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3 Results

3.1 PCR amplification of full length, 3’ truncated and 5’ truncated BFDV ORF
Cl.

PCR amplification of full length, 3’ truncated and 5’ truncated BFDV ORF C1 (Figure

3-1) was performed using optimized conditions, as described in Chapter 2, section 2.3.

Three negative control reactions, 2 using DNA extract from BFDV negative psittacine

birds and 1 water control was used. Amplification resulted in the desired 744, 330 and

649 bp fragments for full length (lane 2), 3’ truncated (lane 7) and 5’ truncated (lane 12)

amplification, respectively. None of the control reactions resulted in amplification.

1 2 3 4 5 & 7 8 % 1w 11 12 13 14 15
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Figure 3-1. PCR amplification of BFDV full length, 3’ truncated and 5° truncated ORF
C1. PCR products were electrophoresed in a 1.0% agarose gel at 90V for 30 min. Lane
1: Invitrogen 1 Kb plus DNA ladder. Lane 2: Full length amplification of ORF C1. Lane
3: Control reaction using DNA extract from BFDV negative Psittaciforme. Lane 4:
Control reaction using DNA extract from BFDV negative Psittaciforme. Lane 5: Water
control. Lane 6: Invitrogen 1 Kb plus DNA ladder. Lane 7: 3’ truncated amplification of
ORF C1. Lane 8: Control reaction using DNA extract from BFDV negative
Psittaciforme. Lane 9: Control reaction using DNA extract from BFDV negative
Psittaciforme. Lane 10: Water control. Lane 11: Invitrogen 1 Kb plus DNA ladder. Lane
12: 5’ truncated amplification of ORF C1. Lane 13: Control reaction using DNA extract
from BFDV negative Psittaciforme. Lane 14: Control reaction using DNA extract from
BFDV negative Psittaciforme. Lane 15: Water control.
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3.2 Screening of Transformed E. coli JIM109

3.2.1 PCR and restriction digest screening of transformants

Full length and 5° truncated transformants were screened by PCR using the primers
Reverse 1 and Pinseq (Table 2-1). Thus full-length and 5’ truncated colonies carrying
the insert in the correct orientation were expected to give PCR product of 839 and 744
bp, respectively. The 3’ truncated recombinants were screened by PCR with the primers
Reverse 2 and Pinseq (Table 2-1) and expected to result in a fragment of 425 bp.

PCR screening detected both full length and 3’ truncated recombinants. However,
repeated PCR screening of 5’ truncated colonies did not detect any positives. Full length
and 3’ truncated colonies found positive by PCR screening were further confirmed by
restriction digest to have correctly ligated insert. These colonies were further sequenced

by dye-terminator sequencing.

3.3 Dye-terminator Sequencing

All colonies found positive by both PCR and restriction digest were further sequenced
with Dye-terminator sequencing to confirm whether the recombinants had correctly
inserted amplicon in the correct reading frame. Both full length and 3’ truncated
recombinants carrying the insert in the correct orientation and reading frame were found
(Figure 3-2 and Figure 3-3, respectively). These colonies were then inoculated in LB
broth supplemented with ampicillin overnight to make glycerol stocks and to be used in

protein expression experiments.
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toa got ggd atc ooy tac cga ttC ATG TGG ¢GC ACC TCT AARC TGC GCA TGS GCT
ger ala gly ile arg tyr arg phe mwet trp gly thr ser asn cys ala cys ala

GTA TGT TCA ATT €0G TCA GTT TGC CCC TAA CAk TCC CiG CAC TTA Aat cay atc too
wal cys ser ile pro ser val cys pro OCH gln ser gln his leu asn gln ile lesu

Figure 3-2. Results of dye-terminator sequencing of a full length recombinant BFDV
ORF CL1. Sequence of nt and a.a. are written 5’ to 3’. In red is a portion of the vector
sequence flanking the insert, in black are the 5” and 3’ ends of insert.

ogy tac oga toC ATG TGG GGC ACC TCT ARC TGC GCOA TGC GCT ACA TIT CAG ATT
arg tve arg phe met trp gly thr zer ash cvs ala cys ala thr phe gln ile

ATT TTG AAG ATT ACC GAA TTA AGT TAG CTA ALAX TGG ALAb TGA GGC CCA atg ags tot
ile leu lyz ile thr glu leu ser AME leu lys trp lys OPA glv pro sSer acrg 3er

Figure 3-3. Results of dye-terminator sequencing of a 3’ truncated recombinant BFDV
ORF CL1. Sequence of nt and a.a. are written 5’ to 3’. In red is a portion of the vector
sequence flanking the insert, in black are the 5* and 3’ ends of insert.

3.4 Optimisation of induction of full length and C-terminal truncated

recombinant protein expression

3.4.1 Full length protein expression

Recombinant E. coli IM109 cells for expressing full length BFDV capsid protein were
grown to stationary phase, diluted 1:20 in 2xYT broth and grown to ODggonm 0.32, 0.62,
0.90 and 1.19, and induced with IPTG for 5.5 or 6.0 hrs with samples taken every 30
mins after induction. Cultures were then pelleted by centrifugation and cells lysed by
freeze-thaw before separating soluble and insoluble protein fractions. The fractions
were further electrophoresed in SDS-PAGE gels before transferring to nitrocellulose
membranes and recombinant protein visualized by incubating the membrane with

alkaline phosphatase conjugated streptavidin.
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A full set of results from this optimisation experiment can be seen in Appendix A.
Virtually all cell densities and lengths of induction, including non-induced cell culture
(Appendix A, Figure A.1, lane 2), produced insoluble protein. An ODggonm Of 0.62
(Figure 3-4, below) with 1.5 and 2.5 hrs of induction (lanes 8 and 12, respectively)
clearly gave the highest yield of insoluble protein. In addition, this cell density with the

latter induction time gave the highest soluble protein yield (lane 11).

C lZ239 50289 tou
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Figure 3-4. Western immunoblot of full length recombinant protein generated by
inducing cell culture at ODggonm 0.62. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble protein
fraction before induction with IPTG. Lane 2: Insoluble protein fraction before induction
with IPTG. Lanes 3, 5, 7, 9 and 11: Soluble protein fractions after 0.5, 1, 1.5, 2 and 2.5
hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10 and 12: Insoluble protein
fraction after 0.5, 1, 1.5, 2 and 2.5 hours of induction with IPTG, respectively.

