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DEED OF ASSIGNMENT
THIS DEED OF ASSIGNMENT is made the 6 day of December 2012 BETWEEN
Cargill France SAS, a French société par actions simplifiée with a share capital of € 103,422,065, having
its registered office at 18/20 rue des Gaudines 78100 Saint Germain en Lave, France, registered with the
Trade and Companies Register under number 572 099 6395 RCS Versailles, represented by Mr. Stefan

HORN (the Assignor); and

DSM 1P ASSETS B.Y. whose registered office is at Het Overloon 1, 6411 TE, Heerlen, the Netheriands
{the Assignee).

WHEREAS the Assignor is the proprietor of the trade mark registrations detailed in the Schedule to this
Deed (the Trade Marks).

WHEREAS pursuant to the Master Sale of Business Agreement relating to the sale of the Cargili cuitures,
culture media and enzymes business between CARGILL, INCORPORATED, CARGILL FRANCE SAS and DSM
FOOD SPECIALTIES CULTURES USA, INC., DSM F_OOD SPECIALTIES CULTURES SAS, DSM 1P ASSETS BV,
DSM FOOD SPECIALTIES B.V. dated October 25", 2012 (the MSPA) the Assignor has agreed to assign,
and the Assignee has agreed to accept the assignment of, the Trade Marks on the terms of this Deed.
NOW THERFEFORE, the parties hereby agree as follows:

1. ASSIGNMENT OF TRADE MARKS

The Assignor hereby assigns to the Assignee and the Assignee hereby accepts the assignment of all
rights, title and interest in and to the Trade Marks and the goodwill attached thereto.

2. COUNTERPARTS
This Deed may be executed in any number of counterparts, which shall together constitute one Deed.
3. LAW & JURISDICTION

Yhis Deed shall be governed by and construed in accordance with English law and any disputes arising
cut of this Deed shall be settled by arbitration in accordance with section 42 of the MSBA,

IN WITNESS WHEREQF the parties have executed this assignment the day and year first above written.

EXECUTED as a DEED by Assignor EXECUTED as a DEED by Assignee \\

Acting by: Stefan HORN ‘
Position: Senior | awyer Position: [
Signature: $ g T 1 Signature: =¥

i

& ‘ i\ \
. i LE : \
Name of withess: i s Name of withess: § & A
. A &7 3 . T ~N Y
Address of witness: il ¥ ¥ \§)~>\\ M\w\\\\, o v WdES | Address of witness: # S e ppiasg R
, ) vy S - . PRI T & S W
Occupation of witness: ;:l%%" e fo NS Occupation of witness: i 1} \‘\\«\\\s\\ \\\\ L
S .
| Signature of witness: S Signature of wifness: B
; i Page 1 of 3
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88240

Degussa Ferments D'Ararnatisa

S.AS, J
128417 ireland Cargill France S.A5 Registered |
128418(treland Cargill France 5.4.5 Regictered
128419|trefand Cargill France S.A8 Registered
527829 | international Bureau {Wieo} Cargill France S.AS. ¢ stered
5278291 Bigeria Cargill France 5.A.8. Registered
thactimedia 527829 527828 ) Ausiria Cargil! Fronce S.AS. Registered
ibactimedia 527829 527828 ) Benejux Cargif! France S.A.5. Registered
Eba-‘;r!media 527828 527828 | Hungory Cargif! France S.A.5. Registered
| bactimedia 527828 527829 italy Cargill France S.A.S. 7 Registered
bactimedia 527828 527828 | Liechtenstein Cargill France S.A.5. cgistered ]
bactimedia 527829 527828 | Monaco Cargil! France S.A.S. Registered
bactimedia 527829 27829 Morocco B Cargill France 5.8.S.
bactimedia 527829 527828 Portugal Cargill France S.A.5.
bactimedia 527829 527829 Russian Federotion Cargifl France S.A.S. Registered
bactimedia 527828 527829 |\ Switzerland Cargiil France S.A.S. Registered T
bactimedia 527829 BZ7823Germany Cargiil France S.A.5. Registered
bactimedio 527829 527823 Spoin Cargill France S.A.5. Registered
i S
bactimedia B8G7745 1449083 France Cargill France S.A.S. Registered
{bactimedia 1350126113501268 United Kingdom Cargill France S.A.S. Registered
'actimedia 1350127}13501278 United Kingdora Cargili France S.A.S. Registered
pactimedia 13501281 1350128A United Kingdom | Cargitl France S.AS. Registered
sactimedia 1520683 Canada Cargili France S.AS. Pending
'y - . 1 .- . N S N .
bactistart 5471992 1251741 Finland Degussa Ferments D'Aromatisation France  |Registered
S.AS,
bactistait 320991 257357{Sweden Degussa ferments O'Aromatisation Frence  |Registered
S.AS.
lbactistart 920137 9201371 funisia Cargili France S.A Registered
{bactistart 7771882 30041993 Denmark Degussa Ferments D'Aromatisation France  [Registered
3 SAS.
bactisystem 586158 596158 | internationaf Bureau {WIPG} Cargifl France S AS. Registered
boctisystem 596158 536158 Algeria Cargifi France 5.A.S. Registered
L
| bactisystem 555158 596158 Austria Cargil France S.A.S. Registered
hactisystem 556158 596158 !Benelux Cargill France 5.A.5. Registered
ihactisustem 556158 596158 italy Cargill France 5.A.S. Registered
| -
\bactisysterm 596158 588158 Moroceo Cargilt France 5.A.S. Registered
44-0000014 AMCG:5348542.1 1 04/12(2012
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bactisysterm 546158 536158§ Portugal Cargifi France 5.A.S Registered

bactisystern 586158 5586158 switzerland Cargilf France S.A.S. Registered

bactisystem 586158 596158 | Germony Cargill France S.A.S. Registered

bactisystem 526158 5861581 Spain Cargill France S.A.5. Registered

bactisystem 230040 930040 Tunisia Cargill France S.A.S. Registered

bactisystemn 20293 20581923 | Denmark Cargill France S.AS. Registered

bactitest 54982 125175 Finland Degussa Ferments D'Aromatisation France  [Registered
SAS. |

bactitest 320483 167973 Norway Degussa Ferments O'Aromatisation France  |Registered
S.AS.

{bactitest 2458001 Sweden Degussa Ferments D'Aramatisation France ‘Registered
SAS

bactitest 82031356 8201361 Tunisia Cargill France S.AS. Registered

lecostart 3036542 3035542 France Cargili France S.AS. Registered

0086744-0000014 AMC0:5348842.1

04/12/2012
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DEED OF ASSIGNMENT
THIS DEED OF ASSIGNMENT is made the 6th day of December 2012 BETWEEN
CARGILL, INCORPORATED, a private lumnited liability company incorporated under the laws of
Delaware, United States, with its offices at 15407 McGinty Road West, Wayzata, Minnesota 55391,

United States (the Assignor}; and

DSAA IP ASSETS B.V. whose registered office is at Het Overioon 1, 6411 TE, Heerlen, the Natherlands
{the Assignee).

WHEREAS the Assignor is proprietor of or applicant for the patents and patent applications detailed in the
Schedule to this Deed (the Patents).

WHERFAS pursuant to the Master Sale of Business Agreement refating to the sale of the Cargill cultures,
culture media and enzymes business between CARGILL, INCORPORATED, CARGHLL FRANCE SAS and DSM
FOOD SPECIALTIES CULTURES USA, INC,, DSM FOOD SPECIALTIES CULTURES SAS, DSM 1P ASSETS BV,
DSM FOOD SPECIALTIES BV, dated 25 Cctober 2012 {the MSPA} the Assignor has agreed 1o assign, and
the Assignee has agreed to accept the assignment of, the Patents on the terms of this Deed.

