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METHOD FOR SELECTING RECOMBINANT MICROORGANISMS
CONTAINING AT THEIR SURFACE AT LEAST ONE MOLECULE
. . HAVING ENZYMATI-C.ACTIVITY
Subject of the invention
5 The lnventlon relates to a method for selectlng
recombinant mlcroorganlsms containing at their surface at
least one molecule having enzymatic activity.
The invention also extends to the means for
1mplement1ng this method and to methods _for obtaining
10  them. | |
Prior state of the art ‘ggg technological background

forming the basis of the invention
The discovery of enzymes having new properties.

(catalytic  activity3 new enhanced stability, altered
. 15 specificity, shifted pH profile and the like) is of great
interest for the improvement of biochemical processes.
Although. very substantial ' progress has been
achieved in the understanding of the structure-activity |
- '_relationship'foi proteins (Atkins et al., Current opinion
20 in structural biology (1991), 1, p; 611 fo}623), the
' prediction of the type of modification to be introduced
into a protein in order to alter its properties in a
desired direction remains difficult.
Consequently, a strategy is usually adopted in
25 - which an existing enzyme, whose gene is mutated, is used
as starting material. This mutagenesis is carried out in
a random manner, thus creating a vast population of
mutated enzymes. Among these, it is hoped that some of
‘them will have the desired new properties (Cunningham et
30 al., Protein Engineering .(1987), 1, p. 319 to 325 and
Lehtovaara et al. Protein ﬁngineerihg (1s88), 2, ﬁ. 263
to 268). | - : '
In order to increase the chances of success, it
 is necessary to test a very lgrge number of mutants and
35 to have available a technique which makes it possible to
select, within the largest pOSSlble populatlon, the
enzymes haVLng the approprlate propertles. |
Proteins having new enzymatic properties can also
be produced by resorting ' to the monoclonal aﬁtibody_
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which is frequently used is based on the development of
' a sensitive test for the enzymatic activity. A search is
then directly carried out on a population of mutants
plated on a Petri dish for those which produce the
10 desired enzyme. However, this technique is laborious and
permits only a limited number of clones to be tested
(Pollack et al., J. Am. Chem. Soc., 111, p. 5961-5962
(1989) and Huse et al., Scieﬁce, 246, p. 1275-1281
(1989)). | ’ |
15 | An advantageous alternative arises when the
desired catalytic activity may be useful for the survival
or for the development of the microorganism expressing
the correspénding gene. It is sufficient, in this case,
to exert a selection pressure on the medium for culturing
20 the population of_mmtahts in order to select the strains
~ which produce the desired enzyme (Hermes et al., PNAS,
Usa, 87, p. 696-700 (1990) and Evnin et al., PHNAS, USA,
87, p- 6659-6663 (1990)).
This technlque has the dlsadvantage of not being
25 applicable to all the molecules having enzymatic
activity. ;
, It is also known (Smith, Science (1985), 228, p.
1315 1317, Parmley and Smith, Gene (1985), 76, 305-318,
de la Cruz et al., J. Biol. Chem. (1988), 263, p. 4318-
30 - 4322, Bass et al., Proteins (1990), 8, p. 309 to 314,

. Cwirla et al., Proc. Natl. Acad. Sci. USA (1990), 87, p.
6378-6382, Devlin et al., Science (1990), 249, 404-406,
McCafferty et al., Nature (1990), 348, p. 552-554, Scott
and Smith, Science (1990), 249, p. 386-390, -Clackson et

35 al., Nature (1991), 352, p. 624-628, Lowman et al.,
Biochemistry, (1991), 30, p. 10832-10838, J. McCafferty
et al., Prot. Engng (1991) 955-961, Kang et al., (1991)
Proc. Natl. Acad. Sci. USA, vol. 88, p. 4363-4366; Barbas
et al. (1991), Proc. Natl. Acad. Sci. USA,-vol. 88,
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(1992), 89, p. 2429-2433) to be able to expose' certain
foreign peptide sequences, in particular proteins, at the

surface of “filamentous" phages and of phagemids.

However, the in vitro selection of phages which

correctly expose active polypeptide sequences at their
. surface is not resolved either. '

Various affinity chromatography techniques have

been described. Among the affinity supports developed,

several use _immobiliied streptavidin or avidin, the

latter being advantageously in monomeric form

(EP—A90,423,938). Phages with peptide sequences having an

affinity for streptavidin have thus been selected with

the aid of agarose carrying this protein (Devlin et al.,
- Science (1990), 249, 404-406).

However, these techniques have the disadvantage

that the selection, during affinity chromatography, of
these phages is carried out on the basis of their ability
to form a complex with peptide receptors or specific
antibodies which indiscriminately bind active or non-

active molecules.

With ‘the aim of detecting  specific

microorganisms, various other labeling techniques have
been developed. For example, .certain microorganisms have
been detected with the aid of bacteriophages which.are
specific for these.hbsts and labeled (WO-A-8,804,326).

' Transducing particles of known host specificity and
containing genes which alter the phenotype can be used
for labeling bacteria (WO-A-9,004,041).

The sensitivity to certain toxic substances which

is associated with the detection by bioluminescence
encoded by a plasmid” has also been used to detect
specific microorganisms.

However, none of these techniques permits the

selection of microorganisms carrying catalytic peptides.

Moreover, covalent inhibitors, used as substrate

by certain enzymes, are also known for their capacity'to
inhibit all enzymatic reactions by binding covalently to
the active site of the enzyme. '

nut at-ed—enzZymEs. AWDNg these, it is hoped that some of =~ them Wl “have "~
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because they bind irreversibly to the active site of the

enzyme using the catalytic mechanism of the latter and

thus render any reuse of the enzyme impossible.

It is also known that it is possible to

. immobilize a substrate by first binding it to biotin and

by placing the product obtained in the presence of avidin

" bound to a water~insoluble support (JP-A-3,080,098). This

immobilized substrate permits the easy determination of
certain enzymatic activities, but cannot serve as chroma-
tographic support to select microorganisms darrying
catalytic peptides. ‘
Aims 6f the invention
The 1nventlon aims to develop a method for

selecting recomblnant mlcroorganlsms containing at their
surface at least one molecule having enzymatic activity
and which does not carry the dlsadvantages of the prior
state of the art. .

_ The invention aims in particular to develop a

-method which permits the detection and selection of

recombinant microorganisms exposing  at their surface
molecules having enzymatic activity, which are performed
on the basis of the catalytic activity of these molecules
rather than on the basis of their cémplexing activity.

Characteristic features of the invention |

The invention relates to a method for selecting

permts-only a I|n1ted nunber

recombinant microorganisms containing at their surface at -

least one molecule having enzymatic activity, in which

the recombinant microorganisms, preferably viruses such

as filamentous phages’ or A phages or phagemids, are

immobilized on a solid support by a covalent inhibitor of
the active site of the molecule having enzymatic
activity, connected to the solid support by an arm; the
recombinant microorganisms or all or part of their genome
are then recovered and all or part of their genome is

isolated.

The term *recombinant microorganism" is

QLT
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peptide seqguence encoded genetic
This definition includes especially yeasts,

bacteria, viruses, phages such as filamentous phages or

- phagemids.

The term “solld support" is understood to mean

. any solid structure on which the microorganisms can be
temporarily immobilized.

Such a solid support can be made by a person

skilled in the art accordlng to the technlques known in

the prior state of the art. _
This support may consist of a chrqmafbgréphic
support, paramagnetic particles, a polystyrene support or

any other support on which complexing proteins such as
" avidin or streptavidin or an antibody capable of binding

the microorganism are immobilized.

Preferably, the molecules’' having enzymatic

activity are chosen from the group consisting of enzymes,
abzymes; catalytic peptides or a mixture thereof.

' According to ‘a preferred embodiment of the method
of the invention, prior to their immobilization on the
solid support; the recombinant microorganisms are labeled

- with the covalent inhibitor connected by an arm to a

ligand which can be immobilized on the solid support.
According to another preferred embodiment of the

. method of the invention, the microorganisms or all or

part of their genome are recovered by destruction of the

'_microorganism or by detachment of the microorganism from

activity.
-1315- 1317, Parnie
al., J. Biol.
(1990), 8, p.
(1990), 875 p.
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its solid'support.

This detachment can be performed according to
several methods: either by. detaching the ligand from the
solid support with an eluting solutlon, preferably with
a solution at an acidic pH or by cleaving -the arm
connecting the covalent inhibitor to the solid support;
or by cleaving the bond between tﬁe_covalent inhibitor
énd the molecule having enzymatic- activity; or by
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cleaving a peptide linkage between the . molecule with
enzymatic activity and the microorganism. | |

The cleavage of the peptide linkage between the
molecule having enzyinatic activity is preferably
performed -with a specific protease such as factor 1l0A or
collagenase; cyanogen bromide which cleaves a peptide
linkage containing a methionine or hydroxylamine
according [sic] to a peptide linkage containing the
peptide asparagine-glycine have also been used.

Such cleavage makes it possible to advantagéously
incréase the selectivity of the method aécording to the
invention. - -

Indeed, the suicide inhibitor in the method
according to the invention is capable of also binding to
the microorganism at sites other than the active site of
the molecule having enzymatic activity. | o

By cleaving the specific peptide linkage existing
between the molecule having enzymatic activity and the
microorganiéﬁl, only the miéroorganism containing at its
surface an active enzymatic molecule will be recovered
during the elution. _ |

Furthermor_e , this method . of selection can be
applied for the detection and ‘'selection of microorganisms
which expose at their surface, on a native or recombinant
protein of the microorganism, one or more 'specific
peptides capable of inducing a cellular or humoral immune
response. ' -

Indeed, it w.as observed that a mere antibody-
antigen recognition -of such peptides did not permit
selection of the peptides most capable of eliciting a
cellular or humoral immune response (Wetzel (1991), Prot.
Eng., vol 4, p. 371-374). I

Consequently, a cleavage carried out according to
the invention at the level of "the peptide linkage
existing between the said peptide and the native molecule
of the microorganism also makes it possible to select in
a .specific manner the peptide(s) most capable of
eliciting a cellular or humoral reaction. :

* In addition, all or -part of the genome of the

352,
0838,
(1991)
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Sci ence 386 390, dackson et 35 al., Nature (1991),
p. ,624- é " Biochenmistry, (1991), 30, p. 106832- 1
J. ‘MCa aI , Prot. Engng (1991) 955-961, Kang et al.
Proc. Natl. Acad SCI. USA, vol. 88, p. 4363-4366; Barbas et aI.
(1991), Proc. Natl. Acad. Sci. USA, vol. 88, : ,

- 3- p. 7978-7982; Roberts et al., Rrag®.-Natl. Acad. Sci. USA
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ability ma conplex with peptide receptors qr specif,ic 20
anti bodi €8 whi ch i ndi Beeiinventian [ls® zelptesckommarker consisting

of a covalent, preferably irreversible, inhibitor of the
active site of a molecule having enzymatic activity,
connected by an arm to a llgand which can be lmmoblllzed-
on a solid support. _

10 _ - Preferably, the ligand is a biotin or an imino-
biotin. ' , .

' Advantageously, the arm contains a cleavable
chemical functional group, preferably a disulfide.func-~
tional group. | . ;

15 According to a preferred embodiment of the marker
according to the invention, the covalent inhibitor is an
analog of the Specific transition state of the enzymatic
reaction performed by the molecule having enzymatic
activity.

20 Another ‘aspect of the invention relates to a
amethqd for preparing the marker according to the inven-
'tion, in which a covalent inhibitor of the active site of

a molecule having enzymatic activity is coupled by an arm
~to a ligand which can be immobilized on a solid support.

25 The invention also relates to a solid support in
which a covalent inhibitor of the active site of a
molecule with enzymatic activity is connected by an arm
to a solid support.

' Advantageously, the covalent inhibitor connected

30 to the solid support comsists of the marker according to
the invention. | . .

According to a ﬁreferted embodiment of the inven-
tion, the arm is connected to the solid support by an
ester llnkage or contains a VlClnal diol.

35 A final aspect of the invention relates to the
method for prepafing the solid support according to the
invention in which.a covalent inhibitor of the active
site of a molecule having enzymatic activity is connected.
by an arm to-a solid support.
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m crodrg g§ﬁ§;hyg*hﬁ c&it her | abeling techni ques have been devel oped.
For exanp roor gani-sns have -25 been detected with the aid of
bact eri op mmﬂl specific for these hosts and | abel ed

(WD A-8,8 ransducing particles of known host specificity and

cont ai ni ng genes whi ch alter the phenotype can be .used for | abeling
bacteria (WO A-9, 004, 041). 30 -Thge sensitivity to certain toxic
substances which I s-associated with the detection by biolum nescence

encoded by a p3eH ddiesiptionPeenthectibardsat ect specific
m cr oor gani snk. wever, none of, these_t echnlqyef B&'; ;;s t he
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Moreover, coval ent inhibitors, used aeqgasheerataef theby feekrdctiamagerynes,.

by bi ndi ng coval ently to o the acfPGetihle SPhEheCEnpyie PAASREd ! OnS
' 5 : pBR322. ' '
‘ - Figure 2 ' . schematically represents the
steps of the meﬁhod'for inserting
the gene encoding the mature f-
lactamase into the phage'deOGl.
10 - Figure 3 represents = the nucleotide
. sequences of the primgrs comple—

'mentafy to the gene encoding

. p-lactamase.’ _
= Figures 4 to 9 schematically represent the
15 . - . method of synthesis of the .,
' markers according to the
o _ invention.
- Figure 10° . schematically represents  the

binding of a microorganism onto a
20 . ' solid support, by the 'marker
according to the invention, as
well as the possible cleavage
sites which make it possible to
recover the said microorganism.

25 Description of a preferred embodiment of the invgntion

Figure 10 schematically represents a recombinant
microorganism (1) containing at its surface a molecule
having enzymatic activity (2), immobilized on a solid
support (3) containing a complexing protein (4) such as

30 avidin or strepﬁavidin, , by a marker consisting of a
covalent inhibitor (5) of the active site of the molecule
having enzymatlc act1v1ty (2}, an arm (6) and a ligand
(7) which can be immobilized by the complexlng proteln. :
(4) on the solid support (3). . '

35 The microorganisms or all or part of their genome
can be redovered:_ , . _

- by detaching the ligand (7) from the solid support
with an eluting solution,- such as a solution at a pH
of the order of 4 (a);
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- . by cleaving the arm (6) of the marker (B);
- by cleaving the bond between the inhibitor (5) and
the molecule having enzymatic activity (2) (C);
- by cleaving the peptide linkage between the
5 microorganism (1) and the molecule having enzymatic
activity (2) (D); '
- by ‘destkdying the microorganism (1) -and by
recovering all or part of its genome (E).
The method will be described in greater detail
10 with referénge to the accompanying figures, in the.
following examples. _
Example I3 . Construction and selection of phages
' carrying active‘ﬂ—lactamase (fd-bla)
The viruses having at their surface molecules
15 with enzymatic activity are constructed from
“filamentous® phages..
The filamentous phages such as M13 or fd are
bacterial viruses which, in the free form, contain a
6.4 kb single-strahded circular DNA encapsulated in a
20 protein envelope in the form of a very long cylinder
consisting of five proteins (Beck & Zink, Gene (1981),
16, p. 35 to 58; Grant et al., J. Biol. Chem. (1981),
256, p. 539 to 546; Lopez & Webster, Virology (1983),
127, p. 177 to 193. o S
25 Among these, the produét of the gene.III (pIII)
' is a complex protein, present in an amount of 3 to 5

copies, which closes one of the ends of the virion and is
composed of three parts: a signal peptide which is used
for exporting the protein to the periplasm of the

30 bacterium and is cleaved during excretion; a globular
part necessary for infection which recognizes the F-pilus
of the E. coli target ééll; a hydrophobic, transmembrane
part during the virus morphogenesis phésé ‘which
subsequently ensures anchbrage of pIII in the particle

35 (J. Armstrong et al., FEBS Letters (1981), 135, p. 167-
172; C.W. Gray et al., J. Mol. Biol. (1981) 146 p. 621 to
627; G. Glasez-Wuttke et al., BBA (1989) 985, p. 239 to
247). :

Following their work on the role and function of
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between the signal peptidé and the sequence of the mature
-proteih (Gene (1988), 73, p. 305 to 318). This insertion
does not prevent the viability of the phage and the ;
introduced sequence is accessible. -

10 “The pha.ge-e'nzyme fd-'-:tet-B—la'.ctamase (fd-bla is
constructed from the phage fdDOG1 (Clackson et al,
ﬁature, 352, p. 624 to 628 (1991) in which the sequence
encoding the mutated p-lactamase has been introduced.

This phage is derived from the phage fd-tet (Beck

15 et al., Nucl. Acids. Res., 5, p. 4495 to 4503 (1978)),
in which a polylinker is inserted between the sequence
encoding the signal peptide of protein III (pIII) and the
sequence. encoding the mature pIiI ; in this mander, the
p-lactamase will form, with pIII, a fusion protein. The

20 phage fd-tet is itself derived from the phage fd (Zacher
et al., Gene, 9 p. 127 to 140 (1980)) by insertion of the
tetracycline resistance gene of the transposon Tn 10.

‘The phage fdDOG1 comprises two restriction sites

(Notl and Apall) constructed by mutations in the region

25 encoding the protein pIII, between the signal peptide and
- the globular part. -

‘The phage £dDOGl also comprises the tetracycline

gene inserted in the region of the origin of r_epiication

" of the phage and permitting a propagation of the phage as

30 plasmid. . _

Isolation of the nucleotide séquence éncoding f-lactamase

 The B-lact-amas;_ gene of the plasmid pBR322 of.
E. coli (whose sequence is given by Sutcliffe, PNAS USA,
75, p. 3737 to 3741 (1987) and in figure 1) was isolated

35 from the phagemid pBluescript S/K+®.

' ' Given that the cloning into £dDOGl will use the
Apal.l site and that the sequence of the p-lactamase
contains such a site, the lé.tter should first be removed

by site-directed mutagenesis. This mutation conserves the
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Characteristic features of the invention CTHET nvent "B TEl ares
to a:net-hod for selecting r econbi nant nicroorganlsns cont ai ni ng at

t hei-r-stirface-at-30 |east one nol ecul e havi ng enzymati c ThicSleti een Bepldeed
t he' reconbi nant mi croor gani sns, preferabl y viruses such ous
phages or [err] phages or phagem ds, are .- immobilized
support by a coval ent inhibitor of the active site of the nolecule
havi ng enzymatic 35 activity, connected{+q the solid support by an arm
t he reconbi nant m croorgani sns or ]I or part of their genone
are then recovgfggegﬂdsgh{,e%epart of thelr genorre I S ~ isol ated.
The term r'econbi nant mcr.p gBSE{“ s’ i
he phagemid p uescrlpt S/K+® (from the company

‘Stratagéne®, sold by Ozyme®), is mutated accordlng to the
method of Eckstein (Nucl. Acids Res., 14, p. 9679 to 9698

5 (1986) with the aid of a kit marketed by the company-
Amersham®. .

After in vitro mutagenesis, the double strand of
the mutated phagemid pBluescript S/K+® (pBluescript-M) is
used to transform the strain TGl of E. coli (Gibson,

10 Sstudies on the Epstein-Barr virus genome, PhD Thesis,'
' Cambridge University England (1984).

The transformed cells are plated on LB-Amp medium
(Sambrook et al., Molecular Cloning, A léboratory'manual,
second edition, Cold Spring ‘Barbor Laboratory Press

15 (1989) Appendice A). ' | '

. Colonies are recovered and cultured in LB-Amp
medium; The single-stranded form of pBluescript-M is
produced by addition of the helper phage R408 to the
medium (Russel et al., 45, p. 333 to 338 (1986)).

20 The strand pBluescript-M is then sequenced
according to the Sanger method (PNAS USA, 74, p. 5463 to
5467 (1977)) with  the  aid of the primer
S’ ~PTTAAAAGTGGCCATCATTGGA centered at the position
'encoding Ser 68 in order to verify that, in the chosen
25 clones; the mutation is indeed introduced.
Cloning of B-lactamase into the phage fdDOGL
) The sequence of the gene encoding the mature
ﬁ—lactamase is inserted into the phage £dDOG1 between the
~ sequence encoding the signal peptlde of pIII and that
30 encoding the mature pIII. The cloning sites Apall and-
" Notl are used according to the scheme given in figqure 2.
To this effect, the B;lactamase gene is recovered from
the phagemid pBluescript-M with introduction of the
appropriate restriction sites by PCR. ' |
35 The primers used, shown in Figure 3, contain the
following characteristics: . .

