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1 : Materials and Methods Relating to the Attachnment and

Di épl ay of Substances on Cell Surfaces Field of the Invention
The present invention relates to materials and nethods for t he
exportation, cell wall attachment and di splay of substances, in
particul ar prot aygereasy pol ypepti des, on the cel | surf aRET/GBI62195
G am positive bacteria such as Lactococcus 1D | actis. Methods are

di scl osed providing . the su i,on nchori ng
of proteins, includi rials ﬁ?é@%d?pggigé%g i PR tﬁ)& %‘Egﬁﬁﬂﬁ?’%rﬂ?&]
enzymes. Backgr oundDispiage af,substances on CellTigurdacesay of

pol ypepti des on the surface of bacteria has been a subject of

i nvestigation for ¥: ar Thi s i nterest has arisen because
reconbi nant DNA t It possible to use bacterial cells
as faatoriesSfor 20 t he i nexpensi ve production of a wi de range of

di ff erent PrfeipRasedOr kndtit iGN LS 08 %cb%éi‘e%ﬂlag¥ Qha pfeée&m igdes

on the surface of am negative bacteria, see for exa the review

provided in US pat S¥POBERTION o feder walh attacm@%‘?n @Gat F4EPIAE OFi a
it has proved diffsuhsdttantesf l:ndpam:ﬂiular Itoptahs camte pbagpept tdep) B the

pol ypept | ggstﬁn tN&e13l8Lce of Grag.f.ﬁagﬁtg@%'éaétoeztﬂaguanexs A SetidchlsY
lactis. Methoas are d:r.sclosed providing for the surface
expression of cell wall anchoring of proteins, including
antigens, specific binding proteins and enzymes.

Background to the Invention

15 _
The display of polypeptides on the surface of bacteria has
been a subject of investigation for several years. This
interest has arisen because recombinant DNA technology
makes it possible to use bacterial cells as factories for

20 the inexpensive production of a wide range of different
proteins. Work has centred on the display of polypeptides
on the surface of Gram-negative bacteria, see for example
the review provided in US patent 5348867. However, in
Gram-negative bacteria it has proved difficult to f£ind an

25 adaptable method of displaying polypeptides on the surface
of the cells so that they are securely attached to the
surface at high density.

However, high density surface expression of recombinant
30 products on the bacterial surface is a prerequisite for the
use of these bacteria in certain industrial applications,
and in the areas of vaccine development, the construction
of peptide libraries and the production of whole bacterial
cell adsorbents. There is no prior art known to the
35 inventors which results in the consistent, stable, high
density expression on the surface of bacteria, and more
especially, on the cell surface of Gram-positive bacteria
such as Lactococcus lactis and similar or related species.
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However, high density surface expression of reconbinant 30 products on

the bacterial surface is a prerequisite for the use of these
bacterla in certain industrial applications, and in the areas of
vacci ne devel opnent, the construction of peptide libraries and the
producti on of whol e bacteri al cel |l adsorbents. There is no prior
art known to thewibermesdTnvent ors which results in the consi st eRCT/GRIS/B2185

hi gh density expression on the surface of bacteria, and nore
especially, on the cell surface of G ampositive bacteria such as
Lactococcus lactis and simlar or related spegi es. WO 97/ 09437
PCT/ GB96/ 02195 Previ ous wor k

on the bacterial sEFPYEOUSr oxiR L1 ORRSf baﬂerla]poﬁ‘}ﬁ%?ﬁ# dREePRAF-FTIO0s F
mai nly on the use pbl{padtitkgahakefocused mbﬁﬂgebnahhsu.ﬁﬂfe &E Bramohégdtiire

Sal nonel I 'a (Geor gi @u gL, -8lz - ﬁ\.‘ch asboun‘?jﬁdl baf/ldl N sGh ARk OPEAt (%é%rp‘ge{xe%%aai he

pepti dogl ycan cel | WO separat e ranes.

The outer mdABRAne 1§ |Gragenegatie rkamiariso thel @@@FééOWYq!ﬁlh cell

relative nol ecul ar. wﬂ§31§rk§tﬁﬁﬁédti99rtw'§>oge§%£t@'ﬂp§§ tﬁembranes r epRé tovedy
few proteins are rel eased info the

Lo medi um tothe
presence of an out BFMRERBPantS 1]@‘1'9% k’uri‘mﬁ?&? dtﬁrd?%]leﬁ"é‘l&% with a
G am negati ve bact eellatdve molecubiat hmassi gregtet thanh e500ndMbj annd as a

proteins or proteidy; :%prﬂﬁagfétéﬂ%‘ Qéep'zje'le%eé' ageb! &ne growtn'Ne
few proteins which are secr am negat
medium. Ow:l.ng to the presence of an outer membrane,

10 surface exposed proteins of Gram-negative bacteria are
either integral outer membrane proteins or protein
appendages such as pili or flagella

The few proteins which are secreted by Gram-negative
organisms are transported across the outer membrane by
specialised transport systems which may involve up to 14

W
wn

different gene products (eg pullulanase secretion;
Kornacker and Pugsiey 1990a).

20 The possibility of displaying foreign proteins by making C-
terminal fusions to integral membrane proteins is
complicated by the fact that the C-terminal regions of many
integral membrane proteins appears to be necessary for
targeting and correct assembly of the protein in the outer.

25 membrane. One way around this problem has been to use the
N-terminal targeting sequence of the E. coli major
lipoprotein (Lpp) to direct fusion proteins to the outer
membrane. As Lpp does not transverse the outer membrane,
the membrane spanning domain of an outer membrane protein

30 (OMP; eg E. coli Ompa) is also required to localise a
fusion protein to the cell surface. Nevertheless, the
utility of these Lpp-OmpA fusions to display functional
proteins such as f-lactamase, a single chain Fv antibedy
and a cellulose binding protein have been demonstrated

35 (Georgiou et al., 1990).

Other approaches for the surface display of polypeptides
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15 brgani snms are transported across the outer nenbrane by

speci al i sed transport systens which may involve up to 14 di fferent
gene products (eg pullulanase secretion; Kor nacker and Pugsl ey
1990a) . 20 The possibility of displaying foreign proteins by making C
termnal fusions to integral nenbrane proteins is conplicated by the
fact that the C wyswmes? regi ons of nmany i ntegral menbr RGX/EBGIO2I98 S
appears to be necessary for targeting and correct assenbly of the
protein in the outer. 25 menbrane. One way around this problem has been
to use the N-term nal targeting sequencg of the E. coli major

| i poprotein (Lpp) to direct fusion proteins to the outer menbr ane. As
Lpp does not transhavee invelvedemakindr améne acid tihserneidmsanmeisibmnoucer

domai n of an outer maméa@qoebgt sfn;:?z@egral oieBrafl Frotfids QURH) abSrahSe
requised to localise a usi o ro iin to the ceII urface. '
Nevert hel ess, the®F fn th%tpﬁ"r"?"?f"'&éf] fﬁﬁ@? 19 PISHARE JE s 90 NS FPRYRLn

functional pransmerbranehdamaies r {CHatiiameseal a, siggyl ;e Thiaynetval.,
ant i bod an ce 65 n { & Byhav e
(Georglgu et aI %888 sedl q%?ﬂ%ﬁQZE*g%gk s fgpgtﬁgjsur gé%i%ﬁ pféé

of polypeptides thls approagh 97bg§437heen that large - amino Seid
PCT/ GB96/ 02195 insertions/substitutions disrupt the3Jproper folding and/or

localisation of the fusion protein in such a way that when
used to immobilise the bacterial cells, the fusion proteins

10 are extracted from the outer membrane (Steidler, PhD
Thesis, University of Gent, Belgium).

Although significant progress has recently been made in the
develcpment of methods from the surface display of proteins

15 in Gram-negative bacteria, the major drawback to the use of
integral membrane proteins for such purposes is that the
fusion proteins are not <£irmly attached to the cell
surface. Furthermore, the high level expression of
membrane proteins is known to be detrimental to the cell,

20 a factor which may limit the possible applications for such
systems in cases where high density surface expression is
required.

In contrast, Gram-positive bacteria do not possess an outer
25 membrane and proteins which are displayed on the cell
surface are thought to be linked to the cell surface via
their C-terminus (Schneewind et al., 1992). Many surface
proteins of Gram-positive bacteria possess certain common
features which are unique to these organisms. Each
30 molecule has at its N-terminal end a secretion leader
peptide which acts as an export signal for cell secretion,
a LPXTG motif, a C-terminal hydrophobic domain and charged
amino acids at the very C terminus. Most work on the
characterisation and function of these has been carried out
35 in S. aureus using the cell wall sorting and anchoring
domains of S. aureus protein A (Navarre and Schneewind,
1994) . It has been shown that protein A is covalently
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have invol ved maki ng am no acid insertions within outer menbr ane

| oops of integral nmenbrane proteins such as Lam B or inthe pilin
and flagellin proteins which do not contain t ransmenbr ane donmai ns
(Charbit et al., 1991; Thiry et al., 5 1989, Steidler et al, 1993
a,b). The major problemwth this approach has been t hat

| ar ge anm no WO Shi09a37 I nsertions/substitutions disrupt tRETGRIHOIIS
fol di ng and/ or | ocal i sation of the fusion protein in such a way that
when used to inmobilise the bacterial cells, the fusion proteins 10
are extracted from the outer nenbrane (Steidler, PhD Thesi s,
Uni versity of Gent, Belgium. Al t hough significant progress has

recently been nade dowpid to the cgdlewapleof SHf awrehsedsy fa sachiasiswr which
di splay of proteinsglyet rolHe @AMBINAGRL. Ve bacteria, the najor drawback to

t he use of I nt égral nenbrane proteins for such purposes is that the
fusion proteins are not firmy attached to the cell surface.
Furthernore, the Summar fivepadban of menbrane proteins is.
known to be detrinmental to the cell, 20 a factor which may limt the
possi bl e applications for such systens in cases where high density

surface expressi on [ present igyepgien demonstrates, tightthetfixyy aaFpchrerte
bacteria do not posFesorelighUpiteins toTRERr stefass ¢f .cilasrwhi ahdaseher

di spl ayed on the c . ..Sur re tho | nked e cel
sur?acg Vi a %%%%TP°55F§$%1%gégfgﬁﬁné%wﬁ%ggekgggﬁPiﬁgéggFgﬁﬁ%gugﬁ}?%ce
proteins of G am p&diimerdchaenesi anpedingsac&usiPR ©¥RRBER which reprains
wpi CRHare_ m|1i qug ncheirchta_&sd [eﬁ@@du'xfgrs(.n anE@lCP_egﬂiz\zA%], staadz@h gibf Bognal,
its erm nal en segretio eader ept.i de i,C c as, an
export signal for é%ﬂl%égcpgfggﬁ? €6"be ngfﬁéaiéﬁﬁﬁﬁsf?daafgtgi%iﬁ%? cell
hydr ophobi ¢ donai n%aad eperigel and anchorizg dariadosapitfe auxepsCrretein i,
Most work on the characterisation and function of these has been

Car L0 O 35 o B BB AEDE, LIS s, e iR "R RS0
has been shon thaPreteissnhavesbeenapxpressed at high level in L. lactis,
before the present work it was impossible to predict with
certainty whether the expression of any particular protein
would be possible or whether such expression would be toxic
toc the cell. Such toxicity is likely to occur when a
20 secreted or membrane associated protein is expressed at
high level, as protein export may adversely affect the
integrity of the cell membrane or the function of che
general secretory pathway.

25 Thus, the present invention shows for the first time that
proteins or polypeptides can be firmly attached to the cell
wall of Gram-positive bacteria when expressed as fusions

" with a cell wall anchoring domain. As is shown below, it
is not possible to remove the protein by boiling the cells

30 in the presence of an ionic detergent which would normally
release non-covalently bound proteins. While not wishing
to be bound by any particular theory, we believe that L.
lactis appears to possess the necessary enzyme(s) required
to link (covalently) the expressed protein A fusion to the

35 cell wall peptidoglycan. This binding could not have been
readily predicted from the possession by protein A of the
LPXTG motif and C-terminal hydrophobic domains common to
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4 . coupled to the cell wall of S. aureus by a mechani sm which

is yet to be el ucidated. Summary of the Invention 5 The
present invention denonstrates that the firm attachnent of foreign
proteins to the surface of L. lactis and ot her G am positive
bacteria is nade wo9wddas= by constructing chi meri ¢ genes PCUGRIEN2I9S
fusion protein which contains 10 nucl eic acid encoding (1) an
N-term nal secretion signal, (2) the protein to be surface expressed
and (3) the cell wal | sorting and anchgring domains of S. aureus
protein A By conparison with E. coli, as relatively few

het erol ogous 15 manpt uﬁabavq:ﬂminexmﬂeseﬁﬁh?oéﬂtﬁhre' eyfdrdrial, sfndd S,
bef ore the present | hoass | ssi redict with ceLtaj nt
whet her t he expresggg%%ofﬁ%ny a%??gu#gégpﬁgfgf ' W&ﬂbuﬁﬁtbesﬁggé?iﬁ or ~
whet her such expr eSSREHEHRRF d t 8Rpc occurrenget hef cetdvalensucheldxiwally

is likely to occuramtisseingO secreted or nmenbrane associated protein is
expressed at g high level, as protein export may adversely affect the
integrity of the cell nmenbrane or the function of the gener al

secretory pat hway.Accordingly, the present invention arises from the finding
that it is possible to firmly attach proteins and

polypeptides of interest (including but not restricted to

adhesins, antigens, enzymes and ligands) tc the outer face

10 of the peptidoglycan cell wall of Gram-positive bacteria,

such as Lactococcus lactis, using a chimeric gene

comprising nucleic acid encoding a secretion signal

sequence, a desired protein or polypeptide and a cell wall

attachment domain, such as that derived from Staphylococcus
15 aureus protein A. .

Accordipgly, in a first aspect, the present invention
provides a recombinant vector including nucleic acid -
encoding a fusion protein comprising a secretion signal
20 sequence, a desired protein or polypeptide and a cell wall.
attachment domain, so that when the vector is transformed
in a Gram-positive bacterial host and the fusion protein is
expressed, the desired protein or polypeptide is attached

and displayed on the outer surface of the cell wall of the
25 host.

In a further aspect, the present invention provides a Gram-
positive host organism transformed with a recombinant
vector as described above.

30
. In a further aspect, the present invention provides a Gram-
positive host organism described above wherein the desired
R protein or polypeptide has been expressed, and is
covalently attached to the cell wall and is displayed on
35 the outer face of the surface of the host organism.

