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ABSTRACT

The VP1 capsid gene is essential for expressing a protein that enables the diagnosis of Chicken Anemia Virus
(CAV) infection in chicken flocks. In this study, the prokaryotic expression vector pRSET-B expressed the VP1
gene in E. coli Top10. The VP1 protein was expressed in E. coli TOP10 as a soluble fusion protein. The solubility
of the VP1 protein activates the immunogenic epitope to make it easily detected using an anti-VP1 monoclonal
antibody at 50 kDa. The batch fermentation process was used to scale up the production of VP1 protein in E. coli.
As a result, the recombinant VP1 protein successfully increased the yield of the expressed VP1 protein during high
bacterial cell density culture. Dialysis and desalting increased the specific activity and the final yield of the VP1
protein fraction when the Tangential Flow Filtration (TFF) step was used. The statistical calculation of indirect and
commercial ELISA tests indicated that indirect ELISA can compete with commercial tests with a lower amount of
solution, lower costs, and higher specificity. The VP1 protein expressed in batch fermentation bacterial culture was
tested as an antigen to detect antibodies to CAV in infected chickens using the developed indirect Enzyme-Linked

Immunosorbent Assay (ELISA).

Keywords: VP1 capsid gene; E. coli TOP10; CAV; Batch fermentation; Indirect ELISA

INTRODUCTION
Worldwide, Chicken Anemia Virus (CAV) is reported as a

viral disease infecting chickens, which causes plastic anemia
in chickens [1,2]. The virus size is 2.3 kb and has the shape of
icosahedra. CAV has a circular genome with small single-stranded
DNA covered with the capsid gene [3,4]. Following vertical
transmission in eggs, CAV affects young chicks. It is stated that
the death connected with anemia, lymphoid depletion, and bone
marrow hyperplasia among the infected young chicks is very high.
It is also behind other predominant sub-disease problems in the
affected farm [5,6]. Generally, CAV contains three significant
proteins. First, the viral capsid protein is called Viral Protein
1 (VP1) [7-10]. The second protein in the early gene regulatory
protein is called Viral Protein 2 (VP2) or a scaffold protein that
interacts transiently with VPI [11-14]. The third is Viral Protein 3
(VP3), which has an essential role in forming CAV, which causes

apoptosis in chicken flock-transmitted lymphoblastoid-infected
cells [15,16].

Generally, the biological activity of VP1 protein is affected by
the low quantity of the protein expressed in E. coli TOP10 either

because the protein overlapped with E. coli TOP10 proteins or
overlapped in low quantity. Accordingly, the high-scale production
of E. coli in batch fermentation increases the construction of the
VP1 capsid protein of the Chicken Anemia Virus (CAV). This
technology is widely used to produce recombinant proteins in
high quantities. Large-scale fermentation of E. coli is a technology
operated in either batch or fed-batch mode [17]. A batch mode
is an increasing number of organisms that host the protein of
interest in fermentation processes. The host system can be
bacteria, yeast, filamentous fungi, animal cells or insect cells [18-
24]. This study used a batch fermentation mode in the E. coli
bacterial host.

Large-scale fermentation of E. coli TOP10 is used to manufacture
the VP1 recombinant protein of Chicken Anemia Virus (CAV)
with high cell density [25]. The investigations focused on
increasing unit cell concentrations in high cell density cultivation
with little care for recombinant protein-specific cellular yield.
However, maximizing the volumetric productivity of recombinant
protein is the primary goal of batch fermentation research, i.e.,
to obtain the highest amount of product in a given volume in
the shortest amount of time [26,27]. Furthermore, the specific
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cellular protein yield is usually maintained during high cell-
density fermentation [28]. Recombinant protein yield in high cell
density cultures depends on promoter systems, plasmid stability,
plasmid copy number, and the effects of feeding strategies before
and during induction [29-32]. Recombinant protein production
has been further aided by automatic control algorithms that
adjust the substrate feed rate based on feedback from acetic acid
concentration and dissolved oxygen [33-36].

This study investigates the VP1 protein of CAV expressed in
E. coli TOP10 host batch fermentation. The VP1 protein was
expressed as a fusion protein to many Tage proteins connected
with the pRSET-B expression vector. In addition, the metabolic
load during the expression of viral protein-1 considering the low
expression concentration within the particular development
rate of E. coli TOP10 was examined during bunch maturation,
which concurred with many studies [34,37,38]. In addition,
an ineffective translocation/transport system of expressed
proteins further significantly decreased the protein expression.
Therefore, this study suggested that optimizing the transcription
of heterologous genes is critical to escape these disadvantages
and develop a successful fermentation system. The cultures
appropriately induced the recombinant protein to maximum
capacity. Therefore, this study hypothesized that the low yield
of protein expressed by E. coli TOP10 could be overcome
by optimizing growth parameters in batch fermentation. In
this study, this finding proved statistically by calculating the
differences in detection of indirect ELISA test and compares it
with commercial IDEXX ELISA.

