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The region containing the RNA polymerase g subunit (RNAPq) gene (rpoA) and the
ribosomal protein genes of a thermophilic eubacterial strain, Thermus thermophilus (Tt)
HBS8, was cloned from a genomic DNA library by Southern hybridization. The gene order
in this region is rpl36-rpsl3-rpsl1-rps4-rpoA-rpll7, which is identical to that in some
other eubacteria. The rpoA gene encodes a 315 amino acid residue protein with a molecular
weight of 35,013, the amino acid sequence showing 42% identity to that of Escherichia colt
(Ec). From the results of comparison of the amino acid sequence and the predicted
secondary structure of the C-terminal domain of 7t RNAPq (Tt «CTD) with those of Ec, the
overall folding is expected to be similar. However, amino acid residues Asn268 and Cys269
in Ec «CTD, which are essential for its interaction with DNA or regulatory proteins, were
replaced by His and Ser, respectively, in Tt «CTD. By means of a T7-based expression
system in E¢ cells, Tt RNAPq was overexpressed and purified. The high thermostability of
Tt RNAPqe was demonstrated by the CD spectra.
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Thermus thermophilus.

A eubacterial RNA polymerase holoenzyme is composed of
five subunits, a,88 c. As seen on the investigation of
Escherichia coli (Ec), core enzyme a,88’ is fully active in
the polymerization of RNA, whereas the binding of differ-
ent species of the ¢ subunit is required for the specific
initiation from their promoters. The a subunit (RNAP«) is
composed of two structural domains. The N-terminal
domain of RNAP« (a«NTD) plays a key role in RNA
polymerase assembly (I-4), and the C-terminal domain
(«CTD) is necessary for transcription regulation. The
latter interacts with transcription activators, for example,
cyclic AMP receptor protein (CRP) (2, 5), OmpR (6), and
a transcription repressor, GalR (7). Furthermore, «CTD
recognizes promoter upstream (UP) elements, which con-
sist of AT-rich sequences, and enhances transcription
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initiation (8). Two «CTDs bind in tandem to the rrnB P1
UP element (9). After the three-dimensional structure of
aCTD was determined by Jeon et al. (10), it was proposed
that the same protein surface on RNAPa was involved in
the contact with both CRP and the UP element (11).

For structural analysis of RNAP« and «NTD, RNAP«
derived from a thermophilic bacterium would be more
stable and suitable than that of Ec. In addition, comparison
of the structures of «CTDs from a thermophilic bacterium
and Ec¢ may provide information on the thermostability and
biological variety of «CTDs. Thus, we carried out gene
cloning of an extremely thermophilic bacterium, Thermus
thermophilus (Tt) HBS8, and identified the rpoA gene. Tt
RNAP«a was overexpressed in Ec and purified, and its
thermostability was characterized by CD measurement.

EXPERIMENTAL PROCEDURES

Bacterial Strains and Materials—The Ec strains used
here were DH5a for plasmid DNA manipulation and BL21
(DE3) for the overexpression of Tt RNAP«. They were
grown in LB medium. Tt genomic DNA was obtained by the
procedure described previously (12). The enzymes, re-
agents, and chromatographic materials were purchased
from commercial sources.

Design of Oligonucleotide Primers and Polymerase
Chain Reaction—Highly conserved regions of ribosomal
proteins, S11 and RNAP«, were chosen for the synthesis of
oligonucleotide primers for the polymerase chain reaction
(PCR). The mixed primers for S11 (KF1) were 5 -C(G/C)-
TACATCCACGC(G/C)(A/T)C(G/C)TACAACAA-3' (25
mer), and the mixed primers for RNAP« (R3) were 5'-(G/
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RNA Polymerase a Subunit from Thermus thermophilus

C)GCCTC(G/C)GCCTT(G/C)AGGCAGTT-3' (21 mer)
(Fig. 1B). PCR was carried out under the conditions
described previously (12). An amplified DNA fragment
was used as a probe for Southern and colony hybridization.
The nucleotide sequence of the amplified DNA fragment
was determined. It was confirmed that the translated amino
acid sequence included the conserved regions of RNAPa.

