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Abstract Interleukin-17A (IL-17A) is a potent proin-
flammatory cytokine and the signature cytokine of Thl7
cells, a subset which is involved in cytokine and chemo-
kine production, neutrophil recruitment, promotion of T
cell priming, and antibody production. IL-17 may play an
important role in tuberculosis and other infectious diseases.
In preparation for investigating its role in the highly rele-
vant guinea pig model of pulmonary tuberculosis, we
cloned guinea pig IL-17A for the first time. The complete
coding sequence of the guinea pig IL-17A gene (477
nucleotides; 159 amino acids) was subcloned into a pro-
karyotic expression vector (pET-30a) resulting in the
expression of a 17 kDa recombinant guinea pig IL-17A
protein which was confirmed by mass spectrometry anal-
ysis. Homology modeling of guinea pig IL-17A revealed
that the three-dimensional structure resembles that of
human IL-17A. The secondary structure predicted for this
protein showed the presence of one extra helix in the
N-terminal region. The expression profile of IL-17A was
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analyzed quantitatively in spleen, lymph node, and lung
cells from BCG-vaccinated guinea pigs by real-time PCR.
The guinea pig IL-17A ¢cDNA and its recombinant protein
will serve as valuable tools for molecular and immuno-
logical studies in the guinea pig model of pulmonary TB
and other human diseases.
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Introduction

Tuberculosis (TB) remains a major life threatening disease
with approximately one-third of world population latently
infected with Mycobacterium tuberculosis (M. tb) [1]. The
only available vaccine Bacillus Calmette—Guérin (BCG)
does not afford complete protection and shows variable
efficacy (0-80 %) [2]. New TB vaccines are in various
phases of pre-clinical development and several are cur-
rently in clinical trials [3]. Novel TB vaccines need to be
tested in animal models that mimic human TB. The guinea
pig has been used extensively as a gold standard for testing
novel vaccine candidates during pre-clinical development
because it mimics human TB in the formation of granu-
lomatous lesions which undergo necrosis, extrapulmonary
dissemination, and vaccine induced protection [4-6]. The
major limitation of the guinea pig model is the shortage of
readily available immunological reagents that has ham-
pered its use in TB and many other important diseases [7].
In order to develop molecular and immunological reagents,
our laboratory has cloned and expressed guinea pig cyto-
kine and chemokine genes such as interleukin-8 [8], reg-
ulated upon activation, normal T-cell expressed, and
secreted [9], tumor necrosis factor-alpha (TNF-o) [10],
interferon-gamma (IFN-y) [11], interleukin-4 [12],
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interleukin-10 [13], interleukin-1beta and monocyte chemo
attractant protein-1 [14].

The interplay of various T cell-mediated immune
responses is crucial in combating M. b infection. Although
it has been well established that Thl cells and cytokines
such as IFN-y and TNF-a play an important role in cell-
mediated immune responses to M. tb [15], other T cell
subsets and cytokines are clearly involved. Th17 cells have
been implicated in both the resistance to, and pathology of,
M. tb infection [16]. Interestingly, early M. tb-induced IL-
17 production appears to orchestrate granuloma formation
and control of bacterial growth [17], while higher levels of
IL-17 promote inflammation, neutrophil recruitment and
tissue damage. During the chronic phase of TB, the equi-
librium between Thl and Th17 responses may be essential
to control bacterial growth and constrain immunopathology
[18]. For example, TNF-a, IL-12(p40), and IL-17A pro-
duction upon ex vivo stimulation of cells with an immu-
nodominant mycobacterial antigen, TB10.4, allowed
investigators to discriminate between active TB disease
and latent infection in a West African cohort [19].

IL-17A is an important proinflammatory cytokine and
the signature cytokine of Thl17 cells, a subset which is
involved in cytokine and chemokine production, neutrophil
recruitment, promotion of T-cell priming and antibody
production [20-22]. IL-17A gene knockout mice failed to
develop mature granulomas in the Mycobacterim bovis
BCG-infected lung [17]. Cloning and expression of the
guinea pig IL-17A would allow a deeper understanding of
the contributions of Th17 cells to the response to vacci-
nation and infection. Here, we report for the first time the
molecular cloning and expression of recombinant guinea

pig (rgp) IL-17.

Materials and Methods
Experimental Animals and Immune Cell Preparations

Specific pathogen-free, random-bred Hartley strain guinea
pigs were obtained from a commercial vendor (Charles River
Breeding Laboratories, Inc., Wilmington, MA, USA). The
animals were housed individually in polycarbonate cages in
a temperature and humidity controlled environment with an
alternating 12 h light and dark cycle. All procedures were
approved by the Texas A&M University Laboratory Animal
Care Committee.

Guinea pigs were vaccinated intradermally with
1 x 10° colony forming units (CFU) of M. bovis BCG
(Danish 1331 Strain, Statens Seruminstitut, Copenhagen,
Denmark) on both flanks. Eight to twelve weeks later, they
were euthanized and their draining lymph nodes, spleen, and
lung digest cells were isolated following our published
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procedures [23]. Cell viability was determined by the trypan
blue exclusion method [24]. Cells (1 x 10° cells per well)
were cultured in 24-well plates with either tuberculin (Purified
Protein Derivative, PPD at 25 pg/mL; a gift from Dr. Saburo
Yamamoto, BCG Laboratories, Tokyo, Japan), live BCG
(MOI 1:5), or medium alone for 24 h. The cells were lysed
with RLT buffer (Qiagen, Valencia, CA) and stored at —80 °C
for further processing. RNA was extracted using the RNeasy
mini kit (Qiagen, Valencia, CA). The quality of RNA was
analyzed by bioanalyzer (Agilent Technologies, Palo Alto,
CA), and the quantity was measured using Nanodrop (Nano-
drop Technologies, Wilmington, DE) [25].

