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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 (RET1). 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 II and 
III. The second-largest subunit of RNA polymerase III 
is only recognized by anti-DmRP128. Previously, we 
have claimed that DmRP135 codes for the second-largest 
subunit of RNA polymerase III. Based on the new bio- 
chemical data reported here we show that DmRP135 
codes instead for the second-largest subunit of RNA 
polymerase I and that DmRP128 corresponds to the 
equivalent subunit of RNA polymerase III. 
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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 (Pfihler 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 etal. 1991; Yano 
and Nomura 1991 ; McCusker et al. 1991). 

The genes coding for two large subunits of RNA po- 
lymerase II (pol II) from Drosophila melanogaster have 
been cloned and characterized (Biggs et al. 1985; Jokerst 
etal. 1988; Falkenburg etal. 1987; Faust et al. 1986; 
Sitzler et al. 1991). The gene for another second-largest 
subunit (DmRP135) of an RNA polymerase of D. mela- 
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nogaster was cloned and sequenced (Kontermann et al. 
1989). Since at that time RNA polymerases I and III 
(pol I, pol III) 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 III transcription gene coding for the second- 
largest subunit of pol III of yeast (RET1) was recently 
isolated (James et al. 1991). Amino acid sequence com- 
parisons between DmRP135 and RET1 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 II of D. melanogaster (DmRP140) and 
yeast (RPB2; Young and Davis 1983; Sweetser etal. 
1987) this result was highly surprising. The homology 
between these pol II 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 RET1 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 III while DmRP135 indeed represents the gene 
coding for the second-largest subunit of RNA polymer- 
ase I. 

Materials and methods 

[c~32p]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 gg of poly(A) + RNA, 0.05 pmol 
antisense primer, and 10 units AMV reverse transcrip- 
tase (Stratagene) in a total reaction volume of 100 gl. 
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 gl reaction buffer containing 50 mM 
KC1, 10raM TRIS-HC1, pH 8.3, 1 mM MgC12, 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 rain at 94 ° C, primer annealing for 2 rain 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 Mfiller-Hill 1983) and expressed in-frame with fl- 
galactosidase; DmRPI35/ l :  0.99kb EcoRI-HindIII, 
amino acids (aa) 23-353; DmRP135/3:1.5 kb SalI-Hin- 
dIII, aa 367-850; DmRP135/5:0.84 kb HindIII-HpaII, 
aa 849-1129; DmRPI35/7:0.3 kb PstI-HpaII, aa 1045- 
1129. 

Isolation and analysis of cDNA and genomic clones. 
cDNA clones were isolated from a randomly primed 
2gtll  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-KpnI fragment 
derived from the 3' end of RET1. 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 

DmRP128. The 1.2 kb BamHI-HindIII fragment (nude- 
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 Thogerson 1987). Female New Zea- 
land white rabbits were immunized with 500 gg of ex- 
pressed protein using ABM-S (Linaris) as adjuvant, 
boosted 3 times at 2-week intervals with 300 ~tg 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 gg of purified RNA polymer- 
ases I and II, and about 0.5 ~tg 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-l- 
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 pol I the reaction mix contained 80 mM 
TRIS-HC1, pH8.0, 0.1raM dithiothreitol (DTT), 
2.5 mM MnC12, 4 mM thioglycerol, 30 mM ammonium 
sulphate, 1.5 mM MgC12, 0.5 mM each of ATP, CTP, 
GTP, 5 ~tM [3H]UTP (1 Ci/mmol), 15 lag 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-HC1, pH 7.6, 150 mM 
KC1, 2 mM MnCI2, 0.5 mM each of ATP, CTP, GTP, 
1 mM DTT, 10 laM [3H]UTP (1 Ci/mmol), 15 lag dena- 
tured calf thymus DNA. Assays were performed at 30 ° C 
for 15 rain using 10 lal of enzyme preparation. For inhi- 
bition assays c~-amanitin was used at final concentrations 
of 1 x 10 -4 and I x 10 -6  M,  and tagetitoxin at 1.2 x 
10-5 M (Steinberg et al. 1990). 

