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Summary

The immediate neighborhood of the active center of the DNA-directed RNA polymerase from the
archaebacterium Methanobacterium thermoautotrophicum is radioactively labeled upon incubation pf the
enzyme with one of 15 different chemically reactive nucleotide analogs which function as initiating
substrate and with [a->*P]JUTP as elongating substrate in presence of poly[d(A~T)] as template. All analqgs
lead to the labeling of subunit B’. With analogs containing an alkyl chloride as the chemically reactive
group, subunit B" also becomes labeled. This suggests that regions of subunit B” must also be located close
to the active center. In the case of subunit B’ the label is attached between tyr?”* and met*®*. Comparison of
the amino acid sequence of the labeled region with that of labeled regions in RNA polymerase from other
sources indicates a strong conservation of the active center during evolution.
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Introduction

The binding site of the initiating nucleotide in the active
center of the DNA-directed RNA polymerase from archae-
bacteria can be labeled highly specifically (Thomm et al.,
1988) using the method designed by Grachev and Mustaev
(1982). This method is based on the reaction sequence

+ RpN + DNA + *N
ET"PYLE RON, PPP 2, E-RpN;p*N, + pp
first step second step 1)

(RpNj, chemically reactive analog of the initiating nuc-
leotide; E, DNA-directed RNA polymerase; ppp N, [a-
P]radioactively labeled nucleoside triphosphate). In non-
methanogenic, thermophilic archaebacteria, such as Sul-
folobus acidocaldarius, the largest subunit designated B
becomes radioactively labeled (Thomm et al., 1988). The
labeled region of this subunit contains an amino acid sequ-
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ence (Grachev et al., 1989b) which is also found in highly
conserved form in the labeled region of subunit B, of
RNA polymerase B (II) from Saccharomyces cerevisiae (M.
Riva, C. Carles, A. Sentenac, M. A. Grachev, A. A. Mus-
taev, E. F. Zaychikov, submitted) and in the labeled region
of subunit B from Escherichia coli (Grachev et al., 1989a).
The second and third components, B’ and B”, of the RNA
polymerase from methanogens and extreme halophiles are
immunologically related to different parts of subunit B
from sulfur-dependent archaebacteria (Schnabel et al.,
1983). When RNA polymerases of this type are used as
enzyme in the labeling procedure with the 4-hydroxyben-
zaldehyde ester of ATP as the chemically reactive analog
of the initiating nucleotide, subunit B’ becomes labeled
(Thomm et al., 1988). We were interested in investigating
whether the labeling of subunit B’ depends on the exact
chemical structure of the analog of the initiating substrate.
Furthermore, we wanted to localize the region of subunit
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B’ to which the radioactive label becomes attached. As the
amino acid sequence of subunit B’ of this enzyme is known
(Berghdfer et al., 1988), the mapping of the attachment
site can be carried out by the method developed by
Grachev et al. (1989a).

Materials and Methods

RNA polymerase from Methanobacterium thermoautotro-
phicum strain W was purified as described (Thomm et al., 1986)
and the preparation divided into 15 pl aliquots, sealed under N/
H, (95:5) and stored in liquid nitrogen.

Synthesis of the reactive adenine nucleotide analogs. Analogs I
to VI were synthesized similarly as described for the GMP analog
by Grachev et al., 1989a (see also Grachev et al., 1986) with the
triethylammonium salts of the corresponding adenine nuc-
leotides. Similarly, analog VII was synthesized from ATP and
vanilline (Grachev et al., 1987b). The synthesis of VIII and of the
imidazolides X and XI is described by Grachev et al. (1987a).
The same procedure is applied for the synthesis of the ATP
derivative IX. XIII is synthesized as X1l (Grachev et al., 1987a).

