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Abstract

Pheasant and quail orthologs of Avian 3-Defensin 2 (AvBD2) were identified by screening heterophil extracts
using Matrix-Assisted Laser Desorption lonization Time-of-Flight (MALDI-TOF) Mass Spectrometry (MS),
comparative profiling, chemical, and bioinformatic characterizations. In heterophil extracts of each pheasant and
quail, we observed a single high intensity mass peak, corresponding to m/z 4114.8 and 4163.8, respectively
which upon reduction and alkylation were shifted by a mass difference of 348 Da indicative of the modification
of 3 internal disulfide bonds that exist in these peptides. The unmodified peptides, m/z 4114 and 4163, and their
Carbamidomethylated (CAM) derivatives were purified by reverse phase HPLC. Using the purified peptides we
determined their partial sequences by trypsin digestion followed by MALDI-TOF-MS, MALDI LIFT-TOF/TOF, and
Edman degradation which showed their unambiguous homologies with other AvBD2. Combining all the results
and aligning the sequence stretches with mature AvBD2 from other avian species, we deduced the amino acid
sequences of pheasant and quail orthologs as, LFCKRGSCHFGRCPSHLIKVGSCFGFRSCCKWPWNA and
LFCRRGTCHFGNCPSDQIKVGNCFGFRSCCRWPWDA, respectively. These sequence information were further
confirmed by MALDI in-source decay (ISD) analyses. Both pheasant and quail AvBD2 peptides showed significant

identities (>80%) with other known AvBD2 sequences.
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Introduction

Mass Spectrometry (MS) has become an essential tool for
discovery, identification, and characterization of proteins and peptides
present in low concentrations in complex pools of biomolecules such
as cell and tissue extracts [1-5]. Identifying tissue specific abundance of
mature peptides in their biological niches can be useful to understand
their physiological roles. Previously using direct MALDI-TOF-MS;
we profiled crude heterophil, macrophage, and bone marrow extracts
of chicken and turkey, and identified the occurrence of B-defensins
and thymosin 4 in their mature forms [6-8]. These findings suggest
the possibility to identify bioactive peptides and their homologues
in different species in complex mixtures. Derache et al. [9], similarly
identified several chicken beta-defensins in avian bone marrow extracts
using MALDI-TOF-MS.

The defensins are cationic antimicrobial peptides which are
evolutionarily conserved and occur as beta-defensin isoforms in birds
[10-13]. The Avian Beta-Defensin 2 (AvBD2) predominantly occurs
in heterophils and epithelial tissues [13,14]. The MALDI-TOF-MS
profiles of both chicken and turkey heterophils showed the occurrence
of AvBD2 as a single high intensity spectral peak [7]. Thus, we asked
whether similar profiling would detect otherAvBD2 orthologs

in species where the functional genes have not been annotated.
Accordingly, the objective of the current study was to identify and
structurally characterize the AvBD2 peptides of pheasant and quail.
Using comparative pattern profiling along with MALDI Peptide
Mass Finger printing (PMF), MALDI LIFT-TOF/TOF fragmentation,
MALDI-ISD fragmentation, and N-terminal peptide sequencing, we
present the identification and amino acid sequences of pheasant and
quail AvBD2.

Materials and Methods
Chemicals and reagents

One Step Polymorphprep™ gradient (Accurate Chemicals Co,
Westbury, NY), K-EDTA Vacutainer tubes (BD Bioscience, Franklin,
NJ), C18 ZipTip micropipette tips (Millipore, Billerica, MA), peptide
and protein calibration standards (m/z 500-16000, Bruker Daltonics,
Bremen, Germany), and Bio wide Pore C,; reverse phase HPLC column
(Supelco, St. Louis, MO) were purchased from their respective vendors.
All other reagents including Fluorescein Isothiocyanate (FITC),
Propidium Iodide (PI), 1, 4-Dithiothreitol (DTT), 2-Iodoacetamide
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(IAA), 2, 5-Dihydroxybenzoic acid (DHB), 1,5-Diaminonaphthalene
(DAN), were purchased from Sigma Aldrich (St. Louis, MO).

