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A B S T R A C T

Pregnancy-associated glycoproteins (PAGs) secreted from conceptus specific trophoblast cells are widely accepted
biomarkers of ruminants. Limited information of PAGs in buffalo warrants further investigation for the devel-
opment of sensitive homologous early pregnancy-specific diagnostic immunoassay. This experiment was thus
designed to identify and clone the predominantly expressed early placentome-specific buffalo PAG (buPAG)
isoform; to express this PAG isoform and verify its antigenicity by developing antisera and testing immuno-
reactivity with recombinant proteins. Results indicated PAG 7 (buPAG 7) was the predominant isoform in buf-
falo early pregnant placentome. Attempt to express the full native glycosylated protein in the pcDNA3.3 vector
and FreeStyle HEK 293F host was not successful. However, a partial 124 amino acid sequence selected from the
non-glycosylated region of buPAG 7 could be expressed in E. coli BL21 (DE3) cells after codon optimization
however; the yield was low. Antigenicity of the expressed protein was confirmed by successful immuno-reaction
in rabbits indicating possibilities of using 124 aa partial PAG 7 protein as a putative antigen for monoclonal
antibody production and development sensitive homologous immunoassay. In conclusion, our results confirmed
the findings that buPAG 7 as the predominant early pregnancy-specific transcript. A selected partial 124 amino
acid sequences of it could even be expressed in a heterologous host (E. coli). Based on our data presented here, we
anticipate that the expressed recombinant protein can be useful as an antigen suitable for the development of PAG
specific immunoassays in buffalo.
1. Introduction

Pregnancy-associated glycoproteins (PAGs) are multi-isoform pro-
teins generated by gene duplication probably due to continuous selection
pressure at the maternal-conceptus junction [1]. They are products of
mono- and bi-nucleated trophoblast cells, identified in cattle, buffalo,
swine, camel, wild deer and bison placenta [2], released extracellular by
exocytosis thus available in maternal circulation [3] and used for
immunodetection of early pregnancy in ruminants. About 100 PAG genes
in bovine [4] and 51 coding PAG transcripts in other ruminant species [5,
6] are reported in the literature. Variation in isoforms, expression pat-
terns across the species and pregnancy stages [4] along with sequence
similarities with serum proteases add complexities, and challenges of
species-specific immunodetection of this protein. Because of these
.
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reasons, PAG detection is likely to be less sensitive in heterologous and
common ruminant assays. A specific, sensitive and accurate immuno-
assay demands a homologous antigen for raising 100 % cross-reactive
antibodies. In buffaloes, about 22 PAG mRNA sequences are available
in NCBI/UniProtKB/TrEMBL database however; limited information on
expression patterns of different isoforms during pregnancy stages war-
rants further investigations. This information would be critical for the
development of buffalo specific early pregnancy diagnosis assay. The
PAG of buffalo has been purified by conventional chromatography and
used as the standard for heterologous radio-immunoassay design and also
for profiling month-wise secretion in maternal blood during pregnancy
[7]. In silico 3D structures are predicted from deduced amino acid se-
quences of buffalo PAG1 [8], PAG2 [9], PAG7 [10,11] and other isoforms
[11] to understand their structural properties and functional roles.
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Available literature so far indicated that PAG7 is the predominant early
pregnancy-specific isoform in buffalo placenta [11] however; the full
coding sequence is not reported.

Purification of early pregnancy-specific PAG isoform through con-
ventional chromatography approach is not feasible as purification of the
desired isoform might require a huge quantity of starting tissue [7].
Multiple fresh early pregnant placentas can only be obtained by the
sacrifice of the pregnant animal, not permissible on ethical and technical
ground. It is also likely that when placentas are pooled from multiple
sources, the desired isoform does not get purified from the source tissue,
due to different biochemical properties. On the other hand, specific
isoform transcript can be identified from milligram quantities of tissues;
cloned and recombinant protein produced in suitable host cells.

Use of a native glycosylated PAG as an antigen is of paramount
importance for raising specific antibody. It is because MHC (more pre-
cisely class II) molecules in antigen presenting cells would present the
antigen naively for T-cell recognition [12] and therefore, any alteration
of native protein structure would result in production of antibody with
lesser reactivity and lower specificity. In silico epitope prediction
revealed that usually the glycosylated areas of a protein are hydrophilic
and contain immunodominant epitopes [13]. However, antigenic epi-
topes may also be present in the non-glycosylated regions of a protein and
they can serve as targets for antibody production [14]. Thus, experiment
was designed to identify the predominant buffalo PAG isoforms coding
sequences of all the isoform sequences. The ORFs (open reading frames)
of these isoforms were cloned and sequenced. The partial sequence of the
most predominant PCR product was expressed in E. coli, after codon
optimization. The recombinant protein was used for raising antisera, and
antigenicity was tested by immunoreactivity of recombinant protein
against its antisera.

