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Expr essifon and Secretion of Heterol ogous Pol ypepti des

from Caul obact er Field of Invention

This invention relates to the expression and secretion 5 of heterol ogous
pepti des, frpgossdgbobacter wherein the het er ol ogous polpcmapwTOEET S
fused with the surface | ayer ‘protei n=(B-tayer protein) of the *
bacterium or a portion of the S-layer protein.

Backar ound of the QbBbtpa¥e been

used as carriers for forelgn (hstefqéoao%s%!gglypeptldes (particularly
I n Sal monel ta and E. coli) for s, including the

devel opnment of |ive vacci nes. In sonme instances, the het er ol ogous
material is expressed as a fusionlggggggg%gkhgngggna surface protein of the
bacterium Cenerally, the use of such surface proteins as a vehicle
for expression and/or presentati on of heterol ogous pol ypepti des has
been l'inmted by Thies dnareatienisgliatesotoatha eriprgisai os ianid eecrettionn.

The |'pOpO'XﬁaCSFahéééréﬁaﬁéqu?épéfﬁéé”'f@&thhﬁibﬁéﬁﬁétt0wﬁ@re§£'%Hkate a

strong i mmune respon cover he i,nt eqgr rqQt ei ns of
the organi sm ardf {%ﬁé;ﬂ3%ﬂﬁ3Péi g@tg eFPP@FeH?EEréggn EBHQ a¥®Zl oned
epi tope. \Were protein (S-layer protein) of the bacterium, or a portion of

the S-layer protein.

Backaground of the Invention

10 Bacterial surface proteins have been used as carriers
for foreign (heterologous)} polypeptides {particularly in
Salmonella and E. coli} for various purposes, including the
development of 1live wvaccines. In some instances, the
heterologous material is expressed as a fusion product with

15 a surface protein of the bacterium. Generally, the use of
such surface proteins as a vehicle for expression and/or
presentation of heterologous polypeptides has been limited
by the characteristics of a particular surface protein.
The lipopolysaccharide layer of a bacterium, which tends to

20 stimulate a strong immune response, covers the integral
outer membrane proteins of the organism and potentially
affects efficient presentation of a cloned epitope. Where
the surface protein is functional (for example, as part of
a filamentous portion of a bacterial cell surface) there

25 will be limited opportunities to express a fusion product
and still retain the surface protein’'s function.
Generally, the organisms that have been used for these
purposes have been chosen because of the advantages
presented in respect of the organism’s relationship to its

30 host.

Many genera of bacteria assemble layers composed of
repetitive, regularly aligned, proteinaceous sub-units on
the outer  surface of the cell. These layers are
essentially two-dimensional paracrystalline arrays, and



the surface protein is functional (for exanple, as part of a
filiaamentfous portion of a bacterial cell surface) there 25 will be limted
opportunities to express a fusion product and still retain the
surface protein's function. General ly, the organisns that have been

used for these pur poses have been chosen because of t es
present ed i ct of the organismis relationship to |t2€'§8ﬂ¥ﬂ®§?’g *

Many genera of bacteria assenble |ayers_ cgnposed of repetitive,
regul arly aligned, proteinaceous sub-units on the outer surface of
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Typically, an cgolomeeiuil.! | Thei62PPS esh O8- Alyer wihAl &JeCébﬁFogsaanwﬁ array
u

of at |east one nmgjor protein avi ng r%p ar structure. In

_ titive regul
many cases, sUCFFEFatEs SFOBELFOGaBEERY Phe? ﬁ&?@F PPt gFH°FsP§9F|FF1’ési zed

by having a repetitive regular structure. In many cases, such
10 as in Caulobacter, the S-layer protein is synthesized by
the cell in large quantities and the S-layer completely
envelopes the cell and thus appears to be a protective
layer.

Caulobacter are natural inhabitants of most soil and
15 freshwater environments and may persist in waste water
treatment systems and effluents. The bacteria alternate
between a stalked cell that is attached to a surface, and
an adhesive motile dispersal cell that searches to find a
new surface upon which to stick and convert to a stalked
20 cell. The bacteria attach tenaciously to nearly all
surfaces and do so without producing the extracelluar
enzymes or polysaccharide "slimes" that are characteristic
of most other surface attached bacteria. They have simple
- requirements for growth. The organism is ubiquitous in the
25 environment and has been isolated from oligotrophic to
mesotrophic situations. Caulobacters axe known for their
ability to tolerate low nutrient 1level stresses, for
example, 1low phosphate 1levels. This nutrient can be
limiting'in many leachate waste streams, especially those

30 with high levels of iron or calcium.

All of the freshwater Caulobacter that produce an S-
layer are similar and have S-layers that are substantially
the same. Such S-layers appear similar by electron
microscopy with the layer being hexagonally arranged in all

35 cames with a similar centre-centre dimension {see: Walker,



the cell in large quantities and the S-layer conpletely envel opes the

cel1 and thus appears to be a protective | ayer. Caul obact er
are natural inhabitants of nost soil and 15 freshwater environments and
may persist in waste water treatnment systens and effluents. The
bacteria alt g 3hSooo between a stal ked cell that is attachefcifndier
surface, and an adhesive notile dispersal cell that searches to find %
new surface upon which to stick and convert3 t-o a stal ked 20 cell. The
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produci ng the e®t-Pacelgtuaal. (189ynes "dEcparysncendr itmmpagiiseps of hele are
char i’icterlstlc paraei%;gaf&nm@e\r/ﬁxﬁﬂaf{%ew h@ﬂ:o'&éi%ﬁ“éf T?Q&sﬂ?ﬂ@er5
si npl e requise s for e oL gani.sm i i ous |

envi-r onment andgl%*gzgéﬁ-ﬁ—@ol atled FASSHEIL; goB‘ré |1§'Blg 1942} p’r'lrlgt?,"g
situations. Cawslegbevter analpsienainstverahe$rlayer @lmddumyngo_énmjﬁi ow
nutrient |evgl %E&ﬁiﬁﬁssuéé‘ést th@&(ﬂfﬁéf d@Wd%Qéﬁﬁiat(Seele&@éﬁl DTJK?' S

nutrient can be at € ste Streans, eci al %/

ti
those 30 with ﬁ—gﬁ%e\% gf FF% %Pﬁaﬁemm Marine a‘ﬂl shygpte
freshwat er Caul chadbbactbas pReftliss=an Their Habjeat#re sim Iaacaarlldxhve

S-layers that a&%SEQ%@Eibé‘i |'Y pwa pigﬁﬁn$%?30ut§lé£ﬂ b sin Bf)@aé—

simlar by electron M Croscopy” W ayer bei ng hexago
arranged in al | 18¥eZ geRe F%op S-cEhesgentus, GBS céﬂ??"e’-%ﬂ*?ﬁaﬁs?éﬁgé-ge@nd

Wal ker, 10 that is consistent with the presence of a cognate gene
(see: MacRae, J.D. and, J. Smit. (1591) "Charactez"ization
of Caulobacters Isolated from Wastewater Treatment Systems"
Applied and Environmental Microbiology 57:751-758).

Furthermore, antisera raised against the S-layexr protein of
15 C. crescentus strain CB1l5 reacts with S-layer proteins from
other Caulobacter (see: Walker, S.G. et al (1992} [supral).
All S-layer proteins isolated from Caulobacter may be
substantially purified using the same extraction method (pH
extraction) which would not be expected to be a general
20 purpose wmethod for. other bacterial membrane or surface

associated proteins. All strains appear to have a

pclysaccharide reactive with antisera reactive against CB1S

lipopolysaccharide species which appears to be reguired for

S-layer attachment (see: Walker, S.G. et gl (199%2)
25 [supral) .

The S-layer elaborated by freshwater isolates of
Caulobacter are visibly indistinguishable from the S-layer
produced by Caulobacter crescentus strains CB2 and CB1S.
The S-layer proteins from the latter strains have

30 approximately 100,000 mw.w. although sizes of S-layer
proteins from other species and strains will vary. The
protein has been characterized both structurally and
chemically. It is composed of ring-like structures spaced
at 22nm intervals arranged in a hexagonal manner on the

35 outer membrane. The S-layer is bound to the bacterial
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- 3 - 4 SG, et al. (1992). "lsolation and Conparison of the
Paracrystalline Surface Layer Proteins of Freshwater Caul obacters" J.
Bacteriol. 174: 1783-1792). 16S r RNA sequence anal ysis of several
S-layer pr l7RGbobaUl Obacter 5 strai ns suggest that theyeyGQ9, osely
(see: Stahl, D A et al (1992) "The Phyl ogeny of Marine and Q‘r’igghwater
Caul obacters Reflects Their Habitat" - 4J- Bacteriol.

174:2193-2198). DNA probing of Southern blots using the S- | ayer gene

from C. cresceatufacs 3nddamy f bes remsivied! eoybahdw1®H t trgatimertoners tant
Wi th the presepg@abhedt GRONRALL c3Qe8um chéds€or MR Gs &pPa.and, J. Snit.

(1991) "Characterization of Caul obacters |sol ated from Wast ewat er
Treat ment Systens” Applied and Environmental M crobiology 57:751-758).
Furthernore, antisefher #iwdaadsynsert he-Jyeryeprpteinsn i Ibifferent
crescentus st ak5a bl %# Qagiiobaickly lspéfa{fis R leBSob " aMeoned Iofaye

a

Caul obacter_ (see: raj
proteins i sol a?Eﬁt‘F’r’?)rﬁe@cﬁJPgb%?é;%— tEoT FeEriepRt ief é’é‘euy ng
t he sane extractroespeidiody ( gene imxtotheti @J&hﬂg@ubdrﬂﬁhs be{smepect ed

to be a gener ajaZRer P RSGTEANM ool - [ANS DAGKE! abrgBITF A0 QU ur face

associ ated proteins Stralns appea have
pol ysacchar i de {183k} {/%‘-%'%]h antisera react | ve aga| nst CBlS
| i popol ysacchari de speci es which appears to be required for JS-layer

attachnent (see: he
S-layer el aborat e\(;\a%@ sghwat g%c%% at es %pr‘u({é%g'f % %?t%‘ﬁlem\‘n so}'bl y
i ndi st ngd‘i%haﬁllée‘f-? ?Q@%R%YBFPH de #& A FAFipp Baaﬂwacweqrh dhes Eent us
strains CB2 anllagét5.proteilhe ofS- Cayksbaqtrent eiprovitiesm adventdddd emot
strains have glleyfRREPK JBP Y s100efl0:siNdVorgdhli BANILuCE  #8%. Yol

S- |l ayer . .
and Salmopella where fusion products of other kinds of

surface proteins have been expressed. All known
15 Caulobacter strains are believed to be harmless and are
nearly ubiquitous in aquatic enviromments. In contrast,

many Salmonella and E. _coli strains are pathogens.
Consequently, expression and secretion of a heterologous
polypeptide using Caulobacter as a vehicle will have the
20 advantage that the expression system will be stable in a
variety of outdoor environments and wmay not present
problems associated with the use of a pathogenic organism.
Furthermore, Caulobacter are mnatural biofilm forming
species and may be adapted for use in fixed biofilm

25 bioreactors. The guantity of S-layer protein that is
synthesized and is secreted by Caulobacter is high,
reaching 12% of the cell protein.’ The unique

characteristics of the repetitive, two-dimensional S-layer
would alsoc make such bacteria ideal for wuse as an
30 expression Bsystem, or as a presentation surface for
heterologous polypeptides. This is desirable in a live
vaccine to maximize presentation of the antigen or
antigenic epitope. In addition, use of such a presentation
surface to achieve maximal exposure of a desired
35 polypeptide to the environment results in such bacteria



proteins fromother species and strains will vary. The -~ protein has
been characterized both structurally and chemcally. It is conposed of
ring-like structures spaced at 22nminterval s arranged in a hexagonal
manner on the 35 outer nenbrane. The S-layer is bound to the bacterial
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- 4 - surf ace and nmay be renoved by | ow pH treatnent or by ¥
treatment with a cal cium chel ator such as EDFA. The simlarity
of S-layer proteins in different . strains of Caul obacter permts the use
of a cloned S-|hgérg Pagtérularypneudtedndotanisshatn ebigrearkor®r oretas eval
of the corr gapeNdi-8g feenechd npaiﬁ% Gl 0bRChAhieofib FrStekSfirial

Wal ker, S. G et aLd£1992 é‘fs(liﬁ“ and, MacRae, J.D. et al (1991)

[ supra] . entEcretion and optional |y, presentation, of
10 a heterol ogous poI ypeptlde as a fusion product with the S | ayer

protein of Caul obacter provi des advant ggﬂﬁa tof Inva@MbauUS!y seen in
systens using organi ﬁgs a nonel | a meée {}usi on
products of dther éso*nvent?l?rf’ﬁﬁ'éalﬂ?o?%l e %ﬂé’veﬁé’e 2ExbPessed.
Al'l  known 15 Cauemagabrrsgnmns&@%@ﬁMb@-ﬂavatewoandnam
esgsential for secretion of the S-layer protein. The

inventors have determined that the 3’ region of the gene
which encodes the C-terminal region of the S-layer protein
10 is conserved among different strains of Caulobacter.

This invention provides a method of expressing and
presenting to the environment of a Caulobacter, a
polypeptide that is heteroclogous to the S-layer protein of
the Caulobacter, which comprises inserting a coding

15 sequence for the heterologous polypeptide in-frame into a
S-layer protein gene of Caulobacter, or a portion of said
S-layer protein gene, whereby the polypeptide is expressed
and secreted by the Caulobacter as a chimeric protein
comprising the heterologous protein and all or part of the

20 S-layer protein.

This invention provides a DNA comstruct for the
aforemention chimeric protein, and a bacterium comprising
such a DNA construct, wherein the DNA construct encodes all
or part of a S-layer protein, and one or more in-frame

25 sequences encoding one or more heterologous proteins.

This invention provides a DNA construct comprising one
or more restriction sites for facilitating insertion of DNA
into the construct and, DNA encoding at least the 82
C-terminal amino acids of Caulobécte; S-layer protein.

30 Preferably, the C-terminal amino acids are or correspond to
amino acids 944 or 945-1026 of the RsaA protein of (.

cregcentus.



nearly ubiquitous in aquatic environnents. In contrast, many
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PCT/ CA97/ 00167 being particularly suite use in bioreactors
carriers for the pol ypeptide in agueous or terrestrial out door
envi ronment s. This invention also provides a secreted protein

obtained from the cell surface or cell medium. of a
10 Caulobacter cell expressing the aforementioned DNA

constructs wherein the secreted protein comprises the

heterologous polypeptide and at least the 82 C-terminal

amino acids of a Caulobacter S-layer protein. Preferably,

the C-terminal amino acids are or correspond to amino acids
15 944 or 945-1026 of the RsaA protein of (. crescentus.

Description of the Drawings

For better understanding of this invention, reference
thay be made to the preferred embodiments and examples
described below, and the accompanying drawings in which:

20 ' Figure 1 is the sequence of a Carrier cassette which
may be cloned into the PstI/BamHI site of pUCS to deliver
a gene sequence of interest to sites within a Caulobacter
crescentus S-layer protein (rgald) gene {(SEQ ID NO:1).

Figure 2 is a restriction map of a plasmid based

25 promoter-less version of the xrsaA gene (pTZ18U:rsaAaP)

containing restriction sites and which may be used to
accept heterologous. DNA of interest.

Figure 3 is the nucleotide sequence of linker BamHI-
7165K (SEQ ID NO:2; and SEQ ID NO:3) carried in plasmid
30 pUCIR (pUC7165K), which may be used for mutagenesis at

or

to -

as



Summary of Invention 5 This invention pertains to the discovery that

t he t Ctermnal region of the Caul obacter S-layer proteinis

essential for secretion of the S-layer protein. The i nventors have
determ ned that the 3' region of the gene whi ch encodes the C-term nal
regi on of tReosdsgaser protein 10 is conserved anong diff ePeMCASTO026™S 03:
Caul obacter. This invention provides a nethod of expressing and
presenting to the environnent of a Caul oba2ter, a pol ypeptide that is
het erol ogous to the S-layer protei-n of the Caulobacter which .
conprises insetktiafy cxeatsdi nip 1383degh¥nce FBECEAEChR%r AVgSRECcific

pol ypepti de i n-dddurudlaazea S-layer protein gene of Caul obacter, or a
portion of said S-layer protein gene, whereby the pol ypeptide is
expressed and secreted by the Caul obacter as a chineric protein
conpri sing the het eFi®BFu$ prbttdin nrlegyids seauense ehdiphersBaghdr
prot ein. 6571K TISEQ | IVERD O @hAVEEESIB BNAsforakktied far plaemid

construct eheriztd HEAERRT R P nai e LA FPRLEaitheqis B BB R
protein, and orreatefip raadryhe specifimaic aoneApedl fitc smdopucisase.

het er ol ogous pr ot ei ns. This invention provides a DNA construct
conpri sing one . ore restriction sites for facilitating insertion of
DNA into the cond@ie Sahd,® BREK SRCHAPRECHTE (CUSEFS A BRRT S1t€s B na

ami no aci ds of thwil zsadt ager® | gentpfindi by 30nimer eteidbmpmbene of t &hei nal

amno aci ds ar ejk¥eANIdre®A@BA140the S AHYHE PEolEi844n@l s@ARedl @2ecRB1hAe
RsaA protei n of  C cres%gnt us. . . C e
1 to” whether e S-layer is produced in the modified

organism.

Figure 6 ({(comprising figures 6a, b, and ¢} shows the
complete nucleotide sequence of the C. crescentus S-layer
(rsaA) gene (SEQ ID NO:6} and the predicted translational

15 product in the single letter amino acid code. The -35 and
-10 sites of the promoter region as well as the start of
transcription and the Shine-Dalgarno segquence are
indicated. Partial awmino acid sequences determined by
Edman degradation of xsaA protein and of sequenced peptides

20 obtained aftexr cleavage with V8 protease are indicated by
contiguous underlining. The putative transcription
terminator palindrome is indicated with arrowed lines. The
region encoding the glycine-aspartate repeats is indicated
by underlined amino acid code 1letters. This region

25 includes five aspartic acids that may be involved in the
binding of calcium ions.

Figure 7 is a bar graph showing the approximate
location by amino acid block of 54 permissive sites in the
rsalA gene corresponding to Tagl, HinPI, AciI, and Mspl

30 sites described in Example 3.