NOW THEREFORE, the parties hareby agree as foilows:

1. ASSIGNMENT OF PATENTS

Against consideration of £€1 {one Eurc) which has been paid by Assignee and received by Assignor, the
Assignor hereby assigns to the Assignee and the Assignee hereby accepts the assignment of the legal
title in and to the Patentis.

2. COUNTERPARTS

This Deed may be executed in any number of counterparts, which shall together constitute one Deed.

3 LAW & JURISDICTION

This Deed shall be governed by and construed in accordance with English law and any disputes arising
out of this Deed shall be settled by arbifration in accordance with section 42 of the MSBA.

IN WITNESS WHEREQF the parties have executed this assignment the day and year first above written.

EXECUTED as a DEED by Assignor EXECUTED as a DEED by Assignee

)
£ s & &
-4 W H [T ¢ Jt‘. *‘?ﬁ&i@?‘i\\\s
Acting by: Acting by: yoe ¥
s . P s z < !
Paosition: Position: o o o ~‘-“ff\\
R R . e 3
Signature: Signature: < A\
LS | AU A
Name of witness: 7 Name of witness: * %
e P . SR . BALD
Address of witness: ¢ Address of witness: QAR ' X .,\s\k'\\\\wy

Occupation of witness: sSpeey’ Nos
~ 3 oae

- . W R A v X
Occupation of witness: N
Signature of witness: S

Signature of witness:

|
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SCHEDULE

PATENTS
Title BMatier type Country  Siatus FPatent/
Apypl
icati
on
LT3
ber
STRAINS OF SPONTANEQOUS Utility France Issued 2,731,012
MUTANTS OF
BREVIBACTERIUM LINENS 9502139
NUCLEIC ACID SEQUENCE AND Utility .5.A. Issued 5,712,150
PLASMIDS COMPRISING AT
LEAST ONE PHAGE £1/689.916
RESISTANCE MECHANISM,
BACTERIA CONTAINING
THEM AND THEIR USE
- NUCLEIC ACID SEQUENCE AND Utility US.A. Issued 5,658,770
5 PLASMIDS COMPRISING AT
LEAST ONE PHAGE 356/286,325
RESISTANCE MECHANISM,
BACTERIA IN WHICH THEY
ARE PRESENT, AND THEIR
USE
PATENT
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United States Patent 9

Prevois et al

A5

]

US005658770A
(111 Patent Number: 5,658,776
Aug. 19, 1997

(451 Date of Patent:

154] NUCLEIC ACID SEQUENCE ARD PLASMIDS
COMPRISING AT LEAST ONE PHAGE
RESISTANCE MECHANISM, BACTERIA IN
WHICH THEY ARE PRESENT, AND THEIR
USE

[75] Inventors: Fablen Prevots; Elisabeth Bemy, both
of Toulouse; Panl Ritzenthaler,
Castanet, all of France

{73] vAssignecs: Samef, Paris; Kif Aquitaine,
Courbevoie, both of France

{211 Appl No.: 286,325

[22] Filed:  Awng 4, 1994
1301 Foreign Application Priority Data

Aung. 9, 1993 PRI France .uuuuesouinnine 93 09777
1517 Emt. CLS s CO7H 21784, C12P 21/00;

CI2M 15/00
[52] U8, CL e 438/872.2; 435/69.1; 435/172.3;
435/320.1; 536/23.7
[58] Ficld of Search c.cvveereeenriinones 435/172.3, 69.1,
435/172.1; 536/23.7

{56} References Cited
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WOASZ05260  4/1992 WIPO .
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{573 ABSTRACT

The iavention relates {0 a DNA sequence of about 1.9 kb
comprising at least one phage resistance mechanist, said
sequence being obfained from the HindIi—Hind(ll DNA
sequence of 3.3 kb contained in the strain Lactococcus lactis

ssp lncris, deposited in the CNCM under no. 1-045, by the
PCR method.

5 Clatms, 2 Drawing Sheets
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5,658,770

1
NUCLEIC ACID SEQUENCE AND PLASMIDS
COMPRISING AT LEASYT ONE PHAGE
RESISTANCE MECHANISM, BACTERIA IN
WHICH THEY ARE PRESENT, AND THEIR
USE

The present invention relates to a novel nucleic acid
sequence and plasmids capable of hybsridizing therewith
which carry at least one phage resistance mechanism, to the
lactic acid bacteria in which this sequence or these plasmids
arc present, in particalar the lactococel belonging to the
species Lactococeus lactis, to the use of cerinin sirains of
these lactococci for the transfer, especially by conjugation,
of a phage resistance mechanism fo strains of industrial
interest, in particuiar i the dairy industry, and 1o the use of
certain strains of Lactococcus lactis for the preparation of
these plasmids.

{.actic acid bacteria are iavolved in the production and
storage of a large number of food products such as cheese,
butter. yogurt, sausage or pickled cabbage. Dairy products
are of particular importance among these foods, The indus-
trial processing of milk is carried out in ever lasger fermen-
tation vats., in which the appearance of phages of lactic acid
bacteria can have serious or even catastrophic conseguences,
pamely a variation in the characteristics, sspecially organo-
Jeptic characteristics, of the final product, the loss of the
product present in the vat. and the need to decontaminate the
latter as well as the swrounding installations. The dairy
industry therefore has a pressing need for new means and
new methods by which lactic acid bacteria can be rendered
more resistant to phages.

The phages of lactic acid bacteria belong to three major
homology groups, (D, (D) and (), defined by DNA/DNA
hybridization studies according to RBLANO P et al,
(19873, J. Gen, Microbiol. 133, 3053-3063. Groups (I) and
(1) comprise only virvlent phages. Group (X} comprises
virulent phages and temperate phages. The homologies are
strong within one and the same group and very weak
between groups. Group (I) phages have an oblong
nucieocapsid, whereas group (D ard (I phages bave ap
isometric nucleocapsid.

everal phage resistance mechanisms are known to exist,
the threc main ones being:
the inhibition of phage adsorption; in this mechanisim, the
adsorption of the phage by the bacterium is inhibited or
delayed.
the restriction/modification system; this system involves a
restriciion enzyme which degrades the phage DNA as
soon as it enters the bacierivim.

abortive infeciion; according to this third mechanism, the

phages are adsorbed normally but do not multiply,

These mechanistns are described in detail by SANDERS
M. in Biochimie 70, (1988), 411421,

Numerous studies have already beep carried out with the
aim of developing phage-resistant lactic acid bacteria,

In this connection, reference may be made in particular to ™

the following articles:

VLEGELS et al., Neth. Milk and Dairy J. 43, (1989},
245-239;

SANDERS and KLAENHAMMER, Applied and Bovi-
roi. Microbiol. (1983), vol. 46, 1125=1133, rclating to
plasmids which inhibit phage adsorption:

Audrey W, JARVIS, Applied and Environ. Microbisl,
March 1988, p.777-783;

EP-A3-0 208 468;

COFFEY et al.. Neth. Milk and Dairy 3. 43, (1989),
229-244;

V.
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2
KLAENHAMMER and SANOZKY, Journal of General
Microbiology (1983), 131, 15311541, describing
plasmids which confer phage resistancs by the abortive
infection mechanism;
JOSEFPHSEN and KLAENHAMMER, Plasmid 23,
71-75, (1990},
U.5. Pat. No. 4,883,756,
GAUTIER and CHOPIN, Applied and Erviron. Micro-
biclogy (1987), 53, p. 923-927,
the two latter articles especially describing plasmids wivich
confer phage resistance by the resmiction/modification
mechanism.