Cloning and Sequencing of the Tt rpoA Gene—Tt
genomic DNA was digested with a restriction endonuclease,
HindIll. Southern hybridization was carried out using a
DIG-labeled PCR DNA fragment and a DIG detection
system (Boehringer Mannheim Biochemica). An 8 kb frag-
ment was inserted into the pUC 118 vector. From this mini
DNA library, a plasmid containing the target insert (pUC
118-H) was obtained by colony hybridization (Fig. 1A).
Furthermore, a HindIII- BamHI digested fragment (4.5 kb,
pUC 118-HB insert) was subcloned (Fig. 1A). A nucleotide
sequence of about 3 kb of pUC 118-HB and pUC 118-H was
determined on both strands by the dideoxy termination
method using a Tag cycle sequencing system and DNA
auto-sequencers (Applied Biosystems and LI-COR) (Fig.
1B). pET-rpoA for overexpression was obtained by insert-
ing a PCR fragment of the Tt rpoA gene into the pET11
vector (Novagen), and then sequenced for identification.

Overproduction and Purification of Recombinant Tt
RNAPa—Tt RNAPa was overexpressed in Ec BL21
(DE3) cells transformed with pET-rpoA, as described
previously (13). To a liquid culture, IPTG was added to 1
mM at A4,,,=0.8. After 3h induction the cells were
harvested and stored at —80°C until use.

The following procedure, except for the heat treatment,
was carried out at 4°C. Wet cells from 600 ml of culture
were suspended in 50 ml of deionized water and then
sonicated on ice. The crude extract was then incubated at
65°C for 30 min and centrifuged. The supernatant was
recovered, and ammonium sulfate was added to it to 50%
saturation. After centrifugation, the precipitate was
resuspended in 10 ml of the gel-filtration buffer (50 mM
K;HPO,/KH,PO, (pH 6.8), 500 mM KCl). The suspension
was applied to a Superdex75 gel-filtration column (2.6 X 60
cm) (Pharmacia), and proteins were eluted with the gel-
filtration buffer. The peak fractions of Tt RNAPa, as
judged on SDS-PAGE, were pooled. The pooled fractions
were dialyzed against deionized water and stored at 4°C
after lyophilization.

Spectroscopy—The molar extinction coefficient, &y, of Tt
RNAPa determined by the reported method (14, 15) was
1.1x10* M~ tecm™' at 280 nm and pH 6.0. The concentra-
tion of Tt RNAPa was determined spectrometrically using
the &y value.

Fig. 1. (A) The inserted DNA fragments of pUC118-H and
pUC118-HB, and the position of the determined sequence. (B)
The determined nucleotide sequence and the translated amino
acid sequences. The nucleotide sequence numbers are given on the
right. The two arrows indicate the hybridized positions in the Tt
genomic DNA, and the elongation direction with the KF1 and R3 DNA
primers on PCR. The underlined amino acids denote that the translat-
ed amino acid sequence of each protein was identical with that
determined on N-terminal amino acid analysis (17). The bold letters
in S4 indicate amino acid analysis results incompatible with the
translated sequence. The underlined nucleotide sequence indicates
the BamHI site, whose sequence is different from the usual recogni-
tion sequence of BamHI (GGATCC).
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The circular dichroic (CD) spectra of Tt RNAPa, at 18
uM protein concentration in a 0.1 cm cell, were measured
with a Jasco J-720 spectropolarimeter. The buffer solution
comprised 20 mM K;HPO,/KH,PO, (pH 6.0), 30 mM KCl,
and 1 mM DTT. Thermal stability was monitored by
measuring the temperature dependence of the molar
ellipticity at 222 nm with a heating rate of 0.5°C/min.