2. Materials and methods

2.1. Chemicals

All the chemicals used for the experiments were of analytical grade
and purchased either from Sisco Research Laboratory (SRL) or HiMedia
Laboratories, Mumbai, India if the sources were not disclosed.

2.2. Bio-safety clearance

All methods for this study were carried out with necessary approval
and following the relevant guidelines and regulations of the Department
of Biotechnology, New Dehli and ICAR-National Institute of Animal
Nutrition and Physiology, Bangalore, India.

2.3. Collection of tissues

The whole buffalo reproductive tract from the ovary to the cervix was
collected from a local abattoir (Corporation Slaughter House of Banga-
lore, Karnataka, India) immediately after slaughter and brought to the
laboratory on ice. The appearance of uterine horns (symmetry/asym-
metry) was confirmed visually and by hand palpation. The corpus luteum
in ovaries was examined; isolated and morphological characteristics
were assessed as per the publishedmethod [15]. Horns of the uterus were
cut open using scissors and observed for the presence and absence of
conceptus (fetus and placenta), pathological lesions and structures.
Pregnancy was confirmed by the presence of conceptus. The whole fetus
was isolated from the conceptus mass and crown-rump length was
measured for an approximate determination of the day of pregnancy
using the formula of Soliman et al [16]. Tissue samples were harvested at
luteal phase, identified by the presence of corpus luteum on ovarian
surface [15]. Necessary precautions were taken to ensure samples from
reproductive track with symmetrical uterine horns free from pathological
lesions. About 100 mg tissues from luteal phase non-pregnant endome-
trium (n ¼ 3), caruncle from pregnant animals (approx. Day 55–67) (n ¼
2

3) and placental cotyledon (n¼ 3) were collected and stored in RNA-later
at 4 �C overnight and then at – 80 �C for long term storage.

2.4. Isolation of total RNA and cDNA synthesis

The total RNA from 50 mg tissues of each sample was isolated using
the RNeasy Plus Mini kit (Qiagen, Germany) with a DNA removal step by
in-column DNase digestion with RNase-Free DNase Set (Qiagen, Ger-
many). Quantity of total RNA was estimated by NanoDrop 2000 UV-Vis
Spectrophotometer (Thermo Scientific™, USA) and the quality was
tested with 1 μg of total RNA resolved in Agarose (1%) gel by electro-
phoresis in 1X MOPS [3-(N-morpholino) propane-sulfonic acid] buffer.

Single-stranded cDNA was synthesized from 2 μg of total RNA of each
sample using Revert AidTM H minus first-strand cDNA synthesis kit
(Thermo Fisher Scientific, USA) following manufacturer's instructions.

2.5. PCR amplification, cloning, and sequencing of predominant buffalo
PAG

All cDNA samples synthesized from RNA isolated from caruncle (of
both pregnant and non-pregnant animals) and cotyledon (of pregnant
animals) were screened for the presence of open reading frames of all
buffalo PAG reported previously. This was done by PCR amplification in
20 μL reaction volume with a fixed single forward primer (L) and each of
four different reverse primers R1–4 [Supplementary Table 1]. Each re-
action mixture contained 20 ng cDNA templates, 2X master mix, and 5
μM each of forward and reverse primers (Promega, USA). The amplifi-
cation conditions were set as one cycle of denaturation at 94 �C for 2 min,
35 cycles of denaturation (94 �C for 30 s), annealing (55 �C for 30 s) and
extension (72 �C for 90 s) and final one cycle of extension at 72 �C for 5
min. Once the predominant PCR product was identified, PCR was
repeated using proofreading Accuzyme DNA polymerase (Bioline, USA,
2.5 U/μL) and the same primer set. The intense PCR bands from luteal
phase non-pregnant caruncle and day 55 pregnant cotyledon and
caruncle samples were gel purified using illustraTM GFXTM PCR DNA
and Gel Band Purification Kit (GE Healthcare, USA) and used for ligation
in pJET1.2/blunt cloning vector. The One Shot® TOP10F E. coli
competent cells (Thermo Fisher Scientific Inc, USA) were used for
transformation with the ligation mixture. The clones were selected in the
presence of Ampicillin in plates and broths. The cloned plasmids were
isolated by Miniprep Kit (PLN70, Sigma Aldrich, USA) and the inserts
were confirmed by PCR using specific primer set [see Supplementary
Table 1] and products were sequenced from both directions.

