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In a research program on the In- 
teractions between biologically active 
molecules and nucleosome. after the 
study of a typlcal intercalator such 
as actlnomycln D (ACTD) [ll. we are 
now analysing the Interaction of 
4 -6-Dlamldlno-2-phenyllndole (DAPI) 
with nucleosome and nucleosomal DNA. 
by topological analysis and spectro- 
SCOPIC measurements. OAP1 forms fluo- 
rescent complexes WI th natural and 
synthetic double-stranded deoxyrlbo- 
nucleic acids contalnlng AT. AU and IC 
clusters L21 and with double-stranded 
RNAs containing AU clusters 133. while 
n 0 fluorescent complexes have been 
found for the interaction of DAPI with 
slnyle stranded ribonuclelc acids. 
Because of these properties DAPI IS a 
useful tool in various blochemlcal and 
cytochemical Investlgatlons. Recent 
researches have eviciencea the biolo- 
glcal importance of DAPI: it induces 
undercondensatlon of certain specific 
human chromosome 51 tes and causes 
breaks in other chromosome sites with 

the characteristics of common fragile 
sites 141. and It inhibits the initla- 
tlon of in vitro trascrlption through 
Its effect on open complex formation 
and stabi I ity CSI. DAPI binds to DNA 
In two different modes t2. 61: 1) a 
strong binding. specific for AT. AU 
and IC clusters. which gives rise to a 
large increase In fluorescence. and 2) 
a weaker one, non specific to nucleo- 
tide sequence, which only slightly 
Increases the fluorescence of DAPI and 
can be attributed mainly to electro- 
static InteractIons. 

Two models have been proposed for 
the stronger type of Interact Ion. one 
based on lntercalatlon (21. the other 
on external bindlng in the narrow 
groove CBI. The outslde bIndIng model 
IS now generally accepted and it is 
conflrmed by our results. Notwi th- 
standing the hypochromism and the 
red-shift observed In the spectra of 
DAPI In the presence of DNA and nu- 
cleosome (fig.1). that could indicate 
an intercalation. our results of topo- 

Fig. 1. Absorption spectra of DAPI at various drug/phosphate ratios. 
a) DAPI/ DNA: IDI, [PI from 0 to 0.11: b) DAPI/nucleosome: [Dl/[Pl from 0 
to 0.18. 
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F.rr. ;. lsathcrms for- the binding of DAPI to DNA Co) or to 175 bp nucleo- 
sumes < oi . shown as Scatchard plots. a) 10 mM Tris-HCl pH 7.4; b) 10 mM 
TL-IS-HC~ PH 7. 4 + 0.1 PI NaCl; r. molar ratio of bound druo to total DNA 
bp: m. I-: c r, I: e I7 t r a t , 0 ri of free dcug. 
y-intercepts of semilogarithmic fits. 

logical analysis of complexes between 
DAPI and pBR322 supercoi led DNA at 
different ratios suggest that the 
intercalative model can be excluded. 
In fact. the DNA IS fully relaxed upon 
topoisomerase I treatment of the com- 
plexes (not shown). 

The strong fluorescence increase 
of DAPI. caused by the binding with 
DNA and nucleosome. has been exploi tea 
for the measurement of the association 
constant and the number of blnding 
sites for the interactions of DAPI 
with nucleosome and nucleosomal DNA. 
Data obtained with spectrofluorimetric 
measurements at two different ionic 
strenght, organized in the form of 
Scatchard plots (fig.2). ind:cate a 
strong semi larlty for the binding of 
DAPI to DNA and nucl eosome: the asso- 
ciation constants are a 1 most equal 
( about 1 .3-1.6 x 107 M-i) and the 
number of binding sites found for the 
interaction between DAPI and nucleo- 
some IS slightly smal ler than the 
number found for DNA (by about 15%). 
On the contrary. for the interaction 
of nucleosome with an intercalator 
such as ACTD. the number of binding 
Sites IS strongly decreased, compared 
with that found for the interaction 
between ACTD and DNA [ 11 . 

These finciings are in agreement 
with results on the accessibi I ity of 
oases in nucleosomes previously repor- 
ted [yl: guanine residues in the large 
gr- 0o”e an a . I ess certainly. adenine 
;CSldueS i n the narrow groove are in 
the nucleosome as accessible to Ul- 
methylsul fate as they are in naked 
DNA. Cur results confirm that nucleo- 
somal DNA is accessible in the narrow 

Dashed lines are the tangents to 

groove to relatively small molecules: 
this indicates that. in the nucleoso- 
me. histones do not engage in exten- 
sive contacts with nucleotide bases of 
DNA. suggesting an organlzation of the 
nucleosome which assures the maximum 
of DNA readability compatible with its 
compact structure. 
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