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Lytic viruses as expression vectors, host cell
containing same and process for protein production

The present invention relates to lytic viruses, such as
bacterial phages. The invention also covers host cells infected
by such viruses as well as a process for using such viruses for
the preparation of a heterospecific protein in a host cell.

The invention has for an object to provide new biological
techniques enabling integration of episomes in the chromosome
of a lytic virus and maintaining the recombinant characteristic
of the virus through its infectious lifecycle. Although the in-
vention is not to be considered to be so limited it will be
1llustrated using E.coli phage TS5 which is a known bacterio-
phage.

The main object of the present invention is to provide a
lytic virus which in its chromosome has inserted an alien pro-
duction gene, the recombinant virus being stable through its
infectious lifecycle. Such production gene is preferably posi-
tioned in a non-essential region of the chromosome of the virus.

The virus of the invention is preferably a bacteriophage,
such as an E.coli phage TS. The phage is preferably selected
from T5+ or its derived stable and autonomously viable deletion
mutants, such as TS sto. The production gene has preferably been
introduced into the chromosome of the virus by so called homo-
logous reciprocal recombination.

The invention also covers host cells infected with such
Iytic recombinant virus. The host cell is preferably an E.coli.

Another object of the invention is to provide for a pro-
cess for preparing a heterospecific protein which can be re-
covered in an expedient manner. According to this aspect of
the invention a process for preparing a protein by expression
in a host cell comprises the $teps:

a) introducing an alien production gene in the chromosome of

a lytic virus;

b) infecting a host cell by introducing the resulting re-
combinant virus into same;

c) allowing expression of the recombinant protein in said
host cell; and
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d) recovering the protein thus produced.

It is preferred that the production gene under step a)
is introduced by homologous reciprocal recombination. The ge-
ne is preferably introduced in a non-essential region of the
phage chromosome, and put'under control of phage promotors.

In this process for preparing a protein there may be used
E.coli bacteria as host cells to be infected by the recombinant
phage.

According to the invention there has been developed a phage-
based production system taking advantage of three attractive pro-
perties of the TS5 system, namely the immediate and complete shut-
off of host protein synthesis, the degradation of the host chro-
mosome and making use of promotors of extreme signal strength.

The techniques of this invention can be applied in diffe-
Tent ways, among which the following two applications are of ma-
jor importance.

First, the invention enables facile production of recombi-
nant heterospecific proteins by introducing the desired produc-
tion gene in the virulent phage used. A system based on the ly-
tic phage TS5 offers a number of novel features concerning the
expression of alien genes, that could be applied in biotech-
nology: The complete shut-off of the host protein synthesis
right after the infection limits the expression of infected
cells to phage derived and recombinant proteins. The degrada-
tion of the host chromosome to acid solubility reduces problems
of DNA viscosity found, when recombinant proteins are purified
from E.coli (Fish, N.M. & Lilly, M.D. (1984) Biotechnology 2,
623-627). The insertional activation of a gene after its recom-
bination in the phage genome might allow to express proteins which are
lethal to normally growing E.coli cells. Finaily the expression
is based on a class of promotors, which have been shown to out-
compete any other promotors of the E.coli system by their sig-
nal strength (von Gabain, A. & Bujard, H. (1979) Proc.Nat.Acad.
Sci. USA 76, 189-193).

The results disclosed herein show the feasibility of a TS
based expressions system. A number of modifications can be con-
sidered to ease the applications and to optimize the system. A
set of deletion mutants and plasmids designed for insertion
could be constructed that are suitable for different sized
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(93]

inserts and optimal expression concerning the juxtaposition

of promotors and inserts. Furthermore, plasmids designed for
insertion could be furnished with an indicator gene, like the
one encoding 8-galactosidase, allowing to identify recombinant
phages by a colorimetric plaque test described for other phages
(Messing, J., Gronenborn, B., Muller-Hill, B. & Hofschneider,
P.M. (1977) Proc.Natl.Acad.Sci. USA 3642-3646). A further mo-
dification of this strategy is the use of T5-mutants, defective
in the "early"-"late'" switch, which can be amplified on suppres-
sor host strains. Those phages give rise to abortive infections
stagnating at the '"early" stage when non permissive cells are
infected (McCorquodale, D.J. (1975) CRC Critical Reviews in
Microbiology 4, 213-234). The advantage of an abortive infec-
tion system is the long period expression of "early'" proteins
without entering the stage of phage DNA replication and 1lysis
of the cells. '