The primer in 5’ is a 30mer complementary over
18 bases of the mature B-lactamase gene starting from the
second codon (encoding Pro 2). The 5’ extension (12



understood to ean any nacronDIecuIar structure mhlch

‘Engl i sh definition of "Genetic Display . Package" (GDP)qhggﬁét to say

any macronol ecul ar struc- ture incorporating genetlc Relmwd o
coritaining a 5 peptide sequence encoded by this genetlc ,

This definition includes especially yeasts, bacteri a,

such as fil anmentous phages or - phagem ds. - - The term’ SO|Id
“support” is understood to nmean 10 any soljipd _structure on which the

m croor gani snms can be- temporarily i mmobilized. Such a solid

support can be gpdles PYi gt PSASOs the Apall site and causes a mutation
which results in the replacement of His 1 by Gln 1. This
mutation is introduced in order to avoid the phages
carrying a f-lactamase having the terminal amino sequence
5 His-Pro-Gln capable of exhibiting an affinity for avidin
or streptavidin (Devlin et al. Science, 249, p. 404 to
406 (1990)) subeequently used for their selection.
The primer in 3’ is a 47mer complementary over 21
.bases from the end of the f-lactamase gene. The extension
10 replaces the stop codon by a codon encoding a glycine,
introduces four codons between the gene encoding the
B-lactamase and the gene encoding the protein pIII, as
well as the Notl restriction site for the cloning. These
four additional. amino acids constitute a potential
15 cleavage site between the two protelns for factor Xa. The
protein pIII provides, indeed, the capacity for lnfectlon_
of the phages (Goldsmith et al., Biochemistry, 16, p.
2686-2694 (1977). While the presence of a protein as
voluminous as f-lactamase affects the .capacity for
20 infection, an incubation with factor Xa makes it possible
to restore the latter.
In addition, this site constitutes an additional
cleavage point for recoveriﬁg the microorganisms.
The phage fdDOG1l is digested for 18 hours with
25 Apaﬁl and Notl and purified on agarose gel. Moreover, the
sequence of the phagemid pBluescript-M is amplified with
‘the primers described above using 34 PCR cycles (1 min.
at 95°C, 1 min. at 60°C and 2.5 min. at 72°C) in the
presence of Tagpolymerase® (Saiki et al., Science, 239,
30 p. 487 (1988). After .gel purification, the product is
digested with ApaLl and Notl for 18h and repurlfled- then
1.5 pg of digested deOGl and 250 ng of the f-lactamase
gene are mixed in 60 pl with 4 units of T4 DNA ligase
_ (Gibco-BRL®) and maintained overnight at 16°C. The
35 purified ligation mixture is used to transform the strain
TGl of E. Coli. ' |
' The cells are plated on LB-tet and LB-Amp medlum
(Sambrook et al.) where it is observed that the presence
of the phege provides the fesistance to the antibiotic.



ski1Téd in the art according to the techniques known in  the prior ——

state-of the art. 15 Thi's support may consi st ®his She&Ma9B&E REARNI C
support, paramagnetic particles, a pol ystyrene support or r
support on whi ch conpl exi ng proteins such as avidin Mm;mﬁ ikl n or
an anti body capable of binding - the m croorgani smare’li w20
Preferably, the nolecules having enzymatic . activity are chosen
fromthe group consisting of enzymes, - 13 -abzynes, catal ytic pepti des or a
m xt ure thereof. According to a preferred enbodi nent of the
met hod - ottolhﬁleﬁvenie Oﬁhepl‘lclrlﬁln‘dd‘le.l.n | 2w IbiTetz amedhumn arheins

solid support e,reco an th the
coval ent i nhl%’f%'g A%%nlﬁ%gi'&a I;’/r%frfi%m ghségalaé et[ﬂeagﬂg%m &bcl\gn be
i mobi | i zed on the soInsteagpoftconstructing phﬁgesrqnﬁgm@% hyiompBL-
preferred e"’g@ﬁ’i ﬂ%?Ofoft hl?he roﬁ@iﬁ'ogﬂ& thee | p¥eriis, p&i‘sﬁble to

m cr oor gani s or enone are recovere

destructi®n oforpbruct amfd*ﬁ?(ﬂ‘beﬁ’ﬁ%?ﬁﬁf \S'}fthefté'@hrﬂe‘fﬂ &3 (Pl I(aérganl sm

from - which is a small protein of 5.2 kd constituting the

' cylinder body of'tﬂe phage fd. and which is normally

present in 2700 copies (Newman et al., _J. Mol. Biol

(1977), 116, p. 593 to 606). If the size of the DNA

10 molecule is modified, the number of copies of the protein

 pVIII can be adjusted in order to include-the said DNA

molecule. . - '

This variant is achieved with a phagemid in order

to be able to control the number of copies of the fusion

15. protein Kang et al., (1991) Proc. Natl. Acad: Sci. USA,
" vol. 88, p. 4363-4366. ' |

Characterization of the phage carrying the active
ﬁ—lactamase (fd-bla) '

The phage thus constructed is characterized in
20 the following manner. The fact that the infection by the
phage confers on the cells a resistance to ampicillin is
first demonstrated. Then it is shown directly that the
phage itself exhibits an activity for hydrolyzing a
. p-lactam, nitrocefine. The fact that the e_nzymaﬁic
25 activity is not present in the ultrafiltrate after
filtration on a membrane which allows the p-lactamase to
' pass through already indicates ‘that the enzyme is bound ‘
to the phage. Finally, the phage proteins are analyzed by
gel eiect:r_:ophoresis and Western Blotting and it is shown
30 that the protein pIIIX J'.§ present in the form of a fusion
protein with the f-lactamase. This confirms that the
construction is indeeci correct and that, during the
morphogenesis of the virus, there is no proteolytic
cleavage which would result in the detachment of the
35 B-lactamase from the phage. _
By infection of cells of E. Coli‘TGl with this
" phage and plating on LB-Amp medium, ampicillin-resistant
colonies are obtained. 'The' B-lactamasé ,activity is
directly detected in the Petri dish by a nitrocefine test



its sqlid support.

the solid support; or by cleaving the bond between the covalent

i nhi bitor
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and the nol ecul.e having enzymatic activity; or
' - 14 -

(Pliickthun et al., J. Biol. Chem., 262, p. 3951 to 3957

(1987)). Likewise, the phage isolated from the culture
medinm after centrifugation of the cells, precipitated

with 4 % PEG, 0.5M NaCl (final) and resuspended in 50 mM
tris buffer, 150 mM NaCl at pH 7.5, at a concentration of

the order of 102 transducing units (tu) per ml,
hydrolyzes the nitrocefine. '

The specific activity of the enzyme carried by
the phages was identical to that of the f-lactamase RTEM
in solution (Boehringer). The measurement of the activity
was also performed after ultrafiltration of the phages on
Centri/por membrane with an MW cut-off of 100,000 which
allows commercial f-lactamase RTEM to pass through. Less
than 5 $ of the B-lactamase activity was detected in. the
ultraflltrate, which indicates that the enzyme rgmalns
attached to the phage. ' '

Viruses fd-tet and fd-bla are prepared and
concentrated (102 tu/ml). 20 pl of each solution are
loaded onto a 12.5 % SDS-polyacrylamlde gel and analyzed
(mlnlproteanO II from Biorad®). By Western Blottlng, the
proteins are transferred onto nltrocellulpse
(minitransblot® from BioradG) and the revealing is
performed with an anti-protein III rabbit antibody,
followed by a goat antibody against a rabbit antibody

. coupled to HRP (horseradish peroxidase). The chromophoric
substrate of HRP reveals bands of apparent MW of 70 kd

and 105 kd for fd-tet and fd-bla respectively. The
revealing was also performed with an anti-f-lactamase

. antibody; a band was found only for fd-bla at the

position expected for the fusion protein.
Example IX: Construction and characterization of
phages carryihg an inactive fi-lactamase
(£fd-bla-)
In order to test the éfficiency of the selection
method according to the invention, phages carrying an

inactive f-lactamase (fd4bla') are constructed and-

characterized.
The phagemid pBluescrlpt-M is sub]ected to a

mutagenesis in which the codon encoding the essential

Thi's detachnent can be perforned accordln

‘to- several nethods: either by detaching the Ilgand f ed
support with an eluting soluti-on, preferably with =~ S
aci di c pH or by cleaving the arm = connecting the coval

i .m-.\-wk



cleaving a peptide |inkage between the’ nDIecuIe mnth
and the m croorgani sm The cl eavage of the p t|

bet ween t he nol ecul e having enzymatic activity'is pre 2s ]mxd
perforned with a specific protease such as factor 10A or H
cyanogen brom de which cl eaves a peptide |'i nkage cont

nmet hi onine or hydroxyl am ne according [sic] to-a peptlde | i nkage
cont ai ni ng the pepti de asparagi ne-glyggne have al so been used. 10

Such cl eavage makes it- posSi bl e to advant ageously i ncrease the
selectivity of seig@neebBodsanaeed 8 ADahire in ordenttoninactivate the

I ndeed, the suicide inhibitor in the nethod according to the invention
i s capabl e of §P§gmﬁlnd|ng to 15 the mcroorganismat sites other than the-
active site of t he Theel emxtladelda\gerge ebhg ynetoveredi aceprding to the py

cleaving the Sggﬁbhﬁtéﬂﬂgﬂd¥34§r¥ﬁ9@ §3L31EBP the active p-lactamase

5 {PCR amplification with introduction of restriction sites
{cf. figure 2)). The phage cqrrylng inactive f-lactamase
(fd-bla-) is characterized by restriction fragment
analysis, complete sequencing of the Bla gene, detection
of enzymatic activity and analysis of the proteins.

10 The S68A mutation is introduced according to the
same procedure as the mutation of the ApalLl site. The
transformed cells are plated on X-Gal medium {Horwitz et
al., J. Med. Chem., 7, p. 574 (1964)) without amp1c1111n.
The blue colonies are cultured in 2xYT medium .and the

15 single-stranded form is produced by addition of the

- helper phage R408. The mutation :.s sequenced by the

.Sanger method with the aid * of the prlmer |
5’ ~TAGTGTATGCGGCGACC complementary to the region encoding -
G90-Y95. | |

20 After amplification of the gene by PCR, cloning,
transformation and plating on tet medium as performed for
the active p-lactamase, colonies are recovered - and
cultured in 2xYT-tet medium. The double-stranded DNA of
the phage is isolated and digested with the restriction

25 nucleases BamHl and EcoRl. The digestion products are

| separated on agarose; the transformants show 2 fragments
of 4.7 kbp and 5.5 kbp, in agreement with what is
expected. The complete sequenc1ng of the mutated Bla gene
is performed with the primers 5’-TAGTGTATGCGGCGACC,

30 5’ -Aflacuna]GCGAGTTAC[lacuna)G, 5’-CCAGCCAGCCGGAAG and
5’ “-TGCTAAACAACTTTC located respectively in the regions
encoding G90-Y65, H156-L160, L223-W227 of the fi-lactamase

~and E5-A9 of the mature protein pIII). It thus is
verified that the PCR amplification did not introduce

35 . mutations other than that aimed at inactivating the
active site. '

The presence of a P-lactamase activity is then
detected by performing, on the supernatant of a culture
Ofsphage fd-bla-, a nitrocefine test as described ebove.



Ibetween t he nol ecul e havi ng enzymati c act|V| ty and the mnmlfé&@m%ﬂk

ced
only the mcroorganismcontaining at its 20 ‘surface an acti
nolecule will be recovered duri ng-t'hé el uti on. L
Furthernore, this nmethod of selection can be applied f

and sel ection of m croorgani sns whi ch expose at their surface, on a
native or reconbinant 25 protein of the mcroorganism one or nore
specific pepti des capabl e of induei d§ a cellular or hunoral irmmune
response. - I'ndeed, it was observed that a nere anti body-
antigen recogdint i agreementh ‘pb#ehl whatdi dsnexprated, 3@0 sarbiviby oSt he
peptides nost aRak)Ly of eliciting a cel | ul ar or hunoral immune =
response (Wt zel (1995) Pr ot . ,_ vol 4, 371-37 4]_1)

Consequent |y, a cl eavdddadddii @ala&msegceér Fibey Rlb"r‘ge coaty PYGRAIRT Y at t he

level of the pradtifringkaes %lmﬁpméﬁts/ﬁewdsltemal Bloepinge amdl t he
native mol eCUl:SmnunoloJ:.Ja ede ec 26 ané Spnzqe..': omergiléess flotr Qﬁgsfal?l 5 ttod sel ect
in

"bla. The fusion prote:.n PIII-ﬁ—LACTAMASE is correctly

identified. '

Example IY¥I: Synthesis of the active f-lactamase

' marker provided with a small-sized arm

10 ' . between suicide inhibitor and ligand

‘The phages whose DNA contains the active B-

lactamase gené and which carry the corresponding enzyme

attached to the coat protein piII will be selected by a

reaction with the marker according to the invention. This

15 marker consists of a bifunctional molecule which
contains, at one ‘end, a covalent inhibitor of the
B-lactamase and, at the other, a ligand, in this. case
biotin, which can be easily immobilized on a solid
support. . _

20 ' The suicide inhibitor module consists of a penam
‘sulfone (see Fisher et al., Biochemistry (1981), 20,
2726-2731, Mezes et al., FEBS Let. (1982), 143, 265-267,
Clarke et al., (1983), 748, 389-397, Dmitrienko et al.,
Bioorg. Chem. (1985), 13, 34-'46) functionalized so as to

25 allow its attachment by an arm to a ligand or a support.

Imino-biotin can also be advantageously used
because its affinity for streptav:.d:.n can be considerably
reduced by decreasing the pH of the solution. This will
give us an additional possibility to isolate the phages

30 from the .support after immobilization. '

' These two entities are connected by an arm of
sufficient length to allow the interaction of the ligand
carried by the marker with the immobilized protein.

_ The scheme for synthesis of the bifunctional

35 molecule is given in figures 4 to 6. Most of the steps of
this synthesis are described in the chenucal lrterature
or involve coventional procedures. The molecules are
characterized by IR spectroscopy and 1H-NMR.

Sodium  p-nitrobenzyloxycarbonyl-2-aminoethane-
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its genone.

reaction. In addition, all or part
.- T- nlcr u
al So be recovered by destroylng the . m croorganismor b

This-genonme is then isolated, anplified (for

'-'17_

sulfonate (3) is prepared by addition of two equivalents
of p-nitrobenzyl chloroformate to dissolved taurine (2)
one equivalent [sic] of 1IN NaOH at 0°C, continuously

- neutralizing the medium by additicn of NaOH, under the
. Schotten-Baumann conditions. After extraction of the

p-nitrobenzyl alcohol with ethyl acetate, the product is
freeze-dried. The yleld was 66 %.

The sulfonate (3) was converted to " sulfonyl
chloride (4) with phosphorous,oxychlcride accofding to
the method of Fujita (Synthesis, 423-424 (1982)). By,
washing the oil obtained with dry ether, the product was
obtained in the form of a white powder with a yield of
97 %. '

In parallel, 6-aminopenicillanic acid (§)- was
converted to its methoxymethyl ester (6) according to the
method of Manhas et al. (Synthesis, 549-552 (1983)) with
the aid . of methoxymethyl chloride -after temporary.
protection with ethyl acetoacetate.

The acid chloride (4) is' coupled with the

6-aminopenicillanic acid ester (5) in dichloromethane in

the presence of triethylamine. The product (7) purified

on a silica column (eluant: ethyl acetate-dichloromethane
80:20), was obtained with a yield of 50 %.

_ - This product was oxidized into a sulfone (8)
according to the method of Johnson et al. (J. Org. Chem.,
28, 1927-28 (1963)); the product obtained was washed with
ether to give a solid white [sic] which was purified on
silica (eluant: ethYl acetate;dichloromethane 50:50). The
yvield was 75 %.

On deprotectlon of the amine functlonal group by
hydrogenation on palladlum/carbon according to a conven-
tional method, the product (9) was obtained. whlch was
coupled directly with ‘sulfosuccinimidyl 2—(blot1nam1do)-
ethyl-1,3-dithiopropiondte (10) (marketed.ﬁy'PIERCEG), to
give the marker precursor (11) which was purified by
chromatography on silica (eluant: ethyl -“acetate-
dlchloromethane 50: 50) The yield was 25 é.

The protection of the carboxylic functional group

in pcs1tlon 3 of the penam ring in (11) was removed with

h@a



PCR) and clohed.5 " The invention‘al $0 relates t rke

.8, /T8

consisting . of a covalent, preferably irreversible, i 0 e
acti've -si t €76f “a nol ecul e haV|ng enzymatic activity, H T
armto a.ligand which can be inmmobilized on a solid s

Preferably, the ligand is a biofin or an i m no- bi oti n.

-‘Advant ageously, the armcontains a cl eavable chem cal functional

group, preferably a disulfide func- - tigoral group. 15° Accordi ng
to a preferréd enbodi nent of the marker according to the invention,

the coval ent itl® FHidbofi magnesium bramixe dn ﬁﬁslﬂpeoinbﬂ:banéanstor@hngt ate
of the enzymatig ene npRaeld Ok HLAOLEEAIDY (s of 184 41 CN3Y LI ©

activity. 20 aspect of nventlon relates to

met hod for pre%ﬁhfgl%blmk)ef %md@gpmdm& regewered (12) o"nft?’ﬁ whi ch
a coval ent 'r”B@Hﬁéraﬁioﬁr@faﬁﬁévgbf+éﬁtqﬁas used directly to inhibit

5. the enzyme and to label the phages carrylng active
' enzyme. ' '
Example IV: Immobilization of the phages carrying
active B-lactamase (fd-bla) ‘
‘The use of a covalent marker irreversibly binding

10 - the active site of the enzyme and making impossible any
reuse of the enzyme, does not constitute a disadvantage
in the method for selecting the enzyﬁe. Indeed, in this
method the desire is ‘only to select and rec_:over the
genetic sequence encoding the active molecule.

15 ' The optimum conditions for inhibition, by the
bifunctional marker, of the phages carrying the active
B-lactamase are first determined. To this end, the rate
of disappearance of the f-lactamase activity of the
phages is measured, by the nitrocefine test, as a func-

20 tion of time after addition of the inhibitor. Phages are
then incubated in the presence'ef the marker.

Then the reaction product is passed through an
agarose-coupled streptavidin column. The phages are then

_ eluted by cleaving the disulfide functional group of the

25 ~ marker. They are used to reinfect an E. coli culture.
From this culture, the gene encoding the . active
B-lactamase can be easily recovered. '

A culture of bacteria infected w1th the fd-bla
phages is prepared in a 2xYT medium containing 15 pg per

30 ml of tetracycline and incubated, with stirring, at 37°C

 for 16 hours. After centrlfugatlon of the culture for 10
 minutes at 10000 rpm (revolut;ons per minute), the
supernatant is recovered. The phages are precipitated by
addition of 1/5 volume of 20 % polyethylene glycol

35 solution, at 2.5M NaCl. After incubation for 1 hour at
4°C 'and centrifugation, the phages are resuspended in a
50 mM acetate buffer at pﬁ 5.0. | -

The marker (12) in solution in DMSO, at a
concentration of 1 mg/25 pl, was added ‘at a final



a mol ecul e haV|ng enzynatlc act|V|ty |s coupled by ao arﬁhsmma}EQB&m

whi ch can be immobilized on a solid support. 25 L
relates to a solid support in whi ch a -coval ent |nhib| '
site of a nmol ecul e wwth enzymatic activity i s connect

to a solid support. Advant ageously, the covalent |nh|b|tor

connected 30
t he |nvent|on

to the solid support consists of the marker according to
According td% preferred enbodi ment of the

i nven- . tion, the armis connected to the solid support by an
ester |inkage gengentEabion ofcPraP ®Moto the solution pontaaningpsbe of
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the invention %ﬁ&é&?s(éﬁbf&&mately morhes AQlh BAEPAT¢ EEA Nerheokihdisypport |
according to t i nv ntlgn i'n ich a covalent i nhi bitor of the
active sF%@“o%sa?ﬂBF%%ﬂ? ic activity is connected

by an armto a solid sMppesver, a suspension of 250 pl of agarose-

5

streptavidin (PIERCE®) is washed with 20 ml of }?BS buffer
containing 1 $ BSA (Bovine Serum Albumin, Sigma). 0.3 ml
of the solution, containing 1.25 x 10° phages, was loaded

- onto the column, washed with 6 ml of PBS/1 % BSA and 6 ml

10

of PBS. The phages are then eluted with 1 ml of a 500 mM
dithiothreitol solution in PBS buffer. One aliquot of
recovered phages was incubated, after change of buffer,
with 10 ml of E. c011 TGl cells in exponential growth at

'37°C. The recovery of the phages was demonstrated by

. plating various dilutions on LB-tet medium and counting
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the colonies. 1.8 x 10° phages carrying active J-
lactamase, equivalent to 14.4 ppm, were recovered in this
manner.