3.4.2 C-terminal truncated protein expression

Recombinant E. coli JM109 cells for expressing C-terminal truncated BFDV capsid
protein were grown to stationary phase, diluted 1:20 in 2xYT broth and grown to
ODsoonm 0.316, 0.591, 0.940 and 1.174, and induced with IPTG for 5.5 hrs with samples
taken every 30 mins after induction and then overnight. Cultures were then pelleted by
centrifugation and cells lysed by freeze-thaw before dividing into soluble and insoluble

protein fractions. The fractions were further electrophoresed in SDS-PAGE gels before
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transferring to nitrocellulose membranes and recombinant protein visualized by

incubating the membrane with alkaline phosphatase conjugated streptavidin.

A complete set of results for this optimisation experiment can be viewed in Appendix B.
Virtually all cell densities and lengths of induction, including non-induced cell culture
(Appendix B, Figure B.1, lane 2) produced insoluble protein. An ODgoonm Of 0.940
(Figure 3-5, below) gave the highest yield of insoluble protein, with 3.5, 4.0, 4.5 and 5.0
hrs (lanes 2, 4, 6 and 8) of induction giving approximately the same yield. None of the

cell densities or lengths of induction resulted in expression of soluble protein.

50kba—*
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Figure 3-5. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 0.940. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9
and 11: Soluble protein fractions after 3.5, 4, 4.5, 5, 5.5 hours and overnight of
induction with IPTG, respectively. Lanes 2, 4, 6, 8, 10 and 12: Insoluble protein fraction
after 3.5, 4, 4.5, 5, 5.5 hours and overnight of induction with IPTG, respectively.
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3.5 Purification of soluble full length recombinant BFDV protein

3.5.1 Full length soluble protein batch capture

Figure 3-6 illustrates the protein content of fractions taken during purification using the
batch capture method. Lane 1 shows protein expression before induction and indicates,
as was found in the optimisation of expression experiments, some leaky expression of
recombinant protein. Crude lysate of induced cell culture (lane 2) featured a similar
banding pattern to lane 1, however weaker. Electrophoresis of non-purified soluble
fraction (lane 3) and the protein fraction that did not bind to the Softlink™ Soft Release
Avidin Resin (lane 4) gave results almost identical to that of non-induced culture. The
first wash (lane 5) removed some E. coli proteins, however a significant amount of the
recombinant protein was also removed. The 2 subsequent washes (lanes 6 and 7)
removed little E. coli proteins. Finally, protein elution (lanes 8, 9 and 10) released very
little of the recombinant protein, and revealed the insufficiencies of this method for

protein purification.
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75 kDa
50 kDa
37 kDa

Figure 3-6. SDS-PAGE of full length soluble protein produced with cell culture ODgoonm
0.62 and 2.5 hrs of induction. Protein was purified using the batch capture method and
the following fractions were separated by SDS-PAGE and visualized with Coomassie
blue stain. Lane MW: Molecular weight marker; Precision Plus Protein Standards Dual
colour (BioRad, Australia). Lane 1: Sample of non-induced culture. Lane 2: Non-
purified sample after 2.5 hrs of induction. Lane 3: Non purified soluble fraction. Lane 4:
Fraction that did not bind to Softlink™ Soft Release Avidin Resin. Lane 5: Wash 1.
Lane 6: Wash 2. Lane 7: Wash 3. Lane 8: One hr elution. Lane 9: 5 hr elution. Lane 10:
Overnight elution.

3.5.2 Full length soluble protein column capture

Figure 3-7 displays the protein content of samples taken during protein purification
using the column capture method. The fraction of protein that did not bind to the avidin
resin, seen in lane 1, was dense with proteins of various sizes including the size of the
desired protein. The first wash (lane 2) removed some E. coli proteins and some of the
recombinant protein. However, in both instances less protein was removed in this wash
than in the equivalent in the batch capture method. The 2 subsequent washes (lanes 3
and 4) did not remove any protein. All 5 elutions (lanes 5, 6, 7, 8 and 9) released a small
amount of correctly sized protein, however, as for the batch purification method; the

elutions were not pure.
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75 kDa
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Figure 3-7. SDS-PAGE of full length soluble protein produced with cell culture ODgoonm
0.62 and 2.5 hrs of induction. Protein was attempted purified using the column capture
method and the following fractions were separated by SDS-PAGE and visualized with
Coomassie blue stain. Lane MW: Molecular weight marker; Precision Plus Protein
Standards Dual colour (BioRad, Australia). Lane 1: Fraction that did not bind to
Softlink™ Soft Release Avidin Resin. Lane 2: Wash 1. Lane 3: Wash 2. Lane 4: Wash
3. Lane 5: First elution. Lane 6: Second elution. Lane 7: Third elution. Lane 8: Fourth
elution. Lane 9: Overnight elution.

3.6  Purification of insoluble full length recombinant BFDV protein

Insoluble full length IB protein was purified and solubilised using the Urea/DTT
(Figure 3-8, lanes 1-5) and the B-PER method (Figure 3-8, lanes 6-10). In both
methods, the resuspended pellet (Urea/DTT: lane 1 and B-PER: lane 6) was densely
populated with proteins of varying molecular weight. Washing the pellet (lanes 2-4 and
7-9) removed some E. coli proteins and some protein at the molecular weight of the
recombinant protein. The final products of both methods (lanes 5 and 10) were found to

be highly impure.
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75 kDa
50 kDa
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Figure 3-8. SDS-PAGE of full length inclusion-body protein produced with cell culture
ODgoonm 0.62 and 2.5 hrs of induction. Protein was attempted purified and solubilised
using the Urea/DTT (lanes 1-5) and B-PER methods (lanes 6-10). The fractions were
visualized by SDS-PAGE and Coomassie blue staining. Lane MW: Molecular weight
marker; Precision Plus Protein Standards Dual colour (BioRad, Australia). Lane 1:
Sample of resuspended pellet for purification with the Urea/DTT method. Lane 2: First
wash. Lane 3: Second wash. Lane 4: Third wash. Lane 5: Final product of inclusion-
body protein purification and solubilization with the Urea/DTT method, Lane 6: Sample
of resuspended pellet for purification with the B-PER method. Lane 7: First wash. Lane
8: Second wash. Lane 9: Third wash. Lane 10: Final product of IB protein purification
and solubilization with the B-PER method.