Purification of RNA polymerase I. All purification steps 
were carried out at 5 ° C in buffer A (50 mM TRIS-HC1, 
pH 8.0, 0.1 mM EDTA, 25% glycerol, 10 mM thiogly- 
cerol, 0.1 mM DTT, 0.3 mM phenylmethylsulphonyl 
fluoride, 2 lag/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-eluted 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 e-amanitin (1 x ] 0  - 4  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 100ml 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 I 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). 

Results 

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 RETI 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 DmRPI40 (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 eDNA fragment. We isolated two independent 
clones with EcoRI inserts of 8.9 kb (2-Dm8.9) and 
15.3 kb (2-Dml 5.3) of genomic DNA, which hybridized 
with the eDNA probe. Restriction enzyme mapping and 
Southern analysis located the region of homology in a 
4.2 kb EcoRI fragment (2-Dm8.9) and in a 6.8 kb EeoRI 
fragment (2-Dm15.3), respectively. The 4.2 kb EcoRI 
fragment and an overlapping 1.7 kb SmaI-HindIII frag- 
ment from 2-Dm15.3 were cloned into M13 and se- 
quenced. Comparison of the deduced amino acid se- 
quence of DmRP128 with RET1 indicated the existence 
of a small intron in the 5' region of the gene. Since 
none of the eDNA 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 
cDNA 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 Drosopkila and the /~ 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 RET1 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 RET1 (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 DmRPI35 and DmRP128. 
For the DmRP128 construct we chose a fragment from 
regions of less conserved sequence to minimize possible 
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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 
DmRPI35 (see the Materials and methods). The ex- 
pressed proteins were purified by inclusion body prepa- 
ration (Nagai and Thogerson 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 10-5 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 c~-amanitin concen- 
tration of only I x 10- 6 M and, therefore, represents pol 
II. In contrast, the 290 mM eluate was not inhibited 
by c~-amanitin even at concentrations of 1 x 10 .4 M. 
This pool was subjected to further purification steps and 
resulted in pol I of high purity. 

RNA polymerases II and III 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 c~-amanitin at concentrations as high as 1 x 10-4 M. 
Pol III activity can be monitored by specific inhibition 
with tagetitoxin at a final concentration of 1.2 x 10-5 M. 
This procedure, optimized for the enrichment of pol III, 
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, II 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 



1 GAATTCAC~CGTTGACCAcTGTGCcGGGATGCATT~GTAcAAGGGCGCCAAGATCCAGCTGCTGGATTTGCCcGGTATCATTGAGGGCGCTAAGGATG~CA~GGTC~AGGTCGTCAG 
121 GTGATTGCTGTC~CTCGCACCTGTAACCTCATTTTCATGGTGCTGGATT~CCTG~ACCGCTTGGCCACAAG~ACTCCTC~AGCATGAATTG~AGGGcTTCGGCATCCGGCTTAACAAG 
241 AAAcCACC~ATATcTACTAcAAGCGG~ACAAGGGTGGCATC~TCTGAACAGCATG~TT~CGCAGTCcGA~TTGGACACG~ATCT~GTGAA~ACCATTCTATCCGAGTACAAGATC 
361 cAC~TGC~ACATCACcCTGAGATAC~ACGC~ACTAGTGACGACCTCATTGACGTTATc~AGGGCAACCGCATcTACATACCCCTGCATCTATCT~cTG~CAAGATCGATCAGATCTC 
481 cATCGAGGAGCTGGACGTCATCTAC~GAT~GCATTGCGTGCCCATcTCGGCCcATCACCAcT~AACTTT~AcGATcT~CT~AGCT~ATGTG~AATACcTGC~ACTGCAGCGcATC 
601 TACA~CAACGCAAGGGCCAGcTGCCCGATTAcAACTCGCcCGTGGTACTCCAcAACGAGCGcACCAGCATT~A~GATTTCT~CAAC~GCTGCATC~CTCCA~GCCAAGGAATTTAAAT 
721 AGTGAGTGcGCTTCACTTTccCTcTGTTCCCTT~GTTATAATAACATTATGTATTTcTTCGTAGT~CGCTGBTTT~GG~CTCATcTGTGAA~CATCAGCCGCAG~GGTGG~CATCGAAC 
841 AC~TTCTC~CGACGAGGATGTG~TcCAGATTGTGAAGAAG~TTTAGACTCTGTGCAAcGATAACACTTTGATTATTTGAT~cATTT~TATTCGA~AT~A~AcG~TGTGCTTTC 
961 TGTGTGCGTGGATTTAAGGCG~CTTAAGT~AA~CCTCTAATTTTTATTTTATCAAATTTTTT~TT~GC~CGCACA~AG~TAATTTAAAT~ATTAAA~CTAGATTTAGcGGGA 

