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ABSTRACT

The 100 bp sequence from the begining of the 16S rRNA gene
of archaebacterium Halobacterium halobium and the adjacent 800 bp
upstream sequence were determined, Four long (80 bp) direct re-
peats were found in the region preceeding the structural gene of
the 168 rRNA. These repeats are proposed to constitute the pro-
moter region of the rRNA operon of H.halobium.

INTRODUCTION

Archaebacteria, the recently discovered third primary line
of descent, are attracting great interest. This is not surpris-
ing because an elucidation of the workings of the archaebacte-
rial cellular machinery (replication, transcription, translation)
and a comparison with similar processes in the two other primary
evolutionary kingdoms - eubacteria and eukaryotes - may prove
useful for an understanding of the most general principles of
cellular organization.

Some data on the structure and function of the translational
apparatus in archaebacteria is available (1-3,see 4 for review),
whereas there is scarce information concerning the transcription
process in this group of organisms. Schnabel and coworkers (5)
have investigated the subunit composition of RNA polymerases from
different archaebacteria, and found it to be more similar to
eukaryotic RNA polymerases rather than to eubacterial ones. So
far nothing is known about the transcription initiation signals
in the archaebacterial DNA, The transcription initiation point
has been determined only for a single archaebacterial gene of
bacterio-opsin from H.halobium (6). However, the upstream DNA
sequence does not contain any defined elements similar to those
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involved in the transcription initiation by the eubacterial and
eukaryotic RNA polymerases.

In order to investigate the primary structure of the puta-
tive promoter region of other archaebacterial genes, we have
sequenced the 800 bp region adjacent to the 5'-end of the 16S
rRNA gene in the archaebacterium H.halobium. This DNA segment
should presumably contain the external transcribed spacer and
the transcription initiation site of the single rRNA operon of
this organism. A rather long sequence (80 bp) was found to be
repeated four times in the putative promoter region of the
H.halobium rRNA operon and it could be a candidate for the
archaebacterial promoter.

MATERIALS AND METHODS

Restriction endonucleases BamHI, Sau3A and Tagl were pur-
chased from "Biopreparat®" (Vilnius,USSR). Restriction endonucle-
ase KpnI was kindly provided by Dr.L.Gening; restriction endo-
nuclease AccI, Klenow Fragment of E.coli DNA polymerase I and
phage M13 mp8 (replicative form) were gifts of Dr.A.Metspalu.
Dideoxy NTPs were from "P-L Biochemicals,Inc." The l7-mer univer-
sal primer for M13 dideoxy sequencing was synthesized and kindly
provided by Dr.B.Chernov.

Restriction nuclease digestion, isolation of DNA fragments
from agarose gel and cloning procedures were performed exactly
as described in (7).

Isolation and characterization of the recombinant plasmid
PHT 6, containing the BamHI - HindIII fragment of H.halobium
rDNA cloned in the pBR 322 plasmid, will be described elsewhere
(manuscript in preparation).

The sequencing was performed by dideoxy chain terminating
primer extention technique according to Sanger et al.(8). The
BamHI - Kpnl fragment was excised from the insert of the recom-
binant plasmid pHT 6 and purified by electrophoresis in a 1%
agarose gel. The total digests of this fragment with restriction
endonucleases Sau3A or Tagl were cloned into the BamHI or Accl
site, respectively, of the phage M13 mp8 replicative form. The
sequencing procedure was carried out according to the "BRL M13
Cloning/'Dideoxy' Sequencing Instruction Manual®,
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RESULTS

The recombinant plasmid pHT 6 was selected from the library
of H.halobium DNA digested with BamHI and HindIII restriction en=-
donucleases and cloned in pBR 322 vector (detailes on the cloning
and selection will be published elsewhere). Its schematic struc-
ture is shown in fig.l. This plasmid carries a 4.5 kbp insert of
H.halobium DNA that includes the 5'-half of the 16S rRNA gene.

The KpnI - BamHI fragment (about 1,6 kbp) derived from the
ingsert of this plasmid (see fig.l) was isolated, totally digested
with Sau3A or Tagl restriction endonucleases and recloned into
phage M13 mp8. The nucleotide sequence of the 800 bp region
adjacent to the 5'-end of the 16S rRNA gene and of the 100 nucle-
otide portion of this gene was determined by the dideoxy tech-
nique (8). The sequencing strategy is shown in fig.l and the
deduced primary structure of the region is given in fig.2.
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FIGURE l. The physical map of pHT 6 recombinant plasmid and
strategy of sequemcing the Kpnl - BamHI fragment. Single line
indicates pBR 322 sequences; open box represents H.halobium
sequences; black box corresponds to the 16S rRNA structural gene.
Sau3A (v) and TagI (o) restriction sites are marked, M13 mp8 re-
combinant clones used for dideoxy sequencing are designated by
'T' for Tagl fragments and by 'S' for Sau3A fragments,

