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ABSTRACT
DapE is an enzyme which is highly essential in lysine biosynthetic pathway for the
Kevwords: growth and survival of Mycobacterium tuberculosis (Mtb) and other bacterial
rywords:
Affinity chromatography species although absent in human host. However, the sequence identity of Mib-
DapE DapE with other mycobacterium and bacterial species estimated between 93 to 75%
Mycobacterium tuberculosis and approximately 50%, respectively. DapE is a metallo-enzyme requires few of
Protein transition metals for activity and bacterial proliferation. The homology model based
structural studies including published structures revealed an availability of zinc
interacting conserved amino residues in Mtb-DapE. In this study, we purified full
length recombinant Mtb-DapE as tag-free (Mtb-DapEr,gp.) protein from inclusion
bodies using zinc-NTA column. The single step purified protein observed with 96-
98% purity and high yield. The indirect ELISA had 40% sensitivity using Mtb-
DapE as an antigen against bovine tuberculosis (bTB) serum samples. IFA analysis
with clear fluorescent spots of Mtb native DapE antigen in (3+) human TB positive
sputum samples and recombinant Mrb-DapE positive control against Mth-DapE
polyclonal antibody are highly encouraging. The ELISA and IFA results incite for the
consideration of Mthb-DapE in future development of quick and ideal TB detection assay
along with other mycobacterium antigens. The future advanced detailed structural and
functional studies using this highly purified and tag-free Mtb-DapE may provide
discovery of antitubercular drug(s) and promising inhibitory molecules.

Introduction disease causes by Mycobacterium tuberculosis (Mtb).

The emergence of multidrug resistant (MDR) and

extensively drug-resistant (XDR) strains has caused the

increase in TB cases. However, 1.5 million people died
i in 2018 due to TB including who had lived with HIV
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“ ) ) infection. TB is preventable, treatable and curable
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Tuberculosis (TB) is an ancient communicable airborne
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Years of study developed almost 20 antitubercular
drugs. Recently, in 2019, U.S. Food and Drug
Administration (US-FDA) approved the new drug
Pretomanid in combination of Bedaquiline and
Linezolid for treatment of TB (Maxmen, 2019).
Nevertheless, tuberculosis is the global high risk issue
for persons with compromised immune system, tobacco
consumption, malnutrition and diabetic. World Health
Organization (WHO) and several countries including
India have targeted for the elimination of TB by year
2025-2030. Active TB person with mild symptoms
delays in diagnosis and treatment, results in the
transmission of infection to other close contacts. The
early and rapid diagnosis, decreasing the duration of
therapy, early treatment and prevention are the key
factors for complete elimination of TB.

Succinyl-diaminopimelate ~ desuccinylase  (DapE)
lysine biosynthesis pathway is necessary for the protein
synthesis and formation of peptidoglycan cell wall in
bacteria and plants. Lysine biosynthesis and DapE absent
in human as lysine is an essential amino acid. Finding
inhibitor for predominantly pathway inhibition of DapE
would not destruct or be toxic for the human cell
mechanism. Moreover, this strengthens and provide better
idea for prediction and drug designing. The structural and
functional amino acid conservation in bacterial DapE is
significant. However L-captopril, L-penicillamine and 2-
thiopheneboronic acid inhibits bacterial HiDapE and
NmDapE while not substantial inhibition of Mth-DapE
(Gillner, et al., 2009; Uda and Creus, 2011; Greenfield
and Harlow, 2014; Starus, et al., 2015).

Zinc binding properties are exploited for the
purification of zinc finger domains and zinc proteinases
by immobilized zinc affinity chromatography (Wilfong,
et al., 2010; Vorackova, et al., 2011). Here, we
expressed and purified stable well folded zinc binding
Mtb-DapEr,,.pree protein from inclusion bodies with high
yield using zinc-NTA metal affinity chromatography.
The purified Mtb-DapEragpre. protein would be used for
future structural and functional studies to open the
platform for the prediction of better Mtb-DapE
inhibitory molecule. Polyclonal antibody raised against
Mtb-DapEexus recognized the Mtb-DapEr,gpr.. IFA and
ELISA observations are proposing Mtb-DapE as the
potential biomarker for TB diagnosis.