In a further aspect, the present invention provides a
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25 " Thus, the present invention shows for the first tinme that

proteins or polypeptides can be firmy attached to the cell wal | of

G am positive bacteria when expressed as fusions with a cell wall
anchoring domain. As is shown below, it IS not possible to renove the
protein by boiling the cells 30 in the presence of an ionic detergent
whi ch woul d nor g ¢/09437 -rel ease non-coval ently bound pr ot eiPET/GBA185
not w shi ng to be bound by any particular theory, we believe that L.
| actis appears to possess the necessary enzyne(s) required to link
(coval ently) the expressed protein A fusion tgo the 35 cell wall

pepti dogl ycan. This binding could not have been readily predicted

fromthe possessi amethodr of ciemgdneéride a Gram-pEXItivet hbstndr@anisun tal

hydr ophobi ¢ domai ng; GO, t - 2Ld £
PET) cBoe/ 09195 P, 1 Qesired protein o\éoﬁﬂy%%é e on i ﬁ sgﬁFf ce

proteins of G am pFRNRGLFENGEFARFELTMNg Ehe host qrﬁ?éé‘ésmn’dﬁl?'sre%“@lnﬁﬂﬁt
necessary, but noicleid fiadidnt encoding candfhsbns forotelia Oc@mflesliﬁg o} ]

coval ent cel L wall anchor| ng. A

i nvention ar lsses f?ecrﬁettﬁ'gnf :r"ﬁf*ar%g S%cmence’t F?afi esf.:?é)é%r%gm t %%‘ﬁ%de
attach proteins ampd a celpowppdpteicgachmeny ndemain, ($¢|ch%1¢ ngheuhospt is
“restricted to capalBesEns ﬁé&éﬁ@n&heeﬂzym ﬁ&elz.hgaﬂﬂé:}eﬂyo thiée cegier

face 10 of the pepi doabucell Colal lesdbnGuARRPS LELE® SPCLEER ana
display the desired protein or polypeptide on the cell wall

10 surface. This aspect also includes strains of Gram-
positive host organisms as obtainable by this methed.

Preferably, the Gram-positive host organism is a
Lactococcus host, such as Lactococcus lactis, or a similar
15 or related species having the properties of expressing the
fusion protein, and attaching and stably displaying the
desired protein or polypeptide on the cell surface. The
unexpected finding that the protein A fusions are similarly
attached to the cell wall in L. lactis and S. aureus
20 suggests that this will also be the case with other cell
wall binding domains in similar or related Gram-positive
bacteria. Examples of other such Gram-positive bacteria
include Bacillus subtilis, Streptococcus gordonii,
Staphylococcus xylosus, Lactobacillus spec. and
25 psychrophilic and psychrotropic species of the genera
Bacillus spec., Clostridium spec. and Corynebacterium spec.

Preferably, the secretion signal sequence is capable of
targeting the protein for secretion via the sec dependent
30 pathway of secretion and is derived from a signal sequence
of a naturally secreted protein such as usp4S. However,
while this secretion signal sequence is used in the
examples, other secretion signal sequences may be employed,
such as those derived from other secreted proteins.
35
Preferably, the cell wall anchoring domain comprises, at
the C-terminal, anchoring domain derived <£rom the
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such as Lactococcus lactis, using a chineric gene conprising nucleic

aci d encoding a secretion signal sequence, a desired protein or

pol ypeptide and a cell wall attachnment domain, such as that derived
from St aphyl ococcus 15 aureus protein A Accordingly, in a first
aspect, the present invention provi des a reconbi nant vector including
nucl eic acid woopiasdi ng a fusion protein conprising a secrBCT/GBI&2495a
20 sequence, a desired protein or polypeptide and a cell wall

attachnent domain, so that when the vector is transforned in a

G am positive bacterial host and the fusion protein is expressed,
the desired protein or polypeptide is attached and di spl ayed on the

outer surface of t.?@aﬁﬁ}fod@@chsoéufég%s 5§°E§%Qm%t - However, 'p:hgra%%és{{éi*h%f

aspect, the present Invention provi  positive .

“organi sm transf or MY R& 1sed @SofBengatl wall anghardng,donain. j pravigdsasye.
30 I n a furthey Eespecthe thropemsest didssinorsgablyl teund Goarghe

- posi tive host orgagi e -Red v [ degi .. protein
or pol ypeptgde ﬁ%%&ybéeée%@ g)?%r ecgggd?na\g%dge_ #]asﬁdﬁe ot %%ég seen?rr:ynitc[%fched
to the cell wall HRpixediPFpraiRdohPIdyrertifde ont ke feadd grrEAEesurface of

t he host organi sm In a further aspect, the present invention
provi des a Preferably, the mucl&tBIMiBULE-SHER thRUEEs 260 protein is
operably linked to control sequences to direct its
expression. An example of this is a Lactococcus host
10 organism further transformed with nucleic acid comprising

a T7 or T7-like polymerase gene under the control of an
inducible promoter effective in the Lactococcus host,
wherein the control sequences comprise a promoter specific
for said polymerase provided upstream of the nucleic acid

15 encoding the fusion protein whereby the promoter directs
transcription of the nucleic acid encoding the fusion
protein selectively as a result of the expression of the
polymerase (see GB-A-2278358).

20 The high level of heterclogous protein expression which can
be achieved using the T7 polymerase system has been found
to provide high levels of expression of the Protein
A-fusion polypeptide on the surface of the bacteria. For
many of the applications envisagéd for the invention, the

25 economics of the associated processes will be materially
favoured by achieving the highest possible surface density
of fusion molecules on the bacteria. However, for some
applications the use of constitutive, or less active,
promoters may give useful results, especially where lower

30 levels of expression are required.

Numerous variations on the disclosed vectors could be
routinely prepared by those skilled in the art using known
techniques and the disclosure provided herein. Further,
35 the proteins or polypeptides encoded by the nucleic acid
sequences above may be modified by varying their amino acid
sequence without substantially altering their properties,
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6 net hod of engineering a G ampositive host organismto

di splay a desired protein or polypeptide on its surface conpri si ng
transform ng the host organismw th reconbi nant nucl ei ¢ acid encodi ng
a fusion protein conprising a 5 secretion signal sequence, a desired
protein or pol ypgﬂ%' ” and a cell wall attachment domai nPCIT&EBEHBRIY he
host is capabl e of expressing the fusion protein, whereby the cel

wal I anchoring donmai n enabl es the host to attach and di spl ay the
desired protein-or polypeptide on the cell wagl 10 surface. Thi s
aspect also includes strains of Gam positive host organi sns as

obt ai nabl e by this exet bpdmanipulatidii ebér altley, nuélewic Giedd pogi tamidio dwid
organism is a co St . La s | act 1,.S,.0r
simlar 15 or reﬁea Igg%geci%gggﬁggi nangﬁg@jb%g'per%é%@#{exp%%tﬁﬁg gh‘gr
fusi on protein, an®uURStiSHFHRR aRE SRELHIOF doKs RFafy RIHES or aming ragids.
protei n or pol ypeptguith @erikacieés oL @olyPeptides diRURReHCHe Nl 46k
that the prozfln AifUil ns arg s Iarl¥ y attached to the cell wall in
L. lactis and S. adP&dd<s8 '%Eﬁbgkftgr RERE t HPERE*PR al so be the case with
"ot her cell wal | binding donains in simlar or related Gram positive
Bac-tﬂ' a. Exg{rp: eqs0f mQ%iEEérIxéé'Cf&b@b@m p@%ét!dﬁnb%ﬁﬁéi.@e rlfolst | BEb&EEsms
acillus ~“subtili rept ococc ordoni i, . a Qcoccus.
xyl osus, Lactoba?FPFﬁggnmgﬁﬁégg gaﬁn%“3&$lc aﬁéﬁcﬁ?fﬁéﬁqéiétséﬁﬂ proteins
psychrotropic spediawe acvidehwagiety of applidatidnsuas spexcine@, osor dilsplay
spec. and CojynebagieniogitaPEf  active ndIRIcEARE! Yont NBeBECT Shi-flbad INAs

sequence i s capabl e of .
adsorbents and to display enzymes on cell surfaces, eg for

use as catalysts.

Thus, in a further aspect, the present invention provides
Gram-positive host organisms wherein the desired protein
or polypeptide includes at least one epitope to which it
is desired to raise an immunological response.

15

Preferably, the protein or polypeptide is an immunogen
from a pathogen, an antigen or an adhesin.

20 In this aspect, the present invention aiso provides a
vaccine comprising the above host organisms in admixture
‘with a suitable carrier. The present invention also
includes the use of the above Gram-positive host organisms
in the preparation of a vaccine wherein the desired protein

25 or polypeptide is an epitope to which it is desired to
raise an immunological response. Preferably, the vaccines
are administered intranasally or parenterally, or via other
mucosal routes such as orally or vaginally.

30 In a further aspect, the present invention provides Gram-
positive host organisms wherein the desired protein or
polypeptide is a biologically active molecule. By way of
example, the biologically active molecule may be a drug,

a hormone, an enzyme, DNA/RNA binding protein, or a

35 - substance capable of performing secondary modifications -
(glycosylation, disulphide isomerisation) on other
coexpressed and secreted proteins. Alternatively, the
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targeting the protein for secretion via the sec depend
secretion and is derived froma signal sequence

secreted protein such as usp45. However, while t
sequence is used in the exanpl es, other secretio

may be enpl oyed, such as those derived from ot he
35 Pr ef er awiosroeds®e cell wall anchoring domain c
the C-terminal, anchoring domain derived fromthe

PCT/ GB96/ 02195 9 7
aureus protein A However, other proteins may b
wal | anchoring domain, provided they have the p
stably bound to the surface of the cell and are

ent 30 pat hway of

of a naturally

his secretion signa

n signal sequences

r secreted proteins.

onpri ses, PUI/GBY6/02195

WO 97/ 09437

St aphyl ococcus

e used as the cel

roperties of being

capabl e of

representing the 5 deslld%ttlpmj:qo.mm podypept heptdrden aegeekl ghth@ce.
Preferably, the nucl gbe afﬁéi:frﬁ‘\é)d'dﬁthgalééls' 08y prf’f‘a?rr[én't@ tkereo?per bl y
SS1 0

| i nked to control seq&ﬁnces to di.re expr
this is a Lactococcu

exahple of

?Eﬁnﬁifpe°1gﬁﬁaﬁ?§ﬁ??Qﬁﬂﬂﬂ§P ‘transformed with nucleic

acid conprising

a T7 or T7-1ike polynmerase gene under the control of

h .
vl (hoULOEE] o PEATELSS SEPECL) venk oL OBekeCLASREENS, Mo ingigis,

wherein the control
pol ynmer ase provi ded
protei n whereby the

"'&Fatlhé?"ﬁ‘BEPé 1om, cFompRs smgertélsdiGﬁgmrnes#mem
posmpbegadisest sand theiranssd | phi aietbbdshMukbeical

acid encodi ng the fUéféHEment.

10

15

20

25

30

In a further aspect, the present invention provides Gram-
positive host organisms wherein the desired protein or
polypeptide is a specific binding partner of a ligand.
In this aspect, the present invention also includes the
use of Gram-positive host organisms in a method of
purification or separation of a 1ligand wherein the
desired protein or polypeptide is a specific binding
partner of the ligand, whereby the display of the
specific binding partner on the surface of the organism.
allows the binding partner to bind to the ligand.

The invention also provides a way of immobilising the
Gram-positive host organisms on a solid phase, eg by
expressing streptavidin fused to a cell wall anchoring
domain so that the streptavidin represented on the cell
surface can bind to biotin immobilised on a solid phase.
Thus, the present invention provides a method of
immobilising a Gram-positive host organism of the
invention which comprises bringing a host organism of
this aspect of the invention into contact with a solid
surface which has the ligand immobilised thereon. The
present invention also provides a method for detecting
complexes with a specific ligand (e.g. biotin or an
immunoglobulin) by coexpressing a reporter activity such
as a luciferase or a fluorescent protein in cells which
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protein selectively as a result of the expression of the pol ymer ase
(see GB- A-2278358). 20 The high | evel of heterologous protein
expressi on whi ch can be achi eved using the T7 pol ynerase system has
been found to provide high levels of expression of the Protein
A-fusion polypeptide on the surface of the bacteria. For many of the
applications enviga3dedeshs®r the invention, the 25 econom cs obct/ag96/02195
associ ated processes will be nmaterially favoured by achieving the
hi ghest possi ble surface density of -fusion nol ecul es on the
bacteria. However, for sone applicati&ﬂs the use of constitutive,
or less active, pronoters may give useful results, especially where
| ower 30 ° | evel s of expression are required. Nuner ous vari ati ons
on the disclosed vecabss expiedsben their srmhbeetue ﬁwmdbbﬂaiﬂi@&e: the

skilled in the art u chn que dISC|OS
provi ded herein. Fuﬁ'ﬁ%ﬁ%e defﬁ%t%r?o{]elgﬁs 02’15{ °de8 8 %Jor&le\zb) by

the nucleic acid sequences above nay be nDdlfled by varying their

\6}\8 gg/ SSLgY sefheAC EupkhBPULspUES! aphd abfé’sé’&é e{ﬁmoéﬂfggpmae&t S,
eg by mani pul aPi on of*¥HEIRIHYE chgﬁFd°5$a%ﬂﬁWuyq5§P&n = the §e§§ﬂﬂ%ﬁ%¥%Feln

through insertion, caddialvpeptiddelisti en enzyme. Thisst iaispecon of @he or
nore base pairs or ajhwéntidrfiSalso includes a composition comprising the

Gram-positive host organism wherein the desired protein
or polypeptide is an enzyme which has been expressed and

10 displayed on the cell surface of the host, and the use of
the composition in a reaction catalysed by the enzyme,
for example a surface enzyme ~which can break down
unwanted food components such as fat and cholesterol from
the surrounding milieu.

15
In a further aspect, the present invention provides a
method of screéning a library of substances, such as
antibodies or antigens or fragments thereof, comprising:
transforming Gram-positive host organisms with nucleic

20 acid encoding a fusion of the substances and a cell wall
anchoring domain, expressing the fusion so that the
substance is displayed on the cell surface. The
particular substance being screened for can then be
detected using a recognition agent, eg labelled

25 antibodies.