3.7 Detection of full length recombinant protein with anti-BFDV-antibodies

To determine whether the recombinant protein could react with antibodies raised
specifically against BFDV, the recombinant protein was electrophoresed in an SDS-
PAGE gel, transferred to a nitrocellulose membrane and incubated with sera from a
chicken inoculated with purified virus, non-inoculated chicken sera and sera from a
naturally immune cockatoo. To visualize formed antigen-antibody complex, the
membrane was further incubated with HRP conjugated anti-chicken-antibody or with
goat-anti-cockatoo and then with HRP conjugated anti-goat-antibody. Alkaline
phosphatase conjugated streptavidin was used as a positive control, to clearly
distinguish antibody binding to the recombinant protein from antibody binding to other

antigens, e.g. E. coli proteins. Results can be seen in Figure 3-9.
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Figure 3-9. Western immunoblot of full length recombinant protein with the following
antibodies. Lane MW: Molecular weight marker; Precision Plus Protein Standards Dual
colour (BioRad, Australia). Lane 1: Chicken-anti-BFDV (1:200 dilution). Lane 2:
Negative control; non challenged chicken sera (1:200 dilution). Lane 3: Sera from an
immune cockatoo (1:200 dilution). Lane 4: Positive control; alkaline phosphatase
conjugated streptavidin (1:2000 dilution).

Positive controls using streptavidin (lane 4) consistently detected the biotinylated
recombinant protein located between 37 and 50 kDa. Both the BFDV challenged
chicken sera (lane 1) and the non-challenged chicken sera (lane 2) resulted in several
bands. However, the challenged chicken sera gave a band at the same molecular weight
as the positive control (41 kDa), whereas the non-challenged chicken sera did not. Sera

from an immune cockatoo also gave multiple bands, including one at desired molecular

weight.
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3.8 Detection of antibody-response to recombinant BFDV protein by western
immunoblot, ITHC and HI
Moderately high titres of non-specific autoagglutination were present in the pre and post
inoculation sheep sera which interfered with the principles of the HI assay. Therefore

western immunoblot and IHC was used to detect antibody response in sheep.

3.8.1 Western immunoblot detection of antibodies to full length recombinant protein
in sheep sera

To determine whether the inoculated sheep had raised antibodies against the inoculum,

Urea/DTT solubilised recombinant protein was electrophoresed in an SDS-PAGE gel,

transferred to a nitrocellulose membrane and incubated with sera from both sheep pre

inoculation, post inoculation and post boosting. Results can be seen in Figure 3-10.

75 kDa >

50 kD > '
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Figure 3-10. Western immunoblot of full length recombinant protein with sera from
sheep pre inoculation, post inoculation and post boosting. Lane MW: Molecular weight
marker; Precision Plus Protein Standards Dual colour (BioRad, Australia). Lane 1:
Sheep 5 pre inoculation (1:200 dilution). Lane 2: Sheep 5 post inoculation (1:200
dilution). Lane 3: Sheep 5 post boosting (1:200 dilution). Lane 4: Sheep 761 pre
inoculation (1:200 dilution). Lane 5: Sheep 761 post inoculation (1:200 dilution). Lane
6: Sheep 761 post boosting (1:200 dilution). Lane 7: Positive control; alkaline
phosphatase conjugated streptavidin (1:2000 dilution).
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None of the 2 sheep displayed antibody binding at the molecular weight of the
recombinant protein (41 kDa) pre inoculation (Figure 3-10, lane 1 and 4). However,
after inoculation (lane 2 and 5) both sheep produced antibodies that bound to the

recombinant protein. This binding was increased after boosting (lanes 3 and 6).

3.8.2  IHC for detection of antibodies to native BDFV raised in sheep inoculated

with recombinant BFDV capsid protein.

IHC was employed to determine whether inoculation of sheep with recombinant BFDV
capsid protein would cause the sheep to raise antibodies that would recognise native
BFDV. The results of IHC may be seen in Figure 3-11. Sera from sheep post (Figure 3-
11A) and pre (Figure 3-11B) inoculation and a skin section from a chronically infected
cockatoo were used for this procedure. As can be seen in Figure 3-11A, sera from
inoculated sheep recognised BFDV inclusion bodies in the skin section (black arrow),
whereas sera harvested from sheep pre inoculation did not react with the viral inclusions

(Figure 3-11B).
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Figure 3-11. IHC using a section of skin from a chronically BFDV infected cockatoo.
A) Skin section incubated with sera from inoculated sheep, arrow indicates location of a
viral IB where an antigen-antibody complex formed has been visualised by binding of
secondary antibody. B) Negative control. Skin section from chronically infected
cockatoo incubated with sera from sheep pre inoculation. Arrow points to an example of
a BFDV inclusion that was not recognised by the sera.

3.8.3 HI detection of antibodies to BFDV raised in psittacine birds vaccinated with

recombinant BFDV capsid protein.

Twelve psittacine birds were vaccinated with the solubilised full length IB protein.
Antibody response was determined by HI assay. An example of HI assay results may be
viewed in Figure 3-12 and a full set of results can be seen in Table 3-1. Three birds (red
tailed black cockatoo samueli, eastern long billed corella and galah-corella cross)
displayed an increase in anti-BFDV-antibody titre. The red tailed black cockatoo had no
antibody pre vaccination and its antibody titre has increased to 80 HI units (HIU) 11
days after vaccination. Boosting the animal resulted in an antibody titre of 160 HIU 32
days later. Similarly, the eastern long billed corella also showed no evidence of anti-
BFDV-antibody before vaccination and the animal’s antibody titre was at 20 HIU 11
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days after vaccination. Unfortunately this bird was not available for further vaccine
work, thus monitoring further increase in HIU was not possible. The third bird, a galah-
corella cross, had an antibody status of 80 HIU before vaccination. Eleven days post
vaccination; this bird had an increase in antibody titre to 160 HIU. Boosting this animal

did not result in a further increase in antibody.
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Figure 3-12. Example of microtitre plate showing results of HI assay of three birds
vaccinated with solubilised full length recombinant IB protein. Rows 1, 2 and 3: Sera
from the red tailed black cockatoo pre vaccination, 11 days post vaccination and 32
days post boosting, respectively. Rows 4, 5, 6 and 7: Sera from a conure pre
vaccination, 11 days post vaccination, 32 days post vaccination and 46 days post
vaccination, respectively. Rows 8, 9 and 10: Sera from vaccinated moustached parrot 1
pre vaccination, 11 days post vaccination and 14 days post boosting, respectively.