Isolation of heterophils

Heterophils were isolated from K-EDTA anti-coagulated peripheral
blood of pheasant (Phasianus colchicus) and quail (Coturnix coturnix)
using One Step Polymorphprep™ gradient centrifugation [6,7,15]. 3
ml of blood was layered on 2 ml Polymorphprep medium and spun
at 500 g for 30 min leading to the enrichment of heterophils in the
medium between monocytes at the proximal aspect of the gradient and
red blood cells at the bottom. The Polymorphprep media containing
granulocytes were mixed with an equal volume of 0.5 N RPMI-1640
and centrifuged per manufacturer’s instruction, and washed three times
successively to pellet the cells. The heterophil enrichment was assessed
by staining the cells with FITC, which stain the cytoplasmic granules
[15] (Supplementary figure S1). The bone marrow was collected from
snapped tibia by centrifugation at 200 g for 2 min and kept frozen at
-20°C until extraction.

Sample preparation for MALDI

Approximately, 1x10° heterophils or ~100 mg of bone marrow
from pheasant (Phasianus colchicus) or quail (Coturnix coturnix) were
homogenized in 1 mL of 70% methanol containing 0.2% acetic acid
followed by precipitation overnight at 4°C then centrifuged at 21,000
g for 10 min to obtain the supernatant [7]. For preliminary screening,
the crude supernatants were mixed with an equal volume of 1 M 2,5-
DHB prepared in 90% methanol containing 0.1% formic acid, and
spotted on to a MTP 384 ground steel MALDI target plate. Mass
spectra were acquired on Reflex III MALDI-TOF mass spectrometer
(Bruker Daltonics GMBH, Bremen, Germany) operated in the
positive-ion reflectron mode. For Carbamidomethylation (CAM),
the methanol acetic acid extracted samples were first dried using a
SpeedVac concentrator then reconstituted with 100 mM NH,HCO,,
reduced using 10 mM 1,4-dithiothreitol (DTT) for 1 h at 55°C followed
by alkylation with 20 mM 2-iodoacetamide in the dark for 25 min at
37°C [7]. The high intensity MALDI-TOF-MS spectral peaks showing
expected CAM modification induced mass shifts of 348 Da, were
provisionally considered as their respective beta-defensins pending
subsequent characterizations.

Reverse phase HPLC purification AvBD2

Both, non-reduced/alkylated intact and reduced alkylated (R/A)
peptides were purified by reverse phase HPLC from bone marrow
extracts according to an earlier described procedure [7]. Briefly, the
methanol extracts of bone marrow were evaporated using SpeedVac
concentrator/evaporator to an approximate 1/20" volume then
centrifuged at 21,000 g to remove insoluble materials and the clear
supernatant was used for HPLC purification using a C18 reverse phase
column (4.6x250 mm, 5 um). An Agilent HPLC system (Hewlett
1100; Hewlett Packard, Palo Alto, CA) was used along with a Bruker
Electrospray Ionization (ESI) quadrupole ion trap mass spectrometer
as the mass analyzer (Bruker Daltonics GMBH, Bremen, Germany)
to identify the peptide fractions of interest. The HPLC fractions,
consistent with ESI-MS multiple charge ion distribution matching to
the mass of the presumed AvBD2, was collected and verified further for
purity by MALDI-TOF-MS. The respective peptide fractions were then
used for N-terminal sequencing, trypsin digestion, MALDI peptide

mass fingerprinting, and MALDI in-source decay (ISD) analyses. The
accurate mono isotopic protonated masses of intact oxidized and
Carbamidomethylated (CAM) peptides of both pheasant and quail
were also determined by MALDI-TOF-MS using combinations of
external and internal calibration procedures.

N-terminal sequencing

The N-terminal sequence analyses of the purified intact, non-
reduced/alkylated peptides were performed using an ABI Procise’
1P000145 protein sequencer (Invitrogen, USA).

Trypsin digestion and MALDI-TOF-MS peptide mass finger
printing (PMF) of AvBD2

For trypsin digestion, the purified CAM AvBD2 peptides from each
species of birds were dried, reconstituted in 25 mM NH 4HC03’ and
digested with 100 ng of trypsin for 16 hours at 37°C. The tryptic digests
were desalted using Zip Tip per manufacturer’s suggestion and 2 pl of
eluted peptides were premixed with HCCA, and spotted on MALDI
target plate to obtain Peptide Mass Finger Prints (PMF). Subsequent
MS/MS sequencing of the tryptic peptides were done by MALDI
LIFT-TOF/TOF [16]. All MALDI LIFT-TOF/TOF experiments were
performed on an Ultraflex II MALDI TOF/TOF instrument (Bruker
Daltonics GMBH, Bremen, Germany). The tryptic PMF of both
chicken and turkey AvBD2 generated were used as references.

