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The nucleotide sequence of the Ball-PstI fragment of T5 DNA, 1347 bp in length, coding for 5’-exonuclease

(D15 gene), has been determined. A coding region of the gene contains 873 bp and is preceded by a typical

Shine-Dalgarno sequence. The D15 gene belongs to a cluster, consisting of at least 3 genes, in which a termi-

nation codon of a preceding gene overlaps an initiation codon of the following one. The sequence contains

an open reading frame for 291 amino acid residues. The molecular mass of the 5’-exonuclease calculated
from the predicted amino acid sequence is 33400 Da.

Bacteriophage TS

1. INTRODUCTION

During infection of FEscherichia coli by
bacteriophage T35, the gene D15-encoded nuclease
is produced which belongs to early proteins [1].
Enzymatic studies of purified D15 nuclease
showed that the enzyme possesses 5’ — 3’ ex-
onuclease activity on both single- and double-
stranded DNA and can function (in vitro) also as
a TS5 DNA specific endonuclease [2]. This product
performs 2 functions essential for the phage TS life
cycle: it is necessary for TS DNA replication [3]
and initiation of late transcription [4]. However
the exact role of 5'-exonuclease in this process is
still obscure. The availability of this protein in the
transcription-replication enzyme complex makes it
possible to suggest its necessity for the formation
and maintenance of the structural integrity of the
complex or for the creation of a modified DNA
template which serves as a site of nucleation for all
the components of the complex [5]. In such a case,
the effect of the D15 gene on the turn-on of late
genes may be of an indirect character.

This paper deals with the nucleotide sequence of
the TS DNA Ball-Pstl fragment, 1347 bp in
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DN A sequencing

D15 gene IS1 element

length, coding for 5’-exonuclease (D15 gene), and
the amino acid sequence determined from its
structure.

2. MATERIALS AND METHODS

Construction and analysis of recombinant
plasmids pBR322-T5 and pUC-TS5 were performed
as in [6,7]. The nucleotide sequence was deter-
mined according to Maxam and Gilbert [8].
Recombinational analysis of plasmids by marker
rescue with amber mutants of TS was performed as
in [9]). Assay of exonucleolytic activity of TS D15
nuclease in the crude cell extract and purification
of 5’-exonuclease were as described in [2].

3. RESULTS AND DISCUSSION

Cloning of the bacteriophage T5 PstI-J frag-
ment and mapping of intact genes D14 and D15 as
well as a part of the D12 gene on this fragment
were reported earlier [9].

To obtain material for determining the D15 gene
sequence, we have selected from our collection of
recombinant molecules 2 clones giving hybridiza-
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tion with the PstI-J fragment of bacteriophage TS.
Restriction enzyme digestion and Southern blot
analyses of the plasmids as well as partial deter-
mination of the primary structure showed that
cloned TS DNA corresponds to the Pstl-J frag-
ment but contains an IS1 element inserted into
p602 and p627 plasmids (fig.1).

The results of the recombinational analysis of
these plasmids by the marker rescue method were
generally the same as in [9], the only difference be-
ing that we showed additionally the presence of the
D13 gene in the fragment and arrived at a different
conglusion as to the size of gene D14. According to
our results, a protein of 70 kDa, found in the
maxi-cell system, corresponds to the D13 gene
product and not to D14 as expected [10] (details of
this part of our work will be published separately).

The left part of the cloned fragment was
subcloned in the form of Xbal, Bgi/ll, Hpagl and
BspR1 subfragments in pUCY and pUCI9
plasmids, sequenced according to the Maxam-
Gilbert method and analysed additionally by a
marker rescue technique.

The nucleotide sequence of the Ball (BspRI)-
Pst1 fragment is shown in fig.2. Analysis of this
structure for the open reading frame showed that
the major one is found only in the r-strand of DNA
and corresponds to the protein consisting of 291
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amino acid residues (33.4 kDa). This agrees well
with 35 kDa reported by Moyer and Rothe [2]
after the partial purification of 5'-exonuclease.
The Shine-Dalgarno sequence AGGA is located 12
nucleotides upstream from the initiation codon
ATG. There are no sequences typical of the
consensus-promoter structure of E. coli or early
promoters of bacteriophage TS [11]. Moreover, in
addition to gene D13, the sequence shown in fig.1
contains the open reading frames upstream and
downstream from the D15 gene. The open reading
frame, preceding the gene of 5’-exonuclease, cor-
responds to the C-terminal end of the D14 gene
product, since it was shown that it is plasmid
pBB3, not pXX12, which is efficient in the analysis
for the D14 am H6b marker rescue. Therefore, the
D14 am H5b amber mutation of bacteriophage TS
is located within the Ball-Xbal fragment, 135 bp
in length. Another open reading frame, adjacent to
the C-terminal end of the D15 gene has the Shine-
Dalgarno sequence and corresponds to the N-
terminal end of the DX gene not identified hither-
to, since no amber mutations have been described
for the region in the bacteriophage TS genetic map
between the D15 and D17 genes.

