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Ribonucleotide analogs bound in the initiating site of
Escherichia coli RNA polymerase holoenzyme in open
promoter complexes were cross-linked to the g and o™
subunits. Using limited proteolysis and chemical degra-
dation, the cross-link site in ¢ was mapped to a seg-
ment between amino acids Glu®*® and Met*! containing
the C-terminal part of conserved region 3. This result,
when reconciled with genetic data on the interaction of
0" conserved regions 2 and 4 with the -10 and -35 pro-
moter regions, respectively, allows us to model the ori-
entation of the ¢"° subunit domains within the open pro-
moter complex.

In prokaryotes, specific initiation of transcription by the cat-
alytically competent core RNAP! (subunit composition, «,88")
is dependent upon binding of specificity o factors. Different o
factors allow transcription from different sets of promoters (re-
viewed in Ref. 1). Sequence analysis reveals four colinear re-
gions of extensive homology among o factors (1, 2). The high
degree of evolutionary conservation between o factors suggests
that the conserved regions participate in functions common to
all o factors, e.g. binding to core enzyme, promoter recognition,
and DNA melting.

The main o factor of Escherichia coli, ¢°, is also the best
studied. Genetic studies indicate that part of conserved region
2 of ¢™ (amino acids 435-443) interacts with the —10 box of the
promoter (3, 4), while part of the C-terminal conserved region 4
(amino acids 584—-588) recognizes the —~35 promoter box (4, 5).
Data from different laboratories demonstrate that o can be
cross-linked to the 5' end of nascent RNA oligomers in early
ternary complexes (6—8). Therefore, a segment of ¢ in the open
promoter complex is close to the +1 position of the DNA tem-
plate. Unfortunately, no data on localization of the nascent
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RNA cross-link sites in o are available. This is partially due to
the low yields of cross-linking (7). Mapping of the adduct sites
in o is further complicated by the anomalous mobility of the o
polypeptide and its fragments on SDS gels (9). In this work we
map the site in o cross-linked to initiating ATP analogs de-
rivatized with broadly specific, cross-linkable groups. To iden-
tify o fragments harboring the cross-link site we used a com-
bination of chemical and proteolytic degradation of native and
denatured ¢ subunit-RNA adducts and matrix-assisted laser
desorption mass spectroscopy.

We modified RNAP in open promoter complexes with cross-
linkable nucleotide derivatives (Fig. 1A) as the priming (+1)
substrates (10, 11). The enzyme was then allowed to form the
first phosphodiester bond with [a-*2P]JUTP as specified by the
+2 position of the template. As a result, the radioactive dinucle-
otide reporter group was covalently attached to amino acids in
the vicinity of the initiating center of the enzyme (10). Dena-
turation and SDS-polyacrylamide gel electrophoresis of the re-
action products, followed by autoradiography, revealed the de-
rivatized RNAP subunits (Fig. 1B).

The alkylating groups positioned at the y-, 8-, or a-phos-
phates of the initiating adenine nucleotide all resulted in
highly effective labeling of the B subunit? (10). The ATP ana-
logue also modified appreciable amounts of the ¢ subunit (Fig.
1B). Modification of o with the ADP* reagent was much less
efficient and was only evident when the gel was overexposed.
No modification of o occurred when the AMP* reagent was
used. Similar results were obtained when RNAP in open com-
plexes formed on the lacUV5 and the phage A P, promoters
were labeled (data not shown).

Trypsin and CNBr cleavage were used to fragment the o
polypeptide in order to localize the cross-linking site of the
ATP* derivative. Preliminary experiments showed that the ra-
dioactive band of cross-linked o could be excised from an SDS
gel and renatured to yield active protein. The renatured o
subunit-dinucleotide adduct bound RNAP core enzyme (data
not shown). Moreover, the resulting holoenzyme formed an
open complex on the T7 Al promoter, and the dinucleotide
adduct could be extended with [a-*P]CTP, the nucleotide speci-
fied by position +3 of the promoter (data not shown). We there-
fore reasoned that cleavage of the renatured o subunit-pppApU
adduct would proceed just as native . To this end, renatured
and derivatized o subunit was mixed with unlabeled carrier o
protein purified from superproducing cells (12) for the cleavage
reactions. In each case, the products of the reactions were re-
solved by SDS-polyacrylamide gel electrophoresis and Coo-
massie staining, and polypeptides containing the cross-linked
adduct were visualized by autoradiography.

Trypsin degradation of the ¢ polypeptide proceeds in a highly
ordered manner® (13) and could therefore be used for cross-link
mapping (Fig. 2). At low trypsin concentrations, o was cleaved
into two fragments with apparent mobilities of 65.0 and 22.5
kDa (Fig. 24, lane 2). The 22.5-kDa fragment contained radio-
activity, while the 65.0-kDa fragment did not (Fig. 2B, lanes
2-5). At higher trypsin concentrations, this band disappeared
and radioactivity accumulated in a band with apparent mobil-
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