Second, such a system can be applied to analyze recombi-
nant gene products without interference of cellular protein
synthesis, as it is done by using mini cells (Frazer, A.C. &
Curtiss III, R. (1975) Curr.Top.Microbiol.Immunol. 69, 1-84)
or maxi cells (Sancar, A., Hack, A.M. & Rupp, D. (1979) J. Bac-
teriol. 137, 692-693). The approach is based on inserting the
genes of interest in phages, as it has been demonstrated for
the CAT gene, and analyzing the short term radio-labeled ex-
tracts of infected cells for recombinant proteins. The express-
ion of those cells is in accordance with this invention con-
strained to phage derived proteins.

The present invention will now be further illustrated by
non-limiting examples with reference to the appended drawings
wherein:

b

Fig. 1 shows an autoradiogram of DNA-blotting;

Fig. 2 shows by autoradiogram the activity of chloram-
phenicole acetyl transferase in infected cells;

Fig. 3 is a model of the physical structure of the T5
phage; and

Fig. 4 is a map of ome integration plasmid used.

Fig. 5 is a map of another integration plasmid used.

As previously indicated the invention will be non-limi-

tationally illustrated in relation to E.coli phage T5.
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As indicated above TS5 has a number of unique properties
making the organism attractive to study the integration of e-
pisomes in its chromosome. The phage is organized in a linear
double stranded DNA molecule exhibiting a length of 121284 ba-
sepairs (Rhoades, M. (1982) J.Virol. 43, 566-573). Stable dele-
tions in a non-essential region of the chromosome (see McCor-
quodale, D.J. (1975) CRC Critical Reviews in Microbiology 4,
213-234) may allow insertion of genetic material up to a size

of 14,000 base pairs. .
Finally the assignment of roughly 100 recognition sites

for restriction enzymes along the genome simplifies the ana-
lysis of genetic rearrangements. Furthermore the phage exhibits
a number of unique functions and features during its life cyc-
le that could be more easily studied when episomes could be
inserted as a probe in the viral genome.

During the infectious cycle three sets of genes, 'pre-
early'", "early" and "late" are activated in cascades. The
three classes of genes are clustered along the chromosome. in
the order "preearly', '"early" and "late'". The ''preearly" ge-
nes are injected first in the host cell and only after their
expression the remaining chromosome 1s activally moved in the
host. Thereafter the ''early" and "late'" genes are activated.
The expression of the '"early' genes prepares the replication
of the phage's chromosome and the synthesis of the phage cap-
sids, which both begin with the onset of '"late" genes. Imme-
diately after the first step injection (FST) of the chromosome
host, protein synthesis is completely blocked and the DNA of
the host is degraded within the first minutes to acid solubi-
1lity. The efficiency of TS5 directed expression is partly ex-
plained by the unusual strength of its promotors. The promotors
of the E.coli TS have been shown to be by far the strongest
within E.coli and its related extrachromosomal replicons and
phages.

The yield of phage-directed biosynthesis during the in-
fection is remarkable: with a burst size of about 200 phage
particles per cell the infected cells replicate within the

7 base pairs.

infectious cycle of 45 minutes about 2.4 - 10
This is five times the equivalence of the host's chromosome.

The rate of protein synthesis increases also by two and a

»
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half times in the infected cells (Chinnadurai, G. & MacCor-
quodale, D.J. (1973) Proc.Nat.Acad.Sci. USA 70 3502-3505).
The dramatic efficiency of TS-directed expression is partly
explained by the unusual strength of its promotors (von Ga-
bain, A. & Bujard, H. (1977) Molec.gen.Genet. 157, 301-311
and von Gabain, A. & Bujard, H. (1979) Proc.Nat.Acad.Sci. USA
76, 189~-193).

EXAMPLES

Materials and methods used.