£ eri e Drawi

Figure 1 shows the construction of the gene fusions
30 described below;

Figure 2 shows a Western blot of proteins recovered from

(i) the growth medium, (ii) the supernatant of lyostaphin
treated cells, (iii) intact cells boiled in Laemmli SDS
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Such derivatives of the pol ypeptides disclosed herein are 5 I ncl uded

within the present invention. As nentioned above, the

Gram positive host organi sms transforned with the nucleic acid
encodi ng fusion proteins have a wi de variety of applications as
vacci nes, to display 10 biologically active nolecules on cell
surfaces, as woovm@sorbents and to display enzynes on cel |l petiinogezios €9
for use as catal ysts. Thus, in a further aspect, the present
i nvention provides 15 Gram positive host_organi sns wherein the desired
protein or pol ypeptide includes at | eakt one epitope to which it

Is desired to raise an imunological response. Preferably, the
protein or polypeptide is an i munogen from a pathogen, an antigen or

an adhesin. 20 btdfifetrgi“&ra&l@ﬁ@t relldi@eBregaat éwytemé el RR B_rff\ﬁ'bﬁiﬁs a
vaccine conpri sing Qve Jhost. organi sns .in xture W th a
suitable carrier. ?e‘rlig'g%pro setﬁ}e TYRARARhaR sreated cells)c Thes HARESISE of
t he above G am posiifidicakedt ofggmi s@grow headds)t hewprepardatianted aby -

vaccine wherein t hareReobe6t P14 Wit Srabbi®! aReL YPORA IR g3 nd i RRILORR O
which it is cgem red_t.o ai se..an, i munol ogi cal reagonse. Prefsera ly,

t he vaccines ang 2 aﬁ?ﬁ"?ﬂit%ﬁ‘wq% rERISFRSS FCRIPLAT e ]l I1SFAngATY; 5

ot her nucos@lrmsdt-I%Ssuch dthegen| | yesultmgi dehdgtrate30 that | nthe
further aspect, thetRepegPlainVeRbtein PEAXIIRS A0 Brein prodiRd i ¢ Rost

organi snms wherein the _desired. protein o ol ypeptide I1s a
bi ol ogi cal |y activ %Fgcﬁfe.lﬁ}wtﬁged to trééx)fr%'lq'e?uﬁ%c%i ol ogical ly

active nol ecule may be a drug, a hornone, an enzynme, DNA/ RNA bi ndi ng

protein, or @35 pj EQStﬁ”Sﬁo&é‘p%ﬁhﬁ o Pgﬁ{:g{émci%g%ﬁé%%d%fa% able to

nodi fications gl ycosyl atl on di su I sat1on) . on__ot her
coexpressed and seSPECEE1EAbIRI Rind Atcer §kei vENFEaghe of intact cells

expressing a streptavidin - protein A fusion, thus
demonstrating that the protein is present on the surface
of the cell. This figure shows a filter onto which cells

15 expressing the strepavidin protein A fusion {(pL2SAX) or
streptavidin (pL2SA) have been collected and reacted with
biotinylated horseradish peroxidase (B-POD) or B-POD
which had been previously treated with streptavidin (SAa) .
to block its binding sites (see wells labelled B-POD/SA).

20 The cells binding B-POD were detected by incubation with
a chromagenid substrate for horseradish peroxidase. Only
the intact cells expressing the streptavidin protein A
fusion protein on their surface bound the biotinylated
enzyme conjugate B-POD;

25
Figure 4. The panel labelled pL2SAX shows a photograph
of L. lactis cells'expressing the streptavidin protein A
fusion on their surface which have bound to a polystyrene
surface coated with a biotinylated horseradish peroxidase
30 conjugate. No cells are seen in the negative control

which is representative of all the control samples
described in the text.

Figure 5(Aa) shows physical and genetic maps of the
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9 desired protein or polypeptide can be a targeted group,

for instance anti bodies, or fragnents thereof, or ~adhesi ns specific
for receptors. 5 In this aspect, the present invention also includes
a pharmaceutical conposition conprising the G ampositive

host .organi sns, aRgotsr use i n nethods of nedical t r e aPCIGB96/021950
In a further aspect, the present invention provides Gam positive
host organi sns wherein the desired protein or pol ypeptide is a
specific binding partner of a |igand. | A2t hi s aspect, the present

I nvention al so includes the use of C?an}p05|t|ve host organisns in a
nmet hod of 15 purification or separation of a |ligand wherein the

fle;;; gd pr gﬁglbn or epsfw&?fad.epb&@iw@fdsfe faﬁl#é“dw'e@ﬂor pngfr %*ggﬁzoﬁf tatﬂae
' y y

surface of the organgtfrﬂ. Tgeaﬁ’ﬁfﬁ?sl"ﬁﬁ ‘EFF HATTS pﬂ?‘ﬁfé]r giﬁe{%"b MR

i gand. 20 TheandvenréptogiaginpBoviMiss aresdgtefice ndebermiziany t IFC

G am posi tive host oggga s;s‘ueelansei Phasfientt Qif ugp45 (%Eregs'meus
streptavidin fgsed td a cell_wall. anc rif§3 onal so that fthe

streptavidin r preseﬂf%&F%ﬂn%h@nﬁ¥9¥ (SP and the rep icon (Ori- *from
PAMBl’) are depicted as thick lines;

Figure 5(B) is a schematic representation of the
expression cassette in ﬁTREXl showing the various

10 sequence elements involved in gene expression, the
location of unique restriction endonuclease sites, Shine
Dalgarno (SD) motif and translation initiation start
codon (ATG);

i5 Figure 5(C) shows the DNA sequence and restriction
endonuclease site map of the pTREX1l expression cassette.
The key expression elements are also indicated on the

map;
20 Figure 6 shows the list of primers used for PCR;
Figure 7 shows a filter onto which intact cells

expressing TTFC intracellularly (pTITT), secreting TTFC

(pTIL2TT) or expressing a TTFC-protein A fusion protein
25 (pTTA) have been incubated with rabbit TTFC polyclonal

antisera, collected onto a membrane and then reacted with

an antibody peroxidase conjugate and substrate to detect

the binding of anti-TTFC antibody on the surface of the

cells. Only the intact cells expressing the TTFC- -protein
30 A fusion displayed TTFC on their cell surface.
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25 surface can bind to biotin i mobilised on a solid phase. Thus,

the present invention provides a nethod of I mmobi | i sing a

Gram positive host organi smof the i nvention which conprises bringing
a host organi sm of this aspect of the invention into contact with a
solid 30 surface which has the ligand i nmobilised thereon. The

present inventi onw@abs®sz ovi des a nethod for detecting C ORECT/GRE02¥45t h
a specific ligand (e.g. biotin or an i mmunogl obul i n) by coexpressing
a reporter activity such as a Iuciferas§3or a fluorescent protein in
cells which . WD 97/ 09437

PCT/ G3B96/ 02195 10 al so express
on their surface the protein binding to the | igand to be detected
(e.g. streptavidin Qetdidled Debdription In a further aspect, the present
I nvention provides a 5 Gram positive host organi smwherein the desired
protein or polypeptide is an enzyne. This aspect of the

i nvention al so i ncl Jd&® orcédnpetivated dasseriahdvacrines and tpohs piny tthee
host organi sm wher eigrddiRtdes bedaRtDifilypeptide Shtil¥adPti de is an

enzynme which S been expressed and 10 di spl ayed on the cell surface of
the host, and The use of . the conposition in a reaction catal ysed by
t he enzyne, ithe dnyestdon mayfbecusad iar Whec surfacer expeeraden of

unwant ed food conpongiigens;h adhebahs i odid 1R iRyl BBAive moleddl®s in
surrounding mlieu. Gram-positive bacteria such as L. lactis. These bacteria
are among those which have been proposed as vaccine
10 delivery vehicles for mucosal immunisation (Wells et al,
1993). Antigens which are exposed on the bacterial cell
surface may be more easily recognised by the immune
system (than antigens which are only released following
bacterial death and degradation) owing to the greater
15 accessibility of surface antigens to their receptors on
such antigen-recognising and processing cells as
~ macrophages, dendritic cells and B lymphocytes. ‘The
surface expression of antigens and epitopes may therefore -
enhance the immunogenicity of antigens expressed by
20 Gram-positive bacterial vaccines. Whole cells expressing
antigen on their surface will also be useful immunogens
for raising polyclonal and monoclonal antibodies in
animals (Charbit et al, 1987).

25 Bacterial delivery of biclogically active molecules

The surface expression of adhesins specific for receptors
present on cells and/or tissues in the gut and other
mucosal tissues (Eor example, the respiratoxy,
30 uro-genital and nasal tracts), in addition to the
expression of antigens and/or Dbiologically-active
molecules would enable the recombinant bacteria to be
targeted to specific cells and tissues, eg neoplasia.
Such targeting would increase the efficiency with which
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15 ) In a further aspect, the present invention provides a
met hod of screening a library of substances, such as anti bodi es or
antigens or fragnents thereof, conprising transform ng G am positive
host organisnms with nucleic 20 acid encoding a fusion of the substances
and a cell wall anchoring domain, expressing the fusion so that the
substance is dwedmeyesd on the cell surface. The PCH/GBIG215a
subst ance bei ng screened for can then be detected using a -
recognition agent, eg | abelled 25 ant i bodi es. Brief Description
of the Draw ngs Figure 1 shows the cohdtruction of the gene fusions
30 descri bed bel ow, : Figure 2 shows a Western bl ot of proteins
recovered from (i) the growth medium (ii) the supernatant of
| yost aphi n tr ettt Qsddteril idan ivd agedcald sddhivedd drtilgeasMandpbd
WO 97/ 09437 . . . ... PCT/ (GB96/.02195
11 buf fer "SRG BSELYS TREETHRAE (5% “P‘e"s‘%"j&ge Sprfagps- 1o
cases where the bacteria being used do not normally
adhere to, or proliferate on, a particular mucosal
S surface, such targeting would increase the contact time
between the bacteria and the mucosal surface, thus
facilitating delivery and/or uptake of a molecule or

molecules synthesised by the bacteria.

-
(o]

The surface expression of numerous biologically active
molecules would have a wide range of applications in the
therapy of disease, by the delivery of any of a large
number of hormones, cytokines or other immunomodulatory
molecules, cell receptors and/or their ligands, enzymes,
15 cell-specific toxins. Such molecules could be
co-expressed with invasins or other proteins which enable
bacteria to enter cells and/or to be released into the -
cytoplasm from the endosome; thus the targeting of
bacteria to cells, and to compartments within cells, are
20 rendered feasible by means of this invention.

Additionally, surface ligands with adequate binding
affinity could be used to enable the bacteria to be
coated with a wide variety of desired molecules; for
25 example, surface expression of a DNA or RNA binding
protein could be used to permit the organisms to be
coated in DNA or RNA. Such a process could £ind
applications in gene therapy or nucleic acid vaccination.

30
Surface display of specific antigens, antibodies and

ligands

The recent development of phage display technology has
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pell et of the Iyostaphin treated cells. The proteins I ndi cat ed
(see arrow heads) wer e det ect ed by I mmunobl otting with
rabbit anti-streptavidin antiserum 5 and a second anti body conjugate
according to standard pr ocedur es. These results denostrate
t hat t he streptavidin protein fusion A protein produced in L.
lactis is firnm ywettesabrd to the cell surface; 10 Fi gur e PGT/BO&E2195 at
a biotin conjugate was able to specifically bind to the surface of
intact cells expressing a streptavidin - protein A fusion, thus
denonstrating that the protein is present onl%he surface of the
cell. This figure shows a filter onto which cells 15 expressing the
strepavidin protein A fusion (pL2SAX) or streptavidin (pL2SA) have

PEhogy | S 80 a0 GBI sk et sl BAGEbSH, 08T 588 L RtRe
streptavidin (SA) to be dgobaged ﬁrembnnaphngﬂﬁgga;t%% bE| Pannibg| |fox

B- POy SA) . 20 Hca@ihanbi Pikt - RiiabeV\eksr &t B @Reb¥othiEatbatigihds t h
a chromageni ¢ substrate for harseradish eno%igaie. | . __the i.ntact
cel I's expressing t F&§ ré%FEVi N 5r 5Peidf ATmODL 15?%2?%#??ﬁ%n%ﬁ?¥3ﬁ?ﬁ?ﬁéir
surface bounddt he Uihst iampligend antibody oy measptiorgafeiBt@CEEt 2fChiswell
‘Figure 4. The panelad@pechedeptySA9sIONWS pa RNOLAHEARR approackiwduld deti s
cell s expressing tq? streptavidin ro%ein A ._fusion op.their rface
whi ch have bound to% pBngtﬁ% ositiveg MacrsTdBat &P t A8 bi BB Eat ed
hor ser adi sh per oxi kresedgationcofjprpsedns aud ceptidese Jhenadvantrgedati ve

control . Whi Ghhd AN EAELYSyO e?ﬁﬁoﬂ‘%y %ul[]a)'besa{ml SSacteria
described in the text. , FiLgure 5(A shiows physi cal and genetic
maps of the 10 expressing the desired ligand could be detected directly

using a fluorescent counter ligand as a probe; these
bacteria could then be obtained free of non-expressor
cells using a FACS machine capable of sorting single
bacteria. This procedure would avoid the need to
i5 propagate the phage to recover the cloned DNA sequence of
interest (ii) higher density of surface protein
expression is possible in bacteria compared to the phage
systems and (iii) problems with the inability of certain -
recombinant phage to infect E. coli (so that they can be
20 propagated) will not be encountered.

The use of bacteria as whole cell adsorbents

The use of affinity chromatography for the purification
25 of biological products can frequently convert multi-step
into single-step or near single-step procedures. This
results in turn in a reduction in the complexity of
downstream engineering processes associated with the
recovery of biological products, and also means that
30 large savings can be achieved in capital investment;
operating costs can be reduced, and the products
themselves can be recovered more rapidly. In fact, one
of the best examples of this approach is the use of wild
type Staphylococcus aureus to bind and purify antibodies.
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Gram positive host range vector pTREX1, pTIL2TT and PTITT. The
expression cassette, nmacrolides, |incosam des and streptogramn B
(M.S) resistance determ nant, TTFC gene, secretion signal sequence
of usp45 (L2), Swewsredsr 5 protein A anchor (SPA-X) and t HeCT/GRI60ZI9N
(Ori- "from pAM err]1') are depicted as thick |ines; Fi gure
5(B) is a schematic representation of the expressi on cassette in
PpTREX1 show ng the various 10 sequence et®nents involved in gene
expression, the | ocati on of unique restriction endonucl ease sites,
Shi ne Dal garno (SD) notif and translation initiation start

cogon (lATG); 15 prﬁwn ﬁrﬁd on shevsurfareDbA @w%@eeraamgrﬁ%z Eﬁghi on

endonucl ease site map. L he Xpressi gn cassette. e ke

expression el enents ar%nzi‘lttgofgﬁoﬁ ceaF §d8%'ﬁa3trh8% certan}r&ﬂ",“umglc’bulms a¥1d
heat killed and chemically stabilised S. aureus cells
have been routinely used for the purification of

5 ' antibodies.

However, the need for an abundant supply of an
immobilised form of the 1ligand can render affinity
chromatography uneconomic.
10
The expression of the functional fragments of ligands or
counter-ligands such as single chain antibodies, protein
receptors, adhesion molecules etc on the surface of
bacteria would enable these molecules to be replicated
15 inexpensively by bacterial growth; entrapped bacterial
cells could then be used to provide an inexpensive form
of adsorbent. |

Innocuocus Gram-positive bacteria such as L. lactis do not
20 contain the endotoxins present in E. coli which initially
contaminate all recombinant products made in this
bacterium, and which must be removed during the course of
purification procedures. Hence, the use of Gram-positive
bacteria for the surface display of ligands will not
25 result in the contamination of products with endotoxins.

Enzyme coated bacteria as biocatalysts

Many enzymes made by Gram-positive bacteria and other
30 organisms are secreted by these organisms into their
environment, where they may mediate a variety of
biochemical transformations. These chemical conversions
can be essential for survival and grdwth, or they may
enable the organisms to compete more effectively with
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20 ‘Figure 6 shows the |list of priners used for PCR Figure 7
shows a filter onto which intact cells expressing TTFC
intracellularly (pTITT), secreting TTFC (pTIL2TT) or expressing a

TTFC-protein A fusion protein 25

TTFC pol ycl onal

W th

t he binding of anti-TTFC anti body on the surface of the cells. Only

the intact cells expressing the TTFC-protein %9
on their

26)

surf ace.
WO 97/ 09437

PCT/ GB96/ 02195

10

is

20

25

30

13
other organisms in their environment.