All 3 genes are organized in such a way that a
termination codon of the preceding gene overlaps
an initiation codon of the following one. Similar

: by
%E‘. § B 200 bp
S > 627154 +—- 602:I54
,u553-22 M b2 i3 oy Di5 t pBRIZ2
! |
| 1
| I
) ' ~ NN ~ ! 3
< 3 3 S 3§ oSe S Sd 5 < In 'y ¢
g & & £ £& £ d2 = oL
R | ¥ { 4 S I } [ SN & K B B
627% -
- iz
—p883

Fig.1. Restriction map of phage T5 PstI-J fragment. In the upper part, the orientation of the cloned fragment in plasmid

pBR322, the location of D12-D15 genes on the fragment and sites of IS1 element insertion in plasmids 627 and 602

are shown. In the lower part there are fragments which have been subcloned into plasmids pUC9 and pUCI19 for the

following determination of the nucleotide sequence. The arrow denotes the direction of gene transcription of this part
of the genome.

62



Volume 195, number 1,2

BAL 1
TEUCCAGAGCLACGOALTGAAARGTOACATCTACLYTCCACCICARAGTELACALAY 57

TAGTAAATACTRCTTCGAAGTTAAGTGETATANAGATGATAATATATCAACTAATEITATYITAL 120
TeTTGGTGAATCCACTCTAGIGAAGTGGTGGCACCAGYGLTCACGTEAAGRTGAGCAGATGAN 183
CYCCARACCTGCATTVAATATICARARAAGACAGAGGACAGTEGTTAATAGCTTTGGATAGLTC 246
AGACCCRATEGYTGACAACYTAAYGAGTCGTACCCATATGETGYTARATAAGAAAGACATEGA 309
ARTCOTAATTLETTIATYTGAGCCLYIGGCYACATCATELATCTGTTCACCACTTAATTARAY 372

ATG AGT aka TEC TGG GGR asa TTT ATT GAA GAR GAG GA4 GCT GaR AT6 420
MET SER L¥3 SER TRP LY LYS PNE ILE SLU GLU GLU GLU ALS GLU MEY E13

GCT TCC CGY COY AAY CYA ATG »YY GYC GAT GGA ACY AT TTa GGC TYY 468
ALA SFR ARG ARG ASM LEn MET 1LE Val AMP GLY THR #3N LEu GLY PHE 32

CGC TTC AAM CAT ARC AAT AGT AAA AAA CCA TTT GCC YCA AGT TAT GYY 5§96
ARG PHME LYS MIS ASN asN SER LYs LYS PRO PHE ALA SER SER TYR VaL 48

TCA ACT ATY CAA TCT CYE GCA #AA TCC TaC TCT 6CC AGA ACT ACG ATT 564
SER THR ILE GLN SER LEU ALA LYS SER TYR SER ALA ARG THR THR ILF 64

GUY CTA GBT GAT AAG GGA aka TLC STA YYT €67 CVA Gak CaY 74 £C2 612
WAL LEU GLY ASP L¥S GLY LYS SER VaL PRE ARG LEU GLu nIg Lfu PRO  gp

GAG TAT aAf GET AAT TGV GAT Gax AAG TAC 6CA Cak CG1 2CG G2k GAG 660
GLy TYR L¥S GLY 48N aAkG &8P 6Lu LYS TYR ALA GLN ARG THR GLU GLY ¢

GAG AAA GCC CTA GAT GAG CAG TTC TTT GAG TAY TTG ARG GAT G6CT TTC 708
GLU LYS ALA LEU ASP GLU GLN PHME PHE GLU TYR LEU LY3 ASP ALA PHE 112

GAG TTG TGY AAA ALT ACA TTC CCA ACT TTY ALC ATY CGT GGT GTA GAA 756
GLU LEU CyS LYS THR THR PHE PRO THMR PHE THR ILE ARG GLY VAL LU 128

GCA GAC GAY ATG GCA GCT TAT 3TV GTT AAG CYC 2TC GGG CaT CTY IAY 804
AL& ASP ASP MET &ia ALA TYR FLE ¥al LS LEU ILE ©(Y HMIS LEU TYR 444

GAT CAC GYT T6G CYTA ATA TCT ACA GAY 667 64C 1566 GAT &LT T4 YTs  gs5o
ASP HIS VaL TRP LEU ILE SER Tur ASP OLY ASP TAP ASP YHR LEU LEU 16D

ACG GAY AAA GTY TCY €GY TYT TCY YYC ACA ACA CGY CRT GAG YAY LAY 900
THR ASP LYS VAL 3ER ARG PHE SER PNF THR THR ARG ARG 6LU TYR M8 376

CTIT CGT GAT ATG TAT GAA CAY CaT AAT GTY GAY GAT GTT GAG CAG YYT o48
LEU ARG ASP MET TYR GLu WIS WIS ASN Val ASP ASP Vval GLU GLN PNE 392

ATC TCC CYG AAA GCA ATT ATG GGA GAT CTA GGA GAT AAT ATT CET 66T 908
ILE SER LFU LYS ALA ILE MFT GLy #8P LFU GLY 43P ASN TLE ARG 6LY 208

