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5 Bacteriophages of food-contaminating or pathogenic bacteria
or the 1lysins thereof are used o kill such bacteria.

Examples include 1lysins I1Irom racteriophages of Listeria

monocytogenes and Clostridium tyrobutyricum.

10 Tests for bacterial contamination can be made specific for
specific bacteria by using the appropriate bacteriophage or

lysin thereof and determining whether calls are lysed

therxaby.
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This invention relates to the use of bacterial viruses

(bacteriophages) which use bacteria as hosts and produce a
bacteriophage lysin responsible for cell-wall degradation
and lysis of the host cells.

Attempts to use a bacteriophage as an antimicrobial agent
have failed to be effactive. We have previously used the
lysin of the bacteriophage ¢vML3 of Lactococcus lactis ML3,
which is active against all strains of all subspecies of
Lactococcus lactis, very weakly affects group D
enterococci, but does not have any action on a wide variety
of other species tested (Shearman et al (1989) Molecular
and General Genetics 218 214~221); to lyse chease gtarter
cultures (WOS0/00599). WO90/00599 also discloses the use
of micro-organisms, transformed to express the ¢vML3 lysin,
to suppress populations of bacteria susceptible to the

lysin, ie the Lactococcus lactis cheese starter culture

strains.

It is also known to use chesse starter culture bacteria to

produce the simple peptide nisin in order o destroy

harmful bacteria.

We have now found that further bacteriophage lysins can be

used to destroy unwanted bacteria, especially food-

contaminating bacteria prejudicial to health.
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A first aspect of the present i1nvention provides a formulation
comprising a lysin of pbacteriophage @¢LM4, or a variant thereof

having an amino acid sequence wich 1s substantially identical

to such a lysin, said formulation being substantially free of

—
pr—

the bacteriophage i1tself.

Preferably the Listeria phage > LM4 or Clostridium

tyrobutyricum phage @gPl lysins are used. They act against all

tested specles and strains of Listeria and also strains of

Kurthia zopfii, or against Clostridium tyrobutyricum (as

appropriate), but lack activity against other tested species.

A “variant” of such a lysin 1s any polypeptide of which at

least 30% (preferably at least 50%, 75%, 90%, 95% or 99%) has

at least 80% (preferably at least 90%, 95% or 99%) amino acid

r

homology with the corresponding region of the lysin 1tself and

which has at least 30% (preferably at least 50%, 75%, 90% or

95%) of the bacterial lysing capability of the said lysin.

Food-contaminating bacteria are those which, by virtue of
their  presence or  compounds produced by  them, cause

undesiraple flavours, odours or visual appearances or cause

1llness 1n humans or animals consuming the food.

The organism which 1s destroyed may be any of the following:

Listeria monocytogenes, Clostridium tyrobutyricum, Clostridium
botulinum, Clostridum perfringens, lactic acid bacteria (eg

Lactobacillus brevis) causing beer spolilage, Salmonella spp.,

(7]

Yersinlia spp., Campylobacter, coli, Pseudomonas sSpp.,

Staphylococcus, Bacillus spp. (including Bacillus cereus),

Shigella spp. and Vibrio spp.
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Pathogenic bacteria 1include all pathogenic bacteria of humans,

animals and plants. However, 1n a medical or veterinary

context, as 1s explained further below, Dbacteria involved in

topical or superficial infections are of particular interest.

These include Staphylococcus SPP. (eg Staph. aureus) ,

Streptococcus spp., Corynebacterium spp., Clostridium spp. (eg
Cl. perfringens), Yersinla spp. (eg Y. pestis), Pasteurella
Spp . (eg P. multocida), Streptobacillus SPp . (eg
Streptobacillus moniliformis), Proteus spp. (eg P. mirabilis)
and Pseudonomas spp.

g

A second aspect of the 1nvention provides a substantially pure

preparation of a lysin of bacteriophage @ILM4 or a variant
thereof having an amino acid sequence which 1s substantially

1dentical to such a lysin.

A third aspect of the 1nvention provides a nucleotide coding

sequence for a lysin wherein the coding seguence encodes a
polypeptide having an amino acilid substantially identical to

that set forth i1n Figure 8.

A fourth aspect provides an expression vehicle comprising a

codling sequence according to the i1nvention and regulatory

regions assoclated therewith for expression of the coding

seguence 1n a sultable host.

Sultable regulatory exXpression vectors, transformation

technigques, and hosts are all known 1in the art. The host may

be any micro-organism or cell line which 1s found to express

colil or

(1]

the said lysin gene, and may be a bacterium such as

Lactococcus lactis, a yeast such as Saccharomyces cerevisiae
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or Kluveromyces lactis or a filamentous fungus such as

Aspergillus niger.

Thus a fifth aspect provides a microbial or cell 1line host

transformed with means to express a lysin, sald means

gr—

comprising the coding sequence of the invention.

A sixth aspect provides a lysin derived from the cultivation

of such a host.

A seventh aspect of the present i1nvention provides a method of
destroying micro-organisms characterized 1n that said micro-
organisms are lysed with a formulation of the invention.