The enzymes needed for nutritional purposes include, for
example, those which can degrade biological polymers such
as carbohydrates, lipids, nucleic acids and proteins into
their substituents, and provide nutrients for the growing
organism.

Secreted enzymes also perform a range of different
functions, such as the biosynthesis of slimes and mucins
(glycoproteins or proteoglycans) which enable bacteria
and other organisms to fasten themselves to favourable
surfaces in their environment. They may also inactivate
anti-microbial substances such as antibiotics or toxins
emanating from other organisms; and they may degrade
toxic or recalcitrant substances left in the environment
by geological or industrial processes.

Many of these secreted enzymes have industrial utility,
but ideally need to be present in a solid phase, in order
that liquid reactants passed over this phase can be
subjected to catalytic conversion by the immobilised
enzyme.

It is another vital aspect of this invention that it will
improve the feasibility of using enzymes in industrial
processes by providing - in the form of bacteria able to
manufacture the enzymes in immobilised form - the active
components need for such biotransformation processes.

The use of immobilised cells for the production of
secreted proteins

The invention provides a method for the production of

SUBSTITUTE SHEET (RULE 26)

(pTTA) have been incubated with rabbit
antisera, collected onto a nenbrane and t hen reacted
an arwobwedsrper oxi dase conjugate and substrate to dPCEAGEB96/02195

A fusion displayed TTFC
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Det ai | ed Description Li ve or inactivated bacterial vaccines and
tools for the production of anti-pol ypeptide anti bodi es The

i nvention may be used for the surface expression of anti gens,
adhesins and biologically active nolecules in G am positive bacteria
such as L. lactis. These bacteria are anong those which have been
proposed as vacciwe9n®43? delivery vehicles for nucosal i nmuniRAVGRHG02195
(Wells et al, 1993). Antigens which are exposed on the bacterial

cel | surface may be nore easily recog(r}jased by the immune

system (than antigens which are only rel eased toll ow ng bacteri al
deat h and degradation) owng to the greater 15 accessibility of surface
antigens to their receptors on such antigen-recognising and
processing cells @®ecreted pratedphafys Gradepdsitive chatterinl which are

thererore | enfirachel EbRR SRIAINe0R B o o B LLC D BeL TR
Gram positive bact er“&’gngéé”El [dspl a%ﬂ?ﬁ ’{':%/q Vé'BﬁFe§’§| ﬁg‘eer Surrack i 3t on

their surface will aliso tsameﬁ.ng anmenegmasor otherf orotaisi of pntgrésmal

and monocl onalg anti b anatt hed 2% n@'ﬁlcftq}?‘réﬁéteat s%hml?ﬁﬁe e

Bacterial delivery of | ca active ecul e surface
expressi on of adhe3|a|‘?§’a§5é8FfPE F 5 AWRAAGHs 18 that thes reCO¥RTEPF sthe
and/or tissues in throgth meatliot kentaining tiecsseteted protesn off fiaterest

exanpl e, the re%iersaihg‘:yreégire O&ﬂggb&@konw dé‘l\gc:?@ e’ 3akBlrial "

addition to the expressi on I gens
bi ol ogi cal | y-acti ve cells. np|ecul es woul d enabl e the reconbinant bacteria
to be toargeted to specific cells and tissues, eg neopl asi a.

Such targeting woul %Js@%i?seaé heuef T bebeBFYaiV Rr¥LEN of hetercdimeric

proteins with bifunctional aminoterminal domains

In this aspect of the invention, one partner of the

15 heterodimer, eg a fusion polypeptide comprising a signal
peptide, a single chain antibody, the hinge and/or
constant domains of the heavy chain and the cell wall
anchoring domain of the Staphylococcus aureus protein A,
is expressed at the bacterial surface and the other

20 parcner is secreted and composed of a similar fusion:
polypeptide, eg a different single chain antibody
(recognizing a different antigen) or an enzymatic
activity, but is devoid of the cell wall anchor. The
constituent partner polypeptides may be synthesized

25 either in the same engineered cell or in differently
engineered cells grown in co-culture.

In this example, the bacterial surface acts as an
assembly site for exclusively heterodimeric molecules
30 having bifunctional aminoterminal domains. The assembled
proteins may then be specifically released and purifj.ed
from the collected bacteria, eg by the action of
lysostaphin. Alternatively and preferentially, release
may be obtained by the action on whole bacteria of a
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14 t hese bacteria can be used to deliver anti gens and/ or

bi ol ogi cal |y active nol ecules to nucosal surfaces. In cases. where
the bacteria being used do not nornmally adhere to, or proliferate
on, a particular nucosal 5 surface, such targeting would increase the
contact tine wo9Theineen the bacteria and the nucosal surf a®@€T/GBI6E2195
facilitating delivery and/or uptake of a nolecule or nol ecul es

synt hesi sed by the bacteri a. 10 The surfagce expression of numerous

bi ol ogically active nol ecul es woul d have a w de range of
applications in the t herapy of disease, by the delivery of any of a
| ar ge nunber of hornones, cytokines or other i mrunonodul atory

nol ecul es, cell recepeaifiand/ orotdamer, | | ggndsfacuvrynexa, 15 enteroklnase,

cell-specific toxi h | es ul d ed
hrl‘:%lla en§§§ vmn?%{acéénab £200 Neggserla yo%%

with invasins or ot otelns teria o ent célls
and/ or to be rel eas Rbdnepe TEV agﬁFProﬂiF%% ekt Gase . thGQethe

targeting of ﬂsmmga&tathSdeblsqfamﬁlbn cRiEalhe®rpcrateidhi inte! khe

are 20 rendered f I Eﬁﬁ n

Addi tional ly, surfac ng ﬁd% %%dgaﬁ{étugsb %ﬁ Ek%e cellf!?all anc%xglrj-l d

be used to enable tiTéleba‘g?%Weé tlbr?féelns may be putified by conventional
separation techniques.

Although methods for producing bifunctional heterodimers
10 are known, thexre are at present no generally applicable
methods available for separating them from the

unavoidably co-produced homodimeric (hence
monofunctional) molecules.

15 Additionally, this method could be used for the assembly
of homo-multimeric proteins on the surface of a bacteria.

Example 1
20 Censtruction of expression plasmids
Stage 1: Cloning of S. aureus protein A anchoring domain

A DNA fragment encoding the Staphylococcus protein A

25 (SPA) anchor of S. aureus strain Cowan I NCTC 8530 was
obtained by the polymerase chain reaction (PCR) using
primers based on the published sequence (Saiki et al.

1985). The PCR was performed with the thermostable Vent

DNA polymerase (New England BioLabs) in a 100 ul of the

30 buffer supplied by the manufacturer containing 2.5 mM
each of 4dATP, dTTP, ACTP and 4dGTP, 1 uM of the sense (and
antisense primers and 1 ug of genomic DNA isclated from

. S. aureus strain Cowan I NCTC 8530 by the method of
Marmur et al., (1961). The sense and antisense primers
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coated with a wide variety of desired nolecules; for 25 exanpl e,

surface expression of a DNA or RNA bi ndi ng protein could be used to
permt the organisns to be coated in DNA or RNA Such a process
could find applications in gene therapy or nucleic acid vaccination.
30 Surface display of specific antigens, antibodies and

| i gands woo7pestnt devel opnent of phage di spl ay technoPOTGBbEAR195
WO 97/ 09437 PCT/ GB96/ 02195

15 enabl ed specific antigens, antibog'es and ot her |igands

to be isolated fromconplex |ibraries by pannfhg for r econbi nant
bact eri ophage expressing the counter-1|igands - whi ch then adhere to an
i mmobi | i sed support containing 5 the antigen, antibody or receptor of

i nterest (Chiswell were denﬂ@nhHC§bfQnéyudé£¥59triﬁm16htQ?fﬁﬁﬂi?éiﬁ%@@@%@?
] or u
E?gggn?:tion of ;?oté?ﬁngﬁgnggézgg%& fﬂgcéﬁ%ﬁﬁtgge§n9% %ESPeCE%H%fY to
bacterial display teEdidiitgFevbes cuhseguenpetaning sbeps. agpersa) myciee
desired ligand coul dopedeiirentatdoti (98bbY for 45 sHELRMEL)A pikre iflaling
counter ligandsas a pEgeeckN$5%econds) ana Dia polymerisation (72°C for 45
seconds) a PCR amplified DNA product of the expected size
(621 bp) was detected by agarose gel electrophoresis.
The purified DNA fragment was then cloned and sequenced
using standard procedures (Maniatis). The DNA sequence
10 of the cloned DNA fragment encoding the C terminal region
(nt 1043 to 2252) of S. aureus protein A was identical to
that previously reported (Shuttleworth et al).

Stage 2: Cloning and manipulation of the streptavidin
15 gene

Streptavidin was chosen as a reporter protein to
demonstrate the feasibility of the present invention.
Streptavidin is easily detected and is known to bind
20 biotin for which antisera are commercially available.
The streptavidin gene fragments were obtained from a
series of plasmids in which the streptavidin gene had
been mutated to incorporate different restriction
endonuclease sites at the start and end of the coding
25 sequence of the mature protein.

.A gene fragment encoding the mature form of streptavidin

was ligated into NaelI digested L. lactis expression
plasmid pLET2N (Steidler et al., 1995) to generate in

30 frame fusion of the usp4S5S signal secretion signal leader
(present in pLET2N) and the streptavidin codini_:; sequence

(figure 1). The resulting plasmid, designated pL2SA, can

be used to express and secrete streptavidin in L. lactis

(see below). Plasmid pL2SAX containing the 8. aureus
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bacteria could then be obtained free of non-expressor

cells using a

FACS machi ne capabl e of sorting single bacteri a. Thi s procedure
woul d avoid the need to 15 propagat e the phage to recover the cloned

DNA sequence of

protein expression is possible in bacteria conpared to t
systens and (iii)VOrHM¥s with the inability of certain

phage to infect E
encount er ed.

interest (ii) higher density of surface

p&'@%ﬁ%’?’?&nt

coli (so that they can be 20 propagated) will not be

The use of bacteria as shole cell adsorbents

The use of affinity chromatography for the purification 25 of
bi ol ogi cal products can frequently convert nulti-step into
si ngl e-step or near single-step procedures. This results i-n turn in

a reduction in the duesedr AyCdferminal apghprincdamesyi (kaferagdpreas $88
associfated with the X domainl CE@¥&d ¥ecOthdi D EidcaE e Hittepratidinl ganardans

e vy contaeon AR LR SRR S0 ke B 8O st

. a
operati ng costs can %e rea'uce )

can be

recovéred nore rapi ANA frpagment emgeding the gpreteimpdtarchap|zegisn tlges
approach is the use gfagd 11d and Figut¥Pe) St aphdteReedaladikpiéss o gtdadnd

purify anti bodi es.
PCT/ GB96/ 02195
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15

20

25

30

harbouring 5%5%2;/g%é§g§ses a ﬁifeptavidin - protein A
C-terminal domain fusion protein which is firmly attached
to the cell wall (see below).

Expression of streptavidin and streptavidin protein A
fusion proteins in L. lactis

Plasmids pL2SA and pL2SAX were isolated from E. coli
strain MC1022 and used to transform the L. lactis T7
expression host strain MG1820 harbouring pILPol (strain
UCP1000; Wells et al., 1993) by electroporation.
Expression of the streptavidin and streptavidin - protein
A fusion protein was induced in L. lactis by replacing
lactose for glucose in the growth medium (Steidler et
al., 1995). In order to detect expression of the
streptavidin protein products in L. lactis, cellular
fractionation and immunoblotting were performed with
cells which had been induced for 3 hours. Ten mi of
cells were first pelleted by centrifugation and the
supernatant centrifuged a second time at 100 000 g for 1
hour to remove any insoluble material. Protein factions
were then recovered from the high speed supernatant by
phenclic extraction as previously described (Steidler et
al., 1995). The cell pellets obtained in the first step
were washed three times in Tris buffered saline (TBS:
0.15 M NaCl, 0.02 M Tris-HCl pH 7.5) and resuspended in
250 pl of 10% sucrose, 20mM Tris-HCl (pH 7.5) containing
0.6 mg of lysostaphin (Sigma, St. Louis, USA) and
incubated for 1 hour at 37°C to enzymatically digest the
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Protein A found on the surface of the bacteria has a high affinity

for the Fc domain of certain i munogl obulins and heat killed and
chemically stabilised S. aureus cells have been routinely used for
the purification of 5 anti bodi es. However, the need for an
abundant supply of an I mobi lised formof the Iigand can render
affinity Vo omeaygr aphy uneconomc. 10 The expr e ROITEFBIN219% ¢
functional fragnents of |igands or counter-1ligands such as single
chain anti bodi es, protein receptors, agthesi on nolecules etc on the
surface of bacteria woul d enabl e these nolecules to be replicated 15
| nexpensi vely by bacterial growth; entrapped bacteri al cells could
then be used to proviq an_[ nexpensive form of adsorbent.

| nnocuous C?an}positq%;i Ué&#eria such as L. lactis do not 20 contain

t he endotoxins present in E. coli which initially contam nat e al

recombi nant product %\ff%qetir?aﬁnéét with lng&fE%ﬂﬂ{n t%@dcwighiﬁﬁtrzléa to
pur | nce

renoved during the course of rcaton _procedur es. , the use
of Gampositive 25 thicresidnglorverse ssparaceddifnemche enzymREdcRily
not 25 rgssglt | relkaseantabl Wil D mftferiadbet et DEwRHGicdXiand. lysed
Enzynme coate act erj [.QC . . n zy

Gram positive bact erqygbgz(]igggh?rlaﬂﬁ%e%alof:ﬁ%ﬁ}%rrl%w%a#e“f%gécpgieeg&%%%ggg?s
organi sns i nto thejreferred g r @frefbe widveostrBhimy TRifaseE aPreEpény

of bi ochen caraictabaker weté O8imi1HIAYE teBaHeEa ali €10 NYRISHINAS buffer.
can b e essential f OlgyUr \éﬁ.an\.l:?tlfei%t%d gf'gggvhe[re%.r t%‘é% My¥ne growgﬂablm%dtigt%,
organi sns to conpete nore effectively Wth
10 lysostaphin released fractions and cell residues were
analysed by immunoblotting with antisera to streptavidin
using standard procedures. Lysostaphin has been shown to
specifically release proteins which are linked to the
pentaglycine peptide present in the peptidoglycan of the
15 cell wall (Schneewind et al, 1993).

The results of cell fractionation and immunoblotting of
proteins recovered from L. lactis expression strain
UCP1000 harbouring pL2SA showed that a protein of the
20 expected size for streptavidin was produced and secreted
into the growth medium by L. lactis. Streptavidin was
not detected in the total cell protein residues of cells
treated with 1lysostaphin and only trace amounts of
protein were detected in the lysostaphin released cell
25 wall material (see figure 2). In this strain, the
relatively small proportion of the total amount of
secreted streptavidin released by treatment of the cells
with lysostaphin may be a consequence of streptavidin
which has not diffused through the cell wall after
30 transport across the cell membrane.