The Applicants have also worked ip this field and
described in BP-A1-452 224 as well as in U5, patent
application Ser. No.08/144,611 filed on Nov. ist, 1993 as 2
continuation of U.S. Pat. No. §7/778,0587 of Dec. 13, 1991,
both incorporated herein by way of reference, a DNA
molecule comprizing at least one phage resistance
mechapism, said molecule coptaluing 2 functional part of

 the Hindfli—HindIll fragment of about 3.3 kb of plasmid

pPF144-1 present in the strain of Escherichia coli deposited
in the National Collection of Cultares of Microorganisms
(CNCM) of the Pasteur Jostitute, Paris under po. I-1070 on
9th Apr. 1991

This Hindl{l--Hindlf¥ fragment of about 3.3 kb was
isolated from plasmid pPF144 contained in the siwain Lac-
tococcus lactis ssp lactis, deposited in the CNCM under no.
1945, which is a transconjugant derived from the crossing
of the domor strain Lactoceccus lactis ssp laciis 391, depos-
ited in the CNCM under no. I-940 on 12th Apr. 1990, with
the recipient strain Lactococcus lactis ssp lactis S45, dexived
from the strain lactococcus lactis ssp lactis C2-L. L.
McKay et al., 1977, . Bacteriol, 257-265. This fragment
carries one or more phage resistance mechanisms.

Continuing their wark, the Applicants isolated, from this
Hind{—HindVI DNA sequence of 3.3 kb, 3 DNA sequence
of 1.9 kb which on its own confers phage resistance.

The present invention thercfore relates to a novel nucleic
acid sequence comprising at least ome phage resistamce
mechanism, said sequence having about 1.9 kb and consist-
ing of:

a) the DNA sequence having the nticleic acid series of

SEQ ID no. 1;

by the DNA sequences hybridizing with the above

sequsice or a fragment thereof; and

¢} the comesponding mRNA and cDNA seguences.

The sequence [SEQ ID no. 2] is the amino acid sequence
deduced from sequence SEQ ID no. L

The DNA sequence [SEQ ID uo. 1] can be obtained from
the HindIT—HindT DNA sequence of 3.3 kb contained in
the strain Lactococecus lactis ssp laciis, deposited in the
CNCM under wo. 1-945, by the PCR method using the
following two oligonucleotides:

Oligonucleatide no. 1 [SEQ 1D no, 3):

5 GOAATICCGAACATAGAATAGATYACGG 3
EcoRl

Gligomcieotide no. 2 [SEQ XD o, 4

5 GGGRATCCAAACTGTICTGTIGCCAGTG 3
BampHL

The invention further relates to the DNA sequences which
have a high degrec of homology with the above DNA
seguence [SEQ TD no. 1]. Here a high degree of homology
means a homology {ratio of the identical nucleotides 1o the
total pumber of mucleotides) of at least 70%, preferably at

PATENT:
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least 80%, of the nucleotide sequences when they are
aligned according to maximum homology, using the optimal
sequence alignment method of NMNeedleman and Wunsch,
1970, 1. Mol. Biol. 48, 443-453. This method is used
especially in the UWGCG softwase of the University of
Wisconsin: Devereux et al, 1984, Nucl. Ac. Res. 12,
711872 1-option GAP.

The present invention particularly relates to the DNA
sequences which hybridize with the DNA sequence [SEQ ID

no. 1] or a fragment thereof, In the present specification the

term “hybridization” designated the conventional hybridiza-
tion conditions and 1pore particularly the stringent hybrid-
ization conditions.

The invention further relates fo the plasmids transformed
with one of the nucleic acid sequences according to the
invention. These plasmids can be for example plasmid
pPF144-12 into which the DNA sequence according to the
invention has been cloned by the usual techniques well
known to those skilled in the art

The invention further relates to the phage-resistant jactic
acid bacteria, preferably belonging to the species Lactococ-
cus lactis, which contain at least one nucleic acid sequence
or one plasrnid as defined above.

This nucieic acid sequence or this plasmid may have been
infroduced ipto the Jactic acid bacteria by conjugation,
transformation, protoplast fusion or apother gene transfer
method,

Examples of the lactic acid bacteria which can advanta-
geously be transformed with the nucleic acid seqguence
according to the invention or a plasmid containing said
sequence are the straips Lactococcus lactis ssp cremoris,
Lactococeus lactis ssp lactis and Lactococous lacis ssp
lactis var. diacetylous.

These straius, transformed in this way, can be used for the
transfer, by conjugation, transformation, transduction, pro-
toplast fusion or apother gene transfer method, of a phage
resistance mechanism 1o a strain of industrial interest, This
mechanism can be carried by a plasmid or by another pat of
thie genome of the bacterium. I said mechanism is carried by
a plasmid. it is advantageously transfemed by conjugation.

The invention further relates to the resuling phage- 4

resistant strains of indastrial interest.

The invention will be understood more clearly with the
aid of the following Examples, which include sxperimental
results and a discussion thereof. Some of these Bxamples
relate to experiments performed in order fo carry out the
invention; other Examples of how to carry out the invention
are of course given purely by way of iflustration.

A large part of all the techniques described in these
Fixamples. which are well known to those skilled in the art,
is described in detail in the work by Sambrook, Fritsch and
Maniatis: “Molecular cloning; a Laboratory Manual” pub-
lished in 1989 by Cold Spring Harbor Press in New Yor
(2nd edition}.

The following description will be understood more clearly
with the aid of FIGS. 1 and 2 below, in which:

FIG. 1 shows the restriction map of the 3.3 kb fragment
of pPFid4-1. Tu552 is a region having a high degree of
Homolegy with part of transposon Te552. The term “ORE”
signifies an open reading frame of 1620 bp. IS981 is aregion
having a high degree of homology with part of insertion
sequence IS981. The term “orf” signifies the begioning of an
open reading frame.

FIG. 2 shows the amplification by the PCR method of
internal fragments of the 3.3 kb fragment of pPF144-1.

Fragment 1-2 confers phage resistance.

Fragiments 1-4, 2-3 and 3-4 do pot confer phape resis-
tance.
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HXAMPLE 1

Sequence of the Hind—Hindll fragment of 3.3 kb

The strain Lactoceccus lactis $45-91-1, deposited in the
CNCM under no. 1945 on 12th Apr. 1990, coatains a
plasmid with a size of 144 kb, called pPF144, which confers
phage resistance. This strain is totally resistant to phage #59
{group ). On the other hand, il has a partial resistance to
phage @353 of group L which develops but forms abnormally
smoall Iysis plates of the size of a pinhcad. The HindDi—
HindlI] restriction fragmeut of 3.3 kb, conferring phage
resistapce, was cloned from plasmid pPF144 in vector
pYASR3E disclosed by MACRINA F. L. et al (1982), Geéne,
19, 345-353, according to the procedure disclosed in
Example 7 of BP-A1-452 224 and of U.S. Ser. No.08/144,
611, incorporated herein by way of reference. This recom-
binant plasmid, pPFi144-2, confers on the strain Lactococcus
lactis ssp lactis 856 the sarpe Jovel of phage resistance as
plasmid pPFI44 in its entirety.

The pucleic acid sequence of this 3.3 kb fragment, deter-
nined by the method of Sanger et al. (PNAS-USA, 14, 54463,
1977). is the sequence [SEQ ID no. 7] below.

