Upstream, Downstream:
The Intricate Affairs

0f Busy Transcription Factors

.the ongo! ng drama revolving around a
dedicated protein family, meddling
ne igh bO"'b and the genes they serve. In
this week's episode, MLTF, am upstream
"\ A ba?edmg protein, pressures
wa,uqumpmorz factor IID into working

overtime at an adenovirus promoter.
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ALMOST EVERY WEEK, IT SEEMS, another character ap-
pears, expanding the cast of DNA-binding proteins.
Some of these proteins are destined for major roles,
"T'ndint to DNA sequences a few hundred basepairs
upstream of key genes and controlling the work of cells
y ulating transcription of DNA Lo messonger RNA.
Other dramatis personae in the cellular theater take
their places in enhancer regions thousands of basepairs

by
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upstream or downstream from the transcribed gene on
center stage. Clearly, untwisting the labyrinthine af-
fairs of the protein families that regulate gene expres-
sion will not be easy, but Danny Reinberg and col-
leagues at the University of Medicine and Dentistry of
New Jersey think a plot resolution may soon be in
sight.

In a recent installment, pubiis‘s\ea in the Jowrnal of
Biaological Chemistry, Reinberg, Juan Carcamo, also of
the University of Medicine and Dentistry, and their
colleagues identify a new role for a transeription factor
that has appeared before. Known as a general tran-
scription factor, I[ID has now been spotted interacting
with an unusual promoter region in an in vitro system
from adenovirus. The promoter region figures into the
prologue of the transcription drama: It is the collection
of DNA sequences at which transcription begins. In his
review of the protein players and their script, Ron
Conaway al the University of Texas at Austin antici-
pates that the new IID twist will open questions about
the promoter region and 1ID's interaction with the re-
gion. He concludes on a philosophical note: There is
much to learn about this old and vital biological drama.

The new results also confirm a previous observation
of transcription walchers. In this case the character
involved is the major late transcription [actor (MLTE).
Unlike the general factor 11D, which binds at the pre-
moter, MLTF binds to DNA at a distance before (up-
strearmn from) the promoter region. Even from this re-
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mote location a few hundred base pairs away, MLTF
interacts with factor IID at the promoter, increasing the
amount of RNA that is made. Scientists expect they
will eventually see more examples of such interplay
between upstream or downstream factors and evernts
unfolding at the promoter region.

The ultimate ;
how the enzyme RNA polymerase Il makes messenger
RNA (mRNA) from genes during transcription. The
key, he says, is to know more about events at the pro-
moter region of the DNA where RNA polymerase []
starts making mRNA. Then, researchers can under-
stand how specific 'DNA-binding proteins such as
MLTF operate from upstream or downstrearn locations
to regulate the amounts of specific mRNAs produced.

Reinberg and colleagues study several proteins called
“general transcription factors” that associate with RNA
polymerase I as it makes mRNA from class II genes,
These are genes that code for proteins, as opposed to
class [ genes—which code for large ribosomal RNA
(rRNA)—and class 111 genes—which code for transfer
RNA (tRNA) and other small rRNAs, Class I and class
lIl genes are transcribed by RNA polymerases I and I1],
respectively. :

These general factors, including 11D, were initially
discovered in Robert G. Roeder's laboratory at Rocke-
feller University in New York and are necessary for
transcription of all class II genes. (This distinguishes
them from the upstream DNA-binding factors such as
MLTF, which are specialized; each may be involved in
the regulation of only one or a few genes.) The general
factors can bind to the DNA, to each other, or to RNA
polymerase II, but they apparently function only in the
promater region. This group of DNA elements is located
just before, and may include, the so-called “cap'' site
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Model of transcription, based on studies by
Reinberg and others, of the adenovirus promoier
in a reconstituted system. (1) The general

site at which RNA polymerase I (pol IT) nssociates
to begin transcription of RNA from DNA
(inuiation). The general transcription Juctors
{F, and [F interact in an unknown manner
RNA polymerase. When the polymerase m
down the DNA to extend the initiated m
(elongation), the lIA-IID docking site Salls ar
and lIE fall off the polymerase, and fuctors
IS now bind to keep RNA polymerase If
transcribing. (2) When an upstream Sactor such as
the major late transcription factor (M)
an upstream element on DNA, it may «
the HA-IID docking site. Under these cor
docking site remains stably anchored (o the |
when the polymerase moves on Lo elongate
and 1s waiting for another polymerase mole
start another round of transcription. In the
adenovirus promoter system, this results in the
production of 10 to 12 titnes more mRENA than
would result in the absence of MLTE