2.6. Authentication and analysis of the sequence

Sequence data was analyzed by NEB cutter (http://nc2.neb.com/NE
Bcutter2/) for identification of suitable restriction enzymes and ex-
pected fragment sizes, if digested with those enzymes. Accordingly,
plasmid was digested with different restriction enzymes (New England
Biolabs, UK) in 20 μL reaction volume viz., BamH I (R0136S), Bgl II
(R0144S), Eag I (R0505S), PmeI (R0560S), Sal I (R0138S) and Xho I
(R0146S). Based on electrophoresis, sizes of fragments were determined
and compared with the predicted fragment sizes generated with NEB
cutter. The authenticated sequence obtained by this method was anno-
tated by the NCBI nucleotide BLAST tool (https://blast.ncbi.nlm
.nih.gov/Blast.cgi?PAGE_TYPEBlastSearch); phylogenetic similarity was
determined byMEGA 7 [17]; coding and translated amino acid sequences
were obtained by NCBI tool (https://www.ncbi.nlm.nih.gov/orffinder/).
Screening for the presence of probable 20 amino acid long linear epitopes
was done by BCPREDS online tools (http://ailab.ist.psu.edu/bcpred/pre
dict.html).

2.7. Expression of buffalo PAG in mammalian host cells

The full coding sequence was amplified by PCR from the pJET1.2-
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buPAG7 vector and integrated into the pcDNA3.3 mammalian cell
expression vector. Top10 E. coli competent bacteria available with Invi-
trogen™ pcDNA™3.3-TOPO™ TA Cloning™ Kit were transformed with
the resulting recombinant pcDNA™3.3-buPAG7 vector. The plasmid was
isolated by Mini-prep and sequenced from both directions to confirm the
orientation and reading frame of the expression cassette. The confirmed
expression cassette was produced in bulk and purified using PureLink®
HiPure Plasmid Filter Midiprep Kit (M/s Thermo Fisher Scientific, USA).
One T 175 flask of FreeStyle™ HEK 293-F (M/s Thermo Fisher Scientific,
USA) cells were grown in suspensions and transfected with either the test
vector or with a positive control, a construct encoding lacZ cassette (M/s
Thermo Fisher Scientific, USA). For transfection, 293fectin™ Trans-
fection Reagent (M/s Thermo Fisher Scientific, USA) was used. After 48 h
of transfection, the cells and the spent media were harvested for analysis
by Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). Attempts to express the protein were repeated 3 times but failed
to observe the specific band each time (see the results).

2.8. Codon optimization of partial buPAG by PCR primer based approach

A 372 bp sequence (495–866 bp) was selected with an ATG at the
beginning in the cloned PAG sequence of buffalo for expression. Attempts
were made to modify 7 rare codons (AGA to CGT, CTA to CTG, CCC to
CCG, CGC to CGT, AGA to AGT, AGA to CGT, ATA to ATC) using two sets
of PCR primers [Supplementary Table 2]. Initially, two 50 μL PCR re-
actions were carried out using two different primer sets, each with 50 ng
template (pJET1.2-buPAG), suitable buffer and proofreading Accuzyme
DNA polymerase (2.5 U/μL; Sigma Aldrich, USA). The PCR was per-
formed at initial 95 �C denaturation for 5 min and 35 cycles of dena-
turation at 95 �C for 5 s, annealing at 55 �C for 10 s and extension at 72 �C
for 10 s. The PCR products were separated by 1.5 % Agarose gel, bands
were excised from the gel, and purified as described earlier. Purified PCR
products from both reactions were used as templates for the second
round of PCR using a forward primer of set 1 (PP1-F) and the reverse
primer of set 2 (PP2-R). The cycling conditions were 95 �C denaturation
for 5 min followed by 35 cycles of denaturation at 95 �C for 10 s,
annealing at 55 �C for 10 s and extension at 72 �C for 10s. The final PCR
products were resolved, purified from gel as explained previously and
sequenced using gene-specific primers to confirm the base changes.

2.9. Sub-cloning of PCR product in pET 28a (þ) vector

Upon confirmation of base changes, the PCR product was inserted
into the pET-28a(þ) vector (# 69864-3, Novagen, USA). About 1 μg of
pET-28a (þ) vector and 2 μg of PCR product were digested using Nde I
and Xho I (New England Biolabs Inc. UK) restriction enzymes (RE) at 37
�C for 2 h, separated in 1.5 % agarose gel by electrophoresis, specific
bands were excised and purified. Gel purified 50 ng vector and 19 ng
insert (1:5) were ligated at 16 �C overnight using T4 DNA ligase (#
M0202S, New England Biolabs Inc. UK) and the newly generated re-
combinant vector was designated as pET-28a(þ)-par.buPAG. Recombi-
nant pET-28a (þ)-par.buPAG vector was used for the transformation of
One Shot® TOP10F chemically competent E. coli bacteria and selected by
the supplementation of antibiotics Kanamycin (Kanamac®-1000,
Macleods Pharmaceuticals Ltd, India) in culture media. Plasmids were
isolated from the antibiotic selected clones, insert was confirmed by PCR.
The 3 selected clones were sequenced by Sanger's chain termination
method using vector-specific sequencing primers to confirm the reading
frame and coding sequences.

