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We have studied developmentally regulated patterns 
of histone acetylation at high resolution across -54 kb 
of DNA containing three independently regulated but 
neighboring genetic loci. These include a folate recep- 
tor gene, a 16 kb condensed chromatin region, the 
chicken P-globin domain and an adjacent olfactory 
receptor gene. Within these regions the relative levels 
of acetylation appear to fall into three classes. The 
condensed chromatin region maintains the lowest 
acetylation at every developmental stage. Genes that 
are inactive show similarly low levels, but activation 
results in a dramatic increase in acetylation. The 
highest levels of acetylation are seen at regulatory 
sites upstream of the genes. These patterns imply the 
action of more than one class of acetylation. Notably, 
there is a very strong constitutive focus of hyper- 
acetylation at the 5' insulator element separating the 
globin locus from the folate receptor region, which 
suggests that this insulator element may harbor a high 
concentration of histone acetylases. 
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Introduction 

In the eukaryotic nucleus transcribed regions are organ- 
ized into independently regulated domains, each contain- 
ing the necessary regulatory elements for the correct 
expression of the genes located within (Bell et al., 1998; 
Bell and Felsenfeld, 1999). There is abundant evidence 
that chromatin, in addition to playing a structural role in 
the organization of DNA within the nucleus, is also 
intimately involved in the regulation of eukaryotic gene 
expression (Felsenfeld, 1996; Wu, 1997; Kornberg and 
Lorch, 1999; Farkas et al., 2000; Schubeler et al., 2000). 
Associated with this regulatory function are a variety of 
histone modifications, including acetylation, phosphoryl- 
ation, methylation, ADP ribosylation, ubiquitylation and 
glycosylation, that can alter the structure and chemical 

reactivity of chromatin (Cheung et al., 2000; Strahl and 
Allis, 2000). 

A great deal of attention has been focused on histone 
acetylation. There have been numerous studies of the 
mechanisms of acetylation and deacetylation, and their 
consequences for gene expression (Grunstein, 1997; 
Turner, 2000). These studies have established that, 
particularly in the neighborhood of transcriptionally 
active promoters and enhancers, lysine residues on the 
N-terminal tails of histones H3 and H4 are more highly 
acetylated than those in regions of transcriptional inactiv- 
ity (Kuo et al., 1998). Many transcription factors bound at 
promoters and enhancers can recruit histone acetylases, 
explaining how acetylation levels can be changed in the 
neighborhood of such sites (Bannister and Kouzarides, 
1996; Mizzen et al., 1996; Ogryzko et al., 1996; Chen 
et al., 1997). Recent work has also suggested how 
acetylation signals might be propagated over the chroma- 
tin of coding regions, for example by the attachment of 
certain acetylases to the moving transcription complex 
(Wittschieben et al., 1999). 

The N-terminal tails of histones H3 and H4 both have 
several lysines residues capable of being acetylated. The 
fact that different acetylases and deacetylases target 
specific lysines suggests that acetylation of specific lysines 
may have important regulatory functions (Strahl and Allis, 
2000). Among studied systems and organisms, the modi- 
fication of individual lysine residues shows considerable 
variation. In Drosophila and Saccharomyces cerevisiae, 
Lysl2 of H4 appears to be specifically acetylated in 
heterochromatin (Turner et al., 1992; Braunstein et al., 
1996), whereas all H4 lysines are unacetylated in mam- 
malian facultative heterochromatin (Jeppesen and Turner, 
1993). In studies of a CMVlacZ transgene incorporated 
into HeLa cells, acetylation of lysines 5, 12 and 16 of H4 
was shown to be involved in the initiation of chromatin 
opening, whereas acetylation of Lys8 appeared to be 
important for the maintenance of open chromatin (Chen 
and Townes, 2000). In S.cerevisiae an increase in 
acetylation of H4 Lys5 appears to be sufficient for 
derepression of UME6-regulated genes in rpd3 deletion 
mutants (Rundlett et al., 1998). Although such studies 
show that individual lysines can have distinct regulatory 
roles, it is not clear whether these are the same from one 
gene or organism to another. 

Even the correlation between transcriptional activity 
and overall acetylation levels of H3 and H4 differs 
between the systems that have been investigated. Some 
studies show nearly identical levels of H3 and H4 
acetylation enrichment over transcriptionally active 
genes (Parekh and Maniatis, 1999; Elefant et al., 2000). 
In contrast, in a recent study of the human P-globin 
locus, H4 acetylation was uniformly elevated over the 
locus, whereas the greatest enrichment in H3 acetylation 
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