1081 ATTAATTTCACTGCcAGCTCTATGGG~TAACTTT~CTATCAcTTGCCc~TATATCGATAACCGATAGGT~A~A~CC~CATATcGAA~AACCTCATA~CAC~CTGTTTTGTTGACA 

1201 AACTTAAATTAAATTATTATAACGAA AT~GTGGA~CTAAAGATGG~C~ATcAC~CGTGGAGGCCACCACCTGG~ATCCCG~C~ACA~C~GGACT~TcGGTGcCCATTAAGCcGCTA 
M V E L K M G D B N V E A T T W D P G D S K D W $ V p I K p L 31 

1320 ACG~A~AA~T~GA~TTG~TGCCGGcATTCTTGC~T~G~ATTAGTGAAGCAGCACATTGATTCCTTc~TCACTTCATC~C~TG~ACAT~AA~GATTGT~AAG~CTAACGA~ 
T E K W K L V P A F L Q V K G L V K Q H I D S F N H F I N V D I K K I V K A N E 71 

1440 CTGGTTACCAGTG~A~cTGATCcTTT~TTTTACcTA~GTACTTG~AT~TGcGGGTGGGCAA~Cc~GACATC~CGAT~CTTCAACATcACCAAAGC~AcCACACCGcACGAATGCCGT 
L V T S G A D P L F Y L K Y L D V R V G K P D I D D G F N I T K A T T p H E C R 111 

1560 CTGAG•GACACCAC•TAcTCCGcCCcCATCAcCGTGGACATCGA•TACACGA••••AACCCAGC•GATCAAGCG•AATAATTT•CTCATCGGAA••ATGCCCCTcATGTTGCGGTCCAAT 
L R D T T Y S A P I T V D I E Y T R G T Q R I K R N N L L I G R M p L M L R S N 151 

1680 TGCGcCCTTACCGGCAA~TCGGAGTTCGA~CTGTCC~AcTGAAT~AGTGTCCAcTA~ATCCT~cGGCTACTTTGTGGT~C~A~TCAGGA~AAGGTTATCcTCATTCAG~AGcAGCT~ 
C A L T G K S E F E L S K L N E C P L D P G G .Y F V V R B Q E K ,V I L I Q E Q L 191 

1800 T~ATGGAACAAGATGCTCACcGAG~AcTTCAAcG~TGTGGT~cAATGCCA~TTAccT~CTCcAcACACGAA~AAGTCAC~TACTTTG~TGCTGA~CAA~CATGGAAAGTAcTA~CTc 
S W N K M L T E D F N G V V Q C Q V T S S T H E K R $ R T L V L S K H G K y y L 231 

1920 AAGCACAACTc~ATGAcGGACGACATACccATTGTGGT~ATcT~T~A~CTCT~GGCGTAGTTTCT~ATcAGGAAATTCAATc~CT~TTGGCATAGACAGcAAATCGCA~AATAGATTC 
K H R S M T D D I P I V V I F K A L G V V S D Q E I Q $ L I G I D S K S Q N R F 271 

2040 GGTGCCTCTCTAATAGACGCCTACAACCTGAAGGTCTTCACACAGCAAAGGGCTTTGGAGTACATGG GTAGGTTTGTTTACCCTAGTTA~TCTTGTTCTTAA~TACCTTTTT~ GC 
G A S L I D A Y N L K V F T Q Q R A L E Y M G 294 

