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1. Introduction

We have isolated a bacteriophage P1Cm carrying a
chloramphenicol transposon derived from the R

plasmid NR1 (=R100) [1—3]. The transposon, Tncam-

204, consists of about 900 basepairs of DNA flanked
by direct repeats of IS and it codes for resistance to
both chloramphenicol and fusidic acid. We decided to
determine the DNA sequence of this transposon for
two reasons:

(i) The transposon appeared too small to code for
the chloramphenicol resistance gene product

. (22-24 X 10® mol. wt [4]), a protein for fusidic
acid resistance and a putative ‘transposase’ [5]
which would be involved in transposition.

(ii) Since the expression of chloramphenicol resis-
tance in Enterobacteriaceae is under the control
of catabolite repression [6], the sequence of the
non-coding regions of the DNA should contain a
catabolite repressor binding site (CAP site) which
could be compared with the 3 published CAP sites
controlling the lac, gal and ara operons of
Escherichia coli [7-9].

The results indicate that:

(a) A gene for a putative ‘transposase’ does not exist;

(b) The gene(s) for resistance to chloramphenicol
and fusidic acid are either identical or overlap in
the same reading frame;

(c) A probable CAP site was found ~120 basepairs
preceding the initiation of transcription.

2. Materials and methods

DNA of phage P1Cm204 carrying the transposon
Tncam204 [2] was digested with PstI and the digest
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was cloned in the single PstI site of the plasmid
pBR322 [10] selecting for chloramphenicol resis-
tance. Two plasmids, pShI41 and pShI44 in which
the cam segment was inserted in opposite orientation
were used for the sequence analysis. The results
obtained with both plasmids were the same. DNA
sequencing was done using minor modifications to
the method in [11]. Reaction products were separated
on either 8% or 20% polyacrylamide gels 0.5 mm
thick at 50 V/em.,
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Fig.1. The strategy for sequencing Tncam204. The restriction
map shows only those sites that were used for sequencing.
The arrows show the extent of the sequence determined from
each site.
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3. Results

The strategy employed in the determination of the
sequence of Tncam?204 is shown in fig.1 and the
sequence itself in fig.2. The DNA between the two
IS1 elements contains 921 basepairs. About 90% of
the sequence has been determined in both strands.
This was important because the presence of 5-methyl-
cytosine residues and secondary structure in the DNA
led to sequencing artifacts that only became apparent
when the sequence from the two strands was com-
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pared. A sequencing gel showing some of these arti-
facts is shown in fig.3.

A computer analysis of the sequence, kindly con-
ducted by Dr J, Shepherd, showed that only one
protein >50 amino acids could be coded by this DNA.
The amino acid sequence of this protein read from
the DNA sequence agrees well with that of chlor-
amphenicol transacetylase determined by
Dr W. V. Shaw and his collaborators (personal com-
munication). This protein sequence is also shown in
fig.2.

CGACGCACTTTGCGCCGAATAAATAC GGAAG? El TCGCAGAATAAATAAATCCTGGTGTCCCTGTTGATACCGGGAAGCCCTGGGCCAA
GCTGCGTGA{\ACGCGGCTT.’.\TTTATG CTTCTR Ap GCGT(.:TTATTTA’I‘T’}‘AGGACCACA(EGGACAACTA’{‘GGCCCTTCGGGACCCGG’I‘T

10 50

CTTTTGGCGAAAATGAGACGTTGAT Om AGGTTCCAACTTTCACQUATAATGAAATAAGATCACTACCGGGCGTATTTTTTGAGTTATC
QMAACCGCT?TTACTCTGCI}ACTA GTGC TCCAAGGTTGAAAGT QGTATTAQ! '!.‘TATTCTAGT@ATGGCCCGCJ}TAAAAAACT(}AATAG
100 150