Materials and Methods
Materials

Restriction enzymes (New England Biolabs); Protein
expression plasmids and E. coli strains (Novagen);
Balb/c mice (National Institute of Nutrition,
Hyderabad); Ni-nitrilotriacetic acid agarose (NTA)

beads (Qiagen); Isopropyl B- d-1-thiogalactopyranoside
(IPTG) (MP Biomedical); Luria-Bertani media
(Amresco); Antibiotics (Hi-media); Buffer constituents
and other chemicals (SIGMA and Hi-Media); Western
Blot nitrocellulose paper (Pall Life Sciences); Protein A
resin (GeneScript); CNBr-activated sepharose 4B column
(GE Healthcare Life Sciences), TMB (Sigma), Goat ant-
mouse HRPO conjugated antibody (Thermo Scientific).

Ethics statement

The handling of samples and immunofluorescence assay
preparation was performed in biosafety level-3 (BSL-3)
containment facility under the guidance of experts at
Mahatma Gandhi Institute of Medical Science
(MGIMS), Sewagram Hospital, Wardha (MS). TB
infected (3+) positive and negative human sputum
samples collected for assay were numerically coded by
laboratory. The identity of persons not revealed to any
researchers or persons except responsible clinicians. The
included samples in this study were routinely collected
samples for pathological diagnosis of TB.

Bioinformatics and homology model analysis

Mtb-DapE protein sequence retrieved from Mrb-
DapEj\ps plasmid sequencing results (Umbrakar et al.,
2019) Nucleotide sequence converted in to amino acid
and NCBI blast alignment resulted 100 % identity with
354 amino acids of DapE Mycobacterium tuberculosis
H37Rv (Gene ID 887386 and protein accession
YP _177796). The physico-chemical properties such as
molecular weight, isoelectric point, atomic composition,
extinction coefficient and hydropathicity were calculated
using ExPASy-Protparam (Gasteiger et al., 2005). The
secondary structure was predicted by SOPMA
(Geourjon and Deleage, 1995). DISULFIND tool was
used for disulfide bond predictions (Ceroni et al., 20006).
Our previously published data (Umbarkar et al., 2019)
of CD spectral analysis and protein sequence alignment
predicted ArgE crystal structure (PDB ID 3tx8) as a best
candidate for homology modeling. The predicted
template was used for Mtb-DapE protein homology
structure modeling using Easy Modeller 4.0 (Bhusann et
al., 2010). The structural model was validated using
ProSA, QMEAN and Verify 3D (Bowie et al., 1991;
Liithy et al., 1992; Wiederstein and Sippl, 2007; Studer
et al, 2020). The created homology model was
evaluated using Chimera 1.11.2 and Pymol (DeLano,
2002; Pettersen et al., 2004).

Construction of recombinant plasmid

The aforementioned Mtb-DapEws plasmid was used
for construction of six histidine tag-free plasmid.
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Briefly, PCR performed using Ndel and X#hol restriction
sites inserted in forward 5'-ATTTACATATGGCTAGT
GGACGCGGGGACCC-3" and reverse 5-TATAAAT
ACTCGAGTCAACCCAGGTATCGGCGCAGCAAGT
CCAC-3' primers, respectively. Amplified gene product
from Mtb-Dapgywvps plasmid and pET21a vector was
digested by Ndel and Xhol restriction enzymes, analyzed
and purified on 1 % agarose gel electrophoresis. The
resulted gene ligated in pET2la and transformed in
chemically competent E. coli DHSa cells. The positive
clones screened by gene specific primers and restriction
digestions. The recombinant plasmid was named as M¢b-
Dapgnoi. The forward and reverse sequencing results
confirmed the correct orientation and sequence.