2158 T~cAAGTTGGT~GTCAAGCGTTTTcAGAGTGCCACCACAAAAACGCCATcGGAAGAGGccCGTGAGCTGCTGTTAAcCACCATTTTG~CATGTGCCTGTGGACAACTTTAA~TTGc~ 
S K L V V K R F Q S A T T K T P S E E A R E L L L T T I L A H V P V D N F N L Q 334 

2278 ATGAAGGcCATCTATGTATCcATGATGGTGcGTCGTGTTATGGCCGCCGAGCTGGACA~ACGCTcTTTGACGACCGCGATTACTAC~C~CAAGCGACTGGAGCTGGCAGGTTCTTTG 
M K A I Y V S M M V R R V M A A E L D K T L F D D R D Y Y G R K R L E L A G S L 374 

2398 CTC~cCATGATGTTCGAGGATCTGTTCAAGCGCATG~cTGGGAGCTTAAGACCATTGCG~ACAAAAATATACCCAAGGTG~AGCGGcGCA~TTC~ATGTGGT~AGCACATGAGGGcG 
L S M M F E D L F K R M N W E L K T I A D K N I P K V K A A Q F D V V K H M R A 414 

2518 GCA~ATCAcAGCGGGACTGGAGTCT~cTATcAGTTCcGGCAAcTGGACGATC~GAGATTTAAGATGGAAAGAGC~GGCGTAAC~AGGTTCT~TCACGCTTGAGTTATATcTCAGCG 
A Q I T A G L E S A I S S G N W T I K R F K M E R A G V T Q V L S R L S y I S A 454 

2638 TTGGGAATGATGACGCGTGTAAACTCGCAGTTTGAG~GACGCGT~GGTGTCGGGACC~AGATCTcTGCAGCCCAGTcAGTGGGGTATGCTGTGTCCCTcGTACAcTCCAGAAGGTGAG 
L G M M T R V B S Q F E K T R K V S G P R S L Q P S Q W B M L C P S Y T p E G E 494 

2758 GC~T~TG~TCTTGTCAA~AT~TG~CTTT~AT~AC~CACATCACCACCG~GTGGA~A~CGACCCGTTATGATAGTG~CTTTcAATGCTGGCGTG~AAGACATAc~AG~GT~AGCGGc 
A C G L V K N L A L M T H I T T E V E E R P V M I V A F N A G V E D I R E V S G 534 

2878 AACCCCATCAATAATCcGAATGTGTTCCTCGTCTTcATCAATGGT~TGTTCTGGGTcTcACCTTGAAC~AC~GCACCT~GTGC~GAAccTTc~TTACATGCGCAGAAAGG~TCGGATG 
N P I N N P N V F L V F I N G N V L G L T L N H K H L V R N L R Y M R R K G R M 574 

2998 ~GCAG~TACGTGTCTGTGCACACATCATACACCCAGCGATGCATCTA~ATCcAcAc~GATGGC~TcGTCTGTGCCGCCCCTATGT~TTGT~GAG~cCGTCGCCCGCTGGTGAAGCAG 
G S Y V $ V H T S Y T Q R C I Y I H T D G G R L C R P Y V I V E R R R P L V K Q 614 

3118 CATCACCTGGACGAG~TGAATCGAGGGATTCGCAAGTTcGACGACTTCcTTTTGGACGGACTAATCGAGTATTTAGATGTT~CGAG~AG~c~ATTCGTTTATCGCCTGGAACGAGGAT 
H H L D E L N R G I R K F D D F L L D G L I E Y L D V N E E N D S F I A W N E D 654 

3238 CAAATAGAGGACCGGACTAcACACTTGGAAATcGAAACCTTCACTTTGcTGGGAGTCTGTGCTGGATTGGTGCcCTATCCTCATcACAATCAGAGTCcCAGGAACAcCTATCAGTGT•CT 
Q I E D R T T H L E I E T F T L L G V C A G L V P Y P H H N Q S P R N T Y Q C A 694 