MetGluLysLysIleThrGlyTyxrThrThrvalAspIleSerGlnTrpHisArgLysGluHisPheGlu
GAGATTTTCAGGAGCTAAGGAAGCTAAAAT GGAGAAAAKAATCACT GGATATACCACCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAG
C'I‘CTQ\AAAGTCCTC(‘;ATTCC'I‘TCGI;\T'I"I‘TACC‘T‘CTTTTTTTAGT GACCTATATGGT GGCAACTATATAGGGTTACCGTAGCATTTCTTGTAAAACTC

200 250
e&ﬁgﬁglnSerValAlaclnC sThx‘l‘xrAsnG 1InThrValGlnLe uAsEI leThrAlaPheLeulLysThrValLysLysAsnLysHisLysPhe

AGTCAGTTGCTCAATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTT
CGTAAAG'{'CAGTCAACGI.\GTTACATGGI.ATATTGGTCTQGCAAGI‘CGA(;CTATAATGC(;GGAAAAATT';‘CTGGCATTT(;TTTTI‘ATTC.GI‘GTTCAAA

300 350 -———
TyrProAlaPhelleHisIleLeuAlaArgLeuMetAsnAlaHisProGluPheArgMetAlaMetLysAspGlyGluLeuVallleTrpAspSer
TATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTCATCCGGAATTCCGTAT GGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGT
A'QAGGCCGGAA?JTAAGTGTAAQAACGGGCGGI.\CTACTTAC GI'\GTAGGC(,'I‘T{\AGGCAIACQQTTACTTTCT§CCACTCGAC(.:ACTATACCC'!‘ATCA

400 450
ValHisProCysTyrThrValPheHisGluGlnThrGluThrPheSerSerLeuTrpSerGluTyrHisAspAspPheArgGlnPheLeuHisIle
-GTTCACCCTTGTTACACCGTTTTCCATGAGCAARACTGARACGT TTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGGCAGTTTCTACACATA
CAAGTgGGAACAATG'Z!.‘GGCAAAAGG?ACTCG'I‘I‘TGI.\CTTTGCAAN}GTAG CGAGA(_:CTCACTTATQGTGCTGCTA@AGGCCGTCAQAGATGTGTA?

500 550

TyrSerGlnAspValAlaCysTyrGlyGluAsnLe uAlaTerh_eP roLysGlyPhelleGluAsnMe tPhePheValSerAlaAsnProTrpVal
TATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTTCCCAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCTGGGTG
ATAAGCGTTgTACACCGCAQAATGCCACT’;‘TTGGACCGGI.\TAAAAGGGI"?TCCCAAATAI}CTCTTATACA}AAAAGCAGAQTCGGI‘TAGGQACCCAC
600 650
SerPheThrSerPheAspLeuAsnValAlaAsnMetAspAsnPhePheAlaProvalPheThrMetGlyLysTyrTyrThrGlnGlyAspLysval
AGTTTCACCAGTTTTGAT TTAAACGTGGCCAATAT GGACAACTTCTTCGCCQCCGTTTTCACCATGGGCAAATATTATAC GCAAGGCGACAAGGTG
TCAI;\AGTGGTCAAQACTAAATTT(.;CACCGGT'I‘A'{.‘ACCTGTTGAI.\GAAGCGGGGC‘;CAAAAGTGG';‘ACCCGTTTA';AATATGCGT?CCGCTGI‘TC(;:AC
700 750
LeuMetProLeuAlalleGlnvalHisHisAlavValCysAspGlyPheHisValGlyArgMetLeuAsnGluLeuGlnGlnTyrCysAspGluTrp
CTGATGCCGCTGGCGATTCAGGTTCATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGAAT GCTTAATGAATTACAACAGTACTGCGATGAGTGG
GACTACGGCGACCGCTAAGTCCAAGTAGTACG GCAAACACTAC CGAAGGTACAGCCGI"CTTAC GAAT'J.'.‘AC'I'TAAT GT'I.‘GTCAT GACGGTACTCACC