MATERIALS AND METHODS

Construction of the pRSET-B plasmid

As described by Mahgoub, et al. and as shown in Figure
1, the VPl protein was expressed as a fusion protein
using the pRSET-B expression vector and a forward
5'GGGGTACCCCATGGCAAGACGAGCTCGCAGA3'  and
reverse 5 TACATGACCCCCTGCGTCGGGCCTTAAGGCS3'
set of primers [6]. The digestion reaction was carried out in a
40 ul volume containing 2 pl of EcoRI and 2 pl of Kpnl, 10 pl of
pRSET-B vector or 10 pl of VP1 gene, 6 ul of multicore buffer
(Promega, USA), and 0.6 pl of bovine serum albumin (BSA)
(Promega, USA), and the final volume was adjusted to 40 pl
with distilled water. The digested mixture was incubated at 37°C
overnight. The restricted fragments were separated by 0.4% gel
electrophoresis. The desired bands were determined using UV
light, cut into small slices containing the desired bands of 1.4 kb
of VP1 and 2.9 kb of pRSET-B and purified using a gene clean
purification kit.

Figure 1: Large-scale production of Vpl protein using E. coli Top10
bacterial host using batch fermentation, the expressed active protein
then used to prepare indirect ELISA.
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The pRSET-B vector and VP1 gene were ligated in a reaction
mixture containing 1 pl (80 ng/ul) of double digested vector, 3 pl
(40 ng/pl) of VP1 gene, 1 pl of 10X-ligation-buffer and 1 pl of T4
ligase DNA (0.4 Weiss unit) (Promega, USA). The final volume
of the reaction mixture was adjusted with distilled water to 10 ul
and incubated at 16°C overnight. These methods were explained

by Mahgoub, et al. [39].

Transformation of the pRSET-B plasmid into E. coli
TOP10

E. coli TOP10 competent cells were mixed with VP1 gene and
pRSET:B vector ligated products and incubated on ice for 30 min
with slit mixing. Then, the mixture was placed in a water bath at
42°C for 90 s. The mixture was then moved to ice. Then, LB broth
(250 pl) was added to the mixture and incubated at 37°C for 1 h.
After 1 h of 37°C incubation, 50 and 100 ul of the mixture were
streaked on the culture plates and incubated overnight at 37°C.
Fifteen colonies were selected and inoculated into 25 ml of LB
broth the following day. The colonies were then analyzed using
two methods of positive cloning detection. First, double digestion
of the recombinant plasmid with restriction enzymes (EcoRI and
Kpnl) was used further to confirm the presence of the VP1 gene
in pRSET-B. The gene insertion was further directly investigated
by PCR amplification using melted agarose gel containing the
VP1 gene as a template. The 25-ml LB broth culture was then
used to inoculate (250 ml) LB broth medium, which was added
to the culture and incubated for 18-24 h until its optical density
(OD600) reached 0.6. This final culture was then used as the first

seed in the batch fermentation process.
Fermentations parameters and media

The fermentation experiment was carried out in 2 L of LB broth
via seeding by 10% v/v (200 ml) of bacterial culture in a defined
high cell density media to an optical density OD600=0.6 at
30°C. The batch medium contained 20 g/L glucose and 50 pg/
ml ampicillin, the pH was maintained at 7.0 and dissolved oxygen
at levels greater than 100%, and the stirrer speed was 450 rpm.
When needed during cultivation, sterile antifoam (Sigma) was
added through a filtering syringe. The fermentation temperature

was 30°C.
Analysis of fermentation parameters

The cell density was determined by measuring the culture's Optical
Density (OD) at 600 nm with a UV-visible spectrophotometer
(Eppendorf). Higher OD samples were suitably diluted to
have absorbance in the range of 0.2-0.6. Dry cell weight was
determined by centrifuging the sample broth at 10,000 rpm for
10 min at 4°C and drying the washed cells to constant weight
at 105°C overnight. One absorbance unit was equivalent to 0.4
g/L Dry Cell Weight (DCW) for induced culture. The specific
growth rate is (n=(1/x) dx/DT), where x is the cell concentration
[40]. The specific growth rate was calculated from the straight line
slope obtained by plotting * versus time t using the exponential
equation of the growth phase. In other words, the specific growth
rate of the bacterial cell was calculated by counting the mass of
the produced cells divided by the mass of original cells versus
time. Samples for OD600 and DCW were taken at O (i.e., before
initiation), 2, 4, 6, 8, 10, 12, 14, 16, 20, 22 and 24 h.

Bacterial strain and culture media

Recombinant E. coli was used for batch fermentation with
protein expression. First, bacterial stock (25 ml) was placed into
200 LB broth medium and incubated at 30°C overnight on a
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rotary shaker (at 200 rpm) until an OD600 value of 0.6. Then,
the fermenter was inoculated with a volume of 10% (200 LB)
with 2 L of LB of exponentially growing bacterial culture and
incubated at 30°C for 24 h until the OD600 value was 2.154.
The expression of recombinant protein was induced near the
end of the fermentation when the OD600 was 2.154 by adding
1.0 mM Isopropyl-B-D-Thiogalactopyranosides (IPTG) to induce
the VP1 recombinant protein at 19 h (5 h before the reaction
was stopped). Then, the growing bacterial culture samples were
collected from the reactor at different time points and spun at
12,000 rpm for 30 min, and the cell pellet was resuspended in 200
ml of HEPES (pH 7.6). Next, the cell suspension was sonicated
for lysis. Then, to remove contaminating salt and detergent, the
cells were washed with distilled water and spun at 12,000 rpm for
30 min, and the pellet was resuspended in 200 ml of HEPES (pH
7.6). Samples of the supernatant of VP1 soluble protein were run
into SDS-PAGE to estimate VP1 protein purity.