Column 1 is a 1:20 dilution of sera. Subsequent columns are serially diluted 1:2 of the
column to its left.
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Table 3-1. Results of HI screening of experimentally vaccinated birds pre vaccination,
post vaccination and post boosting. Blood was collected on the day of vaccination and a
number of days (as labelled) after vaccinations and boosting. n/s: no sample taken that
day. N/A: bird no longer available for experiment. “Auto-agg”: the HI result could not
be considered positive or negative due to sera causing auto-agglutination. Days: refers
to number of days post the last injection.

Pre inoculation

Post inoculation

Species HI result Days Hlresult || Days Bosted Y/N Hiresult || Days Hlresult
Redtailed black cockatoo Samueli 0 11 80 32 y 160 N/A
Moustached parrot 1 0 11 0 32 y n/s 14 0
Muostached parrot 2 Auto-agg 11 0 32 y n/s 14 Auto-agg
Conure 0 11 0 32 n 0 46 0
Eastern long billed correla 1 0 11 20 N/A
Derbyan Auto-agg 11 Auto-agg || N/A
Galah-Corella cross 80 11 160 32 160 N/A
Sulphur crested cockatoo/Corella 80 11 40 46 80 N/A
Eclectus parrot male 0 11 0 N/A
Eclectus parrot female 0 11 Auto-agg || N/A
Galah/Major Mitchell 160 14 160 N/A
Eastern Long Billed Corella 2 160 14 Auto-agg || N/A
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4 Discussion

During this research project a biotinylated recombinant BFDV capsid protein,
recognized by anti-BFDV-antibodies raised in chickens and cockatoos, was successfully
expressed in a bacterial system. Two sheep and several psittacine birds were injected
with the recombinant protein and their antibody response monitored by western
immunoblot, IHC and HI. It was found that both sheep and birds inoculated with the
recombinant protein induced the production of antibodies that specifically recognised
native BFDV. These results show that the recombinant protein is antigenic and that
native epitopes of the BFDV have been conserved. This recombinant protein has
valuable potential future applications in immunisation of parrots, lorikeets and
cockatoos and as antigen in ELISA and HI assays without the requirement of native
virus preparation and as a tool for the production of monoclonal antibodies. In addition,
this experiment has resulted in a large stock of sheep-anti-BFDV sera that can be used
for consistent IHC, HI assays and western immunoblot. The capsid protein was the
chosen element for the development of this vaccine as no other structural proteins have

been found in association with BFDV.

4.1 PCR amplification of BFDV ORF C1 and screening of recombinant E. coli

JM109.

PCR reactions were successfully optimised for amplification of full length, 3’ truncated
and 5’ truncated BFDV ORF C1. Amplicons were further ligated into the pPinPoint™
Xa-1 T-vector and the recombinant plasmid successfully transformed into E. coli
JM109. The full length and 3’ truncated amplicons were drmined by PCR and

restriction digest to be successfully ligated into the pPinPoint™ Xa-1 T-vector in the
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correct orientation. Further screening by dye-terminator sequencing confirmed

orientation of insert and desired reading frame.

Recombinant plasmids with correctly inserted 5’ truncated amplicon could not be
detected during screening experiments. This may have been due to a number of factors.
An insert must have been present in the vector and the vector must have been
successfully transformed into the cell because these transformants were able to form
colonies in the presence of ampicillin. Ampicillin resistance of E. coli JM109 is
conferred only by the introduced vector. The linear pPinPoint™ Xa-1 T-vector has
deoxythymidine overhangs at the 3’ ends and can therefore not recircularise in the
absence of insert. Linear plasmids are unable transform into bacteria. Ergo the inability
to detect 5’ truncated recombinants must have been due to incorrectly inserted amplicon
and not absence of insert. Only a limited number of 5’ truncated recombinants were
observed on the agar plates, none of these were found to contain correctly orientated
insert. Because of the vector’s deoxythymidine overhangs at the 3’ ends and the
deoxyadenine overhangs of the amplicon, the amplicon can only insert in 1 of 2 possible
orientations. In light of this it might seem logical to assume that as much as 50% of the
transformants could contain correctly inserted amplicon. Then why were no 5’ truncated
recombinants detected during screening? The E. coli used in this experiment were
determined to have leaky expression (see section 3.4 optimisation of protein expression)
despite having the lacl® allele which causes overexpression of the lac repressor and
should therefore not be subject to leaky expression (Sambrook and Russel, 2001). Cells
containing correctly inserted 5° truncated insert may therefore have been expressing the
protein while growing on the transformation plates and the expressed protein might
impose growth limitations on the cell, resulting in minute colonies not detectable during
viewing of plates. These colonies were therefore not picked and screened. This problem

may be solved by trying a number of different E. coli strains for initial transformation.
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This would allow for identification of clones with the right plasmid construct which
could then be purified and then introduced into an appropriate strain of bacteria for
protein expression. However, if the problem does not lie in growth inhibiting properties
of basal recombinant protein expression, subcloning might be required for increasing
occurrence of correctly oriented insert. Due to time constraints and the successful
cloning of 2 amplification products, the full length and the 3’ truncated, it was decided
to focus on these, as protein expression of these would include all epitopes of the capsid

protein that could be antigenic.