Enzymes. Restrictionendonucleases, T4 DNA ligase, S1 nuclease
and Alkaline phosphatase were obtained from Boehringer Mann-

heim; the conditions for using the enzymes were those sug-
gested by the manufacturer or those described by Maniatis,
T., Fritsch, E.F. & Sambrook, J. in Molecular Cloning edited
by Cold Spring Harbor Laboratory 1982.

Phage and plasmid constructions. T5% and TS sto were kindly

provided by H. Bujard. The plasmid PACYC 177 was a kind gift
of S.N. Cohen. pPL 1 is derivative of PPL 603 containing a
Chlorampehnicol-acetyl-transferase (CAT) gene from B.Pumilis
(see Williams, D.M., Duvall, E.J. & Lovett, P.S. (1981) J.
Bacteriol. 146, 1162-1165); it was donated by L. Rutberg.
The restriction fragment HindIII O derived from the TS chomo-
some was inserted in the unique HindIII site of pPBR 322 or
PACYC 177; the constructs were named PBRO and pACYCO, respect-
ively. The distance between the EcoRI site assymetrically
mapping in the phage derived insert and the next EcoRI site
on pBR322 (see Rodriquez, R.L.F., Bolivar, R.J., Greene,
M.C., Betlach, H.L., Heynecker, H.L., Bovyer. H.W., Crosa,
J.H. & Falkow, S. (1977) Gene Z, 95-113) and the next Xhol
site on pACYC 177 (see Chang, A.C.Y. & Cohen, S.N. (1978)
J.Bacteriol. 134, 1141-1156) were determined in order to fi-
gure out the orientation of the inserts in the two vectors
(see also Figure 5). pBRAO was derived from pBRO by removing
the 249 basepair EcoRI fragment spanning from the phage in-
sert into the pBR 322 vector. PPRAOCAT finally was construc-
ted by inserting the BglII - BamHI fragment isolated from
PPL 1 in the unique BamHI site of pPPRAO as described below
in the result section and as indicated in Figure §.
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Growth and Purification of Phages. T5' and T5 sto were grown
as described by Bujard, H. & Hendrickson H.E. (1973) Europ.
J.Biochem. 33, 517-528. Recombinant phages were cultivated
the same way but grown and purified in media, solutions and
buffers containing 10mM MgS0,, and 1mM Spermine (Labedan,
F.T.B. & Legault-Démare, J. (1984) J.Virol. 50, 213-219.)
CsCl gradients were performed in a VTi 50 rotor (Beckman),
33,000 rpm, 40 hrs at 20°C. The initial density was adjust-
ed to 1.56 g/ml. Sometimes phages were first purified in a
CsCl step gradient performed in a swing out rotor (SW 40)
30,000 rpm, thr at 20°C; the phages were overlayéred on a
preformed step gradient containing equal volume (2.5 ml)

of the following densities: 1.5 g/ml, 1.0 g/ml, 0.5 g/ml.
Preparation of Plasmid- and Phage-DNA. Plasmid DNA was pre-

pared by following the experimental procedure described by
Maniatis, T., Fritsch, E.F. & Sambrook, J. Molecular Cloning
edited by Cold Spring Harbor Laboratory 1982. The extraction
of phage DNA was as described by von Gabain, A., Hayward, G.
& Bujard, H. (1976) Molec.gen.Genet. 143, 279-290 and Bujard,
H. & Hendrickson, H.E. (1973) Europ.J.Biochem. 33, 517-528
with the following modifications: The phageparticles were in-
cubated with DNasel (10ug/ml, Worthington) for 1 hr at 37°C
prior to loading them on the CsCl step gradient; the incuba-
tion was performed in phagesuspensionbuffer (Bujard, H. &
Hendrickson, H.E. (1973) Europ.J.Biochem. 33, 517-528) con-
taining 10mM MgSO4.