Figure 8 is a portion of an amino acid sequence (SEQ
ID NO: B} from P._ aeruginosa PAK pilin in which the 12
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- 6*- z *  This invention provides a DNA construct conprising DNA
encoding a heterol ogous pol ypepti de sequence not present in a’

Caul obacter S-layer protein upstreamfromand in-frane wi th DNA
encoding at_le he 82 Ctermnal amno acids of 5 Ca - | ayer
pr ot ein. PW&’gwy, the C-term nal am no acids are (L;# c%%@éb‘?nd to=*
am no acids 944 or 945- 1026 of the rgaA protein of C. crescentus.
This invention al so provides a secreted protein obtai ned fromthe cell

surface or cel ambrdi a6idopibud pepfadeorpdtepe eeEbrréX ptesth Ekandle: 5
af or enent i oned.:

DINA . .epn ret.ed protein conprises
t he “heter of’%gousn%aéffl%&epq# %&E%ﬁgggﬁs#e%é?%ig&é %—'t er m nal am no
acids of a Caul obacter S-layer protein. Preferably, the C-termnal

am no aci ]95 are or pdgEespond ils0 8RENORAE1 &5t ilde 9%@1&1994534\?&(5%@ de RsaA
protein of C. c¢rescentu . s crip}..0Q, of the Draw ngs
For better und%zr’:gfég |%§ix3ﬂ_ at“H'ins?_ Fﬁ\’/gn??%?n?eefg@nggokb‘Q?m%/nb’éeﬁﬁfgt to
the preferr®d efbble et amdnd axidyriespience destespranfling ow, amboo tawids
acconpanyi ng dpewifgs idx WBheNIHNV surface glycoprotein described in

Example 6.

Figure 10 is the amino acid sequence of the synthetic
cadmium binding peptide referred to in Example 4. The
10 cadmium binding site is shown in the figure.

Figure 11 shows locations of some of the sites in rsal
in which single and multiple copies of the pilus peptide
described in Example 5 was expressed and secreted as part
of a chimeric rsalA protein.

15 Figure 12 shows a portion of pUCB containing various
C-terminal fragments of rsaA as described in Example 7.

Degcription of the Preferred Embodiments

The preferred organism for use in this invention is
Caulobacter, particularly C. crescentus. While similarity
20 of the S-layer gene and S-layer secretion systems permits
the use of any S-layer protein producing Caulobacter in
this invention, C. crescentus strains CB2 and CB15 and
variants of those strains which contain homologs of the
gene endoding the 1026 amino acid paracrystalline S-layer
25 protein described in: Gilchrist, A. et al. 1992,
"Nucleotide Sequence Analysis Of The Gene Encoding the '
Caulobacter crescentus Paracrystalline Surface Layerx
Protein". Can. J. Microbiol. 38:193-208, are referred to
in the examples described below.
30 Caulobacter strains which either are incapable of
forming an S-layer, including those which shed the S-layer



20 Figure 1 is the sequence of a Carrier cassette which may be
cloned into the Pstl/BanH site of pUCO to deliver a gene sequence of
interest to sites within a Caul obacter crescentus S-layer protein
(rsaA) gene (SEQ ID NG 1). Figure 2 is a restriction map of a
plasm d basegodpsshf OOt er-1ess version of the rsaA gene pciicAdPbig AP)
containing restriction sites and which may be used to accept -

het er ol ogous DNA of interest. -Fisggure 3 is the nucl eotide
sequence of |inker BanmHl - 7165K (SEQ ID NO 2; and SEQ ID NGO 3) carried
in plasmid 30 PUCHBLN( POCRLEBKFetiRPeh MYy b weed fior thisagemesitio.

WD 97/ 34000 Examples are the variants CB2A andpﬁﬁ_i%@gé@(ﬂ@;crzbed in

endonuct ease.  omstr 5% bl 58" RYARSECTAAE U1 BIGRERETOE Ene tager
BanHl - 657 1Rr¢SED | PENC-He Wwe@ermc’ﬁhas Bk faeepTZ19
(PTZ6571K) whi chapBy: bﬂet’é@@lérpraxfalmﬂ}e%rﬁEtéfi@étlon S QL LldhdSaA
by a specific Ogengn pei%, o%gqgnugxggesse"sion Asgays". J. Bacteriol.
160:1137-1145.; and, Edwards, P., and J. Smit. 1991. "A
Transducing Bacteriophage for Caulobacter crescentus Uses
the Paracrystalline Surface Layer Protein as Receptor®. J.

10 Bacteriol. 173, 5568-5572. Examples of shedding strains
are CBl1l5Ca5 and CB15Cal0 described in Edwards and Smit
(1991) [supral, and the smooth lipopolysaccharide deficient
mutants described in Walker, 8.G. et al. 199%94.
"Characterization of Mutants of Caulobacter crescentus

15 Defective in 8Surface Attachment of the Paracrystalline
Surface Layer". J. Bacteriol. 176:6312-6323.

A heterologous polypeptide referred to herein may be
any peptide, polypeptide, protein or a part of a protein
which is desired to be expressed in Caulobacter and which

20 may Dbe secreted by the bacterium. The heteroclogous
polypeptide includes enzymes and other functional sequences
of amino acids as well as ligands, antigens, antigenic
epitopeé and haptens. The size of the heterxologous
polypeptide will be selected depending upon whether an

25 intact S-layer is to be produced in the Caulobacter or
whether the chimeric protein to be recovered f£from the
bacterial medium as described below. Preferably, the
cysteine content of the heterologous polypeptide and the
capacity for formation of disulphide bonds within the

30 chimeric protein will be kept to a minimum to minimize
disruption of the secretion of the chimeric protein.
However, the presence of cysteine residues capable of
forming a disulphide bond which are relatively close
together, may not affect secretion.



Figure 5 is a map of insertion events at Tagl sites in t he rsaA gene

identifi®ed by am no acid nunber of the I nsertion site in the S-layer
protein and scored according 10 to whether the S-layer is produced in
the nodified or gani sm Figure 6 (conprising figures 6a, b,
and c) shows_ the conpl ete nucl eoti de sequence of the C.__crescentus

S-1 ayer Wgﬁﬁa‘“&ene (SE 1D NO 6) and the predicted traRSVGAPTNET 15 -
product in the single letter am no aci d_cg_ge._ The -35 and -10 sites of
the pronoter region as well as the start 0 transcription and the

Shine-Dal garno  sequeaca paﬂf:ﬂ:ular Hadiealitl s Saldydl Ak @,Oinaﬁgﬂe is
sequences deter ag%% 2¥1 ggn degr adati,on of rsadA protein al

sequenced pepti G588 nel APt e YR SEe WAYh \BE prR¥asisised e by

i ndi cated. by impdemen§ibgsone sdembirai kgown methedspud atriseart &r 66§§ét&!| on
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pilin in whychephe dAayer permits multiple copies of a heterologous
polypeptide to be presented on the surface of the cell.

The following general procedure lays out courses of
action and specifies particular plasmid vectors or
constructions that may be used to accomplish fusion of an

15 S-Layer protein with a polypeptide of interest. The
following description uses the rsad (S-layer) gene of C.
crescentus as an example (see Figure 6 and SEQ ID NO:6).
The latter gene sequence is characterized in Gilchrist, A.
et al (1982) [supra).

20 The general procedure includes detailed steps allowing
for the following possibilities:

1) use of a collection of potentially permissive
sites in the S-layer gene to install the genetic
information for a polypeptide of interest;

25 2) use of a Carrier cassette for delivering a gene
of interest to sites within the S-layer gene (the cassette
offers several advantages over direct modification of a
gene of interest, in preparation for insertion);

3) creation of a collection of random insertion

30 sites based on a restriction enzyme of choice, if the
available collection of potentially permissive sites is for
some reason unsuitable; and,

4) preparation of DNA coding for a polypeptide of
interest for direct insertion into permissive sites (ie,



W97/ 34000 PCT/ CA97/ 00167 am no
acisd pitus peptide epitope referred to in Exanple 5 is identified by
superscript nunerals 1-12. Figure 9 is the nucl eotide coding
sequence and correspondi ng am no acid sequence (SEQ ID NGO 9) in respect

5 of the 184w6g?,wci d sequence corresponding to am no acipdta/cA97086D- 453
of the IHNV surtace glycoprotein described in Exanpl e 6. N
Figure 10 is the amno acid sequence of 4l synthetic cadm um bi ndi ng
peptide referred to in Exanple 4. . The 10 cadm umbinding site is shown
in the figure. not using the Garrviqn eaasettiedchy i metdpdsbast o3uitrd fiores in

rsaA  in Wi ghe bt £ttt Bdlsel NbBveLRL espifonsharkl kuggeseease o
described in Exanpl’e 5 was expressed and secreted as part of a chineric

raA protein. 15 Figure 12 shows a portion of pUC8 contai ning
vari ous G-t er mi rihe fgengradt profedece iavodwes riliee follAoFknagpsers and
Description of hiegerrstf5d edoiBes B! Sction. As a first step the
5 practitioner will choose an appropriate region (or specific
amino acid position) of the S-layer for insertion of a
desired polypeptide. Second, the practitioner will create
a unique restriction site (preferably hexameric) in the
rsah (S-layer) gene at a position within the gene encoding
10 that region {or corresponding to a specific amino acid)
using either standard linkér'mutagene'sis (regional) or site
directed mutagenesis (specific amino acid). The unique
restriction site will act as a site for accepting DNA
encoding the polypeptide of interest. The plasmid-based
15 promoter-less version of the xsaA gene (pTZ18U:xrsalAAP)
shown in Figure 2 may be used because it contains an
appropriate combination of 5*' and 3' restriction sites
useful for subsequent steps (see: Gilchrist, A. et al
(13%2) [supral). The restriction site should not occur in
20 rsalA, its carrier plasmid or the DNA sequence coding for
the polypeptide of interest.

If it is unclear which region of the S-layer would be
suitable for insertion of a polypeptide of interest, a
random linker mutagenesis approach is used to randomly
25 insert a unique linker-encoded restriction site (preferably
hexameric) at various positions in the xrgaA gene. Sites
for insertion of the linker are created using an
endonuclease, either of a sequence specific nature (e.g.
tetrameric recognition site restriction enzyme) or sequence
30 non-specific nature {e.g. Deoxyribonuclease I [DNase I]}).
A particularly suitable method is the generalized
selectable linker mutagenesis approach based on any desired
restriction site of: Bingle, W.H., and J. Smit. 1991
"Linker Mutagenesis Using a Selectable Marker: A Method

35 for Tagging Specific Purpose Linkers With an Antibiotic-
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particularly C. crescentus. Wile sinmilarity 20 of the S-layer gene and

organismfor use in this invention is Caul obacter,

S-layer secretion systens pernits the use of any S-layer protein
produci ng Caul obacter in this invention, C crescentus strains CB2 and
CB15 and wowhkgpts of those strains which contain horml%gcgmaﬂ(;

gene encoding the 1026 am no acid paracrystalline S-Iayer protein

descri bed in:
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If restriction endonucleases are used to create sites
for subsequent insertion of a linker encoding a hexamerxric
restriction site, mutagenesis may also be done with a
mixture of 3 different 1linkers incorporating approprlate
spacer pucleotides in order to satisfy reading frame
considerations at a particular restriction site (only 1 of
the 3 1linker insertions will be useful for subsequent
acceptance of DNA encoding the polypeptide of interest).
With DNase I, only one linker is needed, but again only 1
of 3 linker insertions may be useful for accepting DNA
encoding the polypeptide of interest depending on the
position of the DNase I cleavage with respect to the 3
bases of each amino acid codon.

Next, a linker tagged with a marker is used to insert
DNA of interest at a restriction site. For example, if
BamHI sites are appropriate as sites for the introduction
of DNA encoding a polypeptide of interest, BamHI linkers
tagged with a kanamycin-resistance gene for selectable
linker mutagenesis may be used. One such 12-bp linker
carried -in plasmid pUC1021K was described by Bingle and
Smit (1991) ([Supral. Two additional 15-bp linkers
(pUC7165K and pTZ6571K) constructed for creating the other
2 possible translation frames within the linker insert
itself are described in Figures 3 and 4 (SEQ ID NO:2; SEQ
ID NO:3; SEQ ID NO:4; and, SEQ ID NO:5). Any one of the
above three kanamycin-resistance tagged BamHI linkers is



are CB15Ca5 and CB15Cal O described in Edwards and Smt (1991') [supra],
and the:snoat h |ipopol ysacchari de defici ent mutants described in

Wal ker, S. G et al. 1994. "Characterization of Mtants of

Caul obacter crescentus 15 Defective in Surface Attachnent of thé
Paracrystalline Surface Layer". J. Bacteriol. 176:6312-

A het er ol ogo¥8 3™ eptide referred to herein may be any peptlcie i
pol ypeptide, protein or a part of a proteiyy . which is desired to be
expressed in Caul obacter and which 20 may be secreted by the bacterium
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produced in thegy gﬁgéQeggégioﬂﬂenzyméwhngE£1bﬂe chimeric protein to be
recovered fromt bacterial nedium as descri bed bel ow Pref erably,

the. - cysteine content of the heterol ogous pol ypeptide and the
capacity for5formationcefadiiuiayi dempored of thinkerhdngert tonsesteoding ei n
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t oget her, may nénterésttiseimséried into the siPeg7£R4MNa8se (the library
PCT/ CA97/ 00167 of mutated rsaA genes may be manipulated as one unit). The
10 library is digested with the restriction enzyme specific
for the newly-introduced linker encoded restriction site
and ligated to a DNA fragment encoding the polypeptide of
interest and carrying the appropriate complementary
cohesive termini. The DNA specifying the polypeptide of
15 interest can be prepared by a number of standard methods,
which may include oligonucleotide synthesis of 2 anti-
complementary strands, polymerase chain reaction (PCR)
procedures, or addition of linkers whose termini are
compatible with the introduced sites in rsaA to a suitably
20 modified segment of DNA.

In order to facilitate the rapid recovery of useful
rsaA genes carrying newly inserted DNA at BamHI sites
encoding the polypeptide of interest, the Carrier
oligonucleotide shown in Figure 1 may be used. The Carrier

25 is designed to accept DNA (including multiple copies and
mixtures) prepared by PCR or annealed synthesized
oligonucleotides and controls direction of insertion of the
foreign segment into a YsaA gene through use of a
promoterless drug resistance marker. The DNA of interest

30 is first directionally cloixed, if possible, using the Xhol,
8Stul, or Sall sites or non-directionally cloned using any
one of the sites in the same orientation as a promoterless
chloramphenicol resistance (CmR) gene. To do this the DNA
of interest must be provided with the appropriate tefmini

35 for cloning and spacer nucleotides for maintaining correct



- 10 - Once a particular bacterium s S-layer protein gene is
characterized, this invention may be practised by I npl enenti ng
one or nore known nethods to insert a selected het er ol ogous codi ng
sequence into all or part of the S 5 layer protein gene so that both the
S—Iayer prqotein and the het er ol ogous sequence are tran cri bed
"in-frame" WOIB4,, edge of an S-layer protein gene sequgﬁgé:‘ﬁzm‘}ﬂs one
to identify potential sites to install theg heterol ogous genetic
material. The repetitive nature of the protein in 10 the S-layer permts
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avail abl e col L,eefdva OhsP) CBELRE! Y PRILN 85L¥Ees LE2gbiuéPlotide also
provides the opportunity to add DNA 5’ or 3’ to the DNA of
15 interest at Sal¥, XhoI or Stul sites providing the DNA of
interest does not contain any of these sites. This allows
some contrel over spacing between rsaA sequences and the
séquence of the DNA of interest.

Next, the rsalA genes carrying the DNA of interest in
20 the correct orientation is excised from the plasmid (eg.
from the pTZ18U:xrgaAAP plasmid) and is transferred to a
suitable vector providing a promoter recognized by
Caulobacter. Such wvectors include pWB9 or pWB1lD (as
described in Bingle, W.H.,, and J. Smit. 1990). *"High Level
25 Plasmid Expression Vectors for Caulobacter crescentus
Incorporating the  Transcription and Transcription-
Translation Initiation Regions of the Paracrystalline
Surface Layer Protein Gene". Plasmid 24: 143-148) with
EcoRI/SstI sites. The DNA of interest should not contain
30 the same restriction sites present in the wvector. The
latter vectors allow expression of rsaA hybrids in S-layer
negative mutants of Caulobacter such as CB15KASac.

Those Caulobacter surviwving transfer are examined for
chimeric protein secretion, s~-layer assembly and
35 presentation of the new polypeptide activity, antigenicity,



sonme reason unsuitable; and, 4) preparation of DNA coding for a
pol-ypepti de of interest for direct insertion into permssive sites (ie,
WD 97/ 34000 PCTi CA971 OO167

- 11, - not using the Carrier cassette) by a nethod best suited for
the particulgpe93sBe (Several options are suggested). pCT/ICASTRGI6gENeEr al
procedure involves the follow ng steps and alternative courses of 7
action. As a first step the 5 practitiopher will choose an appropriate
region (or specific am no acid. position) of the S-layer for insertion
of a desi r efitpol bpepetbeds Spamifia e sbechrefanef Wee | irvestigator g
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encodi ng the polypeptide of interest.. asm. d- bas ronot er.- | ess
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sites may not tolerate insertion of much more DNA than the

10 1linker sequence.

By selecting the site of insertion of the heterologous
material, it 1is possible to express heterologous
polypeptides of up to about 60 {preferably less than 50)
amino acids in a S-layer chimeric protein which will

15 assemble as an S-layer on the cell surface. Single or
multiple insertions of smaller polypeptides (eg. 10-20
amino acids) at a wide range of the permissive sites in the
S-layer gene will permit S-layer formation. Some sites, as
reported herein, are sensitive to even small insertions

20 1resulting in the chimeric protein being released into the
medium. Release may alsc be deliberately effected by use
of a shedding strain of Caulobacter to express the chimeric
protein or by physical removal of the S-layer from whole
cells.

25 Where S-layer formation is not required, this
invention permits the expression of quite large
polypeptides (eg. about 200 amino acids) as part of the S-
layer protein. Expressing a chimeric protein containing a
S-layer protein component having substantial deletions, as

30 described below, may increase the size of the heterologous
polypeptides that will be expressed and secreted by
Caulobacter.