Jr—

The use of such a preparation in food or agriculture simply

-

involves the addition of an amount sufficient to provide an

inhibitory concentration of lysin activity. The specific

-~ o

activity of any preparation may readily be calculated, for

example by wuse of the gpectrophotometric assay described

later. The quantity of preparation necessary for effective
protection 1n a given food may be arrived at by routine
experimentation. The lysin 1s applied 1n a suitable, non-
toxic agqueous medium. Any food may be treated with such a

preparation by addition or application to surfaces eg of cut,

Jp—
o

cooked meat or poultry, scit cheeses and patés of fish or

meat. The term “food” 1ncludes drinks (such as water, beer,

milk and soft drinks), animal food (such as pet food or cattle

food) and produce destined for consumption by humans or

animals (such as stored potatoes). In agriculture, a
particular application 1s addition to silage where Listeria

and Clostridium tyrobutyricum are known to present a problem

that can be passed on up the food chain. In brewing, Ckrewing

veast transformed with a lysin gene may be used.

et
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In a medical or veterinary context, because the 1lysin 1s

likely to be degraded or to produce an 1mmune reaction, 1t 1s

preferred to administer 1t topically 1in diseases of the skin

such as ulcers, burns and acne. It may be applied as the

clinican directs, as a lotion, cream or ointment.

An eight aspect provides a method of testing for Listeria in a

sample, comprising adding bacteriophage lysin substantially

free of 1ntact bacteriophage to the sample and determining

whether bacterial cells have been lysed thereby, wherein the

P

lysin 1s a lysin of bacteriophage @LM4d or a variant thereof

having an amino acid sequence which is substantially i1dentical

to such a lysin.

Any technology that exploits the release of 1ntracellular

7
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biochemicals (eg ATP or enzymes such as alkaline
phosphatase or esterase) to detect nicro—-organisms can, 1in
accordance with the invention, be made specific for the
target rangs of such lysins. For example, an ATP Or
phosphatase relesase test for. Listeria using the Listeria
bactariophaqe-or lysin thereof, in which the release of ATP
or phosphatase is detected (eg by linkage to a luciferase
reaction and monitoring of photon relsase or Dby
spactrophotometric methods as is described below) indicates
the specific presence of Listeriea in a sanple. The

invention further provides a kit comprising a lysin and

means to detect bacterial lysis.

Preferably, the bacteriophage in all these contexts is or
at least includes Listeria monocytogenas ¢LM4 or a
bacteriophage of Clostridium tyrobutyricum, such as ¢Pl.
Several different lysins may be used in order to destroy or

identify a specific rangs of bacteria.

The cloning and characterization of the gene for the lysin
of the Listeria bacteriophage ¢LM4 has facilitated the
production' of the free lysin and the availability of its
structural gene. These components have application in the
protection of environment and food material from pathogenic
strains of Listeria. The free lysin acts as a novel
antimicrobial that kills such bacteria and the gene can be
genetically engineered in a non-pathogenic micro~organism

such that the latter produce the Listeria lysin thereby
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7
equipping it with a novel anti-Listeria capability. For
example, a food-grade micro-organism may be transformed

with a DNA construct comprising a coding seguence for the

lysin.

Praferrad embodiments of the invention will now be

described by way of example with reference <o the

accompanying drawings, in which:-

Figure 1 shows patches of E. coli clones with HindIII
fragments of ¢LM4 DNA in the HindIII site of vector pUCIlS.
The plate is overlayed with a suspension of Listeria

monocytogenes 6868 cells and lysin producing clones create

clear zones around the patch (indicated by an arrow).

Figure 2 is a rastriction and deletion map of lysin~
expressing clone prI322. The result of lysin activity
tasts is indicated to the right. The inferred location of
the lysin gene is shown. Arrows indicate the orientation
of the lysin gene with respect to the lac a promoter of the
pUC vector used which is transcribed from left to‘right in
this figure (ie pFI324 1s opposed to the lac a promoter,

other clones are transcribed in the same direction as the

lac a promotar).

Plasmid pF1322 is pUC18 carrying a 3.6Kb HindIII fragment
of bacteriophage ¢LM4 DNA. Plasmid pFi326 is pFl1322 with

a 0.56kb HindIII - Sall deletion. Plasmid pF1327 is pFl1322
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8
with a 1.32kb HindIII - EcoRI deletion. Plasmid pFl324 is
pUC18 carrying a 1.9kb HindIII - Nrul fragment of pFl322
cloned between its HindIIX and HincIl sites. Plasmid
pF1325 is puUC18 carrying a 1.6kb Nrul - HindIII fragment of
pF1322 cloned between its HincII and HindIIII sites.

Plasmid pF1328 is puUCl9S carrying a 1.9kb HindIII - Nrul
fragment of pF1322 cloned between its HindIII and HincII
sites. Plasmid pF1329 is DpF1328 carrying a 1.6kb BafI
deletion from the polylinﬁer"samﬂl si%';feT Plasmid pF1330 is

prl328 carrying a 1.6Kb BafIl deletion from the pelylinker
BamHI sita.

Figure - 3 illustrates the response of a suspension of
Listeria monocytogenes 6868 calls to cell frse extracts of

E. coll strains harbouring plasmids pFI322(4), PFI328(4),
pFI329 (o) and pUC19 (e). |

Figure 4 is a Coomassia blue stained SDS polyacrylamide gel
of proteins produced by E. ceoll strain carrying the T7
axpression vector pSP73 (tracks 2 and 3) or pFI331 which
carries the lysin gene (tracks 4 and 5). Uninduced cells

(tracks 2 and 4) are compared with induced cells (tracks 3

and 5). Molecular weight markers are present (tracks 1

and 6) and the expressed lysin protein is indicated by an

AL T OW.

Figure 5 illustrates the sequencing strategy used. The

extent and direction of saguernces determined are indicated
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by the arrows. synthetic oligonucleotide primers are

indicated by boxes.

Figure 6 shows a single strand of the region of ¢LM4 DNA

that encodes the lysin gono.‘

™
Figqure 7 is.tnc Analyseq print out of the analysis of the

DNA sequence shown in Figure 6. The identification of the

open reading frame of the lysin gene is in the top panel.

