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ABSTRACT

We cloned fusion gene@tB-gst-streptavidin encoding three sequential proteins including
membrane spore coat protein CotB, Glutathion SsSfemase (GST), and streptavidin, into the
chromosome oBacillus subtilisPY79 to create recombinant strain named SA2. Egwa of
streptavidin on the outer coat of SA2 spores wayefianed by immunofluoresence using
specific anti-streptavidin rabbit IgG and anti-raligG labeled Alexa546. The specific bindings
of biotinylated cetuximab on sporesB#dcillus subtilisSA1 (expressing CotB-streptavidin) and
on Bacillus subtilisSA2 were detected by Western Immunoblotting. The& dndicates that
binding of biotinylated cetuximab on SA2 spores whghtly 1.4 fold higher than that on SA1
spores, suggesting limited role of GST in enhantigexposure of streptavidin for interaction
with biotinylated cetuximab.

Keywords:Bacillus subtilisspore; Glutathion S Transferase (GST), streptayidiotinylated
cetuximab.

1. INTRODUCTION

The Bacillus subtilisspores have been used as models for expressicargst tproteins
fused with membrane protein, such as CotB, Cot@E@a the spore surface [1 - 3]. Due to the
unique, distinguishing heat-stable feature of smpoee spore-based display system provides
advantages relative to those based on the use abértzd cells. There has been number of
antigens selected as model proteins and succegsdfstilayed on the spore surface by fusion to
cotB i) the non-toxic 459 amino acid C-terminal fragmef the tetanus toxin (TTFC), encoded
by thetetC gene ofClostridiumtetani [4]; ii) the 103 amino acid B subunit of the healbile
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toxin of enterotoxigenic strains dEscherichia coli(LTB), encoded by thesltB gene [4];
iii) toxin A peptide ofClostridium difficile[5].

Recently, we have been successful in cloning apdession of a gene encoding a fusion
protein of CotB and streptavidin on the surfac&o$ubtilisSA1 spores [6, 7]. The SA1 spores
is bound specifically with biotinylated cetuximad,chimeric IgG1 monoclonal antibody that
targets the extracellular domain of Epidermal GloWwactor Receptor (EGFR) over expressed
on the surface of 30 — 85 % colon cancer cell typeduding cetuximab-sensitive HT29 cell
lines [4, 8 - 10]. The binding constant of SA1 witbtuximab biotinylated is determined to be
about 10 M, indicating the specific binding of streptavidifttwbiotinylated cetuximab [7].

In this work, we further create another recombirrgubtilisSA2 strain expressing fusion
proteins of CotB, Glutathion S Transferase, anepsatvidin (CotB-GST-streptavidin). GST has
been known as famous tag protein which can increelssility of its fused proteins. Here, GST
is designed in connection between CotB and strepawvith the aim to enhance exposure of
streptavidin on spore surface, toward the exteemafironment for interaction with biotin or
biotinylated molecules. The specific binding of tnglated cetuximab on SAl and SA2 is
compared to prove actual role of GST in enhancirepgavidin-biotin interaction.

2. MATERIALS AND METHODS
2.1. Materials

B. subtiliswild type strain PY799p0) was used. All recombinant strains described here
are isogenic derivatives of PY79. Plasmid ampltf@afor nucleotide sequencing, sub-cloning
experiments and Cafinediated transformation @&. coli competent cells were performed in
the E. coli strain DH® as described in Sambrook et al., 1989 [11]. Meshtwi Bacillus
including the two-step transformation Bf subtiliswere those outlined in Cuttingt al, 1990
[12].

