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The complete sequence of the 5350-bp plasmid pRN1 from the crenarchaeote Sulfolobus idandicus
has been determined. This plasmid is the first to be sequenced from this group of thermoacidophilic
archaebacteria (Archaeg) and its high copy number and wide host range make it a good candidate
for a cloning vector. pRN1 contains several open reading frames, including one that spans over haf
the plasmid and has significant similarity to the helicase domain of viral primase proteins. Directly
upstream of this putative primase is ahomologue of Cop, afamily of smal proteins from promiscuous
eubacterial plasmids which control copy number by repressing the expression of the replication
initiation protein. In eubacterial plasmids cop is found upstream of the replication initiator protein.
The location of a cop homologue upstream of a primase-like gene in pRN1 suggests that it controls
DNA replication in a manner similar to these eubacterial plasmids, but does so usng a mixture of
componants from plasmids and viruses. © 199 Academic Press, Inc.

Plasmid pRN1 is one of four multicopy plas-
mids found by Zillig et al. (1994) in crenar-
chaeotes, the thermoacidophilic branch of the
archaebacteria. pRN1 and pRN2 were isolated
as a mixture from Sulfolobus idandicus strain
REN1H1 during a systematic screening of
acidic springs, mud holes, and water of solfataric
fiddsin lceland for genetic € ements that might
be used to develop cloning vectors for Sulfolo-
bales. At only 5350 bp, pRNL1 is the smallest
episome presently known in the Sulfolobales.
The host range of pRN1 isalso knowntoinclude
S solfataricus, the species that will likely be-
come the model of crenarchaeote genetics. Mu-
tants have been described in S solfataricus
(Dollard, 1994), plating techniques are well
worked out (Grogan, 1989), an infective phage
is known (Schleper et al., 1992), e ectroporation
protocols have been developed and used with
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pPRN1 (Schleper, 1993; Zillig et al., 1994), and
a genome sequencing project is underway. As
part of this development, we have determined
the complete nucleotide sequence of pRNL1 in
order to identify potential coding regions and
control sequences.

A plasmid with pRN1 cloned into an Esche-
richia coli vector (pRN1-pUC18 of Zilliget al.,
1994) was digested with Sacl, EcoRl, Pstl, Clal,
and Sphl and the resulting fragments were sub-
cloned in pBluescript (SK*) (Stratagene). Sub-
clones were sequenced using the universal M13
forward and reverse primers on an ABI 373A
sequencing machine using dye-terminator bio-
chemistry. Gap-filling and second-strand se-
quencing were carried out by primer walking
on the origina full-length pRN1-pUC18 clone,
which aso confirmed the sequence of junction
points between the various subclones.

The pRN1-pUC18 construct used to make
these subclones was originally isolated from
S islandicus by digesting cccDNA with Sacl,
which appearsto have a single recognition site
in pRN1. This linearized the plasmid and the
resulting 5.5-kb fragment was cloned. To
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eliminate the possibility that there are actually
multiple closely spaced Sacl sites in pRN1,
we reisolated the native plasmid by cesium
chloride gradient centrifugation (Zillig et al.,
1994), recloned it at a different position, and
sequenced the region around the Sacl site, re-
vealing that the sequence of the native plasmid
doesindeed concur with that of pRN1-pUC18.

The complete sequence of pRN1 is 5350
bp and is represented by themap in Fig. 1. On
one strand there are six putative open reading
frames, including two with putative TTG start
codons, which are known in Solfolobus to be
functional and rather abundant (Klenk et al.,
1991; H.-P. K., unpublished observations). By
far the largest open reading frame, orfo04, en-
compasses 2712 bp, over half of the plasmid.
Sequence comparison of this sequence with
prosite (Bairoch and Bucher, 1994) and se-
guence databases using the BLASTP and
BLASTX programs (Altschul et al., 1990) re-
vedls that the region between amino acids 550
and 700 contains an ATP/GTP binding motif
(PS 00017) and shares significant similarity
to the carboxy terminal domain of a class of
viral proteins. ORF904 shares the greatest
similarity to the highly conserved ORF2 from
afamily of Streptococcus thermophilis bacte-
riophages (Brussow et al., 1994) and the pri-
mase proteins from phage P4 and phi-R73
(Sun et al., 1991). This region of the P4 pri-
mase corresponds to a helicase domain which
is conserved across a diverse group of pri-
mases found mostly in eukaryotic papovi-
ruses, paroviruses, herpesviruses, and some
RNA viruses (see Gorbalenya et al., 1990,
and references within). However, the amino
terminal primase domain of the P4 protein is
not related to this family of viral primases, but
to afamily of bacterial proteinsrepresented by
DnaG (llyinaet al., 1992). The amino terminal
domain of ORF904 is not noticeably similar
to either, suggesting further mixing of do-
mains in primase—helicase systems.

The only other ORF for which a significant
match could be found was orf56, which lies
immediately upstream of orf904, overlapping
by 20 bp. The predicted product of this small
ORF is very similar to a family of regulatory
proteins found in a class of broad-host-range
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eubacteria plasmids which replicate by aroll-
ing-circle mechanism. These plasmids are typ-
ified by pLS1 from Streptococcus species,
pE194 from Bacillus subtilis, and pWwVvO1
from Lactococcus lactis (del Solar et al.,
1993; Kwak and Weisblum, 1994; L eenhouts
et al., 1991). In pLS1 this protein is known
as CopG, a repressor that acts by binding a
13-bp symmetrical operator, thereby blocking
transcription of the copG-repB cistron. RepB
isthereplication initiation protein, and by sup-
pressing its expression, CopG controls the
plasmid copy number (del Solar et al., 1990;
del Solar and Espinosa, 1992). In pRN1, orf56
and orf904 are in the same respective orienta-
tion as copG and repB, and aso appear to
share apromoter. If theidentification of aheli-
case-like domain in the 3' end of ORF904
is accurate, then this large ORF may be a
multifunctional replication initiator which is
regulated by the binding of ORF56 to their
common promoter, thereby controlling plas-
mid copy number. In support of this is an
imperfectly symmetrical 13-bp sequence
which encompasses the start site of ORF56 at
position 2144.