2.10. Expression of recombinant partial buffalo PAG in E. coli and
purification

The BL21 (DE3) competent E. coli cells (# 200131, Agilent Technol-
ogies, USA) were transformed with recombinant pET-28a (þ) par.buPAG
vector having proper orientation and reading frame. Clones were
3

selected by growing them in the presence of Chloramphenicol (Calbio-
chem, EMD Biosciences, Germany) and Kanamycin antibiotics. The
protein production in E. coli cells was induced by 1 mM Isopropyl β-D-1-
thiogalactopyranoside (IPTG) (Calbiochem, EMD, Biosciences, Ger-
many). A similar culture without IPTG induction was prepared for testing
as control. Expression of proteins in cells and media was confirmed
initially by 15 % SDS-PAGE analysis gel stained with Coomassie® Bril-
liant blue R-250 dye. Upon confirmation from cells, protein was har-
vested in lysis buffer (50 mM Tris-HCl pH 7.5, 100 mM NaCl, 5 %
glycerol) containing cOmplete™ Protease Inhibitor Cocktail (Roche
Applied Science, Germany). Bulk quantity of proteins was harvested
using Ni-NTA Superflow Cartridge (# 30721, Qiagen, Germany). In brief,
the cell pellet was sonicated in NPI-10 buffer [50 mM Sodium phosphate
monobasic (NaH2PO4), 300 mM Sodium chloride, 10 mM Imidazole
(Sigma Aldrich now Merck-Millipore, USA), pH 8], cell lysate was clar-
ified by centrifugation at 10,000 g for 30 min at 4 �C, then the super-
natant was passed 3 times through the Ni-NTA superflow cartridge. The
final unbound protein was removed by thorough washing with 50 mM
NaH2PO4 buffer (pH 8.0) containing 300 mM NaCl, 20 mM Imidazole
and the bound protein was eluted in the same buffer with higher amount
(250 mM, in place of 20 mM) of Imidazole. Small volumes from the
eluted fractions were tested for the presence of expressed protein in 15 %
SDS-PAGE. The eluted bound protein fractions from different columns
were pooled and purified again by passing through the Ni-NTA column
and dialyzed against 1 X PBS and quantified by Lowry's protein estima-
tion method [18].

2.11. Development of polyclonal antibody and purification

The polyclonal antibody was raised in two rabbits by immunization
with purified recombinant partial buPAG proteins following the standard
protocol of one primary and three booster injections. The generated
polyclonal antibody was purified using protein-A Agarose column
(Pierce™ Protein-A Column, # 20356, Thermo Fisher Scientific, USA).
The antibody present in sera was allowed to bind with the column matrix
in the presence of binding buffer (PBS: 0.1 M sodium phosphate, 0.15 M
sodium chloride, pH 7.5). The unbound flow-through and the column
wash were discarded. The bound antibodies (IgG) were eluted in 0.1 M
glycine buffer (pH 3) and fractions were collected in 10 tubes with 0.5 mL
each. The pH of each tube was raised immediately by adding 50 μL 1 M
phosphate buffer (pH 8.5). Absorbance at 280 nm of each tube contents
was measured and fractions showing the positive absorbance against the
buffer were pooled and dialyzed against PBS, pH 7.5 by using 14 kDa
molecular weight cut-off bags (# D9652, Sigma Aldrich, USA).

2.12. Western blot analysis of recombinant protein

About 100 μg of cell extracted proteins from each group (induced and
non-induced E. coli) were separated by SDS-PAGE and transferred onto
PVDFmembrane (Immobilon® 0.45 μM, # IPVH00010, Merck-Millipore,
USA) for Western blotting. The PVDF membrane was sandwiched with
the SDS-PAGE gel and the transfer of proteins was carried out in presence
of 1X blot transfer buffer [25mM Tris buffer, 192 mM Glycine, 10%
methanol] at 50 V for an initial 2 h followed by at 30 V overnight. The
non-specific protein bands on the membrane were blocked by incubating
the membrane overnight at 4 �C in 3 % BSA dissolved in 1X PBS. This was
followed by incubation of the membrane with 1:5000 dilutions (1X PBS)
of primary antibody (Rabbit anti-PAG) for 1 h at room temperature fol-
lowed by 3 washing with sufficient quantities of 1X PBS/Tween 20
(PBST). The membrane was then incubated with 1:1000 diluted goat
anti-Rabbit-HRP conjugated secondary antibodies (Thermo Fisher Sci-
entific, USA) for 1 h at room temperature. The unused secondary anti-
body on the membrane was washed with PBST three times and finally,
protein bands that reacted to primary as well as secondary antibody were
developed using SIGMA FAST™ DAB with Metal Enhancer (D0426,
Sigma Chemicals) following manufacturer's protocol.
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3. Results