RESULTS

Identification of the Tt rpoA Gene and Tt Ribosomal
Protein Genes—Six open reading frames were found in the
sequence-determined region (Fig. 1, A and B). The order
of these genes was rpl36-rps13-rpsll-rpsd-rpoA-rpll7,
which was identical with those of Ec, Hi, Hp, and Mt among
eubacterial strains. The G+ C content of the determined
sequence was 67.6%, which coincides well with that of Tt
genomic DNA, 69% (16). Incidentally, the nucleotide
sequence-determined region has a BamHI site, whose
nucleotide sequence is TGATCC, which is different from
the usual recognition sequence of BamHI (GGATCC) (Fig.
1B). This may be caused by the star activity of BamHI.
Alignment of the amino acid sequences of RNAP« is shown
in Fig. 2. The identities of the amino acid sequences of the
encoded proteins to those of the corresponding proteins of
Ec were 63% (L.36), 58% (S13), 54% (S11), 53% (S4), 55%
(L17), and 42% (RNAPa). The N-terminal amino acid
sequences of Tt 1.36, S13, S11, and S4 had already been
determined (Fig. 1B, underlined sequences) (17 and
GenBank accession No. P80256), and the results were
identical with the translated amino acid sequences except
for two amino acids of S4 (shown in bold letters in Fig. 1B).

Overexpression and Purification of Tt RNAPx—By
means of a T7-based expression system in Ec, Tt RNAP«
was overexpressed and purified (Fig. 3). Although the
calculated molecular weight of Tt RNAP« is 35,013, there
was a trace at 42 k on SDS-PAGE. This value is close to
those obtained by Date et al. (42 k), and Wnendt et al. (40
k), who purified the Tt RNAP holoenzyme from Tt (18,
19). Through the expression and purification procedure, 25
mg of Tt RNAP« was obtained from 600 ml of LB medium
culture.

Thermostability of Tt RNAPa—The UV CD pattern
around 220 nm of Tt RNAPa at 30°C (Fig. 4A) shows that
Tt RNAP« mainly consists of «-helical structures. The
thermostability of Tt RNAP« was characterized by a
change in ellipticity at 222 nm from 20 to 95°C (Fig. 4B).
Although Ec RNAPa was denatured at about 60°C, Tt
RNAPa« retained the native structure up to 85°C.

DISCUSSION

The a operon of Ec consists of five genes, rpsl3 to rpl17,
and the DNA sequence of Tt determined here contains all of
them. However, an apparent promoter sequence was not
found upstream of the Tt rps13 gene, and the rpl36 gene
directly precedes it. Thus the Tt operon containing the
rpoA gene might have a different structure from the «
operon of Ec. There is a 35 bp sequence between the rps13
and rpsll genes, and this region might be related to the
gene regulation of the Tt operon.