Figure 8 shows the double stranded DNA sequence of the

lysin structural gene and its translated protein product.

Figure 9 shows the protective effect of cloned Listeria

lysin on skimmed milk to which Listeria Monocytogenes is
added.

Figure 10 shows the expression of the Listeria lysin gene
in Lactococcus lactis under the control of the lactose

inducible lactococcal lactose operon promoter.

A bacteriophage named ¢LM4 was isolated from a culture of

Listeria monocytogenes serotype 4b that was originally

obtained from a listeriosis cutbreak in Nova Scotia, Canada
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in 1981. The source of the infection was tracked down to
contaminated coleslawv. This culture of [Listeria
monocytogenes was deposited under the Budapest Treaty as
NCTC 12452 in the National Collection of Type cqlturas,

5 Central Public Health Laboraﬁory, Colindale, London, UK on
21 March 1991. The bacteriophage was purified by standard
single plagque isolation procedure using Listeria
monocytogenes F6868 as the host. This culture was
similarly deposited under the Budapest Treaty as NCTC 12453

10 in the National Collection of Type Cultures, Central Public
Health Laboratory, Colindale, London, UK on 21 March 1991.
Examination of this bacteriophage by alectron microscopy
revealed it to have an isomatric head with a diameter of
approximately sbnm;and a tail of approximately 250nm.

15

20ml of an 18 hour culture of Listeria monocytogenes F6868

20 was inoculated into 500ml of Bacto tryptose phosphate broth
and incubatad with shaking at 30°C. Whén 0.D. 600 reached
0.15 the culture was infected with 5 x 10 p.f.u. of
bacteriophage ¢LM4 and incubated untii lysis was apparent
as a loss of turbidity. The lysate was centrifuged at 6000

25 x g for 10 min at 4°C. The bacteriophage lysate was then
concentrated by polyethylene glycol precipitation and
purified on caesium chloride stepped gradients using well

established protocols (Bachrach and Friedmann (1971)



1.0

15

20

25

S R I I e W
?M ARTRERS
LA VI R S A

Yo o

11
Applied Microbiology 228 706-715). Bacteriophage DNA was
extracted by dialysis against 50% formamide in TE buffer
(0.1 Tris - HC1, 0.01M EDTA, pH 8.5). Further purification
was then performed on caesium chloride-ethidium bromide

aquilibrium density gradieﬁts. Examination of the

bacteriophage DNA by agarose gel electrophoresis revealed

the genome to be approximately 39kb in size.

\ *.
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DNA purified from bacteriophage ¢ILM4 was digastaci with

restriction endonuclease HIndlII and ligated <o plasmi‘d
pUC18 vector - DNA that had | also bean cleaved wif.h
restriction endonuclease HindIII. Tfm ligated DNA was
transformed into ZEscherichia coli TB1 and ampicillin
rasistant colonies were selected on LB agar containing
SOoug/ml ampicillin, 40ug/nml igsopropyl=f~D-
thiogalactopyranoside (IPTG) and 40ug/ml S=bhromo=4«-
chloro-3-indolyl-f-D-galactopyranosids {X—?gal) . These
steps were performed using well established protocols
(Sambrook, J. et al (1989), Molecular Cloning. A

laboratory manual. Cold Spring Harbor Laboratory, Cold

Spring Harbor, New York, 2nd Edition).

White colonies were screened for their ability to produce
a bacteriophage lysin active against Listeria
monocytogenes. These colonies were patched onto duplicate

Bacto tryptose agar plates and incubated for 18 hours at



10

15

20

25

12
37°C. One plate was exposed to chloroform vapour for 10
min and then seeded with 0.2ml of an 18 hour broth culiure
of Listeria monocytogenes F6868. After incubation at 30°C
for 18 hours clear zones of lysins were apparent around
patches of clones expressiné the Listeria bacteriophage
¢IM4 lysin. This is illustrated in Figure 1. Positive
clones were recovered from the duplicate plate and the
pUC18 derivative plésmid isolated and characterized Dby
digestion with restriction endonuclease HindIII. One lysin

expressing puUCl8 clone that contained a 3.6kb insert of

oLM4 DNA was chosen for further analysis. This plasmid was

designated pFrIl322.

Characterization of pFI322 was undertaken by constructing
a rastriction map of this insert using single and double
digests with a variety of restriction enzymes. The map is
presented in Figure 2. Deletion of some regions of the
3.6kb insert contained in pFI322 was achieved by digesﬁion
with certain of these  enzymes, religation and
transformation into E£. coli TBl. In other instances
endonuclease Bal 31 was used to intrecduce deletions. In
addition, some regions of the 3.6kb cloned DNA in pFI322
were deleted by digestion with certain restriction
endonucleases and re-cloning into appropriately cleaved
plasmid vectors pUCl1l8 or pUCl1lS and transformation into X.

coli TBl. These manipulations are clearly documented 1in
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Figure 2 which is presented in the form of a deletion map

for pFI322. After confirming that the various constructed

plasmids derived from pFI322 had the expected structures,
these clones were tested for <their ability to produce
Listeria bacteriophage lysin. As well as the plate assay
described above and illustrated in Figure 1, a

spectrophotometric assay was also used. For this the E.
coll straih carrying plasmid clones were grown at 37°C for
18 hours, harvested by centrifugation at 6000 x g for 5 min
at 4°C, washed down once in 100mM Tris buffer pH7.5 and

resuspended in this same buffer at approximately 10mg dry

weight/ml. Cell free extracts were made by 6 cycles of

ultrasonication (15 sec on, 10 sec off) at 0°C using the
™
microprobe of an MSE Soniprep 150. Unbroken cells and cell

debris were removed by centrifugation at 25000 x g for 15

min at 4°C.