Protein precipitation

The protein was precipitated according to the following steps.
First, solid ammonium persulfate (4.41 g) was added to 30 ml of
the protein sample to obtain 55% saturation. Then, ammonium
persulfate powder was slowly added to the soluble protein
with constant stirring. The stirring continued until the desired
saturation level was achieved. The solution was then placed on
ice for 30 min to ensure that the protein was entirely precipitated.
The precipitated protein was then centrifuged at 10,000 rpm at
4°C for 30 min. Finally, the collected pellet was resuspended
in 30 ml of buffer A (HEPES pH 7.8). The protein was then
ready to be added to buffer B (Tris sodium pH 8) to remove the
ammonium persulfate and ready for the dialyzed step.

Protein dialysis and purification using TFF
Tangential Flow Filtration (TFF) ultrafiltration of a 10,000 MW-

limit filter unit (Millipore) for protein desalting and concentration
was used to dialyze and purify the protein samples. First, the
protein sample was prepared using low-speed centrifugation.
Then, the samples were subjected to dialysis against 500 ml
of dialysis solution (150 mM NaCl and 50 mM CaCl 50 mM,
MgCl,, pH 5.4) for 120 min. Next, the dialyzed protein samples
were further concentrated by centrifugation for 10 min at a speed
of 10,000 rpm. Finally, the supernatant containing the purified
VP1 protein samples was dialyzed against 500 ml of distilled water
for 16 h. The protein content in the samples was determined using
a Protein Assay Kit (Bio-Rad, USA). In addition, the collected
samples were analyzed for VP1 protein by SDS-PAGE.

Protein characterization using western blot analysis

The transfer of protein gel to PVDF membrane was performed
employing a semidry electroblotting framework (Bio-Rad, USA).
The PVDF membrane was obtained from Immobilon-P, Millipore
Corp, USA. The transfer process was performed in a buffer (192
mM glycine, 25 mM Tris-Base, and 20% (w/v) methanol) for 45
min at 15 V. The membrane blocking process was performed
for one hour in a washing buffer of 0.05% Tween 20 in PBS
and 1% bovine serum albumin in PBS. With gentle mixing, the
membrane was incubated with an anti-VP1 monoclonal antibody
(Trop Bio) in blocking buffer at 37°C for 120 min. The membrane
was washed three times for 5 min each time. Immediately, the
membrane was incubated with Bio-Rad conjugate (goat anti-
mouse IgG-AP) for 120 min at 37°C. The conjugate contained
blocking buffer with an addition to 150 mM NaCl and 100 mM

Tris to decrease the imaging background. The membrane was
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washed three times for 5 min each time. Then, DAB substrate
was added to the membrane and incubated in the dark for 5 min.
The response was ceased with purified water. The protein band
was observed under UV using a ChemiDoc System (Bio-Rad).

Statistical analysis for optimum indirect ELISA

CAV ELISA procedure for antibody detection: The preparation
and usage of the CAV-coated-antigen plate allowed for the
detection of CAV antibodies. Plates Al and A2 received 100 pl
of negative sera, and plates A3 and A4 received 100 pl of positive
sera. Additionally, duplicate plates were filled with 100 pl of
the diluted serum samples (1:50), which were then incubated
at 37°C for 60 minutes. The plate was then washed three times
in 350 ul of washing solution. Following that, 100 ul of goat
anti-chicken horseradish peroxidase conjugate had been added
to each well. The plate was then rinsed with a washing solution
after being incubated at 37°C for 30 minutes. Each well received
a 100 ul TMB substrate, it was then kept at room temperature
for 15 minutes. After that, the absorbance was measured using
an ELISA reader (Dynatech, MR7000, USA) with a wavelength
of 650 nm. xChek software (IDEXX Laboratories) was used to
evaluate the commercial IDEXX ELISA. The sample-to-negative
(S/N) ratio for each sample was used to determine whether or not
CAV antibodies were present:

_ (Well Al A, + Well A2 A,

2

+Well A4 A
2

Negative Control mean

Positive Control mean = (Well A3 A, o)

S/N Ratio = Sample A,

Negative Control mean

Antigen optimisation: In 0.05 M coated buffer (Appendix D2),
the isolated VP1 protein was diluted at 1:10, 1:50, and 1:100, 100
(v/v). Each diluted Antigen was coated into the plate with 100 pl,
and then the plate was covered with parafilm paper and left to
incubate at 4°C overnight. Three washings with washing buffer
were performed on the coated plate. The plate was then tapped
dry. Following an overnight blocking step at 4°C with 100 ul of
2% Bovine Serum Albumin (BSA) made in washing buffer, the

plate was then washed three times with washing buffer.