The preceding methods describe insertion of linkers
in-frame into an rsa’A gene (eg. a promoterless version of



20 rsaA, its carrier plasmd or the DNA sequence coding for t he

polypeptide of interest. If it is unclear which region of the
S-layer woul d be suitable for insertion of a polypeptide of interest,
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Generally, large deletions throughout the S-layer gene
will result in a chimeric protein that is not capable of
forming an S-layer. Attachment of the S-layer to the cell
is abolished if about the first 29 N-terminal amino acids
of the S-layer protein are deleted. Deletion of the first
776 amino acids from the N-terminal region will still
result in a chimeric protein that is secreted from the cell
but having a $-layer protein component of only the 250 C-
terminal amino acids. It has also been found that only the
extreme C-terminal region corresponding to approximately
amino acids 945-1026 of Rsald is required for secretion of
an S-layer chimeric protein from Caulobacter. Thus the
chimeric protein need only have the 82 amino acid C-
terminal region of the S-layer protein to be secreted from
the cell. Furthermore, use of the C-terminal xregion
corresponding to about amino acids 850-1026 (or more) of
RsaA not only permits the cell to transport the chimeric
protein outside of the cell, but also promotes spontaneous
aggregation of much of the secreted chimeric protein in the
cell medium and formation of a macroscopic precipitate that
may be collected with a course mesh or sheared to micron-
sized ©particles which may be ideal for wvaccine
presentation. Yields of up to 250 mg. {(dry weight) of
protein per liter of cells way be possible.

Sequence analysis of the 3’ region of the S-layer
genes from different strains of Caulobacter shows that the
portion of the gene encoding the C-terminal region of the



5 ' - CGACGGATCCGT - TGCCTAGGCAGC- 5'

(SEQ I D. NG-10). 10 If restriction endonucl eases are used to create
sites for subsequent insertion of a |inker encoding a hexaneric
restriction site, nutagenesis nay also be done with a m xture of 3

di fferent |igykesssbgiCOrporating appropriate spacer nuclpe@icad®soisn or der
to satisfy reading frame 15 considerations at a particular restriction "
site (only 1 of the 3 linker inserti-onsg w |l be useful for subsequent
acceptance of DNA encoding the polypeptide of interest). Wth DNase I,

only one |inkerSilaypRed@rounim agsi nhaghjy1 consestvesl | iadiomg | wisht i @hg may
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by Bingle and 3§ wrmfidea 1ale_dP’, R ncAdgh td l o1 nkers
(pUC7165K and pTZ6 71K) const rs (?teg e thel hoy of éré,Q egebl e

creatin
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INlonﬁ)er SAI”Z one Qinddift il APAYE chil' €2akBNAEVEL pL&RIGH. anGRdsag9ad 1 Barb
the C-terminal region of Caulobacter S-layer protein and
associated coding regions shows that this invention way be
carried out using any Caulcobacter producing a S-layer

15 protein.

This invention way be practised as shown in the
Examples by expression of wmodified S-layer genes borne on
plasmids that are broad host range vectors capable of being
expressed in Caulobacter. Such plasmids are zreadily

20 constructed and introduced to Caulocbacter by
electroportation. Typically, the plasmid is maintained in
the Caul'gbag;e;; by antibiotic selection. Highly modified
rsal genes with attached heterologous segquences may also be
introduced into Caulobacter on a plasmid that is not

25 rxeplicated by Caulobacter. At a low but practicable
frequency, homologous recombination of the incoming
modified S-layer gene with the chromosome-resident copy of
the S-layer gene in the cell will result in a gene rescue
or tramnsfer event. In some cases it may be desirable to

30 obtain a stable cell line in which the chimeric S-layer
gene is chromosomal. Various protocols for creating
chromosomal insertions are set out in the Examples.

Use of the S-layer protein as a vehicle for production
of a heterclogous polypeptide has several advantages.
35 Firstly, the S-layer protein is synthesized in large
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- 13 - * .Suitable for nutagenesis at sites created in rsaA by DNase
-1. As outlined above, a mixture of all three linkers is preferably
used for nutagenesis at sites created in rsaA by restriction enzyme

di gestion. wowseee OnCe a library conposed of |inker insgetéphmofdcodi ng
desired hexaneric restriction site at different positions I n rLaA has~+
been created, the DNA encodi ng a pol ypeptisgle- of interest is inserted
into the sites en masse (the library of nutated rsaA genes may be
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Alternatively, the Caulobacter strain that is used to
express the fusion product may be derived from a strain
such as CBl15Ca5 that sheds its S-layer.

This invention is particularly suited for use in a
15 Dbioreactor systems. An example would be the use of a
modified (Caulobacter expressing a polypeptide having
activity similar to that of a metallothionein in a
bioreactor, to bind toxic metals in sewage, waste water
etec. Caulobacters are ideal candidates for fixed-cell
20 bioreactors, the construction of which is well known. 2an
example of such a bioreactor is a rotating biological
contactor. Although other bacteria are found in the
environment that are capable of binding metals, they often
do so by producing copious polysaccharide slimes that
25 quickly plug filtration systems. In some cases, the
bacteria are not surface-adherent or the bacteria do not
show selectivity towards key toxic metals. By taking
advantage of the natural bio-film forming characteristics
of Caulobacter, bioreactors may be formed comprising a
30 substrate and a single layer of cells adhered thereon, with
" the cells distributed at high density. A variety of
substrates may be used such as a colum of chemically
derivatized glass beads or a porous ceramic material such

as ceramic foam.



25 is designed to accept DNA (including nultiple copies and m Xt ures)

prepared by. PCR or annealed synthesized ol i gonucl eoti des and
controls direction of insertion of the foreign segnent into a XEA
gene through wuse pronoterles drug resistance marker. The DNA
of interest y 9JWI rst d| rectionally cloned, if possible,peficRérdoy Xhol,
=l, or Sall Q non-directionally cloned using any one of the 7
sites in the same orientation as a pronotenrkess chl or anpheni col

resi stance (CrR) gene. To do this the DNA of interest nust be provided
wi th the appropriat e Anertheirna d&int daeous epphijcainibrs fatethis dlroentdes isr
mai ntai ni ng corrgetne producti&po%nbgégﬂocultures of modified C cter

PCTVCA9" 0016l %51 I amne
within the cassefheredfy b fdlaer RFRtain 4s a ﬁ’ﬁ-}‘?n P¥ uCtFo‘f'ltF}hs%Ft i on
into the BanH |exdsede.l | F@ar yexamplet, hsdalldAmmh_gemtcosld ehevgredna$na

giagrrggt fe(rja?rsrgﬁt W%‘J %4& yr?slgq% ose cgﬁéﬁg“g&&? i\g“étgﬁcterl um (eg.

E. coli) used fcRUJtH?élﬁgeliFQﬁ%Ffléé*tl(ﬂ%‘d@Fep§°t h@royide forecgpaymatif| |
be those carryi rieddwgRsdiitdon off tbﬁed%baeﬁulp sbidctiiré hqeCqrr afith an

orientation, sme%n er.o S r ’\Padthe
CnR gene. Th| s ey atgé‘?{%& s%lrleerlﬁlttrqgu]pgr I%I{f% r%??lr S%t |%€ an§§| r]i%rse Ses
the recovery  Susgh (afefappldicgfdsnppayopsspit groxe \R,frfggglyeopeg)etra‘;\ﬁpne
still manipyloat ic¥ bleathbiqr ygéhit®ndnuniHe «bHed PR PeBLeashing process
thereby reducing the use of chlorine-based bleaching

agents.

Examples of enzymes that may be expressed as chimeric

S-layer proteins include alkaline phosphatase (eg. by

15 expression of the pho A gene of E. coli; see: Hoffman,

C.8., and Wright, A. 1985. *“Fusions of Secreted Protein to

Alkaline Phosphatase: An Approach for Studying Protein

Secretion'. Proc. Natl. Acad. Sci. U.S.A. 82:5107-5111;

Bingle, W.H., et gl. 19%3." An "All Purpose®” Cellulase

20 Reporter for Gene Fusion Studies and Application to the

Paracrystalline Surface (S)-Layer Protein of Caulobacter

crescentusg", Can.J. Microbiol.39: 70-80; and Bingle, W.H.

and Smi.t, J. 1994. "Alkaline Phosphatase and a Cellulase

Reporter Protein Are Not Exported From the Cytoplasm When

25 Fused to Large N-terminal Portions of the Caulobacter

crescentus Surface (S)-Layer Protein". Can.J. Microbiel.

40:777-782.) and, cellulase (eg. by expression of the Cena

gene of Cellulomonas fimi; see: Bingle, W.H. et al. (1993)
[supral; and Bingle, W.H. and Smit, J. (1994) (suprall.

30 Another advantageous application of this invention is
the production of organisms that secrete and opticnally
present vaccine-candidate epitopes. For example, modified
Caulobacter may be readily cultured in outdoor freshwater
environments and would be particularly useful in fish

35 +waccines. The two-dimensional crystalline array of the S-



renoved using Bglll. The carrier oligonucleotide al so provi des the
opportunity to add DNA 5 or 3" to the DNA of 15 interest at Sall, Xhol or

Stul sites providing the DNA of i nterest does not contain any of these
sites. This allows sonme control over spacing between rsaA sequences and
t he seqwars4smd t he DNA of interest. Next, pdw@ciambyegenes
carrying the DNA of interest in 20 the correct orientation is excised from
the plasm d (eg. fromthe pTZ18U:. rsaA®P plasmd) and is transferred to
a sui tabl e, vector_providing a_pronoter recognized by Caul obacter.
Such vectors FRFeHR p ronpgﬁﬁéghéﬁggif wHaCRr PBEd & rEEMRfinically | and

J. Snmit. 1990)regidaph, Leapeiti25ivel asridtixey easivideWeahof Ged Dimdaaid @act er
crescent us r | i REI1 QN r.anscription-
Transl ation | n?%%ttgi%%é%ﬂl %r,{lsé efﬁ§ﬁgg§§%r8§t§| 1*='c|’rrlégﬂ'ﬂ.l e-%uﬂpfc °L§§’er
Protein Gene".l"™HSsFHYHLON: 10,1 5a886) wWherg the muiliopsstis spaxt. ofhenDNA of
i nterest sioul thredt Svtzter 3R thBebaoteri£biddIql isQREgLEES present in the
vect or. The | atter vectors all ow expression of rsaA hybrids in

S- |l ayer negative mutants of Caul obacter such as CB15KASac.

Those Caul obact er sthiA iawentigns fdsoaprovkdes ner ¢Eficientc expamissiopr ot ei n

secretion,  Ssysve foRSpolPbept2@€s 3ehAtewdy Ad ORaPbedtifa NEW AQLYREPt i de

i Vi [ [,Cd 12 , WO_97/ 34000 .
ggfr; \&'{9% Oggg;cg?ﬂé:ittfles relatively free 09 contaminants and protein of

Caulobacter origin. Expression of a heterologous

10 polypeptide fused with sufficient C-terminal amino acids of
the S-layer protein to promote secretion of the
heterologous polypeptide results in the accumulation of
large quantities of secreted protein in the cell medium.
In such cases, the chimeric protein does not have to be

15 released from the cell surface. Furthermore, adjustment of
the size of the S-layer protein portion can dictate whether
the secreted chimeric protein is soluble or will
precipitate in the cell medium. This embodiment may also
be useful in cases where the Caulobacter is to express a

20 foreign antigenic component and it is desired to minimize
the amount of Caulobacter protein that is associated with
the foreign antigen secreted by the Caulcbacter.

Example 1: Production of Permissive Insertion Sites in
C.crescentus

25 Using the restriction enzyme Tagl, a partial digestion
of the zxsaA gene in pT218U:xrsalAP produced a group of
linearized segwents with random Tagl sites cleaved. The
linearized segments were modified by use of the tagged
linker mutagenesis procedure of Bingle and Smit (1991)

30 fsupral, using the 12-bp BawHI linker carried in plasmid
PUC102K discussed in the general procedure above. Those
products that produced a full-length protein in E. coli

were ultimately transferred to pWBI {(a minor wvariation of

PWBY9 that is replicated by Caulobacter), as described in
35 the general procedure. The resulting construction was



- 15 - etc. by nethods specific to the needs of the investigator

or ‘the capabilities of the inserted sequence. Many of the sites created
are "benign" as they have no effect on the functional regions of the
protein involved with export, 5 self assenbly, etc. However, not every
site that regylobSs00 1N an absence of functional disrupti eacrafAsthees- | ayer
S best for insertion of new activities. Sone sites nay not be wél |
exposed on the surface of the organi sm ah®bot-her sites may not tolerate
insertion of nuch nore DNA than the 10 |inker sequence.

e By
sel ecting the sirerefugedeinton of- t GoeseeRius Yorin. Rhsteingiishable j g

possible to eé@éﬂ@§ wae{eerfém@%d andOkypEpiéd e Fopf wetababwy I}
(preferably less_t

d | t
Wht chewi 117 15°  BERERT o 2 ru- S50 B Cup) B Rl BES B
mul tiple insertPopducsd thel crystrllineptsdayverepn theiy surf&men@ndct&s) at

a wi de ranges of aﬁﬁ@on@ﬁﬁéﬂé%‘o\éﬁtibheéf 'ﬂhet Rﬁsertx&t' amugea@réwédre@%m t
S—Iayer formati rre5|tes orted é&re sen5|t|veto
e

even small i nseg‘t’?oﬁ ) PreeENGe: |‘#g ?nst BIQ'YSHI %PFE"Br | PR AEE Eas ed
into the metidokba Rdladade ewmyradized Frogethberuntfzice off wholbel dgtlll,asby

of a shedding sipgi mMf ufeftié ORACL SR [ O e’l‘ﬂée%shﬂﬁscmmehﬁs scn@é?ltlﬁbn or
by physical renpval of the Sth’gyer from

S-layer fornat FBRetRer wikh qEPPE‘a’m‘“l“Fﬁ §’°51t1f’ﬁﬁeﬂ? Bhve FEtanasstu
expressi on 1®f evewntse (andar gebsequegdilpypepetdrmited). exaotit @O0 spacnﬁla:m ds)

as part of the Spsertid@}Sdsi¥iehe)NarEXPipesistted QR BRELELPEOL 8 N

containing a S-layer "protein conponent having substantial deletions, as
30 described below, may increase the size of the heterol ogous
pol ypepti des that wiThe beboxprdssexiladl Sivecpeodibyve eveatbobapiremsent

cases where the 4-amino acid insertion is tolerated with no
effect on the 8-layer function. The S-layers of the

15 modified Caulobacter were indistinguishable from a wild-
type S-layer. Thus, they have a higher potential for
tolerating the addition of more foreign peptide material
than less characterized sites. By producing 3 versions of
the gene of intexrest, representing each possible reading

20 frame {(using standard linker addition technology), one may
test each of these sites for suitability in expressing the
desired activity. Also, by using restriction enzymes other
than _'l;ggi {such as Acil, HinPI or Mspl)} a laxrger library of
BapHI insertions may be created.

25 E le 2: ion C ium bindin o) tides Into

An insertion of the above described 12 bp linker was

made at the Tagl site that corresponds to amino acid #1188,
frame $#3 (see Pigure 6; SEQ ID NO:6; and, SEQ ID NO:7).

30 This created a unique BamHI site at that position. Because
the precise position of the TaglI site could be assessed
from the DNA sequence information available for the rsaa
gene, the necessary translation frame was known and thus a
single construction of a metallothionein gene was made.



The precedi ng nmet hods describe insertion of linkers in-frame into an

rsaA gene (€g. a pronoterless version of WO 97/ 34000

PCT/ CA97/ 00167 - 16 - t he gene). The
sites that are introduced all ow subsequent insertion of foreign DNA
in-frame i Deod Ul | 1 ength rsaA- gene. This invent Lncl udes
t he COﬂStI’l%?I’%n of chinmeric S-layer protein genes ange?he resu'}lqtl ng?
production 5 of chinmeric S-layer protei-ng2wherein the S-1ayer gene
conponent is highly nodified by deleting Iarge portions of t hat gene

whi ch reduces Thie wasudenefbyenaisicineof therovding sequenesenf monkde

secreted chi Ndta1R6ehebR IT asengbabhyYno! d hg pughout
the S-layer gene 1Q w || ?lgul t Peptlchl ?rgrl c}n !rl?)t QF%&? Sébﬁfljis@%%:tlé igabl e

of f or mi n§YATeare, FasidRer aR vang ﬁe“‘S PGy ?rtﬁe%ﬂﬁlét c@f | aboutj g
abol i shed i f &@999) 'hekhowstre2@xiictdom sn'ﬁtesaranﬁoadaptlmg theoehlkecefds ayer

protein arg d‘%h%he@am}l@e'lghk@i?s Oiu.tt:ﬂ f:ﬁfcfﬁra.ate HEBed ot el@gégﬁrér?é'}t he

N-term nal region WI||dStI ﬁ% result - Tin"a chineric
secreted from'tfePgEALd trap a&‘es | ayer protein conmponent of only
the 250 C termnal amno acids. It has al so been found that only the

extreme C-term nal preQbon;HOLLEERPNAINRG tehéppﬁ_&&-&fmtsqlt% created at
position 188, frame 3, several clones were examined by
determining whether they could bind elevated levels of
10 cadmium by the assay described below. The assa'y was
necessary because the segment had equal probability of
being inserted backwards. One clone that gave positive
results was examined by electron microscopy and the
presence of a normal S-layer was confirmed., The plasmid in
15 the clone that gave positive results was also examined by
DNA sequencing analysis, sequencing across the -junction
between the position 188 site and the 5' side of the
metallothionein gene. The sequence data confirmed correct
orientation.

