e g a r d n e r  

m e t h o d 6  was used .  A 100 -p1  a l i q u o t  o f  DABA s o l u t i o n  ( 3 0 0  

mg/m l  i n  w a t e r )  was added  t o  t h e  samp le  and c o l o r  d e v e l o p e d  

a t  60'C f o r  one h o u r .  A f t e r  c o o l i n g ,  t h e  m i x t u r e  was d i l u -  

t e d  w i t h  2 m l  1 N  H C l  and  f l u o r e s c e n c e  was measured  a t  e x c i -  

t a t i o n  w a v e l e n g t h  400 nm and  an e m i s s i o n  w a v e l e n g t h  520 nm. 
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DETERMINATION OF DNA 619 

B e f o r e  u s e ,  i m p u r i t i e s  i n  t h e  c o m m e r c i a l  p r e p a r a t i o n  o f  DABA 

w e r e  r e m o v e d  by  a d s o r p t i o n  o n t o  c h a r c o a l  a n d  r e p e a t e d  p r e c i -  

p i t a t i o n  o f  DABA f r o m  c o n c e n t r a t e d  HC1. 

D A P I  a s s a y .  We u s e d  a s l i g h t  m o d i f i c a t i o n  o f  t h e  o r i g i n a l  

, a s  t h e  a s s a y  d e s c r i p t i o n  o f  K a p u s c i n s k i  a n d  S k o z y l a s  

was a l w a y s  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  a n  a m o u n t  o f  s a l t ,  

a s  t h i s  i m p r o v e d  c o n s i d e r a b l y  t h e  r e p r o d u c i b i l i t y . W e  f n a l l y  

a d o p t e d  t h e  f o l l o w i n g  p r o c e d u r e  : a 1 0 0 - p l  a l i q u o t  was  d r i e d  

a s  a b o v e .  T h e  d r i e d  D N A  w a s  r e d i s s o l v e d  i n  1 0 0  p l  1.1 M 

N a C l  ( i n s t e a d  o f  p u r e  w a t e r )  o r  i n  1 0 0  p l  0 . 1  M NaC l  p l u s  

t e s t  s u b s t a n c e s  a s  d e s c r i b e d .  Two m l  D A P I  s o l u t i o n  ( 0 . 3  

p g / m l  i n  w a t e r )  w e r e  a d d e d  a n d  f l u o r e s c e n c e  r e a d  a t  o n c e  

( e x c .  3 7 2  nm, e m i s s .  4 5 4  nm) .  

3 

B i s i m i d a z o l e  a s s a y  was c a r r i e d  o u t  a s  d e s c r i b e d  by S t o u t  a n d  

B e c k e r ’  . T h i s  m e t h o d ,  a c c o r d i n g  t o  t h e  a u t h o r s ,  h a s  t h e  

a d v a n t a g e  o f  b e i n g  m o r e  s u i t e d  f o r  s i n g l e - s t r a n d e d  D N A  t h a n  

t h e  o r i g i n a l  p r o c e d u r e .  T h e  s a m p l e  w a s  m i x e d  w i t h  2 m l  o f  

t h e  d y e  r e a g e n t  ( 1 0 5  p g / m l  i n  2 .5  m M  p h o s p h a t e  b u f f e r ,  pH 

7 . 0 )  a n d  f l u o r e s c e n c e  r e a d  i m m e d i a t e l y  ( e x c .  3 6 0  nm, e m i s s .  

4 5 0  nm) .  

RESULTS AND DISCUSSION 

A s u m m a r y  o f  o u r  f i n d i n g s  i s  p r e s e n t e d  i n  T a b l e  I a n d  T a b l e  

1 1 .  The  f i r s t  T a b l e  l i s t s  t h e  s u b s t a n c e s  t e s t e d ,  a l o n g  w i t h  

t h e i r  e f f e c t s  o n  t h e  f o u r  a s s a y s  . I n f l u e n c e  o f  DNA i n t e g r i t y  
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620 VAN LANCKER AND GHEYSSENS 

Table I 

diphenylamine DADA DAPI bisimidazole 

Sugars 
glucose 
ribose 
arabinose 

Inorganic Salts 
KC 1 
NaCl 
ngci 
(NE4f2SO4 

Amino Acids, Protein 
albumin (human) ( 0 )  
glycin ( 0 )  (2) 0176 ( 0 )  
Eagle's nEn ( 0 )  ( 0 )  ( 0 )  

Detergents 
deoxycholate 
SDS . 

