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ARTICLEINFO ABSTRACT
Article history: While vampire bat oral secretions have been the subject of intense research, efforts have
Received 29 March 2013 concentrated only on two components: DSPA (Desmodus rotundus salivary plasminogen
Accepted 28 May 2013 activator) and Draculin. The molecular evolutionary history of DSPA has been elucidated,
Available online 5 June 2013 while conversely draculin has long been known from only a very small fragment and thus
even the basic protein class was not even established. Despite the fact that vampire bat
Keywords: venom has a multitude of effects unaccounted by the documented bioactivities of DSPA and
Molecular evolution draculin, efforts have not been made to establish what other bioactive proteins are secreted
Vampire bat by their submaxillary gland. In addition, it has remained unclear whether the anatomically
Venom distinct anterior and posterior lobes of the submaxillary gland are evolving on separate
Positive selection gene expression trajectories or if they remain under the shared genetic control. Using a
Desmodus rotundus combined proteomic and transcriptomic approach, we show that identical proteins are

simultaneously expressed in both lobes. In addition to recovering the known structural
classes of DSPA, we recovered a novel DSPA isoform as well as obtained a very large
sequence stretch of draculin and thus established that it is a mutated version of the
lactotransferrin scaffold. This study reveals a much more complex secretion profile than
previously recognised. In addition to obtaining novel versions of scaffolds convergently
recruited into other venoms (allergen-like, CRiSP, kallikrein, Kunitz, lysozyme), we also
documented novel expression of small peptides related to calcitonin, PACAP, and statherin.
Other overexpressed protein types included BPI-fold, lacritin, and secretoglobin. Further,
we investigate the molecular evolution of various vampire bat venom-components and
highlight the dominant role of positive selection in the evolution of these proteins.
Conspicuously many of the proteins identified in the proteome were found to be homologous
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to proteins with known activities affecting vasodilation and platelet aggregation. We show
that vampire bat venom proteins possibly evade host immune response by the mutation of the
surface chemistry through focal mutagenesis under the guidance of positive Darwinian

selection. These results not only contribute to the body of knowledge regarding haematophagous

venoms but also provide a rich resource for novel lead compounds for use in drug design

and development.

Biological significance

These results have direct implications in understanding the molecular evolutionary history
of vampire bat venom. The unusual peptides discovered reinforce the value of studying
such neglected taxon for biodiscovery.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Venom is defined as a secretion produced in a specialised gland
in an animal, which is delivered to a target animal by inflicting a
wound (regardless of size). Venom must also contain molecules
(toxins) that disrupt normal physiological and/or biochemical
processes so as to facilitate feeding or defence by the producing
animal [1]. This definition includes secretions produced by blood
feeding (haematophagous) specialists such as fleas, ticks, leeches
or vampire bats that disrupt the haemostatic defences of prey/
host organisms. These secretions which facilitate haematophagy
or blood feeding are considered a particular subtype of venom.

With the level of infamy that extends far beyond the
boundaries of science, blood-sucking vampire bats (Chiroptera,
Desmodotinae) have been the subject of folk tales, superstitions
and stories associated with the legendary Count Dracula for
centuries [2,3]. All the three species of vampire bats are confined
to Central and South America and typically live in the caves, tree
hollows, and abandoned mines [4]. The relatively rare
hairy-legged vampire bat (Diphylla ecaudata) feeds exclusively on
avian hosts, while the white-winged vampire bat (Diaemus youngi)
thrives on both the mammalian and avian blood, but most likely
favouring the latter [2,5]. In contrast, the common vampire bat,
Desmodus rotundus feeds overwhelmingly on mammals and has
established itself in large colonies over an increasingly extensive
distribution [2,6,7]. The expanding population of these bats is
attributed to the increasing human population and the associat-
ed large number of domesticated animals and livestock, which
provide a constant, high-density food supply [4,7].

All three species of vampire bats are highly specialised
for a haematophagous lifestyle, especially D. rotundus [4].
Modifications of the teeth and limbs of vampire bats facilitate
this lifestyle [6]. Reinforcement of limb strength permits
D. rotundus and the other vampire bat species to approach
their prey from the ground via quadrupedal walking and
jumping [5,7,8]. D. rotundus is the most specialised of all
vampire bats, and possesses specialised sensory capabilities
for the detection of prey [9]. Close-range thermal and mechan-
ical sensitivity is utilised for locating capillaries during feeding,
while long-range vision, olfaction, acute hearing and echoloca-
tion are utilised for the discovery of potential prey [9]. They also
have razor-like upper and lower incisors [5,7,10] that inflict a
crater-shaped wound unique to D. rotundus. While feeding, their
tongue darts in and out of the wound, releasing venom from the
dorsal side of the tongue while drawing in blood via two
straw-like ducts located on the ventral side of the tongue [7].