Samples of the cell free extracts were added to an
equilibrated (5 mnmin at 37°C) 4ml reaction mixture
containing 400Oumocle Tris HC1 pH7.5 and Listeria
monocytogenes F6868 indicator cells that had been harvested
and resuspended at an O0.D. 600 of 2.3. The fall in optical
density caused by 1lysis of indicator cells was followed
using a spectrophotometer. Typical results from use of
this protocol are presented in Figure 3. The 1lytic

activity of the plasmid derivative described above and in

Figure 2 were assessed using both of these methods and the

results are presented in Figure 2.
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These results demonstrated that the structural gene for
bacteriophage ¢LM4 was contained within the left hand 1.2Kkb
of the DNA cloned in pFI322 and defined by the HindIII site

at co-ordinate 0 and the EcoRl site at co-ordinate 1.25 of

the map illustrated in Figuré 2.

Figure 2 also indicates the orientation of Listeria
bacteriophage ¢LM4 DNA with respect to the E. coli lac «
promoter that is present on vectors pUCl8 and pUC19. It is
apparent that a positive reaction in the lysin assay 1is
only found when one orientation is maintained (eg pFI324 is
negative whereas pFI328 is positive even <though both
constructs contain the same Listeria bacteriophage ¢LM4
fragment). This suggests that expression of the lysin gene
dapends on use of the E. coli lac « promotsr and that no

Listeria bacteriophage ¢LM4 promoter is present and active

in B. colli.

In order to identify a protein produced by the fragment of -

$LM4 DNA that expressed lysin activity another E. coli
vactor was used. A 2kb fragment from plasmid pFI328
between the HindIII site at co-ordinate 0 and a unigue
BamHI site present on the polylinker of pUClS was isolated
and cloned between the HindIII and BamHI sites of the T7
expression vector pSP72 that was purchased from Promega.

The constructed plasmid named pFI331 was transformed into
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the E. coli host strain JM108DE3.

The E. coll T7 promoter in this vector is expressed by the
phage specific T7 RNA polymerase which is induced by
addition of IPTG in the appfcopriate host strain E. coli

JM109 DE3. Cultures of this strain carrying pSP73 as a

Incubation was continued for a further 3 hours before the
cultures were harvested and used to prepare cell extracts
using wall-established, published procedures (Studier,

F.W., Rosenberg, A.H., Dunn, J.J. and Dubendorff, J.W.

(1990) Methods in Enzymology 185: 60-89).

Proteins present in cell extracts were analyseqd using
conventional SDS-polyacrylamide  gel alactrophoresis
(Laemmli (1970) ©Nature 227 580-685) . The results
presented in Figure 4 clearly demonstrate that the 2kb
fragment of pFI331 expresses a single protein with a

molecular size of 31 kilodaltons which represents the lysin

enzyme.
" .
- N o . - P R 5 . . ) N ¢ - : " i - ] L ? 4
) D 3 &R ‘. R S . N . Y = : S - gC "~ - - Ly . . S q ‘a . - ) ’
NS S8GUBNCEa & o A3 & LS LTS QCTESXA0PNRUS QL0144 LVE1iDL Gane
il s . - ) e, ot . -t 3= ——a s S s e ’ e By ., s st B e - . ‘! \ adugn ’

The region of DNA between co-ordinate 0 and 1.2 in Figure

2 was subject to oligonucleotide sequence analysis using

the dideoxy chain~termination method (Sanger, ¥., Coulson,

A.R., Barrell, B.G., Smith, A.J.H. and Roe, B.A. (1980) J.
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Molec. Biol. 143) with a sequenase version 2.0 kit (United
States Biochemical Corporation). The 0.9kb HindIII - EcoRI
and the 0.3kb EcoRI - EcoRI fragments of pFI328 were
subcloned in the M13 sequencing vectors M13mp1l8 and M13mpl9

to create templates and sei;uanced using universal and

synthetic oligonucleotide Primers. To sequence across the
internal EcoRI site at co-ordinate 0.9 double stranded
sequencing of PFI329 plasmid DNA was used. The sequencing
strategy is presented 1in Figure 5 and the complete DNA
sequence is in Figure 6. The sequence was analysed using
the computer programne ANALYSEéM( Staden (1980) Nucleic Acid
Research 8: 3673-3694) which revealed an open reading frame
that represents the Listeria bacteriophage lysin gene. The

™
printout from the Analyseq analysis is presented in Figure

presented in Figure 8. The molecular size of the

translated protein was calculated to be 32.9 kilodaltons
which agrees well with the calculated 31 kilodalton size of

the protein expressed by the T7 vector pSP73 (Clone pFI331
in Figure 4).

iysin

Figure 3 jillustrates the lytic activity of crude cell free

extracts of E. c¢oli 7TB1 carrying the plasmids pFI322,

pFI32s, pFI329 and pUC19 assayed using the
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spectrophotometric method described above. This activity
was related to units of commercially available mutanolysin
(Sigma) as has been described previously (Shearman, C.,
Underwood, H, Jury, X. and Gasson M. (1989) ‘Mol. Gen.
Genetics 218: 214~221). The crude cell extracts of lysin

expressing clones typically contained 5000 mutanolysin

equivalent units per mg. protein.