MALDI-ISD analysis

Both, non-reduced and reduced/alkylated purified AvBD2 peptides
were subjected to MALDI in source decay fragmentation [17-20]. The
use of ISD fragments in MALDI mass spectra as a means of sequencing
is a ‘top down’ approach [19]. MALDI-ISD facilitates ¢, (N terminus)
and z+2, (C-terminus) type fragmentation ions with sequence specific
information for peptides with and without disulfide bonds. A saturated
solution of 1,5-Diaminonaphthalene (DAN) MALDI matrix prepared
in 50% ACN/ 0.1% formic acid was employed at the sample to matrix
ratio of 1:1 for ISD studies [18], of both purified intact and CAM
AvBD2 peptides. ISD spectra were acquired using a Bruker reflex III
MALDI-TOF mass spectrometer.

Data analysis and sequence assembly

All raw MS data were processed using Bruker BioTools 3.1 software.
Mature AvBD2 peptide sequences of chicken, turkey, ostrich, mallard
duck, Peking duck, and zebra finches from literature [7,9,14,21-28] were
aligned using PRALINE multiple protein sequence alignment program
(http://www.ibi.vu.nl/programs/pralinewww/) with the N-terminal

Unconserved [lIEEES 6 780 Conserved

chicken LF
turkey LF
Mallard duckFL
ostrich

Pekin_duck
Zfinch
Consistency

Figure 1: Aligned amino acid sequences of mature AvBD2 peptides of chicken,
turkey, mallard duck, ostrich, and peking duck from literature [14,21-28].

J Proteomics Bioinform
ISSN:0974-276X JPB, an open access journal

Volume 6(2) 031-037 (2013) - 032


http://www.omicsonline.org/0974-276X/download.php?download=JPB-06-031s.rar
http://www.ibi.vu.nl/programs/pralinewww/

Citation: Kannan L, Liyanage R, Lay JO Jr., Packialakshmi B, Anthony NB, et al. (2013) Identification and Structural Characterization of Avian Beta-
Defensin 2 Peptides from Pheasant and Quail. J Proteomics Bioinform 6: 031-037. doi:10.4172/jpb.1000258

amino acid at position 1 and a total of 36 amino acids for most known
AvBD2 (Figure 1). The tryptic peptide fragments of chicken and
turkey AvBD2 were used as primary references for most comparisons.
Respective AvBD2 sequence stretches of pheasant and quail were first
aligned using common fragment information obtained from MALDI-
TOF-MS, MALDI-LIFT-TOF/TOF fragmentation of tryptic peptides,
and N-terminus sequence data of intact peptides obtained by Edman’s
degradation. The proposed mutations in amino acid sequences were
based on conservative substitutions using universal genetic code and

comparative bioinformatics of known AvBD2 sequences [14,21-28].
The obtained sequences were then confirmed by MALDI-ISD.

Results and Discussion

Figures 2a and 2c represent the respective MALDI-TOF-MS
profiles of heterophil extracts from pheasant and quail respectively. In
both species we observed high intensity spectral peaks (indicated by
arrows) similar to the profiles seen with chicken and turkey heterophils
(Figures S2a and S3a). Our previous studies with chicken and turkey
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Figure 2: MALDI-TOF mass spectra of acid methanol extract of pheasant and quail heterophil before and after carbamidomethylation. Arrows indicate the intact and
348 Da modified of AvBD peaks. NR=Non reduced, RA=Reduced/alkylated.
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heterophils showed that these high intensity peaks were corresponding
to their respective mature AvBD2 peptides [7,21,24]. Hence, we
surmised that, at least, one of the 2 high intensity peaks of pheasant
and the one of quail heterophil extract may be their respective AvBD2
peptides. After carbamidomethylation, the peaks at m/z 4114.8 of
pheasant and m/z 4163.8 of quail showed mass shifts of 348 Da each,
resulting in peaks m/z 4462.8 and 4512, respectively (Figures 2b and
2d). The observed mass difference of 348 Da were due to modifications
of 3 internal disulfide bonds present in naturally occurring non-
reduced/oxidized forms of AvBD because of the addition of 6
carbamidomethy groups (58 Da each), resulting from reduction and
alkylation with iodoacetamide. By contrast, there were other peaks
such as at m/z 2636 and 4364.1 in pheasant, and m/z 2812, and 4534
in quail which remained unchanged suggesting the absence of free
cysteine in those peptides (Figure 2). For peptide purification, the bone
marrow extracts of pheasant and quail were used with or without CAM
modification. Figures S4a and S5a (supplementary) show total ion
current chromatogram for unmodified peptides m/z 4114.8 (pheasant)
and quail m/z 4163.8 (quail) respectively. Figures S4b and S5b show
the Extracted Ion Current (EIC) chromatogram and figures S4c and
S5¢ show the corresponding ESI-MS multiply charged spectra in
supplementary file. The accurate mono isotopic protonated masses for
both intact oxidized and CAM AvBD peptides were determined to be
m/z 4111.8 £ 0.2 and m/z 4460.1 + 0.2 for pheasant, and m/z 4160.8 +
0.2, and m/z 4509 + 0.2 for quail, respectively.