Cloning of Guinea Pig IL-17

The human IL-17A cDNA sequence (NM_002190) from
Genbank was subjected to in silico analysis by Basic
Linear Alignment Search Tool (BLAST) against the
available guinea pig genome sequence in Genbank. The in
silico comparison generated a guinea pig IL-17A cDNA
sequence which was subjected to confirmation by ampli-
fying the reverse transcribed cDNA that was derived from
spleen cells stimulated with PPD and amplified using pri-
mer pairs (forward: 5-GCT GCT GAG TCT GAT GGC
TA-3'; and reverse: 5-CCA CGG TCA CCT TCA TCT
TC-3’). PCR amplification was performed using Phusion
high fidelity DNA polymerase (NEB, Beverly, MA). The
PCR amplification conditions were 33 cycles of 98 °C for
10 s, annealing temperature of 55 °C for 20 s, extension of
1 min at 72 °C with an initial denaturation of 98 °C for 30
s, plus a final extension of 72 °C for 4 min. Using the
partially deduced guinea pig IL-17A sequence information,
it was decided to use the same template and apply rapid
amplification of cDNA ends (RACE) methodology (Gene
Racer kit; Invitrogen, Carlsbad, CA) to obtain the complete
5" and 3’ ends of the IL-17A sequence.

Five microgram of total RNA isolated from spleen
cells stimulated with PPD was chosen as starting material
and was treated with calf intestinal phosphatase to remove
the 5’ phosphates. The dephosphorylated RNA was treated
with tobacco acid pyrophosphatase which leaves a 5’
phosphate required for ligation to the GeneRacer RNA
oligo (5'-GCT GTC AAC GAT ACG CTA CGT AAC
GGC ATG ACA GTG (T)24-3"). The GeneRacer RNA
oligo was ligated to the 5’ phosphate using T4 RNA
ligase which was then reverse transcribed using Super-
script III enzyme (Invitrogen) to obtain the first strand
cDNA.

The first strand cDNA was amplified using a gene
specific primer (forward: 5-GCT GCT GAG TCT GAT
GGC TA-3') and the Gene Racer 3’ primer (reverse:
5'-GCT GTC AAC GAT ACG CTA CGT AAC G-3)).
The amplification conditions were 33 cycles of 98 °C for



Mol Biotechnol (2013) 55:277-287

279

10 s, annealing temperature of 58 °C for 10 s, extension
of 15 s at 72 °C with an initial denaturation of 98 °C for
30 s, plus a final extension of 72 °C for 7 min. The 3’
RACE product was run on a 1.5 % agarose gel and
eluted using the Qiaquick gel extraction kit (Qiagen). The
eluted PCR product was subjected to nested PCR using
the 5’ gene specific primer (TGA TGG CTA CAG TGA
AGG CA) and the Gene Racer 3’ nested primer (5'-CGC
TAC GTA ACG GCA TGA CAG TG-3'). The amplifi-
cation conditions utilizing a touchdown PCR were an
initial denaturation of 94 °C for 2 min, followed by 5
cycles of 94 °C for 30 s, 69 °C for 1 min, 5 cycles of 94
for 30 s, 66 °C for 1 min, and 25 cycles of 94 °C for
30 s, 60 °C for 30 s plus a final extension of 68 °C for
10 min. The 3’ RACE product was subjected to DNA
sequencing using fluorescent-labeled dideoxy nucleotide
terminators with Big Dye version 3.1 and ABI 3130 xI
automated sequencers (Applied Biosystems, Foster City,
CA).

To obtain 5 ends, the first strand cDNA was amplified
using a forward Gene Racer primer (5-CGA CTG GAG
CAC GAG GAC ACT GA-3') and reverse gene specific
primer (5'-CCA CGG TCA CCT TCA TCT TC-3'). The 5’
RACE product obtained was run on a 1.5 % agarose gel,
eluted and subjected to nested PCR using the forward Gene
Racer nested primer (5-GGA CAC TGA CAT GGA CTG
AAG GAG TA-3) and reverse gene specific primer (5'-
GTC ACC TTC ATC TTC TCC AG-3'). The 5’ blunt
ended RACE product was ligated into the pCR-Blunt II-
TOPO vector (Invitogen) and transformed with One Shot
Topl0 chemically competent E. coli (Invitrogen). Plasmid
DNA was isolated from the transformants and subjected to
restriction analysis and confirmation by DNA sequencing
using the M13 forward (—20) priming site present in the
vector. The chromatogram sequences obtained for both the
5" and 3’ RACE products were inspected visually and
aligned by CLUSTALW (http://www.ebi.ac.uk/Tools/msa/
clustalw2/) to obtain the complete IL-17A nucleotide
sequence. Based on the information deduced from 5’ and 3
RACE products, the RNA isolated from spleen cells
stimulated with PPD was used as a template in obtaining
complete coding sequence of guinea pig IL-17 which was
confirmed by DNA sequencing from 5’ and 3’ ends prior to
cloning into prokaryotic expression vector. The amino acid
homology of gp IL-17A sequences with that from other
species was determined by CLUSTALW. Phylogenetic
analysis was performed via the maximum likelihood
method using MEGAS program [26].