Example V: Immobilization of phages  carrying

inactive p-lactamase (fd-bla-)
1.05 x 10° phages (df-bla") contained in 0.3 ml of

acetate buffer at pH 5 were placed in the presence of the
marker (12) according to the invention and the reaction
product was passed through an agarose-coupled strep-
tavidin column and eluted according to a procedure
identical to that described in example 4. 2.0 x 103
phages carrylng inactive f-lactamase, equlvalent to 1.8
ppm, were recovered in this case. ' '

Comparison of the results of examples IV and V

shows that the active phages are retained better than the
inactive phages by a factor of 8.
Example VI: Enrlchment . with active phages, of a

mJ.xture containing active (fd-bla) ‘and
inactive (fd-bla") phages: elution with
dithiothreitol

An experiment of the same type was carried out

with a mixture of active phages and inactive phages to-
determ:.ne directly .the active phage enr:l.chment factor.

A mixture containing 6.4 x 10° active phages and

1.4 x 10" inactive phages in 0.3 ml of acetic buffer at



- 8- .. Brief description of thée flgures ldﬁwa*"FTgﬁfé”I

‘represents t he nucleotlde
[err]-|actanase- encodi ng gene of
pBR322. - Figure 2 . schematically represents

steps of the nethod for inserting
| - 20 -

pB 5 in the presence of 1 % BSA was placed in the
presence of the marker (12) at a final concentration of
" 0.25 mM. Excess marker was removed by ultrafiltration on
a unit Ultrafree 30,000 from Millipofeﬂ. The solution was
5 loaded onto strepfavidin-agarose. After washing the
column with 5 ml of PBS/1 % BSA, the phages were eluted .
. with 500 mM dithiothreitol. An aliquot of eluted phages
- was plated'at various dilutions on LB-tet dishes; the
colonies were thus counted. A total of 1.3 x 10°¢ bhages
10 were recovered in this mahne:f. The number of phages
carrying active B-lactamase was determined by directly
measuring the pf-lactamase activity of the colonies by the
nitrocefine plate test as described above. This number
was also verified by plating an aliquot of the eluate on
15 LB-Amp dishes. The number of elufed'active‘phages was
1.1 x 10°. The enrichment factor obtained was therefore
5.5. :
Example VII: Enrichment, with active phages, of a-
_ mixture containing active (fd-bla) and
20 _ inactive (fd-bla") phages: elution with
factor Xa o
An experiment of the same type was carried out
with a mixture of active phages and inactive phages to
directly determine the enrichment factor; the elution was -
25 this time carried out with factor Xa cleaving a peptide
linkage between the f-lactamase and the protein III.
' ‘A mixture contaihing 2.8 x 10 active phages and
2.2 x 10* inactive phages in 1.5 ml of acetic buffer 1 %
BSA was placed in the presence of the marker (12) at a
30 final concentration of 0.75 mM, passed'over stréptavidin-
agarose. After washing the column with 801ml of PBS, 2 ml
of 0.1 M TRIS buffer at pH 7 containing 0.02 % NaN, and
2 ml of Tris buffer at pH 7,. 1ml of a solution
containing 10 pq of factor Xa (Boeringher)’wasiadded to
35 the suspension and it was allowed to stand overnight at
room  temperature, with gentle stirring.. After
centrifugation, the supernatant was analfzed by plating
at various dilutions on LB-tet dishes;;thé colonies were
thus counted. A total of 6 x 10° phages were. recovered ‘in .
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nmehtary to the gene encodi ng
- Figures 4 to 9 schematical'ly represent

method of synthesis of the - markers accordlng

to t he _ I N¥eplion. - - Fi gure 10
~schematically represents t he bi ndi ng of a
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Fi gure 10 sch alTy represents a reconblnant .

.5 - mixture containing active (fd-bla) and

inactive (fd-bla”) phages:
preimmobilization of the marker

Another experiment was carrJ.ed out with a mixture
of active phages and inactive phages, but with prior

10 - immobilization of the marker on the streptavidin-agarose
column. _

250 pl of streptavidin—agarose suspension are
incubated for one hour in an acetic buffer at pH 5 in the
presence of 1 % BSA; after washiné with 2.5 ml of acetic

15 buffer without BSA, 2 pl of a 50 mM solution of marker
(12) in DMSO are added. After 1 minute and 5 cycles of
washing and centrifugation. with, each time, 1 ml of.
acetic buffer, 0.8 ml of phages in an acetic buffer )

1 % BSA containing 9.6 x 10 active phages and 5 x 10%

20 inactive phages were added to the suspension with gentle

.stlrr.l.ng ., overnight at 4°C. After washing with 20 ml of
-PBS/1 % BSA and 50 ml of solutlon) 0.1 $ Tween 20 in PBS,
the phages are eluted with factor Xa and counted as in
example VI. 1.15 x 10° active phages and 1.85 x 10°

25 inactive phages were recovered in this manner. The
enrichment factor obtained was therefore 3.2.

Example IX: Bnrichment, with active phages, of a
" mixture containing active (fd-bla) and.
- inactive | (fd-bla") phages: elution by

30 . hydrolysis of the acyl-enzyme linkage

An experiment similar to that of example VIII was

. carried out with a mixture of active phages and inactive
phages to .verify the possibility of recovering phé.ges. by
. cleaving the linkage between the p-lactamase and the

35 suicide inhibitor , namely the ester linkage of the acyl
enzyme . This cleavage was carried out by hydrolysis.

A mixture céntaining 2.8 x 10%° active pha-ges and
1.05 x 10 inactive phages were [sic] loaded onto a
column where the marker had been immobilized. . After

Iactanase"“'"'”



' nicroorganisn1(1) containing at its surface é“nblecufe “'133 vl o
enzymatic activity (2), inmmobilized on'a solid ... .. support ¢pd
a conplexing protein (4) such as 30 avidin or streptavidiH I

consisting of a coval ent i.nhibitor (5) of the active

nol ecul e - having enzymatic activity (2), an arm (6) and a |igand

(7) which can be immobilized by the conplexing protein (4) on the
solid support (3). 35 The ni€r33rganisns or all or part of their
genone can be recovered: . - bx detachinﬂ'the | i gand (%% from
the solid supgdfiensive washing ag iR examPAg Yoidri bHe SHEREUZLAN it on
at a pH allowetd tidiesPaf@rovérdighd,; at room temperature and the

supernatant from a centrifugation was analyzed. 1.4 x 10°

active phages and 2.5 x 10° inactive 'phages were
5 recovered in this manner. The enrichment factor obtained

was therefore 2.1. _

' In the examples mentioned, the percentage of
immobilized phages is low because the size of the arm
between the immobilizable ligand and the inhibitor is

10 _gquite small. In order to avoid this disadvantage, another
marker having a larger-sized arm was prepared.

Example X: Synthesis of a marker of -active
p-lactamase provided with a large-sized
arm between suicide inhibitor and ligand

15 _ Carbobenzyloxy-Z-(2-aminoethox?)éthénql' (15)

(figure 7) was prepared by addition of 1 equivalent of

benzyl chloroformate (13) to 2f(2—aminpethoxy)ethanol

(;g) in water saturated by bicarbonate. The prodﬁct was

_ extracted in organic phase and purified on a. silica
20 column (eluant: ethyl acetate-dichloromethane 50:50) . The
yield was 58 §. -

Ethyl vinyl-sulfonate fll) was prepared from 2-
chloroethane-sulfonyl chloride (16) according to the
method of Whitmore and Landau (J. Am. Chem. Soc., 68, p.

25 - 1797-1798 (1946)). It was purified by horizontal distil-

lation at 88°C under 0.6 mm of mercury to give a

colorless oil (yield 45 %). One equivalent of the

.prétected amino alcohol (15) was added onto (17) in_d;y |

_ acetonitrile to which fiﬁely ground potassium bicarbonate
30 was added. After heating, for 3 days at 80°C, filtration
and evapdration-of the solvent, the'pfoduct (18) was
purified on silica (eluant: ethyl acetate-dichloromethane
50:50). The yield was 60 %. The sulfone functional group
: was deprotected according to the method of Tipson et al.
35 (J. Org. Chem., 12, 133-137 (1947)) to .give, after 24
hours of reaction, (19) in the form of a white powder
after washing with hexane (yield 86 %). This product was
converted to an acid chloride (20) acc'ordirié to the
method of Fujita (Synthesis, 423-424 -(1982)).



_9- —————-——by—e#ea¥+ng_1he arn1(6) of the mar ker (B) L by cIeaV|ng o

t he -bong, en,the inhibitor (5) and _ L he.nol ecul.e_havi ng. et e B
enzynatl acqdc) - - by cIeaV|ng the peptide Ilnkage

bet ween ﬁ l croorgani sm (1) and the nol ecul e having enzymatic
act|V|ty by destroying the mcroorganism (1) and by
recovering all or part of its genone (E). The nmethod wll be
described in greater detail 10 wth ref @®me to the acconpanyi ng

figures,. in the foll owi ng exanpl e le I: Constr ctlon

and selection of ph‘gﬂﬁs aci chlrgprlde (20) (fg.gure '7) was couple
directly with the ester of of [sic] 6-aminopenicillanic’

‘acid (6) in dichloromethane in the presence of

triethylamine for one hour. The product obtained (21),

5 purif'i'.ed on silica (eluant: ethyl acetate-dichloromethane

50:50) was obtained with a yield of 34 %. It was oxidized

into a sulfone (22) according to the method of Johnson et

al. (J. Org. Chem., 28, 1927-28 (1963)), the product

obtained was washed with ether to give a white solid
10 which was purified on silica (eluant: 'ethyl acetate-

dichloromethane 50:50). The yield was 72 %.

On deprotection of the amine functional group by
hydrogenation on palladium/carbon in ethanol according to
the conventional method, the pl_':oduét (23) (figure 8) was

15 obtained which ° was coupled ‘directly = with

sulfosuccinimidyl 2-({biotinamido) e-'thyl-l 13-

dithiopropionate (10) (marketed by PIERCE®) in order to

obtain the marker precursor (24) which was purified by
chrométography on silica (eluant: ethyl acetate-
20 dichloromethane 50:50). The yield was 13 %.

The protection of the carboxylic functional group

" in position 3 of the penam ring in (24) was removed with

the aid of magnesium bromide in dichloromethane according

to the method of Kim et al. (Tetrahedron Letters, 32,

25  3099-3100 (1991)). - N |
. Example XI: Enrichment, - with active phages, of a
mixture containing active (£fd-bla) agpd
inactive (fd-bla") phages: labeling with
the inhibitor (24), elution with factor
30 _ Xa ' ' _

An enrichment experiment was carried out with -
labeling with the inhibitor (24) of a mixture of ‘active
phages and inactive phages in order to determine the
effect of the size of the arm connecting. the biotin

35 llgand with the suicide inhibitor module. '

A mixture containing 1.2 x 10" active phages and
3.3 x 10" inactive phages in 1.5 ml of acetic buffer 1%
BSA was placed in the presence of the marker at a final
concentration . of 0.75 mM, passed over
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from ' phages. . The filament ous phages such
as I\/[L30 acterlal .viruses which, in the free form contain a
6.4 kb si ngl e-stranded circular DNA encapsulated in a 20 protein envel ope
in the formof a very long cylinder conS|st|ng of five proteins (Beck.
& Zink, Gene (1981), 16, p. 35 to” 584 Trant et al., J. Biol. Chem

1981), 256 ) 546; L & \Webst 83
(127, |)o. 177 tgiféf?.pﬂay%%%na%ar°sem8ﬁﬁz iS‘t‘-’ne«r?“Sr 8838’(“%‘4’(1% ‘%;’éw%s 11
(plll) | descadieideximprestaniple IS anid i analy sibount . Hfx 310 detive
copi €s, “h'Chgﬁ'%%fséﬁ@ QTthQ ?BdslﬁchE$eVBh£q;§”kaé oundSOmmgsed of

three parts I"gnal which i's |ng the protein
to the peripl sgmwﬂmemé: ﬁ?@towaob@m-nmiawdm therefiord 88ring excretion; a

globular 5  EXAMPLE'SESS2" ¥yhthekbeor U sty "&aqdnl Z@%aéi?anfaéglus
' marker provided with a large-sized arm
between suicide inhibitor and ligand

'carryl ”ﬂ; ctamase(fabla) S ruses haV| ng At
their su 15 with --enzymatic ..-actiwvity.. are construeted.

In orxder to. have a general method for the

synthesis of 'a marker provided with a large-sized arm

10 between the ligand and the inhibiting head, a precursor

~carrying an activated ester functional group and there-

fore cépable of being coupled to numerous inhibitors and

containing itself a large-sized arm was prepared. It was
coupled to the suicide inhibitor of the B-iactémase.

15 The activated ester of the N-hydroxysuccinimide

' “with biotin-N-e-aminocaproic (26) was prepared as

described (Wilchek and Bayer, Methods Enz. (1990), 184,
123-160). It was dissolved in DMF and added to a solution

" of 3 equivalents of cystamine (26) [sic] in DMF (flgure

20 9). .

The crude broduct, isolated by precipitation with
ether (10 times the volume of the solutlon) was purified
on a Sepharose s (Pharmac1a0) column equlllbrated with
lithium chloride, using as eluant 25 % ethanol. The

25 addition product (28) was eluted with 50 mM LiCl. The
solution was freeze-dried. The yield was 79 $%.

Three equivalents of glutaric anhydride (29),
dissolved in acetonitrile, were added in portions to the
purified product (containing LiCl) dissolved at a

30 concentration of the order of 0.01 M in buffered aqueous
medium (KHCO,-K,CO,, 50/50, 10 mM at pH 9.6) containing
10 % ethanol. The acid obtained (30) was precipitated by
acidification with 1IN HCl up to pH 2. The product was
filtered and dried, the yield was 43 %.

35 ‘The acid (30) was converted into an activated
ester under standard conditions by coupling with
N-hydroxysuccinimide (31) with the aid of
dicyclohexylcarbodiimide (DCC) in the DMF. After 72
hours, the reaction medj.um was precipitated with dry



of the E CO|I target cell; a hydrophobi c, " transnenbrane " ‘part during

t he VI caiphase ‘which subsequent |y ensures anchorage..of ......
pl1l in Arnstrong et al., FEBS Letters (1981), 135,

p. 167- (}ay et .al., J. Mol. Biol. (1981) 146 p. 621 to

627, G GI asez-

et al., BBA (1989) 985, p. 239 to . 247).
FoIIomAng their mnrk on the role and funggion of : :

. ether. The precipitate was dried in a desiccator (yield:
87 %), this product (;2) was used as such for the
coupling reaction with the deprotected ester of 6-
.aminopenicillanic acid (6) in dry ethanol. |
5 Example XIII: Enrichment, with active phagés, of a
mixture containing: active (fd-bla) and
inactive (fd-bla~) phages: immobilization
on paramagnetic particles.’
An experiment similar to experiment VI was
10 carried out, the only difference being that the
streptavidin is carried by paramagnetic particles. The
washes are carried out by resuspension in fresh buffer.

The elution of the immobilized.phages is carried out with

50 mM dithiothreitol. The enrichment factor is determined
15 as in example VI. . :

-Example XIV: Enrichment, with active phages, of a
mixture containing active (£fd-bla) and
inactive (fd-bla") phages: immobilization
by "panning® in a polystyrene tube '

20 An experiment similar to. experiment VII is
carried out, the only difference being that " the
streptavidin is immobilized by "“panning" at the surface
of a polystyrene tube following a technique
conventionally used for ELISA tests. The washes are

25 carried out by resuspension in fresh buffer. The elution
of the immobilized phages is carried out with factor Xa.

The enrichment factor is determined as in example'VII.

_ Given that in examples XIII and XIV, the washes

can be carried out more rapidly than in the examples

30 using the chromatographic technique and the phages less
easily entrapped here than in a gel, these variants of
the enrichment experiments are more suitable for the
observation of high enrichment factors.

Example XIII: {sic]. Selection of phages carrying an

35 ' abzyme |

| In this case, the covalent inhibitor will consist
of a suicide inhibitor characteristic of the reaction to
be catalyzed by the abzymé or by ‘an analog of the
specific tramsition state.



the protein plll in the phy5|ology of the phage fd Snlth e

and Gis ep Repl %984) 132, p. 445 to 455) showed ‘that:-i t-vas . ..
possi bl e t I y reconmbi nant DNA met hods, a foreign peptide
sequence i ence 5 _of protein plll (Science (1985) 228, p.

1315 to 1317) or bet ween the signal peptide and the sequence of the

mat ur e protein (Gene (1988), 73, p. 305 to 318). This insertion

does not prevent the viability of the ph2®e-and the i ntroduced sequence
is accessible. 10 The phage-enzyne fd-tet-[err]-lactamase (fd-bla’
is constructed froffhaddetrgicdonmorl seleekiom of these pPhagescarssy .

624 to 628 ( 19@4én 'éhﬁ‘ﬂéd‘ e :Ez@CIé'eﬁ&&ler J.déﬂ@i?gal\gtb hﬁhé‘uaétédtlon
[err]-lactanase een, intr e.is_derived

duce
rom the. phagendl el orbieh 45 Lie Bhagesy which puBosR B0t e’ Bntihes®
- 4503 (1978)), at their whirtace pol ylinker is inserted between the sequence -
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encomsrwedthssm lacedept i de of prote| n il (pll I) and The ™ sequence

encod pIII in this manner, the [err]-Iactanase W ||
forn1! usi on protein. The 20 phage fd tet is itself derived

from age acher . et al., Gene, 9 p. 127 to 140 (1980)) by
I nsertion of the tetracycline resistance gene of the transposon Tn 10.

The phage TdDOEd conprises two restriction sites (Notl and Apall)

atfi ons in.the region 2%7 -encoding the protein plll,

ugg E“L peptide and t he gl obul ar part. The

p agec & s¢ conprises the t et r acyGlaims gene inserted in the

region of the origin of_ renb&ggalogor se&EC%Eﬁgghg??bn gPBﬁE”‘EEh&%—

propagation of the phage as t he nucl eotide
sequence encodPRgapasmp- I%@@%ﬁ%ﬁ%ﬂg at their sypfagerrat| d@aftas®n§ene of

the plasm d pBrd2écfile havidg éiﬁ}fm(ﬁﬂ@ éti@ﬂﬁ?nc&éﬁa@tdﬁbéﬂ' iPUehaitf f €,

PNAS USA, 3737 to 37 1987 d f ted 35
H?‘ﬁ 5%%25??%0 S Pena Sreimmdbl i 2da "8 o $213%°

support by a covalent thlbltor of the active site of the

fromthe pﬁage

-molecule having enzymatic activity, connected to the
solid support by an arm; in that the - recombinant
microorganisms or 'all or part of their genome are

10 recovered and in that all or part of their genome is
isolated. _ , '

2. Method of selection according to claim 1,
cﬁaracterized in that prior to their immobilization on
the solid support, the recombinant microorganisms are

15 labeled with the covalent inhibitor of the active site of
the molecule hav;ng enzymatlc activity, connected by an
arm to a ligand which can be lmmoblllzed on the solid
support. .

' 3. Method of selection according to any one of

20 claims 1 or 2, characterized in that the microorganisms
are viruses, preferably phages such as filamentous

. phages. . '

4. Method of selection according ‘to any one of
claims 1 or 2, characterized in that the microorganisms

25 are phagemlds.

5. Method of selectlon according to any one of
the preceding claims, characterized in that the solid
support - consists of a chromatographic column on which
avidin, streptavidin and/or an antibody is immobilized.

30 6. Method of selection according to any one of
the-preceding claims, characterized in that the molecules
having enzymatic aéti%ity are chosen from the group
consisting of enzymes, ahzymes, catalytlc peptides or a
mlxture thereof. )

35 . 7. Method of selection according to any one- of

. the preceding claims, characterized in that the’
microorganisms are recovered by detachment from their
solid support.

8. Method of selection according to any one of



ST s heet Has Been Repl ced

G ven,that the cloning into FdDOGL wi il “Use the

the sequence.of the [err]-I|actamase - cont ai- ns---such |mm Eu ter""
should first be renoved - by site-directed nutagenesi

CoNserves the .protein.sequence.

) R - 28 -

the preceding claims, .characterized in that the
‘recombinant nu.croorgam.sms are recovered by cleavage of_'
the arm connectlng the covalent inhibitor to the solid
support. .

5 _ 9. Method of selection .according to any one of

claims 1 to 7, characterized in that the recombinant

- microorganisms are recovered by detaching the ligand from
the solid support with an eluting solution, preferably a
solution at an acidic pH.