The purified m/z 4114.8 (pheasant) and m/z 4163.8 (quail), modi-
fied by CAM, were subjected to trypsin digestion. Peptide Mass Finger-
print (PMF) of the tryptic digests obtained by MALDI-TOF MS, are
shown in figures 3a and 3b. Each tryptic digest showed a single high in-
tensity spectral peak corresponding to m/z 929.4 for pheasant and m/z
956.5 for quail. This pattern was very similar to MALDI tryptic PMF of
chicken and turkey AvBD2 [7]. MALDI LIFT-TOF/TOF fragmenta-
tion of the peak at m/z 929.4 displayed ‘b’ and ‘y’ ions which were con-
sistent with the sequence ‘VGSCFGFR’ (Figure 4a), with a significant
hit for gallinacin-2 peptide of chicken with a MASCOT MS/MS score
of 60 (p=0.0024). This stretch of amino acids corresponds exactly to
the positions 20-27 of the mature AvBD2 peptides from both chicken
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Figure 3: MALDI trypticpeptide mass fingerprint (PMF) of reduced alkylated
(R/A) AvBD peptides of pheasant (upper panel, a) and quail (bottom panel b).
(0) no miscleavage and (1) single miscleavage.

MH* Sequence range Partial Sequence

567.3 |1-4 0 LFCK 3: CAM (C)

7234 |1-5 1 LFCKR 3: CAM (C)

976.4 |5-12 1 RGSCHFGR 4: CAM (C)

820.5 6-12 0 GSCHFGR 3: CAM (C)

854.4 13-19 0 CPSHLIK 1: CAM(C)

9294 |20-27 0 VGSCFGFR 4: CAM (C)

1208.5 28 -36 1 SCCKWPWNA 2: CAM (C) 3: CAM(C)
673.3 |32-36 0 WPWNA

Table 1: MALDI-TOF-MSb observed tryptic peptide ions from pheasantAvBD2
digest.

and turkey (Figure 1). Besides m/z 929.4, there were mass peaks at m/z
567.3, 673.3, and 1208.5, similar to tryptic fragment masses of chicken
AvVBD2, corresponding to amino acid sequences ‘LFCK’(positions 1-4),
‘WPWNA’(positions 32-36), and ‘SCCKWPWNA’(28-36), respective-
ly (Table 1, Figure 4a). The presence of amino acids ‘Asn-Ala (NA)” at
the C-terminus of the intact pheasant AvBD2, was evident from two
sets of multiply charged ESI-MS spectra (Figure S4c), most likely, gen-
erated by the consecutive loss of both the amino acid residues ‘Asn-Ala
(NA). Such C-terminus fragmentation was also observed for chicken
AvBD2 in LC-ESI mass spectrum because of in source fragmentation
of the intact peptides due to voltage induced heating at the skimmer
[7]. Two other pheasant tryptic peptides, m/z 723.1 and 854.4, also
matched with turkey AvBD2 PMF corresponding to ‘LFCKR’, posi-
tions 1-5, and ‘CPSHLIK’, positions 13-19, respectively (Table 1, figure
S1 and 3a). MALDI LIFT-TOF/TOF spectra for peaks at m/z 567 and
723 were also suggestive of the possible sequence as, ‘LFCK’ and ‘LF-
CKR’, respectively though the mass spectra would not distinguish ‘Leu
(L) from ‘Ile (I)’ due to their identical masses. However, the N-termi-
nal sequence information of intact pheasant AvBD2 peptides, obtained
by Edman degradation, confirmed the identities of the first 7 residues
as ‘LF_KRGS’ with the missing 3™ residue as ‘Cys (C)’thus, confirm-
ing the amino acid identities at positions 1-5. NCBI database search
combining the PMF (MS) and LIFT-TOF/TOF(MS/MS) spectra, re-
sulted in a very significant hit for the chicken AvBD2 with a MASCOT
score of 117 (p=3.3e®). Since six amino acids ‘CHFG[G/R]C’ (posi-
tions 8-13), with either ‘Gly (G) or Arg (R) substitution [G/R] in the
12% position, are conserved in all AvBD2 peptides of chicken, turkey,
duck, ostrich, and zebra finch [24,26-28] (Figure 1), we reasoned that
the 8-13 sequence tag is most probably, similar in the pheasant. Plac-
ing ‘Arg (R)’at position 12 matched the MALDI tryptic fragment ion
m/z 820.5 corresponding to ‘GSCHFGR’ position 6-12 (Figure 3 and
Table 1). Assembling all of the above information of different stretches
of amino acids, the pheasant AvBD2 peptide sequence was deduced
to be ‘LFCKRGSCHFGRCPSHLIKVGSCFGFRSCCKWPWNA’. This
sequence was consistent with the accurate mono-isotopic mass of oxi-
dized and CAM pheasant peptide. The predicted sequence information
was further verified by MALDI-ISD fragmentation using both intact
oxidized and reduced/alkylated (CAM) pheasant AvBD2 peptides, ob-
serving the expected ¢ and z+2, fragment ions 7 through 29 (Figure S6
and Table S1).