Sub-cloning of Guinea Pig IL-17A Gene

The signal peptide region of the guinea pig IL-17A gene
was predicted using a bioinformatic tool SignalP [26] and

the mature peptide region of the IL-17A gene was ampli-
fied by PCR with primer sequences (Invitrogen) containing
BamHI and HindIIl recognition sites to facilitate cloning.
The forward and reverse primer sequences used for
amplification of the IL-17A gene were 5-TAG GAT
CCG GAA TAC CAA TCC CAC GAA AT CCA -3’ and
5'-TAA AGC TTC TGG CCA TTG TTA TTT CCC A-3'.
The underlined parts of primer sequences represent the
nucleotide sequence of the gene whereas 5’ overhangs
(bolded and italicized) are restriction sites designed to
enable cloning.

PCR amplification conditions of the IL-17A gene were
33 cycles of 98 °C for 10 s, annealing at 56 °C for 20 s,
extension for 1 min at 72 °C with an initial denaturation of
98 °C for 30 s, plus a final extension at 72 °C for 4 min.
The PCR product that was obtained for the IL-17A gene
was digested with BamHI and HindIlI restriction enzymes
(NEB) and ligated into the pET-30a(+) vector containing
the same restriction sites (Novagen, Madison, WI). The
ligation mixtures were transformed with chemically com-
petent Top 10 F E. coli (Novagen). Five transformants
were randomly selected for plasmid DNA isolation and
analyzed for the presence of inserts by restriction analysis.
Bidirectional sequencing of the transformants was per-
formed. Plasmid DNA from two of the confirmed trans-
formants was transformed into chemically competent
Rosetta 2(De3) E. coli cells (Novagen).

Expression of rgp IL-17A

The colonies were inoculated into 3 milliliters (mL) of LB
broth containing kanamycin (15 pg/mL) and chloram-
phenicol (34 pg/mL) and grown overnight at 37 °C on a
shaking incubator. That culture was added to 50 ml of
identical culture medium and then incubated with shaking
at 37 °C. When the ODggyy of the cultures reached 0.7,
protein expression was induced by adding Isopropyl-B-p-
thiogalactoside (IPTG) (Sigma, St. Louis, MO) to a final
concentration of 1.0 mM. After induction with IPTG, the
incubation continued for 5 h at 37 °C. The cells were
harvested by centrifugation and the pellet was resuspended
in 5 mL lysis buffer (50 mM NaH,PO,, 300 mM NaCl and
10 mM Imidazole, pH 8.0) followed by addition of lyso-
zyme (Sigma) at 1 mg/mL and incubation on ice for
30 min. The sample was subjected to sonication (Misonix
Inc., Farmingdale, NY) and was centrifuged to obtain the
cleared lysate and the pellet. The induced/expressed pro-
teins in the cleared lysate and pellet fractions were ana-
lyzed by sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) using a pre-cast Novex 10-20 %
Tricine gel (Invitrogen) to determine the solubility of the
target protein.
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Rgp IL-17A Protein Purification

The pellet was lysed under denaturing conditions fol-
lowing the Qiaexpressionist protocol in the presence of
10 mM benzamidine (Sigma) to obtain the cleared lysate
which was then centrifuged at 10,000 relative centrifugal
force for 30 min. The supernatant collected after centri-
fugation was mixed with 50 % nickel-nitrilotriacetic acid
slurry (Ni-NTA) (Qiagen) in a ratio of 1 ml: 4 ml, set on
rotary shaker for 1 h at room temperature. The immo-
bilized protein was washed and eluted in elution buffer
(100 mM NaH,PO,, 10 mM Tris—Cl, pH 4.5) using
polypropylene columns (Qiagen) in the presence of 8 M
urea. Renaturation of the denatured protein was carried
out by gentle drop-wise addition of 10 ml of eluted
protein to 100 ml of dilution buffer (50 mM Tris, 50 mM
NaCl, pH 8.0) containing 14 pl of B-mercaptoethanol in
the absence of urea. The folded protein solution was left
for 3 h at room temperature and placed at 4 °C over-
night. Protein was concentrated in Amicon Ultra-15
centrifugal filter devices with a 3 kDa cutoff (Millipore,
Bedford, MA) and the concentrated protein content was
determined by the Bradford assay (Bio-Rad, Hercules,
CA).

Mass Spectrometry Analysis of rgp IL-17A

The eluted and concentrated IL-17A protein (approxi-
mately 50 pg) was digested with 2 U of enterokinase
enzyme (Novagen) and incubated at room temperature for
4 h or 14 h. The digested IL-17A protein was run on a
Novex 10-20 % tricine gel (Invitrogen). The protein of
interest that appeared as a band on the gel was excised and
digested with mass spectrometry grade trypsin [27]. Prior
to digestion with trypsin, in silico digestion analysis was
performed for the IL-17A protein sequence to determine
the pattern of peptides. In-gel mass spectra were recorded
by matrix-assisted laser desorption ionization time of flight
(MALDI-TOF) (Shimadzu/Kratos) with delayed extraction
and reflection capabilities for high mass accuracy analysis
of peptides at the Protein Chemistry Laboratory of Texas
A&M University.