2..2 Methods

2.2.1. Construction of gene fusions

Using laboratoryB. subtilis strain containingcotB-gst(kindly provided by Prof. Simon
Cutting) andStreptomyces avidingitrain 11996 (NCIMB Ltd., Aberdeen, UK) as a chreomal
template, the complete ORF abtB-gst,and ORF of streptavidinwere amplified using
respective primers (cotB forward: 5'-cgcggatccACGGAGGCCGTTTGTCCT-3' having a
restriction site forBamHI, GST reverse: 5'-cccaagcttATCCGATTTTGGAGGATGGTBC
having a restriction site forHindlll, Strep forward, 5'-aaaaagcttGACCCCTCCAA
GGACTCGAAG-3' having a restriction site fadindlll, and Strep reverse 5'-aaagaattc
CTACTGCTGAACGGCGTCGAG-3' having a restriction siEedRl). Purified PCR-amplified
cotB-gsthaving the expected size of 1.7 kb was cleaved BairHI andHindlll and cloned into
pDG364. Then, purified PCR-amplifiextreptavidinDNA having the expected size of 500 bp
was cleaved witlidindlll and Ecarl and cloned into pDG364-cotB-gst. This createdhainame
fusion of cotB-gstwith streptavidinat the Hindlll site. The clone was verified using DNA
sequencing across the fusion site and the plasnaigl kmearized by digestion witRst.
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Linearised DNA was then used to transform competefis of B. subtilis strain PY79 with
selection of chloramphenicol-resistant coloniesangformants carried a stable, double
crossover, insertion of theotB-streptavidinchimera at the amylase genamiyB and the
resulting clone named SA2 (Figure 1).

2.2.2. Preparation of spores

Sporulation ofB. subtilis PY79 €p0o), the B. subtilis strains SA1 harbouringotB-
streptavidin[6, 7], and SA2 harbouringotB-gst-streptavidin (cotB-gst-Siere made in DSM
(Difco sporulation media) at 37TC using the exhaustion method. Sporulating cultwese
harvested 60h after the initiation of sporulatiomd asuspensions of spores purified using
lysozyme treatment to break any residual sporarmegi# followed by washing in 1 M NaCl, 1M
KCI and water [13]. The number of spores was catedl by serial dilution and plate counting.
Spores were killed by autoclaving (120, 15 psi, 20 mins). Water lost by evaporation was
calculated and sterile water added to restore ¢ootiiginal volume before autoclaving using
microscopic counting of spore particles using a ¢wytometer to determine spore counts.
100 % spore killing was validated by serial dilatiand plate counting.

¥

Linearized plasmid amyE back cotB-gst-54 cat H amyE front I—
pDG36d-cotB-gst-54 /,.

Recipient chromosome [ amyE I !
B. subtilis FY75 ",; 1 "f
Recombinant chromosome -
B subtilis SAZ amyE back cotB-gst-54 cat H amyE front I—
- P —

Figure 1.Strategy for the chromosomal integration of ¢tb&éB-gst-streptavidin (cotB-gst-Sééne.
Arrows indicates direction of transcription.

2.2.3. Immunofluorescent staining and imaging

1 x 10 SA1 sporesl x 10 SA2 spores, and 1®Y79 spores were fixed with ice-cold
paraformaldehyde 1 % for 15 min, then washed ttirres with PBS (145 mM, pH 7.4). Next,
the spores were incubated with polyclonal strepiasspecific antibody at 10 mM for 45 min at
RT, followed by anti-rabbit IgG conjugated Alexatbdt 10 mM for 45 min at RT. Incubations
with antibodies were performed in the presence @f BSA and three washes with PBS (pH 7.4;
NaCl 137 mM) plus 0.5 % BSA after the first antigodhe spores were imaged under an
excitation of 525 nm (green laser) using a confobabrescence microscope Carl Zeiss
LSM510.

