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Chromatin Control—a Place
for E2F and Myc to Meet

Nicholas B. La Thangue

ost of the genes switched on by
M the transcription factor E2F are in-

volved in control of early events
in the cell cycle (/). Some of the same
genes are also regulated by the transcrip-
tion factor Myc, and by other Myc family
members (I, 2). Together, these two tran-
scription factors coordinate the expression
of banks of target genes implicated in cell
cycle control, DNA replication, and apop-
tosis. A provocative study by Ogawa et al.
(3) on page 1132 of this issue provides
new insights into the regulation of E2F-
and Myc-responsive genes during the ear-
liest phases (Gq and Gy) of the cell cycle
in mammalian cells. Although E2F and
Myec are firmly established as key regula-
tors of cellular proliferation, the new work
points to an additional, perhaps crucial,
role for E2F in maintaining cells in the
quiescent G, phase of the cell cycle.

It is well established that E2F regulates
early cell cycle transitions, from G, into
G, and S phase (4). But what E2F does in
quiescent cells is not clear. The transcrip-
tional activity of E2F in G cells is regu-
lated by the retinoblastoma tumor suppres-
sor protein pRb (see the figure). This pro-
tein, a member of the pocket protein fami-
ly, is pivotal in the G;- to S-phase transi-
tion. By binding to the transcriptional acti-
vation domains of E2F, pRb maintains
E2F target genes in a transcriptionally in-
active state. Cyclin-dependent kinases re-
lease active E2F by phosphorylating pRb,
resulting in transcription of E2F-respon-
sive genes and cell cycle progression.
Thus, through E2F, the cell cycle machin-
ery is connected to the transcription appa-
ratus, allowing the timely expression of
target genes required for cells to move into
S phase (5).

The pRb tumor suppressor protein regu-
lates gene expression by directing assem-
bly of a protein complex that modifies the
chromatin environment of target genes. Al-
tering the chromatin environment depends
in part on the enzymatic modification of
the amino-terminal tail regions of chro-
matin’s core histone proteins. This modifi-
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cation provides a “histone code” in which
the pattern of posttranslational modifica-
tions dictates whether chromatin is in an
open (accessible) or closed (inaccessible)
state (6). Both histone deacetylase (HDAC)
and histone methyltransferase (HMTase)—
enzymes responsible for modifying his-
tones—are present in pRb complexes. In
these complexes, HDAC maintains the hy-
poacetylated state of critical lysine
residues, which subsequently may become
methylated by HMTase. In turn, methylat-
ed lysine residues bind to the HP1 family
of repressor proteins that are involved in
long-term transcriptional silencing (7, 8).
Normally, E2F exists as a heterodimer
bound to DP proteins (see the figure) (4).
Similarly, Myc exists as a heterodimer in
which activity is dictated by the nature of
its partner: The Myc-Max dimer activates
transcription, whereas the Mad-Max dimer
blocks transcription (3). Like E2F, Myc-
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The dark horse of the E2F family. Transcriptional silencing by E2F-6.
In quiescent cells in G, of the cell cycle, E2F-6 nucleates the assembly
of a chromatin-modifying complex. This complex contains HMTase,
PcG proteins, and HP1y, together with other sequence-specific tran-
scription factors like Max and its partner Mga. By modifying the chro-
matin environment of target genes, this complex coordinates the
long-term silencing of cell cycle-regulated genes. As the cell cycle en-
sues, the promoter binding sites occupied by E2F-6 become occupied
by other E2F family proteins, such as E2F-1 and E2F-4, and by mem-
bers of the pocket protein family, such as pRb and p130. This allows
the regulated transcription of target genes that are involved in cell cy-
cle progression. (K9, lysine 9; M-K9, methylated lysine 9).

Max and Mad-Max are found in protein
complexes with chromatin-modifying ac-
tivity that alter the chromatin environment
of target genes. Other members of the
Myc family, such as Mga, bind to Max,
blocking the oncogenic activity of Myc by
preventing its association with Max (9).

There are six members of the E2F fami-
ly. E2F-1 to E2F-5 bind to members of the
pocket protein family
in a manner that is de-
pendent on the phase
of the cell cycle, lead-
ing to the periodic in-
duction of active E2F.
The sixth member of
the family, E2F-6, has
an unusual organiza-
tion: It has a truncated
carboxyl-terminal re-
gion that cannot bind
to pocket proteins, and
also lacks transcription
activation domains.
Although it is clear that
E2F-1 through E2F-5
are involved in cell cy-
cle progression, differ-
entiation, and apopto-
sis, it is not clear what
E2F-6 does (4).

This situation has
now changed with the
work of Ogawa and
colleagues (3), who
reveal that E2F-6 pro-
motes gene silencing
during Gy of the cell
cycle. They show that
E2F-6 recruits a multi-
meric chromatin-mod-
ifying complex (analo-
gous to the pRb com-
plex) to regions of chromatin in quiescent
cells. The authors characterize the compo-
nents of this E2F-6 complex and demon-
strate that two histone methyltransferas-
es—including a new enzyme called Eu-
HMTasel (euchromatic histone methyl-
transferase 1)—modify amino acid lysine
9 in the tail region of histone H3. The
presence of these HMTases together with
the transcriptional repressor protein HP1y
is highly significant because HP17y binds
to methylated lysine 9 to facilitate long-
term transcriptional silencing (see the fig-
ure). Of the three human HP!1 proteins,
HP1f and HPlo influence silencing of
heterochromatin. In contrast, HP1y has
been implicated in the silencing of euchro-
matin where most genes encoding proteins
are found, including many of the genes un-
der E2F and Myc control (10). Further ev-
idence that E2F-6 is involved in transcrip-
tional silencing comes from the discovery
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of several Polycomb group (PcG)-related
proteins in the E2F-6 complex. This group
of proteins interacts with E2F-6 and has
been implicated in the maintenance of in-
active chromatin (/1).