20 The plasmid-containing clone and relevant control
strains were examined for the ability to bind several
metals known to be bound by native metallothionein. This
was done by growing the strains of bacteria in the presence
of the metals at a concentration of 5ug/ml. After

25 extensive washing of the cells to remove unbound metal, the
cells were ashed by treatment at 500¢C and the residue was
dissolved in dilute nitric acid and examined for metal
content by atomic absorption spectroscopy. The results
from one round of data collection is shown in Table 1. 1In

30 the case of cadmium and copper, an elevated level of bound
metal is noted in the metallothionein-expressing strains.



am no aci ds 945-1026 of RsaA is required for secretion of 20 an S-I|ayer
chimeri e protein from Caul obacter. Thus t he chineric protein need
only have the 82 amno acid C termnal region of the S-layer protein
to be secreted from the cell. Furt hernore, use of the C-term nal

regi on CQyb eafkgRdi Ng to about am no acids 850-1026 (or gprRhofMere® RsaA
not only permts the cell to transport the chineric protein outside ot
the cell, but al so pronotes spontaneous =~ 23aggregation of nuch of the
secreted chineric protein inthe . cell mediumand formation of a

macr oscopi ¢ precipitate that may be Faklecked with a course mesh or
sheared to mcron- 30 sized particles which my be ideal for

vacci ne presentation. Yields of up to 250 ng. (dry weight) of

protein per |iteERloTert s ey Do TS SL I E: mrmenire mie o coocguence—anatysts of
the 3' region of—the-S-layer genes femem diffopend Straizee of

Caul obacter 8hows that the 35 porti®dfi of* the’gene encoding the C-terninal
region-of the oms WO 97/ 34000 2.7 1.0 .71 4.15

PCT/ CA97/ 00167 “H¢ametimesied - 17 - S-layer proteinis
hi ghl y conserved=atong with the x2p medi at e ownst r eam non-transl ated and
transl ated A&gi ofi e "gé'qtfé'ﬁ%e anal ysis of the S-layer genes and

downst ream regions in CB15 and CB2A (which are readily distinguishable
5 strains) shoﬁm&c&l DNA sequefces codrty for *rhe | ast-*

with linker insert emly)

CB1SKEAC/pioe . 3NT 2.79 3.pe 1.1 3.00
15 (8~layex with Matallothionein
inserted)

Example 3: nvestigation of Othe issi i in rsal
Gene _
A library of 240 BamHI linker insertions was created
20 using the procedures of Example 1. Of the 240 insertions,
45 target sites in the ysaA gene were made with TagI. 34
of the latter insertions were discarded because the clones
contained deletions of xsaA DNA as well as the linker
insertions. The remaining 11 resulted in 5 non-permissive
25 and the 6 permissive sites described in Example 1. The
remaining 195 insertions in the library were made using the
enzymes HinPI, AciI, and MspI to create target sites as
outlined in Example 1. Of the latter 195 insertions, 49
rermissive sites were located for a total of 55. Of those
30 sites scored as non-permissive, some may have had deletions
of rsaA DNA at the linker insertion site. One BapHI linker
insertion at a Tagl site thought to be permissive was later
found by nucleotide sequencing to be located ocutside the
rsaA structural gene reducing the total number of
35 permissive sites to 54 from 55.

Figure 7 illustrates the approximate location by
restriction mapping of 54 permissive sites. The results
show that sites that will accept 2-4 amino acids while



118 C-term nal am no acids of the S-layer protein and the downst ream

non-transl ated regi on. Sequenci ng of the next downstream transl at ed
gene to amno acid 97 of the gene product shows only a single base pair
change between CB15 10 and CB2A, resulting in Cg conseyvat|¥e anlﬂo
acid su ltution in the translation product. nservation o e
C-term nal B@%?4 Caul obacter S-layer protein and a¥SHCARINOA6Tc 0di ng
regions shows that this invention may be 5, _carried out using any

Caul obacter producing a S-layer 15 protein. This i nvention may

be practised astsidwaliowihe the prsteRheto e Sadiecasi OfsfimiY fined Sq! ayer

genes borne onga_ | asni t road host .range vectors capable of
bei ng expresssleél irﬁ 2%1% ob%%%’é?égeg sith pfani %gwf‘ar 0§ eaBFPYe3D-
constructed JnFthermprgdutbere is anCamespectedly bygh proportion of

el e?:t lrjoportatji cgite_Eypitc?&Hﬁchl tdm;e:_hp|i§:%€:x‘t1%ib§sﬁ%ﬂ?ﬂt3§§eiv@?g s gﬁggi‘ﬁlt H
Caul obact er cby | se jon, Hghly ifie [ Sa/

attached hef ergﬁq{%o"’gés.é%rg:’q(EL er?cfggthr’?ags aﬁ%’%’rb‘e n&c‘jei ﬁF?B%%eﬂnsh‘F%t%aﬁhﬁhact er
on a plasmid t[PPTO¥ipgtedy 2544 oft da-fyadaul bideet émsertAbna WO bhié

lorc'atcticgbl'eI tollesquency pgoloaayer! geeebiAALAaNLAL LBLa L%g%“‘?ayer
nodi fied S-1ay eng. W th the chronosope-resident copy O -
gene in the cel a\%i I fd"P’e%EFt FRI3°88ne® esEEE Profeifr akiter Eoterate|n
sone cases it dmpessiognsir afhusi oCanlobatten is shabidea®| tahdi@ate £y Ch

the chinery¢ Sebp¥ebsion 88NBoliPeptHHHNMISYMR with VﬁEiEEiﬁg%Ptgggléhefor
creating chronosonal msg&h&gs are set out, in the a es.”

Use of the S| BySPoBFSt 8En™ALC1PLR RO 5% ey Fi&6S: eshendingfajong the

het er ol ogous paepdependevhid pevmitalthelixnseagdeon 3% aFplathkYitytdbe $hé ayer

protein is syniagei z8¢ GREFLPERNC peptides into the same Rsaa protein
molecule and expressed on the surface of a single
15 Caulobacter.

Example 4: Further Studies with Cadmium binding
Polyvpeptides

The results described for Example 3 indicated that it

would be possible to insert metallothionein at multiple

20 places in the RsalA protein and thereby enhance the metal

binding capacity of such a transformed Caulobacter.

However, when the procedures of Example 2 were repeated to

insert the metallothionein coding sequence into others of

the 54 permissive sites identified in the preceding Example

25 in each case, the transformed Caulobacter did not secrete

a chimeric protein and did not synthesize an S-layer.

Furthermore, the transformed Caulcbacter of Example 2 was

stable as long as the transformants were frozen immediately

after ‘isolation. When continuously cultured for

30 approximately one week, the transformants deleted the

metallothionein portion of the S-layer and the S-layer
protein returns to its normal size.

Consideration of the predicted amino acid sequence of the
IsaA protein shows that the latter protein lacks cysteine
35 residues whereas metallothionein has a high cysteine



WD 97/ 34000 PCT/ CA97/ 00167

- 18 - - ‘quantities and has a generally repetitive sequence. This
permts the devel opment of systens for synthesis of a relatively |arge
anount of heterol ogous naterial as a fusion product with an S-1ayer
protein (chigw@éisgpderotein). 5 It may be desirable to retarorichermpsmeric
protein as part of the bacterial cell envelope or, the fusion product
may be separated fromthe organi sm -s@éh-as by the met hod descri bed
in: Walker, S.G, et al. 1992. "lIsolation and Conpari son of the

Par acryst al | i n€oB%enice Iayruspappenrsd drhatp forr seayeiian aggulobacters” .

J.h Bact eri gl exﬂ:@aﬂ&% b2 R?aAAEhgﬁQﬁidé Vﬁi‘tyteirge £hell ﬁb&é?@loééuﬁ![ n
that is used to e usi Qn ro er.d.ve a rain
such as CBlSCaE?OtlH? 853% *€5F, g ¢he x s mrrl’ve%?l%ir)léq 3 of
particularly smat"@dl'tlﬂh @yétehna Q@tmfor%mefﬁﬁbém not Ahe egappble woul d

be the use of af fomﬂt@ a&l@lﬂleba&mﬁlﬁ%meesabﬁasa 09! pept EHem82YE NG
activity simlar tet\ﬁd't hat of ag& | ot hignein in a bi oreactor, to bind
e i

toxic netals i ®x& 10,88 8% environment. o | gpacters are ideal
candi dates for fixed-cell 20 bioreactors, the construction of which is

vel | known.  Aollowdhg iR Ofosdfdingy b @é&iﬁ%,l%ﬁgﬂt %ﬂmgmﬁieiﬁ%tca'

cont act or. AIthou h ot%‘e?r acterl are found i enviro hat

are capabl e of G&P , ePARYiDY She syﬂghgg 1%y SFETREE nGLRRDus
polysaccharldepﬁpumds shewn 2&n Riguziel 1.0pl(8EQf IP tNQ4Llon waps spnthesitzed sonme

cases, they inserted at the amino acid 277 site of rsaA using the above
described Carrier cassette and was expressed in C.

crescentus. The peptide has a single cysteine residue.

Mild acid extracts of whole cells expressing the modified

rsah gene were subjected to SDS-PAGE for identification of

15 S~layer proteins. The S-layer protein was expressed and

secreted when there was from 1 to 3 copies of the cadmium

binding peptide present at RsaA amino acid position 277.
Ingertion of 4 or wmore copies resulted in a dramatic
reduction of S-layer protein released from the whole cells

20 Dby mild acid treatment to barely detectable 1levels.
Detection by autoradiography of RsaA protein in_vive
labelled with 35 S-cysteine and in witro with 125 I~
iodoacetamide confirmed that the cadmium binding peptide
was part of the chimeric RsaA protein. This demonstrates

25 that Caulobacter gcrescentus is capable of secretion of =z
chimeric rsaA protein having a limited cysteine content and
a limited capacity for disulphide bond formation within the
chimeric protein.

Example 5: Bxpression and Presentation of Antigenic
30 Epitopes on Caulobacter Surface

Using the library of the 49 permissive sites other
than those made with TagI described in Example 3, the
coding sequence for the 12-amino acid pilus peptide epitope
lacking cysteine residues from Pseudomonas aeruginoga PAK

35 pilin was inserted at the sites using the procedures



bacteria are not surface-adherent or the bacteria do not. show
sel éctivity towards key toxic netals. By taking advant age of the

nat ural bio-fi
may be forned

vari ety of
derivati zed gl

| mform ng characteristics of Caul obacter, bioreactors

conprising a 30 substrate and a single |ayer of cells

adher ed thereon wi t h the cells distributed at high depsit.y. A
9"’55?f§trat es may be used such as a col um of Eﬁﬂﬁh’mv
ass beads or a porous ceramg material such as ceramc

WD 97/ 34000

f oam

PCT/ CA97/ 00167described above and émploylng the-cdfrier cassette ﬁ'i&hb%.rn

batch cul tures
fusi on product

advantageous 2BRLLERLLON ESLL ML Ad U e pb LB B SELLOROT,
Bapi BI gite anén‘z‘%}ﬁeﬁ&]:dfrl Siagpbernitited osel gﬁabh@rlajm;lrd be

grown in 5 wgetepbp WQQSII‘&@&a&EdaEnEEQEQ@ﬁé abe bﬂﬂCtU“l%eOfcdcﬁ%

pul pi ng prqfes
wood- pul p s

xyl anase or cefFY&raies.

] tiqn.af th
uBpReReE e Rt BeReRachnSuri Hibre A torDrayd R
residueR arWampl ddapi oninasryed ni @nrmrseewfn‘aexat ive

penetration 10expérbh&med ng agents in the wood-pul p bl eaching process

t her eby reduci

10

15

20

25

30

35

ng the use of chlorine-based bl eachi ng agents.

DNA coding for the peptide shown in Figure 8 (SEQ ID NO:8)
was prepared by oligonucleotide synthesis of two_ anti-
complementary strands. The transformed bacteria were
screened for both production and presentation of the
epitopes by the transformed Caulobacter by using standard
Western immunoblot analysis (see: Burnette, W. N. 1981.
*Western Blotting; Electrophoretic Transfer of Protein
from Sodium Dodecyl-Polyacrylamide Gels to Unmodified
Nitrocellulose and Radiographic Detection Antibody and
Radiciodinated Protein A". Analytical Biochemistry 112:185-
203} and by colony immunoblot teste in which the cells were
not disrupted (see: Engleberg, N.C., et al, 1984. "Cloning
an Expression of Legionella pneumophilia Antigens in
Escherichia coli". Infection and Immunity 44:222-227).
Anti-pilus monoclonal antibody obtained from Dr. Irvin,
Dept. of Microbiology, University of Alberta {Canada) was
used in the immunoblot analyses to detect the presence of
the pilus epitope insert. The antibody (called PK99H) was
prepared using purified Pseudomonas aeruginosa PAK pilin as
the antigen and the monoclonal antibody against the 12
amino acid epitope was isoclated by standard techniques
using BALB/C wmice as a source of ascites fluid. Reaction
with the antibody in the whole cell colony immunoblot assay
shows that the epitope is not only expressed in the
transformed Caulobacter but is exposed on the S-layer
surface overlying the cell in such a way that the epitope
is available to the antibody. When the two cysteine
residues of the pilin epitope were incorporated in the



Exanpl es of enzynes that may be expressed as chineric S-layer proteins
I ncl ude- al kal i ne phosphatase (eg. by 15 expression of the pho A gene of E.

coli; see; Hoffmn, C.S., and Wight, A, 1985. "Fusions of Secreted
Protein to Al kal i ne Phosphat ase: An Approach for Studying Protein
Secretion". @599 tl. Acad. Sci. U S. A 82:5107-5111; rCVCIOPB0163\V H. |
et . 1993. n "Al'l Purpose" Cellulase 20 Reporter for Gene Fusion *
St udi es and Application to the Par ac-ryz;')ta-l | ine Surface (S)-Layer
Protein of Caul obacter crescentuus”. Can.J. Mcrobiol.39: 70-80; and

Bi ngle, WH. chiper iy Projeinggshe APRAES e F'Hésp#a’t]éseeﬁﬁﬁeﬁs‘éﬁl [amdase
Reporter Protei gedrerddtatbdaamagdibrenst he Cyt opl asm When 25 Fused to
Large N-term nal Portions of the Caul obacter crescentus Surface
(S)-Layer Protein". Can.J. Mcrobiol. 40: 777-782.) and, cellul ase (eg.
by expression oPftthke mnlmwenaeene@elimﬁm@ag anﬁ:heswel“%lqm-li:@pew H.

et al. (1993) at tRePEal Lol B RAL indVdhe mrﬁéne &s (cﬂe‘?;%mh&eplhsn

30 ' h I ti t
oduction & " oPERRr e e eaRRab Pnilka i PhetELvs deddhion wilk
vacci ne- candi dathe et dpady 1ﬁ0|thexuhqale ceigdiColeny imm@aolbdtacrerlysdys :be

readi ly cul tureggi Na Pyt o, fds%ShW%Tser 467 §§Y' rswenéﬁz a"&fbd"ﬂuﬂz@ be.
articularly useful in fish 35 v CCI The twg- dl.menslonal cr st i ne

grray of thg S S 4 'the ug B35 8 t the permissive sites tha 1
PCT/ CA97/ 00167 accept polypeptides of the size of2@he pilus epxgppe are

10 numercus and scattered across the xsaA gene.

Further studies with the pilus peptide resulted in
successful expression and secretion of RsaA chimeric
proteins have single copies of the peptide at the locations
shown in Figure 11. Also, four and seven copies of the 12
15 amino acid pilus peptide were expressed and secreted as a
RsaA chimeric protein when inserted at amino acids 277 and
551 respectively of the RsaA protein. However, insertions
of the pilus peptide at amino acids 69, 277, 450, 551 and
622 resulted in a chimeric protein that did not attach to
20 the cell surface and was released into the culture medium.

Exa e 6: sertion of Large Polypeptides
Bacterial surface proteins from organisms other than
Caulobacter described in the prior art are generally not
known to accept polypeptides larger than about 60 amino
25 acids within the structure of the surface protein. The
procedures of the preceding Example were carried out in
order to insert the coding sequence of a 109 amino acid
epitope from IHNV wvirus coat glycoprotein at insertion
sites identified in the preceding Example. The IBNV
30 epitope was prepared by PCR and had the portion of the
sequence shown in Figure 9 (SEQ ID NO:9) which is
equivalent to amino acid residues 336-444 of the IHNV
sequence described in: Koener, J.,F. et al. 1987.
"Nucleotide Sequence of a <¢DNA Clone Carrying the



protein |ayer of Caul obacter, which has a geonetrically regul ar,
repetiteve structure, provides an ideal neans for dense packi ng and
presentation of a foreign epitope to an i mMmune systemin cases where
the epitope is part of an 5 intact S-layer in the bacterial cell surface.
This invention al so provides an efficient expression stem for

pol ypept i de¥OPHM®hay be harvested in |arge quantiti eé'\éfrm TPIET y free
of contam nants and protein of Caul 0 ter origin. Expressi on of
a heterol ogous 10 polypeptide fused wit'h sufficient Ctermnal am no

aci ds of co%é@aarn BeAteidy hRrePfOORY eHe&%EEﬁBiQE‘:Lc OfNectzJ%‘éls
het er ol ogous ept | dgi_res#haﬁ I n, the ac unul

quantities of Tt Y oYM %"e'l I °%n Vlrﬂ}°§éfcﬁ1c&§é§ t he
chimeric prot 3t oes Anot - AENE polb'eléﬁalreheébe@fagmnﬂe whblesuHNCe.

Furthernore, ausid@t £8bm pr.t NSoshi e 1Rlonihe D%;Ltayeefpmtﬁo&%% on can
di ct at e- whet her the secreted, chiperic protein w | |

precipitaté i Pﬁ?@’teﬁﬁa%mwr%% Strdt me ISy XA s’t‘) ﬂﬁ@e &§§Fu| in
cases where t hEmndphaMapping andecharastar2fatiar eofinthat |Igﬁl&lc«::.6ﬁ§ponent

and 14 1S AeS bl bRt scronid! oy ARG G COM EHACL 6L BE OLBoRNA 13

associ ated wit oreign antigen secreted, _ acter
Exanpl e 1: PRFRkGIh SyobbeRizedvdn nBeshepichia ogold". Joummadscefit us 25
Usi ng t he restvimlcigy eSEyreLlFaghs) awaar usald dngadisl dmmunob@btt hesagaA gene

i pTZ18UgsaAlarlf, gmedﬁ&egrgygfeém%zeg*&gézee'oseaag velh

random Tagl sites cleave near nts were
use of the tadeaslobacher, that expEeAasprd PN cher IHNYy seauracenP

(1991) 30 [suie]surfaziengfttite 2-layebastl the Watlobatteed iReadtdom €n
pUCLO2K di SC“ %ﬂo%@e c287eraly OC%%ﬁ%%V%ssay‘%aes pos:?éf’xgémtlﬁ that

produced a fu e|n I'n
respec :Lnsert:x.ons at sites 450 and 551, and negative at

15 a site which was at approximately amino acid 585.

The IHNV insert contains a single cysteine residue and is
an extremely large insert for successful expression as a
fusion product with a bacterial surface protein.