6539



Nucleic Acids Research

TC8 ACBBTBTTTT
-780 ATBTBCCCCA CCACTCBBAT BABATBCBAA CBACBTBABE TBBCTCBBTE CACCCBACEC
-720 CACTBATTGA CBCCCCCTCE TCCCBTTCEE ACBEAACCCE ACTBBETTCA BTCCBATBCC
-660 CTTAABTACA ACABBBTACT TCBBTBBAAT BCBAACBACA ATBBBBCCEC CCBBTTACAC
-600 BGBTBECCEA CBCATBACTC CBCTBATCOE TTCBECETTC BBCCBAACTC BATTCBATBC
-540 CCTTAAGTAA TAACBBBTBT TCCGATBAGBA TECBAACBAC AATGABBCTA TCCBBTTCET
-480 CCBBBTBGCT BATGCATCTC TTCBACGCTC TCCATGGTGT CBETCTCACT CTCABTBABT
-420 BTGATTCBAT GCCCTTAABT AATAACBBEC BTTACBAGBA ATTBCGAACE ACAATBTEBEC
-360 TACCTBBTTC TCCCABBTBE TTAACECBTE TTCCTCBCCE CCCTEETEBE CAAACBTCAC
-300 GCTCBATTCG AGCBTBATTC BATBCCCTTA AGTAATAACE GBECETTCEE GGAAATECEA
-240 ACBTCBTCTT BBACTEATCE GABTCCGATE BETTTATGAC CTGTCGAACT CTACEBTCTE
-180 BTCCBAAGEA ATBAGBATTC CACACCTBCE BTCCGCCGTA ARBATEBAAT CTGATGTTAG
-120 CCTTBATBBT TTGG6TBACAT CCAACTEECC ACBACBATAC GTCETETECT AABBBACACA
- 60 TTACGTBTCC CCBCCAAACC AABACTTBAT ABTCTTBBTC SCTEGGAACC ATCCCABCAA

pAUUCCGGUUG AUCCUGCCGE AGGUCAUUGC UAUUGGGGUC CGAVVUAGCC AUGCUAGUUG
+ 1 ATTCCGBTTE ATCCTBCCBE AGGTCATTGC TATCGBABTC CBATTTAGCC ATBCTABTTE

CACGAGUUCA UVACUCGUGGC GAAAAGCUCA GUAACACGUG
+ 60 TGCBEGTTTA GACCCECABC GBAARABCTCA BTAACACEBTE

FIGURE 2. The primary structure of the 900 bp segment from the
gsg; - BamHI region of the pHT 6 plasmid (the non-coding DNA
strand Ts shown). The nucleotide sequence of the 5'-portion of

16S rRNA from related archaebacterium Halobacterium volcanii (1)
is given in italics above homologous DNA region. The direct re-
peats in the putative promoter region are underlined. The sequence
corresponding to the 5'~-terminal Tl-oligonucleotide of H.,halobium
16S rRNA (11) is boxed.

DISCUSSION

Hofman et al.(9) and Neumann et al, (10) have shown that
there is only one copy of 5S, 16S and 23S rRNA structural genes
in the genome of the archaebacterium H.halobium linked similarly
to all eubacterial rDNAs investigated so far, i.e, 5'-16S-23S-~
58=-3°,

We have cloned the HindITI - BamHI 4.5 kbp fragment of
H.halobium DNA that contained the 5'-half of the 16S rRNA gene
(see fig.l). The KpnI - BamHI region of this insert includes the
5'-half of the 16S rRNA gene and approximately 900 bp of the up-
stream sequence, If the H.halobium rRNA operon is indeed orga-
nized similarly to the eubacterial one, then the Kpnl - BamHI
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fragment should contain the external transcribed spacer and the
promoter region of the ribosomal operon.

Localization of the 5'-end of the 16S rRNA gene. To localize the
5'-end of the 16S rRNA gene, we drew upon three different facts.
Firstly, the M13 recombinant clones S1, T7 and S3 (see fig.l)
gave positive signals when hybridized with H.halobium 32P-lGS
rRNA, while those located "to the left"™ from the T7 clone 4did
not hybridize. Therefore, the 5'-end of the 16S rRNA gene is lo=-
calized within the TagI - Sau3A 200 bp fragment common to clones
Sl andT7, before the starting point of the S3 clone. Secondly,
Magrum et al,(l1l1) have previously shown the structure of the 5'-
terminal T,-oligonucleotide of H.halobium 16S rRNA to be PAUUCCG.
This sequence is present only once in the determined primary
structure of the 900 bp fragment of H.halobium chromosome and
lies within the clones T7 and S1 (boxed in fig.2). Thirdly,
starting from this oligonucleotide, the sequence we have deter-
mined is highly homologous to the 5'-portion of archaebacterium
16S rRNA from Halobacterium volcanii determined by Gupta et al.
(1) . The combination of these facts proves that H.halobium 168
rRNA gene starts from A +1 in fig.2.