The rps4 gene is located in front of the rpoA gene in the
genomes of Aa (20), Ec (21), Hi (22), Hp (23), Mt (24),
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IAl Aa ——21aa--hLVVE SISGHAITAVKIYGJ -------- HEFSAIEGVQEDAIELI IKFLM--72aa--
Bb  --29aa--KPTIY SIEGYAITAMRVQSNNRDSSSRVVS FDLIPGvsxDTLEIIiﬁiiﬁIBLxL—-72aa--
Bp --22aa--KIVMEPFERGYGHTLGNALRRILLESMTGYAPTEVQMTG—— =~ ¥ YSTIAGVREDVVDILLNLKGVVFKL--73aa--
Bsp --2laa--KFVVEPLERGYGTTLGNSLRRILLESLPGAAVTSVQIDG--———o—=m ¥ FSTIEGVVEDVTTIVLNLKOLALKI--70aa--
Bsu --2laa--KFVVEPLERGYGTTLGNSLRRILLESLPGAAVTSIQIDG-—~ EFSTIEGVVEDVTTIILEIKKLALRI--70aa~-
Ct  --35aa--RFVADPLEKGMGHTLGS GLEAPAIVSFPSMTG-———n——=~ P YMAVEGI IEDVTNMLLNLKGSLLKK—-87aa——
Ec  --24aa--KVTLEPLERGFGHTLGNALRRJ LLSSMPGCAVTEVEIDG=~—~--o—n F YSTREGVQEDILHILLNLKGLAVRV--74aa--
H1  --24aa--KVILEPLERGFGHTLGNALRRILLESHPGCAVTEVEIDG-~=—vmm—m Y SSKEGVQEDILEVLLNLKGLAVKV--73aa--
Hp  --23aa--KISLAPFEFGYAVTLARPI SSVGYAPVGLKIEG-———w—mmn FEFDSLRGVTEDVSLFI IRFIA--79aa--
Mg  --24aa--IFEVAPLESGFGITIGNAMRR CIPGASVFAIAISG——- F FSNVEGVLEDVTEMVLNFRQLVVRI--83aa--
Mp  --23aa--IFEVGPLESGFVITIGNAMRR CIPGASVFALSISG-~—=——o—~ FFARVEGMKEDVTEVVLNFEQLVVKI--83aa--
Mt  --19aa--QFVIEPLEPGFGYTLGNSLRR SIPGAAVTSIRIDG-==—o=-—c ¥ FTTVPGVREDVTEI ILNLKSLVVSS—-70aa--
Sc  --19aa--RFVIEPLEPGFGYTLGNSLRR SIPGAAVTSIRIDG——- EFTTVPGVKEDVTDLILNIKQLVVSS--70aa——
Sh  --24aa--KVTLEPLERGFGHTLGNALRRILLESMPGCAVTEVE IDG-mm~m = F YSSIEGVQEDVLE ILLNLKGLAIRL-~-73aa--
Syo --20aa--RFSIEPLARGQGTTVGNALRR NLEGTAVTAVRIGG-—————-—— EFATIPGVREDVLDILLNVRELVVHA--70aa--
Syy --2laa--KFSLEPLDRGQGTTVGNALRR NLPGAAVTAIRIAG-———————~ EFATILGVREDVLE IMLNMRELVLRS--70aa--
Tt --21aa--FPVLEPLERG;GVTLGNPQEBI sn:c;'rfa‘v'rsvynm-| -------- EFSTIPGVKEDVVEIILNLKELVVRF--71aa~-
PR T N . . *. kx L
( rcgion 3
Aa  -VGWILVDADFSPVKKVGFRVDNVRVGKKSTYERLTLEIFT}--27aa--F 229
Bb  EVNVIALDSIFSPIEKVSYSVEDTRVGORSDYDRLVMEIWT--27aa--E 247
Bp  TIGRIVLDASFSPVRRVSYAVESARVEQRTDLDEKLVLDIET}--27aa--E 232
Bsp AIGVIPIDSIYTPVSRVNYQVENTRVGQVTNYDRLTLDVWI}--27aa--T 228
Bsu PIGVIPIDSIYTPVSRVSYQVENTRVGQVANYDRLTLDVWI}--27aa--T 228
Ct  GMNE[IVLDAAFSPVVLVNYFVEDTRVGQDTDFDRLVLQVET--27aa--D 259
Ec  PIGRLLVDACYSFfJERIAYNVEAARVEQRTDLDKLVIEMET--27aa--R 235
Hi  PIGRLLVDACYSPVERIAYNVERARVEQRTDLDRLVIELET--27aa--R 234
Hp  -EGYMPLDGSFTPIKKVVYEIENVLVEGDPNYEKIIFDIET--27aa--P 238
Mg  SLGIIATDANFSPVLHCGYEVQEVKTSKQKLTDELTFRIAT|-27aa--N 244
Mp  SLGIIATDSNFSPVLHCGYEVQELKTSKQKITDHLTFKIAT--27aa--N 243
Mt  EIGRIPVDSIYSPVLRVTYRVDATRVEQRTDFDKLILDVET--27aa--N 226
Sc  EIGRIPVDSIYSPVLKVTYRVEATRVEQRTDFDKLIVDVET--26aa--N 225
sh p1 VDAAFSPVSRIAYNVESARVEQRTNLDKLVIDMET--27aa--R 234
Syo ALDFLQLDAVFMPVRRVNYSVEDARVGESTAIDRLVLEVWI--27aa--S 227
Syy SLDFLQIDSVFMPVTKVNYTVEDIRADGMSPKDRLILDIWIl--27aa--N 228
Tt FIN PVDA%FSPVRRVAP%VEDTRLGQRﬂDLDRLTLRI h--27aa--Q 229
- * .