In further studies, the same 109 amino acid portion of the

20 IHNV glycoprotein was inserted at amino acid 450 of the
RsaA protein. The chimeric protein expressed and gecreted
by Caulobacter crescentus and was recovered from the cell
culture medium. SDS-PAGE analysis of the recovered
proteine showed that some of the chiwmeric proteins were

25 swaller than the predicted xrsaiA chimeric protein but still
bound anti-IHNV antibody. Analysis of these proteoclytic
products showed that cleavage of the chimeric protein
occurred at an Arg residue encoded by the gene transfer
cassette shown in Figure 1. Thus in some cases, adjustment

30 of the nucleotide sequence at the interface of the
polypeptide and xsa® coding sequences wmay be necessary to
prevent expression of an arginine residue.



were ultimately transferred to pWWBlI (a mnor variation of pWB9 that is
replicated by Caul obacter), as described in 35 the general procedure.

The resulting construction was WO 97/ 34000

PCT/ CA97/ 00167 - 21 - i-ntroduced into a
C. crescentus strain. Distinguishable events were retryg %&%

anal yzed for PR lity to produce a full-length prot eﬂicﬁ')/cl?a%'x *
crescentus and to produce the crystallidqe S-1ayer on their surface and
the 5 approximate |ocation of the_insertion. Cells were screened for

t he presence ofEmapleyer protein of approximtely | OkDa that is

extracted from the surfibggls WIRl Gl apoveldd:MVdRES 2k 802 0r The
results of this screenin ogether with th ppr QXxi mat e gosm of
five successful? iob%mg[ @“&H&e’s"@’s%ﬁq%éﬁfzf’yadé‘t”" SExXET s‘bé ic

i nsertion positrsas)gene. iBdcastseal tuken ingpmeons involve the Timsertion
above- descrigbed,Ei }’L |2’&’;t 1 Ve, e%eﬁﬁfdﬁfé e?fntthree C%ﬁe%n"‘"}%ﬁ. t hg fegm no

acid insertion 'S ayer TUnRctlon.
The S-layers of ippergion Mﬁ‘-ﬂt&? GRuLYSEYt ERSfer eTHARE stintRs SHdm% 3fom a
wi | d- type Entiyéiced Ebuslléﬁegum@@mligfw:tﬁ.@hemiﬁ aimsf erncodmg

tolerating the gggégé%yp%%tggg?%;gég,@ pepé,ep%gg%gr'@é such 'Ei'{l

characteri zed si Versi ons erest
representing eagﬁnﬁﬁslsqqéj% tochhe r%roductlon of an entire full length RsaA

10 protein carrying the inserted heterologous amino acid

sequence of interest. A number of BamHI site positions
were identified above precisely by nucleotide sequencing.
Four of the sites in the rsad gene correspond to amino acid
positions 188, 782, 205, 944 in the Rsah protein. For this
15 example, an additional linker insertion was created at
amino acid position 95 of the native gene (i.e. this gene
carried its own promoter} using the same methodology. All
five in-frame BamHI linker insertion sites were inserted in
the rsalA so that the nucleotides of the linker DNA were
20 read in the reading frame GGA/TCC (Figure 12).

Because all BamHI linker nucleotides were read in
the same reading frame, the 5’ region of one rsaA gene
carrying a BamHI linker insertion at one position could.be
combined with the 3' region of an xsaR gene carrying

25 another of the BamHI linker insertions to create in-frame
deletions with a BamHI site at the joint between adjacent
regions of rsaA. Using such a method, in-frame deletions
of rsaA (AAAS5-782) and rsaA{AAA18B-782) were created.

DNA fragments encoding various C-terminal portions

30 of the 1026 amino acid RsaA protein were iscolated using the
newly inserted BamHI linker sites as the 5’-terminus of the
fragment and a HindIII site as the 3' terminus of the
fragment. These BamHI fragments were transferred to the
BamHI/HindIII sites of pUC8 (J. Vieira, and J. Messing.

35 1982." The pUC Plasmids, an Ml3mp7-Derived System for
Ingsertion Mutagenesis and Sequencing With Synthetic
Universal Primers" Gene 19:259-268) creating "rsaA C-



20 forame (using standard |inker addition technol ogy), one may test each

of these sites for suitability in expressing the desired activity.

Al so, by using restriction enzynmes ot her than Tagl (such as Acil, H nPI
or Mspl) a larger library of BanH insertions may be creat ed. 25
Exanple 2. | .on of Cadm um bi ndi ng polypejtides Into I C
Sites wg%('?é\‘%m?nsert i on of the above described 12 bp IPCT e@%ﬂg *
made at the Tagl site that corresponds it ggm no acid #188, frame #3

.(see Figure 6; SEQID NO6; and, SEQID NGO 7). 30 This created a unique
BanH site at tdwhinsi HegnentBematts:ﬁer plabeifseci{Fdgpesi tion, of tome Tagl

Shoe could be asesaad, 1ntoé 88D (i PNBLRFALANGE drl %gg&wﬂ &¥ad qpl.e for

t he rsaA g neces ransl ation frame was known an hiis a
single constr JeXa®h fd’fs-‘é’nr@?’é\"?%‘ﬁ m%@ﬂﬁsﬁe%‘é Nuterpdpal amino acidgpof
97/ 34000 LacZa and the various C- temlrﬁﬂ/ﬁﬁ%ﬂeﬂﬁﬁfSnM‘?az -102¢,
- 22 - &%)Gn of he, coding_s ne nkey
nmet al 1ot hi one| n ?(}(?Sl %%%éfrﬁdnzgé}a id % %%np??‘s%ngﬁiq#a ——%rs Lé"mélﬁé’
resi dues and mﬁﬁl% rﬁﬁléd?ﬁ Frofiergdt inf Caboxescentwrnming tlmocha
restriction sn&%@éﬂﬁ@&ﬁ/&:&anbmstgsﬂe e&dﬁtlstwhth B@i’gﬂaié nkekmew t h
appropriate bas t a S acers f or % feded transl ati on fr%rre.

O uce appropriate plasmid +vectors ox irect

insertion into the chromosome (see: W.H. Bingle, et al.
10 1993. "An All-Purpoge Cellulase Reporter for Gene Fusion
Studies and Application to the Paracrystalline Surface (S)-
Layer Protein of Caulobacter grescentus." Can. J.
Microbiol. 39:70-80).
Both types of constructiocns (i.e., the deletion
15 versions and the C-terminal only segments) result in the
production of proteins that are secreted in Caulobacter
strains as highly modified RsaA proteins. The gene
segments can also facilitate the secretion of heterologous
polypeptides by insertion or fusion of appropriate DNA
20 sequences at the unique BamHl site that exists in each of
the constructions. The following describes specific
methods for doing so to create chimeric proteins capable of
secretion in €. crescentus.

A- Creating fusions of desired sequences with C-terminal
25 portions of rsald -Method 1

The general process is as follows:

1) Inserting the desired sequence into the Carrier

cassette. The following describes the specific manner in

which heterologous sequences may be introduced into the
30 Carrier cassette of Figure 1.

a) Insertion of a single copy.of the desired gene
segment. '



After insertion into the BanH site created at position 188, frame 3,

several-“cl ones were exam ned by determ ni ng whether they could bind

el evated | evels of 10 cadm um by the assay descri bed bel ow. The- assay
was necessary because the segnment had equal probability of bei ng

i nserted baciyanAswee One clone that gave positive r esul tscvess 78R ned
by el ectron mcroscopy and the presence of a normal S-1layer was
confirnmed. The plasmd in 15 the clone thsit gave positive results was al so
exam ned by DNA sequenci ng anal ysi's, sequencing across the junction

bet ween the position 183epindingndpehetbe bénfrtlofofi the geneesednhenthi divsi n

gene. The sequepgenda@b %f?%fdswﬁets?aﬁ it pe us@Hl e Ls@amentgoof up tolhe
pl asm d- contalnéggaclo e and rel evant con re exan1qu for

the ability to © 52l efutne ac*ﬁﬁ%ﬂ%?ﬁq? °P8°B§°%B%% FRRTRF 12
met al | ot hi onei nsedtesce araashdnmeabyygsznthgpnzadﬁnannaaiaﬁ Hyaotisting.i n

the presence heﬁ{::.né h%mfméﬂws Cf:gﬁ.z.ﬂg SR8 S8 Q.tllgﬂ edo.fl.nT.g Ugéléﬂ Carridid €

25 extensive was s to renpve un odn ceIIs

t he cel
were ashed by tFéﬁ?ﬂgﬁ‘F at 5@Ber 1iGaaRclRetiges u¥idds alsoyi SRRLAIR i
dilute nitric asddiahdna@kabased pairsetitdlat recoeswmt 1d@¢ckyonendabsaﬂpt|on

spectr0ScoRY.  IBBrbBSMLS regrd{ANLANSHARHIM Bhod P &P LN dify Shpoun

in Table 1. e_case m um an copper evat e
bound netalthg ﬁBPEﬁFlQPﬁ!ﬁ?aﬁEFEFPEFﬁlBﬁ%WrF [ﬁn§§§ﬂﬁﬁgsPFaFﬁ§s-
10 For longer segments, PCR is used to amplify a

region of a target DNA seguence. Oligbnucleotides are
synthesized that have sequence complewmentary to the
boundaries of the desired sequence and which contain
additional base pairs that recreate a "sticky end" of an
15 appropriate restriction endonuclease site. In the present
example oligonucleotides are made to produce products with
the appropriate restriction endonuclease site for
directional cloning into the Carrier cassette. PCR
amplification of the desired sequence is then done by
20 standard methods.

For both methods, the sticky ends prepared must be
appropriate for an XhoI site at the 5’ terminus of the
desired DNA sequence and Stul or Sall sites at the. 3’
terminus; this places the desired gene segment in the

25 correct orientation within the Carrier cassette. Reading
frame continuity is maintained by appropriate design of the
oligonucleotides used for the PCR step.

b} Preparation of multiple copies of the desired
gene ségment.

30 The Caxrier cassette alsc allows production of
multiple insert copies. A BgllII site in the cassette is
restored after removal of the promoterless antibiotic
resistance gene; that site can be used to insert an
additional copy of the Carrier/desired sequence insertionm,

35  using the terminal BamHI sites, because the "sticky ends”
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- 23 - - . Table 1 [err] [err]
Exanpl e 3: Investigation of her Perm ssive Sites in rsaA = Cene

A library of 240 BanHl |inker insertions was created 20 wusing the
procedures of Exanple 1. O the 240 insertions, 45 t ' in the
rsaA gene WEP &3 Ee with Tagl. 34 of the latter inser?%gﬁ%’a%$§F *
di scarded because the cl ones containgg del eti ons of rsaA DNA as well as
the |inker insertions. The remaining 11 resulted in 5 non-perm ssive 25

and the 6 per fasiucedibesbdesciidierd | andxaeRie hre Thee samkeMi fhflg 195

I nsertions in the IL?; Yy were nmade ysi.ng _the_ . zynes H nPl, Acil, and
Mspl to creat e B9 as?-(t cTigErtion’ s 1119 mafitains YK "Correct reading

frame throughout the construction. An& number of
additional cycles of *"piggy-backing" can be done because
5 the BamHI/BglII ligation results in sequence which is no
longer a substrate for either enzyme. The result is the
production of cassettes of multiple copies of the desired
sequence which can be transferred to appropriately modified
S-layer protein genes with the same ease as a single copy.
10 An additional feature of this wmethod is that different
heterologous sequences can be paired together in this
multiple copy cassette with the same ease as multiple
copies of the same heteroclogous sequence.

Example 7a. Insertion of an 109 amino acid segment of the
15 TIHNV surface glycoprotein to Carrier cassette.
Using the methods described, a PCR product was wade
that contained the DNA coding for amino acids 336 to 444
(Figure 9) of the major surface glycoprotein of the
Infectious Hematopoietic Necrosis Virus (IHNV), which
20 infects Salmonid fish.

Example 7b. Insertion of an 184 amino acid segment of the
JHNV surface glycoprotein to Carrier cassette.
Using the methods described a PCR product was made
that contained the DNA coding for amino acids 270 to 453 of
25 the IHNV glycoprotein segment shown in Figure 9..

Example 7c. Insertion of single and multiple copies and an
epitope of the Pseudomonas aeruginosa PAK pilus gene to
Carrier cassette.
Oligcnucleotides were constructed to code for the
30 pilus epitope described in Example 5, which corresponds to
a sequence at the extreme C-terminus of the pilus protein.
Using the methods outlined in part A{1) (b} of this Example,
3 tandem copies were prepared.



outlined in Exanple 1. O the latter 195 insertions, 49 per m ssi ve
sites were located for a total of 55. O those 30 sites scored as

non- perm ssive, sone may have had del eti ons of rsaA DNA at the |inker

i nsertion site. One BanH |inker insertion at a Tagl site thought to be
per m ssi ve was | ater found by nucl eoti de sequencing tongfcl.g?@,é@d

out si de t he WOI"BA <t ¢ yct ur al gene reduci ng the total er *
perm ssive sites to 54 from 55. - 3Bigure 7 illustrates the

approxi mate | ocati on by restriction rrappl ng of 54 perm ssive si tes. The
results show it hatassters ik ; 3 :

WO 97/ 34000 e t Carrier plasmids. The corPsqyﬁg%goh@Zcr;bed 1n
- 24 - St I%‘ﬂ!ﬁn_'—l:g_ﬂ%‘;r—%r%‘ﬁ_l‘ be made_and asse b

S-layer are <CRMRIES] 73uFRdaAR 2BBWR 2Thetheh Jixanpterre FGPtﬁ Pnﬁﬁ%"
there is an unexmomeEdiay hisgbmpnopardrmierof plasmids s ddsartibeld sabbve,

i nsertions do expr Y. The
results i ndlgca'?‘g ﬁ‘ﬁ %\4@1&:’ éﬁragi?na € éuﬁg&go%sogqbg Y%%r%k@é@ion

i nsertions willohehe bqt@lgéllé%esb a?ﬁep’s?ﬁ%‘yfbr 1% dmine a5ddshe bBhutb®act er
and that dideyived agiquencel flaakpaoby 2-Bi hmihel acatie deriv-@aefibans.

Thus, Caul ObaCt(%:#lsera%as%%?% CQQ&&&?&e Jncg %?thgxg’gf‘g‘!”% toef golfypept | des

fused with the presence sites
ext endi ng al ong’-?‘tﬂfﬁéfminal{ $88MgBRHe V\'H |Bqmey ﬁﬁ?eﬁheth%s%ﬁﬁto#‘ﬁpnaoﬁl thelity

of the 10 rsaA C-terminal segment is converted to a different codon
as a result of the fusion. For example, while the rsaa
C-terminal segment may have coded for amino acids 944-1026
of RsaA, the resulting chimeric protein may only have amino
acids 945-1026 native to Rsah.

15 Example 7d. Fusion of Carrier/109 AA and 184 IBNV segments
to C-terminal rsah segment AA7B2-1026.
This was done using the Carrier cassettes described
in Examples 7a and 7b above and the AA782-1026 xrsaA C-
terminal Segment Carrier plasmid described above.

20 Example 7e. Fusion of Carrier/109 AA and 184 AA IHNV
gegments to C-terminal rsalA segment AAS05-1026.
This was done using the Carrier cassettesg described
in Examples 7a and 7b above and the AAS05-1026 xsaA C-
terminal Segment Carrier plasmid described above.

25 Example 7f. Fusion of Carrier/109 AA and 184 A2 IHNV
segments to C-terminal rsaA segment AA944-1026.
"This was done using the Carrier cassettes described
in Examples 7a and 7b above and the AA944-1026 xsahA C-
terminal Segment Carrier plasmid described above.

30 Example 7g. Fusion of Carrier/3x Pilus Epitope segment to
C-terminal rsaA segment AA782-1026.



sane or different peptides into the sane RsaA protein nol ecul e and

expressed on the surface of a single 15 Caul obacter. Exanple 4.
Further Studies wth Cadm um binding Pol ypeot i des The
results described for Exanple 3 indicated that it woul d be possible to
insert netallothionein at nmultiple 20 places in the RsaA | d

t her eby enhy e netal bi ndi ng capacity of such a fggﬁ%?%rngg *
Caul obacter. However, . when the procedyres of Exanple 2 were repeated to
insert the metall othionein coding sequence into others of the 54

perm ssive sites identifiisedas r&dﬂbeuaﬁﬁgemélg:a&aﬁal &é’&etﬁé’s aéebriﬁé&, t he
t ransf or ned Oﬁﬁgﬁﬁiedﬁg %H%egﬁuiet¥%eA§7§9 ?Eﬁéc Qr uloﬁg Egng%d not

synt hesi ze an ernore rans

Exanpl e 2 was Segmeatalsiaeraerl ehgse%dtcifesqnw @PRHAts were frozen

I medi atel y after isolation. When continuously cultured for 30
approxi mat el y 9 »-eleted the netalloth'oneln
portion of th@ ’ ! 1P mal

2di ct ed anlno aC|d sequence of the

si ze. 5 2 B3
rsaA protein shoms t hat the | atter proteln | acks cysteine 35 residues
wher eas netallothloneln has eb é’ st ei ne WO 97/ 34000
PCT/ CA97/ 00167 Plasmid-bas exp ession.

To create plasmid vectors that can be introduced
and waintained in appropriate Caulobacter strains, the
entire rgsaA C-terminal Segment Carrier plasmids were fused

10 to broad host range vectors pKT215 or pKT21l0 (see: M.
Bagdasarian, gt al. 1981." Specific-Purpose Cloning
Vectors. I1. Broad-Host-Range, High Copy Numbexr RSF1010-
Derived Vectors, and a Host-Vector System for Gene Cloning
in Pseudomonas." Gene 16:237-247) using the unique HindIII

18 restriction site present in each plasmid. The resulting

plasmid is introduced into Caulobacter by conjugation or
electroporation methods and is maintained by appropriate
antibiotic selection.

The fusions described in examples 7d-7g were expressed

20 in Caulobacter. In each case expression and secretion of

the chimeric S-layer protein was detected by Western

immunoblot analysis of electrophoretic gels of the cell

culture supermutant employing the monoclonal antibedy for

each of the polypeptide epitopes. The transporter signal

25 for secretion from Caulobacter must be in the C-terminal

region of amino acids 945-1026 of the S-layer protein as

all chimeric proteins in the examples were secreted.

Precipitation of the chimeric protein occurred with the use

of xrsaA segment AA782-1026 but not AAS44-1026. Recovery of

30 precipitate using AA905-1026 was reduced as compared to
AA782-1026.