Protein expression as in inclusion bodies

Mtb-DapEnp; plasmid was transformed in BL21 (DE3)
competent cells. Mtb-DapEnyppre; cells grown in
Luria-Bertani (LB) growth media supplemented with
ampicillin (100 pg/ml). Overnight primary culture
re-inoculated in ampicillin selected LB media shaking
flasks at 220 rpm and allowed to grow for 3 hours at
37 °C. The culture was induced by 0.1 mM IPTG and
harvested in next 3-4 hours. Harvested cells proceeded
for sonication in extraction buffer 50 mM Tris-HCl pH
8.0, 300 mM NaCl, 10% glycerol, 10 mM BME, 1 mM
EDTA and 1 mM PMSF. The supernatant discarded
after 30 minutes centrifugation at 16000 rpm and
remaining cell pellet (insoluble inclusion body form)
was re-suspended in extraction buffer without EDTA
containing 0.1 % Triton X-100. Re-suspended pellet was
shaken at room temperature for 30-40 minutes and
centrifuged at 16000 rpm for 20 minutes. Obtained cell
pellet was washed 2-3 times with 500 mM NaCl in
50 mM Tris-HCl pH 8.0, buffer. Finally, inclusion
bodies separated from suspension by centrifugation at
16000 rpm. Mtb-DapErqgpr. inclusion bodies suspended
by mixing with pipetting in buffer A containing 50 mM
Tris-HCI pH 8.0, 300 mM NacCl, 20 % glycerol, 10 mM
BME and 8 M Urea.

Preparation of cation metal NTA beads for protein
binding assays

4 ml of Ni-NTA agarose resin packed in small column.
High concentration of EDTA used for strip-off nickel
from NTA (instruction manual of Qiagen). Nickel free
NTA extensively washed with distilled water following
with 50 mM Tris-HCI pH 8.0 buffer. One ml of washed
NTA resin mixed with 1 ml of 0.1 % cationic metal salts
of cobalt (II), zinc (II), cadmium (II) and nickel (II)
chlorides, separately. Unbound metals washed off using
Milli Q water and 50 mM Tris-HCl pH 8.0 buffer
containing 10 mM imidazole, 300 mM NaCl and 20%

glycerol. Prepared metal bound resins as Co-NTA, Zn-
NTA, Cd-NTA and Ni-NTA used for protein metal
binding assay.

Protein purification

The temperature 4 C was maintained during all protein
purification steps. The solubilized cell pellet comprising
inclusion bodies centrifuged at 16000 rpm for 60
minutes to remove insoluble particulates. The clarified
supernatant was allowed to bind cation metal-NTA resin
pre-equilibrated with buffer A for overnight with
continuous rotation. Protein bound resin packed in
column and washed twice with buffer A. Three more
washes with 0.1 ml/minute flow rate were applied using
gradually decreasing concentration of 6 M, 4 M and 2 M
urea containing buffer A. The column was extensively
washed with buffer B containing 50 mM Tris-HCI pH
8.0, 300 mM NacCl, 20% glycerol, 10 mM BME, 2 M
ureca and 10 mM imidazole. The bound protein was
eluted with buffer B containing 200 mM imidazole.
Eluted fractions were subjected for overnight dialysis in
buffer C containing 30 mM Tris-HCI pH 8.0, 112 mM
NaCl, ImM DTT and 10% glycerol. The same protocol
was applied for Co-NTA, Zn-NTA, Cd-NTA and Ni-
NTA columns for purification of Mtb-DapEr,gpree.

Size exclusion chromatography

The refolded Mrb-DapErygree protein centrifuged at
18000 rpm for 1 hour. Collected clarified protein
solution subjected to increase NaCl concentration up to
300 mM and filtered through 0.22 pm membrane filter.
Subsequently, as final polishing step, protein was loaded
on to size exclusion chromatography column (Superdex
S200 16/60 GE Healthcare) attached with AKTA
purifier 100. The equilibration and elution buffer D
containing 30 mM Tris-HCI pH 8.0, 300 mM NaCl and
1 mM DTT was used. Protein purity and molecular
weight was analyzed on 12% SDS-PAGE. Protein
quantification was performed by Bradford assay
(Sigma).