Homology Modeling of Guinea Pig IL-17A

To predict the three-dimensional structure of guinea pig IL-
17A protein, a sequence similarity search was carried out
by BLAST analysis to find homologous protein sequences,
structures of which have been deposited in the Protein Data
Bank (PDB). The atomic coordinates of the structure of
human IL-17A in complex with a potent, fully human
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neutralizing antibody (pdbcode: 2vxs) was obtained from
the PDB. The chain A of this X-ray structure was used to
build the three-dimensional models of the protein.
Modeller-Modweb  (https://modbase.compbio.ucsf.edu/
scgi/modweb.cgi) and Swiss-Prot model (http:/
swissmodel.expasy.org) were used in building the three-
dimensional structure of the guinea pig IL-17A protein.
The homology model coordinates were then energy mini-
mized with the Schrodinger Macromodel module (Macro-
model, version 9.8, Schrodinger, LLC, New York, NY)
using OPLS_2001 force field until the structures reached
the final derivative of 0.001 kcal/mol. The stereochemical
qualities of the models were checked using the program
PROCHECK [28] and Ramachandran Plots [29] were
drawn. The visualization of the above studies was done
using Pymol (http://www.pymol.org; DelLano Scientific
LLC, USA). The conserved residues of IL-17A structure
were analyzed by ConSurf server (http://consurf.tau.ac.il/).

Real-Time PCR Analysis for IL-17A mRNA

Total RNA isolated from the stimulated and unstimulated
guinea pig spleen, lymph node, and lung digest cells using
the RNeasy mini columns (Qiagen) was subjected to
reverse transcription using TagMan Reverse Transcription
reagents. Real-time-PCR (RT-PCR) was performed using
SYBR Green I dye (Applied Biosystems, Foster City, CA)
and analyzed using the ABI Prism 7700 sequence detector.
RT-PCR primers for guinea pig IL-17A and HPRT were
designed with Primer Express software (Applied Biosys-
tems). The forward and reverse primer sequences for
IL-17A were 5-CGT CCC ATC CAG CAA GA-3' and
5’-AGC GGG CAG TTC TGA GGT T-3' based upon the
nucleotide sequence presented in this manuscript. The
forward and reverse primer sequences for the following
guinea pig genes were the same as those used in our pre-
vious studies [11, 12]: housekeeping gene HPRT (5'-AGG
TGT TTA TCC CTC ATG GAC TAA TT-3'; 5'-CCT CCC
ATC TCC TTC ATC ACA T), IFN-y (5-ATT TCG GTC
AAT GAC GAG CAT-3; 5-GTT TCC TCT GGT TCG
GTG ACA-3') and IL-4 (5'-GCA ACC ACC ACA CCT
TGC AAG AAA-3'; 5-AGA AGT CTT TCA GTG TCG
TCT GCC-3'). Fold induction of mRNA was calculated
from the threshold cycle values (Ct) normalized to HPRT
and then to unstimulated cultures of the same cell type.

Statistical Analysis

The real-time RT-PCR results are expressed as the
mean += SEM (Standard error of the mean) of 5-10
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Fig. 1 Nucleotide (nt) and Signal peptide
deduced amino acid (aa) aa Met Leu Pro Gly Thr Pro Ser Ser Met Phe Arg Ser Leu Leu Leu Leu Ser Leu Met Ala
sequenceforguhwa]ﬁg nt ATG CTT CCT GGG ACG CCT TCT TCA ATG TTC CGA TCA TTG CTG CTG CTG AGT CTG ATG GCT
Interleukin-17A (IL-17A). Th Exon 1 Mature peptide Exon 2
n'er cu .111— (IL- )- ¢ aa Met Ala Thr Val Lys Ala Ile Pro Ile Pro Arg Asn Pro Gly Cys Pro Thr Ala Thr
guinea pig IL-17A gene nt ATG GCT ACA GTG AAG GCA ATA CCA ATC CCA CGA AAT CCA GGG TGT CCA ACT GCT ACT
contains 3 exons. The start and Fxon 2 ’
end of the amino acids in each aa Glu Gly Lys Asn Phe Leu Gln Asn Val Lys Leu Asn Leu Ser Ile Phe Asn Pro Leu Thr
of the exons are marked in nt GAA GGC AAG AAC TTC CTC CAG AAT GTC AAG CTC AAC CTG AGC ATC TTC AAT CCT CTT ACC
green and blue, respectively. Exon 2 f
ATG (methionine) denotes the aa Gln Asn Val Asn Ser Arg Arg Ser Ser Asp Tyr Tyr Lys Arg Ser Thr Ser Pro Trp Thr
PO nt CAA AAT GTG AAT TCC AGA AGG TCT TCA GAC TAC TAC AAA CGA TCC ACA TCA CCT TGG ACT
initiation codon and TAA — >
xon
denotes the stop Cf)don f‘?r the aa Leu Gln Arg Asn Glu Asn Pro Asn Arg Tyr Pro Pro Val Ile Trp Glu Ala Glu Cys Arg
gene. Méture peptide region of nt CTC CAG CGT AAC GAG AAC CCC AAC AGA TAC CCA CCT GTG ATC TGG GAG GCA GAA TGC CGT
the protein starts at 24th Exon 2
aminoacid glycine marked in aa Tyr Ser Gly Cys Val Asn Ala Ala Gly Lys Glu Asp His His Val Ser Ser Val Pro Ile
yellow and pﬁor[othatisthe nt TAC TCG GGC TGT GTC AAT GCA GCG GGG AAG GAG GAC CAC CAT GTG AGC TCC GTC CCC ATC
signal peptide region (Color Exon 3
figure online) aa Gln Gln Glu Ile Leu Val Leu Gln Arg Glu Pro Gln Asn Cys Pro Leu Ser Phe Arg Leu
nt CAG CAA GAG ATC CTG GTC CTG CAG AGG GAA CCT CAG AAC TGC CCG CTT TCC TTC CGC CTG
Exon 3
aa Glu Lys Met Lys Val Thr Val Gly Cys Thr Cys Val Thr Pro Ile Val Arg His Val Gly
nt GAG AAG ATG AAG GTG ACC GTG GGC TGC ACC TGT GTC ACC CCC ATC GTC CGC CAC GTG GGT
aa END Glu Phe Trp
nt TAA GAG TTT TGG