In order to test the spectrum of activity of this 1lysin,
the spectrophotometric assay was performed on 16 serotypes
of Listeria monocytogenes, all other species of Listeria,
the related species Kurthia zoprii and a variety of other
'gram positive and gram negative bacteria. The results
compiled in Table 1 show that the IListeria bacteriophage
¢LM4 lysin was active against all tested strains of
Listeria monocytogenes, Listeria innocua, Listeria
ivanovii, Listeria murrayi, Listeria seelegri; Listaria
welshimeri, Listeria grayi and Rurthia zopfii. No activity

was ftound against any of the other species tested.
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Organism

Listeria
monocytogenes

Organism

Listeria
innocua

Listeria
ilvanovii

Strain

F6868
NCTC 7973
NCTC 5412
F4642
NCTC10357
BL87/41
NCTC 5348
SLCC2373
SLCC2540
SLCC2479
SLCC2374
SLCC2376
SLCC2377
SLCC2378
SLCC2482
L3056
L4203

Strain

- L4490

L1378
L4281
L3304
1.,3253
L2248
NCTCl1288

NCTCL1289
NCTC11007

Serotype Relative®
Activity

4b
1a
4b

4b
la
4

2

3&
3b
3C

42
4C

4d
4da

v
l/2a
l/2a

sSaerotype

1/2b
1/2b
1/2¢C
1/2¢
4o

6a

éa

1.00
0.19
Q.90
0.92
0.92
0.66
0,10
1.20
0.19
0.15
0.54
0.19
0.08
Q.56
Q.45
0.49
0.36

Relative?
Activity

0.29
0.09%
0.11
Q.12
0.66
0.08
0.90

0,69
0.95

L)
&
Ay
S
>0
in [t

Time (min)®

20
33
13
14
20
25
78
17
50
50.
30
90
90
28
36
30
4l

Time (min)®

55
150
120
90
25
72
12

22
18
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SLCC5579 0.51 30
Listeria NCTC11856 1.10 15
seaeligeri
Listeria NCTC11887 0.29 36
walshimeri
Listeria NCTC10812 - 0.86 15
murrayi
Listeria NCTC10815 0.93 12
grayl .
Rurthia NCTC10597 0.54 28
goptlii

Table 1 shows the relative sensitivity of a selection of
strains of Listeria and Ku}thia zopfii to the bacteriophage
¢LM4 lysin. a) Relative activity is the fall in optical
density (0.Dgq) from 2.3 achieved in 30 minutes divided by
the equivalent fall obtained using Listeria monocytogenes
Fe8¢68. ) The time (min) taken for a fall in optical
density of O.D.gy frdm 2.3 to 1.3 (0.D.g fall of 1) is
recorded. Other strains tested which show no sensitivity
toc lysin were Aeromonas hydrophila NCTC 8049, Bacillus
cereus NCTC 11143, Brocothrix thermosphacta NCTC 10822,
Carnobacterium pisciola BLS0/14, ZEnterococcus faecalis
BL30/11, Escherichia coli BL90/12, Xlebsiella pneumoniae
NCFB 711, Pseudomonas fluorescens BL 78/45, Staphylococcus

aureus NCTC 10652, Streptococcus pneumoniae NCTC 7465,

Streptococcus pyogenes NCTC 2381.

In additicn it was observed that the lysin was active at

temperatures as low as 2°C. At 2°C addition of 1lysin to

suspensions of Listeria monocytogenes caused a decrease of
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between 0.7 and 2,0 0.D.g units within 24 hours.

There are two distinct application concepts. One exploits
a2 preparation of lysin enzyme manufactured by fermentation
of a genetically engineered micro-organism that  expresses

the lysin gene product (Free lysin). The host organism may

"be FE. coli, or any other bacterial spaecies such as

Lactococcus lactis, a vyeast such as Saccharomyces
cerevigsiae or Kluveromyces lactis or a filamentous fungus
such as Aspergillus niger. The lysin gene may be expressed
intracellularly in which case a preparation may consist of
a cell free lysate of the producing organism with some
purification of the lysin, for example by ammonium sulphate
precipitation and/or column chromatography. Alternatively
the fermentation micro-organism may secrete lysin into the
culture medium in which case the supernatant of <the
centrifuged fermentation broth provides the basis of a

preparation, which again may require some purification.

The effectiveness of a crude extract of cloned Listeria
lysin was demonstrated by its addition to skimmed milk
containing Listeria monocytogenes. As illustrated in Fig.

9 the 1lysin preparation reduces the viable count of

Listeria monocytogenes and after 22 days incubation at 8°C
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there is a wviable count difference of 108 Listeria cfu

between milk containing lysin and the control sample.

An alternative application concept is to use a genetically
engineered micro-organism that is compatible with a food or
agricultural environment such as a species of lactic acid
hacteria. Such an organism then grows in a food or
agricultural environment and expresses an introduced gene
for Listeria bacteriophage 1lysin. The gene may be
expressed intracellularly and released into food or an
agricultural environment by autolysis or induced lysis of
that nicro-organism. Alternatively the 1lysin may be
Secreted by a nicro-crganism so that active 1lysin is
released into a food or agricultural environment by that
viable micro-organism. In these cases the lysin gene is
placed downstream of an appropriate promoter such as the
lactose operon promoter or the proteinase promoter of
Lactococcus lactis NCFB 712. Secretion may be achieved by
fusion of the lysin structural gene to a known N terminal
secretory leader such as those of the protasinase gene, the
usp4> gene or the nisin precursor gene of Lactococcus
lactis. Suitable organisms for this application concept
include strains of Lactococcus lactis in cheese and dairy

products and Lactobacillus plantarum or Pediococcus species

in agricultural silage.
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The Listeria lysin gene from plasmid pFl328 was isolated
together with its own ribosome binding site using the
polymerase chain reaction. This fragment was cloned into
the Pstl site of E. coll vector pUCiS in both orientations
(plasmids pF1531 and pF1532). Expression of this gene in
E. coli strains was observed from one orientation only,
under the control of the lac a promoter of the vector
(plasmid pF1531). Enzyme activity of cell extracts of this
strain was comparable to that of E. coll strains carrving
plasmid pFl1322. Using plasmid pF1532 that did not express
the 1lysin gene and cloﬁing the lactococcal lach
promoter/lacR gene on a BamHI fragment (Van Roolijen et al,
(1992) J. Bacteriol. 174: 2273-2280) upstream of the lysin
gene (plasmid pFl533) expression in E. coll of ¢LM-4 lysin
from the lactococcal lacA promoter was ocbtained. The lytic
activity of extracts from these E. colli strains was lower
when the lysin genae was expressed from the lacA promoter.

