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Escherichia coli RNA polymerase core enzyme with a subunit structure o,Bf’,
has the activity of DNA dependent RNA synthesis in non-specific manner but
cannot initiate transcription from promoters. Upon binding one of the
multiple species of ¢ subunit, the core enzyme forms a holoenzyme which is
able to initiate transcription from a certain group of promoters recognized by
the associated ¢ subunit. The enzyme complex assembles under the sequence,
0—>0ly—>0B— 0B —auPR’c, where the dimerization of o subunit is the first
step and, therefore, o0 plays an important role in the assembly.  C-terminal
truncated o subunit, 0i(1-235), lacking C-terminal 94 aa residues up to position
235 is able to assemble BB’ subunits into core complex. Thus, the region of aa
1-235 is called N-terminal assembly domain and this domain must contain at
least three functions; i.e., a-dimerization, 3-assembly and ’-assembly.

A holoenzyme containing o(1-235) is as active as a wild type enzyme in
transcription from factor-independent or non-class I factor-dependent
promoters (including class-II factor-dependent promoters), but it cannot initiate
transcription from class-I factor-dependent promoters.  This suggests that the
class-I factors interact with C-terminal region of o.  The structure-function
relationship of the C-terminal region has since been studied extensively.
Contrary to the well-characterized C-terminal domain, little is known about the
structure-function relationship of the N-terminal assembly domain.  In this
study, for detailed functional mapping of the domain, site-directed mutations
were introduced into this region and a total of 52 o derivatives thus generated
were characterized both in vitro and in vivo.

At first, a set of deletion mutants were constructed, including a series of
successive deletions from the N-terminus, a series of internal deletions of 20
residues, two carboxy terminal deletions, and one mutant with deletions at both
termini.  The mutant o-subunit proteins were overexpressed in E. coli,
purified and characterized in vitro for their abilities in dimerization, assembly
into active core enzyme and promoter-specific transcription. Among a total of
22 o-deletion mutants tested, only three mutants, €t AN10, AN20, lacking N-
terminal 10 or 20 aa, respectively, and a.(21-235) lacking N-terminal 20 and C-
terminal 94 aa retained activity to form active core enzymes and one mutant,
aAN30, lacking N-terminal 30 aa formed a core enzyme but at a reduced
efficiency. All other mutants did not assemble BB’ subunits into core enzymes,
nor even formed o-dimers. These results indicate that the region consisting of
position 21-235 is the minimum requisite for core enzyme assembly and suggest
that the region is composed of a single building block which is decomposed by
any deletion of 20 aa examined. Reconstituted holoenzymes containing
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aAN10, aAN20 or aAN30 were capable of transcribing from lacUVS5, CRP-
dependent lacP1 and OmpR-dependent ompC promoters in vitro, indicating that
the extreme N-terminal region is dispensable for transcription activation in
these systems.

Assemblies in vivo of ®AN10 to 40 were tested using His¢-tagged mutant o
subunits by Ni2+-affinity chromatography. [ and B’ subunits were copurified
with Hisg-tagged atAN10 and 20 from extracts of E. coli expressing them,
consistent with the results of in vitro reconstitution.  However, ®AN10 and
aAN20 were not fully functional in vivo, because neither could complement a ts
allele of o gene, rpoA101, and because 0 AN20 could not do another zs allele,
rpoAl112.

In the next approach, eleven species of o-insertion mutants having two extra
amino acids, Ala and Ser, at every 20 aa interval were prepared. = Among these
mutants, designated like ol-N, in which N represents a position of insertion,
five mutants (aI-60, 80, 120, 160 and 200) dimerized in vitro, one mutant (ol-
20) dimerized at reduced efficiency and five mutants (aI-40, 100, 140, 180 and
220) did not form dimers. In in vitro reconstitution experiments, four
mutants (oI-20, 60, 120 and 160) formed active core enzymes, three mutants
(0I-40, 100 and 140) assembled neither § nor ', al-80 formed an unstable o3
subassembly, al-180 formed an o2 subassembly but did not bind B’, al-200
formed an 0o} subassembly but formed less core enzyme, and al-220 formed
an o13; complex. These results suggest that the region around position 180-
200 takes a part in B’ assembly; the region around 80 is involved in both B and
B’ binding; and multiple regions are concerned with o-dimerization. Hisg-tag
was also introduced into all these o-insertion mutants and the assembly in vivo
was examined by Ni2+-affinity chromatography.  alI-40, 100, 140 and 220
were totally inactive in the assembly. aI-180 assembled [ but not §’. All
other mutants including aI-80, which did not form a core enzyme in vitro,
assembled P and B’ subunits.  These agree with prediction that the region
around position 180 participates in B’ binding.  Abilities of these mutants to
complement the ts alleles were also examined. In spite of the assembling
activity in vivo of as many as six species of insertion mutants, only three of
them (oI-20, 120 and 160) could suppress the ts phenotypes, indicating that
other three mutants (aI-60 80 and 200) lack yet unidentified functions.

o subunit shares two homologous regions with the corresponding prokaryotic,
eukaryotic and plastid subunits (aa 30-90 and 200-230).  For further detailed
functional mapping, Ala was substituted for 19 highly conserved residues
around aa 40, 80 and 170-210.  All these a-point mutants were analyzed in
vitro for their abilities to dimerize and assemble BB’ subunits. o-R45A
(having substituted Ala for Arg at aa 45) dimerized but did not assemble 3 or B’
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subunits, and o-L48A showed a decreased level of o3 subassembly formation,
indicating that this region (aa 45-48) is responsible for B-assembly. With o-
K86A and V173A, the binding of B’ subunit was greatly decreased.  This
indicates the participation of the two separated regions in ’-binding, consistent
with the results of the insertion analysis.  Involvement of multiple regions
widely distributed within the assembly domain in o dimerization was supported
by the analysis of this series of mutants. These o-point mutants were analyzed
in vivo as well.  All the mutants assembled § and B subunits, but only o-R45A
failed to complement rpoA112.

Taken all these results together, the functional organization of the N-terminal
assembly domain of o subunit can be summarized as follows:

(1) Multiple segments widely distributed within the assembly domain are
responsible for o dimerization.

(2) The B-binding site is located on the N-terminal proximal conserved region.
Especially, the region around position 45 plays a key role in the binding but the
region near aa 80 also participates in it.

(3) The B’-binding site is composed of two separated regions. One is the C-
terminal proximal region of the assembly domain centered on aa 173-200.
The other is within the N-terminal proximal conserved region at position 76-80
overlapping with the B-binding site.

— 174 —



X DFEEEROEE

RKBEDORNARY AT —¥iFa2pp tWIHIF 7oy MEREDE, RNAS
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