Human MTPGKTS--LVSLLLLLSLEAIVKAGITIPRNPGCPNSE-DKNFPRTVMVNLNIHN---R 54
Chimpanzee MTPGKTS--LVSLLLLLSLEAIVKAGIAIPRNPGCPNSE-DKNFPRTVMVNLNIHN---R 54
Dog MTLVTTSSMFQSLLLLLSLVAIIKAGIAFPONPGCRNTE-DKNFPQHVKVNLNILN---R 56
Cow MASMRTS--SMSLLLLLSLVALVKAGVIIPQSPGCPPTE-DKNFPQHVRVNLNIVN---R 54
Pig MTPVRSS--SLSLLLLLSLVALVKAGIMIPQSPGCPKTE-DKNFPQHVRVNLNILN---R 54
GP MLPGKPSS-MFRSLLLLSLMATVKAGIPIPRNPGCPTATXGKNFLONVKLNLSIFNPLTQ 59
Mouse MSPGRASSVSLMLLLLLSLAATVKAAATIIPQSSACPNTE-AKDFLONVKVNLKVFNSLGA 59
Rat MSPRRIPSMCLMLLLLLNLEATVKAAVLIPQSSVCPNAE-ANNFLONVKVNLKVLNSLSS 59
* . ****.* * :**' :*:.. * : ::* : * :**.: *
Human NTNTNPKRSSDYYNRSTSPWNLHRNEDPERYPSVIWEAKCRHLGCINADGNVDYHMNSVP 114
Chimpanzee NTNTNPKRSSDYYNRSTSPWNLHRNEDPERYPSVIWEAKCRHLGCINADGNVDYHMNSVP 114
Dog NTNS--RRPSDYYNRSTSPWNLHRNEDPERYPSVIWEAKCRHLGCVNNEGNINYHMNSVP 114
Cow STNS--RRPTDYHKRSTSPWTLHRNEDPERYPSVIWEAKCSHSGCINAEGKVDHHMNSVT 112
Pig STPA--RRPSDYSKRFTSPWTLORNEDPERYSSVIWEAKCSHSGCINAEGKEDHHMNSVP 112
GP NVNS--RRSSDYYKRSTSPWTLHRNENPNRYPPVIWEAECRY SGCVNAAGKEDHHVSSVP 117
Mouse KVSS--RRPSDYLNRSTSPWTLHRNEDPDRYPSVIWEAQCRHQRCVNAEGKLDHHMNSVL 117
Rat KASS--RRPSDYLNRSTSPWTLSRNEDPDRYPSVIWEAQCRHQRCVNAEGKLDHHMNSVL 117
:*':'k* :*k *‘k**'* ‘k**:*:**"'k*‘k**:* 'k:‘k *: ::*:'**
Human IQQEILVLRREPPHCPNSFRLEKILVSVGCTCVTPIVHHVA 155
Chimpanzee IQQEILVLRREPPHCPNSFRLEKILVSVGCTCVTPIVHHVA 155
Dog IQQEILVLRRESQHCPHSFRLEKMLVAVGCTCVTPIVRHVA 155
Cow IQQEILVLRRESQHCPHSFRLEKMLVAVGCTCVTPIVRHLA 153
Pig IQQEILVLRREPRHCPNSFRLEKVMVTVGCTCVTPIVRHIS 153
GP IQQEILVLOREPQNCPLSFRLEKMKVTVGCTCVTPIVRHVG 158
Mouse IQQEILVLKREPESCPFTFRVEKMLVGVGCTCVASIVRQAA 158
Rat IQQEILVLKREPEKCPFTFRVEKMLVGVGCTCVSSIVRHAS 158

Khkkkhkhk Kk kK Kk akk.kk. Kk Kkkkkk. Kkk. .

Fig. 2 Amino acid sequence comparison of IL-17A from different
species. Amino acid sequences of human (NP_002181), chimpanzee
(XP_527408), cow (NP001008412), mouse (NP_034682), rat
(NP_001100367), pig (NP_001005729), dog (NP_001159350), and
guinea pig (JN020146). Amino acid substitutions found to be
conservative or semi-conservative by ClustalW are denoted as (colon)

animals. The data were analyzed by the GraphPad Prism
(version 4.03, 2005; GraphPad, Inc., San Diego, CA)
software package for the Mann—Whitney non-parametric

and (dot), respectively. Shading shows identical amino acids and the
numbers on the right represent the position of the amino acids. The
stop codon is not shown in the figure for any of the amino acid
sequences which makes them shorter by an amino acid. Yellow
shading emphasizes conserved cysteine residues (Color figure online)

test to compare results between PPD and BCG-stimulated
cultures. P values of <0.05 were considered statistically
significant.
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Table 1 The percentage of amino acid similarity of the IL-17 gene
from multiple species