The MALDI tryptic PMF of quail AvBD2 showed no obvious mass
match with either chicken or turkey’s, except a superficial pattern simi-
larity. The peak at m/z 956.5 (Figure 3b) was dominant in quail similar
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to m/z 929.4 in pheasant, chicken, and/or turkey, which corresponds
to the stretch of amino acid sequences between positions 20-27. Pre-
suming the observed mass difference was related to mutation in some
amino acids between positions 20-27, a MALDI LIFT-TOF/TOF frag-
mentation of the m/z 956 peptide yielded y,-y, ions corresponding to
m/z 174.8, 321.8, 378.8, and 685.9 (+ 0.5), similar to the LIFT-TOF/
TOF fragment ions of m/z 929 (Figures 4a and 4b). This suggested that
the amino acids in positions 23-27 were identical to pheasant, chicken,
and turkey. Because the ‘CFGFR’ stretch of amino acids are conserved
in most known AvBD2 peptides (Figure 1, positions 23-27), a de novo
sequencing of the MALDI LIFT-TOF/TOF data, corresponding to the
fragment m/z 956, yielded the most probable amino acid sequence of
‘VGNCFGEFR'’ for positions 20-27. As suggestive from the chicken, tur-
key, duck, and ostrich AvBD2 sequences (Figure 1), the VG’ appears
to be highly conserved and the substitution of ‘N’ to ‘S’ is possible with
single base mutation. Edman sequencing of the intact quail peptide
yielded a sequence of ‘LF_RRGT_HFGN_PS’ at the N-terminus with
the missing amino acids indicated in blank, as ‘Cys’. The positional in-
formation was also supported by the observed peaks at m/z 595 and
751 corresponding to the sequence stretches ‘LFCR’ (positions 1-4) and
‘LECRR’ (positions 1-5), respectively (Figure 3b, Table 2) in MALDI
tryptic PMF data. Comparing the tryptic PMF profile of quail’s with
that of pheasant (Figure 3a) and chicken AvBD2 (not shown), the peak
at m/z 674 appears to be associated with the amino acid positions 32-

