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Summary. We have isolated cDNA and genomic clones
of Drosophila melanogaster by cross-hybridization with
a 658 bp fragment of the yeast gene coding for the sec-
ond-largest subunit of RNA polymerase III (RETY). De-
termination of the sequence by comparison of genomic
and cDNA regions reveals an ORF of 3405 nucleotides
which is interrupted in the genomic sequence by an in-
tron of 48 bp. The deduced polypeptide consists of
1135 amino acids with a calculated molecular weight of
128 kDa. The protein sequence shows the same con-
served regions of homology as those observed for all
the second-largest subunits of RNA polymerases cloned
so far. The gene (DmRP128) obviously codes for a sec-
ond-largest subunit of an RNA polymerase which is dif-
ferent from DmRP140 and DmRP135. We have purified
three distinct RNA polymerase activites from D. melano-
gaster. By using specific RNA polymerase inhibitors in
enzyme assays and by comparing their subunit composi-
tion we were able to distinguish between RNA polymer-
ase I, II, and III. RNA polymerase preparations of D.
melanogaster were blotted and the second-largest sub-
units were identified with antibodies raised against poly-
peptides expressed from DmRP128 and DmRP135. Anti-
DmRP135 antibodies react strongly with the second-
largest subunit of RNA polymerase I but do not react
with the respective subunits of RNA polymerase IT and
III. The second-largest subunit of RNA polymerase IIT
is only recognized by anti-DmRP128. Previously, we
have claimed that DmRP135 codes for the second-largest
subunit of RNA polymerase 11I. Based on the new bio-
chemical data reported here we show that DmRP135
codes instead for the second-largest subunit of RNA
polymerase 1 and that DmRP128 corresponds to the
equivalent subunit of RNA polymerase I11.
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Introduction

DNA-dependent RNA polymerases are complex mul-
tisubunit enzymes consisting of two large subunits with
molecular weights > 100 kDa and several smaller poly-
peptides which are all present in stoichiometric amounts
(Sentenac 1985). In eukaryotes there are three different
types of enzymes of aggregate molecular weights of ca.
500 kDa which are responsible for synthesis of different
classes of RNA. During the past two decades, RNA
polymerases have been purified to homogeneity from
a large number of eukaryotes (Sentenac 1985) and have
been subjected to extensive studies using biochemical
and biophysical methods. In a parallel approach, genes
corresponding to the individual subunits of the enzymes
were isolated, and their protein sequences were deter-
mined at the DNA level in order to understand the func-
tion of these enzymes in a physiologically meaningful
context, i.e. the ability to participate in regulatory pro-
cesses by interacting not only with DNA-template and
substrate but also with protein factors and molecules
modulating enzyme activity. While the primary struc-
tures of all subunit genes of the RNA polymerase of
Escherichia coli, of some other eubacteria and also of
some archaebacteria are known (Piihler et al. 1989), not
all of the genes encoding the large subunits of RNA
polymerases from higher eukaryotes have been identified
so far. This is due to the almost complete lack of mutants
in these organisms, except for yeast where most of the
recent information concerning subunit structure has
been generated (Sentenac 1985; Woychik and Young
1990; James and Hall 1990; James et al. 1991; Yano
and Nomura 1991; McCusker et al. 1991).

The genes coding for two large subunits of RNA po-
lymerase I1 (pol II) from Drosophila melanogaster have
been cloned and characterized (Biggs et al. 1985; Jokerst
et al. 1988; Falkenburg et al. 1987; Faust ct al. 1986;
Sitzler et al. 1991). The gene for another second-largest
subunit (DmRP135) of an RNA polymerase of D. mela-



nogaster was cloned and sequenced (Kontermann et al.
1989). Since at that time RNA polymerases I and III
(pol I, pol IIT) of D. melanogaster had not been isolated
and biochemically characterized, DmRP135 was thought
to code for the second-largest subunit of pol III, based
on data obtained from indirect immunofluorescence on
polytene chromosomes. By screening yeast mutants af-
fecting pol T transcription gene coding for the second-
largest subunit of pol III of yeast (RETY) was recently
isolated (James et al. 1991). Amino acid sequence com-
parisons between DmRP{35 and RETY revealed homol-
ogy (24% overall) only in conserved regions common
to all second-largest subunits investigated so far. Given
the overall similarity (58%) between the second-largest
subunit of pol Il of D. melanogaster (DmRP140) and
yeast (RPB2; Young and Davis 1983; Sweetser et al.
1987) this result was highly surprising. The homology
between these pol IT subunits is not restricted to the
strongly conserved homologous regions. Due to the evo-
lutionary conservation one would also have expected
a higher similarity in amino acid composition among
the second-largest subunits of RNA polymerase III.
Since RET! was clearly identified by its mutant allele,
while evidence for the identity of DmRP135 was ob-
tained primarily on the basis of indirect immuno-
fluorescence studies, we were led to consider the possibil-
ity that DmRP135 might code instead for the second-
largest subunit of RNA polymerase I (pol I).

In order to settle the question of subunit gene identity
unequivocally, we set out to clone the third of the sec-
ond-largest RNA polymerase subunit genes and to puri-
fy and identify all three RNA polymerases from D. mela-
nogaster utilizing specific inhibitors of enzyme activity.
Finally, by immunoblot staining using purified RNA
polymerases and specifc antibodies raised against bacter-
ially expressed fusion proteins, we identified DmRP128
as coding for the second-largest subunit of RNA poly-
merase 11 while DmRP135 indeed represents the gene
coding for the second-largest subunit of RNA polymer-
ase 1.

Materials and methods

Isolation and analysis of ¢cDNA and genomic clones.
cDNA clones were isolated from a randomly primed
Agtll library of 0-16 h D. melanogaster embryos. Fol-
lowing the method of Benton and Davis (1977) the li-
brary was screened with a 658 bp HindIII-Kpnl fragment
derived from the 3" end of RET!. Positive clones were
subcloned into M13mp18 or M13mp19 vectors, and sin-
gle-stranded DNA was prepared by standard techniques
and sequenced (Sambrook et al. 1989) using T7 sequenc-
ing systems (Pharmacia). Reaction products were sepa-
rated on buffer gradient polyacrylamide gels (Biggin
et al. 1983). Genomic clones were isolated by screening
a genomic Charon 4 library of D. melanogaster (Mania-
tis et al. 1978) using a 1.7 kb ¢cDNA fragment. Lambda
phage and plasmid DNAs were isolated, digested and
analysed on Southern blots by standard techniques
(Sambrook et al. 1989). All probes were labelled with

425

[«3?P]dCTP using random primer labelling systems
(Amersham).