Species Chimpanzee Cow Mouse Rat Pig Dog Guinea
pig

Human 99 74 63 58 73 76 65

Chimpanzee 74 63 58 73 77 65

Cow 66 64 83 77 66

Mouse 86 64 63 61

Rat 64 63 60

Pig 72 66

Dog 67

Genbank accession numbers of IL-17 amino acid sequences from mammalian
species: human (NP_002181), chimpanzee (XP_527408), cow (NP0O
1008412), mouse (NP_034682), rat (NP_001100367), pig (NP_001005729),
dog (NP_001159350), and guinea pig (JN020146)

Results

Cloning of Guinea Pig IL-17A cDNA and Sequence
Analysis

Identification of the complete nucleotide sequence of the
gpIL-17A gene from the widely used random-bred Hartley
strain of guinea pigs was facilitated by the availability of
genomic sequences from inbred Strain 2 guinea pigs in the
NCBI database accompanied by 5" and 3’ RACE method-
ology. Successful amplification of the IL-17A gene from
the reverse transcribed cDNA of PPD-stimulated guinea
pig spleen cells generated a PCR product of approximately
400 bp that was the same as that deduced by in silico
analysis and was confirmed to be the partial coding
sequence of guinea pig IL-17A. The complete nucleotide
sequence of guinea pig IL-17A was determined by RACE
methodology using a higher concentration of the same
template. The concentrations of both the 5’ and 3’ RACE
products obtained prior to nested PCR amplification were
too low to allow either sequencing or cloning into the
TOPO vector. Therefore, nested PCR was performed for
both the 5" and 3’ RACE products. All of the six randomly
selected transformants containing the 5 RACE PCR
product obtained after nested PCR and cloned in the Pcr-
Blunt II-Topo vector contained the gene of interest for a
recombination percentage of 100 %. The 5’ and 3’ RACE
products obtained by DNA sequencing for the gpIL-17A
gene when aligned by CLUSTALW generated a nucleotide
sequence of 887 bp in length. The complete open reading
frame of guinea pig IL-17A cDNA consists of 477 nucle-
otides which encodes a protein of 159 amino acid residues
(Fig. 1). The translated guinea pig IL-17A sequence has 3
amino acid insertions at different sites in comparison with
that of humans and chimpanzees which makes it 9 nucle-
otides longer. The deduced amino acid sequence of our
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guinea pig IL-17A cDNA showed higher homology with
the IL-17A cDNA from dog and cow in comparison with
other species (Fig. 2; Table 1). The percentage of amino
acid similarity between guinea pig IL-17A and that of other
species ranges from 60 to 67 %. As expected, amino acid
sequences of IL-17A from humans and chimpanzees were
99 % homologous whereas the IL-17A gene sequence from
closely related species mouse and rat were 86 % homolo-
gous but were grouped together in the phylogenic tree
(Fig. 3). The guinea pig IL-17A cDNA sequence was
submitted to Genbank with the accession number JQ315117.

Confirmation and Expression of IL-17A

All of the five putative transformants randomly selected for
the IL-17A gene cloned in the pET-30a(+4) vector con-
tained the gene of interest when analyzed by restriction
analysis or PCR for a recombinant percentage of 100 %.
Induction with IPTG resulted in the generation of a protein
that was visible as a 17 kDa band corresponding to rgp IL-
17A (Fig. 4). Target protein solubility for rgp IL-17A
protein showed that it was obtained in the insoluble form
and was efficiently purified under denaturing conditions.
All the eluted fractions run on SDS-PAGE were of the
same size indicating that the eluted fractions contained the
protein of interest (Fig. 4).

Confirmation of the Protein by Mass Spectrometry
Analysis

Digestion of the purified recombinant IL-17A protein with
enterokinase resulted in successful cleavage of the tags,
making it possible to obtain the mature peptide region of
the protein. There were at least 6 peptides in the spectrum
obtained by MALDI-TOF that matched the predicted
peptides from the in silico digest analysis of the IL-17
protein. Interestingly, many of the matching peptides were
matched only by allowing for modifications (methionine
oxidation and carboxymethylation of Cys) which were
done intentionally as part of the digestion process. That
sequence corresponded to the IL-17A amino acid sequence
that we are reporting in this study.

In Silico Structural Confirmation of Guinea Pig IL-17A

The results obtained from homology modeling of guinea
pig IL-17A protein showed that the structure of guinea pig
IL-17A resembles that of human IL-17A (Figs. S1, S2).
Guinea pig IL-17A is structurally similar to cystine knot
family of proteins, where three disulfide knots with anti-
parallel B-strands substructure provide considerable struc-
tural stability. The difference between the classical cys-
teine knot family members and the IL-17A structure is that,
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Fig. 3 Phylogenetic analysis of the IL-17A gene based on the
nucleotide alignment of the coding sequences from different species.
The numbers at the branch nodes denote the boot strap value after
1,500 replications. Genbank accession numbers of IL-17A nucleotide
sequences are human (NM_002190), chimpanzee (XM_527408), cow
(NM_001008412), mouse (U43088), rat (NM_001106897), pig
(NP_001005729), dog (BAH89243), sheep (XM_004018887), goat
(GU269912), killer whale (XM_004285605), white rhinoceros (XM_
004424029), horse (NM_001143792), galago (XM_003789640),
rhesus monkey (XM_001106391), baboon (XM_003897728),
orangutan (XM_002816996), gorilla (XM_004044183), walrus
(XM_004415641), rainbow trout (NM_001124169), cat (XM_