Triton-X-100 
Ween 80 

Varia 
M A  ( 0 )  
NADP ( 0 )  
urea' (2) 0109 
phenol (0)  
ethanol ( 0 )  
EDTA ( 0 )  
Filters - polyvinyliden fluoride ( 0 )  - cellulose eiters (2) Of46 
adriaaycine ( 0 )  

ioi  

Legend I (011  no interference. (1) 1 relative color or fluoreaence development 
of teat rubatancea. (2) I relative inhibition or enhancement of 
DNA-dye reaction. 
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DETERMINATION OF DNA 

T a b l e  I 1  

621 

h e a t  d e n a t u r e d  D N A  H e r r i n g  Sperm D N A  

d i p h e n y l a m i n e  0.00 0 .00 

D A B A  0.00 0.00 

D A P  I 0.70 0 . 9 0  

b i s i m i d a z o l e  0.60 0.80 

as  measured  by  t h e  r e l a t i v e  i n h i b i t i o n  o f  c o l o r  o r  f l u o r e s -  

c e n c e  d e v e l o p m e n t  i s  g i v e n  i n  t h e  second  T a b l e .  

I n  s p i t e  o f  i t s  l i m i t e d  s e n s i t i v i t y  ( L . D . A . ,  l o w e s t  d e -  

t e c t a b l e  a m o u n t :  2 1 pg  D N A ) ,  t h e  d i p h s n y l a m i n e  a s s a y  s t i l l  

seems t h e  m o s t  r e l i a b l e  me thod  f o r  D N A  d e t e r m i n a t i o n .  I t s  

m a i n  f e a t u r e s  a r e  a n  a l m o s t  c o m p l e t e  i n d e p e n d e n c e  o f  pH 

c o n d i t i o n s ,  i o n i c  s t r e n g t h  and  t h e  p r e s e n c e  o f  p r o t e i n s  a n d  

s u g a r s .  S p e c i f i c i t y ,  e s p e c i a l l y  a s  c o n c e r n s  R N A ,  i s  e x c e l -  

l e n t .  A s  some d e t e r g e n t s  i n t e r f e r e  r a t h e r  s t r o n g l y  w i t h  t h e  

a s s a y ,  c a r e  m u s t  be t a k e n  t o  remove a l l  t r a c e s  a f t e r ,  e.g., 

t h e i r  u s e  i n  c e l l  l y s i s  p r i o r  t o  d e t e r m i n a t i o n . T h e  m e t h o d ,  

however ,  i s  e q u a l l y  w e l l  s u i t e d  f o r  s e v e r e l y  d e g r a d e d  D N A  a s  

i t  i s  f o r  i n t a c t  D N A .  
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6 2 2  VAN LANCKER AND C H E Y S S E N S  

T h e  DABA a s s a y  s h a r e s  many o f  t h e  f o r m e r  f e a t u r e s ,  b u t  a p -  

p e a r s  n e v e r t h e l e s s  s o m e w h a t  l e s s  p e r f o r m i n g .  I t  i s  n o t  

s u i t e d  f o r  u s e  a t  e x t r e m e  pH v a l u e s ,  w h i c h  p r e c l u d e s ,  e.g. ,  

i t s  u s e  f o r  a c i d - p r e c i  p i  t a t e d  DNA. I n t e r f e r e n c e  i s  n o t e d  

f r o m  s u g a r s  a n d  p r o t e i n  , w h i l e  a n  i m p o r t a n t  r e a c t i o n  w i t h  