10 | 10. Method of selection according to any one of
claims 1 to 7, characterized in that the recombinant
microorganisms are recovered by cleavage of the bond
between the covalent inhibitor and the molecule having
enzymatlc activity. |

15 - 11. Method of selection according to any one of

 claims 1 to 7, characterized in that the ;r:ecomblnant
'microcrganisms are recovered by cleavage of the peptide
linkage between the molecule having enzymat:l.c act:.v:.ty'
and the microorganism.

20 _ 12. Method of selectn.on according to claim 11,
characterized in that the cleavage is performed with a
protease. '

13. Method of selection according to .claim 11,
characterized in that the cleavage is performed with

25 cyanogen bromide.

14. Method of selection according to claim .11,
characterized in that the cleavage is performed with
hydroxylamine. .

15. Method of selectlon according to any one of

.30 claims 1 to 7, characterized in that the recombinant
microorganisms are des;:royed and that all or part of
their genome is recovered, isolated and cloned.

' 16. Marker characterized in that it consists of
a c'cvalent inhibitor of the active site of a molecule

35 having enzymatic activity, -connected by an arm to a
ligand which can be Jmmobll:l.zed on a solid support.

-17. Marker according to cla.un 16, characterized
in that the covalent inhibitor is an irreversible
inhibitor.



The ph peddi Pt S/ K+[ [err] (f?onrfhe"conﬁahy”““‘“%i?EFéaéﬁé[é??]j"“
sol d &m is nutated accaording to the .- - . nethod.of. Eckstein:. .. .

(Nucl . 4, p. 9679 to 9698 5 (1986) with the aid of a kit
_mar ket any - Anmer shanferr]. After invitro
nmut agenesi s the doubl e strand of t he nut ated phageni d pBl uescri pt
S/ K+[ err] (pBIuescript-h@ IS used to transformthe strain TGL of E.

coli (G bson, 10 Studies on the Epsternm®arr virus genorme, PhD Thesi s,
Canbri dge University Engl and The t{ransforned cel I s are
pl ated on LB-Anp nedi & lé@énbr@ﬂ@@il% ‘tap| €tat®r EPoniofg,

| aboratory ”aEHQEacterlzgﬁcgﬁdtﬁﬁktﬁKE‘11 ﬂﬁ.QﬁrhnBLbBLﬁOﬁrhﬂmeﬁhﬁﬁy Press
15 (1989) Agpen i ce : . Col onies are recovered and cul tured

in LB-Amp 1ptdam The singl e-stranded form of pBluescript-Mis
produced by addition Q. tmrﬂtelrpebcph-dgﬁgRt%ahq tdne of claddhsurd§ Russel et

? lhen 4§eq éncig t%h%?}sa.c(t%glrsa.@ d .Ln that the -ar% c%‘ilt%&gs %Bléfesaq;a{ﬂ M .is

functional = group, preferably a disulfide functional

group. | ’ _ : |

20, Marker according to any one of the preceding
claims 16 to 18, charactériz-ed in that the covalent

10 inhibitor is an analog of the spec1f1c tran51tlon state

of ' the enzymatlc reaction performed by the molecule
having enzymatic activity.

21. Method for preparing the marker according to
any one of claims 16 to 20; characterized in that a

15 covalent inhibitor of the active site of a molecule with
enzymatic activity is coupled by an arm to a ligand which
can be immobilized on a solid support.

22. Solid support, characterized in that it
comprises a covalent inhibitor of the active. site of a

20 molecule having enzymatic activity, connected to a solid
. support by an arm. '

23. Solid support according to claim 22, charac-
terized in that the covalent inhibitor connected to the
solid éupport consists of the marker according to any one

25 of claims 17 to 20. _

24. Solid support according to claim 22, charac-
terized in that the arm is connected to the solid support
by an ester linkage or contains a vicinal diol.

25. Method for prepéring a chromatographic column

30 according to any one of claims 22 to 24, characterized in
that a covalent inhibitor of the active site of a
molecule having enzymatic activity is connected by an arm
to a solid support. | |

A
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according to the Sanger method (PNAS USA &7 B 5563716 TBae7

(1977)) wth t he aid. of the pri mer . B TTTAAAAGTGGCCATCATTGGA-
centered at the position encodi ng Ser 68 in order to verlfy that, in

t he chosen 25 clones, the nutation is indeed introduced. C oni ng of
[err]-lactamase into the phage fdDOGE The sequence of the gene
encodi ng the mature [err]-lactamase is inserted into the phage fdDOGL
bet ween the 'sequence  eneDChoRLY) ORGANPSATION FOR |1 eROBERTYp| | |. and that 30

encoding the mature plll. The olg ng,,,%ﬁﬁ“ N AOme pareny NOt 1 are used
according to the schene gi V EJDOPERATION TRENTY (P To this effect, the

[err]-lactamsse gene is recovered from
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(34) Title: METHOD FOR SELECTING RECOXMBINANT MlCRO—ORGANlSMS OF WHICH THE SURFACE COM.
PRISES AT LEAST ONE MOLECULE HAVING EN"  SATIC ACTIVITY

{54) Tire: PROCEDE DE SELECTION DE MICROORGANIS RECOMBINANTS MPOF NT A LEUR SUR.
FACE AU MOINS UNE MOLECULE A ACTIVITE "MATIQUE

- {57) Abstract

A method for selecting recombinant micro-organisms of which the sur-
face compris 2t least one molecule having enzymatic activity, wherein the rec-
| ombinant mivro-organisms are immobilized on a solid support by a covalent
inhibitor of the active site of said molecule, which is connected to the solid sup-
port by an arm; the recombinant micro-organisms are recovered andall or pan
of their genome is isolated and cloned.

(57) Abrigé

L'invention concerne un procédé de sélection de microorganismes re-
combinants comportant & leur surface au moins unc-molécule a activité enzy-
matique dans lequel les microorganismes recombinants sont immobilisés sur
un support solide, par un inhibitez- -ovalent du site actif de la molécule & acti-
vité enzymatique, relié par un bra, <u support solide; les microorganismes re-
combinants sont ensuite recueillis et tout ou une parnie de leur génome est isolé
et clont.




and causes =S tation’ o
en Replacd

- 12 - bases) introduces the ApaLIiFs
which results in the replacenent of H's
introduced in order to avoid the phages I [err]-lacétamase
havi ng the term nal .am no sequence 5 Hi bl e of exhibiting an
or streptavidin (Devlin et al. Science, 249, p. 404

PCT/BE92/00052

affinity for avidin
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TATTGAAAAA
TCCCTTTTTT
TGGTGAAAGT

ATCGAACTGG

" AGAACGTTTT

TATTATCCCG
TATTCTCAGA
TACGGATGGC

GTGATAACAC

GAGCTAACCG

TCGTTGGGAA

CCACGATGCC

GAACTACTTA

GGATAAAGTT

TTATTGCTGA

. GCAGCACTGG

GACGGGGAGT

TAGGTGCCTC

GGAAGAGTAT

1/10

GAGTATTCAA

Start

GCGGCATTTT
AAAAGATGCT
ATCTCAACAG

CCAATGATGA

GCCTTCCTGT
GAAGATCAGT
CGGTAAGATC

GCACTTTTAA

Ser

TATTGACGCC
ATGACTT&GT
ATGACAGTAA
TGCGGCCAAC
CTTTTTTSCA
CCGGAGCTGA
TGTAGCAATG
CTCTAGCTTC
GCAGGACCAC
TAAATC?GGA
.GGCCAGATGG

CAGGCAACTA

ACTGATTAAG

GGGCAAGAGC
TGAGTACTCA

GAGAATTATG

TTACTTCTGA

CAACATGGGG
ATGAAGCCAT
GCAACA5¢GT
CCGGCAACAA

TTCTGCGCTC

GCCGGTGAGC

TAAGCCCTCC
TGGATGAACG

CATTGGTAAC
Qton

CATTTCCGTG
TTTTGCTCAC
TGGGTGCACG
Apall
CTTGAGAGTT
AGTTCTGCTA
AACTCGGTCG
CCAGTCACAG
CAGTGCTGCC
CAACGATCGG
GATCATGTAA
ACCAAACGAC
TGCGCAAACT
TTAATAGACT
GGCCCTTCCG
GTGGGTCTQG
écTAchTAg
AA}#ACACAG

TGTCAGACCA

TCGCCCTTAT
CCAGAAACGC
AGTGGGTTAC
TTCGCCCCGA
TGTGGCGCGG
CCGCATACAC
AAAAGCATCT
ATAACCATGA
AGGA&CGAAG
CTCGCCTTGA
GAGCGTGACA
ATTAACTGGC
GGATGGAGGC
GCTGGCTGGT
CGGTATCATT

TTATCTACAC

ATCGCTGAGA



406 (&990)) Subsequently used for fhelr selectlon " The prlner

in 3 is a 47mer conpl enentary..over .21Mhis$S eflhe end-=of-t he -
[err]-I actamase gene. The extension 10 m stop codon by a codon
encodi ng a gl ycine, i ntroduces fou n the gene encodi ng

t he [err]-lactamase and the gene encodi ng the protein pIII as

well as the Notl restriction site for the cloning. These - ﬁ’gﬁzmooy
addi ti oWR934M%48 aci ds: constitute a potential 15  cleavage SI te between

two proteins for factor Xa. The protein plll provides, indeed, the
capacity for infection of the phage é | dsmith et al., Biochem stry,
16, p. 2686- 2694 (1977). Wiile the 2! ence of a protein as '
volum nous as [err]}-lactamase affects the capacity for 20 i nfection, an

i ncubation with factor Xa makes it possible to restore the latter.

In addition, this site constitutes an additional cl eavage point for

recovering the mcroorgani sns:
for 18 hours with 25 ApalLl and Notl and pugi
Mor eover, the

fdDOGL i s digested
ayar ose gel .
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sequence of the phagentd pBl uescri pt - M s sk HeBR 1i - the prlners e

descri bed above using 34 PCR cycles «(-1 [err]C, 1 min. .at.
60ferr]C and 2.5 mn. at 72[err]C) in tﬂ%“l |“\ e of

Taqpol ynerase[err] (Saiki et al., Scienc 487 (1988). After

gel purification, the product is dlgested mnth ApaLI and Not1l for -18h
and repurified;, then 1.5 [err]g of digested fdDOGL and 250 ng of the

[err]-lactamase gene are mixed in 60 [err]l with 4 units of T4 DNA

|igase  WO9BMLIBEH-BRL[err]) and nmintained overnight at PQGBEIRI00052
The 35 purified Ilgatlon m xture.is used to transformthe strain

TGL of E..Coli. The cells are plated on LB-tet .and LB-Anp
medi um (Sanmbrook et al.) where it3{%0observed that the presence

of the phage provides the resistance to the anti bi ot’i c.
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- 13 -+ Colonies are then cultured in 2xYT-Tet WEGI UM OT n =~ s sreedssdsss

2xYT- Anp-medi-um-i n -order to prepare the. phagEhnisheal}EsBeenRel .= Instead. . .
of e€onstructing phages-enzynes by nmani - prot ein plll,
it is also possible to 5 construct afu3|on l eproteln pVIII

(1) which is a small protein-of 5. 2 kd con - cylinder
body of the phage fd and which is normally . . present in 2700 copies
(Newman et al., J. M. Biol (1977), 116 p. 593 to- . 606). If the size
of the DNA. 10 nDIecuIe is nmodified, the nunber of copies of the protein
WO 93/11242 PCT/BE92/00052
4/10

cHp-c-cl  +  PNmy-icH S04F
k: _

1 ! NaoH .2
@cuzo-c-uu-tcy 502 Na'®
3 - OPCl3
. Yos~ +NH3 —I'——r 3
J-CHO-C-NH-(CH,)_SO4-CI .
52 &N |
0OCH,OCH3
8
Et3N { L
. .
CHZO-_E-NH-(CHQ 250 2~ NH
°¢—-——N .
CeHCOH l 0OCHOCH;
- R P
cuzo-g-nn-tcuzvzsctz-uu___( N
| gy N
° 00CH0CHy

‘Pig. 4



pVI 11 can'bé'adjusted in ordef to |nclude the 'sai‘d hﬂﬂH S
Thi s:variant is achieved with a phagenid in order. :
control the nunber of copies of the fusion 15 prote (1991)
Proc. Natl. - Acad. Sci. USA, .vol. 88, p. 4363-4366

Characterization of the phage carrying the active [err]-lactanase
(fd-bla) The phage thus constructed is characterized in 20

the -fol | owighesppnaer. The fact that the infection by the POT AL 2200058 S
on the cell's aresistance to anpicillinis first denonstrated. Then it
is shown directly that the phage itself exhibits an activity for
hydrol yzi ng a [err]-lactam nitrocefi #4210 The fact that the
enzymatic 25 activity is not present in the ultrafiltrate after

filtration on a nmenbrane which allows the [err]=-lactanmase to pass

t hrough already.indicates that the enzyne is bound to the phage.

Finally, the phage proteins are analyzed by gel el ectrophoresis and
VEstern Blotting and it is shown: : -

S
\COOH |
EtsN l CHyCOCH,COOE!
CH3O-
\000' Et;NHY
DMF l CHaOCH,CI
s
P N . o
o . "\ CoOCH0CH;

| 1 TosOH
‘\TL | '6
N

coocuzocris




.

30 that the proteln plil is present I n the form of & fInssispll: B proteln
with the [err]-lactamase. This confirnms that the - - co
.indeed correct and that, during the ‘nmor phogenesi s here
IS no proteolytic cI eavage which would result in t t he
35 [err]-lactamase fromthe phage. By ‘infection of ceI I s of
E. Coli TGL with this phage and .plating on LB-Anp nedi um
anpicillin-resistant colonies are obtained. The [err]-lactamase
activity is directly detected in the Petri dish by a nitrocefine
‘test WO 93/11242 _ PCT/BE9’1000:’
6/10
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- 1demoe o (PHuEkthun et al. J -~ Bi 0l "ChEm 26‘2 p 3951 to 3957
(1987)). L| kewi.se,..the. phage isol-ated fram thesecuftur Bhis Sheet ; SR
'cenirlfugatlon of the cells, precipitated with 4 %

(final). and resuspended in 50 MM 5. tris buffer, 150 ,

a concentration of the order of 10[err] transducing units (tu) per m,
hydr ol yzes 't he nitrocefine. The specific activity of the enzyne
carried by t he phages was identical to that of the [err]-lactamase RTEM

10 .in solution (Boehringer). The measurenment of the acti vit PCT/BGSz/0885%
performewp3/di24 trafiltrati on of the phages on Centri/-por menbrane

with an MV cut-off of 100,000 which al lows commercial [err]-lactamase
RTEM to pass through. Less than 5 %7é80the [err] -l actanase activity

~was detected in the 15 ultrafiltrate, which indicates that the enzyne
remai ns : .
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Viruses fd-tet ‘and fd-bl 'é{"'"'é"r""é"wb'Fébé’r"é’d"" T

attached to t BeeﬂReplaced | -
ands* - -conce ] tu/m). 20 [err]l of each solution are-
| caded onto a acrylanlde gel and anal yzed 20

(mniproteanferr] I fronlBlorad[err]) By Western Blotting, the

"proteins are transferred onto nitrocel | ul ose

(mnitrans Iotherr] fromBiorad[err]) and the.-revealing is per f or med

with an ¥P?3138%in 111 rabbit antibody, fol | oned by a R{TABESALGOBSY
The

agai nst a rabblt ant i body 25
chr omophori c substrate of HRP reveal
and 105 kd for fd-tet. and fd-bla- q@spectlvely The
performed with an anti-[err]-I| actarase ant i body;
for fd-bla-at the 30 -position exp
Construction -and

* Exanmple I1:
phages carrying an inactive [err]-Jkactanmase
(fd-blaferr]) : I
sel ection :m'
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n

35 et hig g the invent i on, phages darrylng an:**“‘"“FﬁaEfTVJ'”“'”“
BH err]) are corstsucted-and- “. Charact ef fg@eksiotiniaiomi s

[ergq-I ac
The phage -Mis subjected to a mut agenesi-s i n which the
codon enc tial _
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sering-68 is Bahaamagall1 “6rder to inactivate the unmwgﬁiyﬁeh““ﬁgﬁ@$dwhu'
Thehhutated g d accordi ng t.o.thewwe-game-t-echini-que as that-
usad for 'the ctanase 5 (PCR anplification with -

i ntroduction of restrlctl sites . (cf. figure 2)). The phage carrying

i nactive [err]-lactanase (fd bla-) is characterized by restriction
f ragnent anal ysi s, conpl ete sequencing of the Bla gene detection

of enzymatic activity and anal ysis of the prateins.

mut at i on We® 91124 duced accordi.ng to the sane procedure as FET nutatlon
of the ApalLl site. The transforned. cells are plated on X-Gl - nmedi um

(Fbrmﬁtz et al., J. Ned. Chem, 7, p. 574 (1964)) wthout ampicillin.
The bl ue colonies are cultured in 2xYT m@/d® and the 15 si ngl e- stranded

formis produced by.additioh of the hel per phage R408. The nutation is
sequenced by the Sanger et hod W th the aid of t he pri mer

5' - TAGTGTATGCGGCGACC conpl enentary to the regi on encodi ng @0- Y95.

FIG. 10




.24

022,

. REPAFIGID apii 19 cat 1% of |the gene by PO &G ‘,m"f,im;{“{ o

AL r ans|ypatignandpl atl.ngpordtet.. fedi um as pdr £o) ﬁﬁd{fs e rhe HET
[err] iiffactan@se, : gboMieso gigdr gcover ed and . :‘giﬂ“%j‘ gd:?‘fﬁ‘% "f}-t gpee o
nedi uf 5;;2‘,@%9134 Ssd I andsdadNA. of t he pra%@m?& | 4P *‘-Ui’ﬁé’é;t-é‘ﬂ
with thesestf ciigns 25 (yglaases jBankl and fc Dstiee  df BRSsdi BnippEitdef's
are {7, ..separat ‘gﬁ agar ose; the jtraasformants show 2 fragnents of
4.7 kbpland-5.55kbE v agrsemnrsdi th what i’y DATE eXpREEHPTThERMO NI ot e

sequenci ng olEks TR
5" - TAGT GTATSHREASI-00EPRISES A 1.LASTAONA
5' - CCAGCCAGCCGGAAG and

regi ons

i GRS e s
_ _ C ACTIVITY
'5' - TGCTAAACAACTTTC | ocated respectively in the

encodi ng (P0- Y65, H156-L160, L223-We27 of the [err]-Iactanase
and E5-A9 of the mature protein plll).

It thus is verified that the

PCR anplificat igibjéict 86! theétinvdneon35 nutations other than that ained at

i nactivatin

super nat ant of

10

15

20

.25

30

35

th _ t | .
[err]-lact arraseeact |V Fi;gi %Xf%ng#o% relaﬁee? effﬁ ed

f-
ug}%%gf?8§ lfedting |
gty

t orm ng. on
apt microorganisms containing at their surface at
least one molecule having enzymatic activity.

The j.nvéntion also extends to the means for

implementing this method and to methods for obtaining
them.

Prior state of the d _technological bac ound
o o) the o e

ention

The discovery of enzymes having new properties
(catalytic activity, new enhanced stability, altered
specificity, shifted pH profile and the like) is of great
interest for the improvement of biochemical processes.

Although wvery substantial progress has been
achieved in the understanding of the structure-activity
relationship for proteins (Atkins et al., Current opinion
in structural biology (1991), 1, p. 611 to 623), the
prediction of the type of modification to be introduced
into a protein in order to alter its préperti.es in a
desired direction remains difficult.

Consequently, a strategy is usually adopted in
which an existing enzyme, whose gene is mutated, is used
as starting material. This mutagenesis is carried out in
a random manner, thus e::eating a vast population of
mutated enzymes. Among these, it is hoped that some of
them will have the desired new properties (Cunningham et
al., Protein Engineering (1987), 1, p. 319 to 325 and
Lehtovaara et al. Protein Engineering (1988), 2, p. 263
to 268).

In order to increase the chances of success, it
is necessarjr to test a very large number of mutants and
to have available a technique which makes it possible to
select, within the largest possible population, the
enzymes having the appropriate properties.

Proteins having new enzymatic propérties can also
be produced by resorting to the monoclonal antibody

o se ey
¥
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A_fo‘phage fd-bla-, a nitrocefine test as descri bed above.
v¥ 16 - In agreenment with what is expected, no activity is

obser ved. Finally, analyses of the phage coat proteins by
denaturing gel electrophoresis, Wstern Blotting and

-2 -

technique. In this éase, the selection of the antibodies-
enzymes (also called abzymes) having the appropriate
properties also necessitates an effective screening
technique.
A technique for detection of the mutated enzymes
which is frequently used is based on the development of
a sensitive test for the enzymatic activity. A search is
then directly carried out on a population of mutants
plated on a Petri dish for those which produce the
10 desired enzyme. However, this technique is laborious and
permits only a limited number of clones to be tested

#(Pollack et al., J. Am. Chem. Soc., 111, p. 5961-5962
(1989) and Huse et al., Science, 246, p. 1275-1281
(1989)).