In order to facilitate blood-feeding, D. rotundus must be
capable of interfering with their prey’s natural haemostatic
response to injury during feeding and digesting [11,12].
A typical haemostatic response produces a fibrin clot within
minutes of the infliction of a wound, preventing further blood
loss. The response commences with the constriction of blood
vessels, restricting blood flow to the wound, and is followed
by the adhesion of activated platelets to the site of injury and
the conversion of fibrinogen to insoluble fibrin, forming a
blood clot [12]. In contrast to this normal response to injury,
bleeding from a wound induced by vampire bats may be
prolonged from minutes to hours, ensuring a constant flow of
blood for the bat to feed upon [12].

The gland predominantly associated with haematophagy in
D. rotundus is the principle submaxillary gland, which consists
of two separate anterior and posterior lobes [13]. This gland is
responsible for the secretion of venom with strong anticoagu-
lant and proteolytic activities [13]. The venom delays the onset
of blood clotting by interfering with fibrin formation or acting
upon fibrin asitis converted from fibrinogen. In addition ithas a
strong proteolytic action that breaks up any blood clots that
may be formed. This proteolytic action is accomplished through
the activation of the host’s fibrinolytic system which converts
plasminogen to plasmin, solubilising and removing fibrin clots
to prevent excessive fibrin buildup at the site of the wound.

The venom of the vampire bat has been documented to
disrupt the coagulation cascade via four distinct mechanisms:
(i) inhibition of factor IXa, (ii) inhibition of factor Xa,
(iii) activation of plasminogen and (iv) inhibition of platelets
[1]. A venom component that has been researched consider-
ably is draculin, an anticoagulant factor. It is an 88.5 kDa
glycoprotein that inhibits activated factors IX (IXa) and X (Xa)
of the coagulation mechanism [11,14,15]. The irreversibly
bonded complex of Xa-Draculin forms immediately upon
contact, inhibiting factors IXa and Xa [14]. The inhibition
of IXa and Xa prevents the conversion of prothrombin to
thrombin, which in turn prevents the conversion of fibrino-
gen to insoluble fibrin. Furthermore, the characteristic of
non-competitive inhibition prevents the cleavage of draculin
from Xa after binding, thus maintaining the toxin’s antico-
agulant activity during feeding and digestion [16]. Interest-
ingly, a study conducted recently described the capacity of
D. rotundus prey to develop immunity to draculin if they were
targeted and fed upon over prolonged periods [17]. This kind
of predator-prey arms race scenario is similar to that observed
between other venomous animals and their prey.
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The plasminogen activators or Desmokinase [12], better
known as DSPA (Desmodus rotundus salivary plasminogen
activator), are the most intensively researched vampire
bat venom components and the only ones to have been
characterised from all three species of vampire bats [12,18].
The non-venom form of plasminogen activator consists
of five domains: fibronectin type-I; EGF-like; kringle 1 (K1);
kringle 2 (K2); and serine protease. Plasminogen activators act
upon fibrin clots, dissolving them and allowing a continuous flow
of blood for feeding [12]. The ancestral vampire bat form, present
in the avian feeding D. ecaudata, retains all these domains [18]. In
contrast, the plasminogen activators isolated from the venom
systems of the mammalian feeders all lack one or more domains.
The generalist feeder D. youngi lacks the K2 domain as do all the
isoforms found in the mammalian specialist D. rotundus.
However, all four D. rotundus forms (DSPAal, DSPAa2, DSPAR
and DSPAvy [19]) also lack the plasmin-sensitive activation
site. In addition, DSPAp and DSPA~ lack the fibronectin type-I
domain. DSPAY is the most derived form of this toxin in that
it also lacks the EGF-like domain. Reflective of these domain
variations, the two largest DSPA isoforms are DSPAal and o2,
which share a 96% nucleotide sequence similarity (2165 out of
2245). The second largest DSPA is DSPAp, which is composed
of a 2107 nucleotide sequence (138 nucleotide deletions) and
the smallest, DSPAvy, is composed of a 1996 nucleotide
sequence (249 nucleotide deletions) [19,20].