Synthesis of analog XIV. 5 ul N-methylimidazole, 15 mg tri-
phenylphosphine and 15 mg 2,2'-dipyridyldisulfide were added to
5 mg AMP (triethylammonium salt) dissolved in 50 ul di-
methylsulfoxide and the mixture incubated for 10 min at room
temperature. Then 10 mg methyl-2-chloroethylamine hydro-
chloride and an equimolar quantity of triethylamine were added
and the incubation continued for 10 min. The product was pre-
cipitated with 1 ml ether and washed several times with ether
until the yellow color had disappeared. XIV was purified by thin
layer chromatography on silica gel 60 Fs, plates (Merck, Darm-
stadt), with acetonitrile/water (4:1) as solvent (Rg:0.33). The
purified compound is homogeneous as judged by thin-layer
chromatography on silica gel 60 F,s, plates with dioxane/concen-
trated ammonia/water (6:4:1) as solvent as well as by mic-
rocolumn liquid chromatography on DEAE-cellulose (Baram et
al., 1983). The latter procedure indicates —1 as the charge of the
compound. The UV spectrum is identical to that of AMP. Treat-
ment with 0.01 M HCl at 37°C for 10 h produces AMP (charge
—2 as revealed by microcolumn chromatography) and the corres-
ponding amine.

Synthesis of analog XV. 10 mg ATP (triethylammonium salt)
was dissolved in 60 ul dimethylformamide, mixed with 10 mg 4-
formylbenzylbromide and S pl diisopropylethylamine and heated
at 60°C for 15 min. The product was precipitated with 1 ml
acetone containing 1% Nal, washed with acetone and purified by
chromatography on silica gel 60 Fyg, thin layer plates with
acetonitrile/water (4: 1) as solvent (Rg:0.25). It gave an orange
color upon staining with 2,4-dinitrophenylhydrazine. The com-
pound was eluted with water and dried in vacuo. It is homogene-
ous as judged by thin layer chromatography described for analog
XIV. The mobility is not altered after treatment with alkaline
phosphatase. Microcolumn liquid chromatography on DEAE-
cellulose indicates a charge of -3 of the product (Baram et al.,
1983). Its UV spectrum exhibits a maximum at 258 nm and a
minimum at 229 nm (A,9¢/A,55 = 0.12). After reduction with
0.05 M borohydride (5 min at 20 °C) the spectrum changed to a
maximum at 262 nm, and a minimum at 235 nm.

Affinity labeling. The reaction mixture contained 20 mM
HEPES, pH 7.9, 10 mM MgCl,, 0.1 M KCl, 0.1-0.3 mg/ml RNA
polymerase (from a freshly opened vial) and 1 mM nucleotide
analog except for III (2.5 mM) and XII or ATP (0.5 mM). The
mixture was incubated for 15 min at 37 °C. Sodium borohydride
(up to 10 mM) was then added and the mixture incubated for
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another 15 min at 0°C. In some experiments analogs XII and XIII
were first reduced by treatment with borohydride (5§ mM reagent,
50 mM NaBH,, § min, 20°C) and then immediately incubated
with RNA polymerase for 30 min at 37°C followed by elonga-
tion. With IX—XI and XIV the reduction step was omitted. Here
the time of incubation was 30 min at 37°C. For the elongation
step 0.1 mg/ml poly[d(A-T)] (Sigma) and approximately, 1 mCi/
ml [a-3*PJUTP (Isotop, Tashkent, 2000 Ci/mmole) were added
and the incubation continued for 30 min at 56°C. P labeled
material was used as it yields sharper bands in the autoradiogra-
phy due to the much lower radiation energy. Then 0.25 mg/ml
RNase A (Serva, Heidelberg) was added and the incubation con-
tinued for 30—45 min at 37°C.

Electrophoretic analysis. The mixture was heated for 15 min at
56°C in presence of 1% SDS and 1% mercaptoethanol and sub-
jected to electrophoresis in a polyacrylamide gradient (10-25%)
slab gel (13 x 18 x 0.05 cm) in presence of 0.1% SDS. For the
isolation of the separated labeled polypeptides the piece of gel
containing the polypeptide was cut out, washed with 0.5 ml
water for 2 min, then crushed and eluted two times in 0.2 ml
water containing 0.1% SDS and 50 pg/ml bovine serum albumine
for 15 min. The eluates were combined, freeze-dried and dissolv-
ed in water.

Cleavage of the labeled enzyme. After RNase treatment SDS
was added to 1% of the reaction mixture and the incubation
continued for 30 min at 37°C or 15 min at 56°C.

Limited cleavage with H,NOH was carried out as described
(Grachev et al., 1989b). The control was performed identically
but without H,NOH (2.5 h incubation).