In contrast to these findings, the streptavidin - protein
A fusion protein produced by the strain carrying pL2SAX
was not secreted into the growth medium. This fusion
35 protein was however, present in substantial amounts in
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17 ot her organisns in their environnent. The enzynes
needed for nutritional purposes include, for exanpl e, those which can
degr ade bi ol ogi cal pol yners such 5 as carbohydrates, lipids, nucleic
acids and proteins into their substituents, and provide nutrients
for the grow ng WO970%3%r gani sm Secreted enzynes al sB

range of different 10 frunctions, such as the biosynthesis of slinmes and
muci ns (gl ycoproteins or proteoglycan?E whi ch enabl e bacteria

and other organisns to fasten thenselves to favourable surfaces in
their environnent. They may al so inactivate anti-m crobi al
substances such as antibiotics or toxins 15 emanat i ng from ot her

organi sms; and t heyhempategtaidereleased tfvanc tire reekl cidXlanby stbesaness

left «in the envi r ongees lysostapQYngﬁ'ﬁlQﬂ'tﬁﬁb Ohad ri‘i“ﬁ&&'ﬁgcow §E§§g§% c}
Many of these secrete e |n ustrlal ut|| |y
need to be present ¥ €%¥|?F%ﬁu¥§§ (Figuger 2) . ThetﬁHFIPPqEFﬁt?%%cY%ﬁns
passéd over this phakspcda\:beted in MJ@@IMtOx@ﬁ&i@)tl@fcmpsessamrby
the i mmbilisgd treated cells suggesting that a proportion of the
released protein had not &iffused out of the cell wall
during the incubation with lysostaphin. When washed
cells expressing the streptavidin protein A fusion
protein were boiled in Laemmli cracking buffer the
10 protein detected by immunoblotting had an apparent
molecular weight which was higher than the protein
detected in the supernatant of the fraction of cells
treated with lysostaphin (Figure 2). This higher
molecular weight polypeptide may represent an
15 intermediate in the pathway which sorts and anchors the
fusion protein to the cell wall. Both forms of the
protein are found in the boiled cell pellet (residue)
fraction of the lyostaphin treated cells, indicating that
the more gentle enzymatic treatment of the cells with
20 lyostaphin does not release the higher molecular weight
form of the fusion protein into the supernatant.

Display of streptavidin on the surface of L. lactis

25 In order to show that the fusion of streptavidin to the

C terminal domain of S. aureus protein A would result in

the display of the expressed protein on the cell surface,

strains of L. 1lactis expressing streptavidin or the

streptavidin protein A fusion product were washed three

30 times in TBS containing 1% bovine serum albumin (BSA) and

then incubated with biotinylated horseradish peroxidase

(1 ug) for 1 hour at room temperature.' Control samples

- of cells were also incubated with Dbiotinylated
horseradish peroxidase in the presence of soluble
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enzyne: 25 It is another vital aspect of this invention that it wll

I nprove the feasibility of using enzynes in industrial processes by
providing - in the formof bacteria able to manuf act ure the enzynes
in inmmobilised form- the active conponent s need for such

bi ot ransformati on processes. 30 The use of immobilised cells for the
producti on of wo 97083t et ed proteins The invention BFYEBIERIYP
nmet hod for the production of WO 97/ 09437

PCT/ GB96/ 02195 24 18 secreted
proteins by Gampositive bacteria which are attached to an .

I mobi | i sed support. For exanple, cells whi ch are displ ayi ng
streptavidin on their surface and al so secreting an enzynme or ot her
protein of interest shreprawidih o ahbachbhdtt the birsiing coatelllsotoulldplizse.
One advant age bkl pHPRIABERL E ok PR chnenboaous udheblits,  The
growth nedlunlcontalnlng the secr é prote 8

require centrifugat iC8AL Fo""?’@wﬁ#@nt‘fﬂ%s’hﬁ&tté‘??al times WJ-EBIT%S cﬂ‘)‘talnmg T

BSA and harvested onto a cellulose nitrate filter by

5 means of a vacuum apparatus. The binding of biotin to

the cell surface was detected by incubating the filter in

a solution of TMB (horseradish peroxidase substrate)

according to the manufacturer’s recommendations. The

results in Figure 3 show that the biotin horseradish

10 peroxidase conjugate bound the surface of intact cells

expressing the streptavidin protein A fusion protein but

not to cells expressing streptavidin. The possibility

that the biotin - horseradish peroxidase conjugate binds

non-specifically to the cell surface of L. lactis

15 expressing the streptavidin protein A fusion protein can

be ruled out as binding was inhibited in the presence of
soluble streptavidin.

Specific immobilisation of L. lactis cells expressing
20 streptavidin on their cell surface.

To provide a solid surface for the specific binding of
the bacterial cells expressing streptavidin on their cell
surface Petri dishes (20 mm, Maxisorp, Nunc, Denmark)
25 were coated with 1 pg/ml of biotinylated alkaline
phosphatase (Boehringer Mannheim, Germany) for 1 hour in
1 ml of TBS at room temperature. Non-specific binding
sites were then blocked by incubating the plates with 2
ml of TBS containing 1% BSA for 2 h at room temperature.
30 10 ml of cells expressing either streptavidin or the
streptavidin protein A fusion protein were washed three
times in TBS and resuspended in 1 ml of TBS containing 1%
BSA for 1 hour at room temperature. During this
incubation step the cells were kept in suspension by
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Assenbly at the bacterial surface of heterodinmeric proteins with

bi functional am noterm nal donai ns In this aspect of the invention
one partner of the 15 het er odi mer, eg a fusion polypeptide conprising a
si gnal pepti de, a single chain antibody, the hinge and/or

constant domai ns of the heavy chain and the cell wall anchori ng

domai n of the Stah9V8&dccus aureus protein A | S expr esseCr/aBI6oRLIS
bacterial surface and the other 20 partner is secreted and conposed of a
simlar fusion pol ypeptide, eg a differgnt single chain antibody
(recognizing a different antigen) or an enzynmatic activity, but is
devoid of the cell wall anchor. The constituent partner pol ypeptides
may be synt hesized 25 either in the sane engi neered cell or in
differently efsypkdpgeloref| segomdw évemo-mciruter.e. Finally, thet bell

exanpt e, the bacter sabpeHs{ee avaiCli186ed@o 10 mlaﬁmﬁé Shi® Y of this
excl usively heterodineric mole haV|n% bi functional _am noterm na

cyl.es 30 al ¢
donmai ns. The assenfjPEHSRSLon ﬁ#@?iiﬁg fhe PrentheakecPeFEL| fishes c4ses
and purified fbowel hEox dl [heutredt bacomriempesgchyet herie tgeriofishes.

| ysostaphi n. Al ter ngtiuetl N 2Rk oReal ShEOL IBldel Wi i
obt ai ned by the action on %Qole bacteriatgfla wiEhCRH of 6&?9@%@8§§7m1n
PCT/ GB96/ 02195 on an orbital shaker before theygwere examined by light

microscopy. The results (Figure 4 & Table 1) show that
L. lactis expressing the streptavidin protein A fusion
protein bind to the surface of the petri dish coated with

10 biotin-alkaline phosphatase but not to petri dishes which
were untreated with this conjugate. Cells expressing and
secreting streptavidin did not bind to the surface of
coated or uncoated petri dishes. The binding of cells
expressing the streptavidin protein A fusion product was

15 blocked by the addition of soluble streptavidin
indicating that the binding was specific and mediated
through the binding of biotin to the streptavidin present
on the surface of the cells (Table 1).

20 Table 1: regults of surface binding assays

Surface treatments

Strain of (i) 1% BsAa (i) 1 pg/ml B-AP; (i) ug/ml B-AP;
L. lactis (ii) 1% Bsa (ii) 30 ug/ml SA
(iii) 1% BsSA

MG1820
{(pILPol, pL2SA) ND ND ND
MG1820 ' ND 2 x 10°m m* ND
(pILPol, pL2SAX)

Legend to Table 1. The expression strains of L. lactis
. either carried plasmid pL2SAX and produced the streptavidin
protein A fusion product or plasmid pL2SA and produced
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specific protease, eg factor Xa, ent er oki nase, col | agenase,

| gase (from Neisseria gonor r hoeae, thronbi ne, TEV (Tobacco
Etch Virus) protease, the recognition site of which was incorporated
into the 5 fusion polypeptide just upstreamof the cell wall anchor.

The desired proteins may be purified by conventional separation

t echni ques. WO 970937 hough net hods for producing bifuncti onPCT/GBI6/02195
het er odi mers 10 are known, there are at present no.generally applicable
nmet hods available for separating them f59n1 t he unavoi dabl y

co- produced honodi nmeri c (hence nonof uncti onal ) nol ecules. 15
Additionally, this nmethod could be used for the assenbly of

hono-mul timeric prostreptawidihe #D;f acAeOtieBebbéd £TBaAP; biotin-aZxanphe 1

20 Constructio Si ‘ 1 d . .S 1. oni ng of S
aureus protein A a%ﬁsﬁg%ggmc%%ﬁ@ég ES%\’ thv%?%gtﬁg%ﬁmeﬁ%ga%ﬁ' tﬁg'
St aphyl ococcus prot%ﬁ??R&aZBdln- (SPA) anchor of S. aureus strain Cowan |

NCTC 8530 was obt ai ned by the polynmerase chain reaction (PCR) using
prinmers basedz on tqﬁﬁ@ﬁﬁkééﬂgd sequence (Sai ki et al. 1985). The PCR
was performed with stabl e Vent DNA pol ynerase (New Engl and
Bi oLabs) in a 100 [err]l of the 30 buf fer supplied by the manufacturer
containing 2.5 MV Displayca€htédantdl Poxidd Hagtieht @n@ﬁ@TngD%\%Q{r Mg the
sense (and fﬂHﬁf%%ngpr'rggé%I%”d 1 [err]g of genomc | sol at ed
from : -

10 ° This additional example provides evidence that protein

antigens can be firmly attached to the surface of L.
lactis b? constructing chimeric genes encoding a fusion
protein which contains nucleic acid encoding (1) an
N-terminal secretion signal (2) the protein antigen to be

15 surface expressed and (3) the cell wall sorting and
anchoring domain of S. aureus protein A.

Stage 1: Cloning and genetic manipulation of TTFC and the
S. aureus protein A anchoring domain.

(1a) Construction of pTREX and pTREX1

Synthetic oligonuclectides encoding a putative RNA
stabilising sequence, a translation initiation region and

20

a multiple cloning site for target genes were annealed by
25 boiling 20ug of each oligonucleotide in 200ul of 1 x TBE,
150mM NaCl and allowing to cooi to room temperature.
Annealed oligonucleotides were extended using T£1 DNA
polymerase in 1 x Tfl buffer containing 250uM
deoxynucleotide triphosphates and 1.5mM MgCl2 at 35°C,
30 45°C, 55°C and 65°C each for 1 minute followed by 10
minutes at 72°C. The sense and antisense oligonucleotides
contained the recognition sites for NheI and BamHI at
their 5’ ends respectively to facilitate further cloning.
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S. aureus strain Cowan | NCTC 8530 by the met hod of Marmur et al .,

(1961). The sense and anti sense priners _ WO 97/ 09437

PCT/ GB96/ 02195 20 wer e
designed to include restriction endonucl ease sites for BanH and
Xbal at their 5 ends respectively to facilitate the subsequent

cl oning steps. AWo97/0847cycl es of denaturation (94[ er r] ®CTEB%H2195
seconds) priner annealing 5 (68[err]C for 30 seconds) and DNA

pol ynmerisation (72[err]C for 45 second®y7 a PCR anplified DNA product
of the expected size (621 bp) was detected by agarose gel

el ect rophoresi s. The purified DNA fragnment was then cloned and
sequenced usiThe sresuihing rdecBNReSraymanat wap. hite Wh s¥heéna@adlo

?f t2 ggz)cl o]pecsi DNA f ressgumant a@iaccAzziwdaﬁd_t hﬁttﬁ_ebﬁlr Ehaabcbagghatah BtamHI s_(iebsll%B
o] 0 . aureuy I in s.identic , at  _previous
reported (Shuttl eworq%n egg& gl') a é,&lvag'lvgt Sge p?&l&l Hﬁﬁlﬁa gﬁ&t%ﬁﬂ?pgﬁﬁt ?i‘gn
of the streptavidin e@ressigancassette from giEFL diWeldss ehogdn.,asia@3c)

reporter protein to cloned bEEWEEISithal BcbRE PRt T eitfes! henPr &SRt in
i nvention. Streptavidin_ is,easil etasglt and is kfownto bin 0

biotin for which antEEFAug ewi%rﬁﬁeﬁ’ﬁ”él)éﬁg L e complete expression

cassette in pUCLEX was then removed by cutting with
HindIII and blunting followed by cutting with EcoRI
before cloning into the EcoRI and SacIl (blunted) sites of
10 pIL253 to generate the vector pTREX. In order to
construct the expression vector pTREX1 a PCR amplified
DNA fragments containing the lactococcal promoter Pl was
cloned between the EcoRI and BglIl sites present in the
expression cassette of vector pTREX (Figure 5). This
15 promoter had been previocusly isolated using the promoter
probe vector pSB292 and characterised by primer extension
and DNA sequencing analysis (Waterfield et al., 1995).

(1b) Construction of plasmid pTIL2TT

20 A DNA fragment encoding the tetanus toxin fragment C gene
fused to the lactococcal signal secretion leader sequence
of the usp45 gene was obtained by the polymerase chain
reaction (PCR) using plasmid pLET2-TTFC as a template and
the published sequences (Wells et al., 1993b). The PCR

25 was performed with the thermostable vent DNA polymerase
(New England Biolabs) in a 100 pul of the reaction buffer
supplied by the manufacturer containing 2.5 mM each of
daTP, dTTP, dCTP, and 4dGTP , 1 um of the sense and
antisense primers (Figure X) and approximately 50 ng of

30 plasmid pLET2-TTFC as template DNA. The antisense primer
was designed to include a BamHI site at its 5’ end to
facilitate the subsequent cloning steps. After 30 cycles
of denaturation (94°C for 45 seconds), primer annealing
{(50°C for 30 seconds) and DNA polymerisation (72°C for
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The streptavidin gene fragnments were obtained froma series of

plasmds in which the streptavidin gene had been nutated to
i ncorporate different restriction endonucl ease sites at the start
and end of the coding 25 sequence of the mature protein. A gene

fragnment encoding the mature form of streptavidin
Nael digested L.wWOO#Y expressi on

1995) to generate in 30 frame fusion of the usp45 signal secretion
si gnal | eader

sequence

(f

(present in pLET2N) and28& he streptavi di n codi ng
igure 1). The resulting plasm d, designated pL2SA, ca

be used to express and secrete streptavidinin L. lactis (see

Pl asmi d pP28asceedimi & FGRt pepLifind 4@ product of therexpeoted7
PCT/ GB96/ 02195

C
' f .he . donmi f t he
3' end of the stre6&%%?5?ngégngiéﬁgmkﬁxﬁﬁfkaAqﬂgsp??églggng%%ugiggm%é%
cl oni ng the PCR am¥@sf Feen digestefdwittygeshrichiendiendontelenss BapHA anthor
region (see %
har bouri ng pL2SAX
domai n fusion prot

bel ow) .

t er m nal

bel ow) .

anchoring

10

15

20

25

30

size (1478 bp of double strande?lDNA) was d@t&dtdd) Wy

Flegedliavs fa'tcﬂintbclz_)al: eﬁpféﬁé%&?cﬂ%sm&&pbfﬁﬁg{tﬂnwﬁié@

r se strept avi di -, I el n ~1Lern na
AR ERRER Peshi ARt Wish hona ¥luSede apa phen cehE K
BamHI. The resulting plasmid designated pT1L2TT is shown
in Figure 5.