Production of polyclonal antibody (pAb)

Previously purified Mtb-DapE 6XHIS tag full length
protein (Mtb-DapEgxys) was used as an antigen (Ag) for
the production of pAbs (Umbarkar et al.,2019). Ag was
mixed with Freund’s adjuvant for enhancing immune
response in Balb/c mice strain. Blood was collected for
titer expansion through orbital sinus of mice after every
booster to monitor the immunogenicity. Four boosters
with 25 pg antigen concentration per mice at 14 days
interval were executed. pAbs present in serum separated
from coagulated blood were analyzed by indirect ELISA
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(Cooper and Paterson, 2000; Greenfield and Harlow,
2014). ELISA was performed using 2 pg/ml Mth-DapE
(Mtb-DapEexuis or Mtb-DapEragrree ) in 1X PBS buffer
coated on polypropylene Maxisorp ELISA plate and
incubated at 4 °C, overnight. The blocking was done
with 2% BSA and 1X PBST used for washing. A
polyclonal serum with serial dilution ranging 1:300 to
1:72000 was used as primary Ab. Diluted goat anti-
mouse HRPO conjugated Ab was used as the secondary
Ab. 100 pl of tetramethylbenzidine (TMB) substrate was
added for the enzymatic reaction and 0.2 N H,SO, as
reaction stop solution. Optical density was measured at
450 nm by spectrophotometer (Leenaars and
Hendriksen, 2005). After fourth booster, 4 ml polyclonal
serum was collected from 3 immunized mice. The
purification of pAb was performed by 50% ammonium
sulfate precipitation followed by Protein A resin or
CNBr-activated sepharose 4B column according to the
manufacturer’s instructions. The purity of pAb was
analyzed by 10% SDS-PAGE. The purified pAb titer
was assessed using indirect ELISA similar to the serum
ELISA described above.

Western

Mtb-DapErsgr. protein confirmation by

blotting

Western blotting was performed on 0.45 pum nitro
cellulose membrane by standard procedures (Towbin et
al., 1979). Briefly, Mtb-DapEr,gpre. €lectrophoretically
transferred on membrane after 12% SDS-PAGE. The
blocking was performed with 2% BSA in Tris buffer
saline (TBS) overnight at 4 °C. Membrane was washed
thrice with 1X TBS supplemented with 0.05% Tween-
20. The aforementioned purified Mtb-DapEexis pAb
was used as the primary Ab and goat anti mouse HRPO
conjugated Ab used as the secondary Ab. The blot was
developed using TMB as a substrate.

Presence of Mtb-DapE specific antibody in bovine TB
sample

The PCR analyzed total number of 28 confirmed
positive and negative bTB serum samples from
Government Veterinary Institute Nagpur (India) were
collected. The indirect ELISA was performed for the
detection of specific IgG from biological sample as
above (Cooper and Paterson, 2000; Greenfield and
Harlow, 2014). Briefly, recombinant Mtb-DapEr,gpree
protein coated at the 0.5 pg/ml concentration in Nunc
maxisorp ELISA plate overnight at 4 °C and blocked
with 2% BSA. The collected bTB serum sample added
at 1:300 dilutions and incubated for 1 hour at 37 °C.
Anti-Cattle HRPO conjugated antibody (Bethyl, A10-
230P) was added and incubated for another 1 hour at
37 °C. Plate washed and color was developed using

TMB substrate. 1X PBST was used for washing during
each step. Optical density was measured at 450 nm
using spectrophotometer.

Immunofluorescence assay (IFA) for detection of Mtb-
DapE from sputum sample

Purified Mtb-DapEgxis pAb was used for detection of
TB in human’s sputum samples by IFA with few
modifications (Cimino et al., 2006; Anindita et al., 2010;
Singh et al., 2016). The collected TB infected (3+)
positive and negative sputum samples were confirmed
through Acid Fast staining and BACTEC™ MGIT™
960 system at MGIMS, Wardha. Mycobacterium
Tuberculosis H37Rv (ATCC no. 27294) and E. coli
cultures were used as a positive and negative controls,
simultaneously. Mtb-DapEgxys protein was used as a
standard control. Glass slides cleaned and wiped with
70% ethanol before use and labeled, accordingly. Smear
in 0.1% Triton X-100 and 1X PBS was prepared in
circle marked area and fixed by air dry and gentle
heating. 2% BSA was used for blocking and unbound
material extensively washed by 1X PBST. 2 pg/ml Mtb-
DapE¢xis pAb as a primary Ab poured on smear fixed
area carefully and all slides were kept at 37 °C in dark
for 1 hour. The unbound material was washed out with
1X PBST and air dried. Anti-mouse IgG FITC labeled
Ab was used as a secondary antibody with dilution of
1:700 and all slides were kept at 37 °C in dark for 1 hour
incubation. All slides were washed properly to remove
unbound antibodies. Cover slips were used with oil
emulsion and immediately observed under FITC
fluorescent microscope (Zeiss Axiovert 200M Inverted
Fluorescence Microscope).