2.2.4. Western analysis of cetuximab binding
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Biotinylated cetuximab were prepared in similar waywhat described previously by
Nguyen et al in 2012 [7]. Different amounts of bigtated cetuximab which were prepared as
previously described ranging from 0.2, 1ug, 4 g to 8ug were bound either on 1 x19A1
and 1 x 18 SA2 spores in PBS (pH7.4; NaCl, 137 mM). Incubagiavere made in 300l
buffers for less than 1 hour and the unbound byEted cetuximab was removed using three
washes with PBS (0.01 M, pH 7.4) before SDS-PAG&ais. Biotinylated cetuximab bound
with 2 x 1¢ spores (one fifth of the initial amount of spoiesubated) was checked for the
presence of a 60 kDa species indicating that DTUced 1gG by Western blotting using anti-
human IgG-conjugated alkaline phosphatase (Promegadl the purple color reaction
determined using the NBT/BCIP substrate. 100 ndpiofinylated cetuximab was used as a
positive control. The intensity of 60 kDa bands &aalyzed using Scion Imageoftware.

3. RESULTS AND DISCUSSION
3.1. CloningcotB-gst-streptavidin fusion gene intoB. subtilisPY79 genome

We started with amplification of theotB-gstgene from the developed recombindht
subtilis strain cotB-gstas mentioned in the Materials and Methods. The ifisgblband which
was about 1.7 kb (data not shown) after being thglewithBanH| andHindlll was then cloned
into the vector pDG364 having the same protrudmds&anH| andHindlll.

a b
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Figure 2.Screening a positive clone carrying pDG364-cotBF@&smid. (a) DNA electrophoresis on
1 % agarose gel of directly PCR product from foaionies using universial primers for plasmid
pDG364 (364 Fw and 364 Rv). Lane M: 1 kb laddend. 4 - 3: negative colonies, Lane 4: positive
colonies. (b) DNA electrophoresis on 1 % agarosefe directly 1.7 kb PCR product from colony
4 using primers specific for cotB forward primeoi® Fw) and specific for GST reverse primer
(GST Rv). Lane M: 1 kb ladder, Lane 1: colony 4.

We screened the positive recombinant pDG364-cotBuging direct PCR method of

colonies growth on LB plate containing ampicillks shown in the Figure 2a of screening four
colonies by PCR using universial primers of pDG88@4 Fw and 364 Rv), we could obtain a
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clear band of about 2.2 kb in the case for colonyoltconfirm the presence @btB andgst
genes in the colony 4, we used cotB Fw and GSTriRegos to amplify specific band faotB-
gstand obtained a PCR product of about 1.7 kb (Higlénhe 1) corresponding to the total size
1.1 kb ofcotBand 0.6 kb ofyst Thus, we successfully amplified and clomedB-GSTgene into
pDG364 vector to form a recombinant pDG364 cotB-gst

In similar way, we sequentially cloned streptavigane into plasmid pDG364-cotB-gst via
restriction sitedHindlll and EcoRl. We amplified streptavidin gene of about 550(Blg 3a) and
cloned the enzyme digested PCR product into the3faotB-gst having the same restriction
sites Hindlll and EcaRIl. We screened a positive colony using sets ah@rs specifically to
cotB-gst pDG364 plasmid, anstreptavidin As expected, we can amplified the band of 1.7 kb,
2.2 kb, and 0.55 kb, respectively, confirming theegence of the fusion genmtB-gst-
streptavidinin the plasmid pDG364 (Figure 3b). The exact saeqa ofcotB-gst-streptavidin
was also confirmed by DNA sequencing (data not show

a b
(bp) 1kb 1 (bp)lkb 1 2 &
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Figure 3.Cloning ofstreptavidininto pDG364-cotB-GST plasmid. (a) Lane M: 1 kbdad
Lane 1: Electrophoresis on 1 % agarose gel of ifiegbktreptavidingene from genome of
Streptomyces avidin{b) Electrophoresis on 1 % agarose gel of PCRymmbamplified directly
from colonies. Lane M: 1kb ladder, Lane 1: PCR piadrom colony without pDG364 cotB-gst-
streptavidinplasmid using 364 Fw and 364 Ry, Lane 2-4: PCRyrbffom a colony harbouring
pDG364-CotB-gst-streptavidin using cotB Fw and GBI 364 Fw and 364 Rv, and primers
specific forstreptavidin respectively.