An advantageous alternative arises when the
desired catalytic activity may be useful for the survival.
or for the development of the microorganism expressing
the corresponding gene. It is sufficient, in this case,
to exert a selection pressure on the medium for culturing
the population of mutants in order to select the strains
which produce the desired enzyme (Hermés et al., PNAS,
Usa, 87, p. 696-700 (1990) and Evnin et al., PRAS, USA,
87, p. 6659-6663 (1990)). :

This technique has the disadvantage of not being

25 applicable to all the molecules having enzymatic
activity.

15

20

It is also known (Smith, Science (1985), 228, p.

1315-1317, Parmley and Smith, Gene (1985), 76, 305-318,

de la Cruz et al., J. Biol. Chem. (1988), 263, p. 4318-

30 4322, Bass et al., Proteins (1990), 8, p. 309 to 314,
Cwirla et al., Proc. Natl. Acad. Sci. USA (1990), 87, p.
6378-6382, Devlin et al., Science (1990), 249, 404-406,
McCafferty et al., Nature (1990), 348, p. 552-554, Scott

and Smith, Science (1990), 249, p. 386-390, Clackson -et

35 al., Nature (1991), 352, p. 624-628, Lowman et al.,
Biochemistry, (1991), 30, p. 10832-10838, J. McCafferty

et al., Prot. Engng (1991) 955-961, Kang et al., (1991)
Proc. Natl. Acad. Sci. USA, vol. 88, p. 4363-4366; Barbas

et al. (1991), Proc. Ratl. Acad. Sci. USA, vol. 88,
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5 i mmunol ogi cal detection is perforned as for the phage fd- bl a. The

fusi on protein PlIl-[err]-LACTAMASE is correctly I denti fi ed.

Exanple Il1l1: Synthesis of the active [err]-Ilactanmase

mar ker provided wi-th a small-sized arm 10 _ bet ween sui ci de
i nhi bitor and |igand The phages whose DNA contains the active
[err] - | act amase gene and whi ch carrg the correspondi ng enzyne
attached to the coat protein plll wll stlected by a reaction with

th K T £ S s
b1 functi onal  obec ] 16 oRespReberts s, dft ¢ phde. ULEY pckll e boell @

i nhi bi tor of the(1992)4 e”r'] -a@t‘&ﬂﬁ%‘@?e)ndm de ﬂ?&eottﬁePkP%F? ipEY@ini n this

case bi ot i nfoxrvalgnh pepbide eqaehqesmmémm protxing, at theupport .
20 Thesﬁf‘f&éé’%ﬂ Rl PhhoHt, dmd%ﬂa%wmt ARRaM sul f one
(see Fisher gts , BI o%ym stry 1981) §§1 Ve 283 et al.
FEBS Let . 143, SYgT . ingvitee’ é?l‘?ﬁ"'““( f§8 ‘§§9 397,

Dmitri enko et aI correct:ly expose active polypeptide sequences at the:.r
surface is not resolved either.

Various affinity chromatography techniques have
been described. Among the affinity supports developed,
10 several use immobilized streptavidin or avidin, the
latter being advantageously in° monomeric form
7 (EP-A-0,423,938). Phages with peptide .sequences having an
affinity for streptavidin have thus been selected with
the aid of agarose carrying this protein (Devlin et al.,

15 Science (1990), 249, 404-406). '
However, these techniques have the disadvantage
that the selection, during affinity chromatography, of
these phages is carried out on the basis of their ability
to form a complex with peptide receptors or specific

20 antibodies which indiscriminately bind active or non- '
active molecules.

_ With the aim of detecting specific
microorganisms, various other labeling techniques have
been developed. For example, certain microorganisnis have

25 been detected with the aid of bacteriophages which are
specific for these hosts and labeled (WO-A-8,804,326).
Transducing particles of known host specificity and
containing genes which alter the phenotype can be used
for labeling bacteria (WO-A-9,004,041).

30 The sensitivity to certain toxic substances which
is associated with the detection by bioluminescence
encoded by a plasmid has also been used to detect
specific microorganisms.

However, none of these techniques permi:s the

35

selection of microorganisms carrying 'éaﬁalytic peptides.
Moreover, covalent inhibitors, used as substrate
by certain enzymes, are also known for their capacity to

inhibit all enzymatic reactions by binding covalently to
the active site of the enzyme. '

This is the replacement sheet
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Bi-oorg. Chem (1985), 13, 34-46) functionalized so as to 25 allowits
~attachnent by an armto a ligand or a support. | m no-biotin
can al so be advant ageously used. because its affinity for streptavidin
can be consi derably reduced by decreasing the pH of the solution. This

wi || give us an additional possibility to isolate the phages 30 from
the support after immobilization. These two entities are

connected by an arm of sufficient-length to allow the interaction of
the |igand carried by the rker wit,h.the i mobi l

ized pro
The schene for synthesi 8°B% tfgY ct’r’B‘ﬁ'ﬁﬁ" °%%§ P?BT“ecﬁ‘ﬁ'ﬁ° Qi&% in
figures 4 to 6. Mﬁtcidﬁ“th@mié‘-pssolATOR et ali.s @ﬂtmcaﬁeldeb%n bed in

thle Chlem cal 1itgy afﬁiezaz. edft. ' fs\i W&t | 9| emEOESKIUNEDIOTE

nol ecul es are I ec [ 0S,COR

Sodi um p- ni t robeli’ﬁ’ﬁ“g)?y 371‘}2\% 2‘5 to SOREI08 it WF the
enzyme using the catalyt:l.c mecham.sm of the latter and

thus render any reuse of the enzyme impossible.

It is also known that it is possible to
immobilize a substrate by first binding it to biotin and
by placing the product obtained in the presence of avidin
bound to a water-insoluble support (JP-A-3,080,098). This
immobilized substrate permits the easy determination of

#rcertain enzymatic activities, but cannot serve as chroma-
tographic support to select microorganisms carrying
catalytic peptides.

15 Aims of the invention _

The invention aims to develop a method for
selecting recombinant microorganisms containing at their
surface at least one molecule having enzymatic activity

and which does not carry the disadvantages of the prior
20 state of the art.

10

The invention aims in particular to develop a
-method which permits the detection and selection of
recombinant microorganisms exposing at their surface
molecules having enzymatic activity, which are performed
on the basis of the catalytic activity of these molecules
rather than on the basis of their complexing activity.

stic feat o

The invention relates to a metho& for selecting
recombinant microorganisms containing at their surface at
least one molecule having enzymatic activity, in which
the recombinant microorganisms, preferably viruses such
as filamentous phages or A phages or phagemids, are
immobilized on a solid support by a covalent inhibitor of
the active site of the molecule having enzymatic
activity, connected to the solid support by an arm; the
recombinant microorganisms or all or part of their genome

are then recovered and all or part of their genome is
isolated.

25

30

35

The term “recombinant microorganism® is

This ig the replacement sheet
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- 17 - sulfonate (3) is prepared by addition of two equivalents of
P- ni trobenzyl chloroformate to di ssol ved taurine (2) one equi val ent .
[sic] of 1IN NaCH at O[err]C, continuously neutrali-zing the medi um by
addition of NaOH, under the 5 Schotten-Baumann conditions. After
extraction of the p-ni trobenzyl al cohol with ethyl acetate, the product
iIs - freeze-dried. The yield was 66 % The sul fonate (3) was
converted to sul fonyl chl oride (4) wi $h-phosphorous oxychl oride

according to 10 the nmethod of Fujita (Synthesis, 423-424 (1982)). By
understood to mean any macromolecular structure which

satisfies the English definition of "Genetic Display

Package"” (GDP), that is to say any macromolecular struc-

ture incorporating genetic material and containing a
5 peptide sequence encoded by this genetic material.

This definition includes especially yeasts,
bacteria, viruses, phages such as filamentous phages or
phagemids. | :

The term “solid suﬁport" is understood to mean

10 any solid structure on which the microorganisms can be
temporarily immobilized.

Such a solid support can be made by a person
skilled in the art according to the techniques known in
the prior state of the art.

15 This support may consist of a chromatographic

support, paramagnetic particles, a polystyrene support or
any other support on which complexing proteins such as
avidin or streptavidin or an antibody capable of binding
the microorganism are immobilized.
20 Preferably, the molecules having enzymatic
activity are chosen from the group consisting of enzymes,
abzymes, catalytic peptides or a mixture thereof.
According to a preferred embodiment of the method
of the invention, prior to their immobilization on the
solid support, the recombinant microorganisms are labeled
with the covalent inhibitor connected by an arm to a
ligand which can be immobilized on the solid support.
' According to another preferred embodiment of the
method of the invention, the microorganisms or all or
part of their genome are recovered by destruction of the

microorganism or by detachment of the microorganism from
its solid support.

25

30

This detachment can be performed according to
seyeral methods: either by detaching the ligand from the
solid support with an eluting solution, preferably with
a solution at an acidic pH or by cleaving -the arm
connecting the covalent inhibitor to the solid support;
or by cleaving the bond between the covalent inhibitor
and the molecule having enzymatic activity; or by

35
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vvashl ng the oil obtained with dry ether, “the product was obtained in

the formof a white powder with a yield of 97 % I n
paral l el , 6-am nopenicillanic acid (5) was 15 converted to its

met hoxyrret hyl ester (6) according to the met hod of Manhas et al.
(Synthesis, 549-552 (1983)) wth the aid of nmethoxynethyl chloride
after tenporary protection with ethyl acetoacetate. The
acid chloride (4) is coupled with the 206 ~6-ami nopenicillanic acid ester
(5) in dichl ororret hape in the_presence of triethylamne. The product

(7) purified <clegNingsp| iReptide udinkage shetweamthe cBelganls MHitdr onet hane
80:20), was obt @nagsiatid hactiyiey damf ﬂ;@ fidicroorganism. Thi s product was

oxi di zed into a sul fonem(é)clgiv g_gg arere! ggtgggms‘g{é et al.
(J. Og. Chem, g })g # ai;?&% Je%e uct ,jobtai ng %@s washed
with et her Bodegrig’ ;hay é’l’r %aslﬁurPFF o
silica (eluant: Rﬂrlfymaéeﬁaﬂeadsné#msMPrhmmtﬁm) as Tfastor 10¥iae d was 75
% collagenase; cyanogen bromide which cleaves a peptide
' linkage containing a methic_mine or hydroxylamine
according (sic] to a peptide linkage containing the
peptide asparagine~glycine have also been used.

Such cleavage makes it possible to advantageously

increase the selectivity of the method according to the
M invention.

10

Indeed, the suicide inhibitor in the method
according to the invention is capable of also binding to
the microorganism at sites other than the active site of
the molecule having enzymatic activity.

By cleaving the specific peptide linkage existing
between the molecule having enzymatic activity and the
microorga.nisxh, only the microorganism containing at its
surface an active enzymatic molecule will be recovered
during the elution. _ :

Furthermore, this method of selection can be
applied for the detection and selection of microorganisms
which expose at their surface, on a native or recombinant
25 protein of the microorganism, one or more specific

peptides capable of inducing a cellular or humoral immune
response.

15

20

Indeed, it wa.s observed that a mere antibody-
antigen recognition of such peptides did not permit

30 selection of the peptides most capable of eliciting a
cellular or humoral immune response (Wetzel (1991), Prot.
Eng., vol 4, p. 371-374).

Consequently, a cleavage carried out according to
the invention at the level of the peptide linkage

35

existing between the said peptide and the native molecule
of the microorganism also makes it possible to select in

a specific manner the peptide(s) most capable of
eliciting a cellular or humoral reaction.

In addition, all or part of the genome of the
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30 On deprotection of the am ne functional group by
> hydrogenati on on pal | adi um carbon according to a conven-
nmet hod, the product (9) was obtai ned which was
sul f osucci ni m dyl 2-(bi oti nam do) - et hyl -1, 3-di t hi opropi onate (10)
(marketed by PIERCE[err]), to 35 give the marker precursor (11) which was
purified by chromat ography on silica (eluant: ethyl acetate-
di chl oronet hane 50:50). The yield was 25,% The protection of
t he carboxylic functional group in p03|t|on 3 of the penamring in
(11) was renpvegj¥tédrganisms can also be recovered by destroying the

microorganism or by recovering all or part of its genome.

This genome is then isolated, amplified (for exampl_e by
PCR) and cloned. ' '

tional
coupled directly with

) The invention also relates to a marker consisting
of a covalent, preferably irreversible, inhibitor of the
active site of a molecule having enzymatic activity,

' connected by an arm to a lJ.gand which can be immobilized
| on a solid support.

10 Preferably, the ligand is a biotin or an imino-

_ biotin.
e Advantageously, the arm contains a cleavable

chemical functional group, preferably a disulfide func-
tional group. :

15 According to a preferred embodiment of the marker

according to the inveation, the covalent inhibitor is an
analog of the specific transition state of the enzymatic

reaction performed by the molecule having enzymatic
activity.

20 Another aspect of the invention relates to a

method for preparing the marker according to the :l.nven-
tion, in which a covalent inhibitor of the active site “of
a molecule having enzymatic activity is coupled by an arm
to a ligand which can be immobilized on a solid support.

The invention also relates to a solid support in
which a covalent inhibitor of the active site of a
molecule with enzymatic activity is connected by an arm
to a solid support. '

Advantageously, the covalent inhibitor connected

to the solid support consists of the marker according to
the invention.

25

30

According to a preferred embodiment of the inven-
tion, the arm is connected to the solid support by an

ester linkage or contains a vicinal diol.
35 A final aspect of the invention relates to the
method for prepai':ing the solid suppo:r:t according to the
invention in which.a covalent inhibitor of the active

site of a molecule having enzymatic activity is connected.
by an arm to a solid support.
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the aid of magnesi um bronide in dichl oronmet hane according
-of Kimet al. (Tetrahedron Letters, 32, 3099-3100(1991)). The crude

product recovered (12) after evaporation of the solvent was used

directly to inhibit 5 the enzyne and to | abel the phages carrying active

enzyne. Exampl e 1V: | mobi lization of the phages carrying

active [err]-lactamase (fd-bla) The use of a coval ent marker

irreversibly binding 10 the active site of the enzyme and maki ng

I mpossi bl e any reuse of the enzyme? %Ges not constitute a di sadvant age

to the met hod

in the nethod f {-iésteld%%EL: JE 2NEK ged, in this met hod t he
desire is only ?enetic sequgnfeoﬁgggding t he
active ol ecul e- 15 Figure 1 The ont FRAREEBRLPF: i ofdS or PRRTBPEIOR, by the

sequence of the f-lactamase-
encoding gene of the plasmid
5 : pBR322.

- Figure 2 ' schematically represents the:
steps of the method for inserting
. the gene encoding the mature f-
| lactamase into the phage £dDOGl.
i0 - Figqure 3 represents the nucleotide
. . sequences of the primers comple-
i mentary to the gene encoding

p-lactamase. . .
- Figures 4 to 9 schematically represent the

15 method of synthesis of the
markers according to the

invention. .
- Figure 10 schematically represents the

binding of a microorganism onto a
solid support, by the marker
according to the invention, as
well as the possible cleavage
sites which make it possible to
recover the said microorganism.
25 scription of a pre embodiment of the on

Figure 10 schematically represents a recombinant
microorganism (1) containing at its surface a molecule
having enzymatic activity (2); immobilized on a solid
support (3) containing a complexing protein (4) such as
avidin or streptavidin, by a marker consisting of a
covalent inhibitor (5) of the active site of the molecule
having enzymatic activity (2), an arm (6) and a ligand
(7) which can be immobilized by the complexing protein
'(4) on the solid suj_:port (3).

20

30

35 The microorganisms or all or part of their genome

can be recovered:

by detaching the ligand (7) from the solid support

with an eluting solution, such as a solution at a pH
. of the order of 4 (A);

This is the replacement sheet
05 HAR 1981

Date:



bi functional marker, of the phages carrying the active [err]-lactanase
~are first determned. To this end, the rate of di sappearance of the
[err]-lactanase activity of the phages is nmeasured, by the nitrocefine
test, as a func- 20 tion of tinme after addition of the inhibitor. Phages
are then i ncubated in the presence of the marker. Then
the reaction product is passed through an agar ose-coupl ed streptavidin
colum. The phages are then eluted py-cl eaving the disulfide
functional group of the 25 nmarker. They are used to reinfect an E. col
cul ture. From tiy cleaking cthe hemgebp ahddei mgrker (@it ve

[err]-lactamase_can &%%'vlﬂi rﬁfé)\‘lﬁfxﬁdbetween the inhiBitot t(8)e amd bacteria
infected with the f

es I's a.re Lum
cont ai ni ng 15 pg pert% mﬂf"ﬁ}gr}ﬁq’ P28y 8? alnd ! ncugtef)ié-l; \KIIE? tirring,
at 37[err]C - forbg6 ®lrawingAf the cm‘f‘i“ﬁga@tiﬂﬁﬁgﬁf ’Pﬁ%""’tﬁﬂt for 10
mnutes at 1000 r prjnfErosdigahionS(Neandi thé ajolethte havingupzymatict s

recovered. The phage Pig.at ed by addi tion of 1/5 volune of 20
% pol yet hyl ene gI yco?ee{&@r ?55 {15)

by destroying the microorganism (1) and by
recovering all or part of its genome (E).

The method will be described in greater detail

10 with reference to the accompanying figures, in the

following examples. _ _

 Rxample X: Construction and selection of phages

carrying active ﬁ-lactamase (fd-bla) _

The viruses having at their surface molecules

15 with enzjmatic activity are constructed from
*filamentous" phages.. -

The filamentous. phages such as M13 or fd are
bacterial viruses which, in the free form, contain a
6.4 kb single-stranded circular DNA encapsulated in a
protein envelope in the form of a very long cylinder
consisting of five proteins (Beck & Zink, Gene (1981),
16, p. 35 to 58; Grant et al., J. Biol. Chem. (1981),
256, p. 539 to 546; Lopez & Webster, Virology (1983),
127, p. 177 to 193.

Among these, the product of the gene III (pIII)
is a complex protein, present in an amount of 3 to 5
copies, which closes one of the ends of the virion and is
composed of three parts: a signal peptide which is used
for exporting the protein to the periplasm of ~Ehe
bacterium and is cleaved during excretion; a globular
part necessary for infection which recognizes the F-pilus
of the E. coli target éell; a hydrophobic, transmembrane
part during the virus morphogenesis phase which
subsequently ensures anchorage of pIII in the particle
(J. Armstrong et al., FEBS Letters (1981), 135, p. 167-
172; C.W. Gray et al., J. Mol. Biol. (1981) 146 p. 621 to

627; G. Glasez-Wuttke et al., BBA (1989) 985, p. 239 to
247).

20

25

30

35

Following their work on the role and function of
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35 solution, at 2.5M NaCl . After inc.ubation for 1 hour

. at 4[err] C and
*centrifugation, the phages are resuspended in a 50 nm acet ate. buffer
at pH 5.0. The marker (12) in solution in DMSO, at a
concentration of 1 ng/25 [err]l, was added at a final
- 19 - concentration of 0.25 mMto the solution containing the
- 10 -

the protein pIII in the physiology of the phage fd, Smith
and Crissman (Virology (1984), 132, p. 445 to 455) showed
that it was possible to introduce, by recombinant DNA
methods, a foreign peptide sequence inside the sequence
5 of protein pIII (Science (1985) 228, p. 1315 to 1317) or
between the signal peptide and the sequence of the mature
protein (Gene (1988), 73, p. 305 to 318). This insertion
. does not prevent the viability of the phage and the
introduced sequence is accessible.
The phage-enzyme fd—fet-ﬁ-lactamase (fda-bla is
éconstructed from the phage £dpOGl (Clackson et al,
Nature, 352, p. 624 to 628 (1991) in which the sequence
encoding the mutated p-lactamase has been introduced.
This phage is derived from the phage fd-tet (Beck
et al., Nucl. Acids. Res., 5, p. 4495 to 4503 (1978)),
in which a polylinker is inserted between the sequence
encoding the signal peptide of protein III (pIII) and the
sequence encoding the mature pIIXI; in this manner, the
f~lactamase will form, with pIII, a fusion protein. The
phage fd-tet is itself derived from the phage fd (Zacher
et al., Gene, 9 p. 127 to 140 (1980)) by insertion of the
tetracycline resistance gene of the transposon Tn 10.
The phage £dDOGl comprises two restriction sites
{(Notl and Apall) constructed by mutations in the region

encoding the protein pIII, between thé signal peptide and
the globular part.