3358 ATGGGTAAGCAGGCGATGGGAATGATTGGCTATAAcCACAACAACAGGATTGACTcGcTGATGTATAATCTGGTGTATCccCAT•CTCcTATGGTGAAATCCAAGAcTATCGAGCTTACC 
M G K Q A M G M I G Y N H N N R I D S L M Y N L V Y P H A P M V K S K T I E L T 734 

3478 AAC~TTGACAAATTGCCTGCTGGTCAGAATGCCACTGTGGcAGTTATGAGTTACTCTGGCTACGATATCGAAGATGcCCTGATc~T~Ac~GGCGTCAATAGATCGTGGATATGGACGG 
N F D K L P A G Q N A T V A V M S Y 8 G Y D I E D A L I L N K A $ I D R G Y G R 774 

3598 TGTCTGGTGTACA~AACTCAAAGT~CAcTGTGAAACGGTATGC~TCAAAcCTTCGACAGAATcATGGGTCCCATGAAAGATGCGCTGACGAACAAG~TTATCTTCAAGCACGACGTT 
C L V Y K N S K C T V K R Y A N Q T F D R I M G P M K D A L T N K V I F K H D V 814 

3718 TTGGACACTGAcGGAATTGTGGCTcCAGGCGAGCAGGTTC~AAC~ACAGATCATGATTAAC~GGA~TGcCcGCGGTAACATCGATG~TCcGCTGCA~GGTCAGTCTGCACA~GTT 
L D T D G I V A P G E Q V Q N K Q I M I N K E M P A V T S M ,N P L Q G Q S A Q V 854 

3838 CCCTACAcCGCAGTACCCATTAGCTATAAGGGTCCCGAGCCcAGTTAcATcGAACGCGTTATGGTTTCCGCC~TGCCGAG~AAGACTTTCTCATCAA~ATCCTGCTGCGCCAGACACGT 
P Y T A V P I S Y K G P E P S Y I E R V M V S A N A E E D F L I K I L L R Q T R 894 

3958 ATCCCGAGAGGG~ACAAATTCAGCTCTcGACACGGACAAA~GG~TGACTGG~TTGATTGTTGAACAGGAGGATATGCCCTTTAATGAcTTc~GCATCTGCCcGGATATGAT~TGAA~ 
I P R G D K F S S R H G Q K G V T G L I V E Q E D M P F B D F G I C P D M I M N 934 

4078 ccACAcGGATTcCCCTcCCGTATGAcAGTGGGTAAAACGTTAGAGCTGcTcGGCGGGAAGGCTGGTCTCCTGGAGGGCAAGTTCcAcTAT~GAACTGCGTTCGGGGGCTcCAAGGTGG~ 
P H G F P S R M T V G K T L E L L G G K A G L L E G K F H Y G T A F G G S K V E 974 

4198 ~ACATTCAGGcG~CTG~AGCGcCATGGTTTCAACTACGTGGGC~GGACTTTTTcTACTCCGGcATcAcAGGAACACCACTGGAGGCCTAcATcTACTcGGGACCCGTGTACTACC~ 
D I Q A E L E R H G F N Y V fi K D F F Y S G I T G T P L E A Y I Y S G P V Y Y Q 1014 

4318 AAACT•AAGCATATGGTGCAGGATAAGATGCATGCCCGTGCCCG•GGAcCCAAGGcGGTGCTCACCCGTCAGCCGACGcAGGGcAGGAGTCGT•AGGGTGGCCTTCGTCTGGGCGAAATG 
K L K H M V Q D K M H A R A R G P K A V L T R Q P T Q B R S R E G G L R L G E M I054 

4438 GAACGGGATTGTCTcATTTcTTACG•AGCTAGTATGcTGATCATGGAGCGTCTGATGATCTCATCGGATGCCTTTGAG•TG•ATGTTTGcC•GACTTGCGGCAGGATGGcCTACTGCTCC 
E R D C L I S Y G A S M L I M E R L M I S S D A F E V D V C R T C G R M A Y C S i094 