| [ | [ | { | |
F---Baa--KVAVDELAEKLSLSIEELDISQR---ALNSLKRIGITTIGDLVRMTEDELKSTRNIGRKALAETKEALEK--13aa--

Aa 229 317
Bb 247 E---Baa---KSKSESSNLLDMSIEKLNLSVR---SLNCLAKENVRTLGELISKNAEELSKARNFPGRKSLEEIIEKLGS--24aa-~ 345
Bp 232 E--10aa--RG-TPQIDPVLLRPVDDLELTVR---SANCLKAENIYYIGDLIQRTENELLKTPNLGRKSLNEIKEVLAA--20aa-~ 328
Bsp 228 T--10aa--EKEEDQRERVLEMTIEELDLSVR---SYNCLKRAGINTVQELTQKTEEDMMKVRNLGRKSLEEVQEKLGE---9aa-~ 314
Bsu 228 T--10aa--EREEDQKEKVLEMTIEELDLSVR---SYNCLKRAGINTVQELANKTEEDMMKVRNLGRKSLEEVKAKLEE--~Saa-~ 314
Cct 259 D--13aa--KENKDDILHRLVLGINEIELSVRLIRSTNCLSNANIETIGELVIMPEPRLLQFRNFGKKSLCEIKNKLKE--38aa-~ 380
Ec 235 R---7aa--KEEKPEFDPILLRPVDDLELTVR--~-SANCLKAEATHYIGDLVQRTEVELLKTPNLGKKSLTEIRDVLAS--20aa—- 329
Hi 234 R---7aa-~KEERPEFXPILLRPVDDLELTVR--~SANCLKAETIHYIGDLVQRTEVELLKTPNLGKKSLTEIRDVLAS--20aa-~ 328
Hp 238 P---8aa--DYAQRDDARDLSARIESMNLSAR---CFNCLDKIGIRYVGELVLMSEEELKGVKNMGKKSYDEIAEKLND~--3laa-~ 344
Mg 244 N--10aa--EKAEERKVKSFARQIEELDFTVR---TFNCLKRSGIHTLQELLSKSLTDIRE IRNLGKKSEREIIKKVQE---7aa-~ 328
Mp 243 N--10aa--FRAEERRVRSFAKQIEELDFTVR~--TFNCLKRSGIHTLQELLSKSLADIRE IRNLGKKSEREIIKKVHE--~-7aa-~ 327
Mt 226 N--10aa--SPAEADHIASFALPIDDLDLTVR-~-SYNCLKREGVHTVGELVARTESDLLDIRNFGQKSIDEVKIKLHQ--44aa-- 347
Sc 225 N--10aa--SPTDAALAADLALPIEELELTVR---SYNCLKREGIHSVGELVARSEADLLDIRNFGAKSIDEVKAKLAG--37aa-- 339
Sh 234 R--~7aa--KEEKPEFDPILLRPVDDLELTVR---SANCLKAEAIHYIGDLVQRTEVELLKTPNLGKKSLTEIKDVLAS--20aa-~ 328
Syo 227 S---8aa--PEPTPESQ----TPIEDLQLSVR-~-AYNCLRKRAQVNSVADLLSYTYEDLLEIKNFGQKSAEEVVEALER--1laa-- 309
Syy 228 N--10aa--DEVNPESQ----IPIEELQLSVR---AYNCLKRAQINSVADLLEYSQEDLLEIKNFGLKSAEEVIEALQR--13aa-- 314
Tt 229 315

Fig. 2. Multiple amino acid sequence alignment (CLUSTALW)
(40) of (A) ¢NTDs, and (B) aCTDs of Aa (20), Bb (26), Bp (41),
Bsp (GenBank accession No. AB010082), Bsu (25), Ct (27), Ec
(21), Hi (22), Hp (23), Mg (28), Mp (29), Mt (24), Sc (42), Sh
(43), Syo (30), Syy (31), and Tt (this paper). The «aNTDs and
aCTDs are defined by the position of Arg235 of Ec RNAP«. The
numbers on the right are the total amino acids of individual proteins.