Conjugate optimisation: The ELISA test employed the goat
anti-chicken IgG-HRP (KPL, USA) conjugate. The conjugate was
initially diluted in washing buffer at dilutions of 1:1000, 1:2000,
1:4000, 1:8000, and 1:16000. The ideal incubation response

time was subsequently established.

Determination of cut off OD level: ELISA performance should
be evaluated using the cutof level point. From SPF chickens,
a total of 23 negative sera were collected. After that, the mean
OD and Standard Deviation (SD) were calculated. The formula
for the cutoff OD level was: Cutoff OD level=mean OD+3 SD.
Standard curve of indirect ELISA.

To get the standard curve in serial dilutions, three sera were
employed as reference sera. The following serial dilutions were
made: 1:200, 1:400, 1:800, 1:1600, 1:3200, 1:6400, 1:12800,
1:25600, 1:51200,1:102400, 1:409600, 1:819200, 1:1638400 and
1: 3276800. Using an IDEXX commercial ELISA kit (IDEXX,
Australia), the serum ODs of the three reference sera were
determined to be 0.75, 0.812, and 0.852, respectively. With
washing buffer, the reference sera were diluted. SPF chicken
negative sera that had been diluted 1:500 times used as the
negative controls. As a positive control, the positive sera from
the SPF hens with OD (measured by IDEXX) were diluted at

1:500. Positive and negative controls were each given two wells

3
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on a plate. The absorbance values for the individually serially
diluted reference serums were measured during the test tests and
converted to sample-to-positive (S/P) ratio values, where:

SIP=Mean
absorbance (positive control-negative control)

absorbance  (samples-negative  control)/Mean
It was possible to obtain the standard curve relating optical density
(OD650) to S/P. The regression equation line was created using
the curve estimate regression function in the statistical program

for social science (SPSS, 1999, version 10.0).

Indirect ELISA procedure for antibody detection: Each well
was coated with diluted VP1 protein (1:100) then covered with
parafilm paper before being incubated at 4°C overnight. The
plate was rinsed three times with washing buffer. The plate was
then dried by tapping. The plate was then blocked for two hours
at 37°C using 100 pl of 2% BSA (prepared in washing buffer).
The plate was then washed three times with washing buffer.
The diluted serum samples of 1:100 were added into each well
and incubated at 37°C for 90 min. The plate was then washed
with washing buffer three times. Goat anti-chicken IgG-HRP
conjugate (100 ul) diluted at 1:8000 was then added into each
well. The plate was then incubated at 37°C for 1 hour. The plate
was then washed with washing buffer three times.

The substrate Tetramethylbenzidine (TMB) was used for enzyme
reaction. Just before use, the substrate and peroxidase solution
B (KPL, USA) were combined in an equal volume. Each well
received a total of 100 pl of the substrate, which was then
incubated at room temperature for 10 minutes. After that, the

reaction was read using an ELISA reader (Dynatech, MR7000,
USA) at 650 nm of absorbance.

Newecastle disease virus (NDV) and Infected Bursal Disease Virus
(IBDV) serum samples were used as a control to evaluate the
specificity of the indirect ELISA. The sensitivity and specificity
were calculated using the formulas given by Anon (1998) Table 1:
Sensitivity=a/(a+c )x 100

(Or)

Number of ELISA test-positive serum/Number of reference-
positive serum x 100

Specificity=d/(b+d) x 100

(Or)

Number of ELISA test-negative serum/Several reference negative
serums * 100

Table 1: Calculations for Sensitivity and Specificity.

Positive for Negative for

Screening test

CAV CAV
Positive for CAV a b Sensitivity a/(a+c) 100
Negative for CAV c d Specificity d/(b+d) 100
Total (a+c) (b+d)
RESULTS AND DISCUSSION

Analysis of VP1 capsid gene of CAV cloning in Prset-B
vector

The heat shock method transformed the recombinant plasmid
DNA into E. coli TOP 10 as described in details [41]. The PCR
product of the VP1 gene was inserted into the frame within the
lacZ gene of the (pRSET-B) vector, resulting in the insertional
inactivation of the gene, which produced white colonies. As a
result, the transformant E. coli Top 10 colonies containing the
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putative VP1 fragment produced a white colony. Accordingly,
the analysis of transformers using the primer set in the PCR
screening test is shown in Figure 2 and was used to detect positive
cloning. The VP1 insert was cloned into the (pRSET-B) vector
and confirmed to be positive when 11 out of 15 white colonies

had a correct size band of 1.4 kDa in the PCR test.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 M

Figure 2: The PCR screening of transformation products. M is a 1kb
marker. 1.4kb of purified VP1 insert products were extracted from
eleven colonies that confirmed positive. The rest of the colonies were
considered negative.