10

15

20

25

The phage £dDOGl also comprises the tetracycli.ne
gene inserted in the region of the origin of replication
of the phage and permitting a propagation of the phage as

30 plasmid.
solation of the nucleot:.de ence encoding fi-lactamase
The B-lactamase gene of the plasmid pBR322 of
E. coli (whose sequence is given by Sutcliffe, PNAS USA,
35S, p. 3737 to 3741 '(1987) and in figure 1) was isolated
from the phagemid pBluescript S/K+®.
Given that the cloning into £dDOGl will use the
ApalLl site and that the sequence of the f-lactamase
contains such a site, the latter should first be removed
by site~directed mutagenesis. This mutation conserves the

35
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phéges (approximately 10[err] tu/m) and 1 % BSA. The i nhibi -
- continued for

of agarose- 5

buf f er

t he sol ution,

buffer,

30 m nut es. Mor eover,
streptavidin (PIERCE[err]) is washed with 20 m of

containing 1 % BSA (Bovine Serum Al bumin, Sigma). 0.3 m

containing 1.25 x 10[err] phages, was | oaded onto the
colum, washed with 6 1 of PBS/1 % BSA and 6 m

then eluted with 1 m of a 500 nM 10 dithiothreitol
buffer. One aliquot of

W th 1

oI| TGL cells in exponentlal growt h at
37C. The recove?f/ o‘*‘r"“t %e pﬁag '

es was_denonstr at

tionis
a suspension of 250 [err]|

PBS
of

of PBS. The phages are
solution in PBS
recover ed pHdgss was incubated, after change of

| at
dilutions on LB-tet ne@benphagemidyRBlugpeript ﬁZKt i(Srpmct tife %o'ggg&va” ous

10[ err]

phages carryi ngsecdtagénePgrsdld by Ozjmnaniasmutsqedmc@ndin@ tpitheppm were

recover Edci'ipr ;lhirl]‘éth‘,d of 'BEkélein (Nucizximhﬁ Rés.,

phages

bios7g s 9698 Of

1
(fd-bla[errP 2@9985’ with ﬁh‘f)S"Xi 19% e‘?‘r é%é’é d‘! lBﬁcf[e;m‘}]o?l ¢ORt ai ned in
0.3 m of

10

15

20

25

30

35

Amersham®.

After in vitro mutagenesis, the double strand of
the mutated phagemid pBluescript S/K+® (pBluescript-M) is
used to transform the strain TGl of E. coli {(Gibson,
Studies on the Epstein-Barr virus genome, PhD Thesis,

Cambridge University England (1984).

The transformed cells are plated on I.B-Amp medium
(Sambrook et al., Molecular Cloning, A laboratory manual,
second edition, Cold Spring Harbor Laboratory Press
(1989) Appendice A). _

Colonies are recovered and cultured in LB-Amp
medium. The single-stranded form of pBluescript-M is
produced by addition of the helper phage R408 to the
medium (Russel et al., 45, p. 333 to 338 (1986)).

The strand pBluescript-M is then sequenced
‘according to the Sanger method (PNAS USA, 14, 'p. 5463 to
5467 (1977)) with the aid of - the primer
S’ ~-PTTAAAAGTGGCCATCATTGGA centered at the position
encoding Ser 68 in order to verify that, in the chosen
clones, the mutation is indeed introduced.

of f-~lactamase into the phage £dDOG1

The sequence of the gene encoding the mature
f-lactamase is inserted into the phage £dDOG1 between the
sequence encoding the signal peptide of pIII and that
encoding the mature pIII. The cloning sites ApaLl and
Notl are used according to the scheme given in figure 2.
To this effect, the ﬁ-'lactamase gene is recovered from
the phagemid pBluescript-M with introduction of the
appropriate restriction sites by PCR.

The primers used, shown in Figure 3, contain the
following characteristics:

The primér in 5’ is a 30mer complementary over
18 bases of the mature f-lactamase gene starting from the
second codon (encoding Pro 2). The 5’ extension (12
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acetate buffer at pH 5 were placed In the presence of the
;according to the invention and the reaction

an agarose-coupl ed strep- tavidin colum and eluted according to a
procedure 25 _identical to that described in exanple 4. 2.0 x 10[err]

phages carrying inactive [err]-lactamse, equivalent to 1.9 ppm were
recovered in this case.

mar ker (12)
product was passed through

Conparison of the results of exanples
|V and V shows that the active phaggs are retained better than the
30 i nactive phages by a factor of 8. Exanpl e VI: Enri chment
\(Ni‘ftlhbl a§3t i Vg Phggéss) troBuces the ApaLl siftg ;ln;lm:Xﬁ%&‘ ﬁiﬁtﬁitﬂbtgt active
-bla) an . . i nac{ive - ryf S ution
with Whlch.resu_laftﬂf S5 &F id..c t o § ! L,:'kneex;gjlg'r F#%nt of the
sane type was camutetiontis introdugedy im xprder otoa@vedd Hhe)Rhages

i nactive phages bfrrying adpikictangsdilisviingythdceaninak apiingeseguencknent
172 % l0[errP i nBAFTEC i EUBEIEU LD il Ko BEERILy 280 WviRAGES and
or streptavidin (Devlin et al. Science, 212, p. 404 to
406 (1990)) subsequently used for their selection.
. The pfimer in 3’ is a 47mer complementary over 21
" bases from the end of the f-lactamase gene. The extension
replaces the stop codon by a codon encoding a glycine,
introduces four codons between the -gene encoding the
B-lactamase and the gene encoding the protein pIII, as
well as the Notl restriction site for the cloning. These
four additional. amino acids constitute a potential
15 cleavage site between the two proteins for factor Xa. The
protein pIII provides, indeed, the capacity for infection
of the phages (Goldsmith et al., Biochemistry, 16, p.
2686-2694 (1977). While the presence of a protein as
voluminous as f-lactamase affects the capacity for

infection, an incubation with factor Xa makes it possible
to restore the latter.

10

20

In addition, this site constitutes an additional
cleavage point for‘recoveriﬁg the microorganisms.

The phage fdDOGl is digested for 18 hours with
Apall and Notl and purified on agarose gel. Horeover, the
sequence of the phagemid pBluescript-M is amplified with.
the primers described above using 34 PCR cycles (1 min.
at 95°C, 1 min. at 60°C and 2.5 min. at 72°C) in the
presence of Taqpolymefase' (Saiki et al., Science, 239,
p. 487 (1988). After gel purification, the product is
digested with ApaLl and Notl for 18h and repurified; then
1.5 pg of digested £dDOG1 and 250 ng of the f-lactamase
gene are mixed in 60 pl with 4 units of T4 DNA ligase
(Gibco-BRI®) and maintained overnight at 16°C. The

purified ligation mixture is used to transform the strain
TGl of E. Coli.

25

30

35

_ The cells are plated on LB-tet and LB-Amp medium
(Sambrook et al,)-whete_it is observed that the presence
' : of the phage provides the resistance to the antibiotic.
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pH 5 in the presence of 1 % BSA was placed in the
.of the marker (12) at a final concentration of
was -renoved by ultrafiltration on

MIlipore[err]. The solution was 5 | oaded onto
Af ter washing

t he

- 13 -

Colonies are then cultured in 2x¥T-Tet medium or in
2xYT-Amp medium in order to prepare the phage fd-bla.
Instead of constructing phages-enzymes by mani-
pulation of the protein pIII, it is also possible to
construct a fusion protein with the protein pVIII (1)
which is a small protein of 5.2 kd constituting the
cylinder body of the phage fd and which is normally
present in 2700 copies (Newman et al., J. Mol. Biol
(1977), 116, p. 593 to 606). If the size of the DNA
molecule is modified, the number of copies of the protein
#BVIII can be adjusted in order to include the said DNA
molecule. _

This variant is achieved with a phagemid in order

to be able to control the number of copies of the fusion

protein Kang et al., (1991) Proc. Natl. Acad. Sci. USA,
vol. 88, p. 4363-4366.

C zation of the hage ¢ in the active
-la se (fd-bla : '

The phage thus constructed is characterized in
the following manner. The fact that the infection by the
phage confers on the cells a resistance to ampicillin is
first demonstrated. Then it is shown directly that the
phage itself exhibits an activity for hydrolyzing a

presence

0.25 mM Excess narker
aunit Utrafree 30,000 from

strept avi di n- agar ose.
colum with 5 n of PBS/1 % BSA, the phages were

p-lactam, nitrocefine. The fact that the enzymatic

activity is not present in the ultrafiltrate after
filtration on a membrane which allows the f-lactamase to
pass - through a.lready‘ indicates that the enzyme is bound
to the phage. Finally, the phage proteins are analyzed by
. gel electrophoresis and Western Blotting and it is shown
that the protein pIII is present in the form of a fusion
protein with the @-lactamase. This confirms that the
construction is indeed correct and that,

during the
morphogenesis of the virus,

there is no proteolytic
cleavage which would result in the detachment of the
f-lactamase from the phage.

By infection of cells of E. Coli TGl with this
phage and plating on LB-Amp medium, ampicillin-resistant
colonies are obtained. The f~-lactamase activity is
directly detected in the Petri dish by a nitrocefine test
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with 500 mMMdithiothreitol. An aliquot of eluted phages "was plated at
-various dilutions on LB-tet dishes; the col onies were thus counted. A
total of 1.3 x 10[err] phages 10 were recovered in this manner. The nunber
of phages carrying active [err]-lactamase was-deternined by directly
measuring the [err]-lactamse activity of the col onies by the

nitrocefine plate test as described above. This nunber was al so

verified by plating an aliquot of the eluate on 15 LB-Amp dishes. The
nunber of eluted active phages was - 141-x 10[err]. The enri chnent

factor obtained refaore 5,.5. Exa e VI,

with active I‘Fwa‘g kpﬁ n et al., J. Biol. Chem., t L}’re388?it ##gmz:ct i ve
(fd-bla) and 20 (1987)). Likewise, ithecphege (isolAtsdefirpp ﬁhageslt@mt i on
Wi th " medium aftéﬁcaeﬁtmugation of the Abelleic/preRipititddie same

tpﬁgge\évatsocarri egfrectl antohs eﬁ%ﬁ%trafgﬁgghanﬁé \é%g tpg&mtﬁa %ﬂmhv\?\as 25

this tinme caPri Figubuifer. A130: oY BaClcpEpH {952 Pe Fﬁ%centr‘tmn of
- the oxrder of 10¥ <transducing units (tu) per ml,
hydrolyzes the nitrocefine. .
The specific activity of the enzyme carried by
the phages was identical to that of the fi-lactamase RTEM
10 in solution (Boehringer). The measurement of the activity
'~ mwas also performed after ultrafiltration of the phages on
Centri/por membrane with an MW cut-off of 100,000 which
allows commercial fi~lactamase RTEM to pass through. Less
than 5 & of the B-lactamase activity was detected in the
15 ultrafiltrate, which indicates that the enzyme remains
attached to the phage.
Viruses fd-tet and fd~bla are prepared and
concentrated (102 tu/ml). 20 pl of each solution are
loaded onto a 12.5 % SDS-polyacrylamide gel and analyzed

20 (miniprotean® II from Biorad®). By Western Blotting, the
_ proteins are transferred onto nitrocellulose
(minitransblot® from Biorad®) and the revealing is
performed with an anti-protein III rabbit antibody .
followed by a goat antibody against a rabbit antibody

25

coupled to HRP (horseradish peroxidase). The chromophoric
substrate of HRP reveals bands of apparent MW of 70 kd
and - 105 kd . for fd-tet and fd~bla respectively. The
revealing was also performed with an anti-p-lactamase
antibody; a band was found only for f£fd-bla at the
30 position expected for the fusion protein.

Example ¥I: Construction and characterization of
phages carrying an inactive f-lactamase
(fd-bla")

In order to test the efficiency of the z_selection
35 me_thod according to the invention, phages carrying an

inactive f-lactamase (fd-bla") are constructed and
characterized. - :

The phagemid pBluescript~M is subjected to a
mutagenesis in which the codon encoding the essential

This is the replacement sheet

Date: 03 MAR lag7



| i nkage between the [err]-lactanmase and the protein II1l. ' A

‘m xture containing 2.8 x 10[err] active phages and 2.2 x 10[err]

i nactive phages in 1.5 m of acetic buffer 1 % BSA was pl aced in the
presence of the marker (12) at a 30 final concentration of 0.75 nM
passed over streptavidin- agarose. After washing the colum with 80 m
of PBS, 2.m of 0.1 MTRIS buffer at pH 7 containing 0.02 % NaN err]
and 2 mM of Tris buffer at pH 7, 1 m of a solution cont ai ni ng 10
[err]g of factor Xa (Boeri ngher) was addé8 to 35 the suspension and it

Stirring.  Aftemerine €y Bokad te slanthe Lo saRR BTN R by
pl ati ng atengymeous di |l utions on LB-tet dishes; the col onies were
thus counted. A total Ofhé nuthtledr @knehaaesew&écpwmdn@ Nto the
same technique as that used for the active f-lactamase
5 (PCR amplification with introduction of restriction sites
(cf. figqure 2)). The phage carrying inactive f-lactamase
(fd-bla-~) is characterized by restriction frdgment
" analysis, complete sequencing of the Bla gene, detection
of enzymatic activity and analysis of the proteins.
10 The S68A mutation is introduced according to the
qSame- procedure as the mutation of the Apall site. The
transformed cells are plated on X-Gal medium (Horwitz et
al., J. Med. Chem., 7, p. 574 (1964)) without ampicillin.
The blue colonies are cultured in 2x¥YT medium and the
single-stranded form is produced by addition of the
helper phage R408. The mutation is sequenced by the
Sanger method with the aid of the primexr

S’ “TAGTGTATGCGGCGACC complementary to the region encoding

15

20 After amplification of the gene by PCR, cloning,

transformation and plating on tet medium as performed for
the active f-lactamase, colonies are recovered and
cultured in 2x¥T-tet medium. The double-stranded DNA of
the phage is isolated and digested with the restriction
nucleases BamH1 and EcoRl. The digestion products are
separated on agarose; the transformants show 2 fragments
of 4.7 kbp and 5.5 kbp, in agreement with what is
expected. The complete sequencing of the mutated Bla gene
is performed with the primers 5’-TAGTGTATGCGGCGACC,
30 5’ -A{lacuna JGCGAGTTAC(lacuna}G, 5‘-CCAGCCAGCCGGAAG and

5’ ~“TGCTAAACAACTTTC located respectively in the regions

encoding G90-Y65, H156-L160 . L223-W227 of the f-lactamase

and E5-A9 of the mature protein pIII). It thus is

verified that the PCR amplification did not introduce

mutations other than that aimed at inactivating the
active site. ' '

25

35

The presence of a f-lactamase activity is ‘then
‘detected by performing, on the supernatant of a culture
of phage fd-bla-, a nitrocefine test as described above.
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-21- this manner. The nunber of eluted active phages was 5.7 X
»10[err]. The enrichnment factor obtained was therefore 15. Exanpl e
VII1: Enrichnent, with active phages, of a 5 m xture
containing active (fd-bla) and i nactive

(fd-blaferr]) phages: prelnnDblllzatlon of the narker
Anot her experinent was carried out Mﬁth a mxture of active phages and

i nactive phages, but with prior 10 . inmobilization of the marker on the
strept avi di n- agar ose _ - 16 -

In agreement with what is éxpected, no activity is
observed. '

Finally, analyses of the phage coat proteins by
denaturing gel electrophoresis, Western Blotting and

5 immunological detection is performed as for the phage fd-
bla. The fusion prote:.n PIII—I!-LACTAMASE is correctly
identified.

. Example IIT: Synthesis of the active f-lactamase
' marker provided with a small-sized arm
10

between suicide inhibitor and liga.hd
= The phages whose DNA contains the active f-
lactamase gene and which carry the corresponding enzyme
attached to the coat protein pIII will be selected by a
reaction with the marker according to the invention. This
15 marker consists of a bifunctional molecule which
contains, at one end, a covalent inhibitor of the
f-lactamase and, at the other, a ligand, in this case

biotin, which can be easily immobilized on a solid
support.

20 The suicide inhibitor module consists of a penam

sulfone (see Fisher et al., Biochemistry (1981), 20,
2726-2731, Mezes et al., FEBS Let. (1982), 143, 265-267,
Clarke et al., (1983), 748, 389-397, Dmitrienko et al.,
Bioorg. Chem. (1985), 13, 34-46) functionalized so as to
allow its attachment by an arm to a ligand or a support.

Imino-biotin can also be advantageously used
because its affinity for streptavidin can be considerably
reduced by decreasing the pH of the solution. This will
give us an additional possibility to isolate the phages
from the support after immobilization.

These two entities are connected by an arm of
sufficient length to allow the interaction of the ligand
carried by the marker with the immobilized protein.

The scheme for synthesis of the bifunctional
molecule is given in figures 4 to 6. Most of the steps of
this synthesis are described in the chemical literature
or involve coventional procedures. The molecules are
characterized by IR spectroscopy and 1lH-NMR.

Sodium p-nitrobenzyloxycarbonyl-2-aminoethane-

25

30

35

This is the replacement sheet

Date: 05 MAR -1937'



col um. 250 [err]l of streptavidin-agarose suspension are
i ncubated for one hour in an acetic buffer at pH5 in the presence of 1

% BSA; after washing with 2.5 nl of acetic 15 buffer without BSA 2 [err]l

of a 50 nM sol ution of marker ~ (12) in DVBO are added. After 1 minute
and 5 cycles of washi ng and centrifugation with, each tinme, 1 m of
acetic buffer, 0.8 m of phages in an acetic buffer 1 % BSA cont ai ni ng
9.6 x 10[err] active phages and 5 x 10[grrL 20 i nactive phages were added
to the suspension with gentle stirring, overnight at 4[err]C After
washing with, 20sﬂ1fdﬂate (3)%/91@%8&1\ BN &ddftibn Gf Tebuéduivalents% Tween
20 in PBS, ﬂ;!% factar e s in
exanple V. 1. 1% rr Q%t | Ve a%ges gendeg %ss)éivg?err q| {r%act ive
phages were reCBV%rE Shts er° THY NaOH éﬁr chnefPot %Rﬂ%ﬁs &bt ai ned

was therefore 3neutralizimgafbeemedium byrmddilkdont ofWNaOH, aundere thehages, of
a Schottednﬁah%ﬁnc%&iﬂi&% Ache¥ér (festtbhadiciidos the
I nactive (fd bl aL {:J:gbé) 3 eslcoehol‘.,l:[ ggh é/thyl acetate, the product is

freeze-dried. The yield was 66 %.

. ' The sulfonate (3) was chverted to sulfonyl
chloride (4) with phosphorous oxychloride according to
10 the method of Fujita (Synthesis, 423-424 (1982)). By
F_,wa.shi.ng the oil obtained with dry ether, the product was
obtained in the form of a white powder with a y:.eld of
97 %.
In parallel, 6~aminopenicillanic acid (5) was
15 converted to its methoxymethyl ester (6) according to the
method of Manhas et al. (Synthesis, 549-552 (1983)) with
the aid of methoxymethyl chloride after temporary
protection with ethyl acetoacetate.
The acid chloride (4) is coupled with the
20 6-aminopenicillanic acid ester (§8) in dichloromethane in
the presence of triethylamine. The product (7) purified
on a silica column (eluant: ethyl acetate-dichloromethane
80:20), was obtained with a yield of 50 %.
This product was oxidized into a sulfone (8)
25 according to the method of Johnson et al. (J. Org. Chem.,
28, 1927-28 (1963)); the product obtained was washed with
ether to give a solid white [sic] which was purified on

silica (eluant: ethyl acetate~dichloromethane 50:50). The
yield was 75 %.-

- 30 On deprotection of the amine functional group by
hydrogenation on palladium/carbon according to a conven~-
tional method, the préauct (9) was obtained which was
coupled directly with sulfosuccinimidyl 2~(biotinamido)-
ethyl-1,3~dithiopropionate (10) (marketed by PIERCE®), to

35

give the marker precursor (l1ll1) which was purified by
chromatography on silica (eluant: ethyl -“acetate-
dichloromethane 50:50). The yield was 25 %.