4558 TG~TGTCATTTCTGCcAGTCGTC~GCCAATGTcTCT~GATATCCATGcCGTATGCATGCAAACTGCTcTTCCAG~AGTTGACcAGCATGAATGTGGTGCCGAA~TGATTTTGGAAAAC 
W C H F C Q S S A N V S K I S M P Y A C K L L F Q E L T S M N V V P K M I L E N 1134 

4678 TATT~ CGAGCAATGGcCTGA~CCGAATA~ATAATTGTTATATAAT~TAATGGTTAATGATG~A~CTAGCTTAGGTTTTCC~TATTTTTGTAAA~G~TGGTGTGTGAAcT~ 
Y * 1135 

4797 TGGC~AGGCAAA~TCcTACG~ATTCATTAAGTTT~CATGACCG~GAGCTGCA~TGTCAAAATGAAGAGGTTCAAACGAAGTcAGCGA~GAAAGTCcTCTTGAATTTTAACGAGGTC 
4917 CTTTTGCATATCAGCTT~CTGTTCGTTAACA~GCA~ACG~AC~CTCTTACT~AA~GGACTTAGCC~TGTTAAATCGCTTCTGTTA~CCTTTTTTTTTTATTGcG~AAA~GAT~TTAGT 

Fig. I .  NucIeotide sequence and deduced amino acid sequence o~ D~RPI28. The nucleotide sequence starts with the genomic ~co~I 
site. The putative polyadenylation signal and splice junctions are un~rlined. 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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~V~S~WIA[ff 
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F~Q~YL~KPI-~THWEK~G~PsP~N~RL`~NL~YSA--~LYiVD-~TK~KL~EGLD~VETQHQKTF~G~IiPIMLR~Y~1L~L~L~DR~qT~EcPLDPI 
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Q~EI~Qs-iLIi~BI~DS~KsQNRFGA~-~-~IDLA~YBLK~FF-Q~QR~-~EYM~sKLVVKRFQsAT~l~TPsEE~R~LL~LTTI~HA~P~D~NLQKM~]IYV~M~-~R~VMA 

CAQ~-G-~YKV~AMMQEVL[ClP~QK~]S~RVESWVsQ-:IV~RCL~-~TsP~LVTSA~MTQCMRF~Cj~GV-~[~AIE~F~ASRTGLGLMQ~S~-~V 
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~ LEL~T L FID D R DIY ~ G N K R L IEIL A GISIL LiS M - M-[F.~DIL F KIR M N W~T I A~N I[IJP K V K[K~ Q F D V~l H M R A Q~_.I.T]A~_LjE - - - ~ A ~  I K R F K M E- - R A[~..G~ 

IMA~F~M~H~RAIHG[~-s-~-YFT~M~TTE~Q-~L~DF/~-~VH~-~D~G~T~cE[f-~MRPD~iKL-~KA~PKH~IDMG~MP~SNR-RYLG 
--~QVLNRL~TF~T~sHLNRVNS~PIGRDNK~LAKIPRQ~HNTL~WGMLcP~AE~PEG~GLVKNLALM~YiI~jVG~(~jsiP~--~LEF~EEW~EN~EEIA~SAI 
--TiQVL~RLI~I~A~GMMRVl~-N~QFEK~R~v~GPRL~g~s~WGMLCPI~Y[~PEG~E~CGLVKNLALMFHL~TTEVEEPRL~MIVA-FNAGVEDIREVsGN~INN 

Dm RPI35 
Dm RPI40 
Dm RPI28 

EKLYV~lLDD[~-~l~I~QS~ElAEKINDE[C-~-~GKIF~TLPQMM[~GFNPF~"GQFPGL[Y-~A[~LGP~VWHLK~K ~ . . . . . .  ~ - - -&  . . . . . . . . . . . .  
ADATK~ViNGicW~GiIHRDP~Q[q~-MABLN~L[R-R~QMDIIV~V~IMNRDIRD~EI~R~IY~-~TD~pR~IiCRP~LL~IVEN~G~L~L[R~KT~H~EM~KERDYRNYSWQV 
P"VFvL~I~[N~G~V~LG~LTLNH~H~-~RN~[~RMG~Y~-~vS~VHT~YTQ~R~c---i~YI]~T[T-D~G~RLCRP~YV~-~-~R~P~VK[~QHH~-DE~ NRGIRKFDDF-- 