Results and Discussion

The utilization of tags (GST, HIS, MBT, NuSa, etc.) are
popular for expression and purification of proteins. In
our previous studies we successfully expressed and
purified Mtb-DapEgyys inserting C-terminus — six
histidine tag with high yield from inclusion bodies
(Umbarkar et al., 2019). However several publications
provide evidences that the tags influence the structural
and biophysical studies with negative impact on
conformation, solubility and biological activity of the
protein (Fonda, 2002; Chant et al., 2005). Here, we
established the single step preparation of tag-free Mtb-
DapE protein using zinc-NTA based metal affinity
chromatography.

Bioinformatics, homology model and metal binding site
identification

The primary structure of Mtb-DapEragpe. protein
contains 354 amino acids. The protein sequence
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percentage identities with DapE of other mycobacterial
species were estimated between 93 to 75%. The
theoretical molecular weight 37273 Da, pl 5.31, molar
extinction coefficient 26930 M cm™ and total number
of 34 positively and 45 negatively charged residues were
estimated. No disulfide bonding was predicted. The
secondary structure prediction identified 11 beta sheets
and 11 alpha helices with three domain structure.
However, it shares 55% sequence identity with
Corynebacterium glutamicum ArgE crystal structure
(PDB entry 3tx8) (Fig. 1).
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Figure 1. Amino acid sequence alignment of M. tuberculosis
(MYCTU) with Corynebacterium glutamicum ArgE (CORGL).
Domain 1 (AA 1-164 dash line), domain 2 (AA 165-277 solid line),
domain 3 (78-354_dot line), helix (rectangle), sheet (right arrow),
conserved residues (grey highlighted), residues involved in metal
binding (down arrow), active site residues (inverted triangle),
transmembrane helical amino acids stretch or membrane interaction
(bold bracketed, MEMSAT prediction).

The transition metals play a key role in various
biochemical processes including structural stabilization
and catalytic activity of proteins. Several studies
concluded the role of zinc binding proteins in microbial
growth, development and pathogenesis. The high
resolution X-ray crystal structures of Haemophilus
influenzae DapE (PDB entries 3isz and 3icl) reported
with one and two zinc ions bound in the active site,
respectively (Nocek et al., 2010). The crystal structures
(PDB entries 4023 and 4ppz) of mono and di-zinc DapE
form of Neisseria meningitides MC58 with conformational
change in catalytic domain rotation relative to
dimerization domain as the consequences of dinuclear
zinc(Il) cluster were also reported (Starus et al., 2015;
Boguslaw, 2018). Usha V et al. reported the Mtb-DapE
lost the activity following chelating of zinc (Usha et al.,
2016). However the atomic coordinates of 3tx8 PDB
template was used for the homology modeling structure
prediction of Mtb-DapErygpree. The Z-score -8.1 by
ProSA was convincing for the excellent quality model.
QMEAN ¢global score of 0.8 and Verify 3D value of

90.4% supported the ProSa validation. In the model
structure, 5 amino acids (His 69, Asp 95, Glu 126, Glu
154 and His 330) were predicted with plausible junction
with zinc or other metals at active site (Fig. 24 and 2B).

Figure 2. Cartoon representation of Mth-DapEryer. homology model
structure. (A) Metal binding and active site region denoted in red and
blue color dot surface respectively, (B) zinc II (yellow sphere)
interacting amino acid residues shown as red sticks.