The protection of the carboxylic functional group
in position 3 of the penam ring in (ll) was removed with
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30 hydrol ysis of the acyl-enzyne |inkage An
sexperinment simlar to that of exanple VIII was carried out with a

m xture of active phages and inactive phages to verify the
possibility of recovering phages by ' cl eaving .the |linkage between the
[err]-lactamase and the 35 suicide inhibitor, nanely the ester |inkage

of the acyl enzyne. This cl eavage was carried.out by hydrol ysis.
A mxture containing 2.8 x 10[err] activegphages and 1.05 x 10[err]
i nacti ve phages were [sic] |oaded onto a col um where the marker had

been i mobi | i zedtheAdidrof magnesium bromide in dichloromethane according
to the method of Kim et al. (Tetrahedron Letters, 32,
3099-3100(1991)). The crude product recovered (12) after
evaporation of the solvent was used directly to imhibit
the enzyme and to label the phages carrying active
enzyme.
E;ggplg;lgi Immobilization of the phages carrying
. . active p~lactamase (fd-bla)

The use of a covalent marker irreversibly binding

10 the active site of the enzyme and making impossible any

_reuse of the enzyme, does not constitute a disadvantage

“’in the method for selecting the enzyme. Indeed, in this
method the desire is only to select and recover the
genetic sequence encoding the active molecule.

15 The optimum conditions for inhibition, by the
bifunctional marker, of the phages carrying the active
f-lactamase are first determined. To this end, the rate
of disappearance of the f-lactamase activity of the
phages is measured, by the nitrocefine test, as a func-
tion of time after addition of the inhibitor. Phages are
then incubated in the presence of the marker.

Then the reaction product is passed through an
agarose-coupled streptavidin column. The phages are then
eluted by cleaving the disulfide functional group of the
marker. They are used to reinfect an E. coli culture.

From - this culture, the gene encoding the active
f-lactamase can be easily recovered.

5

20

25

A culture of bacteria infected with the fd-bla
phages is prepared in a 2xYT medium containing 15 ug per
ml of tetracycline and incubated, with stirring, at 37°C
for 16 hours. After centrifugatlon of the culture for 10
minutes at 10000 rpm (revolutlons per minute), the
supernatant is recovered. The phages are precipitated by
addition of 1/5 volume of 20 % polyethylene glycoi
35 solution, at 2.5M NaCl. After incubation for 1 hour at

4°C and centrifugation, the phages are resuspended in a
50 mM acetate buffer at pﬁ 5.0.

The marker (12) in solution in DMSO, at a
concentration of 1 mg/25 pl, was added at a final

30
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- 22 - extensive washing as in exanple VIIIl, the suspension was

-al l owed to stand overnight at roomtenperature and the supernatant from
a centrifugation was analyzed. 1.4 x 10[err] active phages and 2.5 X
10[err] inactive phages were 5 recovered in this manner. The enri.chnment
factor obtained was therefore 2.1. In the exanpl es

nmenti oned, the percentage of I mmobi | i zed phages is | ow because the size
of the arm bet ween the i mmobili zabl-eibi gand and the inhibitor is 10
quite small. In order to avoid this di sadvantage, another mar ker havi ng

a | arger-sized 9ACRASTREEOMQL] 0.25 mit ko fthe splutiay foptaining the ,

mar ker of agpliages (approximately 10 theil | -eindCl cRrEsa. (Tley iidkibiv th a
| ar ge- si zed

. ti r RE ggl cide inhibitor and ligand 15
Car bobenzyl oxy- 2- 1(05‘ ér?\ ﬁglét nuxyfetg%ano

reove a suspension )of 250 pl of agarose-

5 streptavidin (PIERCE®) is washed with 20 ml of PBS buffer
containing 1 § BSA (Bovine Serum Albumin, Sigma). 0.3 ml
of the solution, containing 1.25 x 10°* phages, was loaded
onto the column, washed with 6 ml of PBS/1 & BSA and 6 ml
of PBS. The phages are then eluted with 1 ml of a 500 mM

10 dithiothreitol solution in PBS buffer. One aliquot of
recovered phages was incubated, after change of buffer,
with 10 ml of E. coli TGl cells in exponential growth at
37°C. The recovery of the phages was demonstrated by

plating various dilutions on LB-tet medium and counting

15 the colonies. 1.8 x 10° phages carrying active f-

lactamase, equivalent to 14.4 ppm, were recovered in this

manner. : '

Example V: Immobilization of phages carrying
inactive f-lactamase (fd-bla-)

1.05 x 10° i:hages (df-bla-) contained in 0.3 ml of
acetate buffer at pH 5 were placed in the presence of the
marker (12) according to the invention and the reaction
product was passed through an agarose-coupled strep-
tavidin column and eluted according to a procedure
25 identical to that described in example . 4. 2.0 x 10°

phages carrying inactive p-lactamase, equivalent to 1.9
ppm, were recovered in this case.

' Comparison of the results of examples IV and V

shows that the active phages are retained better than the

20

30 inactive phages by a factor of 8. :
Example VI: Enrichment, with active phages, of a
' mixture containing active (fd-bla) and
inactive (fd-bla") phages: elution with
dithiothreitol
35

An experiment of the same type was carried out
with a mixture of active phages and inactive phages to
determine directly.the active phage enrichment factor.

A mixture containing 6.4 x 10 active phages and
1.4 x 10 inactive phages in 0.3 ml of acetic buffer at

This is the replacement it
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(figure 7) was prepared by addition of 1 equival ent of
.chloroformate (13) to 2-(2-am noet hoxy) et hanol (14) in water
saturated by bicarbonate. The product was extracted in organi c phase
and purified on a silica 20 colum (eluant: ethyl acetate-dichloronethane
50:50). The yield was 58 % Et hyl vinyl-sul fonate (17)
was prepared from 2- chl or oet hane-sul fonyl chloride (16) according to
t he met hod of \Witnore and Landau ._Am Chem Soc., 68, p. 25
1797-1798 (1946)). It was purified by horizontal distjl- | ati on at
08/()8[62)2] C underlpno-ﬁ W GfheMBxrddenickO ofi \éﬁ ® BSA wedl @laces dnl the Slg 45
: e equi val ent t e m_ngQ. 0 ' ed onto

(17) in dry p%asge%gmfrﬂee"}a%&%i g‘lﬁf ia%'e yglﬁgﬁnﬁfg&%ggﬂ%?b%ar bonat e
30 was added. Oxa5cmMpncBXGeRs magken @ay§emv%?m pleragiltration pn- and
evapor ati on of d mmisciMarifreeh30 000dfrém Mil)ipose®. The gplutioadwam silica
(eluant: ethyl AGHA Cofft& N Arefbidilini-agarose?: Aker Theaghifgd ¥ke 60 %
The sul fone funct] onal QL. o4, \§’9f Qe;?é ot %%t edhaccordl ng iotté"le met hod
of Tipson et g column wi ml of PB A, e phages were”elute

with 500 mM dithiothreitol. An aliquot of eluted phages
. ' was plated at various dilutions on LB-tet dishes; the
colonies were thus counted. A total of 1.3 x 10¢ i:hages
10 were recovered in this manner. The number of phages
?carryi.ng active f-lactamase was determined by directly
‘measuring the f-lactamase activity of the colonies by the
nitrocefine plate test as described above. This number
was also verified by plating an aliquot of the eluate on
15 LB-Amp dishes. The number of eluted active phages was
1.1 x 10°. The enrichment factor obtained was therefore
5.5.
Example VII: Enrichment, with active phages, of a
: mixture containing active (fd-bla)' and
inactive (fd-bla-) phages: elution with
factor Xa :

An experiment of the same type was carried out
with a mixture of active phages and inactive phages to
directly determine the enrichment factor; the elution was
this time carried out with factor Xa cleaving a peptide
linkage between the fi-lactamase and the protein III.

A mixture containing 2.8 x 10 active phages and
2.2 x 10" inactive phages in 1.5 ml of acetic buffer 1 %
BSA was placed in the presence of the marker (12) at a
final concentration of 0.75 mM, passed over streptavidin-
agarose. After washing the column with 80 ml of PBS, 2 ml
of 0.1 M TRIS buffer at pH 7 containing 0.02 % NaN, and
2ml of Tris buffer at pH 7, 1 ml of a solution
containing 10 pg of factor Xa (Boeringher) was added to
the suspension and it was allowed to stand overnight at
room temperature, with gentle stirring. After
centrifugation, the supernatant was analyzed by plating
at various dilutions on LB-tet dishes;; the colonies were
thus counted. A total of 6 x 10° phages were recovered in

benzyl

20

25
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35
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35 (J. Og. Chem, 12, 133-137 (1947)) to give, after 24

. reaction, (19) in the formof a white powder
hexane (yield 86 9% . This product was

(20) according to the

- 23 - '

hours of

after washing with
converted to an acid chloride
met hod of Fujita (Synthesis, 423-424 (1982)).
The acid chloride (20) (figure 7) was coupl ed

- 21 -

this manner. The number of eluted active phages was
$.7 x 10°. The enrichment factor obtained was therefore
15.

Example VIII: Enrichment, with active phages, of a

mixture containing active (fd-bla) and
inactive (fd-bla-) phages:
preimmobilization of the marker

. Another experiment was carried out with a mixture
of active phages and inactive phag_es, but with prior

immobilization of the marker on the streptavidin-agarose
__column.

) 250 gl of streptavidin-agarose suspension are
incubated for one hour in an acetic buffer at pH 5 in the
presence of ‘1 § BSA; after washing with 2.5 ml of acetic
buffer without BSA, 2 pl of a 50 mM solution of marker
(12) in DMSO are added. After 1 minute and 5 cycles of
washing and centrifugation with, each time, 1 ml of
acetic buffer, 0.8 ml of phages in an acetic buffer

1 & BSA containing 9.6 x 10% active phages and 5 x 10*°
inactive phages were added to the 'suspension with gentle
' stirring, overnight at 4°C. After washing with 20 ml of
PBS/1 & BSA and 50 m) of solution) 0.1 & Tween 20 in PBS,
the phages are eluted with factor Xa and counted as in
example VI. 1.15 x 10° active phages and 1.85 x 10°
inactive phages were recovered in this manner. The
enrichment factor obtained was therefore 3.2.

1 Xs Bnrichment, with active phages, of a
mixture containing active (fd-bla) and
inactive (fd-bla-) phages: elution by
hydrolysis of the acyl-enzyme linkage

- An experiment similar to that of example VIII was
carried out with a mixture of active phages and inactive
phages to verify the possibility of recovering phages by
cleaving the linkage between the p-lactamase and the
suicide inhibitor, namely' the ester linkage of the acyl
enzyme. This cleavage was carried out by hydrolysis.

A mixture containing 2.8 x 10 active phages and
1.05 x 10 inactive phages were [sic] loaded onto a
column where the marker had been immobilized. After

15
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ditectly with the ester of of [sic] 6-aninopenicillanic
. dichloronmethane in the presence of

product obtained (21), 5 purified on silica (eluant: ethyl

acet at e-di chl or onet hane

was oxi di zed

al . (J.

(el uant:

directly

Og. Chem, 28, 1927-28 (1963)), the product
washed with ether to give a white solid

et hyl

wi teppernatant (irom-e| ¢spnkxdfugation ('ﬁﬁo?‘i‘??gfla%%&m btc ﬁ;l;{) L“?%

di t hi opr opi onatset{ite) phagdet amdby2 PS5 ERCE[10f r | inactive dephages
mar ker precyr sofedAibkedNif Q&%Smmﬁéé.' Q‘i’nﬁb)énrichméﬁl%r 8Bt St lobRAYnedN
(eluant: ethyl i C

10

15

20

25

30

35

acid (6) in
triethylamne f or one hour.

The

50: 50) was obtained with a yield of 34 % It

into a sulf one (22) according to the nethod of Johnson et

obt ai ned was
30_ which was purified on silica

acet at e- di chl or onet ﬁan_e 50:50). The yield was 72 %
On depr ot ect i OrgytfenkiPe A ngUAS LiD RKamPLOWI LYY, the suupdnsfienatdson on

pal | adi um car bon.i n et hangl_acc ' .0 LO hod, - t he
pr oduct (23) (fﬂ» l?rwggéggowgls:a&cg ‘%ocgng%ri}%dat rs\ﬂx}lz'ﬁew\é%ﬁké Qﬁtﬁ R ,

acet at e-

2 oronet hane 50:50). The yield was 13 %
was therefore 2.1. _

In the examples mentioned, the percentage of
immobilized phages is low because the size_ of the arm
between the immobilizable ligand and the inhibitor is
quite small. In order to avoid this disadvantage, another
marker having a larger-sized arm was prepared.

Example X3 Synthesis of a marker of active
f-lactamase provided with a large-sized
arm between suicide inhibitor and ligand

Carbobenzyloxy-2-( 2-aminoethoxy)ethanol  (15)
(figure 7) was prepared by addition of 1 equivalent of
benzyl chloroformate (13) to 2-(2-aminoethoxy)ethanol
(14) in water saturated by bicarbonate. The product was
extracted in organic phase and purified on a silica

column (eluant: ethyl acetate-dichloromethane 50:50). The

yield was 58 %.

Ethyl vinyl-sulfonate (l7) was prepared from 2-
chloroethane-sulfonyl chloride (16) according to the
method of Whitmore and Landau (J. Am. Chem. Soc., 68, p.
1797-1798 (1946)). It was purified by horizontal distil-
lation at 88°C under 0.6 mm of mercury to give a
colorless oil (yield 45 $). One equivalent of the
protected amino alcohol (1l5) was added onto (17) in dry
acetonitrile to which finely ground potassium bicarbonate
was added. After heating, for 3 days at 80°C, filtration
and evaporation of the solvent, the product (18) was
purified on silica (eluant: ethyl acetate-dichloromethane
50:50). The yield was 60 %. The sulfone functional group
was deprotected according to the method of Tipson et al.
(J. Org. Chem., 12, 133-137 (1947)) to give, after 24
hours of reaction, (19) in the form of a white powder
after washing with hexane (yield 86 %). This product was
converted to an acid chloride (20) according to the
method of Fujita (Synthesis, 423-424 (1982)).
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The protection of the carboxylic functional group
. penamring in (24) was renoved wth
di chl or onet hane accordi ng

in position 3 of the
the aid of nagnesium brom de in
to the method of Kimet al. (Tetrahedron

Letters, 32, 25 3099-3100 (1991)). - Exanple Xl: Enrichment, wth
active phages, of a m xture containing active
(fd-bla) and I nactive (fd-blaJerr]) phages: |abeling
with

the inhibitor_(24), elution with factor 30
Xa An enrichnent experinment s carried out with

| abel i ng wiht h the inhi BigeOradidtchibriadi )(ﬂf(%(f)ig‘ﬁ_? I'Me was coqu_:Laaesf anﬂ
arm conneot | ng. AESBHY ithoghepeter] of 't (aicl tofiboPapldfiumat 0 "¢
A nixture contaiegifdg 162 xinQ[ diehlouomekbapeagin abie Ppresepce , ofg ey
i nactive phages tiriethplailind fegcohé hohferTHEoproductBEbtatmsed|(@Id in the
p;gzggce O](c)vge ?epg%.kféd %tn gi{i'.élakelna,nt: QM QEEﬂﬁghichleicomet}QmLS mv
P 50:50) was obtained with a yield of 34 %. It was oxidized
into a sulfone (22) according to the method of Johnson et
' al. (J. Org. Chem., 28, 1927-28 (1963)), the product
obtained was washed with ether to give a white solid
10 which was purified on silica (eluant: ethyl acetate-
dichloromethane 50:50). The yield was 72 %.
On deprotection of the amine functional group by
hydrogenation on palladium/carbon in ethanol according to
the conventional method, the product (23) (figure 8) was
15 obtained which was  coupled directly with
sulfosuccinimidyl 2-(biotinamido)ethyl-1,3-
dithiopropionate (10) (marketed by PIERCE®) in order to
obtain the marker precursor (24) which was purified by
chromatography on silica (eluanté ethyl acetate~
20 dichloromethane 50:50). The yield was 13 %. .
. The protection of the carboxylic functional group

in position 3 of the penam ring in (24) was removed with

the aid of magnesium bromide in dichloromethane according

to the method of Kim et al. (Tetrahedron Letters, 32,

25 3099-3100 (1991)). '

Example XY Enrichment, with active phages, of a
mixture containing active (£fd-bla) and
inactive (fd-bla-) phages: labeling with
the inhibitor (24), elution with factor

30 Xa : .

An enrichment experiment was carried out with
labeling with the inhibitor (24) of a mixture of active
' phages and inactive phages in order to determine the
effect of the size of the arm connecting the biotin
ligand with the suicide inhibitor module.

A mixture containing 1.2 x 10 active phages and
3.3 x 10 inactive phages in 1.5 ml of acetic buffer 1%

BSA was placed in the presence of the marker at a final
concentration of 0.75 mM,

35
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- 24 - streptavi di nagarose. After washing the colum, elution as

, described in exanple VIl and analysis, 6.8 x 10" active phages and 1.9
x 10[err] inactive phages were found. The enrichnent factor obtajned

was therefore 98. 5 EXAMPLE XII:. Synthesis of a second active '

[err]-1actanmase mar ker provided with a |large-sized arm

- 24 -

' &
streptavidinagarose. After washing the column, elution as
described in example VII and analysis, 6.8 x 10° active
phages and 1.9 x 10° inactive phages were found. The

enrichment factor obtained was therefore 98.

5 EXAMPLE XII: Synthesis of a second active f-lactamase

marker provided with a large-sized arm
between suicide inhibitor and ligand
In order to. have a general method for the
" synthesis of a marker provided with a large-sized arm
between the ligand and the inhibiting head, a precursor
carrying an activated ester functional group and there-
“fore capable of being coupled to numerous inhibitors and
containing itself a large-sized arm was prepared. It was
coupled to the suicide inhibitor of the fi-lactamase.
The activated ester of the N-hydroxysuccinimide
with biotin-N-e-aminocaproic (26) was prepared as
described (Wilchek and Bayer, Methods Enz. (1990), 184,
123-160). It was dissolved in DMF and added to a solution

of 3 equivalents of cystamine (26) {sic] in DMF (figure
20 9). '

10

15

The crude i:roduct . isolated by precipitation with
ether (10 times the volume of the solution) was purified
on a Sepharose S (Pharmacia®) column equilibrated with
lithium chloride, using as eluant 25 % ethanol. The
addition product (28) was eluted with 50 mM LiCl. The
solution was freeze-dried. The yield was 79 %. '

) Three equivalents of glutaric anhydride (23),
dissolved in acetonitrile, were added in portions to the
purified product (containing LiCl) dissolved at a
concentration of the order of 0.01 M in buffered aqueous
medium (KECO,-K,CO,, 50/50, 10 mM at pH 9.6) containing
10 % ethanol. The acid obtained (30) was precipitated by
acidification with 1N HCl up to pE 2. The product was
filtered and dried, the yield was 43 %.

25

30

35 The acid (30) was converted into an activated

ester under standard. conditions by. coupling with
N-hydroxysuccinimide (31) with the aid = of
dicyclohexylcarbodiimide (DCC) in the DMF. After 72

hours, the reaction medium was precipitated with dry
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bet ween sui cide inhibitor and |igand In order to have a general

.met hod for the synthesis of a marker provided with a | arge-sized arm 10
between the ligand and the inhibiting head, a precursor carrying an
activated ester functional group and there- fore capabl e of being
coupled to nunerous inhibitors and .containing itself a large-sized arm
was prepared. It was coupled to the suicide inhibitor of the
[err]-lactanmase. 15 The actlva5gd ester of the

N- hydr oxysucci ni m de wi t h biotin-N"&-aninocaproic (26) was prepared as

descri bed (WI .Célﬂiézand‘hBayﬂcﬂMhBGdﬁasEﬂ&ieﬁl%Q) deéfdcator (ylé8d:160). It
was di ssol ved i aq;q‘&%gc?‘ﬁmg I)ut‘gé)sn used gfs ?Eu%%u%&l egﬂé of
cystamne (26) [sic], in gure
product, isol at EPBN-NG, cEeaFtion oWith t fhe "deprpkested oestfEs °cfhe5T/oI ume of
the,Squtlon) wasinppeniicélilanic agdda(&ppimdrycethd{rddlar naci aferr]) col um
equi | i brated w Mhl ngﬁtyh%hge HHhNJad6ivd ugﬂgggé Yoot hgnol The
25 addition product Wasmf:ltm %d %thlnmgMactxve (Qg-bla) and
inactive (fd-bla-) phages: immobilization
. ' on paramagnetic particles.
) An experiment similar to experiment VI was
10 carried out, the only difference being that the
_streptavidin is carried by paramagnetic particles. The
'washes are carried out by resuspension in fresh buffer.
The elution of the immobilized phages is carried out with
50 mM dithiothreitol. The enrichment factor is determined
15 as in example VI.
le XIV: Enrichment, with active phages, of a
mixture containing active (fd-bla) and
inactive (fd-bla") phades: immobilization
by "panning® in a polystyrene tube '

An experiment similar to experiment VII is
carried out, the only difference being that the
streptavidin is immobilized by "panning” at the surface
of a polystyrene tube following . a technique -
conventionally used for ELISA tests. The ‘washes are
carried out by resuspension in fresh buffer. The elution
of the immobilized phages is carried out with factor Xa.