Enzymic resiriction analyses of this 3.3 kb fragment
showed the presence in thizs fragment of a single site for

s recognition of the enzyme BstBL Subcloning of the two

HindIIE Bs1B] restriction fragments and their iniroduction
into the sirain L. lectis 836 made it possible to show that
neither of them confers phage resistance. From this it was
deduced that the BstBI site is within the assurmed resistance
gene. This iiypothesis was strengthencd by determination of
the nucleotide sequence of the two fragments, showing that
the BsiBI site is within an open reading frame {ORF) of 1.62
kb, which would comrespond 1o the resistance gene. FIG. 1
shows the resiriction map of the Hind{¥—HindlXf fragment
of 3.3 kb.

Other apalyses also showed that the HindBT-—Hindid

fragment of 3.3 kb possesses:

a region TnS552 having a high degree of homology with
part of transposon TnS52 {ef.: Tn552, a novel trans-
posable elernent from Staphylococcus aureus (1990), S.
J. ROWLAND, K. G. H. DYKE, Molecular Microbi-
ology 4, 961-975);

an ORF of 1620 bp which would cormrespond to the
resisiant gene;

a region IS981 having a high degree of homology with
part of insertion seqguence IS981. (ref.; Identification,
DNA sequence and distribution of IS98, a new high-
copy-nurnber insertion sequence in Lactococci {19913,
K M. POLZIN, L. L. McKAY, Applied and Environ
Microbiol. 57, 734-743;

the beginning of an open reading frame (orf).

EXAMPLE 2

Ampiification by the PCR method of internal fragments of
the HindTi--HindI fragment of 3.3 kb

The “PCR” (Polymerase Chain Reaction) fechnigue,
described for example in the work by Maniatis cited above,
makes it possible to amplify a DNA fragment located
between two oligonucicotides. This ampliied DNA can
easily be cloned if restriction sites are provided by the
oligonucieotides. In fact, the sequences of these oligonucle-
otides can confain, at their §' end. a heterologous part of the
DNA to be amplified, consisting for example of § basc pairs.
6 of which constitute a restriction site.

This technique was applied in order to determine whether
the ORF sevealed in the nuclestide sequence of the 3.3 kb
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fragment did indeed comespond to the phage resistance
gene, buf also in order to form a specific probe for this ORE,
4 oligonucieotides of 28 bases (6 of which constifute a
restriction site) were synthesized.
These 4 oligonucieotides have the following sequences:

Cligonueleotide no, 1 [SEQ no. 3%

3 GOUAATTCCAACATAGAATAGATTACGG 3
EcoRY

Oligenuclectide no. 2 [SEQ wo. 41

5 GUGGATCCAMACTGTICTOTIGOGAGTG E3
Bamlli

Oligonucleotide no. 3 [SEQ po, 5§

kS GGOAAYTCAMGCAGTAACTITIAGTCTT K3
EeoRI

Dligonucleotids no. 4 [SEQ no. 6}

5 GGGAATICTAAAAATIGAACGATTICCA ¥
EcoRl

Their locations on the 3.3 kb fragment are indicated in
FIG. 2.

Oligonucieotides go. 1 and 2 made it possible to amplify
a DNA fragment of 1875 bp containing the entire ORF plus
201 bp directly upsiream of the latter, 2 region capable of
containing gene expression signals. This DNA was arapli-
fied in the form of an EcoRT-BamHl fragment by vicue of
the sestiction sites provided by the oligonucieotides, allow-
ing a directional cloning in shutile vector pVAB38.

In the same way, oligonuclectides no. 3 and 4 made i
possible to amplify a region of 500 bp. overlapping the
BstBI site. in the form of an BcoRi-EeoRi fragment, This
region was chosen for forming a specific probe singce it was
shown that the two HindII-BstBI subfragments of the 3.3 kb
fragmeni did not on their own confer phage resistance, and
hence that the region of the BsiBI site was cssential for the
activity of the gene.

Two other fragments within the ORF could be amplified
by the “PCR” method by virtue of the oligonucleotide pairs
no. 1 and 4 and no. 2 and 3.

Starting from plasmid pPF144-2 purified on CsCT, the 4
DINA fragments were amplified by the "PCR” method with
Vent polymerase (Biolabs), which possesses an exonuclease
activity increasing its fidelity by a factor of 15 compared
with the conventional Taq polymerase. The PCR products
were purified by extraction with phenol/chloroform, precipi-
tated with ethanol. digested with FcoRI or Bam¥l and
EcoRI, depending on the fragment, and clomed in vector
pVAS3S.

Cloning of the fragments ip vsctor pVAB38 made it
possible to introduce them info a sieain of L. lactis, after
amplification of the recombinant plasmids ia the strain E.
coli TGL, and to determine whether they confer phage
resistance.

A synopsis of the resnlts relating to the cloning of the
different amplified DNA fragments is presented in Table I
below:

TABLE X
Oligonuciéotide Fragnent Added Cloned in
pair size sites PVASA
-2 1875 pb ¥coRI-Baml pPF144.12
14 751 b FeoRI-FeoRI pPE144-14
23 S84 pb  HamBI-FcoRI pPT144-23
43 300 pb EcoRE-FeoRI pPF144-43

10

15

25

39

490

453

50

535

a8

&5

6
EXAMPLE 3

Phage resistance conferred by plasmid pPF144-12 ]
Plasmids pPF144-12, pPFi44-14, pPF144-23 and

pPF144-43 were introduced into the strain L. lacids S56. The

phage resistapce of the clopes obtaimed was tested by

performing a titration (PFU/ml) with phages #3353 and @59.
The resulis are given below:

phage @53 (1) phage @59 (0T)

Titer Piate size Titer Plate size

Stuain (PFU/mb)  (mm) (e 0/wml) {mun
8§56 10 3 3.10° 2
SS6(pPF144-1) 2,107 <0,25 0 0
SS6(pPF144.12) 4.107 <0,25 0 o]
$56(pEF144-14) 8.10° 3 6.10° 2
SE6(pPr144-23) 6107 3 6.10° 2
S56(pEP144-43) 10 3 2.10° 2
PFU/m! = plate forming units per mi

Plasmid prTi44-12, containing the 1875 bp fragment
ampHfied by the PCR method, confers the same phage
resistance as plasroid pPP144-1. The other plasinids, pamely
pPFi44-14, pPri44-23 and pPF144-43, comprising only
past of the ORF of 1.62 kb, do not confer phage resistance.

BXAMPLE 4

Test on the replication of phage DIMA in the presence of
plasmid pPF144-12

Phages 953 and @39 belong 1o genetic groups I and 1T
respectively, A genetic map of these phages was constructed
and it was demonstrated in particular that the genome of
these phages, consisting of double-stranded DNA, possesses
sticky ends. This result implies that the replication of the
DNA of these phages iakes place according to a model
identical to that of E. coli phage larsbda: formation of
concatemers during the lyiic cycle and cleavage of these
concatemers with a specific enzyme at the moment of
sicapsidation in the nucleocapsid of the phage.

The method of Hill et al. (Hili, C., Massey, L 1.,
Kiacphamumer, T. R, (1991), Rapid method to characterize
lactococcal bacteriophage gepomss, Appl. Eaviron. Micro-
biol. 57, 283-288) was used to follow the fate of the phage
DINA after injection into the bacterinm. The styain L. laciis
8386, containing the vector pVASS3S or the plasmid pPF144-
12, was infected with @53 and @59 with a multiplicity of
infection of 2. Aliguots of the infected cultures are faken at
regular intervals of time. The total DNA, Le. ccll and phage
DMNA, of each aliquot is extracted and digested with a
restriction enzyige and the fragments obtained are separated
eiectrophoretically by migration on agarose gel. The DNA is
then tansferred o a nylon mewbrane and hybridized with
the DNA of the phage used as the probe (ECL ki,
Axmersham).