Effect of time on Dry Cell Weight (DCW) and Optical
Density (OD)

High cell density growth in batch fermentation was evaluated
by measuring the optical density (OD600) and Dry Cell Weight
(DCW), as shown in Figure 3. Time course data obtained during
24 h of batch fermentation show a maximum optical density
OD600 of 2.154, a maximum specific growth rate of 0.2250 per
hour, a maximum dry cell weight of 247.0 g/L, and a maximum
specific growth rate of 0.103 per hour. It is also observed that the
percentage of pure oxygen decreased from 100% to zero between
19 and 22 h. This drop in pure oxygen percentage is attributed
to the increase in the bacterial growth rate. Finally, reducing the
VP1 protein induction rate allows the percentage of pure oxygen
to gradually increase to 7%. The production phase started after
5 h of induction.

0D (600nm) and DCW

o 2 4 6 & 10 12 14 16
Hours

16 20 s 24 26

Figure 3: Dry Cell Weight (DWC) and optical density OD compared
to the time of batch fermentation of recombinant E. coli. Note:
Samples were taken at O hour (i.e. before initiation) 2, 4, 6, 8, 10, 12,
14, 16, 20, 22 and 24 hours. The maximum optical density OD600
was 2.154; the maximum specific growth rate of optical density was
0.2250 OD600 per hour. The maximum dry cell weight was 2.470 g,
and the maximum specific growth rate of dry cell weight was 0.103 g
per hour. Recombinant protein-induced at OD600 was 2.154 during
the growth phase.
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Effect of time on protein induction

The difference in specific VP1 protein posttime induction
amounts is shown in Figure 4. VP1 protein was successfully
induced from E. coli Top 10 cells to the media using IPTG
and expressed as soluble protein after achieving the maximum
bacterial growth rate. However, the induction of VP1 protein
from E. coli cells using 1.0 mM IPTG reduced cell growth. In the
second phase, the specific VP1 protein yield was 17.5 pg/ml when
the dry cell weight was 112 mg/1.
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Figure 4: In each head of the hours. After three hours of bacterial
cultivation during batch fermentation, the bacterial growth reaches
its maximum rate, and then the VP1 protein induction starts in three
induction stages as fellow: I-Early induction stage; II'The middle
induction stage; III-The late induction stage.

Cell growth was reduced during IPTG induction at the middle
induction stage. After 2 h of IPTG induction, cell growth was
almost stopped when the dry cell weight was 247.0 g/L. In the
case of induction at the induction stage, the specific yield of
VP1 protein was observed to be low (32 pg/ml) despite high cell
concentrations. The maximum increase in the specific cellular
yield of VP1 protein was achieved during the 1-3 h postinduction
period, where the yield increased from 17.5 to 64 pg/ml. The
VP1 protein yield was recorded as 64 ng/ml at the late induction
stage. The highest protein concentration value was later used in
developing an indirect ELISA to detect CAV antibodies.

Characterization of recombinant VP1 protein

Analysis of recombinant VP1 protein using Coomassie-stained
SDS-PAGE was performed for culture samples taken at different
times during the fermentation process. The obtained results are
shown in Figure 5. In lane 1, a significant amount of recombinant
VP1 protein was already expressed at low cell density, while the
recombinant VP1 protein in lane 2 was expressed after 3 h of
induction culture. In addition, a 70 kDa recombinant VP1
protein (50 kDa) plus fusion protein (20 kDa) was observed in
lanes 2 and 3.

Purification of recombinant VP1 protein using TFF
dialysis

A single-step dialysis process successfully purified the recombinant
VP1 protein. First, E. coli ToplO protein extract containing
the recombinant VP1 protein was dialyzed against high salt
concentrations using a TFF membrane. The purification allowed
almost all bacterial proteins to precipitate, as shown in Figure
5a. It is also evident that the recombinant VP1 protein remained
in the solution after clearing by centrifugation. As analyzed by
SDS-PAGE, the protein purity was also 95% (Figure 5b). It was
Appli Microbiol, Vol. 9 Iss. 5 No: 1000268
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also found that for 1000 ml of bacterial culture, the yield of the
purified VP1 protein was 64 ng/ml. The samples taken after
dialysis for purified VP1 protein were detected at 50 kDa, where
the VP1 protein size before dialysis was 70 kDa and after dialysis
reached 50 kDa after the purification removed the 20 kDa fusion
protein.

200 | 116

"

Parified VP1
e L

-
\'Plpn!

1

I I 0
. y

Figure 5: a) Detection of protein expressed during batch fermentation
of recombinant E. coli. SDS-PAGE stained with Coomassie blue. (b)
Detection of purified VP1 protein. The purification and dialysis were
done using a TFF machine, SDS-PAGE stained with Coomassie blue.
Note: a) Lane 1: Sample taken in low cell density; Lane 2: Sample
was taken after 5 hours of IPTG induction; Lane M: Protein ladder
marker (15, 20, 25, 30, 40, 50, 60, 70, 85, 100, 120,150 and 200).
b) Lane M is a protein ladder marker. Lane 1: whole-cell extract of
an induced VPI1 protein, lanes 2-4: samples taken after dialysis for
purified VP1 protein. Note that the arrows indicate the VP1 band.