Plaque 1ift and Blotting techniques. The number of plaque

forming units was determined with the soft agar technique

as described by Maniatis, T., Fritsch, E.F. & Sambrook,

J. Molecular Cloning edited by Cold Spring Harbor Laboratory
1982 for e.g. the A phage with the following modifications

the soft agar contained always 2mM CaC-l-2 and additionally 10mM
MgCl, and 1mM Spermine when recombinant phages were plated.
Plaque 1ifts were performed with Nitrocellulose filters fol-
lowing the procedure as it is described for recombinant A
phages (loc.cit.); hybridization and washing of filters were
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persued according to the same protocol; the filters were fi-
nally exposed to X-ray film (Kodak X-OMAT) for periods of
Z-24 hrs. Blotting of electrophoretically fractionated RNA
or DNA samples was carried out following procedures previous-
ly described (loc.cit.). For all hybridizations plasmid DNA
Oor in some cases isolated DNA fragments were nicktranslated
using 32p-labeled deoxyribonucleotid-triphosphates as radio-
isotopes (loc.cit.).

Chloramphenicol acetyl transferase (CAT) assay. Cells were

synchronously infected with recombinant phages nultiplicity
of infection (M.0.I) was two) containing the CAT gene inte-
grated in the chromosome; aliquots of 2ml were withdrawn at
several timepoints during the infectious cycle and probed

for their content of CAT enzyme as described by Nilsson, G.,
Belasco, J.G., Cohen. S.N. & von Gabain, A. (1984) Nature
312, 75-77. |

Analysis of RNA. RNA was extracted from TS infected cells and

control cells as described in detail by von Gabain, A., Be-
lasco, J.G., Schottel, J., Chang, A.C.Y. & Cohen, S.N. (1983)
Proc.Nat.Acad.Sci.USA 80, 653-657. The RNA was analyzed
either by blotting techniques or according to Berk and Sharp
(Berk, A.J. & Sharp, P.A. (1977) Cell 12, 721-723) as desribed
in detail by Nilsson, G., Belasco, J.G., Cohen, S.N. & von
Gabain, A. (1984) Nature 312, 75-77 and von Gabain, A., Be-
lasco, J.G., Schottel, J., Chang, A.C.Y. & Cohen, S.N. (1983)
Proc.Nat.Acad.Sci. USA 80, 653-657.
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EXPERIMENTAL RESULTS:

To enable full understanding of the experiments a short
explanation of the drawing figures will now be made.

" Figure 1 shows the autoradiogram of a plaquehybridization.
Cells harboring pBR OCAT were infected with TSsto (see Materials
and Methods and notes to table below).After lysis 2000 phages were
plated on agar plates (Panel A); the plaques were analyzed by
the plaque-1lift technique using Nitrocellulose as described in
Materials and Methods. The filter was hybridized with radio-
labeled pPL 1 and further treated as described by Maniatis,
T., Fritsch, E.F. & Sambrook, J. Molecular Cloning edited by
Cold Spring Harbor Laboratory 1982. An X-ray film (Kodak X-
OMAT) was exposed to the filter for 4 hrs and afterwards pro-
cessed. The area on the agarplate corresponding to a positive
plaque was punched out; the phages were isolated as described
by Maniatis, T., Fritsch, E.F. & Sambrook, J.Molecular Cloning
edited by Cold Spring Harbor Laboratory 1982. The eluated pha-
ges were expanded as described in Results and Materials and
Methods and purified over a CsCl-gradient. The band of higher
density corresponding to the recombinant phages was harvested.
300 phages were plated and analyzed as described above (Panel
B). In the experiment shown in Panel A one out of 2000 plaques
reacted with the probe, whereas in the one shown in Panel B
98% of the plaques hybridized to the probe.

"~ Figure 2 shows an autoradiogram of a DNA blotting accor-
ding to Southern (see Maniatis, T., Fritsch, E.F. & Sambrook,
J. Molecular Cloning edited by Cold Spring Harbor Laboratory
1982). Cells harboring the plasmid pACYCO were infected with
TS sto the phages were harvested as described above and DNA
was extracted and digested by the restriction endonucleases
HindIII and PstI as indicated. As control DNA isolated from
TS sto was digested by both'enzymes and DNA from pACYC 177
by PstI (see Chang, A.C.Y. & Cohen, S.N. (1978) J. Bacteriol.
134, 1141-1156. The DNA fragments were fractionated on an
0.8% agarose gel as described by Maniatis, T., Fritsch, E.F.