{1c) Construction of pTITT

A fragment of tetanus toxin £fragment C (TTFC) was
generated by PCR (using standard conditions; see above)
which encoded Xbal and BamHI sites at the 5’ and 3’ ends
respectively. A stop codon was introduced at the 3' end
of the TTFC sequence before the BamHI site. The TTFC PCR
fragment was first cloned between the Xbal and BamHI
sites of pUCLEX and then removed by cutting with
SphI-BamHI and recloned intoSphl and BamHI digested
PTREX1. The resulting plasmid. designated pTl1TT is shown
in Fig 5.

d} Construction o TA
A DNA fragment encoding the Staphylococcus protein A
{SPA) anchor of S.aureus strain Cowan I NCTC 8530 was
cbtained by PCR using primers based on the published
sequence (Figure X). The sense and antisense primers were
designed to include restriction endonuclease sites for
BamHI and BglII at their 5' ends respectively to
facilitate the subsequent cloning steps. The PCR was
performed with the thermostable vent DNA polymerase (New
England Biolabs) in a 100 pl of the reaction buffer
supplied by the manufacturer containing 2.5 mM each of
dATP, d4TTP, dCTP, and dGTP , 1 um of the sense and
antisense primers (Figure 6) and approximately 50 ng of
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10 " Expression of streptavidin and streptavidin protein A f usi on
proteins in L. lactis Pl asm ds pL2SA and pL2SAX were isolated from
E. coli strain MC1022 and used to transformthe L. lactis T7 15
expressi on host strain M31820 harbouring plLPol (strain UCP1000;
Wlls et al., 1993) by el ectroporation. Expression of the .
streptavi din anWG¥¥8favidin - protein A fusion prot ei FCHERI6OM G ced
in L. lactis by replacing | actose for glucose in the growh nmedi um
(Steidler et 20 al ., 1995). In order2?2o0 detect expression of the
streptavidin protein products in L. lactis, cellular fractionation
and i mmunobl otting were perfornmed with cells which had been induced
for 3 hours. Ten RA28gd PL2SAX:offurthere descxibed) |igt cBhbY PaRERFY uglti on

and the 25 supetewilaitie ONALrAftge B @ Geslerdofi denatuddidiO(asicoEck
hour 't 0 remove any Jnsaldile) MLEELAL 2Bl ekY (BE0EOPSE 30 secdiflal GOSN
recovered fromthe high speed. stipernatan y phénol i c extraction as
previously descri be¥X Sodyapgisation (72°Cafor IHomconfse aePlR RmRldifded
oblt ai’ne? i g tde firoNa predudl of mm(r) <Zéxpa&bed ilvedd deetbed by éyafrbgégd :
saline (TBS: : Tri_s- Kcl. 5 esus I n
250 [err]l of 10% ﬁjeg'r gegggt%%‘ﬁ#?lss-H he( ﬁi#géfgz%)ﬁ a%ﬁ?%r{t s“pasoq__&eg ny
of |ysostaphin (SigHegessed wéthsreglspjctirn endonucilegsestBamilbrang Rald Iat
37[err] C to enzynmatdmldlpndidgesto tdlasmid pT1L2TT WRN hB848Trst been cut
PCT/ GB96/ 02195 . 22 . . .
with BamHI and dephosphorylated using calf intestinal
10 phosphatase (Boehringer Mannheim) according to the
methods recommended by the manufacturer. The resulting
plasmid designated pTTA contains the S.aureus protein A
C terminal domain (referred to as the X domain) fused to
the 3’ end of the TTFC gene (Figure 5).
15

Stage 2: Expresgion and surface display of the
C- i fusion protein i actis.

In order to show that the fusion of TIFC to the C
20 terminal domain of S.aureus protein A would result in the
display of the expressed protein on the cell surface,
strains of L. lactis expressing TTFC intracellularly
(i.e. carrying plasmid pTlTT), secreting TTFC (i.e.
carrying plasmid pT1L2TT) or theTTFC protein A fusion
25 product (i.e. carrying plasmid pTTA) were harvested by
centifugation, washed three times in TBS (20 mM Tris-HCl
pH 7.5, 150 mM NaCl) containing 1% BSA and then incubated
with 1 pug of rabbit-anti-TTFC for 30 min at xroom
temperature. The cells were then washed three times with
30 1 ml of TBS and resuspended in 1 ml of TBS. The cells in
100 ul of this cell suspension were harvested onto a
cellulose nitrate membrane (0.22 um) by means of a vacuum
apparatus. The membrane was then incubated for 1 hour at
room temperature in 5 ml of PBS-2.5% skim milk powder
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cell wall. After treatnment with |ysostaphin, the cells (referred
to as the residue) were separated fromthe enzymatl cally 5

rel eased cell wall material by centrifugation and |ysed by boiling in
Laemm i cracking buffer. The supernatants referred to as the

"l ysostaphin rel eased protein fractions" were simlarly treated with
cracki ng buffer. woomeasthe proteins recovered from the grCmIEBI6/02195
medi um 10 | ysost aphin rel eased fractions and cell residues were

anal ysed by i mmunoblotting with antisera to Sforeptavidin usi ng
standard procedures. Lysostaphin has been shown to specifically

rel ease proteins which are linked to the - pent agl yci ne peptide
present in the pepticdngaimamng & p.gﬂeoﬂEam:_i wadidi twalgs - conhugered ctethadse
1993) . The besiilh Plreldach! BLLAPAILAN 1A RTY"ARL hLdd ot

proteins recovered fromL TS expressi on
har bouring pL2SA sh&RR RRHaraRbAE Rexaridasenke a@bbit anph RTES gp‘i@quj,es

streptavi din was prbduag@dbmthesgarficyl of intact rﬂentshefqr mudti@eda ing L.

lactis. Stregtavidi S ot q ; cal el

resi dues of ceI | s prd™ butt Ec’p‘ t%ﬂ ySost aphi n dlfon y t(raglé%&[é% Y5 of
protein were detect éE"—'Pha'%W | RSt aﬁfﬂ%rrelléiaseij c%qalutz&n ofal ofatBE al

(see figure 2). | nhbbssradi=ai Nperbiitdase subrseh:atevelawumhgpre@orﬁn@n

of the total ampunt mQqulﬁagurezs%“?é@&hn?etnbd%%%}ééd' ! 283 @dt;)y hr

of the cells Sost apht n” na € a conseqguence stre |n
whi ch has not d|ffu§é9u¥ﬁr6uglmﬁq¢étéeltlha\§alTTFé¥th$ QBIY deteghedorn d’é#eoss

the cell nmentwane. surface ofNifitdttf agélld ékesésdinydidi@s THRE wmidtephaw din
- protein A fu % q_ﬁl n produced by the strain carrying pL2SAX
was not secreted mFgf‘%%fO " medi um Thi s fusion

SUBSTITUTE SHEET (RULE 26)



35 protei n was however, present in substantial anmunts in

SUBSTI TUTE SHEET (RULE 26) WO 97/ 09437

PCT/ GB96/ 02195 23 the materi al
rel eased fromthe cell wall by treatnent wi th | ysostaphin indicating
that it had becone associ ated . with the cell wall (Figure 2). The
fusion protein wa09709437 al so detected in the pellet (residue)rPck/GB96/02195

| ysostaphin 5 treated cells suggesting that a proportion of the
rel eased protein had not diffused out of the &dl | wall during the

i ncubation with | ysostaphin. When washed cells expressing the
streptavidin protekg A&fugiop protein were boiled in Laem i
cracki ng buffer the-%%JﬁlJﬂi?otein detected by .immunoblotting had an
appar ent nol ecul ar wei ght whi ch was higher than the protein

detected in the suppapsi@ndc ofi t e BLRAELEON PBf3 GS!! 862-275, dsgated with

| ysostaphin (Figure 2). This higher nol ecul ar  wei ght

pol ypepti de may repr esent an 15 internediate in the pathway which
sorts’and anéhors Charbit st alysiJonIpmmhel n 139.t hgseeiésaalloss Both forns
of the protein are found in the boiled cell pellet (residue)

fraction of the Iyostaphin treated cells, indicating that
swell and McCafferty, Trends Biotechnol. 10: 80-84, 1992

Georgio, G et al, TIBTECH 11: 6-10, 1993

10
Klauser et al, EMBO J. 9: 1991-1999, 1990
Kornacker and Pugsley Mol. Micro. 7: 1101-1109, 1990b
15 Kornacker and Pugsley Annu Rev. Genet. 24: 59-72, 1990a
Mamur, 5. Mol. Biol., 3:208-218, 1961
Maniatis et al, Molecular Cloning: A Laboratory Manual. .
20 Cold Spring Harbor, New York: Cold Spring Harbor Laboratory:
Press
Navarre and Schneewind Mol. Micro. 14(1): 115-121, 1994
25 Pohlner et al, Nature 352: 458-462, 1987
Saki et al, Science 230: 1350-1354, 1985
Schneewind et al, EMBO J 12(12): 4803-4811, 1983
30
Shuttleworth et al, Gene 56:283-295, 1987
Simon, D. and Chopin, A., Biochimie 70: 559-567 (1988)
35

Steidler et al, Mol. Gen. Genet. 236: 187-192, 1993a
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the noire gentle enzymatic treatnent of the cells wth 20 | yost aphi n
does not rel ease the higher nolecular weight formof the fusion
protein into the supernatant. Di splay of streptavidin on the
surface of L. lactis 25 In order to show that the fusion of
streptavidin to the Ctermnal domain of S. aureus protein A would
result in wdweedizspl ay of the expressed protein on the cecr/cnessznsse,
strains of L. lactis expressing streptavidin or the streptavidin
protein A fusion product were washed three 3@2 times in TBS containing
1% bovi ne serum al bum n (BSA) and t hen incubated with biotinylated
hor ser adi sh per oxi dase (1 [err]g) for 1 hour at roomtenperature.
Control sanples of cells were also incubated wth biotinylated
hor ser adi sh per oxi daS¥®iHametprisehc Bast .sd756R3) : 7639-7643, YEbHy/ 09437
PCT/ GB96/ 02195 24 streptavidin
to show that the binding to cells could be bl ocked by conpetition
with the free substrateidlexTas al, Appdel [Enwieen.t MéereRitHed Gl S637-H822.
wi th TBS containing 18ss BSA and harvested onto a cellulose nitrate
filter by 5 5 neans of a vacuum apparatus. The binding of biotin to

the cell surface was detected by incubating the filter_in
Thiry et al, Appl. Environ. Microbiocl. 55:984-993, 1889

Waterfield, N. R., Le Page, R. W. F., Wilson, P. W. and
10 Wells, J. M., Gene. 165: 9-15 (1995).

Wells et al, Mol. Microbiol. 8: 1185-1162, 1993

15 Wells, J. M., Wilson, P. W., Norton, P. M., Gasson, M. J.
and Le Page, R. W. F., Molec. Microbiol. 8: 1155-1162
{1993a)

Wells, J. M., Wilson, P. W., Norton, P. M. and Le Page,
20 R. W. F., Environ. Microbiocl. 59: 3954-3952 (15933b)

Wells, J. M., Wilson, P. W. and Le Page, R. W. F., J.
Appl. Bact. 74: 629-636 (1993c)

25

30
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a solution of TMB (horseradi sh peroxi dase substrate) according to
t he manuf atﬂlllm “lﬂ w:ﬂ lﬂﬂltﬂat ions. The results in Figure 3 show
that the bi per oxi dase conj ugate bound the surface

of intact célls expreSS|ng the streptavidin protein A fusion protein
but not to cells expressing streptavidin. The possibility

t hat the bioti n wobmeesssr adi sh per oxi dase conj ugate binds PCT/GB96/02195
non-specifically to the cell surface of L. lactis 15 expressing the
streptavidin protein A fusion protein can 33 be ruled out as binding
was inhibited in the presence of sol ubl e streptavidin

Specific immobilisation of L. lactis cells expressing 20 streptavidin
on their cell surfacge To provide a solid surface for the specific
bi ndi ng of t terial cells expressing streptavidin on their cel
surface Petri dishes (20 nm Maxisorp, Nunc, Denmark) 25 were coated

with 1 [err]g/m of Q_9&&8?%?%%%{'V%EE@L'fHEludlng EH%?&B?%#%@?ePcodl?ﬁ

(Boehri nger Mannhei m _Ger many our
tenpérature. Non- spRcFifiomhEFgtR4n comprising.a gerretieh Liwalcgegyence,

i ncubating the plat&s dédired proteinl of TBIypeptadei nghd %aBSAelidr wain at
roomtenperature. 1(-3| : r&%tmdoﬂ% §9'4§ t?l)égr?ﬁéﬁ ']:%eekréﬂ%ﬁskf ‘E%&%}ékgh{?eé”

t he streptavi
times in TBS and red®sp Hositiwe QHCQ%ﬁ}iiaﬁpéFn?ﬂ@ thg fusion prptein
1 hour at room tepperaddpretsed, BHd Ndgesitdd proteini REULSIIIepHide tie

?%LLE ggge kept in §H§£@ﬂgﬁcghénﬁlsplayed on the outer surfacSUBgTLhLWEIEﬁEET
10 wall of the host.

2, A recombinant vector as claimed in claim 1 wherein
the Gram-positive host organism is Lactococcus spec.,
Bacillus subtilis, Streptococcus gordonii, Staphylococcus

15 xylosus, Lactobacillus spec., psychrophilic and
psychotropic species of the genera Bacillus spec.,
Clostridium spec. or Corynebacterium spec..

3. A recombinant vector as claimed in claim 2 wherein
20 the Gram-positive host organism is a Lactococcus host,
preferably Lactococcus lactis.

4. A recombinant vector as claimed in any one of
claims 1 to 3 wherein the secretion signal sequence is

25 capable of targeting the protein or polypeptide for
secretion via the sec dependent pathway of secretion and
is derived from a signal sequence of a naturally secreted
protein.

30 5. A recombinant vector as claimed in claim 4 wherein
the secretion signal peptide is derived from the signal
sequence of the protein usp45.