Based on the capability to synthesize amylase @Bttsubtiliswild strain and the inability
of the recombinanB. subtilisbecause chmyEgene inB. subtilischromosome was interrupted
by the insertion of recombinaf@otB-gst-streptavidigene we examined this colony feature on
LB 1 % starch plates and tested with Lugol solutisa result, we observed the amylolytic ring
of the wild strain PY79 whereas we did not obseang ring of the colonies @. subtilisSA2
(Fig. 4). The data confirm thabtB-gst-streptavidirgene was successfully integrated into the
position ofamyEsequence in chromosomeRfsubtilisSA2.
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Figure 4.Twenty eight colonies d8. subtilisSA2 and one colony d@. subtilisPY79 grown on LB
agar containing 1 % starch overnight, then staimild Lugol solution (b), and finally being removed
off the plate to observe amylotic ring (b). Theckdrin (a) indicates the position of the PY79 stredlony,
which is corresponding to the position of cleartef@one of amylotic ring in (b).

1 2 3

Py TG

colB- streptavidin

cofB-GS T replavidin

Figure 5. Immunofluorescence staining of spores (with dheut) expressing streptavidin using primary
anti-streptavidin rabbit IgG and secondary antbitligG Alexa 546, and observation of fluorescégnals

using confocal microscopy. (1) Images of emissigrass of Alexa 546 nm under green laser excitation
(2) Images of signals viewed under the white li¢B}tJmages of merged signals from (1) and (2).
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3.2. Expression of streptavidin on the surface ofecombinantB. subtilis SA2 spores

Immunofluorescent analysis of the expression @jpsavidin on the spore surface of PY79
wild type strain, recombinant strains SA1 (CotBeptavidin) and SA2 (CotB-GST-streptavidin)
was performed using primary anti-streptavidin plupal antibody, and secondary anti-rabbit
IgG labeled Alexa 546 (excitation: 546 nm, emissibBri0 nm). We observed clear signals as
presented by red color of Alexa 546 fluorescent dgethe spores SA1 and SA2 under green
laser excitation. Simultaneously, these signalseweerged in the position of spores observed
under white light. By contrast, we did not obseawny signal on the PY79 spores. The acquired
results allowed us to surely affirm that the preseof streptavidin on the spore outer surface of
both strains SA1 and SA2 with similar expressiorle

3.3. Binding of biotinylated cetuximab on SA2 spor®in comparison to on SA1 spores

SA1 and SA2 spores (1 x jOwere firstly killed by autoclaving, and then tbtfor
binding with cetuximab, an inhibitor of EGFR. Binglated anti-EGFR monoclonal 1gG
(cetuximab) at 250 ng, fig, 4 ug, 8 ug were bound to spores. The unbound cetuximab was
washed off and then 2 x 3@etuximab bound SA1 spores were examined by SDSEPA
fractionation and Western blotting (Figure 6). TET in the SDS-PAGE loading buffer would
reduce the disulfide bridge of IgG, resulting inotdvagments corresponding to the light and
heavy chains.

1 2 34 M 5 6 1 234 M 56

1007 100
0 70
55 55
40 40
35
35

Figure 6.Western analysis of binding of biotinylated cetnab to spores expressing streptavidin.

Biotinylated mouse-human chimeric monoclonal Ig@ginab at different amounts| & (lane 1 and 1’),
4 g (lane 2 and 2'), fug (lane 3 and 3’), 250 ng (lane 4 and 4) were fbn1 x 18killed spores SA1
(lane 1 - 4), and killed spores SA2 (lane 1'-4'}ldatal extracted proteins of 2 x®€pores were applied

to each well, and then were fractionated on 12 9%-$IAGE gels and transferred to membranes and
probed with anti-human IgG conjugated with AlkalidBosphatase (Promega). A positive control was 100
ng biotinylated cetuximab applied directly to theland run in parallel (lane 3). A negative cohtvas
PY79 spores bound withdg biotinylated cetuximab performed at parallel ekpent. Molecular weight