RNA, reverse transcription, PCR. RNA was prepared
from adult D. melanogaster flies according to Barnett
et al. (1981). Poly(A)" RNA was isolated from total
RNA using oligo d(T) Sepharose (Pharmacia). Reverse
transcription was carried out according to Sambrook
et al. (1989) using 10 pg of poly(A)" RNA, 0.05 pmol
antisense primer, and 10 units AMYV reverse transcrip-
tase (Stratagene) in a total reaction volume of 100 pl.
Annealing conditions were 50° C for 5 h. A 1.2 kb frag-
ment was generated by polymerase chain reaction (PCR)
on cDNA derived from poly(A)™ RNA from D. melano-
gaster adult flies using synthetic sense and antisense 30~
mer primers (sense, 5-GCGCGGATCCCTCACCGAG-
GACTTCAACGG-3 and antisense, 5-GCGC-
AAGCTTTAGATGCATCGCTGGGTGTATG-3'; re-
striction sites are underlined) derived from the sequence
of DmRP128 (nucleotides 1814 and 3045, respectively).
PCR (Innis et al. 1990) was performed in a Thermocycler
60 (Biomed) in 100 pl reaction buffer containing 50 mM
KCI, 10 mM TRIS-HCI, pH 8.3, 1 mM MgCl,, 0.01%
gelatin (w/v), 40 pmol each of sense and antisense
primer, 0.1% volume of the reverse transcription reac-
tion, and 2.5 units Taq polymerase (Pharmacia). DNA
amplification was achieved with 35 cycles of denatura-
tion for 1 min at 94° C, primer annealing for 2 min at
50° C, and extension for 2 min at 72° C.

Protein expression and antibody production

DmRP135. Four fusion proteins covering the complete
coding region of DmRP135 were constructed. The fol-
lowing DNA fragments were cloned into pUR (Riither
and Miiller-Hill 1983) and expressed in-frame with f-
galactosidase; DmRP135/1: 0.99 kb EcoRI-HindlIIl,
amino acids (aa) 23-353; DmRP135/3: 1.5 kb Sall-Hin-
dIII, aa 367-850; DmRP135/5: 0.84 kb HindIII-Hpall,
aa 849-1129; DmRP135/7: 0.3 kb PstI-Hpall, aa 1045-
1129.

DmRP128. The 1.2 kb BamHI-HindIII fragment (nucle-
otides 589-1819) generated by PCR was cloned into ex-
pression vector pDS56/RBSII (Hochuli et al. 1988). All
expressed proteins were purified by inclusion body puri-
fication (Nagai and Thegerson 1987). Female New Zea-
land white rabbits were immunized with 500 pg of ex-
pressed protein using ABM-S (Linaris) as adjuvant,
boosted 3 times at 2-week intervals with 300 pg protein
and bled 1 week after the last boost. Anti-DmRP128
serum was purified by affinity chromatography on pro-
tein-G Sepharose (Pharmacia) and on fusion protein
blotted onto nitrocellulose (Harlow and Lane 1988).

Western blots and immunostaining. Western blot analysis
was performed using 2 pug of purified RNA polymer-
ases I and II, and about 0.5 pg of RNA polymerase III,
which were run on 6% polyacrylamide gels, electroblot-
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ted onto nitrocellulose, blocked in phosphate-buffered
saline (PBS), 0.1% Tween-20 overnight and incubated
with the first antibodies (dilutions 1:500 to 1:5000).
Binding of antibodies was detected with a 1:5000 dilu-
tion of horseradish peroxidase goat anti-rabbit conju-
gate (Dianova) followed by incubation with 4-chloro-1-
naphthol.

Growth of D. melanogaster. D. melanogaster strain Ore-
gon R were grown in mass culture. Embryos and larvae
were collected according to standard protocols (Ash-
burner 1989).

Standard RNA polymerase activity assays and inhibition
assays. The standard enzyme assay for polymerase activ-
ity was performed as described by Greenleaf and Bautz
(1975). For poll the reaction mix contained 80 mM
TRIS-HCI, pH 8.0, 0.1 mM dithiothreitol (DTT),
2.5 mM MnCl,, 4 mM thioglycerol, 30 mM ammonium
sulphate, 1.5 mM MgCl,, 0.5 mM each of ATP, CTP,
GTP, 5 uM [*H]JUTP (1 Ci/mmol), 15 pg denatured calf
thymus DNA. For pol II and pol III of D. melanogaster,
assays were performed according to Steinberg et al.
(1990) in 0.1 ml of 50 mM TRIS-HCI, pH 7.6, 150 mM
KCl, 2 mM MnCl,, 0.5 mM each of ATP, CTP, GTP,
1 mM DTT, 10 uM [*HJUTP (1 Ci/mmol), 15 ng dena-
tured calf thymus DNA. Assays were performed at 30° C
for 15 min using 10 pl of enzyme preparation. For inhi-
bition assays a-amanitin was used at final concentrations
of 1x10™% and 1x107% M, and tagetitoxin at 1.2x
107> M (Steinberg et al. 1990).

Purification of RNA polymerase 1. All purification steps
were carried out at 5° C in buffer A (50 mM TRIS-HCI,
pH 8.0, 0.1 mM EDTA, 25% glycerol, 10 mM thiogly-
cerol, 0.1 mM DTT, 0.3 mM phenylmethylsulphonyl
fluoride, 2 pg/ml each of leupeptin, aprotinin, pepstatin,
and varying concentrations of ammonium sulphate.
Fifty grams of frozen D. melanogaster embryos were
thawed and low- and high-salt extracts were prepared
according to Gundelfinger and Stein (1982). Combined
high- and low-salt extracts were cleared by centrifuga-
tion at 100000 x g for 1 h. The cleared homogenate was
adjusted to a final ammonium sulphate concentration
of 300 mM and submitted to batch Heparin Sepharose
treatment using 65 ml Heparin Sepharose (Pharmacia)
equilibrated in buffer A containing 300 mM ammonium
sulphate. After adsorption for 1 h under gentle stirring
the Heparin Sepharose was washed with a ten-fold vol-
ume of the same buffer.

RNA polymerase activity was step-cluted by 600 mM
ammonium sulphate in buffer A. Active fractions were
pooled and precipitated by addition of solid ammonium
sulphate to a final saturation of 60% at 5° C. The precip-
itate was redissolved in buffer A to a final concentration
of 150 mM ammonium sulphate and subjected to an
8 ml Q-Sepharose Fast Flow FPLC column (Pharma-
cia), equilibrated in the same buffer. After washing the
column until the effluent was free of protein, RNA poly-
merase activity was eluted by a gradient of 150-700 mM
ammonium sulphate in buffer A. Pol I activity, resistant

to a-amanitin (1 x 10™* M) was pooled, concentrated
with Centricon-30 (Amicon) and dialysed against buffer
B (=buffer A, pH 6.5) containing 30 mM ammonium
sulphate. The concentrated pool was subjected to a 3 ml
S-Sepharose Fast Flow FPLC column (Pharmacia).
After washing the adsorbent with buffer B, RNA poly-
merase I activity was eluted by a gradient of ammonium
sulphate from 30 to 500 mM in buffer B. Active fractions
were pooled, concentrated as before, and further purified
on a 100 ml Superose-6 gel filtration FPLC column
(Pharmacia) in buffer A containing 500 mM ammonium
sulphate at a flow rate of 0.2 ml/min. RNA polymerase
activity was assayed in the presence and absence of in-
hibitors.