3.1. Early pregnancy specific predominant PAG transcript in placenta

In the current experiment, buffalo PAG transcripts were amplified by
PCR reaction and resolved by gel electrophoresis. Band movement pat-
terns of products amplified from caruncle and cotyledon tissue of early
pregnant buffaloes were similar. A very intense band was observed be-
tween 1 kb to 1.5 kb region in addition to many low-intensity bands
below 1 kb by L-R1 pair (Fig. 1A). The L-R2 pair produced many low-
intensity bands between 0.6 to 0.3 kb, L-R3 pair did not show any
band, and L-R4 pair produced faint bands near 1.5 kb, 0.5 kb, and 0.3 kb
region. The non-pregnant caruncle showed an intense band near 0.6 kb
(Fig. 1A). A major PAG specific cotyledon band was identified to have
1163 bp nucleotides in the three tested clones. The products from the
restriction enzyme digestions were in agreement with the results from
the NEB cutter (Fig. 1D). BLAST analysis revealed it had 99 % sequence
identity to buffalo PAG 7 (HM_468476) and the alignment covered 95 %
of the previously published buffalo PAG 7. Cloned buffalo PAG7 obtained
in the present experiment had 97 % sequence identity to bovine PAG7
(NM_001109978) at 99 % coverage. The sequence has been deposited in
GenBank (KP233844) (https://www.ncbi.nlm.nih.gov/nucleotide).
Phylogenetic analysis revealed the sequence was closest to cattle fol-
lowed by bison, sheep, goat, zebra, donkey, and horses [Supplementary
Fig. 1]. Besides it had 98 % and 93 % similarity to buffalo PAG11
(HM_468480.1) and PAG1 (XR_329125.1), respectively but had lower
similarities with other buffalo PAG isoform sequences. The sequence was
deduced to code for protein having 380 amino acids (aa) (from 1140 bp)
with a theoretical molecular weight of about 42.98 kDa [Supplementary
Table 3 (A) & (B)]. Initial 15 aa contained secretory signal and the next
28 aa (from16-43) was propeptide. It also contained pepsin- A (cd05478,
Fig. 1. (A) Amplification of PAG in buffalo cotyledon and non-pregnant endometrium
R1, 3-L-R2, 4-L-R3, 5-L-R4, L- DNA ladder (Gene Ruler™ 1kb DNA Ladder Plus cat n
vector; (C) Amplification of isolated plasmids by gene-specific primers; (D) restrictio
cloned vector, 2: BamH I digest (single cut), 3: Sal I digest (single cut), 4: Xho I dige
1194bp, 1069bp and 113bp products), 6: Eag I digest (single cut) and 7: Pme I dige
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62-377 aa), eukaryotic aspartyl protease (Asp, pfam0026, 70-379 aa)
pepsins, cathepsins, and renins, PTZ00165 aspartyl protease (63-379 aa)
and A1-Propeptide aspartic protease (pfam07966, 16-43 aa domains). At
the amino acid level, the sequence was 96 % (356 of 370 aa at the
matched region) similar to PAG 11 [Supplementary Table 4].

The polymerase chain reaction amplified 603 bp transcript of PAG
gene from caruncle of non-pregnant buffalo. The first 108 bp of this
shorter transcript was identical to 50 sequences of transcript isolated from
cotyledon of pregnant buffalo (KP233844) and the remaining 495 bp also
matched to 3’ end PAG7 sequences (KP233844). The 603 bp transcript
sequence had a start codon (ATG) and a stop codon (TAA) at the similar
location of 1163 sequence (KP233844). In addition, 603 bp transcript has
multiple intervening TGA stop codons (data not shown), possibly ter-
minating translation prematurely.

3.2. Expression full length buffalo PAG major transcript in mammalian
cells

The SDS-PAGE analysis revealed that the positive control cells
expressed the LacZ protein-specific protein band but not the test cells and
its media supernatant (data are not shown). In all the three attempts,
appearance of the expected 40–84 kDa band for buPAG expression was
not observed on SDS-PAGE analysis gels.

