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The discovery of transcriptional enhancers a
little over twenty years ago opened our eyes
to how eukaryotes achieve spatial and tem-
poral control of gene expression. But the fact
that these elements can be located either
upstream or downstream of the promoter,
and often had the ability to exert their effects
over many kilobases of DNA, left us with a
new question to be answered: how does a
particular enhancer find its proper target
promoter? A recent paper by Vladimir
Balozerof and colleagues in the EMBO
Journal1 addresses this question in the con-
text of the Antennapedia complex (ANTC) of
D. melanogaster. Previous studies of ANTC
have already described mechanisms of pro-
moter competition and tethering elements
that could provide some specificity in
enhancer–promoter interactions. The paper
by Balozerof et al.1 brings a third element
into play: chromatin insulators.

Promoter preferences
The D. melanogaster Hox complexes are
particularly good settings in which to study
enhancer–promoter specificity2. First, the
spatial and temporal expression pattern of
each of the genes has been meticulously
characterized. Second, many of the
enhancers required for these patterns have
been identified. And third, within these
complexes are interspersed genes not asso-
ciated with Hox function whose regulation
seems to be completely independent from
the neighboring Hox genes. Between the
two Hox genes Scr and Antp lies ftz, a gene
that follows a different temporal and spatial
expression program (Fig. 1). Scr- and ftz-
specific enhancers have been character-
ized3,4. Specifically, the AE1 enhancer has
been shown to be necessary for the striped
ftz-specific expression pattern (Fig. 1). It
lies almost equidistant from the diverging
Scr and ftz promoters but specifically inter-
acts with only the ftz promoter.

RNA polymerase II core promoters can be
classified on the basis of the presence or
absence of a TATA box motif 5. The ftz pro-
moter contains a TATA box, whereas the Scr
promoter is TATA-less. It has been previ-
ously shown in a transgenic assay that the
AE1 enhancer can activate both TATA-con-
taining and TATA-less promoters6. But, if
AE1 is asked to choose between a TATA-con-
taining promoter and a TATA-less promoter,
it preferentially interacts with the TATA-
containing promoter. These findings suggest
that within ANTC, promoter preference may
be the mechanism used to recruit the AE1
enhancer to the ftz promoter and thereby
prevent it from inappropriately interacting
with the Scr promoter.

Promoter preference does not, however,
explain the Scr gene regulation. The complex

pattern of Scr expression in the anterior part
of the embryo depends, at least in part, on a
distal enhancer, T1, that is located 25 kb
upstream from the Scr promoter (ref. 4; Fig.
1). The complete ftz transcription unit, with
its associated enhancers, lies between the T1
enhancer and Scr. The T1 enhancer, unlike
the AE1 enhancer, seems to be indifferent to
the presence or absence of a TATA box. Yet the
T1 enhancer seems to interact specifically
with the Scr promoter. This promoter speci-
ficity has recently been attributed to the pres-
ence of a fragment of approximately 450 bp
located just 5′ to the Scr promoter7. This ‘pro-
moter-proximal tethering element’ has been
proposed to ensure proper enhancer–pro-
moter interactions between the T1 enhancer
and the Scr promoter by ‘tethering’ the T1
enhancer exclusively to the Scr promoter.
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Breaking the bond between an enhancer and a promoter has serious biological consequences. A recent study
describes a new chromatin insulator in the Drosophila melanogaster Antennapedia complex (ANTC) that may ensure
that nearby enhancers remain faithful to their respective promoters.
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Figure 1  The Scr–ftz region of ANTC. (a) A schematic diagram of the Scr–ftz region of ANTC (not to
scale). The expression of ftz (shown as a yellow rectangle) is controlled, in part, by two enhancers: D
and AE1 (yellow circles). The neighboring gene Scr is shielded from the effects of the D and AE1
enhancers by a newly identified SF1 insulator (red oval). Meanwhile, Scr (large blue rectangle) is
controlled by the T1 enhancer (blue circle) and a promoter-proximal tethering element (PPTE, shown as
a small blue rectangle). (b) The expression pattern of ftz in the early embryo as shown by in situ
hybridization (photo courtesy of S. Holtzman and T. Kaufman). (c) A post-germband extension embryo
triple stained for Scr (blue), Antp (green) and Ubx (red; photo courtesy of S. Holtzman and T.
Kaufman).
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Proper insulation
The work by Balozerof et al.1 suggests that a
chromatin insulator may be a third element
required for proper enhancer–promoter
interactions in ANTC. Using a transgenic
assay, they identified a 2.3-kb fragment from
the region bridging the Scr and ftz promoters,
SF1, that impedes enhancer–promoter inter-
actions when intercalated between them.

Chromatin insulators, also referred to as
chromatin domain boundaries, have long
been thought to have a central role in gene
regulation by dividing the chromatin fiber
into independent functional domains8.
Classical genetic approaches combined with
molecular biology have already identified
three boundary elements (Abd-B, Fab-7 and
Fab-8) in the second D. melanogaster Hox
cluster, the Bithorax complex (BXC; ref. 9). In
the context of the ANTC, SF1 is proposed to
shield the Scr promoter from the ftz regula-
tory elements. This is of particular impor-
tance because in ectopic constructs it has
been shown that the nearby ftz D enhancer
cannot discriminate between the Scr and ftz
promoters1.

The SF1 boundary element lies between the
T1 enhancer and its Scr target promoter,
implying that a mechanism exists that allows
the T1 enhancer to circumvent the SF1 insula-
tor. The ability of an enhancer to bypass an
intervening insulator is again reminiscent of
the organization of enhancers and boundary
elements in the large regulatory region of the

gene Abd-B of the BXC. Two mechanisms
have been proposed in the context of the BXC
to explain this bypass. The first postulates that
a special mechanism facilitates long-distance
interactions between remote regulatory
regions and the homeotic genes10–12. Zhou
and Levine13 described a particular sequence
in the regulatory region of Abd-B called the
promoter-targeting sequence (PTS). In trans-
genic constructs, association of the PTS with
an enhancer allows the latter to circumvent an
intervening insulator. It is therefore possible
that a PTS may exist near the T1 enhancer,
promoting interactions with the Scr pro-
moter, possibly through the promoter-proxi-
mal tethering element.

An alternative hypothesis comes from
studies of the gypsy insulator. It has been
shown that inserting one copy of the gypsy
insulator between an enhancer and a pro-
moter effectively blocks enhancer–promoter
interactions8. Recent work, however, has
shown that inserting two copies of the gyspy
insulator between the same enhancer and
promoter completely abolishes insulator
activity14,15. This insulator bypass is thought
to occur by insulator pairing, which causes
intervening sequences to ‘loop out’ and
allows a distal enhancer to function on a spe-
cific gene. If this mechanism is correct, one
might expect to find a second insulator on
the 3′ side of the ftz transcription unit to pro-
tect it from activation by T1 and to allow T1
to bypass the SF1 insulator.

The intergenic region between Scr and
Antp seems promising for the analysis of reg-
ulatory interactions in complex loci. But the
SF1 insulator, the promoter-proximal tether-
ing element and the promoter preference
mechanism have all been identified in trans-
genic constructs and do not necessarily reflect
the reality of ANTC. As homologous recom-
bination and gene conversion now work rea-
sonably well in flies, we can look forward to
confirming these results in the context of
native chromosomal locations.
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