Dm RPI35 
Dm RPI40 
Dm RPI28 

. . . . . .  D-E')IIG~"C-E~LYME[i-~IDAKEMYP~F~ . . . . . . .  [ ~ H ~ - E ~ A K T H F ~ N ~ I - ~ ~ T P C L ~ W P K ~ A A R K L ~ R ~ Q ~ ' ~  
L V A S~VIV E YN Y~ L E~E T V MII NM S P Y D L K ~K D Y AY C T T YIT H~E~H P AM I L~VCAIS~I PIFIP D H N Q S P R N TYQIQAM G K Q AMGIV Y I ~NF H VNM~AH V~YIY PI 
~LLD~LIE-lE-~D~ND~FI~WNEDQI-E~R~.~iTH~EIiETFTqLGv~A~-V~Y~H"QSPRNTYQ~A~GKQAMG~IGY~HNN~I~M~N~ViYPi 

Dm RP135 
Dm RPI40 
Dm RPI28 

Gl~g-~FRP~HYDIIQL~DFAM~I~-g~fg-g~MF~b-~M~I~-~-K~Y[~RT~AYGsID--~T~FL~LD~K~YFAR . . . .  IIIP'~M . . . . . . .  P E L I K H ~ L  
M~P~V~lTTR~M~YLR[F~LE~C~P~A~IiN~JVA~L~Y~GY~QiED[~iILN~jVERG~F~SVFiY~Y~D~£NiK~VGD~Q]EEN-FEK~P~RGTCQGMRNAHY~iLD~DG ~ 
HPALP~sKTI~LTNiFD~LPRLL~A~-~NQ~A~T~AV~MisYi~GYD~IiEDA~L[ILNKA~D~RG~YGRL~CLVY[Y--~NsK~Kjc~-~-R~YANQ[~FDRIMGL~MKDALTNKvIFKHL~V~LDTDGII 

Dm RPI35 
Dm RPI40 
Dm RP12B 

P~SKL~'~YGSPLYCY . . . . . . . . . .  F~-~EV~TY . . . .  KVVKMDEK~DC[I-C~SIRQLG[~F~L~PK~-~4V~IT~-~VP~~I[~QK~PA 
I~PGiIRiV~S~GDDVV~G~TITLPE~DEILD~NT~RF$KRDASTFLR~$~TG[IV~-Q~-~LTL~N~s~E~Y~FC~KIiR~Ri~RIP~QEGDKFASRHGQKG~ll~IQ~R~ 
v~PGiEQ~QN~QIM~N~EMPAvT$MNPLQLLQ~Qsi~Q~PYTA~P~YKGP~PsYI-I~R~--~V[~AN[~A~EDFL~i~I~LL~L~QTiRIPiRiGD~Fisi~RHGQKGiVTBL~vE B 

Dm RPI35 
Dm RPI40 
Dm RPI28 

~ E S[ff-~ I [P'giIv F[• P H G F P S R M T I~M M[f~T M A~'-~G A A I H ~N V Y [D'-A'T-g~ R F[SIE E N T A~D YF~G K ~ G~Y~IT~IR L ~ D]G-~ E M If-~D~-~ FF~v~ H~ 
C ~G~P D I~"~ lIN P )I ~_~P S R M T I G-ill L ~ EICI[IQIG KIL~IS N K~E I G~__AT~FIN D AV N~]Q KIIIS T~- -  -IL EE YIG~RIGIN~V MIY~GIH~G..~K I NIAIQ~FJLIG P-l]~ Yi 
D FBI C P~_~M~IIN P H G F P S R M TIV[~K T LL~L~G KF_.~A~IL L EBK F H Y GF]A~G G S~]R -~E D~QA E- - - .LL~_EJR HBF~ YIVF_]K D F FIY S GIIF_._qT P L E~JY I[!]Y SlG P V Y Y I 