6. A recombinant vector as claimed in any one of claims
-
THIS SHEET HAS BEEN
> d N
i
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25 mm,!ﬂm’( r 6 seconds every mnute. Finally, the cell
suspen ”ﬂtﬂ# to 10 M with TBS and 1 m of this suspensi on

added to the ‘ord-tpeated petri dishes (see above) for 1 hour at room
tenperature. The petri dishes 5 were then washed three tinmes with 1 m
of TBS for ten mwm9709437 on an orbital shaker before they werBCTEGBIOZAES by
| i ght m croscopy. The results (Figure 4 & Table 1) show that

L. lactis expressing the streptavidin proteigA fusion protein bind
to the surface of the petri dish coated wth 10 bi oti n-al kal i ne
phosphat ase but not to petri dishes which were untreated with this

conjugate. Cells expressing and

to the surface of

cells expr e 'lﬁabhetl?é rcel%i‘fdiﬂ'éi‘ d&%ﬂbﬁhﬁg’%&n&%ﬂﬁe?i%‘@ro\?@éh&5

secreting streptavidin did not bind

1 to 5 wharein dtheuredit eall hetthtiachineht sdomafire comptiags of

bl ocked by the g soI ub e streptavid I ndi cating
that the binding Wagtaé%’é' PFPEc'éﬂ Spprgrein A. through t he bi ndi ng of
biotin to the streptavidin present on the surface of the cells

.(Table 1). 20
Surface treatnents
[err]g/ M B-AP;

10

15

20

25

30

7. Ta?{x:f%coﬁi'éhﬁsv&%t% rafsg%%af#jﬁj i%d f??f&iéé of glaf_.)ms
1 to 6 wherein the nucleic a enc in the fu51on
protein is operably linked to control sequences which
direct its expression.

8. A recombinant vector as claimed in claim 7 wherein
the nucleic acid further comprises a T7 or T7-like
polymerase gene under the controcl of an inducible

promoter provided upstream of the nucleic acid encoding
the fusion protein.

9. A Gfam-positive host organism transformed with a
recombinant vector as defined in any one of claims 1 to
8.

10. A Gram-positive host organism as defined in claim 9
wherein the desired protein or polypeptide has been
expressed, and is covalently attached to the cell wall
and is displayed on the outer face of the surface of the
host organism.

11. A method of engineering a Gram-positive host
organism to display a desired protein or polypeptide on
its surface comprising transforming the host organism
with recombinant nucleic acid encoding a fusion protein
comprising a secretion signal sequence, a desired protein
or polypeptide and a cell wall attachment domain, so that
the host is capable of expressing the fusion protein,
whereby the cell wall attachment domain enables the host
to attach and display the desired protein or polypeptide

[ THIS SHEET Has 5
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L. lactTs (ii) 1% BSA (ii) 30 [err]g/mM SA

(NIDI ! ?\/GlSimmlum @nm  LPol pngAi 10[ eL\IP] m ni err] " ND ( pl LPol,

Legen abI e 1. The expression strains of L. lactis
e| t her carried plasm d pL2SAX and produced the streptavidin protein A
fusion product YONR4IT d pL2SA and produced PCT/GB96/02195
SUBSTI TUTE SHEET (RULE 26) WO 97/ 09437
PCT/ GB96/ 02195 35 26 streptavidin,
ND; none detected, B-AP; biotin-alkaline phosphat ase conj ugate, BSA,
bovi ne serum al bum n, SA, streptavidin

on the cell wall surface.

12. A method as claimed in claim 11 modified by any one
or more of the features of claims 2 to 8.

13. A Gram-positive host organism obtainable by a method
as claimed in claim 11 or claim 12.

14. A gram-positive host organism as defined in claim 9

10 or claim 10 wherein the desired protein or polypeptide
includes at least one epitope to which it is desired to
raise an immunological response.

15. A Gram-positive host organism as claimed in claim 14
15 wherein the desired protein or polypeptide is an
immunogen from a pathogen, an antigen or an adhesin.

16. A vaccine comprising Gram-positive host organisms as
defined in claim 14 or claim 15 in admixture with a
20 suitable carrier.

17. The use of Gram-positive host organisms as defined
in claim 14 or claim 15 in the preparation of a vaccine.

25 18. A Gram-positive host organism as defined in claim 9
or claim 10 wherein the desired protein or polypeptide is
one for which it is desired to elicit tolerance.

19. The use of a Gram-positive host organism as defined
30 in claim 18 in eliciting tolerance for the protein or
polypeptide.

20. A gram-positive host orgaﬁism as defined in claim 9
or claim 10 wherein the desired protein or polypeptide is

This Sheet Has Been Reilaced THIS SHEET HAS BEEN

ARTARIEA REPCED

SUBSTITUTE SHEET (RULE 26)



o the " |g||i| I |||||||g| FPactis’ 2o This add tional example oo
t

pr ovi des evidenrcert antigens can be firmy attached to

t he surface of L. Iactls by constructing chimeric genes encoding a

f usi on protein which contains nucleic acid encoding (1) an
N-term nal secrewWoRT0%43gnal (2) the protein antigen to be 15 PCT/GBG/ARLYS
expressed and (3) the cell wall sorting and : anchoring donmain of S.
aureus protein A Stage 1: Coning amgk genetic mani pul ati on of
TTFC and the S. aureus protein A anchoring domain. 20 (1a)
Construction of pTREX and pTREX1 Synthetic ol igonucl eotides encodi ng
a putative RNA stabilising sequence, a translation initiation region
and a nmultiplBe épéﬂ%@a@ﬁ écﬂ‘-é'f’etmb%‘!ﬂ@nes were anneal ed by 25
boi i ng 20ug of each ollgonucleotlde in 200ul of 1 x TBE, 150mM Nadl

and allowi ng to cool m temperatur nneal d oI nucl eot, des
wer e extended using ?‘?’f’l {’)&am'pgg {.'b‘(')? )}}“ﬁ?r gggarlz:hsm 75 5 aa]x?el qﬁ‘u ? iod
contai ning 250[ er r pkerein thgebxyiaqzi@a)umeaqumdwmués asd al. CBMQ MgCl 2
at 35[err]C, 3 nb2feon8pC and éif![ﬂfer] CDﬁﬁ?ﬁNiOFbﬂndIhQUt gréeéi@we& bys 10

m nutes at 72[err]C u;ﬁg sense a antd sen e ol i gonuc

contai ned the recogfrtron-of t 22P% elpe§ 8B seoﬁoneé)ary m°f1ﬁ£?‘?a%l°’é§1ds
respectively to faCPM|Paherfqnqxnmesebdnan@.secreted proteins.

22. A Gram-positive host organism as defined in claim 9
10 or claim 10 wherein the desired protein or polypeptide is
a targeting group capable of directing binding of the

" host organism to a target site.

23. A Gram-positive host organism as claimed in claim 20

15 wherein the targeting group is an antibody, or fragment
thereof, which is capable of binding to a target antigen
or hapten or is an adhesin.

24. A pharmaceutical composition comprising a Gram-
20 positive host organism as defined in any one of claims 9,
10, or 18 to 23.

25. A Gram-positive host organism as defined in any one
of claims 9, 10, 13-15, or 18 to 23 for use in medicine.

25
26. A gram-positive host organism as defined in claim 9
or claim 10 wherein the desired protein or polypeptide is
a specific binding partner of a ligand.

30 27. A Gram-positive host organism as claimed in claim 26
wherein the ligand is bound to a solid surface such that
the host organism will be immobilised thereon.
28. A Gram-positive host organism as claimed in claim 27

TTT—
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V\D 971 0943”""”5””“!!!{,%%”15 DNA fragment was cut with Nhel and

BarrHI and tl dned he Xbal and BanmHl sites in pUCLONT7, a
derivative of puUCl 9 which contains the T7 expressi on cassette from
pLET1 (Wells et al., 1993c) 5 cl oned between the EcoRlI and Hi ndl I
sites. The resul WOR]/W09437 construct was designated pUCLEX. TIRCTuGB9gGI0Z198
expressi on cassette in pUCLEX was then renmoved by cutting with

Hi ndl 1l and blunting followed by cutting with FgoRl bef ore cl oni ng
into the EcoRI and Sacl (blunted) sites of 10 pl L253 to generate the
vect or pTREX. In order to construct the expression vector pTREX1
a PCR anplified DNA fragments containing the |actococcal pronoter Pl
was cl oned béthREEAD: heth® oRASE Vel PrOtRins Mrsepplipeptide is

Sxpr ession caisset t elsz&-epeairﬁzmeR@é (Eheurla.g'éhd This Bl:{btm tBi-O@t g:.gg.&ﬂ g
een previously iso ng_t he vec n
characterised by pr Ic%%:ﬁﬂgé?é %ha B%o%:.nygﬁtaew%%ugﬁsp ‘%ﬁ 5‘ 3

(Waterfield et al. h99‘§§)-”ad15h peroxi@aise.Constructi on of pI asmi d RTLL2TT 20

A DNA fragnents encod| ng the t et anus t oxi n fragrrent C gene fused to
the | actococcal si gn; ret| e der of the,usp45_gene
was obtai ned by the %dl or ' imm If%na(lgtﬁ%“ BOPhELBE adrl

pLET2- TTFC as a terrmreraglamdas defmarharptalnlyl shedofeqlaime 2§ \i&d [28 ehizh. ,
1993b) . The PCR 25 comp¥@§egeﬁffﬁdﬁ§§ W%Ehhﬁgﬁié%yﬁ @QL? JSMadNYith a
err|]

pol yner ase w_Engl and Ln a e reaction
buf f er suppl |sé'5f g 'ﬁ%’rf%f ufl'ég ’&% ag heed 3mmohil £38F of
dATP, dTTP, CTP, and dGTP 1 [err]mof the sense and anti sense

primers (Figure X) apd aﬁﬂé%@%@'ayG§gmngo§)1tl§pe hOStp ?@gﬁgs L%T%&Tg%ﬁﬁs

tenpl ate DNA. The antisense prine i nc
Site at its 5 end &8 any one of claims 26 to 28 1n the purification or

separation of a ligand.

i5 31. The use of a Gram-positive host organism as defined
in claim 9 or claim 10 in the detection of complexes
having a specific ligand, wherein the nucleic acid
further c9mprises a gene which when expressed gives rise
to a reporter activity.

20
32. The use as claimed in claim 31 wherein the reporter
activity is a fluorescent protein or luciferase and the
desired protein is streptavidin.

25 33. A Gram-positive host organism as defined in claim 9
or claim 10 wherein the desired protein or polypeptide is
an enzyme.

34. A composition comprising a Gram-positive host

30 organism as defined in claim 33 wherein the enzyme has
been expressed and is displayed on the cell surface of
the host organism. |

35. The use of a composition as defined in claim 34 in

———
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facilitat e uen cI oni ng steps. After 30 cycles of
denat uratl ﬁ i 5 seconds), primnmer annealing (50[err]C
for 30 seco rrerisation (72[err]C for WO

97/ 09437 PCT/ GB96/ 02195

28 -~ 120 seconds) a PCR anplified DNA product of the expected

size (1478 bp of Whprep47st r anded DNA) was det ected by aPOTERI6/ORIHS
el ectrophoresis. The purified DNA fragnent was then digested with
restriction endonucl ease BanH and 5 cloregl into | actococcal
expression plasmd pTREX1 which had first been cut with Sphl bl unted
and then cut with BanHI The resul ting plasmd designated pTlL2TT is
shown in Figure 5 y% tructl gn of pTiTT A
fragnent of tet anusat5§Fﬁt?‘?%g??etrﬁl TWCS fwkeaction. generated by PCR
(using standard conditions; see above) whi ch encoded Xbal and BanH

sites at the 5 andsg’ ﬂ ethod of EE:?Q% i/ Y YipPa %Oggore#hay%ﬁinﬁl%l?t

i ntroduced at the 3" end C sequernce

The TTFC PCR : CPF'BE?@?E ae mstept of) dkan ipg Gramxpesitine Baost
sites of pUCLEX andotbanisesowtthbyueleit ngeiiit kncoding Spfiluﬁ%ﬁi'"of HKe
ecloned It oSph! idsBantls O gl el cqut  HE™hncHieibgSUhbhith P 250" ¢

designated pT1TT is
expressing the fu31on on the cell surface.

37. A method as claimed in claim 36 wherein the
10 substances are antibodies or antigens or Efragments
thereof.

THIS SHEET HAS BEEN
REPLACED
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(1d) Construction of pTTA A DNA fragnment encodi ng the Staphyl ococcus
protein A (SPA) anchor of S.aureus: strain Cowan | NCTC 8530 was 25
obt ai ned by PCR using priners based on the published sequence
(Figure X). The sense and antisense prinmers were designed to include
restriction endonucl ease sites for BanHl and Bglll at their 5 ends
respectively toWO9WM37{ 5ci|jtate the subsequent cloning st epFCTERICARIF \\as
30 performed with the théernostable vent DNA pol ynerase (New

Engl and Biolabs) in a 100 [err]| of the JAfction buffer suppl i ed by
t he manufacturer containing 2.5 nM each of dATP, dTTP, dCTP, and
dGIP , 1 [err]mof the sense and anti sense prinmers (Figure 6) and
approxi mately 50 md7o0108D uspd5L WD 97/ 0948

PCT/ GB96/ 02195 [ STTTAC GOCIGAT CCCTCC AAG | | GTT CAGCAG TAd pl asmi d
pL2SAX (further describe IS patent) ad tenplate DNA. After 30
cycl es of denaturation (94[ erA%A f or 45 seconds), prinmer annealing
(55[err]C for 30 seconds) and DNA pol ynerisation (72[err]C for 35
seconds) a PCR anplified 5 DNA product of the expected size was
detected by agaros gel el ectrophoresis. The purified DNA fragment
was then dipg'ésplﬂjs% t 434t riction en®®nucl eases BanHl FRE Bgl | |
and cloned into 1 (T A BtTGaTECmd ARG ) SETUREGAGIGATICCA AAM GAG | /\ViEAR DTAZRIH
and dephosphoryl ated using aILgsﬁ'uﬁt esti nal phosphat ase Boehri nger
Mannhein) according to thé met hods reconmended by the

manuf acturer. The resulting FlG 1

=
T =82 =8 W
52 84 2B &
5= S 5S¢ &
l x li x" x" x'
S 3323
§ 8853889
kba 2 aaa aa=aa
L95_r L1 o 1 1f 11—
< - - ™
32.5 .
- .
275
18.6—
» (il -

FIG. 2
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pl asmi d designated pTTA contains the S.aureus protein A Ctermna
domain (referred to as the X donain) fused to the 3' end of the TTFC
gene (Figure 5). 15 Stage 2: Expression and surface display of
t he TTFC-protein A fusion protein in L. |actis. In order to
show that the fusion of TTFC to the C 20 term nal domain of S. aureus
protein A woul d WRSUIM% n t he di spl ay of the expressed PCT/GBI& 2198
the cell surface, strains of L. lactis expressing TTFC
intracellularly (i.e. carrying pl md pT1TT), secreting TTFC (i.e.
carrying plasmd pT1L2TT) or theTTFC prot™ei f A fusion 25 product (i.e.
carrying plasm d pTTA) were harvested by centifugation, washed three
times in TBS (20 nM Tri s- HO pH 7.5, 150 mM NaC ) contai ni ng 1% BSA
and then i ncubated with 1 [err]g of rabbit-anti-TTFC for 30 mn at
room?- tenperature. The cells were then washed three tines with 30

1 mM of TBS and resuspended in 1 nl of TBS. The cells in 100 [err]l
of this cell suspension were harvested onto a cellulose nitrate
menbrane (0.22 [err]m by means of a vacuum apparatus. The nenbrane
was then incubated for 1 hour at roomtenperature in 5 m of

PBS- 2. 5% ski m mi | k powder NEGABIVE// 094 B#P0D B-P0D/SA

PCT/ GB96/ 02195 f — 11 30 " TOTti ning 5
[err]g of anti rabbit IgG conjugat eg=txr

pL25AX NEGATIVE CONTROLS

FIG. 4
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raddi sh peroxi dase (Boehringer Manheimj. The binding of the anti

rabbit peroxidase to rabbit anti TTFC anti bodi es bound on the

surface of intact cells of L.lactis carrying 5 pTTA but not

pT1L2TT and PpT1ITT was detected by i ncubating the filter in a.
solution of of TM (horseradi sh peroxi dase substrate) according
to the mdYRPATr er' s reconmendati ons. The results shovCI/GB96/02195
Figure 7 indicate that TTFC is only detected on the 10 surface of

i ntact cells expressing the TTFC protei n377 fusion protein.