that marks the beginning of each mRNA. Each 1
starts with a guanylate triphosphate, Gpp
modified into a cap structure before g
rermove intervening sequences called intre
Reinberg says that the general factors h
ficult to isolate because, unlike the i
binding proteins, there is no high a 3
can be used to fish them out of nuclear ex
chael Chamberlin, of the University of C
Berkeley agrees. In defense of criticisms that the




prodre mmg too slowly, he says that experiments with
general transeription f..cLots are not popular because
they are too diflicult and too expensive. The molecular
biological approach of isolating a protein by virtue of
its high affinity for DNA is not appropriate. for the
general factors because, in the later case, protein-pro-
tein interactions play major roles in their functioning,

Reinberg currently believes that RNA polymerase 11
requires five proteins to start making mRNA, called
transcription factors [lA, 1B, IID, l1IE, and IIF (the II
comes [rom RNA polymerase 1I). The factors are difli-
cult to purify, and scientists have not been able to
their various roles. Nevertheless, Reinberg
thinks that several laboratories have convincing evi-
fence to indicate that factor IID binds to DNA with
Ip from factor [IA. Together, I1A, 1ID, and DNA form
a stabilized group of molecules called a "“committed
complex.” The complex functions as a sort of docking
site that binds the polymerase in the proper position
relative to the cap site.

The other factors, 11B, 1IE, and [IF then enter into
the transcription cycle. Factors IIE and IIF interact
directly with polymerase; it is not yet clear how and
when [IB enters the cycle. The association of all the
factors with the promoter results in the formation of a
"preiniliation complex” which, with ribonucleoside tri-
phosphates (mRNA precursors) and the hydralysis of
ATP (o provide chemical energy), forms the first
phosphodiester bond of the new mRNA. Polymerase 1]
is then released [rom the initiation complex and begins
to elongate the mRNA by continued polymerization of
nucleaside triphosphates with help from transcription
factors 1IF and IIS.

In addition to the general factors, the promoler re-
gion on the DNA helps to determine the efficiency of
transcription. Keith Yamamoto of the University of
California at San Francisco describes the promoter as a
reglon made like a patchwork quilt of sequence ele-
ments: Promoter regions vary, and a given promoter is
made of multiple patches. g

Many promoters of class I genes have a sequence
element with repeated thymidines and adenosines
called a TATA box. It, or variations such as TATAAA or
ATAAA, is located about 30 base pairs before the cap
site. In several previous studies, Reinberg and his col-
ieagues used a promoter with a TATA box, the adenovi-
rus major late promoter, to assay the general transcrip-
tion factors in vitro. In vivo, it promotes transcription
of the mRNA for most of the proteins required in the
late part of the adenovirus life cycle.

Adenoviruses have several promoters that could be
used in vitro to assay general transcription factors, but
researchers often use the major late promoter because
they believe it to be relatively simple and efficient.
Other investigators reported that factor [ID binds to its
TATA box when it forms the docking site with factor
1A, but the new studies show that 11D does not always
require a TATA box.

[For some time scientists have known that not all
cizss Il genes have a TATA recognition sequence in
their promoter region. In the new wark, Reinberg and
lis coliengues studied such a promoter, also from ad-
cnovirus, called the Va2 promoter, to find out how
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RNA polymerase 1 binds to [Va2 in the absence of a
TATA box. The researchers wanted to identify the
transeription factors that this TATA less promoter re-
guires, and they initially ecxpected that without a
TATA box, the HA-IID docking site would have no-
where to bind. But their initial instincts were wrong.
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Reinberg and his co-workers set up a functional as-
say system that contained a DNA template (with the
TATAJess Va2 promoter and a sequence to copy),
polymerase Il, and each of the gencral transcription
factors except 1ID, in addition to the ribonucleoside
triphosphates and energy sources. The researchers ob-
served no transcription until they added a small
amount of nuclear extracts from HelLa cells.