The DSPAs, especially DSPAa1, are remarkably similar to the
human tissue-type plasminogen activator (tPA), and have been
extensively investigated for use as a thrombolytic drug for strokes
[20]. Van Zonneveld et al. [21] established the importance of the
finger (F) and kringle 2 (K2) domains for the binding of
plasminogen activators to fibrin, both of which are present in
tPA [19]. In spite of the K2 domain being absent in all four DSPA
isoforms, they exhibit a kringle domain (K) that structurally
resembles the kringle 1 (K1) domain in tPA, and functionally
resembles tPA K2 domain [22]. The removal of the K2 domain not
only facilitates increased specificity towards fibrin, it also de-
creases the plasminogen activator’s susceptibility towards plas-
minogen activator inhibitor 1 (PAI-1), which is present in
mammalian but absent in avian fibrin clots [23]. Despite having
equivalent glycosylation sites as the endogenous form t-PA
(tissue plasminogen activator), the vampire bat forms are
differentially glycosylated, having more highly bioprocessed
N-glycans than the high mannose counterpart in t-PA [24-26].
This difference results in the vampire bat forms being cleared at a
four-fold lower rate than t-PA, resulting in a prolonged activity
time. Another structural difference is that the lack of the
plasmin-activation site also enables the D. rotundus forms,
uniquely, to be potently active as single chains, rather than the
t-PA which is fully active only as a two-chain form [18].

Despite the extensive research focused on the plasmino-
gen activating activity of draculin and DSPA, investigation
of other effects of the D. rotundus venom on the prey’s
hemostatic response has been limited. Hawkey [12] reported
the presence of a vasodilator that triggered leakage of skin
capillaries into surrounding tissues in guinea pigs, as well as
the presence of platelet aggregation inhibitors that prevented
the adhesion of platelets to foreign substances. As this
manuscript was being prepared, a transcriptome study that
overlapped with ours was published [27]. However, this study

did not investigate the molecular evolution of the encoded
venom proteins. Additionally, the different types of dominant
transcripts between the studies are reflective of both variations
in sequencing method and perhaps also regional/individual
variations of study animals. For example, in this study we
obtained draculin/lactotransferrin from the anterior and poste-
rior lobes of the principal submaxillary gland while the other
study recovered this protein type only from the accessory gland.
Other types, such as calcitonin, were recovered from both
glands through transcriptomics and proteomics in this study,
but not discovered in the other study. In addition this study
employed isoelectrically focused 2D gel analysis followed by
LC-MS/MS guided mass spectrometry sequencing of in-gel
digested spots as well as LC-MS/MS of trypsin digested crude
secretions. Thus, the present study provides a much more
in-depth investigation of the molecular evolution of secreted
proteins, rather than providing a comprehensive catalogue
which includes intracellular proteins as per [27].

2. Materials and methods

2.1. Specimens

Two adult male D. rotundus specimens were collected from
Cuernavaca, Mexico by BGF and ACA using mist nets.

2.2.  Transcriptome library construction

Anterior or posterior lobes of the principal submaxillary gland
were dissected out and pooled and immediately frozen in
liquid nitrogen for future use. Total RNA was extracted using
the standard TRIzol Plus method (Invitrogen). Extracts were
enriched for mRNA using standard RNeasy mRNA mini kit
(Qiagen) protocol. mRNA was reverse transcribed, fragmented
and ligated to a unique 10-base multiplex identifier (MID)
tag prepared using standard protocols and applied to one
PicoTitrePlate (PTP) for simultaneous amplification and se-
quencing on a Roche 454 GS FLX + Titanium platform (Austra-
lian Genome Research Facility). Automated grouping and
analysis of sample-specific MID reads informatically separated
sequences from the other transcriptomes on the plates, which
were then post-processed to remove low quality sequences
before de novo assembly into contiguous sequences (contigs)
using v 3.4.0.1 of the MIRA software programme. Assembled
contigs were processed using CLC Main Work Bench (CLC-Bio)
and Blast2GO bioinformatic suite [28,29] to provide Gene
Ontology, BLAST and domain/Interpro annotation. The above
analyses assisted in the rationalisation of the large numbers of
assembled contigs into phylogenetic ‘groups’ for detailed
phylogenetic analyses outlined below that focused upon types
detected in the proteome, rather than providing a compre-
hensive catalogue that included the various ordinary intra-
cellular proteins (for such details, please see the parallel study
[27]). Public access of the data can be found at the National
Center for Biotechnology Information (NCBI) under bioproject
PRJNA174817. Raw sequence reads can be downloaded from the
short read archives (SRA) of the NCBI under number SRA061642.
This Transcriptome Shotgun Assembly project has been depos-
ited at DDBJ/EMBL/GenBank, under the accession GAEE0O0000000.
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The version described in this paper, is the first version,
GAEE01000000. Sequences are also directly available in
Supplementary File 1.