3.3. Expression of partial buffalo PAG in E. coli cells

Selected 124aa sequence had 7 rare codons (http://people.mbi.ucla
.edu/sumchan/caltor.html), no glycosylation sites (http://www.cbs.
dtu.dk/services/NetNGlyc/) and three predicted linear epitopes
(http://ailab.ist.psu.edu/bcpred/predict.html). The results of PCR and
sequence analysis indicated a successful mutation (Fig. 2B), a correct
samples using single L and four right (R1-R4) primer pairs. Lanes: 1-RNA, 2-L-
o N3232S, NEB, USA); (B) Cloning of 1163 and 603bp PCR products in pJET1.2
n enzymes digestion results of positive plasmids (L: DNA ladder, lane 1: uncut
st (3 cut sites:1164bp, 990bp and 170bp products), 5: Bgl II digest (3 cut sites-
st (single cut) indicating the authenticity of sequence reads.

https://www.ncbi.nlm.nih.gov/nucleotide
http://people.mbi.ucla.edu/sumchan/caltor.html
http://people.mbi.ucla.edu/sumchan/caltor.html
http://www.cbs.dtu.dk/services/NetNGlyc/
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http://ailab.ist.psu.edu/bcpred/predict.html
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orientation and correct reading frame of the expression cassette. All the
seven codons were foundmutated (R: AGA to CGT, L: CTA to CTG, P: CCC
to CCG, D: CGC to CGT, K: AGA to AGT, G: AGA to CGT, I: ATA to ATC)
However, while optimizing codon two un-deliberate base change was
introduced at position 26 (G: GGC to V: GTC) and at 243 (W: AGC to
AGT) of 372 bp sequences [Supplementary Table 5]. This resulted in
change of 9 codons but substitution of only one amino acid (from G to V)
and right shift of the first epitope keeping the core 16 aa sequence
(ILGLNYRNLSWSKTLP) same. However, position of the other two epi-
topes remained unchanged [Supplementary Table 6]. Proteins isolated
from E. coli cell expressing partial buffalo PAG sequence showed to have
an 18 kDa (Fig. 2C) intense band in the gel. The Ni-NTA column purifi-
cation resulted in an enrichment of 18 kDa band in the final purified
product (Fig. 2D).

3.4. Immunoreactivity of purified polyclonal antibody with recombinant
partial buffalo PAG

Antisera production in rabbits was successful against partial buPAG
expressed in heterologous host, E. coli. Western blot analysis revealed
affinity purified antibody reacted with two adjacent prominent bands
near 18 kDa region of the whole protein extracts expressed in IPTG
induced E. coli of but not in the extracts of non-induced control bacteria
(Fig. 2E).
Fig. 2. Sub-cloning and expression of 372bp mutated sequences (Extra sequences in
cloning approach; B) Clones showing desired PCR amplification; (D) Expressed prote
pooled fraction (E). E) Western blot image showing PAG immunoreactive protein ba
Thermo Scientific, USA). Lanes: 1, 3, 5 - IPTG non induced cell extract; 2, 4, 6 - ind
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4. Discussion

Identification of early pregnancy-specific biomarkers is of immense
importance and an urgent prerequisite for the development of a sensitive
early-pregnancy diagnosis assay in buffaloes. This study reports full open
reading frame sequence information of a predominant buffalo early
pregnancy-specific PAG isoform, recombinant expression of partial
sequence (124 aa) in E. coli after codon optimization, the antigenic po-
tential of the recombinant protein by successful antibody production and
immunoreactivity.