Purification of RNA polymerase II, partial purification
of RNA polymerase III. The buffer and conditions used
were the same as for purification of RNA polymerase
I. About 500 g of frozen larvae of D. melanogaster were
homogenized and the first two purification steps on
DEAE Sepharose and Heparin Sepharose were per-
formed as described by Gundelfinger et al. (1980). Total
RNA polymerase activity eluted from Heparin Sephar-
ose was precipitated by addition of solid ammonium
sulphate to a final saturation of 60% at 5° C. The precip-
itate was collected by centrifugaton for 30 min (Sorvall
HB-4, 10000 rpm) and redissolved in buffer A to a final
ammonium sulphate concentration of 300 mM. The
sample was applied to a 100 ml Superose-6 gel filtration
FPLC column (Pharmacia) equilibrated in the same
buffer and eluted at a flow rate of 0.2 ml/min. Active
fractions were pooled and precipitated as described
above. A 1 ml Mono Q Sepharose column (Pharmacia)
was equilibrated with 50 mM ammonium sulphate in
buffer A and loaded with the RNA polymerase activity
redissolved in buffer A to a final concentration of
50 mM. Nonadsorbed proteins were removed by wash-
ing with the same buffer until no protein was detected
in the effluent. Enzymatic activity of all three RNA poly-
merases was separated by a 50—-500 mM gradient of am-
monium sulphate in buffer A. Active fractions were
characterized by their specific RNA polymerase activity
in inhibition assays and were analysed by SDS-poly-
acrylamide gel electrophoresis (PAGE).

Resuits

Identification of an RNA polymerase subunit gene
(DmRP128)

About 50000 recombinants of an embryonic cDNA li-
brary were screened under low stringency conditions
with a 658 bp DNA fragment covering the coding region
for the C-terminus of RETY of yeast. A total of 12 posi-
tive clones were rescreened and further analysed by re-
striction mapping and Southern blots. Hybridization
under stringent conditions with complete cDNA con-
structs of the coding regions of DmRP140 (Falkenburg
et al. 1987; Sitzler et al. 1991) and DmRP135 (Konter-
mann et al. 1989) identified one clone as DmRP140 and



three of them as DmRP135. The remaining clones were
further analysed, and preliminary sequence data indicat-
ed that we had isolated an as yet unidentified RNA
polymerase gene coding for a second-largest subunit
(DmRP128).

To determine the structure of the complete gene a
genomic library of D. melanogaster was screened with
a 1.7 kb cDNA fragment. We isolated two independent
clones with EcoRI inserts of 8.9 kb (4-Dm8.9) and
15.3 kb (A-Dm15.3) of genomic DNA, which hybridized
with the cDNA probe. Restriction enzyme mapping and
Southern analysis located the region of homology in a
4.2 kb EcoRI fragment (-Dm8.9) and in a 6.8 kb EcoRI
fragment (1-Dm15.3), respectively. The 4.2 kb EcoRI
fragment and an overlapping 1.7 kb Smal-HindIlI frag-
ment from A-Dm15.3 were cloned into M13 and se-
quenced. Comparison of the deduced amino acid se-
quence of DmRP128 with RET! indicated the existence
of a small intron in the 5 region of the gene. Since
none of the cDNA clones isolated spanned the putative
intron region, a 1.2 kb DNA fragment was amplified
by PCR from poly(A)* RNA using a set of primers
deduced from the genomic sequence. This amplified
c¢DNA fragment was sequenced and the existence of an
intron of 48 bp was confirmed. The nucleotide sequence
of DmRP128 and the deduced amino acid sequence are
shown in Fig. 1.

The putative protein consists of 1135 amino acids
with a calculated molecular weight of 128 kDa and an
isoelectric point of 8.68. We find the same regions of
homology with DmRP140 and DmRP135 which are also
conserved between the second-largest subunits of pol II
of yeast and Drosophila and the f subunit of E. coli
RNA polymerase (Falkenburg et al. 1987). Therefore,
it is evident that we have isolated a gene coding for
the so far unknown second-largest subunit of a third
RNA polymerase of D. melanogaster. Figure 2 shows
the amino acid alignment of all second-largest subunits
of RNA polymerases of D. melanogaster. The overall
amino acid sequence homologies of DmRP128 are 36%
with DmRP140 and 24% with DmRP135. Compared
to C128, the second-largest subunit of RNA polymerase
III of yeast, DmRP135 shares 24% identical amino acids
whereas DmRP128 shares 56% identical amino acids.
The strong homology of DmRP128 to this RET! prod-
uct suggests that this, rather than DmRP135, is the gene
coding for the second-largest subunit of RNA polymera-
se III. DmRP135 shows more homology to RPA135
(41%), the gene coding for the second-largest subunit
of RNA polymerase I of yeast (Yano and Nomura 1991)
than to RET? (24%) and, therefore, is more likely to
code for the second-largest subunit of RNA polymerase
I of D. melanogaster.

RNA polymerase subunit-specific antibodies

Specific antibodies were raised against bacterially ex-
pressed proteins derived from DmRP135 and DmRP128.
For the DmRP128 construct we chose a fragment from
regions of less conserved sequence to minimize possible

427

cross-reactions; the 1.2 kb BamHI-HindIII cDNA frag-
ment (aa 196-606) was expressed in pDS56/RBS II (Ho-
chuli et al. 1988). A series of fusion proteins was also
constructed covering the complete coding region of
DmRP135 (see the Materials and methods). The ex-
pressed proteins were purified by inclusion body prepa-
ration (Nagai and Thegerson 1987). Antisera raised
against the purified proteins were tested on Western
blots with preparations of purified RNA polymerases
of D. melanogaster and yeast (see below). In addition
the antibodies were used for indirect immunofluores-
cence on polytene chromosomes of D. melanogaster (re-
sults not shown).

Purification and identification of RNA polymerases
of D. melanogaster

RNA polymerase I was isolated from embryos; low-
and high-salt extracts were combined and further puri-
fied using four FPLC purification steps. RNA polymer-
ase activity is reproducibly eluted from Q-Sepharose in
two defined peaks at 290 and 370 mM ammonium sul-
phate. These activities were clearly distinguished in spe-
cific inhibition assays. Neither fraction showed reduced
activity with 1.2 x 10~ > M tagetitoxin (Fig. 3), an inhibi-
tor specific for pol III (Steinberg et al. 1990). The RNA
polymerase activity eluted at 370 mM ammonium sul-
phate was completely inhibited by an a-amanitin concen-
tration of only 1 x 10™® M and, therefore, represents pol
II. In contrast, the 290 mM eluate was not inhibited
by a-amanitin even at concentrations of 1x107% M.
This pool was subjected to further purification steps and
resulted in pol I of high purity.