Western blot detection of expressed VP1 protein

As shown in Figure 6, the Western blot test further confirmed
the expression of VP1 protein in the Top 10 E. coli host in batch
fermentation. In Western blot anti-VP1, a monoclonal antibody
was used to detect VP1 protein in the whole cell extract in lane
1 and the purified form in lane 2 with a molecular weight of 50
kDa. After the fermentation product was purified, the 50 kDa
band was the final product, and 20 kDa of the fusion protein
was removed.

M 1 2 3

116

66

<«+—VP1 protein

45 e

40

30

Figure 6: The soluble protein produced by E. coli ToplO in batch
fermentation was found using the anti-VP1 monoclonal antibody. M:
protein markers. Plasmid control is on lane 1. VP1 soluble protein
fraction is in lanes 2 and 3. The anti-VP1 monoclonal antibody was
used in high concentrations (1:50), and the conjugate was used in low
concentrations (1:1000), to assess the solubility of the purified protein.
As a substrate, DAB was utilized. After each process, the membrane
was continuously rinsed to remove the image's background.
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The indirect ELISA optimization and statistical analysis

Antigen optimization: Antigen optimization is determined,
where Rows A-B show CAV-positive serum against VP1 antigen
and Rows E-F show SPF CAV Negative Serum against VP1
Antigen. The optical density at 650 nm absorbance is directed
against the antigen dilution in Figure 7a-7d. The coated plate's
optimum antigen concentration was 1:100. Additionally, it was
noted that, when compared to concentrations of 1:10 and 1:50,
the antigen-coated well had the lowest absorbance value of the
negative control samples at a concentration of 1:100. Conjugate
optimization: Conjugate optimization is displayed. CAV-positive
serum against the VP1 antigen is in Rows A through B, while SPF
CAV-negative serum is in Rows E through F. The relationship
between optical density and conjugate dilution is depicted

in Figure 7(b). In this indirect ELISA. It should be noted that

OPEN aACCESS Freely available online

produced the same resolution at dilutions of 1:8000 and 1:16000.
On the other hand, employing the conjugate at dilutions of
1:1000 and 1:2000 led to an absorbance value resolution that
was too high.

Determination of cut off-OD level: The ELISA result was classified
as positive or negative using a cutoff OD value of 0.1375. This
was accomplished using background levels measured against the
serum of laboratory chickens. With a Standard Deviation (SD)
value of 0.0381, the estimated mean OD value was 0.1375. The
cutoff OD (mean OD plus three times SD) was 0.2520.

Standard curve of indirect ELISA: Regression curves are essential
for describing the relationship between a dependent variable
and one or more independent variables. Using the Equation
derived from the regression curve, one can predict the dependent
variables' future behavior at the independent variables' potential

the ideal conjugate concentration was 1:8000. The conjugate  yalues.
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Figure 7: (a) As well as negative sera, serum of antibodies reacted against the VP1 antigen was plotted at various dilutions (1:10, 1:50, and 1:100);
(b) As well as positive (1:100) and negative (1:100) sera, the VP1 antigen coated 20 g/ml was coated against various dilutions (1:1000, 1:2000,
1:4000, 1:8000, and 1:16000) of the conjugate, the conjugate serial dilutions were reacted at an absorbance of 650 nm, the findings were plotted
against optical density; (c) Standard curve for indirect ELISA with resulted in R? of 0.9332; (d) Comparison between indirect ELISA and IDEXX
commercial ELISA using 6 samples of given sera for each mean, in which the mean optical density at the absorbance of 650nm of Serum plotted
against S/P. Note: (a) Plots of the ensuing reactions verse optical density were made at 650 nm absorbance and the ratio indicated applies to antigen
dilution; (b): The ratio given pertains to the dilution of conjugates; (d): The y-error bars stand for the standard error (Mean OD [ SD) to the indirect
ELISA.
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The relationship between the optical density and S/P ratio of the
new indirect ELISA was developed using the SPSS© software.
Table 2 shows the settings of the regression procedures.

Table 2: Logistic regression settings.

Regression parameter Symbol Description

Procedure Log-regression Logistic regression
Independent variable (y) y Optical density
Dependent variable (x) X S/P ratio
Statistical tool SPSS© SPSS software

Figure 7c¢ shows the standard curve of the new indirect ELISA
using the inverse model in the regression curve. The curve
formula is found to be below equation:

Opticaldensity = 0.0075Log,, (%) +0.9158

The accuracy of the regression is often measured using the
coefficient of determination R% This metric provides information
about the goodness of fit of the regression model. Specifically,
it measures the correlation between the regression line and the
actual dataset. The R? measure ranges between 0 and 1, with the
highest value indicating the strongest correlation and the lowest
value indicating the weakest. This study's results revealed a high
R? value of 0.9332, indicating that the curve model in Equation
accurately describes the relationship between the optical capacity

and the S/P ratio.
Independent two samples-based t-tests

The independent two-sample ttest is a statistical test widely
used in literature for comparing the means of two independent
samples to determine whether they have a significant difference.
The word "independent” means that the two samples were drawn
from two experiments or groups. However, this test is used in
this study to the significance of the difference between the CAV
positive serum and CAV negative serum results from the two
methods, indirect and commercial ELISA. Table 3 shows the
design settings of the two samples-t-tests.