The nucleic acid (KP233844) and deduced protein (AKB95131.1)
sequences is named as PAG 7 sequences. This was based on very high
percent of identity of sequence with published buffalo (HM_468476.1)
and of other species PAG 7 isoforms. The authentication of the sequence
was confirmed by matching of experimental and theoretical (restriction
enzyme digestion profiles) results. The presence of signal peptide, pro-
peptides, mature protein and different domains in the derived se-
quences were as per the published reports on PAG of other species.
Therefore, derived sequence was considered as the full reading frame of
buffalo PAG 7. Similar to our results, PAG 7 has recently been reported as
the predominant early pregnancy-specific isoform in buffalo using a
different approachwhere three different forward and single right primers
were used for the study [11]. In our approach identification of the pre-
dominant isoform was much easier and less expensive than the other
report since we only cloned logically the most intense PCR product to
dicated in the label due to RE sites on both sides of primers). A) Schematics of
in bands in 15 % SDS-PAGE gel image in different column eluents (E1-E5) and a
nds in lanes 2, 4, 6). Lane M - protein marker (Benchmark TM protein ladder,
uced cell extract; 7, 8- are a negative test (no primary antibody).
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arrive at the decision. Additionally, we amplified and cloned the full
open reading frame of the particular isoform. Studies of others in buf-
faloes indicated that early pregnant cotyledon also expresses low abun-
dant buPAG 18, 2, 8, 6, 9, 13 and 15 isoforms [11]. The low abundant
PCR products (Fig. 1) proved the presence of other isoforms. However,
identities of those isoforms were not confirmed by cloning and
sequencing in our study since we focussed only on the sequence and
identity of the predominant isoform. The information generated in our
study and others [11] might help for further downstream applications
and development of sensitive immunoassay for buffalo early pregnancy
biomarker detection. As compared to our observation in buffalo, PAG 2
was found to be the predominant isoform in cattle [19]. A pregnancy
stage-dependent expression of PAG isoforms were reported in cattle and
other species. Binucleate cells of cattle although predominantly express
PAG 1, 6, and 7 isoforms in middle and late pregnancy, the day 25 and
earlier cotyledons either do not or weakly express these isoforms. On the
contrary, cotyledons express PAG 4, 5 and 9 isoforms in abundance at
early stage (25 days or earlier) of pregnancy [3]. A cDNA microarray
analysis in cattle demonstrated expression of several PAG molecules
between day 7–14 of pregnancy (PAG 11, 16 and 17), day 14–21 (PAG 1,
5 to 7, 9 to 13, 15 to 17, 19, 21) or even before (at day 7: PAG 4, 5 and 6)
[20]. Similar cDNA based microarray study in buffalo revealed the PAG
4–8, 11 and 17 were the top up-regulated isoforms in fetal cotyledons
during early pregnancy [21]. In equine PAG 1 and porcine PAG 1 and 2
were found as the predominant isoforms expressed in the chorion [19,
20].

The PAGs were purified from the placenta of cattle [22], sheep [23],
goat [24], pig [25], horses [26] and buffaloes [7]. The antibodies pro-
duced against PAG isoforms helped the development of immunoassays
and pregnancy diagnostics in different species. However, early preg-
nancy diagnosis in buffaloes using the existing heterologous and common
ruminant assays is not successful. The mismatch of sequences and less
specific immunoreactivity of antibodies with the early
pregnancy-specific PAG isoforms of buffaloes might have contributed to
this. The diagnosis of early pregnancy is thwarted without the use of
specific and best reactive monoclonal antibodies against early
pregnancy-specific buffalo PAG.

In placenta, each isoform of PAG is usually expressed in a very low
quantity and therefore, to purify sufficient amount of any of these iso-
forms, one needs to have good number of placenta from buffaloes at early
stage of their pregnancy. If PAG is purified from placenta of multiple
sources, heterogeneity in samples may pose difficulty in further use. In
addition, most isoforms of 22 different PAGs have shared properties and
therefore, it poses technical difficulty to purify a specific isoform.
Moreover, in most societies, slaughter of huge number of buffaloes for
collecting placenta at early pregnancy is not ethically permissible. Due to
these reasons, the productions of desired PAG by recombinant technol-
ogy are preferred over conventional purification. On the contrary,
designing primers to amplify the specific isoform with the help of re-
ported sequences, cloning and sub-cloning for expression in suitable cells
are easy although, selection of vector, host, and standardization of
expression protocols need time and effort. For expressing cattle PAG,
Green monkey kidney (COS) and Chinese hamster ovarian (CHO) cells
[27] were not found to be good hosts due to lower yield of recombinant
PAG as compared to HEK 293F host cells [28]. Therefore, we used HEK
293F cells for expression of full length buffalo PAG protein. We preferred
the expression of full length sequence because it contained 9 predicted
antigenic epitopes. In this experiment, the full length nucleotide
sequence of buffalo PAG 7was cloned under CMV promoter in pcDNA 3.3
mammalian expression system. This mammalian expression system was
reported to provide high transient expression of recombinant proteins
[29].

However, our attempt to express the protein was not successful
probably due to the presence of rare codons in the sequence. Also in the
mammalian host cells, it might have yielded truncated or low amount of
the protein. PAG is generally produced by trophoblast cells whereas HEK
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293F cells were of kidney origin, therefore, unsuitable for sustained
expression of transgene. Poor transfection efficiency of transgene in to
host cells could also be responsible for low of transgene expression. These
issues can be addressed with appropriate strategies.

