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Introduction

Clostridium difficile , a gram positive spore-forming anaerobic
bacterium, is the most common pathogen identifietha cause
of antibiotic-associated diarrhoea, pseudomembranmlitis
and hospital-acquired diarrhoea. The best chaiseter
virulence factors are the large cytotoxins A andhBt ttrigger
intestinal inflammation and fluid loss. Howeverriagion in the
sequence and predicted biological activity of thpsateins is
evident from molecular characterisation of isdete difficile
and some outbreak strains carry deletions in ort®th of the
toxin structural genes. It is likely that other teail factors are
involved in the disease process, most likely thms#eins that
are located at or associated with the bacteridhsgrsince this
forms the interface between the pathogen and the ibe goal
of this study is to analyse surface proteinCoflifficile and
investigate their role in the infection process3j1-

Materials and methods

gDNA of C. difficile strain 630 was purified from overnight
cultures.

PCR was performed to generate fragments from gehes
interest using Promega Phusion DNA polymerase, 2mM
MgCl,, 0.2 mM of each deoxynucleoside triphosphate and 1
uM of each primer. Reactions were carried out focg&es
consisting of denaturation at 94°C (30 sec), anngadit
55°C (30 sec) and extension at 72°C (1 min) in a
ThermoHybrid PX2 thermocycler. Sense and antisense
primers carried sequences at their 5* termini foresiing to

LIC vector as follows:

Sense primer: 5' GAC GAC GAC AAG ATX —gene

specific sequence 3'

Antisense primer: 5' GAG GAG AAG CCC GGT - gene
specific sequence 3'

Cloning of targets

For cloning ofC.difficile genes, pET-32 EK/LIC vector
from Novagen was used. The amplified products were
purified with QIAquick PCR purification kit (QIAGEN.

To prepare the purified PCR products, all weretéea
with T4 DNA polymerase to generate vector-compatibl
overhangs on the inserté\fter annealing the treated
inserts with vector DNA, Nova Blue competent cells
were used for transformation. Selection of tramafamts
was carried out by plating on 2XYT agar containing
ampicillin. Colony PCR was used to screen candidate
clones.

Protein expression and purification
Plasmid DNA from positive clones were purified for
transformation into an expression host and sequence
analysis. Isolated recombinant plasmids were toamsfd
into BL21(DE3) competent cells and plated onto 2XYT
ampicillin agar. Liquid cultures were induced witinM
IPTG at an OD of 0.8 for overnight expression &C30
Supernatants from sonicated overnight cultures were
analysed by Western blotting using anti S-Tag axjb
Prepacked Ni sepharose columns (GE Healthcare) were
used to purify target proteins. Columns were washiel
50 mM imidazole and target proteins were eluted WQB-
300 mM imidazole. Purified proteins were analysed by
SDS-PAGE, Western blotting and mass spectrometry.
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Isolation of recombinant antibodies
Tomlinson | and J libraries was used to selecbadtes
against purified target proteins. Briefly, selentincluded
growing the libraries, selection on immunotubesg¢h
round of selection, screening phage particles Bl .and
production of soluble antibodie&.coli TG1 was used for
the production of phage. To produce soluble antémftom
the selected phage, HB2151 cells were used. Infecte
HB2151 cultures were induced with IPTG at 30°C for
overnight culture. Supernatants from overnighturets
were analysed by dot blot using anti c-myc antibdtty
assess the ability of selected antibodies to tamgeeins,
anti c-myc was used in Western blotting. DNA plassrof
the clones were sequenced with LMB3 and glll primers

Results

In this project, surface proteins Gfdifficile thought to have
arole in pathogenesis were chosen for expressidras
targets for isolation of recombinant antibodiesRRGing
Phusion buffer HF generated products of the cosieet
except forcwp84 andfbpA genes (Fig.1). This problem was
solved by a change to GC buffer. [Eap66, there was no
difference between Taq and Phusion (Fig.2)

PCR reaction using buffer HF
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Figure 1: PCR products obtained with Sense andsase primers. Lane 1,
1kb DNA ladder (Promega); lane Zp84; lane 3,cspA; lane 4, Saupés;
lane 5, fbpA; lane 6,groEL; lane 7,fiD; lane 8 ac; lane 9,iC; lane 10,

‘cwp66; lane 11,sortaseB; lane 12, 1kb DNA ladder (Promega); lane 13,
100bp DNA ladder (Promega).