This method makes it possible to foliow the appearance
of, and change in, the phage DNA within the infected cell as
a function of time.

The results obtained with the cazymes EcoRE, HindHl and
EcoRV showed that the phage DNA replicates in the 8§56
strains with the vector pVAS32 or the plasmid pPF144-12.
An accuraulation of the phage DNA in the form of concate-
mers is observed with the plasmid pPF144-12, whereas in
the strain containing the vector pVAB38, these concatemers
start to disappear twenty minutes after imfection.
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EXAMPLE 5
Test on the production of phage proteins in the presence of
plasmid pPF144-12
Phage $53 and @59 preparations purified on cesium

8,77

0
8

head of bactetophage T4, NATURE (London) 227,

680-6857 and then transferred to nitrocellulose filters.
Immunological detection of the phage proteins on the

pitrocellilose was cffected with auti-353 or anti-g359 rabbit

5 antibodies and the immuue complex was then localized with
chloride wers used to prepare polyclonal antibodizs im anti-rabbit mouse antibodics (ECL kit, Amersham) using
rabbits. The 56 strain, containing the vector pVAR38 streptavidin/alkaline phosphatase,

{confrol) or the plasmid pPP144-12, was infected with one These resulis show that the proteins of phage @53 or 359
of these phages with a multiplicity of 1. Every five mimites are found with and without the plasmid pPF144-12. but that,
after infection, a fraction of the cells is taken and heated for 1o in the presence of this plasmid, the amount of proteins
three minutes at 100° C. in the presence of 2.3% of SDS and  produced is small and the rate of appearance of these
5% of B-mercaptocthancl and the profeins are fractionated proteins is slowed down comparsed with a strain containing
on a 12.5% SDS-polyacryiamide gel [Lasmmli, U. X, 1970, the vector pVAS38. This phenomenos is rnore pronounced
Cleavage of structural proteins during the assembly of the  for (359 than for 353.

SEQUENCE LISTING

{ 1 ) GENERAL INFORMATICON:

L

¢

{ i1} )MUMBER OF SEQUENCES: 7

( 2 ) INFORMAJION FOR SEQ ID NO: 1t

{ i ) SEQUENCE CHARACTERISTICS:
(A ) LENGTH: 1875 base pairs
{ B ) TYPE: nuclsic acid
( € ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

3 MOLECULE TYPE: DMNA (genomic)

} HYPOTHETICAL: NO

YANTI-SENSE: NO

3} ORIGINAL SOURCE:
{ A} ORGARISM: Lactococsus Jacks

~

3} FEATURE:
( A& Y NAMEKEY: CDS
(B ) LOCATION: 202..1821

{ x 1 ) SEQUENCE DESCRIPTION: 3EQ ID NO: 1:

GAACATAGAA TASATTACGGEG GTTAATGGAC AATAAATGCA AACGATTITITG ACAAATTTAA 60
TAAGAAAALAGA AGAGTOTCCA GAAAMATCGACC ATTTTCTGAA COGCTATATTA AAAATTTITT 120
GATAATTICCC AATATATTAT AATATAGCTT CAATGTTAAA ATTTATATCA TATMAATATAA 180
GAAAATTTTT AAALMAAATAG A ATG GAT ATA ATS ATG GAC TTT 4AA ACT ATG 231
Met Asp lle fie Met Aszyp FPbe Lys Thr Met
1 5 10
TTA AGC TAT CTT GTA AGT CAa GAT GAT GAA T TCT TTA A AAT CGAT 279
Leun Sezx Tyr Leu Val Scr GIn As Asp Giu [l1le Ser Lee Arg Asn Azp
13 20 5
AT AAA CAT CGAA GAA GTA TAT AAA ATT TTA GAG AAT AA TTIT GCT TCT 327
fle Lys His Glwe Gilu Val Tyr Lys Ile Len Glu Asn Lys Phe Ala Ser
30 35 4 Q
ATA ATG COCG AAG TTT AA ACA AAA GGT TAT AAG TTT AAA GAT ACT ACT 375
ile Me Pro Lys Phe Lys Thr Lys Gly Tyr Lys Phe Lysz Asp Thr Thr
45 30 55
GAL GT TTG ACA TTC CCT AAA T7X GTA TTT TIG CTA CAa GAG TGG GGG 423
Glu Val Leu Thr Phs Al Lys Pt Yal Ph Leuw Leuw Glrn Clu Trp CGly
L3} 65 70
TTG AAG GAT ATA CAG TTIT TAT AAG AAC ACT AAT AGT TTC TTA TTT GGA 471
Leu Lys Asp Ile Glun Phe Tyr Lys Asn The Asa Sc¢: Phe Leuw Phe Gly
73 20 83 90
TAT ATT ATA CCG CAA ATT AAT AAA GAA TTT GAT TTA TTG AGA TIT GGG 519
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-contipued
Tyr Ile 1le Pro Gliln [Tic Asn Lys Glu Phe Asp Leu Lenw Axg Ffhe Gly
93 100 105
GAA AAT TAC AAT T AGT ATA CGAA CTC AAA AGT AAA ATA ACA GTA GAA 567
Glu Asn Tyr Asa I1 Ser lle Gily Leun Lys Ser Lyas Thre Thr Val Glwu
iio i1s 129
GCA CTAA AAG CAA CAA CTT TGT AAG A4 TAT T7T TAC CTA AAT TTT TTA 6135
Ala Gla Lys Gla Gln Len Cys Lys Asn Tyr Phe Tyr Leu Asn Phe Len
125 130 135
TCA ACT AAA ACT AGG TAT ATT AGT ATA TCC CCA GAT ATA TCT AGT TAC [
Ser Thr Lys Thr Arg Tysr Ile Ser 1lec Ser Prgso Asp Ile Ses Her Tyr
14¢ 145 150
ATA GAA TAT CCA AQT GAA AAT AAG TAT ATC AAT TTA AGT GGA ACT 711
11e Gluw Tyr Ile Pro Secr Glu Asa Lys Tyr Ile Asn Leu Sexr <Cly Thr
155 160 165 179
GAA ATT TOT QAT ATT ATT ATT AAA CAA UGAG TTT GAG TAT AAT ACA 758
Glu ile Cys Asp I1 Tie¢ Yle Lys Gl Gle Phe Lew Glw Tyr Asn Thr
180 185
AAA GAG QTT GAT AGT TTT TTT GAT ATA AAA AA TAaT TTA GT7T TC 807
Lys:s Glu VYal &4sp Ser Phe Phe Asp Ile Lys Asn Tyr Leu Val Ser
160 193 200
TTC AAT GAT GTT GAA AAA TTT CTT GAT GAT AAA TAT TTT TTA ACA CCT 855
Phe Asn Asp Val Glu Lys Phe Leu Asp Asp Lys Tyt Phe Leu Thr Pro
205 210 213
CAC CAA OAC CAQG ATT CGTT AAA GAA ATT ACT GaA CCA AGT GAC AAA AAA 903
His Glan Asp Glilw 11le Val Lys Glu ile Thr Glu Pro Sexr Asp Lys Lys
220 225 23¢
ACT TTT GGT ATA AAA GG38 AAT CCA GGA ACA GGA AAA TCT TTG CTA GTT as5i
Thr Phe Gly T11e Lys Gly Asn Pro Oly Thr Giy Lys Ser Leu Len Val
233 240 243 250
TAC CAT ATA TGT AAA AAA TTA ATG GAG AAA AAT AAA AGA GTT GCT ATA g9¢8
Tyr His Ile Cys Lys Lys Leu Met Glu Lys Asn Lys Arg Val Ala !
255 260 265
GTT CAT GGA GCA AAT CTA AAT AAT GGT CAA CAA AGA TTA GCT CTG COGT 1047
Val His Gly 41z Asnp Lou Asn Asz Gly Gln Gin Arg Leu Ala Leun Arg
270 275 280
GS3T TTC ACA ATT TTT CCT GTITT AAs TCG ATC ATA GAG GTA TTA UGAT AAT 1095
Gly Phe Thr [le¢e Phe Pro Val Lys Secr 1lle Ile Glu Val Leu Asp Asn
285 290 295
GCA GAC AAA TAC ©AT TAC ATT GTT GTT GAC GAA GCT CAA COT CTA AGA i143
Ala Asp Lys Tyr Asp Tyr 1le Val Val Asp Giuv Als Glon Arg Llee Arg
300 305 3t10
C GAC TTA GGA GAA CAA TAT ACT AAA TTG GTT CGAT ACT ATT GAA AAT 1191
Gln Asp Lew Gly Gluw @8ln Tyr Thry Lys Lew Val Asp Thr Ile Glu Asn
315 320 323 330
TCT CAA ACTA AAA TTT ATT ATC TTA CTA GAT OGA AGA CAA ACT TTG AATY i239
Ser Qln Thr Lys Phe [lec¢ Ile er Lew Asp Gly Arg Gin Thr Leuw Aszn
335 3140 345
Aras TAT GAA ATA GAA GA AAT TCC ATA AAA TTA TTT AAA TaAaT ATA AAA 1287
Lys Tys Glu 1le¢e Glu Glu Asn Ser I[le Lys Leuw Pho Lys Tyr Iie Lys
350 353 360
AAT AAA CGCA GTA ACT TTT AG CTT A4A GAT AAG TTT AGA ACT AAC CTCA 13335
Asn Lys Gly Val Thr Phe Se¢r Lecu Lys Asp Lys Phe Arg Thr Asa Pro
3653 370 275
GAA ATG AGC AAA TTT ATC CAA CTT CTA TTC AAA TA CCC ATG TAT AAA i383
Slu Met Ser Lys Phe Ile Ginp Teuw Leuw Phe Lys Ile Pro Met Tyr Lys
280 385 g
AAA ATA GAT TTA ATT TCA AAC ATA GAT CAT AAT ATT ATA A8TT AAA TAT 1431
Lys Ile Asp Leu Tle Ser Aso Ile Asp His Asn 1le f1e¢ 11w Lys Tyrs
355 400 4035 419
TTT GAT AAC AGA CAA TCG GGA AAT GAA TAT ATT TCC GAT ATG GAT TCA 1479
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-continned
Phe Avp Asn Arxrg Glu Scr Gly Asa Glu Tyr Ile Ser Azp Met Azp Ser
415 420 428
AAC TCA GAT TGG GAA GTA CTT AAYT TAC AAA 1527
Asn Ser A:zp Trp Giu Vval Leu Asa Tyr Lys
43Q 433
ACA GGA ATT GOT AAA ATG TGT GGT AAT ATT 1575
Thr Giy [te Gly Lys Met Cys Gly Asn 11e
445 450
ATC GGT CAA GAA TTT GAT AAA GTT ATT ATA CCT TTG GAT TCG AAT TTT 1623
Il1e¢e S1y Gln Giuw Phe Asp Lys Val Ile fle¢ Pro Leu Asp Ser Asn Phe
460 465 470
GAA CAA AAA ATA ATT GAT AGT AAA ACG GGT GAA AGT AAA i671
Glu Gia Lys 1le fle Asp Ser Lys Thr Gly Glw Scrtr Lys
4890 435 4950
CTT TTT AAA TTA TTG GAA ACSG ACT GAT AAT TTT TAC CCA CTT GAA AAA 1719
Val Phe Lys Leuw Lenw Glu Thr Thr Asp Asn Phe Tyr Pro Leu SGiw Lys
495 S¢0 305
ATG TTA TAT CA4& AAT CTT ACT CGC ACA AGG GGA AAA ATA TTT GTA 1767
Mer Leuw Tyr Gla Asa Leu Thr Azxg Thr Arg Gly Lys Tle Phe Val
510 515
ATT ATT GOGA AAT CGT T T TYT AAT GAA ATA TGT GGA TTG CTA GAT 1815
Tle 1xe Gly Asn 4ryg Ser Ilz Phe Asn Glu Ile Cys Gly Leu Leu Asy
525 530 533
AGT TTA TAAAGTITCTG TCTCAAAGTT AAAAAAAGTOG AAATCACTCG CAACAGAACA i871
Ser Leuw
540
GTTT 1875
{ 2 ) INFORMATION FOR SEQ I NO: 2:
{ 1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTEL 540 amino acids
{ B ) TYPH: amino acid
{ D YTOPOLOGY: inogr
{ i 1y MOLECULE TYPE: protein
{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
Mer Asp 1le YTle Met Asp Phe Lys Thr Met Len 8S8er Tyr Leu Val Se:
1 s 19 13
N Gln Asp Asp Giu I1le Ser Leu Avyg Asn Asp Ile Lys His Gi Glu Val
' 20 25 3o
Tyr Lys ITle Leu Giluw Asn Lys Phe Ala Ser 1le Mect Pro Lys Phe Lys
33 40 45
Thr Lys Gily Tyr Lys Phe Lys Asp Thrxr Thr Gluw Val Leu Thr Phe Ala
50 55 60
Lys Phe Val Phe Lew Leocyv Glnrn Glw Trp G1ly Leu Lys Asp 1ie B3l Phe
65 70 5 80
Tyr Lys Aszn Thr Asan SBer Phe Leu Phe Gly Tyr Ile¢ Ile Pre Gia 1tle
85 9¢ 95
Asn Lys Glao Phe Asp Lew Leu Arg Phe Gly Gluw Asa Tyr Asnan 1le Ser
1090 165 1160
fle Giu Le Lys sy Lys Thr Thr Val Glu Als GIn Ly Gin Gln Leun
113 120 12
Cys Lys Asn Tyr Phe Tyr Leu Asn Phe Leu Ser Thr Lys Thir Arg Ty:
1360 135 140
11 Ser I1le Ser Pro Aszp lle Sexr Ser Tyr YI1e Glw Tyr Ile Pre §e
145 t50 1385 160
Gluw Asn Lys Tyr Ile Asnp Lew Ser Gly Thr Glu {le Cys Asp 1ie Ile
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-continued
163 170 175
Ilc Lys Gtna Glu Phe Lew Glu Tyr Aesn Thr Lys Olu Val aAsp Ser Phe
18¢ 185 199
Phe Asp l1le Lys Asn Tyr Leu al 8Ser Pro Phbe 4Asn sp Val Olu Lys
198 200 205

Phe Leu Asgp Asp Lys Ty: Phe Leuvw Thr Pro His Gla Asp Glwew Iils Val

zZ10 215 2290
Lys Glu 1le Thsy Gin Proe Ser Asp Lys Lys Thr Phe Gly 1le Lys Gily
225 230 235 240
Asn Pro Gly Th: Gly Lys Se: Leu Leuw Val Tyr His I!le Cyz Lys Lys
245 250 255
Lew Metr Glew Lys Asn Lys Arg Val Ala Ite Val His Ciy Ala Asa Leu
260 263 270