Q--12aa—jPEAPPEQEE%LDLPLEELGHST?—--VLHﬁfKEEGIESVﬁAELALNLKDHKNIPGISER%LEEIKEALEﬁ--—7aa-—

The numbers in the sequences indicate the numbers of nonidentical
amino acid residues. Vertical lines indicate every ten amino acids.
Dashes indicate gaps inserted to optimize the alignment. Asterisks and
dots indicate identical and homologous amino acid residues, respec-
tively. The boxed areas in (A) are conserved regions of the amino acid
sequence. The boxed letters in regions 1, 2, and 3 in (A) show Arg45,
Glu80, Val180, and Lys200, respectively (see the text).
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and Tt. On the other hand, the gene order in Bsp (GenBank
accession No. AB010082), Bsu (25), Bb (26), Ct (27), Mg
(28), Mp (29), Syo (30), and Syy (31) is rpsl3-rpsll-
rpoA-rpl17, the rps4 gene being lacking in the region. The
complete genome sequences of Bsu, Bb, Mg, Mp, and Syy
were determined, and the rps4 gene was found to exist at
another site in their genomes, In Ec, ribosomal protein S4

103 k
g1 k W

=
47k"; +
R —

34k. 3 ’
-

‘-‘——- -

- =
— -

Fig. 3. SDS-PAGE pattern of Tt RNAPq at various steps of
purification. Before induction (lane 1), and after induction by the
addition of IPTG (lane 2). After cell sonication, heat treatment and
removal of debris by centrifugation, Tt RNAP«a was rather purified
(lane 3). After 50% ammonium sulfate precipitation of 7t RNAP«
(lane 4), it was loaded onto a Superdex75 gel-filtration column
(Pharmacia) and eluted with the gel-filtration buffer (lane 5).
Although the calculated molecular weight of 7t RNAP« is 35,013, it
showed a molecular weight of about 42 k on 10% SDS-PAGE, which
is almost the same as that of Ec RNAPa (lane 6). Lane M contains
molecular weight markers (Bio Rad).
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Fig. 4. UV CD spectra of Tt RNAPqa. (A) CD spectrum of Tt
RNAPg at 30°C. (B) Thermal dependence of the ellipticity at 222 nm
for Tt RNAPa and Ec RNAPa. Ec RNAPa was prepared as
described previously (2), and its buffer content on CD measurement
was the same as that of Tt.

predicted HEHEHHHHHHH HHHHEEHAREEH  HHHEEEH HHHHRAHAA
231 240 250 260 270 280
Tt AAVAAPEEAKEPEAPPEQEEELDLPLEELGLSTRVLESLKEEGIESVRALLA
Ec umvmn---pnnplmnumenloan
235 240 250 260 70 280 :
observed hhhh bbb  HEHHHHHHHH HEHHEE fhli g@?ﬁanggesﬁw seqb:::gganﬁ
predicted HHHE  HEEH HEHHHH EHEH EHH s 2
aCTD and Ec «CTD. The prediction of the secondary
structure was based on the 3D-1D (threading) method
(44). The observed secondary structure of Ec « CTD was
predicted | HHHEHHEH HHEHHHEHHE that determined by NMR analysis (10). Asterisks and
290 300 310 dots indicate identical and homologous amino acid
Tt LNLKDLKNIPGIGERSLEEIKEALEKKGPTLKE - - ———c———c residues, respectively. H and E indicate the predicted
o wd kR W FER, E ke alpha-helix and beta-strand, respectively. Bold H and h
Ec RTEVELLKTPNLGKKSLTEIKDVLASRGLSLGMRLENWPPASIADE denote the observed alpha-helix and helical-turn, re-
290 300 310 320 spectively. The numbers are the total amino acids of
observed HEREHME HHHHHHERAHHHE individual proteins. Arg265, Asn268, and Cys269,
predicted HEHHHHHH HHHHBHHHHH HHHH which are important for the interaction with CRP or the
UP element, in Ec «CTD are indicated by arrows.
TABLE I. Comparison of the contents of Pro residues of RNAPgs of eubacteria.
Species of RNAPa Aa Bb Bp Bsp Bsu Ct Ec Hi
Total number of amino acids 317 345 328 314 314 380 329 328
Number of Pro 11 5 18 8 9 12 16 16
Pro content (%) 3.5 1.4 5.6 2.6 2.9 3.2 4.9 4.9
Species of RNAPa Hp Mg Mp Mt Se Sh Syo Syy Tt
Total number of amino acids 344 328 327 347 339 328 309 314 315
Number of Pro 17 10 10 20 19 16 14 13 20
Pro content (%) 4.9 3.0 3.1 5.8 5.6 4.9 4.5 4.1 6.3
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binds to not only the 16S ribosomal RNA but also the
mRNA of the a operon, and causes repression of the
expression of the S13, S11, S4, and L17 proteins, but not
that of RNAP« (32). The variation in the operon structure
is relevant to the function of $4.