2.3.  Bioinformatics

2.3.1. Phylogenetics

Phylogenetic analyses were performed to allow reconstruction
of the molecular evolutionary history of each toxin type
for which transcripts were bioinformatically recovered. Toxin
sequences were identified by comparison of the translated DNA
sequences with previously characterised toxins using a BLAST
search [30] of the UniProtKB protein database. Molecular
phylogenetic analyses of toxin transcripts were conducted
using the translated amino acid sequences. Comparative
sequences from physiological gene homologs identified from
non-venom gland transcriptomes were included in each
dataset as outgroup sequences. To minimize confusion, all
sequences obtained in this study are referred to by their
GenBank accession numbers (http://www.ncbi.nlm.nih.gov/
sites/entrez?db=Nucleotide) and sequences from previous
studies are referred to by their UniProtKB accession numbers
(http://www.expasy.org/cgi-bin/sprot-search-ful). Resultant
sequence sets were aligned using CLC Mainbench. When
presented as sequence alignments, the leader sequence is
shown in lowercase and cysteines are highlighted in black. >
and < indicate incomplete N/5’ or C/3’ ends, respectively.

250kDa
150kDa
100kDa

75kDa

50kDa

37kDa

25kDa

20kDa

15kDa

10kDa

Datasets were analysed using the Bayesian inference
implemented in MrBayes, version 3.0b4 [31], using Iset
ratessgamma with prset aamodelpr=mixed command to
optimise between the nine amino acid substitution matri-
ces implemented in MrBayes. The analysis was performed
by runninga minimum of 1 x 10” generations in four chains,
and saving every 100th tree. The log-likelihood score of each
saved tree was plotted against the number of generations to
establish the point at which the log likelihood scores
reached their asymptote, and the posterior probabilities
for clades established by constructing a majority-rule
consensus tree for all trees generated after completion of
the burn-in phase.

2.3.2. Test for recombination

To overcome the effects of recombination on phylogenetic and
evolutionary interpretations [32], we employed Single Break-
point algorithms implemented in the HyPhy package and
assessed recombination on all the toxin forms examined in
this study [33,34]. When potential breakpoints were detected
(depicted in Supplementary Figs. 1 and 2) using the small
sample Akaike information Criterion (AICc), the sequences were
compartmentalized before conducting the selection analyses.

2.3.3.  Selection analyses
We evaluated selection pressures on D. rotundus venom compo-
nents using maximum-likelihood models [35,36] implemented

Fig. 1 - 2D gel electrophoresis of vampire bat venom.
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Table 1-Summary of Desmodus rotundus shotgun mass
spectrometry sequencing.

Table 2 - Summary of Desmodus rotundus 2D gel spots and
shotgun mass spectrometry.

Vampire bat Matched % Total Vampire bat Spot number Matched % Total
(Desmodus rotundus) peptides coverage (Desmodus rotundus) peptides overage
proteins orthologous proteins
BPI-fold containing family 35 55 BPI fold-containing family 27, 28, 31, 43, 44, 45 32
Calcitonin 13 21 45, 46, 47, 48, 49,
Carbonic anhydrase 6 2 32 50, 51
CRiSP (cysteine-rich 2 34 Calcitonin 69 2 12
secretory protein) Desmallipin 32, 33,37, 38, 39, 50 36
Desmallipin 60 43 53, 54, 55, 56, 57,
Draculin 60 56 58
DSPA-alphal 13 33 Draculin 10, 11, 13, 14, 15, 63 44
DSPA-beta 11 30 16, 17, 25
Glutathione peroxidase 3 4 24 Lacritin 59, 60 4 27
(thioredoxin-like fold) Lysozyme C 61, 63, 70, 71, 72, 38 38
Haemoglobin-subunit beta 9 81 73,74, 91
Igh protein 8 65 Mucin 1,3,56,7,8,9, 22 12
IGL@ protein 5 28 21, 22, 24
Immunoglobulin J chain 3 34 Secretoglobin 65, 66, 68, 75, 76, 32 42
Kallikrein 10 68 77,79, 80, 81, 82,
Keratin 2 38 88
Kunitz-inhibitor 15 35 Zinc-alpha-2-glycoprotein 30, 34, 35, 36 18 31
Lacritin 8 44
Desmallipin 5 45
SRR E . 2 e nucleotide-substitution rate ratio () significantly greater than
Major urinary protein 3 37 - . .
Mudin 1 35 1. We compared likelihood values for three pairs of models with
PACAP 9 10 different assumed o distributions as no a priori expectation
Pancreatic secretory trypsin 2 22 exists for the same: MO (constant o rates across all sites) versus
inhibitor (Kazal type) M3 (allows the o to vary across sites within ‘n’ discrete
Polymeric immunoglobulin 5 31 categories, n > 3); M1a (a model of neutral evolution) where all
| eEmper sites are assumed to be either under negative (o < 1) or neutral
(1mrtnun(?globu11n). selection (w = 1) versus M2a (a model of positive selection)
Proline-rich protein 2 26 . . . . .