Asnp Asn UVly Glin Glun Arg Leuw Ala Lew Arg Gly Phe Thr !lo Ploc Prse

2175 2380 28535
Yal Lys Ser ilec ¥les Glu Val lLeuw Asp Asn 8la Asp Lys Tyr Asp Tyr
2890 29535 380
I1e ¥Yal Val Asp Giw Ala Gila Arg Lev Axrg Gle Asp Lenw Gly Blu Gla
203 310 315 220

Tyx Thr Lys Leuw Val Asp Thyr Jle Glu Asn Ser Glan Thrt Lys Phe Ile
325 3130 335
f1e 8er Leu Asp CGly Arg G31a Thr Leuw 4sa Lys Tys Glu fle Giuw Glhuw
340 245 250
Asan Sex Ile Lyz Lew Phe Lys Tyr Tle Lys Aan Lys Gly Vsl Thr Phe
353 360 365
Ser Leu Lys Asp Lys Pbe Arg Thr Asn Pro Glw Met Esor Lys Pho Ile
17¢ 375 38D
Gla Lew Leu Phe Lys Ile Pro Met Tyr Lys Lys Ile Asp Leo T1le Ser
3835 390 385 400

Asa Ile Asp His Asa Ile 1le 1le Lys Tyr Phe Asp Ase Arg Gluw Ser
405 418 415

Gly Ason Gluw Tyy Ile Ser Asp Mct Asp Ser Asu Ser Asp Trp Glu Val
4720 5 430
Lew Asan Tyr Tbhr Lys Asp Azg Phe Arg Lys Thr Gly Ile Gly Lys Met
435 440 445
Cys Gly Asnm Gly Leu Thr Ser Hiszs Secr 11l¢ Ile Gly Gin Glu Phe Assp
450 455 4460
Lys Vatl Ile 11les Pro Leu Asp Ser Asa Phs Phe Tyxr Lys OGlu Gln Lys
465 470 4753 430
1le fle Asp Ser Lys Thr Gily Glu Ser Lys Val Phe Lys Leu Leuw Giun
485 4930 485

Thy Thr Asp Asn Phe Tyr Pro Leuw Gluvw Lys Met Lsu Tyr Glm Asa Leu
5

90 565 510
Tl Arg Thr Arg Gly Lyszx Ile Gluw Phe Val Ile Ile Gly Asn Arg Seor
515 52¢ 525
1le Phe Asn Gluw 1le Cyvs iy Leuw Lew Asp Ser Lewu
530 535 540

{ 2 YINPORMATION FOR SEQ IR NO: 3¢

{ 1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 28 base pams
{ B yTYPE: mieic acid
( ¢ ) STRANDEDNESS: single
{ D 3y TOPILOGY: liness
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16

GGGAA

o

T

i ) MOLECULE TYPE: DNA (genoric)
i 3 HYPOTHETICAL: NO
i ) ANTLSENSE: MO

x ) FEATURE:
{ A ) NAME/KEY: miisc_signal
{ B YLOCATION: 3.8
{ I ) OTHER INFORMATION: /funcioo="TcoRI restriction site”

x ) FESTURE:
( A ) NAVIVERY: mise_stroglure
{ B YLOCAITION: .28
{ D ) OTHER INFORMATION: /furction="seq. homalogous to
nuclectides 1-20 of SHQ ID NO:1”

i ) SEQUENCE DESCRIPTION: SEG ID NO: 3

TCOGA ACATAGAATA GATTACGO

{ 2 Y INFORMATION FOR SEQ ID NG: 4:

¢
¢

X

1) SEQUENCE CHARACTERIETICS:
{ A ) LENGTH: 28 base pairs
{ B ) TYPE: nucleic acid
( € ) SIRANDEDNMESS: stogle
{ D ) TOPOLOGY: Ynosr

i ) MOLECULE TYPE: DNA (gesoroic)
i ) HYPOTHETICAL: NO
i ) ANTLSENSE: NO

% ) FEATURE:
{ A ) NAVIYEEY: misc_signal
{ B )LOCAITON: 3.8
{ D ) OTHER INFORMATION: ffurction="Bam restriction sife”

% ) FEATURE:
{ A ) NAMIVKEY: mise_strusture
{ B ) LOCATIOM: 9..28
{ D ) OTHER INFORMATION: /unction="seq. bomolog, to cDNA
conresp. to mucleot. 1856-1875 of seq 1D No.i”

3 ) SEQUENCE DESCRIPIION: SEQ ID NO: 4

GGGOGATCCAA ACTGTTETGT TGCGAGTS

{ 2 3 INFORMATION FOR GEQ ID NQ: 5:

—~ —~

N

—~

G
Gi
[
>
»

¢
4

v

o

)} SEQUENCE CHARACTERISTICS:
( A ) LENGIH: 28 base pairs
( B ) TYPE: nuclelc acid
{ C ) STRAMDEDNESS: single
( D ) TOPOLOGY: Yinear

e

} MOLECULE TYPE: DNA {gesonicy

) HYPOTHEYICAL: NO

e

) AINTI.SENSE: NQ

% ) FEATURE:
( A ) NAMWKEY: misc_signal
{ B ) LOCATION: 3.8
{ [y OTHER INFORMATION: /unction="BEcoRI restriction site™

El

) FEATURR:
{ & ) RAME/REY miisc_sfruchure
(B ) LOCATION: 5.28
{ T ) OTHER INFORMATION: /unciion="sey, hoamologous to
nuclectides 12921311 of SEG D NO: 1"

) SEQUENCE DESCRIPIION: SEQ ID NO: &

TCAA GGATTAACTT TTAGTCTT

REEL.:

)
w
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o

6
o
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-continued

{ 2 ) INFORMATION FOR SEQ ID NO: &:

{ 1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTE: 28 base paits
{ B yTYPE: tucleic aid
( C } STRANDEDNESS: single
{ D 3y TOPOLOGY: linear

(i1 ) MOLECULE TYPE: DNA (geromic)
{iii)BYPOTHEICAL: NO
{111 )ANTE-SENSE: NO
{ 1 x ) FEATURE:
(A ) NAMIZKEY: misc_signal
( B ) LOCAYION: 3.8
{ Dy GINER INFORMATION: /function="EcoRl reatriction site”
{ 1 x ) FEATURE:
{ A ) NAME/KREY: misc_stuchrs
( B ) LOCATION: .28
¢ D ) OTHHR INFORMAITON: ffunction="seq. homaol. to cDNA
correap. 1 ncleot, 1773-1792 of seq, 1D No.1”
{ x i )y SEQUENCE DESCRIPTION: SEQ ID NO: ¢

CGCGAATTCTA AAAATTCAAC SATTITCCA

{ 2 ) INPORMATION FOR SEQID NO: 7:

{ 1 3 SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 3234 base pairs

B ) TYPE: nucleic acid

p
{
( € ) STRANDEDNESS: single

(D ) TOPOLOGY: tinear

{ 11 ) MOLECULE TYPE: DNA (genoreic)