Limited and long time (22 h) cleavage with BrCN was carried
out as described (Grachev et al., 1989b). For the control the
labeled enzyme was also incubated at pH 1-2 but without addi-
tion of BrCN. Here the incubation period was identical with that
of the longest incubation with BrCN. Under the acid conditions
cleavage at asp-pro bonds (55/56; 127/128) may occur.

Cleavage with bromine-water was carried out similarly as
described (Maximova et al., 1989). The solution of the isolated
BrCN fragment from the B’ subunit was acidified with HCI to pH
1-2 and 1/8 volume of a 1:10 diluted saturated solution of
bromine in water was added. After 5 min incubation at room
temperature, the cleavage was stopped by addition of 1/4 volume
of a solution containing 5% mercaptoethanol, 0.5 M triethanol-
amine, pH 9, 0.2% bromophenol blue, 50% glycerol. The control
was treated identically but without bromine-water. A gel gradient
containing 20-30% acrylamide was used for electrophoretic
analysis in this experiment.

Results
Influence of the substrate analog

The highly specific labeling of the RNA polymerase
from Methanobacterium thermoautotrophicum strain W
was carried out with a large variety of chemically reactive
analogs of the initiating nucleotide (Table 1) in presence of
poly[d(A-T)] as template and [a-**P]JUTP as second subs-
trate. These analogs differed from each other in the dis-
tance of the chemically reactive group from the nucleoside
monophosphate moiety or in the nature of the chemically
reactive group (either an aldehyde, imidazole or alkyl-
chloride group). Two of them (XII and XIII) were bifunc-
tional since they carried two different reactive groups.
With all derivatives at least a weak labeling of the second
largest subunit B’ was achieved similar to that shown pre-
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Table 1. Chemically reactive nucleotide analogs used in the
highly specific labeling procedure

SUBSTRATE ANALOG ABBREVIATION

Qo-[P031N~5'-ADo I

CHO
OHC{)-0- 1PO31 -5 -ADo

N=3; 11: N=2; I11: N=1
IV: N=3; V: N=2; VI: N=]
0HCQO-[PO3]3—5’-ADO Vil

0CH3
OHCT)-N(CH3) - (CHp)2-0- (PO313-5" -0 VIl
IX: N=3; X: N=2; XI: N=]

N N-PO3] -5
N"_N-1PO31-5"-ADO

OHC-)-N(CH-CHaCL) - (CH) 2-0- [PO3IN-5"-AD0  XI1:
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viously (Thomm et al., 1988) with analog IV (data not
shown). However, with analog XIV which carries an alky-
lating group, the third largest subunit B” in addition to B’
became labeled (Fig. 1; A).

The labelling of subunit B” is dependent on the presence
of template and substrate analog and disappears after
incubation with proteinase K (Fig. 1; B, C, D). The same
has been observed in all previous labeling experiments
using this method (Hartmann et al., 1988). A strong label-
ing of subunit B" is also observed when the reduced form
of analogs XII and XIII (obtained by NaBH, reduction of
the aldehyde group with concomitant activation of the
alkylating activity of the ethylchloride group) is incubated
with the enzyme (Fig. 1; E, G). When the aldehyde group
of XII and XIII is not reduced prior to the reaction with
the enzyme the labeling of subunit B’ is increased and that
of B” strongly decreased (Fig. 1; F, H.). It suggests that the
labeling of subunit B” is mainly due to alkylation whereas
subunit B’ is available to both the ethylchloride and to the
aldehyde group of the affinity reagents.

Mapping of the attachment site for analog 111

When substrate analog III is used in the labeling proce-
dure, exclusively subunit B’ consisting of 604 amino acids
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Fig. 1. Affinity labeling of Methanobacterium thermoautotrophicum RNA polymerase with different nucleotide analogs. The
densitometric tracing of the autoradiographies of the gel electrophoretic analyses is shown. B’ and B” indicate the position of the
subunits. A-D: alkylating analog XIV; A: complete; B: without template; C: without analog; D: complete with subsequent 15 min
digestion by proteinase K (Merck, Darmstadt); E, F: bifunctional analog XII, borohydride reduction before or after incubation w!th
the enzyme. G, H: bifunctional analog XIII, reduction before or after incubation with the enzyme. I: analog III, complete with
reduction by NaBH,; K: complete without analog but with 1 mM ATP.