The untranslated regions of pRN1 are gen-
eraly rich in repeats and stem loops, asis the
casein the control regions of many eubacterial
plasmids (Dempsey et al., 1995; del Solar and
Espinosa, 1992). In one case, between 1920
and 2150, there is alarge stable structure with
aterminal loop containing an unusual track of
17 consecutive cytosine residues (see Fig. 1).
There are, however, no significant matches to
any of the replication origin consensus se-
guences known for the family of eubacterial
plasmids with similarity to pRN1 (such as
pLS1 or pE194; reviewed in Gruss and Ehr-
lich, 1989). This is perhaps not surprising in
light of the similarity of the putative initiation
protein (ORF904) to viral proteins which are
not found on any other plasmid to date.

The similarities noted between pRN1 and
other plasmids and viruses tentatively suggest
that many of the strategies and machinery used
in plasmid and viral replication may transcend
domain boundaries. This is particularly inter-
esting given the differences between gene ex-
pression in eubacteria, eukaryotes, and archae-
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PS 00017

P4 prim 478

ORF904 557

Strep 87

GAGANGKS

secccnes

VILAALFMVLANRYDWQLFLEVTGPGGSGKSIMAEIATLLAGEDNATSATIETLESPRERAALT 541

++ 4+ +Y ++ + +TG G +GKS + + G+ N ++ ++ + A++
LLFEVIGYTFYPKYIFNKAILLTGAGANGKSTFLNLLLKILGQKNVSAMPLKRIMESDRFASIE 620
LL++VI + + + K+I L G G +GK TF L+ ++G KNV+ + L + E A IE

LLWQVIAASLNGNHSYRKSIWLVGNGNDGKGTFQQLISNLVGLKNVAPLKLNQFSERFGLAIIE 150

P4 prim 560

ORF904 642

Strep 171

GLKAITGGDAVSVDPKYRDAY STHIPAVILAVNNNPMRFTDRSGGVSRRRVIIHFPEQIAPQERDPQ 626

K +7G D + K+RD A + N +D+S G RR ++I1 FP Q P
LFKKLTGEDYIEGQKKFRDPIYFINYAKLFNATNELPVVSDQSYGFWRRWIVIEFPHQFPPDPNFFD 708
F o+ + + +KK +P + +TN +PV ++S G +RR ++I F F + N

NFNSVVTGEPVSIEKKGENPYLAQFKKTVIQSTNAMPVFKNKSNGTYRRIVIIPFKKTFGINDNWAL 237

stemloop

EcoRl1
3.65

term term 01 agCTAACTCTaac
02 CctCTAACTCTgca
03 ttCTAACTCTact
04 ttCTAACTCTtct
05 ttCTAACTCTgct
06 acCTAACTCTgca
07 gtCTAACTCTgct
08 ttCTAACTCTgca
09 acCTAACTCTtct
10 tcCTAACTCTctg

EcoRl  gpp]

EcoRI 0.00 0.32

4.90

pRN1
5,350 bp

15 nt repeat pos. 1345 & 1390
TCTCTTCTTAGCTTT

GCCCCCccceececeececeecea

14 nt repeat pos. 1605 & 1615
ACTTATGCCGACTT

18 nt repeat pos. 1636 & 1655
ACATCTTACGACATATTA

COP, pE194

ORF56 MGRPYKLLNGIKLGVYIPQEWHDRLMEIAKEKNLTLSDVCRLAIKEYLDNHDKQKK*

ORFC gene product, pWVOl1

MKKRLTITLSESVLENLEKMAREMGLSKSAMISVALENY . . . KKGQEK*
+L + + + + L ++A+E L+ S + +A+++Y + Q+K*

+ + + +E +L, ++AK+K + S V LAI+EY +QKK*
MVISESKKRVMISLTKEQDKKLTDMAKQKGFSKSAVAALATEEYARKESEQKK™*

Fic. 1. Map of pRNL1 including several direct repeats and the cytosine track, as well as putative transcrip-
tion promoters (pro), terminators (term), and unidentified ORFs (light shading). orf90a and orf72 begin
with TTG rather than ATG, but may nevertheless represent true coding sequences as TTG start sites are
used by numerous Sulfolobus genes. Two identifyable genes, orf904 (dark shading) and orf56 (black) are
also shown. These ORFs share a common promoter-like sequence, overlap by 20 bp, and are followed by
a terminator suggesting that they are cotranscribed. Boxed areas show regions of similarity between these
two genes and other proteins, and draw attention to the position of particular features of the nucleotide

sequence such as repeats and a track of cytidine residues.
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bacteria (Keeling and Doolittle, 1995) and the
adaptation to hyperthermophily, which are
each serious obstacles for a mobile element
colonizing a new host. The integration of pro-
teins found in either plasmids or viruses in
pRN1 also deserves notice: this system seems
to underscore the ad hoc nature of mobile ele-
ments, which may use whatever tools are
available to replicate.
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