in the later one the third disulfide bond is absent. Two
conserved serine residues have replaced this last pair of
cysteine residues. The disulfide bond between the residue
Cys97 and Cys147 and also between Cys 102 and Cys 149
were conserved in all species which implies a crucial
functional role [30]. The guinea pig IL-17A model struc-
ture has the same cystine-knot architecture identified in the
crystal structure of human IL-17A (Fig. S4). The secondary
structure predicted for this protein (Figs. 5a, S3) indicates
the presence of one extra helix in the N-terminal region of

93 ————————— Human IL-17B
100 Mouse IL-17B
{ Rat IL-17B

003986268), and guinea pig (JN020146). Genbank accession numbers
of IL-17B nucleotide sequences are human IL-17B (BC113946),
mouse IL-17B (BC002271), and rat IL-17B (NM053789). Genbank
accession numbers of IL-17C nucleotide sequences are human IL-17C
(NM_013278) and mouse IL-17C (NM145834). Genbank accession
numbers of IL-17D nucleotide sequences are human IL-17D
(BC036243) and mouse IL-17D (AF458063). Genbank accession
numbers of IL-17E nucleotide sequences are human IL-17E
(AY359127), mouse IL-17E (NM_080729). Genbank accession
numbers of IL-17F nucleotide sequences are rat IL-17F

(NM_001015011), mouse IL-17F (NM_145856) and human IL-17F
(NM_052872)

the guinea pig protein. With that exception, all other sec-
ondary structure elements in the human protein remain
intact in guinea pig IL-17A. The crystal structure of human
IL17A was reported to be a dimer [30]. As the lower part of
the dimer is disordered, the chain is not traceable in the
X-ray structure from residue number 99 to 108. So in this
region, the predicted models are very different between the
modeler and Swiss-Prot model (Fig. S2). Part of the
N-terminal region of the protein comprising of 34 residues
could not be modeled because of low sequence identify at
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that region compared to existing structures from homolo-
gous protein sequences in PDB. The superimposed struc-
ture between human IL-17A and guinea pig IL-17A models
are shown in Fig. S3: and the root-mean-square deviation
of 0.44 90 Cu positions. The electrostatic surface calcula-
tion suggested that the N-terminal region of the guinea pig
IL-17A protein is predominantly represented with positive
charges and in the C-terminal region there are a few pat-
ches with negative charges (Fig. S5). The Consurf results
indicate the presence of many conserved and crucial sur-
face residues in the protein (Fig. 5b). A potential glyco-
sylation site at the 50th amino acid asparagine in the guinea
pig IL-17A protein was predicted by web-based tool
(http://www.cbs.dtu.dk/services/NetNGlyc/).

IL-17A mRNA Expression Analysis

After BCG vaccination, IFN-y mRNA levels in the lymph
node and spleen cells stimulated with both PPD and live
BCG were significantly higher than IL-17A levels
(P < 0.01). Interestingly, stimulation with live BCG tended
to induce higher levels of IL-17A mRNA in the lymph node
and lung digest cells compared to PPD, although the differ-
ences were not statistically significant (P > 0.05). The
expression of IFN-y mRNA was significantly increased after
stimulation with PPD compared to live BCG in lymph node
and spleen cells. These results suggest that the upregulation
of IL-17A and IFN-y in the cells from BCG-vaccinated
guinea pigs is dependent on the type of antigen used for
restimulation. It is known that BCG vaccination of guinea
pigs increases the ex vivo expression of IFN-y mRNA but
decreases the expression of IL-4 mRNA [11]. There was low
expression of IL-4 mRNA expression in these cells which is
consistent with the findings published in our previous report
(data not shown) [11].

Discussion

The first objective of this study was to decipher the complete
nucleotide sequence of the guinea pig IL-17A gene and
establish an efficient methodology for rgp IL-17A protein
expression. The guinea pig IL-17A gene sequence when
analyzed by NCBI Spidey showed that it contains 3 exons
separated by introns of approximately 1.2 Kb in length. Of
the three exons, exon 3 is the longest with 238 nucleotides
and exon 1 is the shortest with 27 nucleotides (Fig. 1).
Comparative analysis of IL-17A amino acid sequences
chosen for multiple alignment showed that the amino acid
sequences of IL-17A from guinea pig, mouse, and rat are of
equal length containing 158 amino acids and are longer in
length compared to that from other species (Fig. 2). The
guinea pig IL-17A gene shows 65 % homology at the amino
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acid level with human IL-17A (Table 1) but it is only 36 %
homologous to human IL-17F (Genbank accession number
NM_052872). The homology of mouse IL-17A with that of
mouse IL-17F is 50 % [22]. Interestingly IL-17B, IL-17 C,
IL-17D, and IL-17E from human and mouse were grouped
together during the phylogenetic analysis (Fig. 3). The gui-
nea pig IL-17A model structure has the same Cystine-knot
architecture identified in the crystal structure of human IL-
17A (Fig. S4). Obtaining recombinant proteins in the insol-
uble form was once regarded as a bottleneck in protein
expression strategies but recent studies suggest that obtain-
ing proteins as insoluble aggregates in inclusion bodies tends
to yield a protein of higher purity [31]. Like the rgp IFN-y
and IL-10 proteins that were obtained in the insoluble form
and efficiently denatured and renatured to retain biological
activity [11, 13, 32], rgp IL-17A was also efficiently dena-
tured and renatured. The mRNA expression as well as other T
cell responses in the lung digest cells differ from that of
spleen or lymph node.