Table 3: The design settings of the two samples-t-tests.
Indirect ELISA-Test 1 Commercial ELISA-test2

Design element

Test Two samples T-test Two samples T-test
CAV-positive serum, CAV-positive serum,
Factor 1 cav: il
CAV-negative serum, CAV-negative serum,
Factor 2 cav; cav;,
HO Heavy = Hear, Heayy, = Moy,
H1 'uuAV,;_ i'uCAV,; 'uCAVEL # ﬂCAng
Level of
e 0.05 0.05
Significance, o
Rejection criterion P-value < a P-value < a
Statistical tool SPSS© SPSS©

The two tests in Table 3 were conducted using the SPSS SPSS©
software. The results of the first test have revealed a p-value=0.001
(< 0.05), meaning that there is a significant difference between
the Hcar; and  Hcary . In other words, the indirect ELISA can
differentiate between the two types of serum. The results of
the second test have also resulted in a relatively small p-value
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value=0.015 (< 0.05), meaning that the difference between 4.
and #.,, is significant. Generally speaking, the intervention
produces a statistically significant difference between the means
of the CAV positive and negative serum in both tests when
0=0.05. As the t-test conclusion depends on the value of a, it is
always recommended to conduct the test at multiple values of
o before generating the conclusion; otherwise, the conclusion
should be limited to the value of a used in the test. For instance,
if a is set to 0.01, the results of the second test will be altered so
that the H is accepted, indicating the difference between #.
and “., is not significant, or #uw: =, .

Figure 7d shows that the indirect ELISA test optical density
keeps increasing and displays high optical density values over the
commercial ELISA kit. It is seen that the mean optical density for
the serum samples of chickens at S/P of 0.3, 0.5, 0.8, and 1.0 are
more significant than 1.5 and 2.8.

Sensitivity and specificity

As stated earlier, 100 sera samples were tested to determine the
sensitivity and specificity of CAV using commercial ELISA and
the new indirect ELISA, as listed in Tables 4 and 5.

Table 4: Logistic regression settings.

Positive for Negative for

Screening test

CAV CAV
Positive for CAV 53 0 Sensitivity 93.3%
Negative for CAV 7 40 Specificity 100%
Total 60 40 100

Table 5: Sensitivity and Specificity of the commercial ELISA Kit [DEXX,
Australia.

Positive for Negative for

Screening test

CAV CAV
Positive for CAV 60 2 Sensitivity 100%
Negative for CAV 0 38 Specificity 92%
Total 60 40 100

Moreover, NDV and IBDV sera samples showed a negative
reaction when they reacted against VP1 protein. These results
indicated no crossreactivity with common chicken viruses,

especially the IBDV and NDV.

Since the main aim of this paper is to obtain a high protein
concentration, the expression of recombinant VP1 protein was
initiated with 1.0 mM IPTG at an optical density of 1.938 at the
end of the log phase, as shown in Figure 4. As a result, the specific
cellular yield of recombinant VP1 protein was increased during
1-3 h of induction, where the yield increased from 17.5 to 64.0
pg/ml (from the Figure 4). This result is considered high when
compared and obtained a final concentration of 25 mg/1 per hour
[39]. Moreover, the media yielded a higher biomass concentration
of 60.9 mg/L with 30% expression of recombinant cellulase
protein in a similar fermentation system carried out by Shahzadi,
et al. [27]. Furthermore, as Koch, et al. described, recombinant
protein expression using E. coli as a host is frequently associated
with forming intracellular aggregates as inclusion bodies [13].
Thus, the volumetric yield of a recombinant protein depends
on the final cell concentration and the specific cellular protein
yield, as described by Schwaighofer, et al. [42]. Therefore, high
cell density has been used to maximize cell concentrations in
addition to producing high cell density fermentation and cell
concentrations. However, the expected increases in soluble
protein production volumetric yield usually damage the bacterial
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cell. Therefore, the increase in the specific cellular yield of
recombinant VP1 protein was associated with the reduction in
the specific growth rate of the culture, which also indicates that
the decrease in metabolic growth of bacterial cells is due to host
cell ribosome damage, which accordingly decreases VP1 protein
expression [43,44]. This finding is confirmed in Figure 5a when
the curve of bacterial culture growth goes to a horizontal line
when the protein expression reaches the maximum point.