The external transcribed spacer. All known rRNA operons of eubac-
teria and eukaryotes include an external transcribed spacer -
the transcribed segment of the operon preceeding the 16S (18S)
rRNA gene. The size of this spacer varies from 200 - 300 bp in
eubacteria (12-14) to several hundreds bp in eukaryotes (15).

In this work we have not localized experimentally the
transcription initiation point of H.halobium ribosomal operon
and thus we do not know either the starting point, or the size
of the external transcribed spacer of the archaebacterial
rRNA operon, However, we suppose that a transcription of the ope-
ron initiates upstream to the position =127 .(fig.2). This
proposition is based on the following observation. Having
determined the nucleotide sequence downstream the 3'-end of
the 16S rRNA gene (manuscript in preparation), we found a very
strong complementarity of the regions flanking the 16S rRNA
gene: (~-76) - (-127) / (+37) - (+86) (fig.3). A similar comple~
mentarity of the external transcribed spacer and of the first
internal spacer was initially found by Young and Steitz (16) for
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E.coli ribosomal operon and later for other ribosomal operons of
eubacterial and eukaryotic origin and was thought to serve as a
signal for the processing ribonucleases.

The complementarity of the regions (~76) ~ (=-127) and (+37)-
(+86) seems too extensive to be of occasional origin and we be-
lieve that at least 127 nucleotides preceeding the gene of the
16S rRNA in H.halobium ribosomal operon are included in the
external transcribed spacer.

A putative promoter region. A computer investigation of the sequ-
ence has revealed the presence of four rather long direct repeats
(fig.4) separated from each other by about 40 nucleotides; 200 nu-
cleotides separate the first repeat from the begining of the 168
rRNA gene. Two regions of the repeated sequence are perfectly
homologous (boxed in fig.4), while the other parts of the repeats
share a significant though not perfect homology. It is interest-
ing that upstream to the fourth repeat one can find a stretch of
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-671 AGTQ:" 2TGCCCTTAA GTMMCR GG GTACTTCGGTGGAN]‘GCG}.ACGACMTGGGGCCGCCCGGTTACA CGGGTGGCCGACGC
-——

1
* :--auttttthtaat' *® LEL L B B T akattttttlkuaatt kRX AKRRKRR KRRAKARKR KX *%

!
-550 G}\T’IFGA'K;C CCTTAAGTARTAAC GGGTGTTCCGATGAGATGCGAACGACAATGAGGCTATCCGGTTCGTCCGGGTGGCTGATGC

tttvttlttt--natnnt:tttai KKK KRR NRR KE PRRARARNKRAANEAR ARKRE X RARRA AN ARRAK * K kR

-418 GATT&GATGCCCTTMGTMTMC f‘GGCGTTACGAGGAA'I‘I‘GC(‘AACG;\CAATGTGGCTACCTGGTTC'I‘CCCAGGTGGTTAACGC
— 1 ——
.-:d-:atnttttttttatla'uta ARKRRRR KK KKNR FARKERAN X 122 * * KRR K K R ARK *

-285 GA'I"UCGATGCCCTTAAGTAIATMCGC GGCGTT CGGGGAAATG CGAAC(il‘CGTCTTGGACTGATCGGAGTCCGATGGG TTTATGAC

b ee e e- | S,

GATTCGATGCCCTTAAGTAATAAC Gccccrmccggrmmccmcm\cmmnGcc NNCTGGTTNNNCC Gc-rccgrgmcc

FIGURE 4, Four direct repeats from the promoter region of H.,halo-
EIum rﬁﬁh operon, Identical nucleotides in the neibouring repeats
are indicated by asterisks., The sequences of perfect homology are
boxed, Inverted sequences in the direct repeats are shown by
arrows. The stretch below represents the consensus sequence.

nucleotides (-747) - (=757) very similar to the second region of
perfect homology (see fig.2). Some homology could also be found
immediately downstream, though upstream no homology with the
repeated sequence was detected.