& Sambrook, J. Molecular Cloning edited by Cold Spring Har-
bor Laboratory 1982 and transferred to Nitrocellulose. Hyb-



10

15

20

25

35

WO 87/02702 PCT/SES6/00477

ridization was performed according to loc.cit; DNA from the
plasmid pACYC 177 was used as probe. X-ray film (X-OMAT)

was exposed to the filter for 6 days. (a)DNA from pACYC 177
digested with PstI; (b) DNA from the Ecoliphage A digested
with HindIII; (c) DNA from TS sto digested with HindIII;

(d) DNA from TS sto digested with PstI; DNA from TS sto
grown on E.coli containing pACYCO was digested with Hind III
(e) and with PstI (f), respectively. The sizes in kilobases
are indicated at the corresponding positions of the signals.

Figure 3 i1s an autoradiogram showing the activity of
chloramphenicol acetyltransferase in recombinant TS infected
cells. 10 min after infection the different forms of mono-
and diacetylated chloramphenicol appear. Cell extracts were
made by taking aliquots of cells before infection 2, 4, 10
and 20 min after infection, and disrupted by lysozyme treat-
ment and sonication. This cell extract was assayed by incu-
bation with 14C-labelled chloramphenicol and analysed by
ascending TLC (see Nilsson, G., Belasco, J.G., Cohen, S.N.

& von Gabain, A. (1984) Nature 312, 75-77).

Figure 4 is a model of the physical structure of
TS5st(0) DNA (113 kb) with its "nickpattern". Alongside the
physical model of the DNA, the different transcriptional
regions and directions of transcription are indicated by
arrows. The map of the HindIII restriction sites is shown
below the physical map. The region where the plasmid is in-
tegrated (by homologous recombination) is blown up, showing
a physical map of the section of the T5 genome encoding the
phage-specific stable RNAs (see Ksenzenko, V.N., Kamynina,
T.P., Kazantsev, S.I., Shlyapnikov, M.G., Krykov, V.M. &
Bayev, A.A. (1982) Biochimica et Biophysica Acta 697, 235-
242.) The direction of transcription of these genes are in-
dicated by an arrow below and the probaéie promotors initi-
ating the transcription of the recombinant proteins are mark-
ed (see Stueber, D., Delius, H. & Bujard, H. (1978) Molec.
gen.Genet. 166, 141-149),

Figure 5 is a map of the integration plasmid carrying
a 906 bp EcoRI-Hind III fragment from TS5. The CAT-86 gene ob-
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tained from pPL1 (Rutberg personal communication), a de-
rivative of pPL 603 (see Williams , D.M., Duvall, E.J. &
Lovett, P.S. (1981) J.Bacteriol. 146, 1162-1165), is inserted
in the BamHI site. The CAT gene is deprived of its promotor
(loc.cit.).

In the appended table there is displayed the frequency
of inserting plasmids of different background in the viral
genoms. Cells harboring the respective plasmids or not con-
taining any episome were infected with T5" or TS sto (M.0.I.
varied between three and five). After lysis the titers of the
phages were determined and roughly 20,000 phages were plated
out on four agar plates and submitted to a plaquelift as de-
scribed above. The sizes of the homologous regions between
the respective phage and plasmid are indicated in basepairs.
The sizes of the plasmids are given in kilobases.

a) Construction of recombinant phages.

The HindIII fragment O (1200 basepairs length mapping
in the non essential region of the TS5 chromosome was inserted
in the plasmids pBR322 (Rodriquez, R.L.F., Bolivar, P.J.,
Greene, M.C., Betlach, H.L., Heynecker, H.L., Boyer, H.W.,
Crosa, J.H. & Falkow, S. (1977) Gene Z, 95-113) and pACYC
177 (Chang, A.C.Y. & Cohen, S.N. (1978) J.Bacteriol. 134,
1141-1156) as described above. E.coli containing either the
chimeric plasmid pACYCO or pBRO and its derivatives were in-