(111 ) BYPOTEETICAL: NO

(i i1 )ANTI-SENSE: NO

{ v 1 ) ORICINAL SOURCE:
{ A ) ORGANISM: Lactococcus Jactis

(% i ) SEQUENCE DESCRIPTION: SEQ ID NO: 7

AAGCTTTACG TCTITGCTTTIE AAAATTICTC AQGGTCTTCCT CCAAGTCGTE CITCTTGCACG 60

TGCTAGCTTICT CTACCAGCGG CAGAACOCOTC CAAAATAAGA TTTCGCTCAA ATTCCGCAAA 120
AGCCOGCAAAC AAATGAAACA TCAATTQTCC AGTCGAACTT GATTTATCCA TTGTAATATT 1350
TTCTYGCAAG CTATGGAAAC TTACTCCTTT ATCATTAAGT GAATTAACTA TOCTAATTAA 240
GTCCTCCATA TITCTITCCTA ATCTATCTAA CCGCCAAACA ACAATTIGTIAT CTCCAGAACG 300
AGAAAATTCG ATGGCGGATT TYAAACCAGSG TCTTTCTTTT TTACTTCCTS ACATATGGTC 360
ACGTAAATATT TTTTCACAGT TATATVTTITT GAGACTATCY TT?TGTAAAT CCAAATTTTOG 42Q
AAGTCCAGTT GAAACTCOTOG COGTATOCTAT ATTCATTTTT TICTCCTTCA TTITTAATTTA 43840
TTCGTATCATA ACTTAAAAAT ATATOTATAA ATOAACATAGCG AATAGATTAC GGGTTAATGG 540
ACAATAAATG CAAACGATTT TOAGAAATTT AATAAGAAAA GAAGAGTIGTC CAGAAAATOGA €600
CCATTITCTG AACGCCATAT TAAAAATTTT TTGATAATTC CCAATATATT ATAATATAOGC 65640
TTCAATGTYTA AAATTYATAT GATATAATAT AAGAAAATTT TTAAAAAAAT AGAATGGATA 720
TAATAATGGA CTTTAAAACT ATGTTAAGCT ATCTTOTAAG TCAAGATGAT GAAATTTCTI 780
TAAGAAATGCGA TATTAAACAT CGAACAAGTAT ATAAAATTTT AGATAATAAG TTTGCTTCTA 840
TAATGCCOAA GTTTAAAACA AAAGOTTATA AGTTTAAAGA TACTACTGAA GOTTITGACAT 800
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26

TGAGATITGS

CACABMALGCA

GGTATATTAG

AGTATATCAA

AGTATAATAC

=l

CAATGATGTY

TITGTTAAAGA

GAGTTGCTAT

TCACAAT

AATTOGGTTIGA

AAACTTTGAA

ATAAAGGAGT

CAGGAATTIGG

TTGATAAAGT

ATAGTAAAALC

CACTTGAAAA

TTATTGGAAA
CTGTCTCAAA

TATTATGATA

GAAGTTITGGTC

CTAGGGCTCT

TTCGAGS

CAGATGATAA

CTAABATATA

TTATITGSAGYTC

TCTATTITITG

TTTCTTAT

GGAAAATTAC

ACAACTITGT

TATATCCK

TTTAAGTGGA

AAAAGAGGT

TGAAAAATTT

AATTACTGAA

ATCTITTGCTYA

AGTTCATGGA

TYITTCCTG

TT

TOGTTGACGAA

TACTATTGAA

TAAATATGAA

AACTTTTAGT

TCTATTCAAA

TATAATTAAA

AAACTCAGAT

TAAAATGTGT

TATTATACCT

GGOGTGAAAGT

AATGTTATAT

TCGTTCAATT

GTTAAAAAAA

CCAAAAATGT

AGTGAGATAC

CAAATGCTAA

AATCATAAALSL

]

GTCCA

AACT

AATGATACCT

TTGOAGGTAT

ATAAAGATAA

CAATTTTACA

TAATTCGTAT

GATTAAGTAA

CATATCTTAT

ATAATAAGTC

AGTCAATGAT

CTACAAGAGT

GGATATATTA

AATATTAGTA

AAGAACTATT

GATATATCTA

ACTGAAATTT

GATAQGTTTTT

CTTGATGATA

CCAAGTBACSA

GTTTACCATA

GCAAATCTAA

AAATCGATCA

GCTCAACGTC

AATTCTCAAA

ATAGCGAAGAAA

CTTAAAGATA

ATACCCATGTY

TATTTTGATA

TGCGGAAGTAC

GGTAATGGTT

TITGGATTCGA

AAAGTTITTTA

CAAAATCTTA

TTTAATGAAA

TAATAGTATG

TTTTTATATT

TGCAGCAT

GTOTTCAAAA

GTATTATAGA

GGGGOTTCAA

TACCGCAAAT

TASAACTCAA

TTTACCTAAA

CTTACATAGA
GTUATATTAT
TTGATATAAA

AATATTY

-3
=

T

AAAAAMACTTT

TATGCTAAAAA

ATAATGGTCA

TAGAGGTATT

TAAGACAAGA

CAAAATTTAT

ATTCCATAAA

AGTTTAGAAC

ATAAAAAAAT

ACAGAGAATC

TTAATTACAC

TAACATCACA

TA

ES
=
]
s
e
=
=3
]

AATTATTGGA

CTCGCACAAC

TATGTGGATT

TCGCAACAGA

TCTATTTATT

GATGGATTICT

AAATTTGAAT

AAAAACTTCC

TATAAAATTG

AATTT

(]

AT

=1
i

A

CAAAGTAAGT

AATGGCTCTY

GGACATTOGOT

ATATCAATAA

AGABLTGAATO

AGAGAACAAT

TACTATAAAA

CATAAAGAAA

GGATATACAG

TAATAAATGAA

AAGTAAAACA

TITTTTTATCA

ATATATTCCA

TATTAAACAA

ABATTATTTA

AACACCTICACT

TGGTATAAAA

ATTAATGGAG

ACAAAGATTA

AGATAATGCA

CTTAGGAGAA

TATCTCACTA

ATTATITAAA

TAABCCCAGAA

AGATTTAATYTT

GGGAAATGAA

GAAGGATAGA

TAGTATTATC

TAAAGAACAA

AACGACTGAT

GGGAAAAATA

GCTAGATAGTY

ACAGTTTGAC

TTAGGAAATY

TTTAAATAAA

TTTTCGTAAA

GCAAGTTTITT

CAGACAATAG

ABGAAGTTIGC

TTTTATAAGA

TTTCGATTTAT

ACAGTAGAAS

ACTAAMAACTA

AGTCABMAATA

GAGTTTTITAG

GTTTCTCCTT

CAAGACCAGA

GGAAATCCAG

AAAAATAAAA

GCTCTGCGTIG

GCACAAATACS

CAATATACTA

GATGCAAGAC

TATATAAAAAL

TCAAACATAG

TATATTTICCG

TTTAGCGAAAA

GGTCAAGAAT

AAAATAATTG

LAATTTTTACC

GAATTTSTAA

TTATAAAGTT

ATTAAGTICCA

ATTTTTITCAA

ATTTCAAAGC

GATATTATTIT

TAAGCGAALAT

GACGGCTAA

@
-

TACAGATATA

TOGAGYTCTGGA

AGACGATATC

GACATCTTCA

TAAAGATTTA

TACAT

ATACT

AGLTTGATTAT

TAGAAATATT

GC

P
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What s claimed is:

1. A polynucieotide conferring at least one phage resis-
tagce mechanist, wherein said polypucleotide encodes a
polypeptide according to SEQ ID NG:2.

2. A plasmid encoding at least one phage resistance
mechapism, sald plasmid containing a polynncleotide
encoding a polypeptide according to SEQ ID NG:2.

3. Amethod of confesring phage resistance to a bacteriun,
comprising the step of contacting said bacterium with a

: 22
polynucleotide encoding a polypeptide according to SEQID
NO:2.
4, A method according to claim 3, wherein said contacting
occurs through conjugation or fusion.
5. Amethod according to claim 3, wherein sald countacting
ocouss through transformation.
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