25 - content. It thus appeared that for secretion and long term
expressieon of a RsaA chineric protein, the heterol ogous pol ypepti de
portions of the chinmeric protein should not have hi gh cystei ne content
and preferably, not be capable 5 of formng nultiple disulphide bonds in

the chineric ﬁrotei n in an aerobic environnent. J&g
f or egoi ng pr¥ed , single and nultiple copi es of enco ng the

synt heti ¢ cadm um bi ndi ng pepti de shp\ég_}, in Figure 10 (SEQ I D NO 11) was
synt hesi zed, 10 inserted at the amno acid 277 site of rsaA using the above
descri bed Carrier cassafyte m@d@a@nexafesagﬁmﬁrﬁte caileseeitleltS. hoshe
pepti de has. a si ngl £ cysteine residue. MId acid extracts of whole

cell s expressi n Frodi fi ed rsaA gene were subjected to SDS-PACE for
identification of 15 S-layer proteins. The S-layer protein was expressed

and secreted when therpWa Xfamm:&ség £h6 0ps&sobia tda HadinePat ive

bi ndi ng peptid resent am np_.aci d position rtion of 4
or nore copi esel?‘g %Iﬁe]texff‘li% 15 BPEWF%ate rcg ude'lg‘o:'ﬁ’loiq§tr%ﬁ§’r r&%% ﬁ
rel eased frém téeradnl €RISaKSae0 Hylfal dthded repuiramentt.o bafll it is

det ectabl e | eveiﬁ%ortanﬂ)eéc?céﬂﬁfké)yt}f’dtt (Hlald'ﬂ&&%ﬁh?r%i:eﬁaésph%t Q'o'ﬁng Vi vo
| abel led with 35 st el ne and% vitro with | odoacet ani

confirned that ?ﬁ%a TATBEnSeHY BEFEChe The WK Sy ﬁéPFc
RsaA protein. TOBRESCREKSET oxt 681 5Ca10KiacCayk cpmtanriates c cfitese istradpsabl e

of secretion th@ve ad& it {BHdIC A inat Q’h&th%\ébﬁﬂtalh' Fhtedog¥Shbei Ree
content and imted Cﬁgfmtg for di sgé hi de bopd formation within the

chimeric pridt elﬂr° uction, SEEHFELSi onSRAG PR esefifat i GRESACe
Antigeni c 30 Epipopetysacdbaaiideactbat Cehlis Subéere demonstrated to be

involved with the surface attachment of native S-layer

protein as a 2-dimensional crystalline array (see: Walker

S.8. et al 199%94. *Characterization of Mutants of (C.
15 Defective 3in Surface Attachment of the

Paracrystalline Surface Layexr". J. Bacteriol. 176:6312-

6323) . Most often with the highly modified versions of the

S-layer gene, this precaution is not necessary since

virtually all regions of the gene that may have a role in
20 the attachment process have been removed.

There are two types of growth media well suited to both
propagation of Caulobacter for general purposes, including
cloning steps, and also to produce the secreted and
aggregated chimeric proteins. Example of the two types
25 are: 1) PYE medium, a peptone and yeast extract based
medium described in Walker et al, (21994) [supral, and 2)
M6HiGG medium, a defined medium descxribed in: Smit, J., et
al 1981. '"Caulobacter crescentus Pilin: Purification,
Chemical Characterization and Amino-Terminal 2Amino Acid
30 sequence of a Structural Protein Reg\ilated During
Development®". J. Biol. Chewm. 256, 3082-3097. The latter
medium is especially appropriate for preparation of the
aggregated chimeric proteins since it permits growth to
higher densities (therefore maximizing protein yield) and
35 results in purer aggregated proteins since there are no



Using the library of the 49 perm ssive sites other than those made with

Tagl' destribed in Exanple 3, the codi ng sequence for the 12-am no acid
pilus peptide epitope | acki ng cysteine residues from Pseudonobnas
aeruci nosa PAK 35 pilin was inserted at the si tesCT;JSCIASg/ Bge procedur es

WO 97/ 34000wq o7734000 P

- 26 - (?escrl bed above and enploying the Carrier cass&f@l?g”s"ﬁg*ﬁﬁ in =
Figure 1. Positioning of the added DNA beggeen the first Bam H site
and the Bgl Il site permitted use of the latter site for making

r epeat ed i nser medaymof dpKiived Theotidiang to segpntanténade t fife PeFhih@rshown
in Figure 8, ipebuding POtRieveq.Cysteine residues was al so I nserted

in separate experi nments. DNA coding for the peptide shown in
Figure 8 (SEQ I D NGO 8) was pr epar ed by oI i gonucl eoti de synthesis of two
anti- 10 conpBemgxeatingsFualdss T8 88 S begiges Gi {

& 1

screened for b Qﬁggggugflﬂbérl%e%ggegt atlon of the epi topes by the
t ransf or ne Ca% obacter usrng stan West ern i mmunobl ot anal ysi s
(see: Burmette, W N Maigapds ot eﬂ-’v@éeerﬁhenﬁq iofg thepCarriencaradtse
Transfer of Prplasmids ateorpos@dﬂlamtdi)odﬁs?/yde H@éﬁ/@aﬁ‘dl}ﬂgﬁiﬂ:d?%@;ﬂ-ﬁo%g)
Unnodi fi ed iRELT ealdeybnss, Radi gor aphi § E_ectlon nti body an
Radi oi odi nat ed Pr ot gén %&li £ cal %gochem s?z dreate

fusions with C-term;nal portions of the s- layer protein.

PCR may be used although other known methods may also be
10 used. The general procedure is as follows:

1} Use PCR to prepa a opriate se n

a) Preparation of amplified segment with
appropriate ends is carried out in a manner similar to that
described part A{l)(a) above. Oligonucleotides are

15 designed and synthesized such that they will anneal to
appropriate regions of the desired heterologous DNA and
also contain "sticky ends" of appropriate sequence and
frame so that the resulting PCR product can be directed
inserted into appropriate modified S-layer genes.

20 : b} Transfer to appropriate C-terminal rsahA segments
is carried out by inserting the PCR products into the C-
terminal segments AA782-1026, AASD5-1026, Oor AAS44-1026, as
described in Examples 7d-7g above. In addition to the BamHI
site described, the EcoRl restriction site could also be

25 used as the 5’ terminus of the incoming PCR segment, since
this site is also available in the pUC8 vector and not in
the S-layer gene, so long as the correct reading frame was
maintained when designing the oligonucleotides used to
prepare the PCR product.

30 2) Expression of the desired fusion in an appropriate
Caulobacter host strain is carried out using the procedures
outlined in part A{3) above.



203) and by col ony i nmunobl ot tests in which the cells were not
di srupted (see: Engleberg, N.C, et al. 1984.- "Cloning 20 an Expression

of Legionella pneunophilia Antigens in Escherichia coli"

Infection and I nmunity 44:222-227). Anti - pi |l us nmonocl onal anti body
obtai ned fr Xsg0bd Vi N Dept. of M crobiol ogy, Univer Sicpes8hedbpert a
(Canada) was used in the i nmunobl ot anal yses to detect the presence &f
25 the pilus epitope insert. The antibody3gcalled PK99H) was pr epar ed
using purified Pseudononas aer ug| nosa PAK p| lin as the ant | gen and the

nmonocl onal ant iBodreata

st andard techn!%asS-laggg ?%@ﬁhgi%gm%@inge§ﬁﬂl C:Eh-fﬁcrﬂ ata@.stibﬂgd
Reaction 30 with the antibody I n the ole ce col ony I mrunobl ot assay

shows that the epitope is not only expressed in the transf or ned
Caul obact er butThes generaddproncesr 13 |ag/ diollowssurface overlying the cell in
such a way that the epitope Is available to the anti body. When t he

two cysteine 35 residues of the pjlin epitope e [ncorporated in the
WO 97134000 1) Creating asppropriate’ id>srahe deteuioms: (0167

- 27 - schimeric preasi (MARSE- 1820t ahd xeed (ARALBSeXpRpssatk phdpared
secreted at norgml dé@z‘!ﬂﬁe% abovnlagw e RIAATHSIE 587 LHRC adelioCd

the pilus epitaope sites 1 n the rsaA gene. as %Jétermned
by insertion sites are in t: game reading frame with respect

to each other, it is possible to combine other pa1r§ of 5!
and 3’ segments using the same general method, with the

10 same result of maintenance of correct reading frame
throughout. These deletion versions must then be tested
individually to ensure that S-layer protein is still
secreted by the Caulobacter.

2) Inserti e Segment Carrier cassette containin

15 the desired seguences: as described at part A(l}) above,
carried out using the procedure described in part A(2)
above.

Example 7h. Insertion of the 109 AA IHNV segment into xgald
(ARA95-782) and insertion of the 109 AA IHNV segment into

20 rsaA{AAA188-782) is carried out as in Examples 7d-7g above.
Expression of the desired . genetic construction in
appropriate C. crescentus strains is done using the
procedures outlined in part A(3) above.

3) ernate PCR procedures: can be used to prepare a

25 heterclogous segment for direct insertion into the BamHI
site with the deletion versions of the rsad gene. The
procedure is essentially the same as described in part B{1)
above.



5 nucl eoti de sequencing resulted in a positive reaction with t he

ant41 body in the whole.cell Colony inmunobl ot analysis: 69, 277, 353,
450, 485, 467, 551, 574, 622, 690, 723, and 944. The results show t hat
the perm ssive sites that wll accept polypeptides of the size of the
pilus epit nunerous and scattered across the r

Further stu |(§2wh the pilus peptide resulted in success u}lam“ *
expressi on and secretion of RsaA chineri@g - proteins have single copies
of the peptide at the Iocatlons . shovvn in Figure 11 Also f our and

seven copi es dExarig 15 anj (Mraxsfen s, ek B 2
secreted as awﬁﬁrﬂ%%wb %'érrt gqeﬂ{;;am no aci ds 277
and 551 réspective T Ot €l N wever, | nsertions of
the pilus peptide at é‘?ﬁ%éuﬁéi’ﬂs"%é’-h&ﬂﬁrﬂ% cagpetiRwith appronzdateed in
a chinmeric prdietdrdmfous d)motseghéﬁeb te 20ctberniddl sHlaese Firdbreas

rel eased inpto éé‘&n&{l "pg_ra £ﬁ1t in agé@{}?é'l?a d hasRi g Oy of o%%ro et .

Pol ypept i d€s ter| SUFT ace ins M Oor gani Sie
Caul obact er desdRtrsknad, xm@ﬂm J-é’lnl forotthe antidietis

accept pol ypephasiesr | v getie tﬁﬁsmhpuﬁes@ﬂtamm difrecativds owl thien ridaeue

structure of t face ei r ur s the r ecedi ng
Exanpl e were c%?rrlf%gd out l!%&]’; @om“éfxﬁq'e t;l‘hesslﬁeér q%e ;eso ng se&%@ﬁ@g 5f a

109 ani no aci chomolagausypredambinpEiony eVvagteoat TheyEepudtein at dimeetti on

sites idenl figtkdtidie of ehedengi FxaiRlgnia ihke th&l\bﬁ&m&gaﬂeopeM§

pr epared by P%anéjeshaa%th%‘o oréfo&of tge - els}gqggggfnss O\é’% g Fi gure
9 (SEQ ID E}e AT Y wv&lé’et? S Ao 2 P SEREEEs 2836- 444
of the IH\V e fbe meglemgaédghlbr modifiedrS-layeg gepe. dn suthgy.

“Nucl eoti de Swwwelef wayC BbAdekoraniar kyi iget MAulobacter strains in
which the resident S-layer gene is inactivated in known

15 waye. One example is the use of . crescepntus strain
CB15AKSac; this strain has an antibiotic resistance gene

caspette introduced at a position in the S-layer gene about
25% of the way from the 5’ terminus.

Example 9, (Transfer to the native S-1a pel
20 chromosomal site as a double crossover event),

-In certain cases it may be desirable to completely
exchange the resident S-layer gene copy with the incoming
highly modified version. One method is the incorporation
of a sacB gene cassette {Hynes, M.F., gt al. 1989. *"Direct

25 Selection for Curing and Deletion of Rhizobium Plasmids
Using Transposons Carrying the BRacillus subtilis sacB
Gene." Gene 78: 111-119} intco the pUC8 based plasmids
carrying the desired chimeric gene construction. This
cassette’ contains a levansucrase gene from Bacillus

30 subtilis that, in the presence of sucrose, is thought to
result in the production of a sugar polymer that is toxic

to most bacteria when expressed inside the cell. One first
selects for the single crossover event as described in
Example 8. Subseguent growth on sucrose-containing medium
35 results in the death of all cells except those that lose
the offending sacP gene by homologous recombination within



<

WD 97/ 34000 , PCT/ CA97/ 00167

- 28 - - d ycoprotein Gene of Infectious Henatopoietic Necrosis

Virus, a Fish Rhabdovirus". Journal of Virology 61:1342- - 1349.

Anti -1 HNV pol ycl onal antibody agai nst whol e | H\V obtained fromDr.
Joann Leong, t. of Mcrobiology, 5 Oregon State Univer

(see: Xu, %’Fszﬂm 1991. "Epi t ope Mappi ng and Char actzrl %t%g??g\f the
I nf ecti ous Henmat op0| etic Necrosis ViruggG.ycoprotein, Using Fusion
Proteins Synthesized in Escherichia coli”. Journal of Vi r ol ogy

65: 1611- 1615) Washeised ddjakbati emeobtpiassay Twh0 ¢leansd bete i potsbeble,
precedi ng Exanpl_e n f e ac t hat p. DL es

the | H\NV sequengéasor?r%% %shefgur eacre%ajflaet%% Cté’ Ct? fé( %ef%%%] DA e%

" Reaction in nepd agiesieatcef | they koS pRtueRIY (‘J’tltbsEH? ineemiag mpaafiad
respect of inserddm@ns(ihe SlattedSsandeSdbainnt RegAtI Ve K dbréersi wetmhi ch

was at appro '”&tele\éa‘.l@ no R' daé58 I ext rpgnegnyf%'yg\'éns Tl %O;Lt altsucg%%sful

single- cystelne TS due an Ser
expressi on as aheten@gg@ﬁspr gsaet product batdentifliesyr succepsbudi ngene

In further studiRplddementmevififsam ﬁﬁe&ﬁé@x&@rféqﬂix@fs that2@nkHV1ayer
gl ycoprotein was inserted at amno acid 450 o ein. The

t
chi meric protei PG rETEN I F5s AV Sg@e&f%&ﬂ‘f“&ﬁé&%ﬁ’cgééi‘é?%stand
was recovered frdm t felayetr genecliet wwm bpbli kdes SUS- PAEE hedirab)ogsus of

the recoverfd sequence (ie, Carrier cassette sequence plus heterologous
DNA} and in the present case is best sgsuited for the
deletion versions of the S-layer gene.

Other methods are available for the delivery of

genes to the chromosome of a Caulobacter. Methods

15 involving the use of the transposons Tn5 and Tn7 as a means

of delivery of genes to random chromosome locations are

available (see: Barry, G.F. 1388 "A Broad-Host-Range

Shuttle System for Gene Insertion into the Chromosomes of

Gram-Negative Bacteria." Gene 71:75-84.). The use of the

20 xylose utilization operon as a target for chromosome

insertion have also been described. This method involves

the incorporation of a portion that operon into the pUCS

based plasmid constructions described above. This allows

homologous recombination within the xylose operon as a

25 means of plasmid rescue. Loss of the the ability to use

Xylose as a nutrition source is used as the means of
confirming the rescue event.

This invention now being described, it will be

apparent to one of ordinary skill in the art that changes

30 and modifications can be made thereto without departing
from the gpirit or scope of the appended claims.



protei ns showed that sonme of the chineric proteins were 25 snmaller than the
predicted rsaA chineric protein but still bound anti -1 HNV anti body.

Anal ysi s of these proteol “Eluullum <H showed t hat cl eavage of the
chinmeric protein occur |due encoded by the gene
e

transfer tte shown irf Fi" gur Thus in sone cas JTent 30
of the nch96§| sequence at the |nterface of the Fémgggbﬁggand r saA

codi ng sequences may be necessary to . gpre S &l an argi ni ne
resi due. WD 97/ 34000 .
PCT/ CA97/ 0016Ke_Claim: 29 BEPLAGED Ey o e 7

Methods are dqscri BequadOusnd Ghdihe Aﬁﬁ@m@n &Ie o h6rgP BRI LI pker

sites into a pronDte ess version O ene. ecause
i nsertions i nFHERE tHRF i FRGILdtgking éflszztb%n(?fe A kel Ehpl §°§Ft¥‘h¢"ée) an
in-frame |inkeipstreaknSeEt i DNAr esud:&&mg n £veariteraifalTheegibhnkes sites

are |n ro I f|PNé C n

foreign peptl frhteds Qmﬁéggé Ss1 on o?éﬁék%ggﬁg R ast %§§h§§ | eads to
t he product|(M?Tﬂe€m4néﬁtFWénPu?¢14%HRﬁI¥hﬁs§A1§Ueer€Q¥#¥n carrying the

i nserted heterol ogous anino acid sequence of interest. A nunber of

et 9118 POR o S ACURELER YA BESASELY prpuclaghude

sequenC|ng Folr es I'n ene C
posi ti ons 188 pPCiypepydse %quenw HeotRpreganst dim @ Caulobactel Sekaympte, an

addi tional i wtémsqbtswaamaﬁrsme&ﬁ&duaiframe SAtRODRA! Enbogitg op 85 of

the natlvgogeQ z&um%l }Q§§o Q?a Caulobacter S-layer protein comprising
at least the 82 C-terminal amino acids of the S-lavyer
protein,

3. The DNA construct of claim 1 or 2 further comprising
an operably linked promoter recognized by Caulobacter.

15 4. The DNA construct of claim 1, 2 or 3 wherein said
C~-terminal region corresponds to amino acids 945-1026 of
the RsaA protein of €. crescentus.

5. The DNA comstruct of claim 1, 2 or 3 wherein said

C-terminal region comprises amino acids corresponding to
20 about amino acids 850-1026 of the RsaA protein of

C. cregcentus.

6. The DNA construct of claim 1, 2 or 3 wherein gaid
C-terminal region comprises amino acids corresponding to
about amino acids 782-1026 of the Reald protein of

25 C, crescentus.

7. The DNA construct of claim 2, 3, 4, 5 or 6 wherein the
heterologous polypeptide sequence is of one or more
polypeptides of up to about 200 amino acids in length.