fected with TS st.o, a deletion mutant of the wild-type phage
missing 8570 base pairs in the deletable region next to the
region spanning the HindIII fragment O. The descending phages
were plated on agar plates in order to determine the number
of plaque forming units. The indicator strain did not contain
the respective plasmids. Plates containing between 102 and 104
plaques were submitted to plaquelift (see Maniatis, T., Fritsch,
E.F. & Sambrook, J.Molecular Cloning edited by Cold Spring
Harbor Laboratory 1982) employing nicktranslated pBR 322 and
PACYC 177 as probes. Plaques reacting positively with the

probes were indentified with a frequency between 0.5 and 2 x
10"3 (see the appended table). The number of positively reac-
ting plaques was not significantly reduced, when 20% of the
HindIII fragment O were deleted in the plasmid (see Materials
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and Methods used and the appended table). No positive plaques
were identified when cells were infected with the wildtype
phage T5" or when cells were infected containing the respective
plasmids without the viral insert (see the appended table).
The experiments were repeated using an E.coli strain as host
which was recA minus: the same results were obtained and the
frequency of positive plaques was not changing significantly.
Replating phages isolated from positive plaques or
Testriking them on indicator cells allowed to enrich and to
expand the number of plaques that reacted with the probe
(see Figure 1). The same result was obtained, when those
phages were expanded in fluid culture. The ratio between
T5 sto and recombinant phage did not change when mixtures
of both were amplified over several passages in host cells
not containing the respective plasmids.

b) Characterisation of recombinant phages.

Phages derived from plaques giving positive signal
were expanded in fluid cultures as described above. After
purifying them over a CsCl-step gradient, DNA was extracted
and dissected in parallel with several restriction endonu-
cleases. The DNA fragment were fractionated on agarose gels
and subsequently transferred on to nitrocellulose. The fil-
ters were probed with the respective plasmids not carrying
the phage insert and with the HindIII fragment O. Figure
2) shows the analysis of the recombinant phages obtained
when E.coli was infected carrying e.g. pACYC O; the DNA
was dissected with the restriction enconucleases HindIII
and PstI. HindIII cuts twice pACYC O as a result of insert-
ing the page segment in the unique HindIII site of the vec-
tor, whereas Pstl cuts only once in the vector part of pACYC
0. The HindIII digest disclosed an unique fragment (4.1 kb)
lightening up exclusively with the plasﬁid-specific probe,
whereas the Pstl digest disclosed three fragments (20 kb,
6.8 kb, and 5.2 kb, respectively) hybridizing to both pro-
bes. The result is compatible with a multiple insertion of
the plasmid by homologous recombination: The HindIII frag-
ment corresponds to the excised pACYC O (Figures2 and 4),
whereas the smallest PstI fragment (Figures 2 and 4)reflects
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the repeat of pACYC 177 and HindIII O, which is excised when
plasmid and the phage fragment are arranged in duplications
as a consequence of multiple insertions, the two largest Pstl
fragments (see Figure 2) correspond exactly to the predicted
sizes expected when the distance to adjacent Pstl sites in
the phage chromosome is calculated (see Figure 4). The re-
sults do not allow to determine the exact number of inserted
plasmids per recombinant phage; however, the relative sig-
nal strength of the Pstl fragments points to three inserts
per chromosome in the average. The same results were obtained,
when chimeric phages were analyzed, which were amplified on
E.coli harboring the other types of plasmids, such as PBRAOCAT.
The phages were further characterized by fractionating
recombinant phages and their predecessors on CsCl density
gradients as described above. Typically two bands were ob-
served, the upper and corresponded to a boyant density of
1.54 g/cin3 we found for TS5sto, whereas the lower one disclosed
a boyant density of 1.56 g/cm3 when e.g. pBRAO CAT (see Figure
5) was inserted in the phage' genome (see Figure 2).
The boyant density of the lower band is larger than
that determined for wild type phages (see Hertel, R., Marchi,
L. & Mueller, K. (1963) Virology 18, 576-581). Analyzing pha-
ges, which were obtained from the two respective bands, showed
that the upper band contained exclusively TS5sto, whereas the
lower band reflected to 99% recombinant phages with the ex-
pected insert. Because the increment of boyant density is
larger than the one observed when comparing the phages TSsto
and T5" which differ about 8 kb in their genomic size, the
increment of boyant density agrees well with insertion of
three respective plasmids. When CsCl purified recombinant
phages were employed to reinfect cells containing again the
inserted plasmids, phages were harvested which banded in ad-
dition to the "normal" position at densities in the gradient
which could reflect multiple inserts.
c) Expression of phage directed recombinant proteins.