36 (Table 2). This tryptic fragment corresponds to the C-terminus se-
quence ‘WPWDA’ ion which is 1 Da higher than the tryptic peptide
fragment m/z 673, WPWNA’, present in both chicken and pheasant
AvBD2 (Figure 3a, Tables 1 and 2). An identical C-terminus sequence
‘WPWDA’ is also present in turkey [21,29] (Figure 1) that may relate
to a single point mutation resulting from change of Asp (D) to Asn
(N). Similar to the pheasant AvBD2, the C-terminus of the intact quail
AvBD2 also showed two sets of multiply charged ESI-MS spectra (Fig-
ure S5¢), due to consecutive loss of ‘Asp-Ala (DA)’. Extrapolating from
chicken, turkey, duck, and ostrich AvBD2 sequences (Figure 1) along
with pheasant AvBD2 sequence data, the positions 28-30 (SCC) seem
to be well conserved, and the amino acids at positions 19 and 31 is ei-
ther a ‘Lys (K)’ or ‘Arg (R)’. Collectively, the information thus far lead
to a tentative sequence for quail AvBD2 as, LFCRRGTCHFGNCPS)
(XXX)(R/K)(VGNCFGFRSCC)(R/K)WPWDA’, with positions 16-18
stretch of amino acids undetermined, shown as ‘X, with one of the po-
sitions at 19 or 31 being either a ‘Lys (K)’ or ‘Arg (R)” (R/K). The use of
‘R’ at position 31 following ‘SCC’ appears consistent with the observed
tryptic fragments, m/z 1237 (positions 28-36) and m/z 2175 (Figure 3b
and Table 2), leading to the assignment of amino acids for positions 20-
36 as VGNCFGFRSCCRWPWDA'’. In most known AvBD2 sequences
‘R’ or K’ at position 19, appears to be conserved (Figure 1) with ‘Tle
(I)occurring as the preceding amino acid. It is also interesting to note
that amino acids ‘IK’, at positions 18,19, seem to be predominant in
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Figure 4: MALDI LIFT-TOF/TOF spectra of pheasant m/z 929 quail m/z 9560f tryptic peptides showing a, b, and y ions.
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MH+ Sequence Partial Sequence

range
5954 |14 0 LFCR 3: CAM (C)
7515 |1-5 1 LFCRR 3: CAM (C)
17771 5-19 1 ESI\-Z?CH)FGNCPSDQIK 4: CAM (C) 9:
1621.1 16-19 0 GTCHFGNCPSDQIK 3: CAM (C) 8: CAM(C)
956.7 |20-27 0 VGNCFGFR 4: CAM (C)
1237.8 28-36 1 SCCRWPWDA 2: CAM (C) 3: CAM (C)
21753 20 - 36 P \éil\l\/llc(g?ffscicl\ﬂr\(’gPWDA 4: CAM (C) 10:
6743 |32-36 0 WPWDA

Table 2: MALDI-TOF-MS observed tryptic peptide ions from quail AvBD2 digest.

most known AvBD2 sequences. In case of quail peptide, IK’ at posi-
tions 18-19 also, satisfy the intact protonated ion mass with either for
‘Asp-Gln (DQ)’ or ‘Glu-Asn (EN)’ placed in positions 16,17. No other
permutation including substitution of Lys (K) by Arg (R) at position
19 was able to satisfy the observed protonated monoisotopic mass of
4160.8 + 0.2 (oxidized) and m/z 4509 + 0.2 (CAM). The amino acid
substitutions with a single base mutation, using an universal genetic
code permitting the mutations of the amino acids ‘HL’ in most known
AVBD?2, therefore, would be ‘His (H)* with ‘Asp (D)’ and” Leu (L)
with ‘Gln (Q)’at positions 16,17, respectively. Hence, the most logical
combination of amino acid sequence for positions 16-19 appears to be
‘DQIK’. Assembling all the above information, the sequence for mature
quail AvBD2 ‘LFCRRGTCHFGNCPSDQIKVGNCFGFRSCCRWPW-
DA’ is derived. Positional mutations are consistent with the observed
MALDI PMF peaks at m/z 1621, corresponding to the sequence stretch
of ‘GTCHFGNCPSDQIK’ (positions 6-19) and m/z 1777 correspond-
ing to the sequence stretch of RGTCHFGNCPSDQIK’(positions 5-19)
(Table 2). MALDI-ISD data of the CAM and intact oxidized quail
AvBD2, shown in table S1 and figure S7, confirm this amino acid se-
quence observing the ¢ and z_, fragment ions from 7 through 29.A
multiple sequence alignment of both, pheasant and quail AvBD2 pep-
tides show significant identities (>80%) with other mature AvBD2 se-
quences (Figure S8).

Conclusion

In conclusion, our results with pheasant and quail AvBD2
shows that by using mass spectrometry approach and comparative
bioinformatics it is possible to prospect and characterize functional
peptides in their biological niches. Significant molecular homologies of
AvBD2 among different avian species may allow developing reagents
that can be broadly useful to monitor avian health, immunity, and
welfare, and better understand their role in physiological processes
other than their microbiocidal effects.
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