8. A bacterial cell comprising a DNA construct comprising

30 DNA encoding a heterclogous polypeptide not present in a 8-

R \lﬁ



carried its own pronmoter) using the sane methodol ogy. All five in-frane
BanHl |ihker  insertion sites were Iigﬂi F n the rsaA so that the

nucl eoti des of the Ilnker rI 1 d in the reading frame GGA TCC
(Figure 12).
h 1

| i nker nucl eotides were read in
t he sane r eagdgshscene, reg| on of one rsaA gene BTty morer BantH

l'i nker insertion at one p05|t|on coul d. be qtmg)lgﬁgﬁmgshggm 3" region
of an rsaA gene carrying 25 another of thé&lB3nH ﬂs&rcwnsert ons to

create in-frane del eti qns th amHl  sit ween
adj acent redPIRE ISR %45 @M—tﬂ%ea@n Sromeantd| vt Exame

of rsaA (AAA95- %82h aNH emaddimyrd AALRAMIRA) wegiowrefBitedaulobacter DNA
fragments encodigng USe St € | f no acid
RsaA protein were %:@Fag usr? n%%gknp&;é d)'%%,-rlfi%g%? r‘%%nngﬁgpgmﬁer gﬁ‘ tes
as the 5'-terni #§&shfth ﬁe82 tremgﬁé?ataw aqn#ﬁdvﬁtfsq Belayernergtein.
term nus of the fragnment. These BanH fragnments were transferred to

t he ~ Bant}/ Hgndl | [ YEBm( jsLa.. an S 35  1982."
The pUC PI ?sjgm ds, lrhé %gf]?q%erl ve %\/s\éx?ﬁ thg ge]l]ln ?%ﬁﬂ}v%?%%%ﬁ‘éy S
and Sequenci ng W't h Synt hetlc Uni versal Priners” Gene 19: 259- 268)
creating "rsaA @o. The cell W¥ $Wa3#080wherein the DNA construct further
PCT/ CA97/ 00167 ses an qffrabl¥h11nked|? %Qe ogagéghg %%Pent

m

Carrier plasm dsQ pfll—‘l gure FOGR it
resulted in t heEandgbagkessang whprein the DNA construct is expressed in
the cell and the protein so expressed is secreted by the

10 cell.

11. The cell of claim 8, 9, or 10 wherein the C-terminal
region corresponds to amino acids 945-1026 of the Rsaa

protein of C. crescentus.

12. The cell of claim B, 9, or 10 wherein the C-terminal
15 region comprises amino acids corresponding to about amino
acids 850-1026 of the RsaR protein of C. crescentus.

13. The cell of claim 8, 9, or 10 wherein the C-terminal
region compriges amino acids corresponding to about amino
acids 782-1026 of the RsaA protein of C. crescentus.

20 14. The cell of claim 8, 9, 10, 11, 12, or 13 wherein the
heterologous polypeptide is one or more polypeptides of up
to about 200 aminoc acids in length.

15. - The cell of claim 10 wherein the cell forms a S-
layer comprising the heterologous polypeptide on a surface
25 of the cell. :

16. The cell of claim 8, 9, 10, 11, 12, 13, or 15 wherein
the heterologous polypeptide sequence is one of more
polypeptide of up to about 60 amino acids in length.

This Sheet Hag Been
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frame fusion between the first 10 N-term nal am no acids of LacZa and
the*various ‘C-termnal fragnments (AA782-1026, 5 AA905-1026 or AA944-1026)
of RsaA. These LacZa:rsaA fusion protei ns can be produced in C.

crescentus using the | aczZa transcription/transl ation initiation
signal s Wb 97/340dont r oduced on appropriate plasm d vect or gcpicadisosér
insertion into the chronosone (see: WH. Bingle, et al. 10 1993. "An

<

Al'l - Purpose Cel |l ul ase Reporter for CGene E?SIQP St udi es and Application
to the Paracrystalline Surface (S) .- ayer Protein of Caul obacter
crescentus." Can. J. M crobi ol . 39:70-80). Bot h types of
constructions (i.e., the deletion 15 versions and the Ctermnal only
segnents) result in the production of proteins that are secreted in
Caul obact er strains as highly nodi fied RsaA proteins. The gene
segnents can al so facilg+gte the secretion of heterol ogous pol ypepti des
by insertion or fusion|Gk appropriate DNA 20 sequences at the unique BanmHl
sité that exists in eadhoqf the -constructions. The foll owng
describes specific @dt hods for doing so to create chimeric proteins
capabl e of secretign ifjn C.—Crescentus. A- Creating fusions of
desired sequences with tterm 25 rtions of rsaA -Method 1 The
general process is as fio] jows: 5 I nserting the desired sequence into
the Carrier cassetfed | Theapffol | owmng descri bes the specific nmanner in
whi ch het erol ogous seqyg¢nges nay—bﬁgi roduced into the 30 Carrier
cassette of Figure 1. o —] O Insertion of a single copy of the
desired gene £ =l - <«
or— S &+
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segnent .. WD 97/ 34000

PCT/ CA97/ 00167 : - 31 - Dependi ng
upon the length of the gene segnent, two met hods of construction nay be
used. For segnments of up to about 30 am no acids, two oligonucl eotides
of appropri a{yR e734008€quence are chemcally synt hesi zed, annggriedoimsidy Xi ng,
5 heating and slow cooling and then ligated into the Carrier cassette.
The oligonucleotides wll also cont @711 addi ti onal base pairs that
recreate "sticky ends" of appropriate restriction endonucl ease sites at
each end of t he duplex DNA that results fromthe annealing process. 10
For longer segments, PCRis used to anmplify a region of a target DNA
sequence. A igonucl eotides are synt hesi zed that have sequence

conpl enmentary to the boundari es of the desired sequence and which
contain additional base pairgs that recreate a "sticky end" of an 15
appropriate restriction endon cI ase site. In the present exanpl e

ol i gonucl eoti des are nmade to uce products with the appropriate

restriction endonucl ease for directional <cloning into the
carrier cassette. PCR: tanplification of {h& desired sequence is then
done by 20 standard net Dds, & For—bsﬂs nmet hods, the sticky ends
prepared nust be apprppri atef fyr an Xhol ;Elﬁe@t the 5 term nus of the
desired DNA sequence and Stul or] Sgll sites ag [
] = 03
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= & 25§
2‘6% - sl
. gl A~ o
g‘-.":. o — Ugm
»np o D@0
2T = O Qoo
BEZ EED
» B O0G 3
SO - < T3
2
£
o N
|
a o
p G
= Lo
on
£
4
&
°
3 = 0
8% [ & ¢ el
= | 8 3
p=3 S Eg>~.
L O = ‘”N 2
S = EN =
25 (£ 80 8
8 \T Ex ©
-~ — O o
@ O 0B
8 o] ®EB
w 2 Q53
@ E O
N
}-..
o

Y

SUBSTITUTE SHEET (RULE 26)



term nus; this places the .desired gene segnent in the 25 correct
oriéntationwithin the Carrier cassette. Reading frame continuity is
mai nt ai ned by appropriate design of the ol i gonucl eoti des used for the
PCR st ep. b) Preparation of nultiple copies of the desired
gene segnent ywe 973%boo The Carrier cassette al so al | owscRERSHBEd70N Of
multiple insert copies. A Balll site in the cassette is restored after
removal of the pronoterless antibiotig /37]resistance gene; that site can
be used to insert an addi tional copy of the Carrier/desired sequence
insertion, 35 wusing the term nal BanH sites, because the "sticky ends"
WD 97/ 34000 PCT/ CA97/ 00167

- 32 - produced by both BanH and Bglll are the sane. Thi s

"pi ggy-back” insertion still maintains the correct reading frame

t hroughout the construction. Any nunber of addi tional cycles
of "piggy-backing" can be done because 5 the Banml/Bglll |igation results
in sequence which is no | onger a substrate for either enzynme. The
result is the progdction of cassettes of multiple copies of the desired
sequence whi ch can. begtransferred to appropri ate.l;y nodi fi ed

Accll/Sall/H

Kmr gene —w= |[GGATCCGCGTCGAC
Accl/ Sall/Hinc
]

1

BomH1
BomHI
Kmr gene — [GGATCCCGTCGAC

FIG. 3
FIG. 4

BomHI
!
BomH]
f

|

|

GTCGACGCGGATCC

GTCGACGGGATCC

|

Accll/Sall/Hincll
Accl/ Sall/Hincll
[
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S-layer protein genes with the same ease as a single copy. 10 An

addi‘ti onal f-eature of this method is that different het er ol ogous
sequences can be paired together in this mul ti pl e copy cassette with
the sane ease as nultiple copi es of the sanme heterol ogous sequence.
Exanpl e 7a. wwisgrlheeen of an 109 anmino acid segnent of the lpepbikbhpodes face
gl ycoprotein to Carrier cassette. Usi ng the net hods descri bedt
a PCR product was nade that contai neq A1g DNA coding for am no acids
336 to 444 (Figure 9) of the major suifface glycoprotein of the

I nfecti ous Hemat opoi etic Necrosis Virus (IHNV), which 20 infects Sal nonid
fish. Exanple 7b. Insertion of an 184 am no acid segnent of the

| HNV surface glycoprotein to Carrier cassette. Usi ng the

met hods descri bed a PCR product was nade t hat corffai @d t he DNA coding
for amino acids 270 to 453 of 25 the I'HNW glycoprot gfr Qgnent shown in
Figure 9.. Exanple 7c. Insertion of single and{rnul &#ple copies and an
epi t ope of the Pseudonobnas aerugi nosa PAK, pilus gene}tjo Carrier
cassette. A i gonucl eoti des wergyconstrutigd to code for the 30
pilus epitope described in Exanple 5, whi correspopds to a sequence
at the extrene CG-termnus of the pilus protein. )4i ng t he net hods
outlined in part A(l1) (b) of this Exanple, 3 tanflgm copi es were

pr epar ed.

S-LAYER PROTEIN

188 ]27 [48 314 508 782
FIG. 5
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exanpl es 7a

Segnent

in

C-term nal

5 resulting in an in-f reamcaswseien of :

PCT/ CA97/ 00167 -

2} Transf er of Carrier cassette to the rsaA Cterm nal
The constructions descri bed

Rl asm ds.
and 7b above are then transferred to the rsaA

Carrier

L8

33
Segnent Carrier

WD 97/ 34000

<
segnent
Segnent

For
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| Exampl es 7a and
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L& plasmd
AA ENd 184 AA
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Thi s was done

I n Exanpl es 7a and 7b above and
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rsaA segnent AA944-1026.
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above.
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b) Sel ection of appropriate Caul obacter host strains In

nearly.all cases the use of a S-layer negative host strain is
appropriate. C. crescentus strain CB2A and 5 strain CBlI5aKSac fulfil
this requirenent. If it is inportant to ensure that all fusion
protein is Rep b6 attached to the cell surface, thepes@a®00167
crescentus strains CB15Ca5KSac or CB15Cal OKSac are appropriate. Thesé
strains have additional mutations ti&y][];sult in the loss, of the 10
production of a specific speci es of surface
| i popol ysacchari de that has been denonstrated to be involved with the
surface attachnent of native S-I|ayer protein as a 2-di nensi onal
crystalline array (see: Wl ker S.G et al 1994. "Characterization of
Mutants of C. 15 crescentusg Defective in_ Surface Attachment of the
Paracrystalline Surface Layer"} J. Bacteriol. 176:6312- 6323) | Most
often with the highly nodifiedjversi of the S-layer gene, {his
precaution is not necessary sifjce tually all regions of thg gene
that may have a role in 20 f{hg att PNt process have been renoyed.
There are two types of g{_émth di a suited to both propagati on of
Caul obacter for general D posgs, | Hing .. cloning steps, ang also to
produce the secreted an(ﬁff, aggre Chi merlijc protei ns. Exanpl e of the
two types 25 are: 1) Igfg mgdyu ) drid yeast extraet baged
medi um descri bed in Wl &@r- et 3l, gl, and 2) H G medi um
a defined nedi um descri %&' in: {Sm | 1981. A~€aul opacter
crescentus Pilin: Purig@fcatign, L aracteri zgtjion ahd
Am no- Ter mi nal Am no AC|d§302 edu rygtural |R1 ¢t ei p
Regul ated During DEVE] opngn 3 it 56, 3pgd{3097| The
| atter mediumis espe® al | r ar@le of the
aggregated chineric proteins siinge 3 g tﬁn

0 T L ¥ ¥ T ] T 1 1 € T | ¥ L SB0NK §

25 125 253254552565758592‘5 1025
75 175 275 375 475 575 675 7715 875 975

AMINO ACID BLOCK

FIG. 7
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3Asp 10 Pro

2 Ser ' Lys
40
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FIG. 8
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hi gher densities (therefore maximzing protein yield) and 35
purer aggregated proteins since there are no
PCT/ CA97/ 00167
proteins to contam nate the chineric

Creati ng Fuswawnsedeedesi red sequences with C-term nal
- Met hod 2.

5

- 36 -

results i

WO 97/ 34000
medi um deri ved

proteins retrieved.

POtEAPRAT

pl asm ds are possible to create heterol ogous insertions

versions of a S-layer gene or to create

‘portions of the S-Tayer protein.

nmet hods may al so be 10
Use PCR to prepare approprlate segnents:

anplified

1/
EHE 1

simlar to %@ 3%;
are 15 de&*'Ynelf FALSE
appropri at 951/?19' ons of the desired hetero&&g"gus DNA and

GCC TAT CTA GAC GAT (TG GTG AAG GCC TCT GAG AGC
alo tyr leu asp asp leu vol lys ale

ATG AGG GGA AAC TTG
met arg gly asn leu

121/41
AGA GAG GAA
arg glu glu

T6T
cys leu

181/61
CTC CTA TCC
leu leu ser

AAG
lys

TTC
phe

241/81
GGC TCC ATC
gly ser ile

TAT
tyr

CAC
his

301/101
ACG ACG TAC
thr thr tyr

AGG
arg

aCC
cla

361/121
GAG TGG GAG
glu trp glu

GGC
gly

T
phe

421/141
ARA TAC GTC
1ys tyr val

GCC
ale

CAG
gin

481/161
CAT CCA AGC ATC CT6

his pro ser ile leu

-541/181
TTG GAC TCA TT(
leu asp ser phe

éa‘“
§Fgéd §

GAT GAC TTY
asp osp phe

GAG GCG CAC
glu ola his

CGA
arg

TCT CCA
ser pro

GG6
gly

ATG T6C
net cys

CAT
his

CGC GCT
arg ala

CAC
his

GGA TTG
gly leu

TAC
tyr

AAG ACG
lys thr

TTC YAC
phe tyr

GCC
ala

used. The general

A
u‘é’H

GCC
ala

CAT
his

ATG
met

ACC
thr

CAC
his

AGC
ser

AAT
asn

ri

#’éz&s

151/51

a)

S G

"é’y ’(A'ﬁ 12N 5

GAG ATA ATA TCA ACA AAC AGT

glu ile ile ser thr

211/71
CCC GGA ATA AAT GAC
pro gly ile asn asp

271/91
ACG 6TC GCT GTG GAC
thr val ala val asp

331/111
AGC TTC ACG AAA TGG
ser phe thr lys trp

391/131
GGA AAC AAC ACC ACC
gly asn asn thr thr

451/151
ATG ATG GAA CCG ATG
met met glu pro met

5117121

GAG ACA GAC TTA TCA

glu thr asp leu ser

FIG. 9
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Met hods other thang g use of the Carrier cassetter

into del etion

fusions with Ctermna
PCR may be used al t hough ot her
procedure is as foll ows:

Preparati on
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TCC
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<C
pro
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pro
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lys
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j N
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al so contain "sticky ends" of appropriate sequence and frame so that

the’'resulti ng PCR product can be directed inserted into appropriate
nodi fied S-1ayer genes. 20 b) Transfer to appropriate C-term nal
rsaA segnents is carried out by inserting the PCR products into the G
term nal segwgrm4¢86782- 1026, AA905- 1026, or AA944-1026, aspcpcadfmtds Ped

i n Exanpl es 7d-7g above. In addition to the BanH site described, ther
EcoR restriction site could also be 25] Qigqdras the 5 terninus of the

i ncom ng PCR segnent, since this site is also available in the puUC8
vector and not in the S-l1ayer gene, so long as the correct reading
frame was mai nt ai ned when desi gning the oligonucl eotides used to
prepare the PCR product. 30 2) Expression of the desired fusion in an
appropriate Caul obacter host strain is carrieg oyt using the procedures
outlined in part A(3) above. WO 97/ 340l

PCT/ CA97/ 00167 ¥ \ C Creating

i nsertions of Nalrgluplvapeaderolintis-sjenbi-ynscys-staafa-maNibayLe gene having

| arge internal in-frame del etions.

FIG. 10

Gly 277 Ala 485

Thr 69

Gly 622
Thr 4350 y Ser 630

Als 467

FIG. 11
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The general process is as follows: 1) Creating appropriate in-frame

del etions. 5 rsaA (AAA95-782) and rsaA( AAAL188-782) were prepared

. as described above. Because nost of the BanmH |inker insertion sites
are in the sane reading frane with respect to each other, it is
possi bl e t o a@¥lsaoeot her pairs of 5 and 3' segnents uptIICadTBIEGTANE
general nethod, with the 10 sanme result of nmaintenance of correct =
reading frane throughout. These delllifm]versions nust then be tested
individually to ensure that S-layer protein is still secreted by the
Caul obacter. 2) Insertion of a Gene Segnment Carrier cassette
containing 15 the desired sequences: as described at part A(l) above,
carried out using the procedure described in part A(2) above.

Exanple 7h. Insertion of the 109 AA I H\NV segnent into rsaA
([err] AA95-782) and insertion of the 109 AA I HNV segnent into 20
rsaA([err] AA188-782) is carried out as in Exanples 7d-7g above.