Furthermore, the protein yield was recorded to be high in the
case of induction at the mid-induction stage, even though the
early induction stage-specific VP1 protein yield was 32.0 pg/
ml when the dry cell weight was 112 ¢/L. The elevated cell
concentrations were sufficient within the center of the actuating
arrangement, showing the significance of specific cellular protein
abdication and elevated cell concentrations for maximizing the
volumetric efficiency of the protein [41,42]. Within the case of
acceptance at the early actuating arrangement, the particular
decrease in recombinant VP1 protein was observed to be 17.5
(ug/ml) despite elevated cell concentrations. The induced
recombinant VP1 protein concentration acceptance at the early
actuating arrangement is explained by moderate cell development
due to byproduct build-up, which was insufficient to specify
the recombinant protein [40,43]. The low cell growth observed
during the early induction stage was also credited to the lower
biosynthetic capacity of the growing cells, as shown in Figure 3.
Therefore, cell growth was suppressed during IPTG induction at
the early induction stage [44,45]. The reduction in cell growth
was more intense during IPTG induction at the early induction
stage of the cultures. The final cell concentrations were nearly
half of the uninduced bacterial cultures [46]. In the event of
induction at the middle-inducing stage, the reduction in cell
growth slowed, and the final biomass was found to be equal to
that achieved for uninduced bacterial culture. In both cases, 4 h
after IPTG induction, cell growth practically stopped when the
dry cell weight was 247.0 g/L.

A primary concern during batch fermentation was minimizing
acetate metabolism by adding 20 g/L glucose. As a result,
pure oxygen decreased from 100% to zero between 19 and 22
h (Figures 2 and 3), indicating that carbon source limitation
occurred. This finding is based on the fact that acetic acid is
an inhibitor of growth for recombinant protein expression in
E. coli [47-49]. Moreover, Wiebusch, et al. reported that acetate
production was an indicator of catabolic inefficiency, resulting
in low recombinant protein expression [50]. The decrease can be
explained by the observance that the metabolic load imposed by
recombinant protein expression reduces the specific growth rate
by utilizing resources usually allocated for cell growth to produce
foreign products [51]. However, as Wiebusch, et al. stated, the
main problems arising from high cell densities are high oxygen
and substrate uptake rates and accumulation of low molecular,
growth-inhibiting metabolites in the cell suspension during 21
days of cultivation [50,52]. The same study also suggested that
providing optimal growth conditions is essential to minimize the
formation of inhibitors.

Different studies show that expression optimization was initially
thought unnecessary in several described parameters, such
as temperature, postinduction, induction time, and IPTG
concentration [45]. The host cell temperature was considered the
most critical parameter. The E. coli was incubated at 37°C in 25
ml of LB. Hence, it is worth indicating the effect of temperature
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range on protein concentration. It is evident that the temperature
range significantly dominated the protein concentrations
[29,53,54]. Furthermore, the obtained results showed higher
fusion protein concentrations per optical density unit produced
at lower temperatures (30°C in 2000 ml of LB). This result is
attributed to the fact that inclusion body formation is avoided by
employing low temperatures [39,45,55].

Furthermore, the resulting product was precipitated with
ammonium persulfate and dialyzed to reach a sufficient
concentration for the protein [39,56,57]. A single-step dialysis
protocol purified the induced protein to near homogeneity in
large amounts. The use of TFF dialysis membranes has been
described as a suitable option for protein purification [50,58].
The dialysis process allowed the immediate removal of any other
bacterial proteins (from Figure 5b). Additionally, the dialysis
solution introduced the cations Ca2 and Mn2 into the sample,
which were removed during washing with 500 ml of distilled
water [39,58-61].

Statistically, the SPSS SPSS© software was used to conduct
Indirect ELISA (Test 1), and Commercial ELISA (Test 2), as
presented in Table 3. The first test's results showed a p-value
of 0.001 (0.05), indicating a significant difference between the
"CAV_IE+" and "CAV_IE-" In different wards, indirect ELISA
is able to distinguish between the two kinds of serum [62,63].
The second test's results also produced a significantly low
pvalue of 0.015 (0.05), indicating that the difference between
"CAV_IE+" and "CAV_IE-" is a significant difference. In both
tests, the intervention typically results in a statistically significant
difference between the means of CAV positive and negative
serum when=0.05. Before generating the results, many studies
suggested that to run the test at several values because the t-test
conclusion depends on that value, as agreed with Lv, et al. [64].
Those calculations based on the antigen optimizations (Figure
Ta-7b).

Furthermore, since this study clearly shows that the VP1 protein
carried immunoreactive epitopes, the work was extended toward
ELISA development [55,65]. Therefore, purified recombinant
VP1-CAV protein from high cell density fermentation was
successfully used in ELISA [66]. Furthermore, optimizations
(such as the high dilution of serum samples for indirect ELISA)
reduce the background between antigen and antibody reactions.
Finally, the developed indirect ELISA had 93.3% greater
sensitivity than the commercial CAV ELISA as shown in Tables
4 and 5. Therefore, it can be used for usual serological tests for a
large-scale investigation in epidemiology studies.

CONCLUSION

In conclusion, this study successfully expressed the recombinant
VP1 protein during high cell density in E. coli ToplO by
continuing the protein induction during bacterial cultivation,
which was valuable, in which the purified VP1 protein yield
produced, was 64 pg/ml. Furthermore, a TFF filtration step and
ammonium persulfate precipitation was necessary, increasing the
specific activity and the final yield of the purified fraction. The
indirect ELISA system developed from the purified VP1 protein
is rapid, sensitive, and specific. Therefore, the ELISA developed
in this study performs better than the commercial ELISA and is
suitable for serological diagnosis of CAV in SPF and commercial

chicken flocks.
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