The integration of plasmids in the phage genome could
mediate expression of heterospecific genes, by reinfecting
cells with recombinant phages. In order to test the possibi-
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lity an easy assayable gene, Chloroamphenicol transferase
(CAT) derived from B.pumilis was inserted in pBR322 (see Fi-
gure 5 and materials and methods used). The gene was taken
from a plasmid constructed previously to measure promotor
activity (cf. Williams, D.M., Duvall, E.J. & Lovett, P.S.
(1981) J-Bacteriol. 146, 1162-1165) and therefore deprived

of any endogenous promotor. Furthermore, the gene was orien-
tated in the plasmid in such a way that homologous recombina-
tion would insert it downstream of "early' phage promofors
which control expression of phage specific tRNAs (see Figures
4 and 5).Cells containing the construct disclosed some basic
level of CAT activity. As neither the BgIII - BamHI fragment
containing the CAT gene, nor the upstream mapping HindIII
fragment O show any promotor activity in vivo and in vitro
(see Williams, D.M., Duvall, E.J. & Lovett, P.S.'(1981) J.
Bacteriol. 146, 1162-1165 and Ksenzenko, V.N., Kamynina, T.P.,
Kazantsev, S.I., Shlyapnikov, M.G., Krykov, V.M. & Bayev, A.A.
(1982) Biochimica et Biophysica Acta 697, 235-242 and Stueber,
D., Delius, H. & Bujard, H. (1978) Molec.gen.Genet. 166, 141-
149), the expression must originate from a promotor mapping
on pBR322 that has been described previously (see Chang, A.C.Y.,
Nunberg, J.H., Kaufman, R., Erlich, H.A., Schimke, R.T. & Co-
hen, S.N. (1982) Nature 275, 617-624 and Stueber, D. & Bujard,
H. (1981) Proc.Nat.Acad.Sci.USA 78, 167-171). However, inte-
gration of the plasmid in the phage genome by homologous re-
combination separated promotor and CAT gene (see Figure- 4
and 5). Recombinant phages were isolated and enriched over
CsCl gradient as described above.

E.coli cells MM 294 were synchronously infected with
Tecombinant phages and the CAT activity was monitored during
the course of the infections cycle by analyzing aliquots of
infected cells as described previously (see Nilsson, G.,
Belasco, J.G., Cohen, S.N. & von Gabain, A. (1984) Nature
312, 75-77). The results are shown in Figure 3. Expression
1s not detectable before the "early" stage of infection,
namely after about 10 minutes, and continues until the
"late" stage of infection. Another way of proving phage



10

15

20

25

30

T4

WO 87/02702 . PCT/SES6/00477

mediated expression of the CAT gene was demonstrated as fol-
lows: Cells not containing pPRAOCAT were infected with the re-

combinant phages (M.0.I. was 5); 10 minutes after infection
Chloramphenicol was added to the culture (100 g/ml). The in-

fected cells lysed after the typical time period of the in-
fectious cycle (see McCorquodale, D.J. (1975) CRC Critical
Reviews in Microbiology 4, 213-234). The same experiment was
repeated using TS sto for infection; no lysis was obtained.
Comparing the titers obtained for recombinant phages and TS5
sto disclosed, that recombinant phages amplify 105 times more
phages per ml than TS5 sto when they are grown in presence
of the translational inhibitor; the titer obtained for TS
sto was 104 and could reflect the number of phages of the in-
oculum not adsorbing the host.

E.coli cells (MM 294) containing the chimeric plasmid
PBRAOCAT have been deposited with Deutsche Sammlung vén Mikro-
organismen, G&ttingen, West Germany, on July 16, 1985, the

accession number being DSM 3386. :
d) Expression of B-galactosidase in a TS based expression system

£

For this experiment the B-galactosidase gene deprived of any
promoter was inserted - in homologous way to the cat gene as des-

cribed above - in a pBR322 derivative containing the HindIII fragment

0 of TS (see Figure 5). The orientation of the insert was desig-
ned in a way that the gene would be recombined under the control
of TS5 specific promoter after its integration in the phage genome.
Recombinant phages containing the 8- galactosidase gene were
identified by a plaque 1ift, as described above.