4.2 Optimisation of full length and C-terminal truncated protein expression

Induction of protein expression in E. coli JM109 under the control of IPTG was
successful for both full length and C-terminal truncated recombinant protein. Rate of
cell growth is believed to be an important influence on expression of foreign proteins in
bacteria and other than optimal conditions can overload the bacterial protein synthetic
apparatus, promoting IB formation. Therefore the density to which cells are grown
before induction and after induction is important (reviewed in Sambrook and Russel
(2001)). Because of this, optimisation of recombinant full length and C-terminal
truncated protein expression was performed in order to obtain soluble protein that could
be purified using the Promega PinPoint™ Xa protein purification system and to obtain
the highest possible yield of recombinant protein. The length and time of induction was
not found to be critical for the expression of recombinant protein in general, however
did have an effect on yield of soluble recombinant protein. Optimal protein yield was
found at ODggonm 0.62 with 1.5 and 2.5 hours of induction for full length expressing
cells and an ODgoonm Of 0.940 with induction time between 3.5 and 5.0 hours for C-
terminal truncated protein expressing cells. Full length soluble protein was obtained

under specific conditions of cell density and length of induction, indicating the
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importance of cell density and length of induction on expression of soluble protein.
Soluble C-terminal truncated recombinant protein could not be obtained under the
conditions examined. Trying a broader range of cell densities could possibly overcome
this problem. Both full length and C-terminal truncated forms could be expressed in an

insoluble form as IBs.

4.3 Purification of recombinant protein

The most immunogenic epitopes of the BFDV capsid protein have not been determined.
However, the C-terminal truncated protein was designed on the basis of prediction of a
major antigenic epitope, as seen in section 2.3, and could possibly result in a
recombinant BFDV capsid protein more antigenic than the full length protein. Initial
assessment of the antigenicity of the C-terminal truncated protein compared to the full
length protein can in the future be performed using the sheep-anti-recombinant BFDV
protein yielded in this project. However the aims of this project were not to characterise
antigenic epitopes in the BFDV capsid protein and the recombinant full length protein
would cover the complete set of epitopes. This, in addition to time consuming
optimisation of full length protein purification, caused C-terminal truncated protein

purification attempts to not be pursued.

4.3.1 Full length soluble protein

Expressed soluble full length protein was purified from crude lysate of recombinant
expressing cells using the Promega PinPoint™ Xa purification system. Both batch
capture and column capture were attempted in order to increase the binding of
biotinylated recombinant protein to resin. The PinPoint™ Xa system uses Softlink™
Soft Release Avidin Resin for purification. This resin consists of resin beads with

attached avidin molecules. Such avidin molecules are intended to bind to biotin - the
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fusion tag used in this expression system, allowing for E. coli proteins and cellular

debris to be removed by washing (Promega, 2001).

Separation of the different protein fractions collected during batch capture by SDS-
PAGE revealed that the non-purified fraction and the non-bound fraction had an almost
identical protein content including that of the recombinant protein. This indicates that
the resin had low capacity to bind the biotinylated recombinant protein, despite the high
affinity (Kq ~ 10™ M) avidin has for biotin (Nilson et al., 1997). Further supporting this
theory; the first wash released the recombinant protein in addition to E. coli proteins and
the 2 subsequent washes did not reveal any protein. The 3 elutions released some
protein; however, none of the bands corresponded to the molecular weight of the
recombinant BFDV capsid protein, indicating that the resin retained non-biotinylated
protein during wash steps, but not the biotinylated protein. Thus the protein of interest
appears to have bound to the resin at very low level, and the portion of recombinant

protein that may have bound was removed already in the first wash.

Purification attempts using the column capture method gave similar results, except a
minute amount of the recombinant protein was observed in the elutions. The elutions
from the resin were contaminated with E. coli proteins, but did have considerably less
E. coli protein content than can be seen in non purified protein preparations. Thus the
column method allowed for more binding between avidin and biotin than the batch
method. The primary culture used in expression experiments was not supplemented with
biotin, despite the direction of the manufacturer, because the presence of biotin in
growth media was found to inhibit growth. The lack of biotin in primary culture would
have caused the biotin ligase pathway to not be primed before the culture was diluted
and recombinant protein expression induced. The result of this would be that fewer cells

were able to perform biotinylation and therefore lowering the yield of expressed
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biotinylated protein and further less protein would be available for binding to the avidin
linked resin. Further, this would decrease the ability of biotinylated protein to compete
with the non-specific binding activity of E. coli proteins, further explaining the high
impurity of eluted protein. In addition, biotin not ligated to the recombinant protein as a
result of not priming the biotin ligase pathway or a hight ratio of biotin to recombinant
protein would result in left over biotin in the lysate. This free biotin would then compete
with the recombinant protein for binding sites. Another factor that may affect the
binding of the biotinylated protein to the resin is the folding of the protein as this may

partially mask the biotin molecule thereby decreasing its ability to bind avidin.

Repeated attempts at using these 2 methods, both according to the directions provided
by the manufacturer and several variants of these directions, were unsuccessful at
producing entirely pure protein. It can be concluded however that the column capture
method allows for more association between biotin and avidin than the batch method,
however using this method for purifying recombinant BFDV capsid protein requires

more optimisation in order to retain pure recombinant protein.

The reasons for inadequacies of this system when applied to the purification of
recombinant BFDV capsid protein are not clear. However, they should be considered an
effect of the properties of this recombinant protein and not a poorly designed
purification system, due to successful use of this system for producing and purifying
other proteins previously by this laboratory (unpublished data) and by others (Cress et

al., 1993).

4.3.2 Full length insoluble inclusion body protein

Insoluble IB protein was purified from crude lysate by low speed centrifugation and

solubilised using the Urea/DTT and the B-PER methods. Purification by both methods
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reduced the contaminating E. coli proteins but some were still evident in the protein
preparation. The purified fraction was approximately 20 times more concentrated than
the crude lysate, thus a large quantity of E. coli contaminants have been removed during

the wash steps.

IBs are electron-dense structures that may be observed as refractile bodies under phase
contrast microscopy. These structures appear as amorphous particles under electron
microscopy and there have been no reports of regular structure (Chrunyk et al., 1993).
IBs were first observed in bacteria that globally missincorporated a.a. analogues into
their proteins. Later, such aggregates have been observed in many recombinantly
expressed proteins (Chrunyk et al., 1993). Problems associated with protein solubility
are often described in the literature; however no exact methods of solving these

problems have been determined.