RNA polymerases II and ITI were extracted from lar-
vae. Total RNA polymerase activity of the initial ho-
mogenate was processed by four FPLC purification
steps. On Mono Q-Sepharose four different activities
were separated. Pol I and pol II were eluted at the same
ammonium sulphate concentration as that observed in
the purification procedure from embryos. RNA poly-
merase III activity eluted at 150 and 220 mM ammoni-
um sulphate resulting in two separate peaks resistant
to a-amanitin at concentrations as high as 1 x10™* M.
Pol IIT activity can be monitored by specific inhibition
with tagetitoxin at a final concentration of 1.2 x 107° M.
This procedure, optimized for the enrichment of pol II1,
yielded low levels of pol I but particularly pure pol II.
Figure 3 shows a graphic representation of enzyme activ-
ities with respect to their specific inhibitors.

SDS-PAGE analysis and immunostaining
of RNA polymerases

Purified RNA polymerases I, IT and III of D. melano-
gaster and yeast were run on SDS-PAGE to analyse
the subunit composition in comparison with the yeast
enzymes (Fig. 4). Gels of low polyacrylamide content
(6%) were used for optimal separation of the largest
and the second-largest subunits represented by the major
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GAATTCACAACGTTGACCACTGTGLCAGGAT GCATTAAGTACAAGGECACCAAGATCCAGCTGCTGGATTTECCCGETATCAT TRARGBCECTARGEATGGCAACGETCEAGETCATCAG
GTGATTGCTGTCGCTCGCACCTGTAACCTCATTTTCATGGTGCTGGATTGCCTGAAACCGCTTGGCCACAAGAAACTCCTCGAGCATGAATTGGAGGGCTTCGGCAT&CGGCTTAA&AAG
AARCCACCAAATATCTACTACAAGCGGAAGEACAAGGGTGGCATCAATCTGAACAGCATGGTTCCGCAGTCCGAGT TGGACACGBATCTAGTGAAGACCATTCTATCCGAGTACAAGATC
CACAATGCGEACATCACCCTEAGATACGACGCCACTAGTGACGACCTCATTGACGT TATCGAGGGCAACCGCATCTACATACCCCTGCATCTATCTACTGAACAAGATCGATCAGATCTC
CATCGAGGAGCTGGACGTCATCTACAAGATAAGCATTGCGTGCCCATCTCGGCCCATCACCACTGGAACTTTRACGATC TGCTGEAGCTGATG TEGEAATACCTBCRACTGCAGCGCATC
TACACCAACGCAAGGECCAGCTECCCEATTACAACTCGLCCGTGGTACTCCACAACGAGCGCACCAGCATTGAGGATTTCTBCAACAAGCTGCATCGCTCCATTGCCAAGGAATTTAAAT
AGTGAGTGCGCTTCACTTTCCCTCTGTTCCCTTGGTTATAATAACATTATGTATTTCTTCGTAGTECECTRRTTTGGEGCTCATCTGTGAAGCATCAGCCGCAGAAGGTGGGCATCGAAL
ACGTTCTCAACGACGAGGATGTGETCCAGAT TGTGAAGAAGGTTTAGACTCTGTGCAACGATAACACT TTGATTATTTGATGGECATTTTTTATTCGAAAATAAAAAACGAATGTGCTTTC
TGTGTGCGTEGATTTAAGGCGGCTTAAGT TTAAGAAAACCCTCTAATTITTATTTTATCAAAT TTTTTAATTGGCGCGCACAGAGGTAATTTAAATAAATTAAAGCTAGAT TTAGCGRGGA
ATTAATTTCACTGCCAGCTCTATGGGAATAACTTTGCTATCACTTGCCCAAGTATATCGATAACCGATAGGTAAAGAAACCGCATATCGAAGAACCTCATAGCACECTGTTTTGTTGACA
AACTTAAATTAAATTATTATAACGAA ATGGTGGAGCTAAAGATGGGCGATCACAACGTGGAGRCCACCACCTGGGATCCCAGEGACAGCAAGGACTGGTCGGTGCCCATTAAGCCRCTA
M Vv ELKMNMGDHNYEATTWMWDPGEDSKTDUHNSVPIKTEPIL
ACGEAGAAGTGGAAATTGGTGCCAGCATTCTTECAAGTAAAAGGAT TAGTGAAGCAGCACATTGATTCCTTCAATCACTTCATCAACGTGBACATAAAAAAGAT TGTGAAGGCTAACGAG
TEKWKLVYPAFLQVY KEGLVKOQHKTIODSTFHNHTFTINYDTIZKTKTIVI KA ATHNE
CTGGTTACCAGTGEGAGCTGATCCTTTRTTTTACCTAAAGTACTTGGATGTGCGGGTGGEGCAAGCCGGACATCGACGATEGECTTCAACATCACCAAAGCGACCACACCGCACGAATGCCET
LVvTsSe&ADPLTFYULKYLDVRY GKPDTIDTUDGTFNTITTE KA ATTTPHETCHR
CTGAGGBACACCACGTACTCCECCCCCATCACCGTGGACATCGAGTACACGAGERGAACCCAGCAGATCAAGCEEAATAATT TACTCATCGGAAGGATACCLCTCATETTECGATCCAAT
LRDTTYSAPITVDIESYTRETGUGRTIIKERNINLLTIGRM®PLMLTZ RSH
TGCGCCCTTACCGECAAGTCGBAGTTCGABCTGTCCAAACTGAATGAGT GTCCACTAGATCCTGGCGGCTACTTTGTGGTGCGAGETCAGGAGAAGGTTATCCTCATTCAGGAGCAGCTS
CALT®GKSETFELSIKTLNETCPLD®PGSGYF VY VRGEQETIK.VILIQE-T- QHL
TCATGGAACAAGATGCTCACCGAGEACTTCAACGGTBTGETEGCAATGCCAGETTACCTCCTCCACACACGAAAAGAAGTCACGTACTTTGETGCTGAGCAAGCATERAAAGTACTACCTC
S WNKMLTETDFNSGVYVQECQVTSSTHESZ KTI K SRTLVYLSKIHSGE KT YYL
AAGCACAACTCGATGACGGACGACATACCCATTRTGGTGATCTTITAAAGCTCTGGGCGTAGTTTCTGATCAGGAAATTCAATCACTAATTGGCATAGACAGCAAATCGCAGAATAGATTE