The SstI/Sphl fragment of 'pF1533 containing the ¢LM=4 lysin

- gene with the lacA promoter/lacR gene was cloned into the

SstLl/SphI sites of the lactococcal vector pTG262 (Shearman
et al (19289) Molecular and General Genetics 218: 214-221)
and the resulting plasmid pFIS34 was used to transform L.
lactis MG5267. As shown in Figure 10 cell extracts of this
strain expressed ¢LM-4 1lysin activity when growﬁ on

lactose; on glucose enzyme activity of cell extracts was

reduced.

The ¢LM~-4 lysin gene together with the lacA promoter/lacR
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~gene was cloned into pF145, a plasmid expressing the

Lactococcus phage ¢VvML3 lysin gene which causes 1lysis
during stationary phase of L. lactis cultures carrying the
plasmid (Shearman et al (1992) Biotechnology 10: 196-199),
The resulting plasmid pF1535 in L. lactis MG5267 when grown
on lactose produced a culture that grew to stationary
phase, then lysed as a consequence of the ¢VvML3 lysin,

releasing ¢LM-4 lysin into the culture supernatant.
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The specificity of a bacteriophage 1lysin .provides an
opportunity to specifically detect those micro-organisms
which are susceptible to it. For exanmple to detect
Listeria sp. the lysin described here may conveniently be
used at a post enrichment stage where a broth culture of
those micro-organisms present in a test sample is first
produced. The 1identity of species of bacteria in the
sample at this stage is unknown. The bacterial culture may
be centrifuged and resuspended in an assay buffer (eg the
one used here in studies of lysin specificity). A control
preparation and separately a preparation containing active
Listeria lysin are then added. Sufficient units of lysin
activity are used to provide very effective lysis of any
lysin susceptible cells (ie Listeria). After incubation
for a short pericd (eg 30 min) any Listeria present will
lyse, but other species will not. The presence of Listeria

will then be detected by the 1lysis of bacteria in the
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sample treated with the lysin whereas no lysis occurs in

the control.

The detection of 1lysis may be achisved by assaying an

intracellular enzyme or metabolite. Especially useful
enayme assays are for phosphatase or for eéterase.
Alkaline phosphate can be assayed spectrophotometrically by
following appearance of p-nitrophenol, which is vellow,
from the colourless substrate p-nitrophenyl-phosphate at
405nm. Esterase activity can be assayed using fluorescein
dlacetate which is cleaved to acetate and fluorescent
fluorescein and measuring the latter in a fluorometer. One
especially suitable metabolite assay involves ATP
detection. For this the well egstablisned luciferase assay
in which ATP molecules generate light is exploited. Light
emission may be measured in a luminometer. (An axXxample of
an end point detection reagent using luciferase~luciferin

is marketed by Sigma Chemical Company as product L-1761).
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LYSIN

Bacteriophage ¢Pl was isolated from a landfill core sample
using Clostridium tyrobutyricum NCFB 1755 as host.
Bacteriophage ¢Pl was tested against six more strains of C.
tyrobutyricum. Strains NCFB 1753 and NCFB 1756 supported
the growth of bacteriophage and they were thus host strains

as was the strain NCFB 17585. Against C. tyrobutyricum
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strains NCFB 1715, NCFB 1754, NCFB 1757 and NCFB 1790 an
undiluted ¢P1 stock suspension gava a clsar 2zone but
diluting out did not result in individual bacteriophage
plaques. This indicates that these strains were lysin
sensitiva but not bacterio:ahége sensitive. Bacteriophage
®P1l thus produces a lysin with a broad speclificity for
straings of C. tyrobutyricunm. Similar tests of
bacteriophage ¢P1 with a wide variety of other bacteria

showed no effect of the lysin or bacteriophage particles

against C. sporogenes strains ATCC 17886, NCFB 1789, NCFB

1791; €.  butyricum strains NCFB 1713, NCFB 857;
Lactobacillus buitineri strains NCFB 110, F3327 ;) L. brevis
strains NCFB 1749, F3328; L. heiveticus strains NCFB 1243,
CNRZ 832; L. bulgaricus CNR2448; L. plantarum strains NCFB

1752, NCFB 82, NCFB 963; Escherichia coli BL ©90/12;
Bacillus cereus NCTC 1143.

Bacteriophage ¢Pl was deposited at the Natienal Collections
of Industrial and Marine Bacteria, 23 St Machar Drive ’
Aberdeen, AB2 1RY, Scotland on 5 April 1991 and a new

deposit was made on 4 July 1991 under the Budapest Treaty

and has been accorded Accession No NCIMB 40400.

{
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WE CLAIM:

1. A formulation comprising a 1lysin of bacteriophage @LM4,
or a variant thereof having an amino acid sequence wich 1s
substantially 1dentical to such a 1lysin and a suitable

carrier, said formulation being substantially free of the

bacteriophage itself.

2 . A formulation according to Claim 1 wherein the lysin

comprises an amino acid sequence substantially i1dentical to

that set forth in Figure 8.