High level expression of cloned genes in E. coli may result in the protein forming IB
aggregates. Several factors may contribute to the fate of a recombinant protein as an IB,
including host cell, growth conditions and properties of the protein of interest. (Kane
and Hartley, 1998) reviewed an extensive list of proteins originating from E. coli,
Bacillus species, Cellulomonas, viral, mammalian and S. cerevisiae expressed in E. coli
systems, and report that there seems to be no correlation between formation of inclusion
bodies and promoter used, formation of disulphide bonds in the recombinant protein,
molecular mass of the protein or the level of expression. Normal E. coli proteins
expressed at high levels may also accumulate in the IB form, and therefore it cannot be
assumed that IBs are simply a response to foreign proteins (Marston, 1986). This
popular theory of ‘response to foreign protein’ is further contradicted by the fact that
bacteria can package its own proteins into IBs, and no evidence has been reported for 1B

formation being an active process (Schein, 1989).
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Several reasons have been postulated for why IBs occur. One of these is that proteins
aggregate when they are expressed at a level that saturates the cell’s degradation system.
However, there are some proteins, including prochymosin which are also insoluble
when produced at low levels. It does seem evident that IBs are not the sole product of
precipitation, as solubilisation of recombinant protein IBs requires harsh chemical
conditions, thus at some stage covalent, ionic or hydrophobic interactions must occur
between the molecules in I1Bs (Marston, 1986). Schein (1988) expressed 3 different
proteins in E. coli at 37°C and also at temperatures ranging between 23 and 30°C. When
expressed at 37°C all 3 proteins were found as IB aggregates, however at temperatures
between 23 and 30°C, 30-90% of the recombinant protein was found in the soluble
form. These effects were observed for several different E. coli strains and plasmid
constructs. The same results have been found with the P22 tailspike protein, diphtheria
toxin, ricin A chain and several others (Schein, 1989). Thus temperature appears to be a
major determinant of the solubility of foreign expressed proteins in E. coli. Expression
of interferon-a2 in E. coli has shown that the percentage of insoluble protein does not
correlate with the total amount of protein expressed (Schein, 1989). Others have
demonstrated mutants that produce less inclusion IBs and mutants that produce more
IBs than the wild type, indicating that a.a. sequence may influence the level of

formation of IBs (Wetzel et al., 1991; Chrunyk et al., 1993).

Thus the exact mechanism of IB formation has not been elucidated. However,
complications of IB occurrence may be overcome by mutations, altering temperature at
which the protein is expressed and in some cases by decreasing the level of expression.
For this experiment, attempting expression at lower temperatures would have been the
next step in the effort to produce a higher soluble fraction of full length and C-terminal
truncated protein. This was not performed due to limited time and the fact that

expressed soluble protein was not considered Alfa Omega to big picture of this project.
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IBs are dense and therefore sediment more rapidly than cellular debris during low speed
centrifugation, a property that may be exploited for purification of IB protein (Marston,
1986). Centrifugation speeds ranging from 500 to 12,000 g have been reported for
purification of inclusion bodies (Marston, 1986). In this experiment initial
centrifugation of cell lysate was performed at 2,000 g for 7 min as described in section
2.8.2. Considering the broad range of centrifugal speeds that have been reported for 1B
purification purposes, 2,000 g may not have been the optimal, and purification could
possibly have been enhanced by either altering the speed or the centrifugation time, or a
combination of both. Impurity of the final product may also be explained by the nature
of 1Bs, because they commonly contain other components such as the 4 subunits of
RNA polymerase, some of the bacterial outer membrane proteins (OmpC, OmpF and
OmpA), 16S and 23S rRNA, and possibly circular and nicked plasmid DNA in addition

to the recombinant protein (Schein, 1989).

4.4 Detection of full length recombinant protein with anti BFDV specific

antibodies

Full length recombinant BFDV capsid protein was successfully recognised by sera from
a naturally immune cockatoo and by sera from a chicken experimentally challenged
with live BFDV. There was no reaction with naive chicken sera, confirming that the
antibody-antigen reaction seen with challenged chicken sera in fact was interaction

between chicken-anti-BFDV-antibody and the recombinant protein.

These results show that specific anti-BFDV-antibodies recognise the recombinant
protein even though the protein was solubilised in 2M Urea, thus the linear epitopes
involved in the animal antibody response have been conserved in the recombinant

protein.

70



Discussion
4.5 Detection of antibody-response to recombinant BFDV protein in sheep and

psittacine birds

The antibody response to inoculation with the recombinant protein was detected in
sheep by western immunoblot and IHC and in psittacine birds by HI. The results for
inoculated sheep will be discussed in sections 4.5.1 and 4.5.2 and results regarding

vaccination of psittacine birds will be discussed in section 4.5.3.

45.1 Western immunoblot detection of antibodies to full length recombinant BFDV

capsid protein in sheep

Western immunoblot with sera from the 2 sheep, both bled and inoculated at days 0, 21
and 44, successfully detected antibodies to the recombinant BFDV protein. These
antibodies were not present before inoculation, but a strong signal was observed in sera
from 21 days post inoculation. An even stronger signal was observed with sera collected
24 days post boosting (44 days post primary inoculation), showing as expected that
boosting increases the antibody response. These results prove that the recombinant
BFDV capsid protein induces an antibody response. Under optimal circumstances, this
western immunoblot would have employed native virus in place of the recombinant
protein, thereby determining whether these antibodies would recognise native virus.
This was not possible due to the limited availability of purified virus, as the virus cannot
be propagated in cell culture. However this uncertainty was clarified by IHC as

discussed below.

4.5.2 IHC detection of antibodies to native BFDV raised in sheep inoculated with
recombinant BFDV capsid protein
Screening inoculated sheep sera by IHC successfully demonstrated the ability of sera

raised against the recombinant protein to recognise BFDV inclusions in skin sections
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from a PBFD-affected cockatoo. Formation of antibody-antigen complexes was not
detected with non-inoculated sheep sera, confirming that the antibody-antigen reaction
observed with post inoculation sera was a result of sheep-anti-recombinant BFDV
Protein-antibodies recognising native BFDV. This proves that inoculation with the
recombinant protein induces an antibody response that also recognises native virus,
giving the first evidence for the effectiveness of this bacterially expressed recombinant

protein for use in vaccination to protect psittacine birds against BFDV.