800 850

GlnGlyGlyAla
CAGGGCGGGGCGTAATTTTTT TAAGGCAGTTATTGGTGCCCTTAAACGCCTGG
Gl‘CCCGCCCCGQATTAAAAAA%TTCCGTCAA'E‘AACCACGGGI'\ATTTGCGGA(.:C

300 921

Fig.2. The DNA sequence of Tncam204. The sequence shown is that of the DNA between the two IS] elements. The limits were
determined by sequencing into the known sequence of ISI {17]. The protein sequence of the CAT protein is also shown. The
positions of the probable CAP binding site beginning at position 29 and the promoter between pnsitions 126—158 are indicated
by boxes. The possible internal start of a protein for fusidic acid resistance discussed in the text is shown by the arrow beginning
at position 450 and the nucleotide 5’ to this that show complementarity with the 3-end of 16 S ribosomal RNA are underlined.
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Fig.3. Part of an 8% polyacrylamide sequence gel. The DNA was labelled by repair synthesis at the Taql site at position 194. The
sequence shown begins at position 156 and continues into the IS element [17]. The symbol *C shows the position of 5-methyl

cytosine residues which lead to a gap in the sequencing ladder.

The most likely promoter for the expression of
this gene is shown boxed in at positions 126 and 152,
The Pribnow box of this promoter has 6 out of 7
basepairs in common with that of the bacteriophage
A pr promoter [12], and the other boxed region has
much homology with the corresponding regions of
other E. coli promoters [13]. The conclusion that this
is the promoter for the cat gene is strengthened by
the finding of Drs S. F. J. Le Grice and H. Matzura
(personal communication) that the RNA transcribed
from this promoter towards the EcoRlI site (fig.1)
has exactly the size that we would predict.

We have found only one sequence in the region
preceding the cat gene that shows any homology with
other CAP binding sites. This site (shown boxed in

cat GTGACGGAAGATCAC
lac GTGAGTTAGCTCAC
ara GTGATTATAGACAC

gal GTGTAAACGATTCCAC

Fig.4. A comparison of the DNA sequence of the CAP binding
sites of cat described here, lac [7], gal [8] and ara [9].

fig.2 between positions 29 and 43) is situated some
120 basepairs 5' to the probable initiation site for
transcription, Its sequence is compared with the other
published CAP sites [7—9] in fig.4.
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4. Discussion

The DNA sequence of Tncam204 that we describe
here contains the gene for chloramphenicol trans-
acetylase beginning 220 basepairs from one of the
flanking IS elements and extending to within 40 base-
pairs of the other, No other protein >50 amino acids
could be coded by this sequence, including proteins
whose genes might overlap with that of chlorampheni-
col transacetylase. Where then are the genes for resis-
tance to fusidic acid and the putative transposase?

Functions coded by transposons that are involved
in the transposition process have been demonstrated
for some transposons such as Tn3 [5] but never for
those flanked by IS/ elements. Since IS/ itself is able
to transpose, it is likely that this class of transposon
translocates by virtue of the flanking IS7 elements
and host functions and that any DNA sequence
flanked by direct repeats of IS/ is a transposon
([14,15], H. Reif, personal communication).

We have analysed mutants that have simultaneously
lost their resistance to both chloramphenicol and
fusidic acid (S.1., unpublished) shown by DNA
sequence analysis to affect the extreme C-terminal
part of the chloramphenicol transacetylase (un-
published). We are thus left with two possibilities for
fusidic acid resistance:

1. It might be due to a second activity of chlor-
amphenicol transacetylase;

2. A more interesting possibility is that fusidic acid
resistance might be mediated by a truncated protein
containing the C-terminal 2/3rds of chlorampheni-
col transacetylase.

The internal Met in the nucleotide sequence (452)
is preceded by a sequence with homology to the 3"-end
of the 16 S ribosomal RNA (shown underlined in
fig.2) [16] raising the possibility that protein synthesis
might initiate at this point to produce a protein in the
same reading frame as chloramphenicol transacetylase
but lacking the N-terminal 77 amino acids. Experi-
ments are under way to distinguish between these
two possibilities.
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