Expression of the desired genetic construction in appropriate C
crescentus strains is done using the procedures outlined in part A(3)
above. 3) Alternate PCR procedures: canﬂ%aLmed to prepare a 25
het er ol ogous segnent for direct insertion int he BanH site with the
del etion versions of the rsaA gene® The ocedure is essentially the
same as described in part B(1) Sabove. -
— _—
< ’ <
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WD 97/ 34000 - PCT/ CA97/ 00167

- 38 - fer to the native S-layer gene

*chr onosomal  si tgﬂ Iui l““l“ Hﬂmsover event). * The fusion of

the Carrier cassettecwih®ppropriate _ get er ol ogous. DNA segnents to a

C-termnal S-layer protein 5 segnent pl a%m dr + a-pe8--Rased
F?H e

plasm d that is not mai nt ai ned i n Caul obact rcﬁﬁgn%ﬂir t he &
antibiotic  weMetlsem.on the plasnmid results in] det edEPOACED the frescue
events. I\/bst &m’mnl these are -single CrosSsSOVEr homol ogous
r econbi nat i on tevent's. PNAhGOPEEEREL| SORPHLSIAE 19Pe | REerQih B‘PSFﬁéc’éh@mre
plasnmid into sheeshrifvmpstaeiliddttng inddeciesi denbmon:)b ofhd N€odst AYEE

gene renai ns unchan d wel | as..the |nco i y nodj fied Iayer
gene. In such® c%gles%lsft PP b FEH R FoI @ t S u%%'@a’%‘ battEr°%t raf ns®in

whi &h t he resgéaéglz?s&&}:els Qe.mfen prouadhi campmsmnbna\tmlééstwahe g2 One
example s thg.ysendhal £RE36CREISSSUA the o-GBVAAKSEELCLILS SUEAI O pas

an antibiotic resistance gene ette |nt a position inthe
S-1ayer gene apépe acidgsdsgp Pﬁethﬁysflérfﬁrhérgtefh@rm nus. Exanpl e
9. (Transfer to the native S| ayer gene 20 chronosomal site as a

doubl e crossover evenﬂ% certain cases.it may be desirable

to conpl et el y2 n‘@%n?‘ﬁ’@‘??esqo&@ﬁl%qganlA SBﬁ@d&BEyavﬁ‘ﬁtFF’f?kQQq’bem ng
hi gbl y nodi f Ipdlypéptmde @égu&ﬁtboﬂotsptrbeehﬂcd&:p@f actawabact&f S- Bagdr gene

cassette (Hynes "Direct. 25 Sel.ecti fo rin d
Del eti on of I%F?BBF‘ B%%g%‘a& q.’rgm anQI rame wi % Dq\ﬂ\ enco .‘an_:{gaaé‘|
terminal region of a Caulobacter S-layer protein comprising
at least the 82 C-terminal amino acids of the S-layer

protein, and not amino acids 1-29 of the S-layer protein.

15
3. The DNA construct of claim 1 or 2 further comprising
an operably linked promoter recognized by Caulobacter.
4, The DNA construct of claim 1, 2 or 3 wherein said
20 C-terminal region corresponds to amino acids 945-1026 of
the RsaA protein of C. c¢rescentus.
5. The DNA construct of claim 1, 2 or 3 wherein said |
C-terminal region comprises amino acids corresponding to
25 about amino acids 850-1026 of the RsaA protein of
C. crescentus.
6. The DNA construct of claim 1, 2 or 3 wherein said
C-terminal region comprises amino acids corresponding to
30 about amino acids 782-1026 of the RsaA protein of
C. crescentus,
7. The DNA construct of claim 2, 3, 4, 5 or 6 wherein the
heterologous polypeptide sequence is of one or more
35 polypeptides of up to about 200 amino acids in length.
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Usi ng Transposons Carryi ng the Baci |lus subtilis sacB Gene. " Gene

78: 111-119) into the m ds carrying the desired chineric
*gene ‘constructi on. ! \ e contains a Ievansucrase gene from

Bacillus 30 subtili s n s hé pr esence .of @set t to
result in the productioon of a sugar pol ymdr tha'foSSSfﬁgl @Aé éggﬁc nost
bacteria when expressed inside the cell. One fjirst REPLA@Dects flor the

singl e crossovger e%@a&%ﬂ%ic%b??t iﬂ%rlﬁlﬁ%a%ﬁ]l\ﬁk %on% %8&\ égg\"tnghgge

sucrose-contai_ning nmedium 35 resu
that | ose Iiffe %?%%ﬁgasaeeegéﬁegﬁy%@%mmdeemummmtwunhan

WD 97/34000 s-layer protein of Caulobacter up§¥¥é£m95£QQ1§Kd 1n frame

- 39 - t he acent gene I es events are possible;
restoration ofw;'t'ﬁ'éﬂ@s (%ﬁﬁp W@‘@%Eﬂf&g’@é’hé’ @ Caulobactegient of

t he 5resi dent Soflaywn proite innceherginodhé i®dtermimgehereditdie cb&xb&%bgbsa{-_ he
desired event e sertion Lob r_antibody,
heast %(r%let grao oggﬁtg?na a1 e 6 D,\CB(AS q%sfdg:ﬁ]tel %i’gé‘ye&BEBEéf-Br

specific to t he
gene r epl acshwat aramcs aclids tetiBodir ddpei Sed atyleat piriceeSnl.ayer ~gene
sequence or native sequence imedi ately adjacent to the S-1ayer gene be

on both sides of the heterol ogous 10 sequence (ie, Carrier cassette

sequence pl us %het ed&Ifog6dd of chuiny arhaneithehe eeddt iSaseCaulobactenit ed

f onpt he del etion versions of the S-layer gene. )
10. The cell of claim 9 wherein the DNA construct .further
comprises an operably linked promoter recognized by the
Caulobacter and wherein the DNA construct is expressed in
the cell and the protein so expressed is secreted by tﬁe

15 cell.

11. The cell of claim 8, 9, or 10 wherein the C-terminal
region corresponds to amino acids 945-1026 of the RsaA

protein of C. crescentus.

20
12. The cell of claim 8, 9, or 10 wherein the C-terminal
region comprises amino acids corresponding to about amino
acids 850-1026 of the RsaA protein of C. crescentus.

25 13. The cell of claim 8, 9, or 10 wherein the C-terminal

region comprises amino acids corresponding to about amino
acids 782-1026 of the RsaA protein of C. crescentus.

14. The cell of claim 8, 9, 10, 11, 12, or 13 wherein the
30 heterologous polypeptide is one or more polypeptides of up
to about 200 amino acids in length.

15. The cell of claim 10 wherein the cell forms a S-
layer comprising the heterologous polypeptide on a surface
35 cf the cell.
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'Cl her met hods are avail aﬁ

m delivery of genes to the
chronosone of a O\Mﬁ i!mm“ thods 15 involving the .use of the
transposons Tn5 andi {NmRA! wmeans” of deliy e ndom
chironosone | ocations are avai | abl e (sge: - B4rit)S SHE T 0.\ '
Br oad- Host - Range Shuttle System for Gene Inserti &BPLAGED t he ¢hr onpsones

of Gram Negative Bacteria." Gene 71:75-84.)~TEe"USE of the 20 xyl os®
utilization operonThascallabgetlai@rschg pnDspnel, 12] NBEJ tdHOM aweerd 59
been described, Thjs nethod involves - .the jncorporation of a portion
that operon i ht§ th@tﬁfﬁgogousbﬁ qpatslrﬁ{% SSIFUCT § O1s 83§cr?€ed“%%ve.
This all ows polppepkadeusireponbi abdubnédi ahinot heidyl bselepgtbn as a 25
nmeans of plasm d rescue. Loss of the the ability to use xyl ose as a
nutrition source is used as the neans of confirmng the rescue event.
Thi§ i nventi oh7nowAbaiaryedeserpiniein tobkaingd fromappafehl syréageofor
ordinary skilleif mBight okhal cahapgastd? cand mrdidifHad iansarehe vmde

thereto wi thout departing |, fromthe spirit or scope of the appended
cl ai ns. PEPERLN comprises a heterologous polypeptide of one or more-

REPLACEMENT ShEEjpeptides of up to about 200 amino aciddOin ledgt®. DNA
construct conprising one or nore sites for facilitating insertion of
het er ol ogous DNA into said construct |inked to DNA encodi ng part of a
Caup obact er Stayer Theotmroneimheodi nclatmpart whetried nS- thgcrhgfrenaiggous

comprises u Gierglpal 3§e¢Lebh@nosi gk Bh1tRUbeRARCHE up to about 60

amino acids in length.

19. The protein of claim 17 or 18 wherein the protein

15 consists of the heterclogous polypeptide and a C-terminal
region corresponding to amino acids 945-1026 of the Rsaa
protein of C. crescentus.

20. The protein of claim 19 additionally consisting of all
20 or part of amino acids 782-944 of the RsaA protein.

21. The protein of claim 17, 19 or 20 wherein the
heterologous polypeptide is one or more copies of all or
part of SEQ ID NO:S.
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2. A DNA construct conprising DNA encodi ng one or nore heter gpR0usp
pol ¥pept¥ des "operably |inked to DNA encoding part of a Caul obacter S-|ayer

protein, wherein the part of the S-layer protein conprises a obact er
C-termnal scoretion si gnal . 3. The DNA construct of cl dgisdigor 2
wherein the par t he S-| ayRip RfEQECiAL opeRDiorcamAbe of f or Negsd an

S-layer on CaulBbdclter. 4. The 'PRESEDREM uct of any one of clains
wher ei n t INFEENATIONALAPPEEDYTION msnst;ﬁmwwrf&ﬁ’ h@ﬁe‘z%'lafr@ﬂ?m

am no %@}ﬂénmmwﬁenmwﬁeﬁmpr otein. an Interhitna PlbceR Kbt  of WY 90738000
cl ai ms ” g,%n?nggel ngy Aﬁar of a Caul obacter S-layer protein
does - njot Wﬁﬁ g t "¢ @) lnasnesionsp Publication Date: 6350Pt°m 897 ORIR-97)
const r fpet—oF—afy bre—of—ctarns—t+=5—F 1 hIET (,on T SI T| nKed
pr onot em) TaRAEEA Afilicsion nﬂ-‘abﬂ--obacrmc @;ﬁﬁﬁﬁ By enh& st
cl ai s 6 wher DN correspon to am no aC| ds

945- 10 g@‘&k‘b‘r ot ei ﬁlw %34 ‘é‘;r"g% ¢ (F)ugents: ROBINSON, 17 [ebrisitex <t Srtart dofieess
any ‘onje of claims 1-6, wherein said Ctefm naW@ﬂ%ﬁ ggg“m;)vé’,p‘ﬁ s
corres|cﬁ§lh131*1*!3;‘{%I %‘ about %@&9%3&"?9%{,850' (26 o] aA protein of C

Ccrescent us. ct of {any one of clainms 1-6, wherein
said G-ternynal reglon conprises anino a¢ids corres ondlng to out_ am no

aci ds [A@Prst@pAplisitiopsoe GRIWA protein of C. @F’éﬂ%ﬁ\g‘ggﬂ‘ A o o e e

Continuation DE, DK, ES, HI,
REPLAQ ENM? Y 07/895,367 (CIP) MC, NL, PT, SE).
Filed on 9 June 1992 (09.06.92)
us 08/194,290 {CIP)
Filed on 9 February 1994 (09.02.94) | Published

With international search report,
Before the expiration of the time limit for amending the

{T1) Applicant (for all designated Sta US): THE UNIVER- claims and to be republished in the event of the receipt of
SITY OF H COL [CAICAI; IRCRoom 331, amendments.
2194 th Sciences v Vancouver, British Columbia
1Z3 (CA).
(72) Inventors; and

(75) Inventors/Applicants (for US only): SMIT, John {US/CAL
9960 Seacastle Drive, Richmond, British Columbia V7A
4RR (CA). BINGLE, Wade, B, [CA/CAL 111 - 1370
Davie Street, Vancouver, British Columbia V6E ING (CA).

Prad

(54y-Title: EXPRESSION AND SECRETION OF HETEROL S POLYPEPTIDES FROM CAULOBACTER

PERMISSIVE
SITE?
- -+ o+ o+ - - + -
NSERYION
POINT
(AMING ACID #)
28 152 167 188 227 248 314 508 782
N-Ir' %.c
v S-LAYER PROTEIN 1026
(57) Abstract . .
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L eoyain -<
[err] =~ =~ —ferr}-—106: - - The DNA construct of any one 1QeCls 1-9,

wherei n tHM ol ypepti de sequence is of one or nore

pol ypepti Ca mmﬂﬂ*Mt 200 amino acids in | : o i al
cel | conprssidig S struct conprising DNA %Méﬂﬁg\{t@%&
pol ypeptide not present in a S-layer, _protein of Caul obacter operably |inked
to DNA encoding part of a Caul obact4P -S| ayer protein, wherein the part of
t he S-draynag: protein conprises a C-term nal secretion signal of Caul obacter.
12. “The cell of claim1l wherein the part of the iS—j,a er protein i,s not
capabl.e of Af DIV nepnsiuet [caPPRsIgE OBf)| BhEOrR Sites 1p5 am“f%@gcév#eﬂmn @tai m 11
or 1 L DN ifts .ﬂ.ﬂ}uc 4 | i i ekt SLi@er82
C—terzhnﬁ%foggiﬁpno aglﬁ:(ojgﬁg;& t he gﬁ%ﬁ?%ﬁt@?ﬁé‘negﬁ#a ‘%@é}‘hllé'é—gf"e‘l‘l'. 01El ?egny one
of clgotan, Mher8in thiqradti of thhdS-Bxec proceinlicamppsgst « §-tepmingli Fesiritaneyizml| ofy er
prote't;n ldgei not encode ami no acids 1-29 of the S-layer protein. 15.

The c ° hy one of clains 11-14, wherein the cell is a Caul obacter.

2. A DNA construct comprising DNA encoding onc or more heterologous polypeptides
operably linked to DNA encoding part of a Caulobacter S-layer protein, wherein the part of
the S-layer protein comprises a Caulobacter C-terminal sceretion signal.

3. The DNA construct of claim | or 2, wherein the part of the S-layer protein is not
capablec of forming an S-layer on Caulobacter.

4, The DNA construct of any one of claims 1-3, wherein the C-terminal sectetion signal
encodes at least the 82 C-terminal amino acids of the S-layer protein.

5. The DNA construct of any one of claims 1-4, wherein the DNA encoding part of a

Caulobacter $-layer protein does not encode amino acids 1-29 of the S-layer protein.

6. The DNA construct of any one of claims 1-5, further comprising an operably linked
promoter recognized by Caulobecter.

7. The DNA construct of any one of claims 1.6, wherein said C-terminal region
corresponds to amine acids 945-1026 of the RsaA protein of €. crescentus,

8. The DNA construct of any one of claims 16, wherein said C-terminal region
comprises amino acids corresponding to about amino acids 850-1026 of the RsaA protein of

C. crescentus.

9. The DNA construct of any one of claims 1-6, wherein said C-terminal region
comprises amino acids corresponding to about amino acids 782-1026 of the RsaA protein of
C. crescentus.
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18. ° The cell of claim 15 wherein the DNA construct further conprises an
oper-abl y |inked-proenoter recognized. by t he Caul obacter and wherein the DNA

construct is z Bm MBM& m‘cell and the protei RisPLACEYHENT SHEGEt ed

by the cell, of any one of clainms 11-16, wherein the

Ctermnal re ds to am.gp.aci ds 945-1026 of the RsaA protein
of C. crescents The cell of any one of clainms 11-16, wherein the
Cterm nal region corrprl ses anmi no acids corresponding to about am no acids

850- 186 OfTHcONRS 8ohsRO&! & sty cest y one
of clainms 11-16, wherein ?Ihe -%e(caéfnggﬁgﬁ &ggﬁrg‘?\re}:no&rr%rl ses %&lg@ép&ﬂ@

cor r e SPVISHENY of 9ng 95 tRore RelipEpidetial Ue abopte20frantine acdsin lpngthel n of C.
crescent us. REPLACEMENT SHEET
[err] 20. The cell of any one of clainms 11-19, wherein the heterol ogous

pol ypditi déA i bacterial occlhmommmiquapmNAs cobstrugt t aonaprizirig IPNAarenbediagi ds i n

hot or dptereibeous palienfife hot e 1A S:Bve” BEIR of Callobattt hresbiy Jked g0 am no

aci ds DMAlenegdihg part of a Caulobacter S-layer protein, wherein the part of the S-layer protein
comprises a C-termninal secretion signal of Caulobacter.

12.  The cell of claim 11 wherein the part of the S-layer protein is not capable of forming
an S-layer on Caulobacter.

13.  The cell of claim 1] or 12, wherein the C-terminal secretion signal encodes at least
the 82 C-terminal amino acids of the S-layer protein.

14.  The ccll of any one of claims 11-13, wherein the DNA encoding part of a Caulobacter
S-layer protein does not encode amino acids 1-29 of the S-layer protein.

15.  The cell of any one of claims 11-14, wherein the cell is a Caulobacter,
16.  The cell of claim 15 wherein the DNA construct further comprises an operably linked
promoter recognized by the Caulobacter and wherein the DNA construct is expressed in the

cell and the protein so expressed is secreted by the cell,

17.  The cell of any one of claims 11-16, wherein the C-terminal region corresponds to
amino acids 945-1026 of the RsaA protein of C. crescentus,

18.  The cell of any one of claims 11-16, wherein the C-terminal region comprises amino
acids corresponding to about amino acids 850-1026 of the RsaA protein of C. crescentus.

19.  The cell of any one of claims 11-16, whercin the C-terminal fegion comprises amino
acids corresponding to about amino acids 782-1026 of the RsaA protein of C. crescentus,
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-22.« A secreted protein obtained fromag cell of any one of clains 11-21,
“wherein the protein conprises the heterol ogou y ' t he_part of
a Caul obacter S-1 ayer protel n. 23. The prgéﬁ&—lgé?}biﬁmg%}%l& in the
protein co er ol ogous pol ypoptide and a C-tetm nal region
correspond ﬂmlmllg s 945- 1024p of the RsaA protein of C. crescentus.
: The prtotrkentofkc sal m 23 additionally conS| sting of all ot part of

am no acids 782-944 of the RsaA protein. The protein of any one of
cl ai m5g22- 24, &h{? bl SF 980 felrSl Te copies of
ol 3? Sart Of&‘fg%g %hﬂ%gﬁiﬁé?i Mﬂi&ﬂ% Bt (N peBlidd ™ 6l BP

RPL AChIvE\polgpépitifics of up to about 200 amino acids in length. 13SEP
1999

21.  The cell of any one of claims 11-19, wherein the heterologous polypeptide is one of
more polypeptide of up to about 60 amino acids in length.

22, A secreted protein obtained from a cell of any one of claims 11-21, wherein the
protein comprises the heterologous polypeptide and the part of a Caulobacter S-layer protein.

23.  The protein of claim 22 wherein the protein consists of the heterologous polypeptide
and a C-terminal region corresponding to amino acids 945-1026 of the RsaA protein of
C. crescentus.

24.  The protein of claim 23 additionally consisting of all ot part of amino acids 782-944
" of the RsaA protein,

25. The protein of any one of claims 22-24, wherein the heterologous polypeptide is one
or more copies of all or part of SEQ ID NO:9.
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