Dm RPI35 
Dm RPI40 
Dm RPI28 

Dm RPI35 
Dm RPI40 
Dm RPI2@ 

--~W llV SFR]S_T[~IE A R i[~_~'~ I K r G - R I K F ~ G ~ F ~ - - C I Q ~ H  N[S-~K T H T L~--~H KFC-~SF'ILL A P LQ R I VK RN ET GG L S S Q P DT~ 
~? ~ I [~SIR~ G P~JQ I[CI~R Q PIM EIG RI~RID~ G L Rf~G E M E R D C~I S~G A~Q F~RFR L~E VIS DIP Y R[V]H~cUN ~C (~LL~AII A" L R N N T F E . . . . . . . . . .  "N 
~ KIM I~AIR A R G PIK A VIL T R Q PIT QIG RIS~EIG G L RILIG E M E R D C L I SlY]G AIS 14[LII MIE R LIM I SF_.DJA F E VLVpiV CIR CTLC.GJR M~.IY C S W . . . . . . . . . . . . . . . .  -ICI 

R LF4  d" s i _ss Y LBIy._ _TJrqs vF .p-qNNF E I 
K GICIK N K T Q IISlQ V R LIP YA~NK L L F Q E LIMIS M N II,NP RIL M V T 
H FICIQ S S A NIgSIK[i]S M P~C~< L L F Q E LIT S M[S_M ~7V P[PjgM I[LIE N Y 

Fig. 2. Amino acid sequence alignment of the second-largest subunits of RNA polymerases I, II, and III of Drosophila melanogaster. 
Identical amino acids are boxed 

bands in the Coomassie-stained gel. The pol III prepara- 
tion is not as pure as the preparations ofpol  I and pol II; 
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 I, pol II 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 II enzyme 
(DmpolB in Kr/imer 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 II of D. melanogaster, albeit rather weakly with the 
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Fig. 3. Inhibitory effects of a-amanitin and tagetitoxin on activity 
of purified fractions ofpol I, pol II, and pol III ofD. 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 
III. These immunostaining data confirm the conclusions 
drawn from amino acid sequence comparisons that 
DmRPI35 codes for the second-largest subunit of  pol I 
and that DmRP128 codes for the second-largest subunit 
of  pol III of  D. rnelanogaster. 

D i s c u s s i o n  

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, RETI,  the gene 
coding for the second-largest subunit of pol II1 of yeast 
has been clearly identified by means of  a mutant  allele 
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Fig. 4. A Coomassie staining and B, C 
immunostaining of purified RNA poly- 
merases (I, II, III) of D. melanogaster 
(Dm) and yeast (y). Equal amounts of 
purified RNA polymerases were run on 
6% polyacrylamide gels, blotted onto ni- 
trocellulose and incubated with the fol- 
lowing antibodies: anti-DmRP135/3 
(1 : 500), anti-DMRPB (1 : 1000), anti- 
DmRP128 (1 : 500), anti-A135 (1:5000), 
anti-Bl50 (1 : 1000), anti-C128 (1 : 1000). 
No reaction was detected with anti- 
DmRP128 on yeast RNA polymerases 
and with anti-C128 on D. melanogaster 
RNA polymerases [ 
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(James et al. 1991). Given the overall similarity (58%) 
between the second-largest subunits of pol II 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 III. 
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 ofD. melanogaster, pol I, pol II, 
and pol III. 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 III. Therefore, it is evident that DmRP135 codes for 
the second-largest subunit of poLI and that DmRP128 
codes for the corresponding subunit of pol III. 

Our previous assignment of DmRP135 to the second- 
largest subunit of pol III 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 III of yeast on Western blots. We cannot 
explain why both D. rnelanogaster 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 I. 
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 DmRP135 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 IIl are 
of about the same size, 128 kDa, whereas the pol II sub- 
unit has a deduced molecular weight of 134 kDa. The 
size of 128 kDa for the second-largest subunit of pol III 

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 I and pol III 
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 III 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 ofpol I and pol III ofD. 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 II 
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. DmRPI40 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 I. 
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 (M6met et al. 1988). RNA polymerase I 
may have diverged from a common ancestor before sep- 
aration of pol II and pol III or possibly arose from a 
different ancestor. 
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