markers (kDa) are indicated.
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As shown in the Figure 6, we could clearly obseavgand of about 60 kDa indicating the
size of cetuximab which was bound to the spores FAdure 6, lane 1-4) and SA2 (Figure 6,
lane 1'-4"). The intensity of bands was in corrasgence with the initial amount of biotinylated
cetuximab incubated with the spores. The intensftghe band in Figure 6, lane 1 atug
biotinylated cetuximab incubated with SA1 spores wqual to 50 % intensity of the control 100
ng biotinylated cetuximab (Figure 6, lane 1), irdicg that the amount of cetuximab bound on
2 x 10 SA1 spores was about 50 ng, which implied thay @fiout 250 ng from thepg of
incubated cetuximab had bound to 1 ¥ $&1 spores. The intensity of the band in Figure 6,
lane 1’ at 8ug biotinylated cetuximab incubated with SA2 spases equal to 70 % intensity of
the control 100 ng biotinylated cetuximab (Figurel&@e 1), indicating that the amount of
cetuximab bound on 2 x 48A2 spores was about 70 ng, which implied thauaB80 ng from
the ug of incubated cetuximab had bound to 1 X382 spores. Thus, the binding on SA2 was
improved about only 1.4 fold compared to SAl. Theadindicates that the binding of
biotinylated cetuximab on SA2 spores was slighttyprioved compared to that on SA1 spores.
On the other hand, PY79 did not show any observébled (Figure 6, lane 5 and 5
demonstrating specific binding of biotinylated cétoab to the streptavidin expressed as fusion
proteins with CotB and CotB-GST on the spores SAd. $A2, respectively.

4. CONCLUSION

In sum, we successfully amplified the DNA fragnsef genes codingotB-gstand
streptavidinencoding gene using PCR, sequentially cloned th®lihed cotB-gst and
streptavidin gene into the pDG3640tB plasmid and integrated theotB-gst-streptavidin
construct intdB. subtilisgenome. The expression of the streptavidin praiaithe surface ds.
subtilis SA2 spores was confirmed by Western blotting. Himeling of biotinylated cetuximab
with SA2 (cotB-GST-streptavidin) was just slightly4 fold higher than that on SA1 (cotB-GST-
streptavidin) spores, indicating limited role of G enhancing exposure of streptavidin for
interacting with biotinylated cetuximab.
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TOMTAT
NHAN DONG VA Bui:q HIEN PROTEIN DUNG HJP GLUTATHION S TRANSFERASE-
STREPTAVIDIN TREN BAO TU Bacillus subtilisvA DPANH GIA KHA NANG GAN
PAC HIEU VOI KHANG THE CETUXIMAB BIOTINYL HOA
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~ Chung t6ida nhan dong gen dungih (cotB-gst-streptavidinma hoéa cho ba proteirbin
tiecp nhau bao @m protein ép vo ao @a bao & CotB, Glutathion S Transferase (GST), va
streptavidin vao nim sic thé cia Bacillus subtilisPY79dé tao nén cling tai t hop SA2. BEu
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hién caa streptavidin tréndp vo caa bao i SAZ2 sporesiugc kiém ching bvi pheong phap nﬁn
dich hynh quang, & dung khang th so cip IgG tho khang streptavidin va khangétthe cip
khang thh gin chit huynh quang Alexa546. & bamdic hiéu cia biotinylated cetuximab lén
bao fr cia Bacillus subtilisSA1 (béu hién cotB-streptavidin) va IéBacillus subtilisSA2 dugc
phéat hén boi phuong phap thm tach mén dich. Két qua chi ra khi ning gin cia biotinylated
cetuximab 1&n baartSA2 ting Ién khéng nidu, khaing 1,4 in so i gan |én baow SA1, @i ¥
vai trd khiém én caa GST trong \ic ting arong sr boc 16 cia streptavidin tréndbmit bao tr dé
tuong tac i biotinylated cetuximab.

Twr khéa: bao r Bacillus subtilis,Glutathion S Transferase (GST), streptavidin, hidéted
cetuximab.
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