3. A formulation according to Claim 2 wherein the lysin

comprises an amino acld sequence 1dentical to that set forth

in Figure 8.

4 . A formulation according to any one of Claims 1 to 3

wherein the carrier 1s a non-toxic agueous medium.

5. A method of destroying micro-organisms characterized 1n

that said micro-organisms are 1lysed with a formulation

according to any one of Claims 1 to 4.

6 . A method according to Claim 5 wherein pathogenic strains

of Listeria are destroyed i1in or on food products.

7 . A nucleotide coding sequence for a lysin wherein the

coding sequence encodes a polypeptide having an amino acid

substantially identical to that set forth in Figure 8.
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8. A coding sequence according to Claim 7 comprising the DNA
coding sequence given 1in Figure 6 or 8 or a variant thereof

encoding the same polypeptide.

9. An expression vehicle comprising a coding seqguence
according to Claim 7 or 8 and regulatory regions associated
therewith for expression of the coding sequence 1in a suitable

host.

H

10. A microbial host transformed with means to express a
lysin, said means comprising the coding sequence of Claim 7 or

8.

11. A host according to Claim 10 which 1s a food-grade micro-

organism.

12. A lysin derived from the cultivation of a host according

to Claim 10.

13. A method of testing for Listeria 1n a sample, comprising
adding bacteriophage 1lysin substantially free of 1intact
bacteriophage to the sample and determining whether bacterial
cells have been lysed thereby, wherein the lysin 1s a lysin of
bacteriophage @ILM4 or a variant thereof having an amino acid

sequence which is substantially identical to such a lysin.

14. A method according to Claim 13 wherein the 1lysin

comprises an amino acid substantially 1identical to that set

forth i1n Figure 8.
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AAGCTTTACT
GGCCTTGACG
TGCTCAAGAA
AATCGAGCTA
GCATGGCTAA
TAAAGCTACA
AAGGGATTTA
AATGCGCTAT
TGCTAAAGGT
GCTTGTATAC
CGGTGGAAAA
CGGAGATTGG
CTGTAAGTGG
AGACATGATG
CTTTAAATCA
TATATGAACA
TACTACATGT
AGGACGCATC
TTTGGAATAA
AATACAAAAT
GTATGAAAAG
AAGTCCCGGT
TGTAATAAAA
AGAACGTTTT

TTGCGCATTA

GGATAACGAC

AACAGCTAGG

AGCGAGGCGG

AAAAATATGG

TTGAAAAAGC

TCTGATAAGA

TCTTTGTGTT

ATGCACAAGG

GGGCAATCTA

GAGCGACGGA

AGGTTGTTGC

AAAAGTTTTA

TGAGAAAATC

GGAAAATCGT

AATCCAGCGC

TAATCAATAT

ATAAGAGCTT

AAAGTTCGAA

CACAAAATTG

TAGCATGGTA

GATGGCTGGT

TTGAGCTGGG

ATGTAATAAT

ATTGATAAAT

TAGGGT TGAA

6/11

AAACTAGAAC
AGCATTGCAA
GGCGGAACTG
AAAGGATGAT
AAATCGCAAA
CTCGGAATGT
GCGCAAGGTT
GAGAACCAAA
ATCATAATTT
AAAGATGTTA
TGCTATGAAA
AAGACTATCC
CCTACTGCGA
TGACAGCGCG
GCATGTATAA
TGGTACAAGA
TTGCGATGTT
TTAAAAGCGC
AATTCTGGGA
CAACAACGGA
ACTACACAGC
CTTTTTATTY
CCAAGTAAGT

ACACCTTATG

TGACAGATGA
GAAAGCGATG
GTTTATTTGA
TAATAATGGC
TTGAATACGT
AATTAAAAAA
ACCGCTCAAC
CCTGGAGCGA
CGGTGTAGCA
TTTGGGAGTC
GCGGAAGGAT
GCATTTTGAA
CACAAAACAC
CCACTATIGC
ATCAGGAACT
CGTACATCAA
GTAGCTAAAA
GAAAGACTTA
AAATTAAATG
AAAGGATACT
GAACTACTTC
TGAAAGTGAC
TGTATAAAAT

AAGAGTATITT

2066387

AGGACTGAAA
CTTATTTGTT
ACAATTTACT
ATTAACAGAG
CAGGTATGAA
ATGGCAAAAG
AGCGGAACAA
TTGTTACTAA
GTTGATTTGT
GACAACTTCC
TCGAATGGGG
CTATGTGACG
CAATCCAAAC
CAAAAATGGA
GAGTTCITTAG
CGACAAATTA
AAGATGCAAA
CGAATTCCAG
GTATGCACCC
TGGAACTCTQG
TTAAAATAAA
TAACAAAAAA
TTGCAGAATT

TTGGCTATAT

TGTAACACTA TATGTAGAAT TC
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MetAlalLeuThrGluAlaTrpLeulleGluLysAlaAsnArglysLeuAsnThrSerGly

ATGGCATTAACAGAGGCATGGCTAATTGAAAAAGCAAATCGCAAATTGAATACGTCAGGT
bt R e o ———— fom pom— t—— e p————

TACCGTAATTGTCTCCGTACCGATTAACTTTTTCGTTTAGCGTTTAACTTATGCAGTCCA

MetAsnLysAlaThrSerAspLysThrArgAsnvalllelLysLysMetAlalysGluGly
ATGAATAAAGCTACATCTGATAAGACTCGGAATGTAATTAAAAAAATGGCAAAAGAAGGG
———t e — o ————— e — pomm e ———— Fm———