RNA e x i s t s .  N o t e w o r t h y  i s  t h e  e n h a n c e m e n t  o f  f l u o r e s c e n c e  

a s  s e e n  f o r  D N A  o n  f i l t e r  membranes  : t h i s  e f f e c t  h a s  b e e n  

e x p l o i t e d  t o  o b t a i n  h i g h e r  s e n s i t i v i t y  a n d  e a s e  o f  w o r k  . 
I m p o r t a n t  d i f f e r e n c e s  e x i s t  b e t w e e n  t h e  t w o  a s s a y s  d i s c u s s e d  

a b o v e  a n d  t h e  D A P I  a n d  b i s i m i d a z o l e  a s s a y s .  T h e  f o r m e r  

r e a c t  s t r o n g l y  w i t h  t h e  s u g a r  m o i e t i e s  o f  t h e  DNA , w h i l e  i n  

t h e  l a t t e r ,  t h e  m e c h a n i s m  i s  m u c h  m o r e  c o m p l e x ,  a s  b o t h  

i n t e r c a l a t i o n  a n d  d i r e c t  b i n d i n g  s e e m  t o  o c c u r 3 p 7  . I n  

a d d i t i o n ,  p r e f e r e n c e  f o r  c e r t a i n  s e q u e n c e s  i n  t h e  D N A  mo-  

l e c u l e  h a s  b e e n  o b s e r v e d  ( f o r  i n s t a n c e  A / T  r i c h  r e g i o n s  f o r  

D A P I ) ,  a n d  f l u o r e s c e n t  y i e l d  may d e p e n d  on  t h e  c o n c e n t r a t i o n  

a 

.. 

.¶ r a t i o  D N A  / Dye  

T h e  D A P I  a s s a y  s e e m s  t o  s u f f e r  m o s t  f r o m  t h e s e  p a r t i c u l a r -  

i t i e s .  D e n a t u r a t i o n ,  d e g r a d a t i o n  a n d  p r e c i p i t a t i o n  d i m i n i s h  

f l u o r e s c e n c e  d r a s t i c a l l y .  I t  c a n  o n l y  b e  u s e d  i n  a v e r y  

l i m i t e d  p H - r a n g e .  As a l r e a d y  m e n t i o n e d ,  t h e r e  e x i s t s  a d e -  

p e n d e n c e  on  i o n i c  s t r e n g h t  t o  o b t a i n  g o o d  r e s u l t s .  

B i s i m i d a z o l e  b e h a v e s  s i m i l a r l y  : l i m i t e d  pH r a n g e , s u s c e p -  

t i b i l i t y  t o  t h e  p r e s e n c e  o f  d e t e r g e n t s ,  i m p o r t a n c e  o f  s a l t  

c o n c e n t r a t i o n ,  r e a c t i o n  w i t h  R N A .  

We c o n c l u d e  t h a t  t h e  d i p h e n y l a m i n e  m e t h o d  s t i l l  r e m a i n s  t h e  

m e t h o d  o f  c h o i c e ,  a l t h o u g h  i t  i s  s o m e w h a t  c u m b e r s o m e  a n d  
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DETERMINATION OF DNA 623 

t e d i o u s ,  a n d  s e n s i t i v i t y  i s  l i m i t e d .  As an  a l t e r n a t i v e ,  t h e  

DABA a s s a y  c a n  b e  u s e d ,  b e i n g  m o r e  s e n s i t i v e  (L.D.A. : 2 1 0  

n g  D N A ) ,  b u t  somewha t  l e s s  g e n e r a l l y  a p p l i c a b l e .  A l t h o u g h  

m o r e  s e n s i t i v e  (L .D .A .  : 5 n g  DNA) a n d  v e r y  e a s y  t o  p e r -  

f o r m ,  t h e  D A P I  a n d  t h e  b i s i m i d a z o l e  a s s a y s  s u f f e r  f r o m  t h e i r  

n u m e r o u s  i n t e r f e r e n c e s  . We t h e r e f o r e  recommend t o  u s e  b o t h  

t h e s e  a s s a y s  o n l y  u n d e r  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s .  
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