Analysis of 380 aa buffalo PAG 7 sequence revealed that out of 9
predicted epitopes, 4 were present in the predicted N-glycosylation sites
and 5 in the non-glycosylated regions [Supplementary Table 6]. Shreds of
evidence suggest that antibodies produced against a non-glycosylated
region of a protein had specific reactivity against the native glycosy-
lated proteins [30, 31, 32]. In order to take advantages of availability of
predicted epitopes in non-glycosylated region, a stretch of 372 bp (124
amino acids) sequences that covered three predicted epitopes were
selected for expression in E. coli system. We considered the partial
sequence of PAG rather than full length of it for expression in E. coli. The
reason for such consideration was that E coli based expression system
cannot support formation of native structure and proper folding of the
full protein due to the absence of enzymes needed for glycosylation and
other post-translational modifications. In the selected 124 aa sequence, 3
predicted antigenic epitopes were present but not any glycosylation site
[Supplementary Table 6]. The nucleotide sequences of the selected
stretch were 100 % identical to buffalo PAG 7 and PAG 11 (Supple-
mentary Table 4). This similarity in the epitope regions may have certain
advantages, if used for raising antibody for detecting PAG 7, PAG 11 and
other similar isoforms if expressed during early pregnancy.

Proteins are often difficult to express outside their native context,
particularly if they contain rare and non-canonical codons, not supported
by the host. Sometimes, expression-limiting regulatory elements within
their coding sequence may also prevent expression of proteins [33]. Thus
for expression of heterologous protein in a prokaryotic system, codon
usage has been identified as the single most important factor [34]. The
preferred codons correlate with the abundance of cognate tRNAs avail-
able within the cell that in turn serves to optimize the translational sys-
tem and to balance codon concentration with iso-acceptor tRNA
concentration [35]. Thus, a gene with more rare codons is less likely to be
expressed at reasonably good levels in the host [36]. A common strategy
to improve expression is thus to alter rare codons of the target gene that
closely reflect the codon usage pattern of the host cells, without modi-
fying the amino acid sequence of the encoded protein. A common tech-
nique to achieve this goal is to cause sequential site-directed mutagenesis
by introducing desired changes in PCR primers. We have adopted this
strategy to alter the rare codons present in the selected 372 bp sequence
for expression in E. coli. The expression of mammalian proteins in the
E. coli host has been demonstrated by this approach in previously pub-
lished report [37]. In general optimization of codon increases expression
dramatically in E. coli host in some cases [38] but in some instances,
proteins were just expressed successfully, otherwise could not be
expressed with the native sequence [39, 40]. The codon optimization
might increase the expression of mammalian proteins typically by 5–15
folds in the E. coli system and yields might reach as much as 5 % of their
soluble proteins [33]. Our approach of codon optimization helped the
production of 13 mg protein from 2 L E. coli culture pellets 48 h after
IPTG induction. The amount of protein expressed was sufficient for im-
munization of two rabbits (10 mg), for SDS-PAGE and Western blot
analysis (1 mg) and stored for future downstream applications (2 mg).

Heterologous antibodies might cross-react with buffalo PAG [41]
however; antibodies for a wrong isoform may not help the detection of
early pregnancy signals because of the lower percentage of
cross-reactivity and segregation of non-pregnant and early post-partum
animals. Experiment in cattle revealed that, PAG1 is not an ideal preg-
nancy biomarker due to their expression between ~ day 45 up to 250 of
pregnancy and higher expression at term and availability during post-
partum [3]. The reason for availability of untrnaslated prominent short
603 bp PAG-like transcripts in the non-pregnant buffalo caruncle is not
clear.

Identification of PAG 7 as the predominant transcript, recombinant
expression and successful antibody production opened up a new avenue
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of research on PAG in buffalo. Successful polyclonal antibody production
in rabbits indicated the antigenic potential of the recombinant protein.
The purified antibody found cross-reacted with the recombinant buffalo
PAG confirmed that 124 aa recombinant protein was antigenic and can
be used for development of monoclonal antibody, a prerequisite for
development of a sensitive homologous PAG assay kit for early pregnancy
diagnosis. Considering this sequence for epitope regions is 100 % similar
to PAG 7, PAG 11 and other isoform epitopes, sequences PAG polyclonal
antibodies produced under the present study should be capable of
capturing signals from multiple isoforms.

In conclusion, we report here the authentic full open reading frame
sequence of the predominant buffalo early pregnancy-specific PAG 7
isoform, in silico properties, successful expression of 124 aa sequences in
E. coli after codon optimization. We also demonstrate the antigenic po-
tential of the recombinant protein showing its immuno-reactivity with
the raised antibody. Our study thus puts a step forward toward estab-
lishing PAG 7 as a functional early pregnancy biomarker in buffaloes and
gives a clue that the recombinant 124 aa partial buffalo PAG protein can
serve as an antigen for the production of monoclonal antibodies for
further development of buffalo early pregnancy immunodiagnostic
method in future.
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