4.5.3 HaI detection of antibodies to native BFDV raised in psittacine birds vaccinated

with recombinant BFDV capsid protein

HI successfully detected and quantified an increase in antibody titre towards native
BFDV in 3 of 12 vaccinated birds. Two of these birds did not have a HI detectable anti-
BFDV-antibody titre before vaccination. These results do not necessarily mean there
was no antibody response to the vaccine in the remaining 10 birds. Some sera caused
low levels of auto-agglutination when screened, interfering with the principles of the
assay. Therefore the antibody titre of these sera could not be determined. The HI assay
is not a sensitive technique, the first well in a row being a 1:20 dilution of sera.
Therefore a low antibody titre would not be detected by HI. Inability to produce HI
detectable antibody titres in some individuals may also be due to no previous exposure
to the virus, thus a higher vaccine dose might be required to induce a HI detectable
antibody response. Some birds became unavailable for boosting and/or bleeding at
various times post vaccination (as indicated by “N/A” in results table). Therefore some
birds may not have produced HI detectable antibody, as vaccination commonly requires
more than one injection for inducing a high level antibody response at a high level and
some birds may have increased their HIU status but were not detected because of

lacking access to the animal.
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A HI assay for the detection of psittacine-anti-BFDV-antibody has been optimised
(Riddoch et al., 1996) and has become the standard for detecting and quantifying
antibody to BFDV in psittacine birds. This assay was successfully applied for
quantification of antibody response in the experimental birds, however the assay was
found insufficient for quantifying antibody response in experimental sheep, as the sheep
sera caused low levels of auto-agglutination which interfered with the principles of the

HI test.

4.6 Future directions

Before this recombinant protein can be used to vaccinate endangered species, further

investigations are required as follows:

e Developing an efficient method to increase the volume of production of

recombinant protein.

e Determining whether it will be necessary to include purification steps in the

production of the recombinant protein.

e Vaccination trials to determine the minimal effective vaccine dose of
recombinant protein that will induce a persistent effective immunity. This will
include determining the number of doses required and the optimal time between

doses.

0 Given the low sensitivity of HI for detecting circulating anti-BFDV
antibodies in blood, the development of more sensitive serological assays
(such as ELISA) will be required. The production of specific
monoclonal antibodies will be a necessary element in the development of
a serological assay.
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0 A better understanding of the antigenic variation that exists among
BFDV isolates from wild endangered psittacine bird species will also be
required to ensure that any vaccine developed is efficacious against all

antigenic “serotypes”.

Additionally, experimentally vaccinated birds have to be challenged with live
virus to determine whether vaccination confers immunity to BFDV infection.
This will require the development of specific pathogen free flocks (SPF) of

psittacine birds that can act as experimental models of infection.

Determining the level of passively transferred immunity that occurs between
parent (hen) and offspring via the egg yolk will facilitate protection of nestling

birds.

Developing novel techniques that can facilitate the safe and efficacious
vaccination of free-living wild birds with minimum impact on individual birds

and the environment should also be considered.
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Future work required

Action Priority Indicative cost estimate
Increasing production volume and purification of Medium $20-30,000
recombinant protein
Development of more specific and sensitive High $174,000

antibody tests (such as ELISA) for BFDV antibody

Production of monoclonal antibodies to BFDV (to High $48,000
facilitate the construction of sensitive and specific
diagnostic assays)

Improved understanding of the antigenic and Medium $80,000
genotypic variation of BFDV, particularly in
endangered birds

Develop an SPF flock that can be used for High $170,000
vaccination response and protection experiments

Vaccination dose, challenge and effectiveness High $180,000
experiments

Development of novel “minimum interference” Medium $240,000
techniques for administering vaccine to wild birds

Environmental impact assessment of vaccination High $50,000

Conclusions

Expression of full length and C-terminal truncated BFDV capsid protein was
successfully optimised. The full length protein was proven to be recognisable by sera
raised against native virus in naturally infected psittacine birds, as well as
experimentally infected chicken. Sera from a chicken that had not been challenged did
not recognise the recombinant protein showing that the antibody-antigen complex
formation seen with the challenged chicken sera was a result of anti-BFDV-antibodies
recognising the recombinant protein. This shows that the antigenic epitopes of the

native virus have been conserved in the recombinant protein. Further, the recombinant
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protein was proven to be antigenic by inoculating sheep and detecting antibody response
by western immunoblot. Pre inoculation sera did not display reactivity with the
recombinant protein. The antisera raised in inoculated sheep was further proven by IHC
to react with native BFDV, proving that inoculation with the recombinant protein
induced an antibody response that recognises native virus. Finally, vaccination of
psittacine birds with the recombinant protein resulted in an antibody response that can