Recombinant
expression

plasmid  preparation and  protein

The preliminary X-ray diffraction analysis of Mtb-DapE
published albeit crystal structure is missing where the
majority of intergrown crystals with only few single
crystals with no zinc in the active site were obtained
(Reinhard et al., 2010). The purity of protein and C-
6XHIS tag could be the concern as it may compete for
zinc ion during purification. The aforementioned DapE
homodimeric structures (PDB files) exhibits an active
site junction between globular catalytic and dimerization
domain. The model based structural studies including
published structures revealed an availability of zinc
interacting catalytic site conserved His 69, Asp 95, Glu
126, Glu 154 and His 330 amino residues in Mtb-DapE
(Figure 2A and 2B). These studies influenced the
purification of tag-free Mtb-DapE using the zinc charged
column.

Mtb-DapEy,; recombinant plasmid without 6XHIS
tag was reconstructed from Mtb-DapEyyns (Umbarkar et
al., 2019) using polymerase chain reaction inserting
restriction enzyme sites, stop codon and re-cloning. The
constructed plasmid was transformed into BL21 (DE3)
cells. The only 1-2% of total protein obtained from
protein expression was soluble, surprisingly. However,
several attempts have made to increase the solubility
even as decreasing the concentration of IPTG, change in
growth medium and lowering the protein induction
temperature up to 16 °C. Finally, over produced Mtb-
DapEragpree protein was found in inclusion bodies
expressed at 37 °C.
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Protein purification

During this study, we also purified Mtb-DapEgxus
protein by Ni-NTA column similar to our previous
report (Umbarkar et al., 2019) for polyclonal antibody
preparation. The confirmation of Mtb-DapEr,gpree
protein in inclusion bodies increased the possibility of
substantially obtaining large quantity of purified protein.
Protein denatured in high molarity of urea containing
buffer and binding performance was evaluated with Zn
(II), Co (II), Ni (II) and Cd (II) bound NTA columns
(Fig. 3 and Fig. 4).

HMW (kDa) ! z 3
180
137
a1
71
51
DapE pygpree
a2 n

35

27

16

10

Figure 3. 12% SDS-PAGE analysis of DapErr:. binding and elution
by metal-NTA column. Lane 1: non-induced, lane 2: induced whole
cells, lane 3: inclusion bodies in 8 M urea, lane 4: flow through of Zn-
NTA column, lane 5: wash of Zn-NTA column, lane 6: elution of Zn-
NTA column, lane 7: HMW, lane 8: flow through of Co-NTA
column, lane 9: wash of Co-NTA column, lane 10: elution of Co-NTA
column.
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Figure 4. 12% SDS-PAGE analysis of DapErygrr. binding and elution by
metal-NTA column. Lane 1: non-induced, lane 2: induced whole cells,
lane 3: inclusion bodies in 8 M urea, lane 4: flow through of Ni-NTA
column, lane 5: wash of Ni-NTA column, lane 6: elution of Ni-NTA
column, lane 7: HMW, lane 8: flow through of Cd-NTA column, lane 9:
wash of Cd-NTA column, lane 10: elution of Cd-NTA column.

The on-column refolding was performed with
gradual decrease of urea concentration in final wash
buffer. A large amount of unbound protein found in flow
through of Co (II) and Ni (II) columns (Fig. 3 and Fig.
4). Cd (II) column was not shown any binding with

protein (Fig. 4). More than 95% protein bound to the Zn
(I) column and eluted with >95% purity (Fig. 5). The
molecular weight of Zn-NTA column purified Mth-
DapEragrree compared with Ni-NTA purified Mib-
DapE¢xyis protein using SDS-PAGE and there was no
substantial difference observed in molecular weights
between His tag and tag-free DapE (Fig. 6). The total of
20-22 mg protein was purified by Zn-NTA from one
liter batch culture. However, finishing step of size
exclusion chromatography lost 5-10% protein despite it
yielded almost 98% purity (Fig. 7). The aliquoted
protein stored in buffer containing 30 mM TrisHCI pH
8.0, 300 mM NaCl, 1 mM DTT and 2% glycerol at
-80 °C and -20 °C was neither degraded nor aggregated
as monitored for 8-10 months. The earlier reported yield
of Mtb-DapE with 6 histidnine tag was 0.6-3 mg/liter
culture pellet (Reinhard et al., 2010; Usha et al., 2016).
Here, purified Mtb-DapE as highly stable, well folded,
without tag, with high purity and high yield is an
exceptional for any further studies including protein
crystallization and structural studies.