KH NS H®¥TODDIPIV V¥ IF KALSEVY SDIQETIGO QSLTIGIDSKSAQNR RETE
BGTGCCTCTCTAATAGACGCCTACAACCTGAAGGTCTTCACACAGCAAAGGGCTTTGGAGTACATGG GTAGGTTTGTTTACCCTAGTTAAATCTTGTTCTTAAAATACCTTTTTAG 6C
G AS L IDAYNLIYKXVYFTOQOQRALTETVYN G
TCCAAGTTGGTGGTCAAGCGTTTTCAGAGTGCCACCACAAAAACBCCATCGGAABAGGCCCATGAGCTECTGTTAACCACCATTTTRGCGCATATGCCTGTAGACAACTTTAACTTGCAA
S KL VVKRFQSATTIKTPSEEARELTLLTTILAHRYPVDNTFNTLDOQQ
ATGAAGGCCATCTATGTATCCATGATGGTGCGTCATGTTATGGCCGCCGAGCTGGACAAAACGCTCTTTGACGACCGCGATTACTACGGCAACAAGCGACTGRAGCTGGCAGGTTCTTTG
M KATITYVSMMVRRVMHMAAETLDIXTLFDDRDYYSGNIEKRLETLA AGEGSHL
CTCTCCATGATGTTCGAGBATCTGTTCAAGCGCATGAACTGGEAGCTTAAGACCATTGCGEACAAAAATATACCCAAGGTGAAAGCGGCGCAGTTCGATGTRGTAAAGCACATRAGGGCE
LSMMFEDLFKRMNUWELIKTTIADIKNTIPIKVYVKAAQFDV Y KHMEBERA
GCACAAATCACAGCGGEACTGGAGTCTGCTATCAGTTCCRGCAACTGGACGATCAAGAGATTTAAGATGGAAAGAGCTGGCGTAACSCAGETTCTGTCACRCTTGAGT TATATCTCAGCE
A QI TAGLESAISSGNUMWWTTIKRTFIKMERAGY T QVLSRLSYTSA
TTGGGAATGATGACGCGTGTAAACTCGCAGTTTGAGAAGACGCGTAAGETGTCGGGACCCAGATCTCTGCAGCCCAGTCAGTGGGGTATGCTGTGTCCCTCGTACACTCCAGAAGGTGAG
L GMMTRVHNSQFEKTREKVYSGEPRSLQPSQWGEHMLCPSYTPES®GHE
GCCTGTGGTCTTGTCAAAAATCTGGCTTTBATGACGCACATCACCACCBAAGTGGAGGAGCGACCCATTATGATAGT GGCTTTCAATGCTGGCGTGBAAGACATACGAGAAGTGAGCGGC
A CGL VKA NLALMTASHRITTEVETERTPVHKIVAFNAGYEDTIRTEUVSSG G
AACCCCATCAATAATCCGAATGTGTTCCTCGTCTTCATCAATGGTAATGTTCTGGGTCTCACCTTGAACCACAAGCACCTRETGCEEAACCTTCETTACATGCGCAGAAAGGGTCGRATG
NPI NNPNYFLVFINSGNVLGELTLXHIKUHEHLYRMNLRYMRRIEKTEGEGERH
GGCAGCTACGTGTCTGTGCACACATCATACACCCAGCGATGCATCTACATCCACACBGATGGCBETCGTCTATGCCGCCCCTATRTAATTGTGGAGAACCGTCGCCCGCTRGTGAAGCAG
6 S Y VS VHTSYTQRTC CTIVYTIHTDEGEGERLCRPYVIVEU NRRTPLVYIKHSEQ
CATCACCTGGACGAGCTGAATCGAGGGATTCGCAAGTTCGACGACTTCCTTTTGGACGGACTAATCEAGTATTTAGATGTTAACGAGGAGAACGATTCATTTATCGCCTGEAACGAGRAT
H K LDELNRSGIRIKTFODEDFILLDGLTIEYTL®DVNETEHUNKTDSFTIAWHRESF®
CAAATAGAGGACCGEACTACACACTTGGAAATCGAAACCTTCACTTTGCTGGGAGTCTGTGCTGBATTGETGCCCTATCCTCATCACAATCAGAGTCCCAGGAACACCTATCAGTGTECT
Q 1 EDRTTHLETILIETFTLLGEY CAGLYPYPHHNQSPRNTY®QQCA
ATGGGTAAGCAGGCGATGGGAATGATTGGCTATAACCACAACAACAGGATTGACTCGCTGATGTATAATCTGGTGTATCCCCATGCTCCTATGGTGAAATCCAAGACTATCEAGCTTACC
M &6 KQAMGMHMTIGYNUHNUNRTIDSLMHYNLVYYPHAPMVY KSKTTIETLT
AACTTTGACAAATTGCCTGCTGGTCAGAATGCCACTGTGGCAGTTATGAGTTACTCTGGCTACGATATCGAAGATGCCCTGATCTTAAACAAGGCGTCAATAGATCGTGGATATGGACGE
N FDKLPAGQNATVY AV HS Y SGYDIEDALTILNE KASTIDRGYGR
TGTCTGGTGTACAAAAACTCAAAGTGCACTGTGAAACGETATGCGAATCAAACCTTCGACAGAATCATGGGTCCCATGAAAGATGCGC TEACGAACAAGGTTATCTTCAAGCACGACGTT
cCLVYKHNSEKTCTVKRYANQTFDRTIMESEGP?PM KD ALTHNIEKUVITFIKHDYV
TTGGACACTGACGGAATTGTGGCTCCAGGCRAGCAGGTTCAAAACAAACAGATCATGATTAACAAGGAAATGCCCGCGATAACATCGATGAATCCGCTGCAGGGTCAGTCTECACAGGTT
L DT DGIVAPGET QY QNIKO QTIMHNTINKEHMNPAVTSHNPLQSGEQSATQYV
CCCTACACCGCAGTACCCATTAGCTATAAGGGTCCCGAGCCCAGTTACATCGAACGCETTATGGTTTCCGCCAATGCCGAGGAAGACTTTCTCATCAAGATCCTGCTGCGCCAGACACGT
P YTAV P I SYKGPETPSYTIERVYVYHVSANAEEDTFLIIKTILILRIQTR
ATCCCGAGAGGGGACAAATTCAGCTCTCGACACGGACAAAAAGGCGTGACTGGGTTGATTGTTGAACAGGAGGATATGCCCTTTAATGACTTCGGCATCTGCCCGGATATGATAATGAAC
1 PRGDKTF SSRHGEG6QKEG6VY TG6LIVEQEDMPTFNDFSGTICPDHMKTIMHMNNK
CCACACGGATTCCCCTCCCGTATGACAGTGEGTAAAACGT TAGAGCTGCTCGGCGGGAAGGCTGGTCTCCTGGAGEGCAAGTTCCACTATGGAACTGCGTTCGGEGGCTCCAAGGTGGAA
PHGFPSRMTVEGKTLEULLSGSGIKAGLLETGEKTFHYGTAFGSGGSKUVE
GACATTCAGGCGGAACTGGAGCGCCATGGTTTCAACTACGTGGGCAAGGACTTTTTCTACTCCGGCATCACAGGAACACCACTGGAGGCCTACATCTACTCGGGACCCGTGTACTACCAA
DI ¢AELERWHKSGFNYVGKDFFYSGEITGETPLEAYTITYSGPVYYNQ]Q
R L
GAACGGGATTGTCTCATTTCTTACGGAGCTAGTATGCTGATCATGEAGCGTCTGATGATCTCATCEEATGCCTTTGAGGTGGATGTTTGCCGBGACTTGCEGCAGGATGGCCTACTGCTCC
ERDCLTISYGASHMILIMERTLWMTISSDAFEVDVCRTT CGRMAYTCS

AAACTGAAGCATATGGT GCAGBATAAGATGCATGCCCETGCCCGEGEACCCAAGGCGGTGCTCACCCGTCAGCCGACGCAGGGCAGBAGT CATRAGGGTAECCTTCETCTGGGLGAAATE
K L K HMV QDIEKMKHARARG?PI KAVYLTRQPTODQ®SE&RSRETE EGS GL G E M