The RNAP core enzyme of Ec is assembled in the
sequence of a,-a,f-a,00  (33). The amino-terminal do-
main down to residue 235 of Ec RNAPa (o« NTD), includes
three important regions for this process. They are one near
residue 45, one around residue 80, and one between
residues 180 and 200 of Ec RNAPa. The first and second
regions are involved in the association with the 8 subunit,
and the second and third ones in the 8’ association (4, 34-
36). These regions are highly conserved in eubacterial
aNTDs including the present determined sequence of Tt
aNTD (Fig. 2A). Thus, the process of assembly of the
RNAP core enzyme should be the same as not only in Tt but
also in all eubacteria.

Ec¢ aCTD, which consists of residues 235 to 329, plays a
regulatory role by providing the contact surface for trans-
acting protein factors and cis-acting DNA elements (2, 6,
11). The three-dimensional structure of Ec «CTD and the
flexibility of the linker were determined by NMR (10, 37).
Structurally it is composed of three regions, i.e., the
flexible linker (residues 235 to 248), the hydrophobic core
(residues 249 to 315), and the C-terminal loop (residues
316 to 329). Tt «CTD does not have the C-terminal loop
region (Fig. 5), which extends from the hydrophobic core in
Ec «aCTD and wraps around it (10). Not only Tt «CTD but
also those of Bsp, Bsu, Mg, and Mp do not contain such a
region (Fig. 2B). On the other hand, the length of the
C-terminal loop of Mt «CTD is longer than that of Ec (Fig.
2B, not shown in detail). This variety in the C-terminal loop
region might reflect some biological functions of the region,
such as interaction with activators, depending on the kind of
eubacterium,

Prediction of the secondary structure of Tt «CTD in-
dicated that the o helices in the core domain are located at
almost the same positions as in Ec «CTD (Fig. 5), and their
folding topology may not be so different from that of Ec.
Arg265 in helix 1 (residues 264 to 273) of Ec «CTD, which
i8 conserved in the «CTDs of all eubacteria including T¢
(Fig. 2B), plays an important role in the response to both a
transcription activator, CRP, and the DNA UP element.
However, Asn268 and Cys269 of Ec «CTD are substituted
by His and Ser, respectively, in Tt. In Ec, Asn268 is
necessary for interaction with both CRP and the UP
element, and Cys269 with CRP. Therefore, Tt « CTD might
have a different mode of interaction with protein and DNA
transcription factors from those of other eubacteria.

Although the N-terminal region of Tt « CTD was predict-
ed to be a helical domain, it may be flexible because the
corresponding region of Ec aCTD is flexible in spite of the
similar prediction for Ec «CTD (Fig. 5).

It has been shown that the thermostability of Tt RNAP«
i8 higher than that of Ec. Tt RNAP« has a high content of
Pro residues (6.3%) compared with those of other eubac-
teria (Table I). A high Pro content is a general characteris-
tic of Tt proteins, and the importance of Pro residues for
thermostability has been pointed out (38). However, the
Pro content of RNAP« of a hyperthermophilic bacterium,
Aa, is 3.5%, i.e., less than that of Ec (4.9%). The Pro
content, therefore, would not be directly related with

T. Wada et al.

thermostability.

Although the Tt RNAP holoenzyme has been purified
from Tt and the core enzyme has already been crystallized
(39), its three-dimensional structure remains unknown.
Since, the amino acid sequence of Tt RNAPa has now been
determined, and the protein has been overexpressed and
purified, structural analyses of Tt RNAP« by means of
NMR and X-ray are feasible.

We wish to thank Dr. S. Tsunasawa (Takara Shuzo, Kusatsu) for the
N-terminal amino acid analysis.
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