GYT GAA BGA ATA GGA GCa Aa2 CGC GGA TAY AAY AYY AYY LST G456 TYY 1044
VAL GLU oLY TLE GLY ALA LYS &RG GLY TYR ABN ILE ILE sRC 4LU PHE 224

GET AAC GYA CTC GAT ATT &TT GAY CaG CYT £Ch CTG CCT GG4 436 TAG 1092
GLY ASN VaiL LEU ASP ILE ILE 48P GLN LEU PRO LEU PRO GLY LYS SLN 240

ARA TAT ATA CAG AAC CYGC AAT GCa TCG GAA GAA CYG CYT TTC C6A AAC 1140
LYS TYR ILE GLM ASN LEU SN aLa 8ER GLU GLU LEU LEU PNE ARG ASN 286

TYG ATT CYG GTT &AT YYA CCY ACC TAC TGY GYG GAT GCT avT GCY GCT 1188
LEU ILF LEU VAL ASP LEU PRO THR TYR CYS VAL ASP ALA TLE ALA ALA 272

GTA 66T Cad GAT GT6 TTA GAT aac TYT ACA AAR CAT ATY TIG GaG A7y 1226
VAL SLY GLN a8P Val LEU ASP (ys PHE THR L¥S aaP ILE LEu Sty NE 208

GCA GAA CAR TOX TYAASATYAMCTTYAACTCATCCAGATYGTATCCCTAAGATTOGATCY 1295
ALA SLU GLN awe 291
GAIG‘YGCCGCAEGYIYGGATCYGEGAG(AY'CY'YGGTACYAAY&C;%%‘% 1347

Fig.2. DNA structure of the Ball-Pst] fragment and the
derived amino acid sequence of 5’ -exonuclease of phage
T5. Underlined is the Shine-Dalgarno sequence.

structures were reported for the genes of
bacteriophage T7 [12], bacteriophage A [13] and E.
coli [14]. The availability of open reading frames
throughout the sequence is indicative of the fact
that the promoter of this group of genes is located
outside the sequenced region. Preliminary results
show that the DX gene is the last in this cluster of
genes and a strong potential terminator occurs in
the region of BamHI site.

The study of codon usage in a number of genes
[15] revealed a non-random patern of their
distribution, the sequence of 5'-exonuclease of
phage TS being no exception in this respect (table
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Table 1

Codon wusage in the 5'-exonuclease gene of
bacteriophage TS5

T C A G
T Phe 10 Ser5 Tyr 9 Cys 2 T
Phe 6 Ser5 Tyr 3 Cys 0 C
Leu 5 Ser2 stop stop A
Leu 4 Serl stop Trp 3 G
C leuw 4 Pro2 His 6 Argl2 T
Leu 1 Pro0 His 1 Arg 2 C
Leu 7 Prod4 Gln 4 Arg | A
Leu 7 Pro0 Gin 5 Arg 0 G
A Ile 16 Thré Asn 7 Ser 3 T
Ile 2 Thr2 Asn 5 Ser 0 C
Ile 3 ThrS Lys15 Arg 1 A
Met 6 Thr3 Lys 6 Arg O G
G vVal 9 Ala7 Asp22 Gly 7 T
Val 1 Ala2 Asp 2 Gly 1 C
Val 4 Ala8 Glul3 Gly 9 A
Val 2 Alal Ghll Gly 1 G

1). There is an obvious preference for the use of
codons ending with T and A residues, which might
reflect a high AT content of the phage T5 DNA.
On the whole, 71.4% codons of the D15 gene end
in T and A residues, with the greatest preference
for codons ending in T residues (43.6%). Similar
data obtained on prokaryotic phages on the whole
and ribosomal genes of E. coli amount to 39 and
30%, respectively [16].

An important factor for codon usage and
translation efficiency is the availability of no less
than 20 tRNA genes in phage TS [17,18]. Com-
parison between codons used in the gene D15
structure and anticodons of phage TS tRNAs se-
quenced previously [19] shows that tRNAs evident-
ly do not play an important role in the increase in
efficiency of this gene transiation. It is noteworthy
that half of the phage T5 tRNAs studied have G in
the first position anticodons, though C is the least
occurring residue in the third position codons
(11.3% of all the codons). One can suppose that a
greater conformity between codons and an-
ticodons coded for by phage T35 should be expected
in the case of late genes since tRNA genes belong,
similarly to gene D185, to early genes and their ac-
tive expression coincides in time,
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Cell-free extracts obtained from E. coli cells
containing initial plasmids and their deletion
derivatives exhibit increased 5'-exonuclease activi-
ty. Moreover, from E. coli W 3350 (p627) cells the
enzyme was isolated identical to exonuclease from
TS-infected cells. Therefore, early genes of phage
TS5 can also be transcribed by non-modified RNA
polymerase. However the level of expression of the
D15 gene cloned in pBR322 was not sufficiently
high to promote the production of large quantities
of homogenous protein necessary for a com-
prehensive study of its structure and function. We
believe that knowledge of the D15 gene structure
will help to construct a plasmid which can provide
a high and regulated expression of the
5'-exonuclease gene of phage TS.
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