Perhaps one of the most tantalizing ob-
servations has been the identification of
Max together with its protein partner Mga
in the E2F-6 complex (9). Consistent with
the presence of the Max-Mga heterodimer
is the finding that the E2F-6 complex can
bind not only to E2F sites but also to Myc
sites in the DNA- of target gene promoters.
Moreover, Mga has a separate DNA bind-
ing domain, the T-box, which also dictates
binding of the E2F-6 complex to unrelated
T-box DNA binding sites. The E2F-6 chro-
matin-modifying complex therefore con-
tains several distinct DNA binding activi-
ties that may allow its recruitment to the
promoters of many different genes.

We are left with the overriding view
that E2F-6 directs transcriptional silencing
by modifying chromatin. It is likely that
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E2F-6 silences gene expression in quies-
cent cells in vivo because E2F-6, Max,
and HP1Yy preferentially occupy sites in the
promoters of cell cycle-regulated genes
during G,. E2F-6 is replaced by other E2F
family members including E2F-1 and
E2F-4 as the cells move into G, (see the
figure). Moreover, the presence of distinct
DNA binding activities in the E2F-6 com-
plex may allow for the coordinated regula-
tion of diverse target genes through a com-
mon long-term gene-silencing mechanism
that depends on chromatin modification.
The Ogawa et al. study represents a
milestone in cell cycle research, with its
revelation that E2F-6 is a key regulator of

gene activity in quiescent cells. The new -

work has implications for tumor biology
because cancer cells frequently harbor mu-
tations in E2F and Myc. Intriguingly, as
Ogawa and colleagues note, the E2F-6 ex-
pressed in HeLa cells and other tumor
cells seems to be inactive. It is possible
that abnormal E2F-6 is causally related to

the reluctance of tumor cells to enter a
quiescent state, and their continued drive
toward proliferation. As the E2F-6 story
continues to unfold with the characteriza-
tion of other E2F-6 complexes and the
identity of regulatory cues for E2F-6 con-
trol, we confidently anticipate a better un-
derstanding of the connection between
chromatin modification, cell cycle pro-
gression, and tumorigenesis.
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From Elton to Mathematics
and Back Again

Dave Raffaelli

e live in a time when biodiversi-
Wty is being lost at an alarming
rate. There is growing pressure
for community ecologists to deliver on ba-
sic questions about the consequences of
biodiversity loss for ecological stability.
But the true complexity of natural systems
is overwhelming. Representing their dy-
namics and understanding the underlying
processes is extraordinarily difficult; pre-
dicting their future states is even harder.
Ecologists try to cope with this complexi-
ty by thinking in terms of food webs.
Food webs can be represented as impres-
sively complicated spider-web pictures
(see the figure, A), but such diagrams
conceal more than they reveal: Interesting
patterns are obscured by the detail. How-
ever, by grouping species into feeding
types (or trophic levels) and estimating
the numbers or biomass at each level, ear-
ly ecologists like Elton (/) and Odum (2)
were able to show that pyramids are a
consistent feature of natural systems (see
the figure, B).
- A quite different approach is to make
abstract representations of food webs as
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mathematical models. Such models have
revealed new and unsuspected behaviors
in natural systems that would have been
impossible to predict from simple obser-
vations (3, 4). Blending these different ap-
proaches has been a major challenge for
food web ecologists, but Neutel ef al. (5),
reporting on page 1120 of this issue,
demonstrate how this is possible. Their
analysis brings us one step nearer to un-
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derstanding how highly complex ecologi-
cal systems retain their stability, contrary
to theoretical expectations (3, 4).

Neutel et al. explore a concept called
the trophic loop that was first described
by Yodzis (6). Loops are closed chains
representing interaction strengths between
adjacent species in a food chain (see the
figure, C). For each predator-prey link in
a food web, two interaction strengths can
be measured as simple coefficients: the
effect of the predator on the prey, and the
effect of the prey on the predator. Calcu-
lating these coefficients for all predator-
prey links in a real food web involves
highly detailed and painstaking estimates
of population sizes, mortality rates, and
energy conversion efficiencies (7). Un-
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Staying connected. Food webs can be represented as species (blue dots) connected by trophic links
(lines). Diagrams like these can be extremely complicated, and it is usually impossible to discern in-
teresting patterns within such pictures. By grouping the species in a food web (A) into functionally
similar types (trophic levels) and measuring the biomass of each of these levels, a pyramid of
biomass can be constructed (B). The decrease in biomass between successively higher trophic levels
is the slope of the pyramid, which may reflect system stability. Every trophic interaction between
species in a food web can be described by two coefficients (C): The effects of the predator j on the
prey i (a;) and the effects of the prey on the predator (a;). Usually, the former is larger than the lat-
ter. In the example shown of a two-species loop, the loop weight is the mean of the two coeffi-
cients. This can easily be extended to loops that include more than two species. Lower loop weights
(that is, weaker species interactions), especially for longer loops, help to stabilize food webs.
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