This result told them that a factor required for tran-
scription from a TATA-less promoter was in the nu-
clear extract. To identify the mystery factor they frac-
tionated nuclear extracts and tested the fractions in the
same assay system. To their surprise, they found they
were using the same procedures that are required to
purify factor 1ID, the factor they thought would not
work with a TATA-less promoter,

Because they have not yet completely purified factor
11D, they connot be sure if the mystery factor really is
11D or if it just co-purifies with IID. So the researchers
did some additional controls to convince themselves
that the factors really is IID. Now they are wondering
how [ID binds in the absence of the TATA box.

“This implies that IID may be a degenerate protein
that recognizes more than one sequence,” says
Reinberg. “Or it could mean that IID interacts with
many other proteins to form heterodimers (molecules
made of two different polypeptides), and the
heterodimer is regulating the binding specificity.”

Conaway offers another explanation. He says that
Reinberg's results bring up the question of what consti-
tutes the structure of the promoter. Conaway suggests
that it may not be just the TATA box that is recognized
by IID, even in promoters that have the recognition
element. He cites a recent paper from David Baltimore
of the Whitehead Institute in Boston and his colleagues,
which suggests that other sequences are recognized by
the transcription apparatus.

“The history of what constitutes a promoter is long
and not complete yet,” says Conaway. “There is sub-
stantial evidence that the TATA box and sequences
around the cap site constitute the promoter, that you
need two set.s of sequences for the promoter to func-

st,rcng h of th'\t promoter but you still have a promoter
[because of the sequences around the cap site). And if
you put a mutation around the cap site youstill havea
promoter [because of the TATA box).

“Also, what constitutes the TATA box is not well
defined. The TATA box got a name for itself because
it's an AT-rich sequence that can be easily picked out.
But the [nucleotides that define the] boundaries are not
well established. Ultimately, to understand transcrip-
tion we will have to understand the structure of the
promoters."

The second finding of the Reinberg group concerns a
specific DNA-binding protein that comes from Hela
cells, not adenovirus. It recognizes a DNA sequence
upstream from the adenovirus major late promoter re-
gion and stimulates mRNA synthesis by affecting a
general transcription factor. This cellular factor is
called major late transcription factor or MLTE In vivo,
the adenovirus genome has a sequence upstream from
its major late promoter (the efficient promoter with a
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TATA box that Reinberg has used to isolate the general
transcription factors) that binds MLTF.

In the new work, Reinberg and coauthors extenred
an observation originally made by Roeder and Michelle
Sawadogo, also of Rockefeller. They showed that puri-
fied MLTF appears to stabilize the committed complex
on the adenovirus major late promoter. When polyiner-
ase Il is released to continue elongating the new mes-
sage, the committed complex is available to bind a new
polymerase Il molecule and start another round of tran-
scription. This increases RNA synthesis 10- to 12-foid.
Reinberg has not proven that MLTF binds directly to
the general factors I1A or IID, but he cites the Roede
and Sawadogo results indicating that [ID and MLTF
cooperate to bind to DNA more stably.

Other researchers expect that other upstream DNA-
binding proteins such as MLTF interact with general
transcription factors tc affect the amount of
synthesized. Recent reports from Roeder's laboratory
support the idea that such interactions may be a comn-
mon occurrence, Yamamoto says these kinds of interac-
tions give the appearance of "contextual effects” at the
promoter region, Promoter efliciency, he says, depends
on the sequences in and around the promoler region.

"The emerging picture of transcription,” says (
berlin, “is as a multi-step process, or pathway, in
each step depends on one or more of the general Lran-
scription factors and the efficiency of the promoter.
Chamberlin thinks that each step will probably L‘-‘J sUs-
ceptible to influences by one or more factors that bine
somewhere else on the DNA and can loop over to
a general transcription factor, or even RN A ,‘n lymer
itself, If each step with the general factors is as
as it can be, the promoter cannot be enhanced—but i
can be repressed. An inefficient promoter is one that
needs enhancers at one or more steps.

"Because transcription invelves protein-protein in-
teractions, there is lots of flexibility for building logs of
regulative steps, resulting in an enormous numbés of
possible 'regulatory circuits’ that might control tran-
scription of any given gene," says Chamberlin. Ulti-
mately, scientists will want to understand as many reg-
ulatory cirenits as they can. “What has held up
progress,” he says, "is the lack of the general factors
With milligram quantities of themn, we could work ou
each of these steps pretty quickly. Iso g the genera
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factors will be critical to understanding the role of
other factors in the control of transcription.”
—GAYL LOHSE GALLAGHER:
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