The phages were further amplified and then used to syn-
chronously infect E.coli cells. The multiplicity of infections
was 5 phages per bacterial cell.

Aliquots of cells (2.5 x 109) were withdrawn from the cul-
ture before and after infection at indicated times (see the Table
below) and the B-galatosidase content was determined using an
enzyme assay (reference). Enzyme activity was detectable 10 minu-
tes after infection and steadily increased until the lysis of
the cells. It should be noted that the fraction of recombinant
phages was not determined for the phagestock used in the experi-
ment. Therefore the number of units per cell can not be taken



WO 87/02762 - PCT/SE86/00477

10

15

20

25

as measure for the amount of B-galactosidase, which can be
produced in such system, when it is adusted to optimal
condition. (For experimental detalls see Experiments in
Molecular Biology by J.H. Miller, Cold Spring Harbor Lab.
1972.

The experiment shows the general applicability of a
TS based expression system and furthermore the approach made
it possible to identify recombinant phages, as blue peagues,

in a colorimetric assay.

TABLE
Minutes before/after Number of
infection B-galactosidase units

0 0

2 0

10 55

20 105

45 237

after lysis 275

It should be observed that this invention is by no means
limited to the specific embodiment described above. Thus,
other genes than the CAT gene as described above can be in-
troduced in the chromosome of a suitable lytic virus to
express other proteins of commercial interest. Among such
embodiments there may be mentioned genes for expressing for
example insulin, interferons, insulin-1ike growth factors,
antitrombin, etc.
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CLAIMS

1. A lytic virus having inserted in its chromosome
a gene for the production of heterospecific proteins.

2. A virus according to claim 1, wherein said gene
is positioned in a non-essential region of the chromosome
of the virus.

3. A virus according to claim 1 or 2, wherein the gene
has been introduced by homologous reciprocal recombination.

4. A virus according to any preceding claim which is
a bacterio-phage.

5. A virus according to claim 4 which is an E.coli phage
TS.

6. A virus according to claim 5 selected from TS+ and
TS5 sto.

7. A host cell infected with a lytic virus according to
claim 1.

8. A host cell according to claim 7, which is an E.coli.

9. A host cell according to claim 7 or 8, wherein the
virus is a bacterio-phage, such as an E.coli phage TS.

10. A host cell according to claim 9, wherein the bac-
terio-phage is selected from T5+ and its derived stable and
autonomously viable deletion mutants, such as TS5 sto.

11. A process for preparing a protein by expression in
a host cell comprising the steps:

a) introducing an alien production gene in the chromosome

of a lytic virus;

b) infecting a host cell by introducing the resulting

recombinant virus into same;

c) allowing expression of the recombinant protein in

said host cell; and -

d) recovering the protein thus produced.

12. A process according to claim 11, wherein under step
a) the production gene is introduced by homologous reciprocal
recombination.

13. A process according to claim 11 or 12, wherein the
gene 1is introduced in a non-essential region of the virus
chromosome.
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14. A process according to any of claims 11-13, wherein
the production gene under step a) is introduced in the chromo-
some of a bacterial phage, such as E.coli, TS5+ or its derived

stable and autonomously viable deletion mutants, such as TS5 sto.

15. A process according to claim 14, wherein under step b)
an E.coli is infected.

16. A process according to claim 14 or 15, wherein the
gene is introduced in a non-essential regiom of the phage
chromosome and put under control of phage promotors.

17. A process for analyzing recombinant gene products com-
prising the steps: '

a) inserting an alien gene in the chromosome of a lytic

virus;

b) 1infecting a host cell by introducing the recombinant

virus from step a) above; and

c) analyzing the proteins expressed in said cell.

18. A process according to claim 17, wherein said alien
gene is inserted downstream of a ribosomal binding site.

"]
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