be detected by HI.
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Appendix A. Optimisation of full length protein expression
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Figure A.1. Western immunoblot of full length recombinant protein generated by
inducing cell culture at ODggonm 0.32. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble protein
fraction before induction with IPTG. Lane 2: Insoluble protein fraction before induction
with IPTG. Lanes 3, 5, 7, 9 and 11: Soluble protein fractions after 1, 1.5, 2, 2.5 and 3
hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10 and 12: Insoluble protein
fraction after 1, 1.5, 2, 2.5 and 3 hours of induction with IPTG.
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Figure A.2. Western immunoblot of full length recombinant protein generated by
inducing cell culture at ODggponm 0.32. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9 and 11:
Soluble protein fractions after 3.5, 4, 4.5, 5, 5.5 and 6 hours of induction with IPTG,
respectively. Lanes 2, 4, 6, 8, 10 and 12: Insoluble protein fraction after 3.5, 4, 4.5, 5,
5.5 and 6 hours of induction with IPTG.
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Figure A.3. Western immunoblot of full length recombinant protein generated by
inducing cell culture at OD600nm 0.62. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble protein
fraction before induction with IPTG. Lane 2: Insoluble protein fraction before induction
with IPTG. Lanes 3, 5, 7, 9 and 11: Soluble protein fractions after 0.5, 1, 1.5, 2 and 2.5
hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10 and 12: Insoluble protein
fraction after 0.5, 1, 1.5, 2 and 2.5 hours of induction with IPTG.
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Figure A.4. Western immunoblot of full length recombinant protein generated by
inducing cell culture at OD600nm 0.62. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9 and 11:
Soluble protein fractions after 3, 3.5, 4, 4.5, 5 and 5.5 hours of induction with IPTG,
respectively. Lanes 2, 4, 6, 8, 10 and 12: Insoluble protein fraction after 3, 3.5, 4, 4.5, 5
and 5.5 hours of induction with IPTG.
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Figure A.5. Western immunoblot of full length recombinant protein generated by
inducing cell culture at OD600nm 0.90. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9, 11 and 13:
Soluble protein fractions before induction, after 0.5, 1.5, 2, 2.5 and 3 hours of induction
with IPTG, respectively. Lanes 2, 4, 6, 8, 10, 12 and 14: Insoluble protein fraction
before induction, after 3.5, 4, 4.5, 5 and 5.5 hours of induction with IPTG.
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Figure A.6. Western immunoblot of full length recombinant protein generated by
inducing cell culture at OD600nm 0.90. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, and 9: Soluble
protein fractions after 3.5, 4, 4.5, 5 and 5.5 hours of induction with IPTG, respectively.
Lanes 2, 4, 6, 8 and 10: Insoluble protein fraction after 3.5, 4, 4.5, 5 and 5.5 hours of
induction with IPTG.
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Figure A.7. Western immunoblot of full length recombinant protein generated by
inducing cell culture at ODgoonm 1.19. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble protein
fraction before induction with IPTG. Lane 2: Insoluble protein fraction before induction
with IPTG. Lanes 3, 5, 7, 9 and 11: Soluble protein fractions after 0.5, 1, 1.5, 2 and 2.5
hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10 and 12: Insoluble protein
fraction after 0.5, 1, 1.5, 2 and 2.5 hours of induction with IPTG.
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Figure A.8. Western immunoblot of full length recombinant protein generated by
inducing cell culture at ODggonm 1.19. Lane MW: Molecular weight marker; Precision
Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9 and 11:
Soluble protein fractions after 3, 3.5, 4, 4.5, 5 and 5.5 hours of induction with IPTG,
respectively. Lanes 2, 4, 6, 8, 10 and 12: Insoluble protein fraction after 3, 3.5, 4, 4.5, 5
and 5.5 hours of induction with IPTG.

87



Appendices

Appendix B. Optimisation of C-terminal truncated protein

expression

1211109 8 7 6 54 3 2 1 MW

Figure B.1. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgyonm 0.316. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble
protein fraction before induction with IPTG. Lane 2: Insoluble protein fraction before
induction with IPTG. Lanes 3, 5, 7, 9, 11 and 13: Soluble protein fractions after 0.5, 1,
1.5, 2, 2.5 and 3 hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10, 12 and
14: Insoluble protein fraction after 0.5, 1, 1.5, 2, 2.5 and 3 hours of induction with
IPTG, respectively.
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Figure B.2. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 0.316. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9
and 11: Soluble protein fractions after 3.5, 4, 4.5, 5, 5.5 hours and overnight of
induction with IPTG, respectively. Lanes 4, 6, 8, 10 and 12: Insoluble protein fraction
after 3.5, 4, 4.5, 5, 5.5 hours and overnight of induction with IPTG, respectively.
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Figure B.3. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 0.591. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble
protein fraction before induction with IPTG. Lane 2: Insoluble protein fraction before
induction with IPTG. Lanes 3, 5, 7, 9, 11 and 13: Soluble protein fractions after 0.5, 1,
1.5, 2, 2.5 and 3 hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10, 12 and
14: Insoluble protein fraction after 0.5, 1, 1.5, 2, 2.5 and 3 hours of induction with
IPTG, respectively.
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Figure B.4. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 0.591. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9
and 11: Soluble protein fractions after 3.5, 4, 4.5, 5, 5.5 hours and overnight of
induction with IPTG, respectively. Lanes 2, 4, 6, 8, 10 and 12: Insoluble protein fraction
after 3.5, 4, 4.5, 5, 5.5 hours and overnight of induction with IPTG, respectively.
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Figure B.5. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 0.940. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble
protein fraction before induction with IPTG. Lane 2: Insoluble protein fraction before
induction with IPTG. Lanes 3, 5, 7, 9, 11 and 13: Soluble protein fractions after 0.5, 1,
1.5, 2, 2.5 and 3 hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10, 12 and
14: Insoluble protein fraction after 0.5, 1, 1.5, 2, 2.5 and 3 hours of induction with
IPTG, respectively.
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Figure B.6. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 0.940. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9
and 11: Soluble protein fractions after 3.5, 4, 4.5, 5, 5.5 hours and overnight of
induction with IPTG, respectively. Lanes 2, 4, 6, 8, 10 and 12: Insoluble protein fraction
after 3.5, 4, 4.5, 5, 5.5 hours and overnight of induction with IPTG, respectively.
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Figure B.7. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 1.174. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lane 1: Soluble
protein fraction before induction with IPTG. Lane 2: Insoluble protein fraction before
induction with IPTG. Lanes 3, 5, 7, 9, 11 and 13: Soluble protein fractions after 0.5, 1,
1.5, 2, 2.5 and 3 hours of induction with IPTG, respectively. Lanes 4, 6, 8, 10, 12 and
14: Insoluble protein fractions after 0.5, 1, 1.5, 2, 2.5 and 3 hours of induction with
IPTG, respectively
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Figure B.8. Western immunoblot of C-terminal truncated recombinant protein generated
by inducing cell culture at ODgoonm 1.174. Lane MW: Molecular weight marker;
Precision Plus Protein Standards Dual colour (BioRad, Australia). Lanes 1, 3, 5, 7, 9
and 11: Soluble protein fractions after 3.5, 4, 4.5, 5, 5.5 hours and overnight of
induction with IPTG, respectively. Lanes 2, 4, 6, 8, 10 and 12: Insoluble protein
fractions after 3.5, 4, 4.5, 5, 5.5 hours and overnight of induction with IPTG,
respectively.
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