We propose that these repeated sequences correspond to the
promoters (or some parts of promoters) of the rRNA operon in
archaebacterium H.halobium. This suggestion is confirmed by seve-
ral observations.

i) Recently Huet et al. (17) have found that antibodies
raised against eukaryotic RNA polymerases I (A) and II (B) could
also interact with RNA polymerases from different archaebacteria
and (to a much less extent) with eubacterial (E.coli) RNA polyme-
rase. These authors have proposed the common evolutionary origin
of RNA polymerases from the three primary kingdoms. The homology
of RNA polymerases in turn means the homology of transcription
initiation signals encoded in the DNA of organisms from different
lines of descent., Indeed one can find several "homologous" featu-
res in the promoter regions recognized by eubacterial and eukary-
otic RNA polymerases (RNA polymerase II in the later case). These
are: an AT-rich consensus sequence separated by 5-10 (eubacteria)
or 20-25 (eukaryotes) nucleotides from the starting point of
transcription; an existence of the second consensus segquence
located at (-35) (eubacteria) or (-75)-(-80) (eukaryotes) posi-
tion; inverted repeats are present both in eubacterial and eukary-
otic promoters; in eukaryotes and eubacteria transcription starts
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=717 TGATTGACGC FIGURE 5. Homology of the
AR kkkkR sequences located about 30 bp

-597 TGGCCGACGC
P ety upstream from the main direct

-462 TeTrccAcee ~— repeats shown in fig.4. The
AE RAE RAR consensus sequence is given
=329 TCCTCGCCGC below,

TgNTCGACGC

more often from A or G rather than from C or T (18,19). Taking
into account the homology of RNA polymerases, one may expect to
find similar features in the archaebacterial promoters. The
direct repeats we have found in the putative promoter region of
the H.halobium rRNA operon do reveal some of these features. Thus
one can find the AT-rich region - TAATAA in the case of the first
three repeats - which is much similar to the TATAAT Pribnow box
of eubacteria or the TATA box of eukaryotes. It should be noted
that this is the only region containing six consecutive A-T pairs
from (-1) up to (-780) position in the sequence we determined.
Yet it is somewhat more difficult to f£ind the second consensus
sequence because it could be located outside the borders of the
repeat. Indeed, a close investigation of the interrepeat spacers
revealed the presence of rather homologous stretches of nucleo-
tides (shown in fig.5) separated by approximately 50 bp from the
TAATAA consensus sequence, This homology may indicate the presen-
ce of the second consensus sequence. Such "promoter feature®" as
the presence of inverted sequences is also characteristic of the
repeats in the putative promoter region of H.halobium rRNA operon
(see fig.4).

ii) To our knowledge, the bacterio-opsin gene from
H.halobium ig the only archaebacterial gene sequenced so far
for which the transcription starting site was determined (6),
Comparison of the nucleotide sequence near the trans-
cription initiation site of the bacterio-opsin gene with
the putative promoter region of H.,halobium rRNA operon does
not reveal any extensive homology. This is not surprising because
in the case of eukaryotic or eubacterial promoters the similarity
is found only for two short segments located rather far from each
other (see previous section). Some versions of alignment of
bacterio-opsin and rRNA operon promoter sequences are possible.
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TSNTCGACGC - 50-53 nucleotides - GTuTucccc'gGmcc‘;gcmmccAA

*k kkk * kkk % *k kK * * kK

TCATCGGTTC - 47 nucleotides - CACATATC CTCGTTAGGTACTGTTGCATG
mRNA .
start

FIGURE 6. Alignment of the consensus sequence of the putative
H.halobium rRNA operon promoter (upper stretch, this work) with
the transcription initiation region of H.,halobium bacterio-opsin
gene (lower stretch,(6)). Identical nucleotides are indicated by
asterisks.

One version is shown in fig.6. It is remarkable for the homology
of the sequences just surrounding the transcription start, in the
AT-rich region and in the region of the second consensus seguence.
If this version of alignment is indeed of functional significance,
then the second inverted repeat (fig.4) could reflect the exis-
tence of a hairpin not far from the begining of the transcripts.,
It is noteworthy that some homology could be found between these
hairpins and the transcription termination sequence for the
bacterio-opsin gene., It is possible that these hairpins could
reflect the presence of attenuation signals in the H.halobium
rRNA operon.

iii) Ribosomal operons belong to the most extensively expres-
sed operons in the living cell., In many cases it was shown that
promoters of rRNA operons are multiplicated (13,14,20-22), Multi-
plication of promoters could serve to increase the level of rRNA
genes expression. The archaebacterium H,halobium is remarkable
for having a single copy of rRNA operon (in contrast, the majority
of eubacteria and eukaryotes have several copies of ribosomal ope-
rons); that is why there should exist a mechanism to compensate
such a low dosage of rRNA genes in this organism., The four tandem-
ly repeated promoters could be a part of an apparatus designed
for an increasing of the rRNA operon transcription level.

The lack of experimental results leaves no ground for an
unequivocal conclusion whether the repeats found in the putative
promoter region of H.halobium rRNA operon indeed correspond to
the multiple promoters and if they do, whether all the promoters
are functionally active in the initiation of transcription. We
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hope that the development of the homologous cell-free system for
the in vitro transcription would help to resolve these questions.
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