EcoRl, Bglll

P1 L2
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Charbit et al, J. Bacter., 173(1): 262-275, 1991 5 Charbit et al, J.
| munol . 139: 1658-1664, 1987 Chi swel | and McCafferty, Trends

Bi ot echnol . 10: 80-84, 1992 Georgio, Get al, TIBTECH 11: 6-10,
1993 WO 97/09437 PCT/GB96/02195
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33 CLAI VE: 1. A reconbi nant vector including nucleic
acid encoding a fusion protein conprising a secretion signal

sequence, a desiWO@/PM3tein or pol ypeptide and a cell 5 wal PCHGBG12895nt
dormai n conprising of at |least the C-term nal anchoring domain
derived from staphyl ococcus aureus pr oteiz;,zI so that when a | actococcus
| acti s host organismis transfor ith the vector and the fusion
protein is expressed, the desired protein or polypeptide is attached
and di spl ayed on the outer surface of the cell wal I of the host. 10
2. A reconbi nant vector as clainmed in claim1l wherein the secretion
si gnak S QAKEHIC Prinfers Hsed f6r PCR argeting the protein or pol ypeptide
for secretion via the sec
Sense primer for PCR of usp45-TTFC gene fusion
' 5’ CATGAAAAAAAAGATTATCTCAGCTATIT 3’

Antisense primer for usp45-TTFC gene fusion including a BamHI site for in-frame fusion to the -

S. aureus protein A anchoring domain
5 CGGGATCCTGATCATTTGTCCATCCTTCATCIG 3’

Sense primer for S. aureus protein A anchoring domain
5" CGGGATCCAAAAGAGGAAGACAACAACAAG 3

Antisense primer for . aureus protein A anchoring domain
5 GAAGATCTACTAGTITATAGTTCGCGACGACG 3’

FIG. 6

NEGATIVE ANTI-TTFC
J | |

pTITT [
pTIL2TT

ary

' FIG. 7
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depende

ilon and is derived froma signal sequence of a

creted protein. 15 3. A reconbi nant vector as
cI al ned | lﬂlﬂ"lﬂiﬁm :uﬂl t he secretion signal pept ide is derived
fromt he f the protein usp4bs. : A reconbi nant
vector as claimed in claiml to 3 whereingjhe nucleic aci d 20 encodi ng
the fusion protein is operably linked to control icQ direct its
expr essi on. 5. A reconbi nant vect orgsg@ ? vﬁ aﬂm 4
wherein the nggl acid further conpris
pol yner ase ge%er the control of an inducible pronoter 25 prow d
upstream of the nucleic acid encoding the fusion protein. . A

| act ococcus | gct i's hgééor]ﬁ{n%gl ﬁﬁﬁlﬁﬂ%omﬁ%l%t Qa& | Qagisiote Ws

defined in any' one o 1to 5 ococcus [Ffacti s
- host or gani smcomprisifig mesteretion |signal Sequimceg ardesined pwm@d polypepttde and a cell

: 2:1t sched 5 o th@hgl n ngﬁc)lixg Etlde has b en&%éﬁggﬁgi ang |s¥lcova ntl e

lSUF face of tpaeﬂo&i% h§Tococcus aeus ?(Tteﬂ ATS6 fitedl vﬂf;nmwmcmmusgaws host
actococcus lactis hgost or anlsmto i Splay a desjired 5 rotein or
pol ypepti de oRISANISTE; 3% ﬁéitg ch%s@ér&*n@“?&&’@ﬁe%égﬁmﬁéﬁqu e ¢ h

desired protein or polypepude is auachcd and displayed on the outer surface of the cell
wall of the host.
10 | _
2. A recombinant vector as claimed in claim 1 wherein the secretion signal
sequence is capable of targeting the protein or polypeptide for secretion via the sec
dependent pathway of secretion and is derived from a signal sequence of a natutally
secreted protein.
15 '
3. A recombinant vector as claimed in claim 2 wherein the secretion signal
peptide is derived from the signal sequence of'the protein usp45.

4 A recombinant vector as claimed in claim 1 to 3 wherein the nucleic acid
20 encoding the fusion protein is operably linked to control sequences which dircct its
expression.

5. A recombinant vector as claimed in claim 4 wherein the nucleic acid further
comprises a T7 or T7-like polymerase gene under the control of an jnducible promoter

25 provided upstream of the nucleic acid encoding the fusion protein.

6. A lactococcus lactis host organism transformed with a recombinant vector as
defined in any one of claims 1 to 5. ’

30 7. A lactococcus lactis host organism is defined in claim 6 wherein the desired
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reconbl‘nant——ﬁtrﬁ—el-e—ae-l—d_encodl ng a fusion protein conprising a secretion
si gnal a desired protein or polypeptide and a cell wall
attachne ,&W ﬂmu conprising at least the C-terninal anchoring
dormai n dekl yI ococcus aureus protein A so that

| act ococcus lactis is capable of expressi 22 the fusion protein, 10
whereby the cell wall attachnent domain ehabl es the-lactococcus lactis to

attach and di spl ay the desired protein or pol ypeptide on the cell
wal | surface Hé?ﬁﬁﬂﬁeﬁéd,%é' Hédvdléhtl 'a%ﬂa@ﬂe%tﬁftﬂéfcélfdvdﬂy
any one or O{I?OYP ures cl él ns 9 :

A | act ococcusahmstdl@l'hmdtonahmnelsfme qfshdsﬁ'fmdfthqhoﬁeﬂm claim?7

wherein the desired protein or polypeptide includes at |east one
epitope to which it is desired to rai se an i munol ogi cal response.
20 11. R, | aclomemed of biikdesing @ ddctovogausilacts hast cﬁgmsmb display a.dem@i
wherein the desired protein or polypeptlde |s nnnno nfraq

pat hogen,S an @mteiges Rolynentidaipm s gurface comprising jtpansf f?ﬁ

| act ococcus | ?@&hﬁtﬁ%@%ﬁ{)?ﬁ%ﬁ@n@édﬂé‘c 4 ARehn Bm@é,ﬁ cB'in})Qismﬁ a secre%n g[@h[n 11

in admi xture Wth a suit carrier e use of
| act ococcus | aequencjostdesirghmretinasr dwlipsptidd and| aicell1wallr attachment omam

11 in the preparatuon f, a
host or gani sm°8%'P, H‘E‘Pgnagc}eﬁ\{@? g’%‘%mglr anchoring %oﬁmr ge@' inhaﬁS&sg&Sﬁo%&(sé It ed
protein or polapeeiprsteni A, sortbatiatosktusladts ik sapible ofestpiessing thei fusivaipesteince.
10 whereby the cell wall attachment domain enables the lactococcus lactis to sttach and
display the desired protein or polypeptide on the cell wall surface.

9. A nethod as claimed in claim 8 modified by any one or more of the features of
claims 2 to S. '

15
10. A lactococcus lactis host organism; as defined in claim 6 or claim 7 wherein
the desired protéi‘n or polypeptide includes at Teast one epitope to which it is desired to

raise an irnmunological response.

20 11. A lentococcus lactis host organism, as ¢laimed in cleim 10 wherein the desired

* protein or polypeptide.is an immunogen from a pathogen, an antigen or an adhesin.

12. A vaccine comprising a lactococcus lactis host organism as defined in claim 10
or claim 11 in admixture with a suitable carrier. |
25
13.  The use of a lactococens lactis host organism as defined in cleim 10 or claim
11 in the preparation of a vaccine. )
14.  Alactococcus lactis host organism as defined in claim 6 or claim 7 wherein the
30 desired protein or polypeptide is one for which it is desired to elicit tolerance.
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15 ° Thﬁ_u§§_91_§~L§E;gﬁg§CUS | actis host organismas defined in claim 14
In eliciting nce for the protein or polypeptide. 5 16.

to
A | actoc ] organismas defined in claim6 or claim7 wherein
t he 1mﬂﬂﬂ"ﬂmmmﬂ"n or polypeptide is a biologically active
nol ecul e. © L W18 + A lactococcus |agkis host organismas clained in
claim 16, wherein the bi ol ogically active nolecule is a drug, a

hor rone, an enzyne, DNA/ RNA bi nding 10 protein or a substance capabl e of
perform ng secondary nodifications on other coexpressed and
secreted proteins. 18. A | actococcus ladctis host organi sm as
defined i n cl a5m 6Tbe usd of alagtosprsielantis kst organism asdefineddin claivx k4 i oliciting

pol ypeptide is,a_t ' 0 e of directing binding of the 15
host or gani sm%l%?%&{%?%ﬂee{bqgig{ne&qm et 19. A |l actococcus | actis host
organismas clainmed in claim16 wherein the targeting group is an

anti body, or fragnmeni thereof, .which is. capaple of bi.nding.to t.ar get
antigen & hapfen aP@c%ﬁ?“ﬁifﬁ’éé\ﬂ?ﬁt o%msm:fs cg.hn?g'.“ clang %Plg‘?lﬁ%z&heeédl the
conposi tion CERfddSirirPor RAKREAES 3 Hicledicaly Wfive fiolAles M as

defined in any one of clains 6,7, or 14 to 19. 21. A
| act ococcus | actis host organismas defined in any one of clains 6,7, 10,

11 25 or to ' I CJ . . agho%

| acti s host o?lgéni $%8£Je¥l né%:ﬁls n%% %I&#“: E or”c?%ﬁﬁ?%z%menrlgéﬁ Bi:(dil?ghe
desired pr ot eitiologically wetiyet ndizculs is asdreg, 4 hormoned ian engpme BNAIRNA birghing] .
30 2 A | act ococcug | acti s t’iost or gani.,.sm as Gl ai n”e%.tiln .claim?22 -
wher ei n fqle | ipé'%tﬁﬂzt OF a substance capable of performing secon: modifications on ©

coexpressed and secreted proteins.

18. A lactococcus lactis host organisrﬁ as defined in claim 6 or claim 7 wherein the
desired protein or polypeptide is a targeting group capable of directing binding of the
15 host organism to a target site.

19. A lactococcus lactis host organism as €laimed in claim 16 wherein the targeting

group is an antibody, or fragment thercof, which is capable of binding to a target
antigen or hapten or is an adhesin.

20, A pharmaccu'_cica.l composition comprising a lactococcus lactis host organism
as defined in any one of claims 6, 7, or 14 to 19.

21. A lactococcus lactis host organism as defined in any one of claims 6, 7, 10, 11
25 or 14 to 19 for use in medicine.

22. A lactococcus lactis host organism as defined in claim 6 or claim 7, wherein
the desired protein or polypeptide is a specific binding partner of a ligand.

30 23. A lactococcus lactis host organism as claimed in claim 22 wherein the ligand is
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ound id surface such that the host organismw || be
is mmbl |“|II1 n I U A | act ococcus |l actis host organi sm as
clalne rein the desi r ed protein or polypeptide is
n

streptaw di'n a the ligand is Biotin or a Biotin conjugate, eg 5 a

Bi otinyl ated enzyme such as Biotinylated ggrseradi sh peroxidase.

25. A nethod for inmmobilising a | actococcus | actis host organi sm as
defined in any -one of clainms 22 to 24 which conprises bringing the
host organi Snbbuﬂid%ca&eha@&xfﬂuctsﬁcmaxﬂae hostotfahitewillbedmmbbilised thergamd has
been i mobilised. 10 .~ The use of a |actococcus lactis host
organi smas defined in any one of cl ai ns 22 to 25. In the
purification se b&uiachs he géll_?nsm ftha desired

| act ococqus | g%t [ sﬁhoglrt0 organi smhéol%% | neicllls ?l?llmcedallg%hé&?r; ‘glﬁgﬁﬁﬁ 7] 15 in

t hedd]et etct | onpodfteio@mpblypentideds streptavidip aod thedigand imBiotintes addiatin nemhg@tﬂ.eﬁ:gc
acid further i se [ gives rise to a
reporter 2act i 9|Bf‘9“ny1"teg% %ﬁasqﬁ%y@tcg%%s E“p}fﬁé’ |c?1a(§gl ai m 27 wherein

the reporter activity is a fluorescent prote| n or luciferase and
the desired protein is _streptavidin A |l actocpccus.lactis
host organi sméas d e meedf |W%W%¥WW%§@%HIW”&%W A ed

protein or polypepbiaflfs 45 10°0k $REK Wmprises bringing tBPhost oAaRRATRE] ddndbt with a
conprising a lactococcus lactis host or gani Smas defined in
surface on which the hgand has been immobilised.
10
26. The vss of a lactococeus lactis host organism as defined in any one of claims

22 to 25. In the purification or separation of a ligand.

27.  The use of 2 lactococcus lacti4 host organism as defined in claim 6 ox claim 7
15 in the detection of comiplexes having a specific ligand, wherein the nucleic acid further
coraprises a gene which when expressed gives rise to a reporter activity.
-
28.  The use as claimed in claim 27 wherein the reporter activity is a fluorescent
protein or luciferase and the desired protein is streptavidin.

29. A lactococcus lactis host organism as defined in claim 6 or claim 7 wherein the
desired protein or polypeptide is an enzyme.

30. A composition comprising a lactococcus lactis host organism as defined in
25 claim 29 wherein the enzyme has been expressed and is displayed on the cell surface
of the host organism.

31.  The use of a composition as defined in claim 30 in a reaction cat’alysed by the
enzyme.
30
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25 - c he enzynme has been expressed and is displayed on
the cell m E jﬂl@u ,! of the host organi sm 31. The use of a
conpositien &as claim30 in a reaction catal ysed by the

enzynme. 30 37

32. A nmet hod of screening a library of ?ybstances whi ch conprises the
step of transform ng a ] actococcus lNactis host organismw th nucleic
acid encoding-a fusion of the substances and a cell wall anchoring’
donai n conpri 33 Al B! off mbeﬁ&ofmstmﬁ:eﬁmﬁweoﬁmrthdweﬂ
from st aphyl o€6tcus aur eus prote| A and expressing_ the 5 fusi.on on the

cel | surface. transforming ajactocoscusslastischastorganismawith W%P‘F%d spcogding adsien
substances arg antlbodi €S, Of cell wall aridBbi 85mBh Joh@RiER! s ILALHROE-terminal

anchoring domain derived from staphyloéoccus aureus protein A and expressing the
5 fusion on the cell surface.

33, A method as claimed in claim 37 wherein the substances are antil:odies or
antigens or fragments thereof.
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