TGGTGTCATTTCTGCCAGTCGTCEECCAATGTCTCTAAGATATCCATGCCGTATGCATGCAAACTGCTCTTCCAGBAGT TGACCAGCATGAATGTGGTGCCGAAAATGATTTTGGAAAAC
WCHFCQSSANVYSKTISMHMPYACKTLLTFQELTSMNYVPKMKTILEHN
TATTAA CGAGCAATGGCCTGAAACCGAATAAAATAATTGTTATATAATAATAATGGTTAATGATGGAAACTAGCTTAGGTTTTCCAATATTTTTGTAAAAACGAATGGTGTGTGAACTC

Y *

TGGCAAAGGCAAAAATCCTACGCATTCATTAAGTTTCCATGACCGCGAGCTGCAAATGTCAAAATGAAGAGGTTCAAACGAAGTCAGCGAAAGAAAGTCCTCTTGAATTTTAACGAGGTC
CTTTTGCATATCAGCTTTCTGTTCGTTAACAGGCAGACGCACGCTCTTACTGAAAAGEACTTAGCCATGTTAAATCGCTTCTGTTATCCTTTTTTTTTTATTGCGCAAAGGATAATTAGT
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Fig. 1. Nucleotide sequence and deduced amino acid sequence of DmRP128. The nucleotide sequence starts with the genomic EcoRI
site. The putative polyadenylation signal and splice junctions are underlined. The sequence data will appear in the EMBL Data Library
under the accession number X58826 D. melanogaster DM RP 128 cDNA
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Om RP135 (BEMQQMKTIPVL- - - -NERPEFKQIFKK- ===~ ==~~~ LSRHLANLGGPHVDSFDEMLTLDNSHMIP[EIHWLB: --------------- K
Dm RP140 @DNEEELYEEEN@EE--I ELWQEAC-~----- W1V INAYFOERGLVRQQLIDSFDEF QMSVQR ------- DiS P Alt QAEAQHTSGEVETP
Dm RP128 VELLKMGD HN V] TIIWD P GDISK WS - - VIATRIP L TEKIMK L V P LQVKGL VK QHIID S FINHE NP TKK|L VK=~ - ANELVTSGAD =~ - = e - wom oo - L
Dm RP135 SIMKVIE]S[Tlw 1 AR v P olv 1BV TR E 1 YelT D SRR L HV S[Y SIGH C SVIRL G S v@Kx@ ----- MO UG VP THLR SK ARINL EY\EIPE M VIHGEHD SEW
Dm RP140 FSLKFEQIEYL SiKPl- - THHEKIDIGS P S PMMPNEJNR LRINLT Y SAPILY VEGLDPIVETQHQKTF[TGK IP IMLR ST YCILLISQILITDROUTELNECPLDP
Dm RP128 FYLKYLOVRVGKP}- -0 IPGFNIfTKAT TPHECRLAD TTY SAPT T R-1GITAR TK R~ - - ~ HL LT GRMPIIMLR S -CIALITGKSEFEL{SKLKECPLDP
Dm RP135 I IVRMLIMTRRFHPICVKRS SHRDRGQ- - NFSDIGML Y Q-VREDESSLSNYVHYL - - NNGTARIFMF SEVKRL S YRV CL[TILKIGUMO Y T
Om RP140 (TI{RlG|SlE K VIL T AQGEK MATINITV Y VE SHK DG KIY AFKTE TRS|C HSP s NVNMMARGSQNIKKSAIGQRIIAILPYIKQE MIVFR] F
Dm ARP128 JEKVIIL IIQERL SWNKML - TEDF NGV VQC[Q)- v T S{S|T REK K RI-[TL V- - - - - v m e m o - SKHGKYYLKANSMTOOLPIVV Vs
Dm RP135 EE Y NR[L]V QG YIE QYYVS-CQAM Hv ol NMYiHAQCKS[FIGNLF ARFEPEWQPDDDVTD RERVMI ---TYD~ FQLIVFMIQKLFQ
Dm RP140 RDIIL € HT1T]- <lv DIHDlD P EMME MVIK P SILIDIE AFF V - -MQ EIQIN VA UNIF I G}AR - 6[ARI-1Pi6|viT K DIKIR ~ I & YIAKEE I LioK E MLJP|H VG[VISID FICIE[T KIK AY FL G Y VIHRLIL L
Dm RP128 QE 105 -[ I|-ETP K SANRF GAS - - -[L|T DAL KIVFIT QR RALIE YRGS K LV VKRFQSATTIT PS E EARJEITILIL TT TiUAH VIPIYD N[N L QUK ALY VS MYt VIRRVMA
Dm RP135 cAQGRYKY EN VDl AMMQE VTP ok flsBR vE S Wy s VAR CLQRKL TS POl VTS AMT Qe HRIGA G G v GRA T E[SJF IASRTGLGLMQNS[GLY
Om RP140 RRELBORDMYGNKRUDLASPl [JAF -{L FIR GLFKINL MKE VRIMY TIQKIFTIOR GKIDF NLELA -~ IKTNTTTIDELR}-- - 'S DQKKAHQA-RAGY
Dm RP128 BT L FoDROY)Y 6K R LIEWL A Gl LIS M- MF HolL FKRMNWELK T TADKINIPK VK AR QF OVUKHMRANQ I TIAG UE - - -FJATSS IKRFKME--RAGY,
Dm RP135 IMAENINRMRAMSHFRATHRlES - - YF TI]MR 7T E AR QLD Al dF 1fCPlv HfT PlofGlT PG LIL NHCTfLlT CE MRPDPKLKAIPKHIDMGMPSNR-RYLG
Dm RP140 - -SGVLNRL|TF ASITIL]S HL R PIGRDGKILAKPRQUURT UM GHTCPAET PEGARVIGL VKNLALHAY[T S|V S Qp{SIPL= - -|LILE FILIEE WSIME NIUEE TAPIS AT
Dm RP128 - - TIQV L SR LIS[F{s|AL]c MM QF EKJTRIK|V S 6P RE|LP]s W GHL CPIS YT P EGEACGL VKNLALMTHITTEVEERPWHIVA-FRAGVEDIREVSGNPJINN
Dm RP135 EKL Y VVAILOJGK HE G T HQ SEAEK WD el RYJaK I gL P aMMEILG FIlP FRK NG QF PG LY JAMIGP ARTMR AV U N LK WKRJ~ <« = m = w o e e oo oo
Dm RP140 ADATKIIFV[Nelcw Vie|T HROPEIQT]- - MATIL RK LRRIQRD 11 Vs -[E VSMLRD TRORIET -RIT V|- - RCRPLLIVENGSLLL THVEMOKERDYNNY SHQV
Dm RP128 PNVFLUVAINGNVE GL TLNHKHL- -TRN RRKGRMGS Y- -VSVRTSYTQRIC---{1Y TH RLCRPY V|1 VENREIPLIVIKQHHL DE[LNRGIRKFDOF - -
Dm RP135 amm--- 1GTLEQL YME[TATDAKEHY PIFT- - - - - - - THLELAKTHFHSNLAN PO sPRAMYQaQGKQRETP cNWPKQAANKLRIUQ