PCR reaction, comparing HF and GC buffer
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Figure 2: PCR product comparison using HF and Gtetsu Lane 1, kb
DNA ladder; lane 20np84 amplfied with buffer HF and Phusion
enzyme; lane 3wpgd amplified with GC buffer and Phusion enzyme;
lane 4,fbpA amplfied with HF buffer and Phusion enzyme; landtpA
amplified with buffer GC and Phusion enzyme; lane@84 ampliied
with Tag polymerase; lane TopA ampified with Taq polymerase; lane
8, cwp66 amplified with Buffer GC and Phusion enzyme; ane$p66
‘amplified with Taq polymerase.

The presence of inserts in plasmid DNA from tramsfed NovaBlue
cells was confirmed by colony PCR. This showedetkgected
molecular weight size of target sequences (FigS&yuencing
confirmed that inserts carried the correct sequédata not shown).

cspA: 192bp

5'cwp66: 742 bp

groEL: 1461 bp

liD: 1497 bp

liC: 780 bp

3'cwp66: 898 bp

sortaseB: 584 bp

Figure 3. Colony PCR recombinant plasmids. Lefelaeach image shows 1kb DNA marker
(Promega). Insert sequence is shown in the laisatdon panel,

SDS-PAGE analysis of recombinant low
molecular weight (LMW) and native SIpA
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Figure 4. Lane 1, protein marker; lane 2, recomttita/W (from Prof. N. Fainweather, Imperial
College, London); lane 3, SIpA extracted fradifficilecells.

Recombinant proteins were eluted from the Ni ch@tatolumns using different concentrations of imiolazand
and analyzed by SDS-PAGE (Fig. 5). Purified prateind LMW SIpA (Fig. 4) were used for isolation oFgs
from phage display libraries. Phage collected fe@nh round of selection were tested by polyclonabph
ELISA for specificity towards the target proteirigF6). Soluble scFv antibodies were expresséel ooli
HB2151 and tested in ELISA against the selectirggin target (Fig.7) to assess specific recognitBased on
these results, Western blots were run using scFaeteet the target protein. In Figure 8, scFvs LIG1,0 and
LG7 were all selected against recombinant LMW, Hiatting showed the ability of LG1 to bind the hig
molecular weight form of SIpA. The CDRs of theseilzodies are shown (Fig. 9).

In all, 30 specific scFvs were selected againgtriiitlate proteins predicted to be present at ttfacguofC.
difficile 630.
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Figure 6. Polyclonal ELISA with phage recoveredhireach round of selection
against SipA. Library I, columns 1-3. Library Jjemns 4-6. ¥round of selection
‘columns 1 and 4; second round of selection coluarsd 5; third round of
selection column's 3 and 6.

Figure 7. Reaction of soluble scFus against puriih6. Wells were coated with Cwp66 and
after adding a scFv sample to each well, wells yeoeed with antic-myc, antirabbit-HRP and
TMB substrate to detect ScFv binding

— Figure 8. Westem blot analysis of three scFvs fdlagainst
— recombinant LMW. After SDS-PAGE of SIpA extractedfrC.
50 kD= an_— LC1 aifficilecells (Fig. 4, lane 3) and transfer, the membraas w

2 - —
36 kDa LF10 G7 wansferred was probed with soluble SCFV antbot@s, LFL0 and
LG7 as indicated in each panel. scFv binding wasated with anti-c-
- = myc, anti rabbit-HRP and TMB substrate. Pre-staimeakers are in
oo the left ane of each panel, key molecular weightsun.
P panel, key ightsur
LGl HCHAIN &
LGl L CGAIN O8I S Figure 9. Predicted protein sequences of anti-Sgvantibodies.
LF10 H CHAIN & Sequences of CDRS are shown for each scFv analyg. 8 through
LF10 L CHAIN SIS heavy (H; green) and light (L; biue) chain domains.
LG7 HCHAIN & AKNGT

LG7 L CHAIN QI SSY.

Conclusion

Surface proteins have pivotal roles in the pathegisnof bacterial infection. We have generatednelpaf scFv
antibodies against proteins predicted to be prestethe surface o. difficile. These reagents will be used to test
for the ability to inhibit a range of bacterial pesties ég motility) and assessed for strain specificity.
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