The activity of rgp IL-17A will be measured by its
ability to induce interleukin 6 (IL-6), IL-1B and TNF-o
production in guinea pig keratinocytes and fibroblasts as
has been demonstrated in humans or mice [33]. Since this
is the first identified and cloned member of the guinea pig
Th-17 family, cloning of other Th-17 members will enable
us to have a deeper understanding of the individual func-
tions and interactions among the members. The ability of
rgp IL-17A to stimulate the production of proinflammatory
IL-1B and TNF-o by guinea pig macrophages will be
assessed as reported for human macrophages [34]. Also the
ability of these cytokines to synergize with IL-17A to
augment the synthesis of neutrophil-specific chemokines
and granulocyte—-macrophage colony-stimulating factor
[35-37] will be evaluated.

Fig. 4 SDS-PAGE analysis of recombinant IL-17A from one of the
clone after IPTG induction at 5 h interval and the cleared lysates
obtained under denaturing conditions. The purified fractions of the
protein are also shown in the figure. MM molecular weight marker, Ul
uninduced samples, / induced samples, D-CL cleared lysate under
denaturing conditions and E eluted fractions
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Fig. 5 a Cartoon diagram of IL-17A from Cavia porcellus viewed
from front and back which is color-ramped from N to C terminus
(blue to red). b The front and back view of conserved residue on the
surface of guinea pig IL-17A. Surfaces are colored based on surface

mRNA expression after BCG vaccination
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Fig. 6 IFN-y and IL-17A mRNA expression in the stimulated cells of
M. bovis BCG-vaccinated guinea pigs. Guinea pigs were vaccinated
intradermally with 1 x 10° CFU of M. bovis BCG on both flanks.
Eight to twelve weeks later, they were euthanized and their draining
lymph nodes, spleen, and lung digest cells were stimulated with PPD
(25 pg/ml) or live BCG (MOI: 0.5) for 24 h. The RNA was subjected
to real-time RT-PCR and the fold induction of mRNA expression was
calculated from the threshold cycle (Ct) values normalized to HPRT
Ct values and to the unstimulated cells. The results are mean =+ stan-
dard error of mean from five guinea pigs. The differences in the fold
induction between PPD- and BCG-stimulated groups were assessed
by the Kruskal-Wallis test followed by Dunn’s post hoc test
(*P < 0.05)

We have shown earlier that lung macrophages and
peritoneal macrophages from BCG-vaccinated guinea pigs
differed with respect to their cytokine responses to ex vivo
stimulation [38, 39] representing a protective immunoreg-
ulatory mechanism within the lung. Restimulation ex vivo
of all three cell types with both PPD and BCG resulted in

conservation calculated by the ConSurf server (http://consurf.
tau.ac.il/) as a heat map with red being the most conserved and
blue being the least conserved (Color figure online)

marked upregulation of both IL-17A and IFNy mRNA
(Fig. 6). It is interesting to note that lymph node and spleen
cells from BCG-vaccinated guinea pigs, when restimulated
in vitro with PPD, showed significantly higher levels of
IFN-y mRNA, while IL-17A mRNA expression was
somewhat elevated, although not significantly so, in lymph
node and lung digest cells after BCG stimulation. It is
known that during pulmonary BCG infection of mice, IL-
17 was expressed both during the innate and adaptive
phases of the immune response and the main source of IL-
17 was found to be ¥ * T cells [40]. Others have reported
that Th17 cells were induced in BCG-immunized healthy
adults vaccinated with one of the new TB candidate vac-
cines, MVAS5A [41]. It has been reported that multidrug
resistant strains (MDR) of M. b induced higher levels of
IL-17 T cell responses in patients with MDR TB compared
to drug-susceptible strains [42].

Additional future studies will be aimed at the generation
of polyclonal antibodies against rgp IL-17 by immunizing
rabbits as we have reported for other guinea pig cytokines
in the past [11, 13]. In vivo neutralization experiments
using anti-IL-17A will be performed similar to those
reported for anti-TNF-o and anti-IL-10 by our group [32,
43]. By cloning other important guinea pig cytokine genes
related to the function of Th17 cells (e.g., IL-6, IL-22, TL-
23), the role of those cells in the establishment of protec-
tive pulmonary CD4" T cell responses after vaccination
and challenge with M. tb can be evaluated as has been done
in mice [44]. Studies of in situ IL-17 mRNA expression in
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pulmonary granulomas from M. tb-infected guinea pigs
using laser capture microdissection will reveal the contri-
butions of IL-17 to the development and architecture of the
lesions as we have documented for other cytokines previ-
ously [45, 46]. In addition, it will be important in future
studies to document the constitutive expression of IL-17 in
other cell types and tissues in both BCG-vaccinated and
naive guinea pigs.

In conclusion, we have deduced the complete nucleotide
sequence of the guinea pig IL-17A gene and described an
efficient strategy for generating recombinant guinea pig IL-
17A protein that can serve as an invaluable tool for the
study of the role of Th17 cells in a highly relevant animal
model of TB and other pulmonary diseases.
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