TACTTATTTCGATGTAGACTATTCTGAGCCTTACATTAATTTTTTTACCGTTTTCTTCCC

IleTyrLeuCysvValAlaGInGlyTyrArgSerThrAlaGiuGinAsnAlaleuTyrAla

ATTTATCTTTGTGTTGCGCAAGGTTACCGCTCAACAGCGGAACAAAATGCGCTATATGCA
e tmmm—————— pm— pmm—————— pmm e ———— $————

TAAATAGAAACACAACGCGTTCCAATGGCGAGTTGTCGCCTTGTTTTACGCGATATACGT

GInGlyArgThriLysProGlyAlallevalThrAsnAlalLysGlyGlyGIinSerAsnHis

CAAGGGAGAACCAAACCTGGAGCGATTGTTACTAATGCTAAAGGTGGGCAATCTAATCAT
e ———— o ———— fpmm T pom e T

GTTCCCTCTTGGTTTGGACCTCGCTAACAATGATTACGATTTCCACCCGTTAGATTAGTA

AsnPheGlyValAlavalAspleuCysLeuTyrThrSerAspGlyLysAspValllelrp

AATTTCGGTGTAGCAGTTGATTTGTGCTTGTATACGAGCGACGGAAAAGATGTTATTITGG
ettt T t——————— tmm fm—————— e ———— pm———-

TTAAAGCCACATCGTCAACTAAACACGAACATATGCTCGCTGCCTTTTCTACAATAAACC

GluSerThrThrSerArgTrpLysLysvValvValAlaAlaMetLysA1aGluGlyPheGlu

GAGTCGACAACTTCCCGGTGGAAAAAGGTTGTTGCTGCTATGAAAGCGGAAGGATTCGAA
————— t————————— Fm—————— fmm——————— b e e e

CTCAGCTGTTGAAGGGCCACCTTTTTCCAACAACGACGATACTTTCGCCTTCCTAAGCTT

TrpGlyGlyAspTrpLysSerPheLysAspTyrProHisPheGluLeuCysAspAlaval

TGGGGCGGAGAT TGGAAAAGTTTTAAAGACTATCCGCATTTTGAACTATGTGACGCTGTA
———— fomm————— o ——— pmm e ——— o —————— $m———

ACCCCGCCTCTAACCTTTTCAAAATTTCTGATAGGCGTAAAACTTGATACACTGCGACAT

SerGlyGluLysIleProThrAlaThrGlinAsnThrAsnProAsnArgHisAspGlyLys
AGTGGTGAGAAAATCCCTACTGCGACACAAAACACCAATCCAAACAGACATGATGGGAAA
— e e fm——————— o fom e fom e ——— e

TCACCACTCTTTTAGGGATGACGCTGTGTTTTGTGGTTAGGTTTGTCTGTACTACCCTTT

I1evalAspSerAlaProlLeuleuProlLysMetAspPhelysSerAsnProAlaArgMet

ATCGTTGACAGCGCGCCACTATTGCCAAAAATGGACTTTAAATCAAATCCAGCGCGCATG
————f e ————— R et o ———— fmm——————— pmmmm———— o

TAGCAACTGTCGCGCGGTGATAACGGTTTTTACCTGAAATTTAGTTTAGGTCGCGCGTAC

TyrLysSerGlyThrGluPheLeuvValTyrGluHisAsnGinTyrTrplTyrLysThriyr

TATAAATCAGGAACTGAGTTCTTAGTATATGAACATAATCAATATTGGTACAAGACGTAC
e o ——— fmmmm———— fmm—————— +—— ——f—————

ATATTTAGTCCTTGACTCAAGAATCATATACTTGTATTAGTTATAACCATGTTCTGCATG

I :
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I leAsnAspLysLeuTyrTyrMetTyrLysSerPheCysAspValValAlalysLysAsp

ATCAACGACAAATTATACTACATGTATAAGAGCTTTTGCGATGTTGTAGCTAAAAAAGAT
786 —— pommm e PO PR TR — fmmm e 845

TAGTTGCTGTTTAATATGATGTACATATTCTCGAAAACGCTACAACATCGATTTTTTCTA

AlalLysGlyArglleLysValArgllelysSerAlalLysAspleuArglleProvalTrp

GCAAAAGGACGCATCAAAGT TCGAATTAAAAGCGCGAAAGACTTACGAATTCCAGTTTGG
846 -———-t~reemm——o tmmm————— t————————— e tom————— ——— 805

CGTTTTCCTGCGTAGTTTCAAGCTTAATTTTCGCGCTTTCTGAATGCTTAAGGTCAAACC

AsnAsnThriysteuAsnSerGiylLysIleLysTrpTyrAlaProAsnThriLystLeuAla

AATAACACAAAATTGAATTCTGGGAAAATTAAATGGTATGCACCCAATACAAAATTAGCA
906 --—-—-t-————————- e e t——————— e —————— t-——=- 965

TTATTGTGTTTTAACTTAAGACCCTTTTAATTTACCATACGTGGGTTATGTTTTAATCGT

TrpTyrAsnAsnGlyLysGlyTyrLeuGluLeuTrpTyrGlulysAspGlyTrpTyrTyr

TGGTACAACAACGGAAAAGGATACTTGGAACTCTGGTATGAAAAGGATGGCTGGTACTAC
966 ————t——————mmm T e o m e e T 1025

ACCATGTTGTTGCCTTTTCCTATGAACCTTGAGACCATACTTTTCCTACCGACCATGATG

ThrAiaAsnTyrPhelLeulys

ACAGCGAACTACTTCTTAAAA
1171 S v —— fommmm 1046

TGTCGCTTGATGAAGAATTTT

Inventor:
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