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1. INTRODUCTION to coordinate gene expression with environ-

mental signals,

Gene expression beging wath the copying of
discrete segments of the DNA into RNA, a
process known as transeripdion. The products
of transcription include four classes of
ENA molecules: messenger RNA (mBENA),

Bacteria have a remarkable ability to adapt
to a rapidly changing environment. In most
cases adaptation requires that new proteins
be synthesized to adjust the metabolic cap-
acity of the organism to the available nutri-
ents or to defend against chemical or
physical toxing. In this chapter we will survey
the diverse ways that bacteria have evolved
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ribosomal RNA (rRNA), transfer RNA
{tRNA), and regulatory RNA, For protein-
coding genes, the corresponding mRNA mol-
ecule binds o ribosomes and directs the syn-
thesis of one or more specific proteins in a
process called rranslation. These processes are
s0 central to all iving things that the mfor-
mational transler of "DNA makes RNA
makes protemn’ has been referred 1o as the
“central dogma™ ol molecular brology.

In bacleria, gene expression is most (re-
quently regulated at the level of transcrip-
tion. That 1s, bacteria only transcribe the
subsct of their genes that are necessary for
growth and survival under the existing envir-
onmental conditions. The remaining regions
of the genome are silent. In some cases, how-
ever, genes are transcribed into mRENA even
when their protein products may not be
needed. In these cases the process of transla-
tion is likely to be the focus of regulation. To
appreciate the diverse mechanisms that allow
hacteria to regulate transcription and trans-
lation, we will first review these processes
and the enzymes that catalyze them,

Il. RNA POLYMERASE AND
THE PROCESS OF
TRANSCRIFTION

A, Structure of RNAP

The first step in gence expression 1s the tran-
scription of an ENA molecule complemen-
tary to the DNA template catalyzed by
DNA-dependent RNA polymerase (RNAP).
As befits its central role in the cell, RNAP
is  highly conserved and wvery complex
(McClure, 1985; Young, 1991). All cells con-
tain 2 multisubunit ENAP with two large
subunits and a variable number of smaller
subunits, In bacteria, a catalytically active
RNAP core enzyme has minmimal subunit
composition BRas (indicated as “E") (Bur-
gess et al, 1969). Additional small protens,
mcluding the omega (w) polypeptide (Gentry
and Burgess, 1993; Mukherjee and Chatterji,
1997) and, in some, gram-positive bacteria,
the delia () subunil (Juang and Helmann,
1994; Lopes de Saro et al, 1995, Lopez de

Saro et al,, 1999), are also often present. The
core enzyme can faithfully copy DNA into
RNA over many thousands of base pairs,
but by itself 15 incapable of recognizing pro-
moter elements,

Promoter recognition requires a separate,
dissociable specificity protein known as o
(Gross ef al, 1992; Helmann, 1994) The
complex formed by binding of o 1o the core
enzyvme 18 called fioloenzyme (Fig. 1) and is
often identified by the associaled o lactor. In
Escherichia coli, for example, the primary o
factor 1s 70kDa in size and is referred to as
o™, The complex formed by the binding of
o™ to the core RNAP is the o™ holoenzyme
{BR'a2o™ or Ea™). As we will see, substitu-
tion of one o factor by an alternative specifi-
city subunit is a powerful mechanism for
activating the transcription of new sets of
genes (Table 1).

Eukaryotes have three nuclear RNAP
forms that have between 10 and 12 protein
subunits each, including two similar in se-
quence to the large B and B’ subunits that
make up the bulk of the bacterial core
enzyme, Recently the threedimensional
structures of the RWNAP [rom the thermo-
philic bactenium Thermus aguaticus (Zhang
et al, 1999) and [rom the yeast Saccharo-
myees cerevisige (Cramer ¢t al., 2000, Fu ¢t
al., 1999) have been determined al alomic
resolution. The resulting structures reveal
that those regions that are highly similar in
sequence between the bacterial and enkary-
otic RNAP subumits arc closely clustered
around the active site for RNA synthesis.

B. The Bacterial Transcription
Cycle—Overview

i general, processes of macromolecular syn-
thesis can be divided into three major phases:
inttiation, elongation, and termination. In
the case of RNA synthesis (Fig. 2A), the
imtiation phase involves the interaction of
RNAP with sp-ec'ifj'c promoter sites that iden-
tify the start pomnt of an RNA maolecule
(deHaseth et al,, 1998), Once bound to the
promoler, inmibally as a closed complex,
RNAFP locally separales the two DNA