Dm RP140 LVAS[EV Y ETVMIAMSPYDLKQOKDYAYCTTY|THCE TP AMIILGVCAS TIIPIFIPDRNQSPRNTY QEIAMGKQAMGY Y 1 T|MF HVIRMDITIIAH ViLIY

Dm RP128 -LLDiGL TE Yl DVHEEND S F[LAWNEDQT - EjDR}- - -~ - - - THLEIETFTLULGVCA HNQSPRNTYQCAMGKQAMGMI G Y N NR I[D/SILMFINLIY

Dm RP135 GTPLFRPVHYDIIQLEDF AMETINATVAYI OMED AMTINKAA AYGS IYKITKFLTLDKKSSYFAR = ~= ~HFHM - - == - -~ PELIKHLDTDEL
Dm RP140 M TRSMEN LRFRETPAGINS[LVATLC N QIE O[S VT L N S FiRls VYRS VKD S £ MK RV GD[QE EN - FEKIP HRGTC QGHR NAH Y[DlIL OfpJo 6 1
Om RP128 HAPIMVK S KT I[E[L TN[F KL P A GOINATTIV AVIME Y[S)6 Y TRiE D AlL|1 L NKAIS 1 DR 6fY GlRjc L VY KN SKICIT]- VK RY ANQIT FDR TMGIP[HK DAL THKV IFKHD[VILDTDG I
Dm RP135 PHPESKUSYGSPLYCY - mmm e FPGEVAITY - - - -KVVKMDEKED CVEIS IRQLESF DL S PRRJMV A VPRI ATITGDKF ASRAlG QK lI[cls akfvlp A
Dm RP140 TAPGIRVS/GDDVVTIGKITI TLPENDDE[LOSNTKRF SKRDAS TFLRNSET GII VD oV]- /ML T L[N|S[ElG YiJF CK TiR VIRIS VIR T PIQiL GDK FASRHGQK G[TIc AL QlYIR
Dm RP128 VAP GJEQANK Q TMINKEMP AV T SMNP|L QElQS[RIQV P Y TAVP IS YKGPIEP SYIERY|- -[MVSIMAEE OF L IK I|LE RQ TR IPR-JGDK FIS|SRRGQK GV T les
bm RP135 EOLPFTESELIPDIVANPAGF PSRMT IAMHTEITHAG GAAIHNVYDATPFRFEENTAIDYGK AG TR Lf7 s v 0iG RE # T{AD{L FFlav M
Dm RP140 EDMAF TICEGLIAP D I 1N P HRTP SRMT I EHL{ EjciTloje KL {ElS NKIGIE T 6DA TP FIND AV NV KII[S TiE)- - ~[LR £ V{6 YIHL RIGINELV M[YIIGIH{T 6 RIK T NAk VFIL

Dm RP128 £ DM P Ffi D FG[T cjp DFIIMNP HGF P SR M TG TOELLols KiAls LEKFHYG AFl6 6K -VIE DILQAE - - -[L ERHGFIRYVISK O F FIY SGII[T TP LEJANTIY'S

Om RP135 QR URIHA VIFR R q VRIS TiGlaMe A R[TaP T K6 RIK[RIGG SR F EEHE ROAL 1 SHGAAFL LR L FHNSBK THT LV CHKCdS[fL AP LQRIVKRNETGELS SQPOTC
Dm RP140 QRLKHMYV ISR ARGP Vi I[LIVIR QP|M EJG RIARIDIGGLR F GEMERDCIQJT S HGAAQF]LR EVISOIPYRVIHIICINFICGILIT AT ANL RNNTFE-ccecaama o [
Dm RPI28 KHMY] l ARGPKAVIL TRQP|TQSRISIRIEGG L RLIGEMERDCL I S{Y]G AlS ML|T M MISISDIAF EVDIV CR RHAIY CSWemmmammmeaemannas (|
Om RP135 RLOGON S SV SMIE 1Pl s F[KlY LV TEGS{SIN Tin AR K[ONE 1

Dm RP140 KGICKNKTQ IS|oVRLP YA M APRIL MV T

Dm RP128 HFIEja s s AR SKK[TJSMP Y AlC] Tis MMV VPR I[TEN Y

Fig. 2. Amino acid sequence alignment of the second-largest subunits of RNA polymerases I, II, and II of Drosophila melanogaster.

Identical amino acids are boxed

bands in the Coomassie-stained gel. The pol 111 prepara-
tion is not as pure as the preparations of pol I and pol IT;
however, three major bands can be clearly distinguished
which correspond in size to the three largest subunits
of the yeast enzyme. The second-largest subunit of pol I
of D. melanogaster differs in size from the corresponding
subunit of yeast.

Pol 1, pol IT and pol III preparations of D. melano-
gaster and yeast were electroblotted and probed with
antibodies directed against all three second-largest sub-
units of RNA polymerases of yeast: anti-A135, anti-
B150, and anti-C128 (Huet et al. 1982, 1985). Antibodies
directed against D. melanogaster RNA polymerases were

anti-DmRPB, directed against the whole pol Il enzyme
(DmpolB in Krimer and Bautz 1981) and antibodies
against the fusion proteins DmRP128/44, DmRP135/1,
DmRP135/3, DmRP135/5 and DmRP135/7.

Anti-A135 and anti-B150 recognize their respective
subunits and also cross-react with the corresponding
subunits of D. melanogaster, whereas anti-C128 does not
react with any subunit of D. melanogaster but only with
C128. Besides its specific subunit recognition anti-A135
shows some cross-reactivity with the second-largest sub-
units of pol I of D. melanogaster. Anti-DmRPB reacts
strongly with the largest and second-largest subunit of
pol IT of D. melanogaster, albeit rather weakly with the
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100

50

FE
poll polII pol IIX
Il no inhibitor o -amanitin 1x10"*M
o -amanitin 1x10°°M [ tagetitoxin 1.2x10°°M

Fig. 3. Inhibitory effects of a-amanitin and tagetitoxin on activity
of purified fractions of pol I, pol I, and pol III of D. melanogaster.
Activity was measured in standard transcription assays (see the
Materials and methods) using 10 pl of purified RNA polymerase
fractions. Transcriptional activity using inhibitors is shown as per-
centages of the control activity (without inhibitors)

yeast enzyme. The second-largest subunit of pol I of D.
melanogaster is specifically recognized by all sera raised
against DmRP135. These sera also react with the corre-
sponding yeast subunit A135. Except for some weak,
nonspecific cross-reactions, anti-Dm128/44 does not
react with any other RNA polymerase subunit but only
with the second-largest subunit of D. melanogaster pol
II1. These immunostaining data confirm the conclusions
drawn from amino acid sequence comparisons that
DmRP135 codes for the second-largest subunit of pol I
and that DmRP128 codes for the second-largest subunit
of pol III of D. melanogaster.