1 2 3 4 5 6 7 8 9
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Figure 5. 12% SDS-PAGE analysis of DapEragre. expression and
purification by Zn-NTA column. lane 1: high molecular weight
marker, lane 2: non-induced whole cells, lane 3: induced whole cells,
lane 4: induced cells free extract, lane 5: inclusion bodies in 8 M urea,
lane 6: flow through, lane 7: wash, lane 8: elution by 50 mM
imidazole, lane 9: elution by 200 mM imidazole.
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Figure 6. Molecular weight comparative analysis by 12% SDS-PAGE.
Lane 1: HMW, lane 2: Mtb-DapEexus, lane 3: Mtb-DapEragrree.
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Figure 7. Mtb-DapEr,gre. purified after Zn-NTA and size exclusion
chromatography.

Western blotting, indirect ELISA and IFA

The preparation of Mtb-DapEragpee Was confirmed by
western blotting using pAbs produced in mice against
antigen Mtb-DapEeyxy s (Fig. 8). The indirect ELISA is
usually advantageous due to simplicity predominantly
while if basic access to purified and developed cost
effective antigen production platform exist. Bovine TB
PCR positive and negative serum samples were analyzed
by indirect ELISA against Mitb-DapEgxyis. The
secondary Anti-Cattle HRPO conjugated antibody
detected the bovine serum Ab complexed with Mzb-
DapE¢xys. Nine positive and six negative out of 28 PCR
tested serum samples revealed incredibly convincing
results. However, 13 PCR positive samples were found
false negative at 0.4 OD (bracketed as of negative
samples, Fig. 9). The indirect ELISA overall results
were with just 40% sensitivity. However an immune
response of cattle during the course of disease is the
limitation because it is influenced by age, stress, weather
irregular development of humoral immune response.
The further implications in increasing sensitivity and
specificity would require constructive and profound
studies with few different bovine TB antigens.
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Figure 8. Western blot analysis of Mtb-DapEr.grre. using polyclonal
antibody raised against Mrb-DapEgxuis protein.
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Figure 9. Indirect ELISA of bovine TB PCR positive and negative
samples. C (cyan, no protein coated well), N (black, PCR negative), P
(red, PCR positive).

The purified Mth-DapEey s Protein and pAb raised
against same protein used in IFA. IFA of recombinant
Mtb- DapEgxuis, Mycobacterium tuberculosis H37Rv
pure culture and (3+) TB positive sputum samples were
observed several fluorescent small, sharp and shiny dots
(Fig. 10: A, B and C, simultaneously). However no
analogous dots were seen in TB negative sample and E.
coli pure culture (Fig. 10: D and E). IFA observations
with clear fluorescent spots in smears of human TB
positive samples and Mrb-DapEgxs protein as the
positive control are highly encouraging for development
of TB detection assay.
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Figure 10. Immunofluorescence analysis. Shiny green dots as shown in
arrow marked inset in Fig A indicate the DapE presence. (A) Recombinant
Mtb-DapE, (B) M. tuberculosis H37 Rv culture, (C) TB positive sputum
sample, (D) TB negative sputum sample, (E) E. coli culture.
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Conclusion

The recombinant protein expression, purification and
better yield with post purification stability are all time
tough task. An expression and purification tags at either
or both terminus of protein sequence provides some ease
while purification and sometimes, makes challenges in
the stability of proteins. Albeit for many studies
including structural and molecular interactions, the tags
become impediment. As far our understanding Mib-
DapE never expressed and purified without tag. Here,
our combine results of Mtb-DapEr,ere.. single step
purification without tag, indirect ELISA and IFA could
benefit for structural and molecule based drug inhibitor
studies. Furthermore production of poly and monoclonal
antibodies against highly purified Mtb-DapEr,gp:.. might
impact on the development of quick and easy detection
assay for TB from tubercular sputum samples.
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