The enrichment factor is determined as in example VII.

Given that in examples XIII and XIV, the washes
can be carried out more rapidly than in the examples
using the chromatographic technique and the phages less
easily entrapped here than in a gel, these variants of
the enrichment experiménts are more suitable for the
observation of high enrichment factors. |
Example XIII: (sic] Selection of phages carrying an

abzyme |

In this case, the covalent inhibitor will consist
of a suicide inhibitor characteristic of the reaction to

be catalyzed by the abzyme or by an analog of the
specific transition state.

20
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35
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sol ution was freeze-dried. The yield was 79 % Thr ee

.equi val ents of glutaric anhydride (29), di ssolved in acetonitrile,
were added in portions to the purified product (containing Lid)
~dissolved at a 30 concentration of the order of 0.01 Min buffered
aqueous medium (KHCO err]-Klerr]CJ err], 50/50, 10 mM at pH 9. 6)

cont ai ni ng 10 % et hanol. The acid obtained (30) was precipitated by
acidification with 1IN HO up to pH 2. The_ product was filtered and .
dried, the yield was 43 % 35 - Tacid (30) was converted into an
activated ester u n

o e s ucc ni £y d%rtaaéﬁﬂﬁ a%%h%&seego#yoﬂmka Ehifdd are

di cycl ohexyl car bg'}}Ff‘nF ’ﬁ&:@)‘ ti 40§ manyer AF’FBF"‘?’ZI to the,detection,
reaction nedi um wad pele¢tiiampoddthetphages which expose active enzymes

at their surface.
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- 25 - ether. The precipitate was dried in a desiccator (yield:

9%, thi

87

sed as such for the coupling reaction wth

t he depro of 6- am nopenicillanic acid (6) in dry ethanol.
5 Exanpl EM l,fgiit HU with active phages, of a
m xture c (fd bl a) and. [ [

(fd-blaferr]) phages I mrobi | i zati on

particles.

carried out, the only difference beitlg” that the

I nactive

An experinment simjar to experinent VI was 10

carried by paramagnetic particles. The gjaimsashes are carried out by

resuspen5|on I n

10

15

20
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fresh blif f Cle thod for selecting recombinant micro-
organisms containing at ‘their surface at least one
molecule having enzymatic activity, characterized in that
the recombinant microorganisms are immobilized on a solid
support by a covalent inhibitor of the active site of the
molecule having enzymatic. activity, connected to the
solid support by an arm; in that the recombinant
microorganisms or all or part of their genome are
recovered and in that all or part of their genome is
isolated.

2. Method of selection according to claim 1,
characterized in that prior to their immobilization on
the solid support, the recombinant microorganisms are
labeled with the covalent inhibitor of the active site of
the molecule having en’zjmiatic activity, connected by an
arm to a ligand which can be immobilized on the solid
support. o

3. Method of selection according to any one of
claims 1 or 2, characterized in that the microorganisms
are viruses, preferably phages such as filamentous
phages. _

4. Method of selection according to any one of
claims 1 or 2, characterized in that the microorganisms
are phagemids. '

5. Method of selection according to any one of
the preceding claims, characterized in that the solid
support consists of a chromatographic column on which
avidin, streptavidin and/or an antibody is immobilized.

6. Method of selection ‘according to any one of
the preceding claims, characterized in that the molecules
having enzymatic activity are chosen from the group
consisting of enzymes, abzymes, catalytic peptides or a
mixture thereof. -

7. Method of selection according to any one of
the preceding claims, characterized in that the
microorganisms are recovered by detachment from their
solid support.

8. Method of selecti.on according to any one of
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’;", This is the replacement sheet
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The elution of the immobilized phages is carried out with 50 mM
.dithio ' M I chment factor is determned 15 as in exanple VI.
Exanpl H"m“"l"m""m t, with active phages, of ‘a - : R
m Xt ure* cont & nengsac¢i ve (fd-bla) and i nactive
(fd-bla[err]) phages: immobilization by "panning"” in a
pol ystyrene tube 20 An experinment simlar to experinent Vil

S carried out, the only differenee2®etng that the - streptavidin
I's imobilized by "panni at the surface

ng" of: a,  pal ystyrene tube
following a chrﬂr&fi&gmg ebriman | shampgtettzed or”ELI%)gtt est®® The
washes are 25 cmcombinant nicroorgapisms @re metovered) byf cleavage 9%t i on

of the immobilized RREAISSnhEcERId 19é Qovalbht {mciKitoXato the F6Fid
enrichment factor_is_determned as in exanple VII. G ven t hat

I n exanples Xl |SEERETRIV, the washes can be carried out nore rapidly

than in the 8xanpl es 309 u¥ethpd IRf Eelemhionragparding fAi 8BE 9% ?he phages
| ess easi | yelimsagpeto he| echfdcterizedelin tthate ther ixmeiombdhant

microorganisms are recovered by detaching the ligand from
the solid support with an eluting solution, preferably a
solution at an acidic pH. B ' '
10 10. Method of selection according to any one of
claims 1 to 7, characterized in that the recombinant
#microorganisms are recovered by cleavage of the bond
between the covalent inhibitor and the molecule having
enzymatic activity. |

15 11. Method of selection according to any one of
claims 1 to 7, characterized in that the recombinant
microorganisms are recovered by cleavage of the peptide
linkage between the molecule having enzymatic activity
and the microorganism. o

20

12. Method of selection according to claim 11,
characterized in that the cleavage is performed with a
protease.

13. Method of selection according to claim 11,
characterized in that the cleavage is performed with
25 cyanogen bromide.

14. Method of selection according to c_laim .11,
characterized in that the cleavage is performed with
hydroxylamine. '

15. Method of selection according to any one of

30 claims 1 to 7, characterized in that the recombinant
microorganisms are destroyed and that all or part of
their genome is recovered, isolated and cloned.

16. Marker characterized in that it consists of
a covalent inhibitor of the active site of a molecule

35 having enzymatic activity, connected by an arm to a
ligand which can be immobilized on a solid support.

'17. Marker according to claim 16, characterized

in that the covalent inhibitor is an irreversible
inhibitor. '
_—
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t he enrichment experinents are nore suitable for the

observati on of
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coval en
of the reaction to
specific transition state.

- 29 -

18. Marker according to claim

tar Wi lF consist of a suicide inhibitor characteristic
be catal yzed by the abzyne or by an anal og of the

16 or 17,

characterized in that the ligand is a biotin or an imino-

biotin.

19. Marker according to any one of claims 16 to
5 18, characterized in that the arm contains a cleavable
functional group, preferably a .disulfide functional

group.

20. Marker é.cc,ording to any one of the preéeding

claims 16 to 18, characterized in that the covalent

10

inhibitor is an analog of the specific tramnsition state

of the enzymatic reaction performed by the molecule

having enzymatic activity.

21. Method for preparing the marker according to
any one of. claims 16 to 20, characterized in that a

15

covalent inhibitor of the active site of a molecule with

enzymatic activity is coupled by an arm to a ligand which

can be immobilized on a solid support.

22. Solid support, characterized in that it
comprises a covalent inhibitor of the active site of a

- 20
support by an arm.

molecule having enzymatic act:.v:.ty, connected to a solid

23. Solid support according to claim 22, charac-
terized in that the covalent inhibitor connected to the
solid support consists of the marker according to any one

25 of claims 17 to 20.

24. Solid support according to claim 22, charac-
terized in that the arm is connected to the solid support
by an ester linkage or contains a vicinal diol.

25. Method for preparing a chromatographic column

30

according to any one of claims 22 to 24, characterized in

that a covalent inhibitor of the active site of a

molecule having enzymatic activity is connected by an arm

to a solid support.

_
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- 26 - The detection and sel ection of these phages are then carried
'out in a manner identical to the detection and sel ection of the phages

whi ch expose active enzynes at their surface.

- 27 - CLAI M5 1. Method for
sel ecting reconbi nant m croor gani sns

- 30 -

Abstract

METHOD FOR SELECTING RECOMBINANT MICRO-ORGANISMS OF WHICH THE
SURFACE COMPRISES AT LEAST ONE MOLECULE HAVING ENZYMATIC
' ACTIVITY

. A method for selecting recombinant micro-organisms of which
the surface comprises at least one molecule having enzymatic
activity, wherein the recombinantlnicro-organisms_aré immobilized

~on a s6lid support by a covalent inhibitor of the active site of
said molecule, which is connected to the solid support by an arm;
the recombinant micro-organisms are recovered and all or part of

their genome is isolated and cloned.

Figure 10
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e

containing at their surface at |east one nol ecul.e having
~activity, characterized in that the reconbi nant 5 mcroorgani sns are

i rmobilized on a solid support by a coval ent inhibitor of the active

site of the nol ecul & having enzymatic activity, connected to the solid

support by an arm in that the reconbi nant m croorganisns or all or

part of their genone are recovered and in that all or part of their

10 genone is isolated. 2. Method of selection according to
claimi1,
1/10

enzymati c

TATTGAAAAA GGAAGAGTAT GAGTATTCAA
Start

CATTTCCGTG 1'CGCCCTTAT

TCCCTTTTTT GCGGCATTTT GCCTTCCTGT TTTTGCTCAC CCAGAAACGC

TGGTGAAAGT

ATCGAACTGG

AGAACGTTTT

TATTATCCCG
TATTCT&AGA
TACGGATGGC
GTGATAACAC
GAGCTAACCG
TCGTTGGGAA
CCACGATGCC

GAACTACTTA

GGATAAAGTT

TTATTGCTGA

GCAGCACTGG

GACGGGGAGT

TAGGTGCCTC

AAAAGATGCT

ATCTCAACAG

CCAATGATGA

GAAGATCAGT
CGGTAAGATC

GCACTTTTAA

Ser

TATTGACGCC

ATGACTTGGT
ATGACAGTAA
TGCGGCCAAC
CTTTTTTGCA
CCGGAGCTGA
TGTAGCAATG
CTCTAGCTTC

GCAGGACCAC

TAAATCTGGA

GGCCAGATGG
CAGGCAACTA

ACTGATTAAG

e

GGGCAAGAGC
TGAGTACTCA
GAGAATTATG
TTACTTCTGA
CAACATGGGG
ATGAAGCCAT
GCAACAACGT
CCGGCAACAA
TTCTGCGCTC
GCCGGTGAGC
fAAccccrcc

TGGATGAACG

CATTGGTAAC
. Thac
_Fig. L

TGGGTGCACG
ApalLl
CTTGAGAGTT
AGTTCTGCTA
AACTCGGTCG
CCAGTCACAG
CAGTGCTGCC
CAACGATCGG
GATCATGTAA
ACCAAACGAC
TGCGCAAACT
TTAATAGACT
GGCCCTTCCG

GTGGGTCTCG

CGTATCGTAG
AAATAGACAG

TGTCAGACCA

AGTGGGTTAC
TTCGCCCCGA
TGTGGCGCGG
CCGCATACAC
AAAAGCATCT
ATAACCATGA
AGGACC&AAG
CTCGCCTTGA
GAGCGTGACA
ATTAACTGGC
GGATGGAGGC
GCTGGCTGGT
CGGTATCATT

TTATCTACAC

ATCGCTGAGA
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characterized in that prior to their imobilization on the solid

support, the reconbi nant m croorgani sns are | abel ed with the coval ent
i nhibitor of the active site of the 15 nolecule having enzymatic activity,
connected by an armto a ligand which can be inmmobilized on the solid
support. 3. Method of selecti-on according to any one of

clains 1 or 2, characterized in that the m croorgani sns are Vi ruses,
preferably phages such as fil anentous phages. 20 . 4. Met hod of
sel ection according tc any one of claims 1 or 2, characterized in that

the m croorgani sns are phagem ds. 2710
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5.. Method of selection according to any one of the precedi ng cl ai ns,
characterized in that the solid support 25 consists of a chronmatographic

col um on whi ch avi di n, streptavidin and/or an antibody is
i rmobi i zed. 6. Method of selection according to any one of
t he precedi ng clains, characterized in that the nol ecul es having
enzymatic activity are chosen fromthe group consisting of 30 enzynes,
abzynmes, catalytic peptides or a m xture thereof. 7. Method of
sel ection according to any one of the precedi ng clains, characterized
In that the m croorgani sns
3/10
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- 28 - are recovered by detachnment fromtheir solid support.

8. Method of selection according to any one of the precedi ng cl ai s,
characterized in that the reconbi nant m croorgani snms are recovered by
cl eavage -of the arm 5 connecting the covalent inhibitor to the solid
support. 9. Method of selection according to any one of
4/10
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clains 1 to 7, characterized in that the reconbi nant
are recovered by detaching the ligand fromthe

eluting solution, preferably a solution

10. Method of selection according to any one of

characterized in that the reconbi nant
cl eavage of the bond between
havi ng enzymatic 15 activity.
according to any one of '

m cr oor gani snms
sol'id support with an
10 at an acidic pH
clains 1 to 7, _
m croorgani sns are recovered by

the covalent inhibitor and the nol ecul e

11. Met hod of. sel ecti on

5/10
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claims 1 to 7, characterized in that the reconbi nant m cr oor gani snms

are recovered by cl eavage of the peptide | i nkage between the nol ecul e
havi ng enzymatic activity and 20 the m croorganism - 12,

Met hod of sel ection according to claim 11, characterized in that the
cl eavage is perforned with a pr ot ease. 13. Met hod of

sel ection according to claim11l, 25 <characterized in that the cleavage is
performed with cyanogen brom de. 14. Method of selection

according to claim11,
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e

characterized in that the cl eavage is perforned with
15. Method of selection according to any one of

characterized in-that the reconbi nant
that all

hydr oxyl am ne. 30
clains 1 to 7,

m cr oorgani sns are destroyed and
or part of their - 29 -
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genone is recovered, isolated and cl oned. 16. Marker used in

t he process according to any of : the preceding clains characterized in
that it consists of a coval ent . inhibitor of the active site of a
mol ecul e having 5 enzymatic activity, connected by an armto a |igand
whi ch can be i mobilized on a solid support.. 17. Marker
according to claim 16, characterized in that the covalent inhibitor is
an irreversible inhibitor. , 18. Marker according to claim 16
or 17, 10 characterized in that the ligand is a biotin or an im no-
bi oti n. 19. Marker accordamng to any one of clainms 16 to 18,
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characterized in that the armcontains a cleavable functional group,

‘preferably a disulfide functional group. 15 20. Marker according
to any one of the preceding claims 16 to 19, characterized in that the
coval ent i nhi bitor is an analog of the specific transition state of the
enzymatic reaction perforned by the nol ecul e having enzymatic activity.
20 21. Method for preparing the marker according to any one
of clains 16 to 20, characterized in that a coval ent i nhibitor of the
active site of. a nolecule with enzymatic = activity is coupled by an arm
to a ligand which can be i rmobi | i zed on a solid support. 25
22. Solid support used in the proce§§1§ccording to any of the preceding
clainms, characterized in that it conprises a covalent inhibitor of the
active site of a nol ecul e having enzymatic activity, connected to a
solid support by an arm 30 23. Solid support according to
claim 22, charac- '
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térized in that the coval ent inhibitor connected to the solid support
consists of the marker according to any one of clains

- 30 - 17 to 20. 24. Solid support according to claim
22, charac- terized in that the armis connected to the solid support
by an ester linkage or contains a vicinal diol.
10/10
E
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25: Method for prepari ng a soJI |§-dua o)

of cl ai 22 to 24, characterized in tha;/
Eﬁ!le of a nol ecul e having ,enzy’rlf]‘@ @C'@’P\ﬁ’t? F‘é &
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1. Method for selecting recomblnant mlcroorgan;sms
containing at their surface at least one molecule having
enzymatic activity, characterized in that the recombinant
microorganisms are immobilized on a solid support by a
covalent inhibitor of the active site of the molecule having
enzymatic activity, connected to the solid support by an arm;
in that the recombinant microorganisms or all or part of
their genome.are-recovered and in that all or part of their
genome is isolated.

2. Method of selection according to claim 1,
characterized in that prior to their immobilization on the
solid support, the recombinant microorganisms are labeled
with the covalent inhibitor of the active site of the
molecule having enzymatic activity, connected by an arm to
a ligand which can be immobilized on the solid support.

3. Method of selection according to any one of
claims 1 or 2, characterized in that the microorganisms are
viruses, preferably phages such as filamentcus phages.

| 4. Method of selection according tc any one of
claims 1 or 2, characterized in that the microorganisms are
phagemids.

5. Method of selection according to any one of the
preceding claims, characterized in that the solid support
consists of‘ a chromatographic column on which avidin,
streptavidin and/or an antibody is immobilized.

6. Method of selection according to any one of the
oreceding claims, characterized in that the molecules having
enzymatic activity are chosen from the group consisting of
enzymes, abz?mes, catalytic peptides or a mixture thereof.

7. Method of selection according to any one of the

oreceding claims, characterized in that the microorganisms
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are recovered by detachment from their solid support.

~

8. Method of Selection according to éhy one of the
preceding claims, characterized in that the recombinant
microorganisms are recovered by cleavage of the arm

5 connecting the covalent inhibitor to the solid support.

9. Method of selection according to any one of
claims 1 to 7, characterized in that the recombinant
microorganisms are recovered by detaching the ligand from the
solid support with an eluting solutioq, preferably a solution

10 at an acidic pH.

10. Method of selection according to any one of
claims 1 to 7, characterized in that the recombinant
microorganisms are recovered by cleavage of the bond between
the covalent inhibitor and the molecule having enzymatic

15 activity. '

11. Method of selection according to any one of
claims 1 to 7, characterized in that the recombinant
microorganisms are recovered by cleavage of the peptide

linkage between the molecule having enzymatic activity and

20 the microorganism.
12. Method of selection according to claim 11,
characterized in that the cleavage is performed with a
protease.
13. Method of selection according to claim 11,
25 characterized in that the cleavage is performed with cyanogen
bromide.
14. Method of selection according to claim 11,
characterized in that the cleavage is performed with

hydroxylamine.
30 15. Method of selection according to any one of

claims 1 to 7, characterized in that the recombinant

microorganisms are destroyed and that all or part of their

This is the replacement sheet
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- 29 -
genome is recovered, isolated and cloned.

16. Marker used in the process according to any of
the preceding claims characterized in that it consists of a
covalent inhibitor of the active site of a molecule having
enzymatic activityg.conneéted by an arm to a ligand which can
be immobilized on a solid support.

17. Marker according to claim 16, characterized in
that the covalent inhibitor is an irreversible inhibitor.

18. Marker according to c¢laim 16 or 17,
characterized in that the ligand is a biotin or an imino-
biotin.

19. Marker according to any one of claims 16 to 18,
characterized in that the arm éontains a cleavable functional
group, preferably a disulfide functional group.

20. Marker according to any one of the preceding
claims 16 to 19, characterized in that the covalent inhibitor
is an analog of the specific transition state of the
enzymatic reaction performed by the molecule having enzymatic
activity.

21. Method for preparing the marker according to
any one of claimé 16 to 20, characterized in that a covalent
inhibitor of the active site of a molecule with enzymatic
activity is coupled by an arm to a ligand which can be
immobilized on a solid support.

22. Solid support used in the process according to
any of the preceding claims, characterized in that it
comprises a covalent inhibitor of the active site of a
molecule having enzymatic activity, connected to a §olid
support by an arm.

23. Solid support according to claim 22, charac-
terized in that the covalent inhibitor connected to the solid

support consists of the marker according to any one of claims

This is the replacement sheet
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17 to 20.

24. Solid support according to claim 22, charac-
terized in that the arm is connected to the solid support by
an ester linkage or contains a vicinal diol. |

5 25. Method for preparing a solid support according
to any one of claims 22 to 24, characterized in that a
covalent inhibitor of the active site of a molecule having

enzymatic activity is connected by an arm to a solid support.
¢

10
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Abstract

METHOD FOR SELECTING RECOMBINANT MICRO-ORGANISMS OF WHICH THE
SURFACE COMPRISES AT LEAST ONE MOLECULE HAVING ENZYMATIC
| ACTIVITY

A method for selecting recombinant micro-organisms of which
the surface comprises at least one molecule having enzymatic
activity, wherein the recombinant micro-organisms are immobilized
on a solid support by a covalent inhibitor of the active site of
said molecule, which is connected to the solid support by an arm;
the recombinant micro-organisms are recovered and all or part of

their genome is isolated and cloned.
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