Discussion

We had previously reported the cloning of DmRP135,
a gene that we tentatively identified as coding for the
second-largest subunit of pol III of D. melanogaster
(Kontermann et al. 1989). Since then, RETY, the gene
coding for the second-largest subunit of pol II1 of yeast
has been clearly identified by means of a mutant allele

A Dm Y B Dm Y Dm Y Dm
[tTom] [r1om] kxDa [tom] [Tom] [Tom [1Tom| Tom] kDa
— - 200 - 200
i e =
== [ee) - - =
ba » - - — 116 ;. - 116
o -2 — 92
[
et
- 66 - 66
| | | | |
anti DmRP135 anti DmRPB anti DmRP128
C Dm Y Dm Y Y
[1om| [r1om] [tom] [1om] [Tom] kDa
Fig. 4. A Coomassie staining and B, C 200
immunostaining of purified RNA poly-
merases (I, I1, IIT) of D. melanogaster
(Dm) and yeast (y). Equal amounts of
purified RNA polymerases were run on -
6% polyacrylamide gels, blotted onto ni- . - [EE]
trocellulose and incubated with the fol- Y - 5
lowing antibodies: anti-DmRP135/3
(1:500), anti-DMRPB (1:1000), anti- "
DmRP128 (1:500), anti-A135 (1:5000), - 92
anti-B150 (1:1000), anti-C128 (1:1000).
No reaction was detected with anti-
DmRP128 on yeast RNA polymerases
and with anti-C128 on D. melanogaster - 66
RNA polymerases ] | L | L :
anti A135 anti B150 anti C128



(James et al. 1991). Given the overall similarity (58%)
between the second-largest subunits of pol I of D. mela-
nogaster (DmRP140) and yeast (RPB2) it was highly
surprising to find only 24% homology between the two
second-largest subunits of pol III and we had therefore
to reconsider the assignment of DmRP135 to pol IIL
In order to assigne each subunit gene to it correspond-
ing enzyme we set out to clone the gene coding for the
last of the three known second-largest subunits of D.
melanogaster, DmRP128. In addition, we purified the
three RNA polymerases of D. melanogaster, pol 1, pol I,
and pol II1. These can be identified by their functional
properties, their sensitivity to specific enzyme inhibitors,
their salt requirements and their subunit composition
as seen on Coomassie-stained gels. Immunostaining of
the purified RNA polymerases with specific antibodies
was used to correlate each of the two genes, DmRP135
and DmRP128, with its respective product. Antibodies
directed against four different fusion proteins covering
the coding region of DmRP135 were found to react with
purified pol I of D. melanogaster on Western blots. Anti-
bodies directed against DmRP128 specifically react with
pol IIL. Therefore, it is evident that DmRP135 codes for
the second-largest subunit of pol I and that DmRP128
codes for the corresponding subunit of pol III.

Our previous assignment of DmRP135 to the second-
largest subunit of pol IIT was based on the following
lines of evidence. First, immunofluorescence on polytene
chromosomes using anti-DmRP135 fp antibodies (Kon-
termann et al. 1989) did not stain the nucleoli but gave
the same distinct banding pattern on polytene chromo-
somes as anti-yeast C128 antibodies. Second, anti-
DmRP135 fp antibodies recognized the second-largest
subunit of pol IIT of yeast on Western blots. We cannot
explain why both D. melanogaster and yeast antisera
showed identical antigen distribution on polytene chro-
mosomes or why anti-DmRP135 fp antibodies recog-
nized C128. The observed fluorescence must have been
due to non-specific interactions, which, however, were
not seen with control sera. The four newly raised anti-
DmRP135 sera as well as anti-yeast A135 and anti-
DmRP128 also fail to react with nucleoli and do not
show any distinct banding pattern on polytene chromo-
somes (data not shown). It is possible that these anti-
bodies do not recognize the native protein and/or the
second-largest subunits are not accessible in the native
enzymes. In addition, the dense structure of nucleoli may
interfere with antibodiy recognition in the case of pol L.
However, all the antibodies react specifically with puri-
fied RNA polymerases separated on SDS-polyacryl-
amide gels. Since we have been able to isolate and func-
tionally identify all three RNA polymerases of D. mela-
nogaster, we can now definitely assign DmRP{35 as cod-
ing for the second-largest subunit of pol I and DmRP128
as coding for the second-largest subunit of pol III.

Comparisons of the deduced molecular weights of
all three of the second-largest subunits of RNA polymer-
ases of D. melanogaster show that pol I and pol III are
of about the same size, 128 kDa, whereas the pol IT sub-
unit has a deduced molecular weight of 134 kDa. The
size of 128 kDa for the second-largest subunit of pol I1I
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is quite unexpected because it differs from the sizes deter-
mined for the pol III second-largest subunits of higher
eukaryotes (Sentenac 1985). In fact, for D. hydei, an-
other closely related species, isolation of pol 1 and pol 111
has been described previously (Gundelfinger et al. 1980;
Gundelfinger and Stein 1982) and the sizes of the second-
largest subunits have been determined on SDS-PAGE
to be 135 kDa for the pol III subunit and 125 kDa for
the pol I subunit. The similar molecular weights of the
second-largest subunits of pol I and pol IIT of D. melano-
gaster are reflected by their comparable mobility on
SDS-polyacrylamide gels; however, both show a lower
apparent molecular weight of about 120 kDa. Obvious-
ly, SDS-PAGE allows only a rough estimate and does
not exactly reflect the actual molecular weights of these
proteins.

It remains to be determined whether the RNA poly-
merase subunits of D. melanogaster are different from
those of D. hydei or whether the discrepancy is due to
conditions of the separation on SDS gels. The nomencla-
ture of the second-largest subunits genes of D. melano-
gaster was based on sizes determined on SDS gels. Since
pol I and pol III had not previously been purified from
D. melanogaster, DmRP135 was named by analogy to
D. hydei (Gundelfinger et al. 1980). As it turns out, the
second-largest subunits of pol I and pol I1I of D. melano-
gaster have the same deduced and apparent molecular
weight. Comparison of subunit sizes between D. melano-
gaster and yeast for a single RNA polymerase class
shows that the deduced molecular weights for the pol 11
and pol III subunits are almost identical. This is not
the case for the pol I subunits where differing sizes of
128 kDa and 135 kDa are shown. The exceptional posi-
tion of the pol I subunits becomes obvious in the amino
acid alignment of all three second-largest subunits of
D. melanogaster. DmRP140 and DmRP128 share 36%
amino acids distributed over the whole sequence;
DmRP135 shows more divergence sharing only 28%
amino acid identity with DmRP140 and 26% amino
acids with DmRP128. Thus, pol II and pol III subunits
seem more closely related to each other than to pol 1.
The same evolutionary relationship has been observed
for the second-largest subunits of yeast (Yano and No-
mura 1991) and also for the largest subunits of RNA
polymerases (Mémet et al. 1988). RNA polymerase I
may have diverged from a common ancestor before sep-
aration of pol Il and pol Il or possibly arose from a
different ancestor.
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