. which in addition to the site classes mentioned for Mia,
(Submaxillary gland ; . : - o
androgen regulated assumes a third category of sites; sites with o > 1 (positive
protein) selection) and M7 (Beta) versus M8 (Beta and v), and models that

Thrombospondin-1 18 34 mirror the evolutionary constraints of M1 and M2 but assume
Tumour necrosis factor 9 33 that o values are drawn from a beta distribution [38]. Only if the
(C-type lectin-like) alternative models (M3, M2a and M8: allow sites with o > 1)
Secretoglopm 2 2 show a better fit in Likelihood Ratio Test (LRT) relative to their
Semaphorin-3A 1 40 A
(CD100 antigen) null models (M0, M1a and M8&: do not show allow sites © > 1), are
Semaphorin-3A 7 33 their results considered significant. LRT is estimated as twice
(immunoglobulin) the difference in maximum likelihood values between nested
Statherin 1 11 models and compared with the x? distribution with the
Vasoactive intestinal peptide 2 13 appropriate degree of freedom — the difference in the
gl number of parameters between the two models. The Bayes
WAP four-disulfide core 2 42 .. . .
e ——, eumcal .Bayes (BEB) approach [39.] was used to %dentlfy
(whey acidic protein) amino acids under positive selection by calculating the
Zinc-alpha-2-glycoprotein 10 46 posterior probabilities that a particular amino acid belongs to

in CODEML of the PAML [37]. We first employed the one-ratio
model that assumes a single o for the entire phylogenetic
tree. This model tends to be very conservative and can only
detect positive selection if the o ratio averaged over all the
sites along the lineage is significantly greater than one.
Because such lineage-specific models assume a single o for
the entire tree, they often fail to identify regions in proteins
that might be affected by episodic selection pressures and
ultimately, underestimate the strength of selection. Hence,
we employed site-specific models which estimate positive
selection statistically as a non-synonymous-to-synonymous

a given selection class (neutral, conserved or highly variable).
Sites with greater posterior probability (PP > 95%) of belonging
to the ‘o > 1 class’ were inferred to be positively selected.

Fast, Unconstrained Bayesian AppRoximation (FUBAR)
implemented in HyPhy [40] was employed to provide addi-
tional support to codeml analyses and to detect sites evolving
under the influence of pervasive diversifying and purifying
selection pressures. Mixed Effects Model Evolution (MEME)
[41] was also used to detect episodic diversifying selection.
Further support for the results of the selection analyses was
obtained using a complementary amino acid-level approach
implemented in TreeSAAP [42]. We assessed selection pres-
sures shaping multi-domain proteins by employing the option
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Table 3 - Activities of homologues to Desmodus rotundus venom proteins.

Protein type

Activity of related proteins

BPI-fold
Calcitonin
CRiSP
Draculin

Generalised property of this class is antimicrobial [60].

Generalised property of this class is vasodilation [61].

Shown in snake venoms to be neurotoxic [62-65]

Demonstrated effect in vampire bat venom is anticoagulation through

inhibition of FIXa and FXa [11,12,15,16].

Desmallipin
DSPA
Kallikrein
Kunitz

Salivary androgen-binding protein [66]

Demonstrated effect in vampire bat venom plasminogen activation [18]
Vasodilation and cleavage of fibrinogen [67]

Forms in other venoms are anticoagulant in various ways such as inhibition

of FVIIa, FXa or thrombin [68-72]

Lacritin

Lysozyme

Mucin
PACAP-related/PACAP/novel-peptide
tripeptide precursor

Secretoglobin
Stathlipin -Unknown-
Waprin

Zinc-alpha-2-glycoprotein

Promotes secretion [73]

Antibacterial [74]

Saliva lubrication [75]

Vampire bat forms untested but related to PACAP peptides are vasodilatory [76].
Bioactivity of any PACAP-related peptide is unknown.

Anti-inflammatory or immunomodulatory properties [77]

Antimicrobial [78]
Lipid degradation [79]

G test (with Mgene = 4) [43]. We further employed branch-site
REL [44] to identify lineages undergoing episodic adaptations.

2.3.4. Structural analyses

In order to depict the selection pressures influencing the
evolution of D. rotundus venom components, we mapped
the sites under positive selection on the homology models
created using Phyre 2 webserver [45]. Pymol 1.3 [46] was used
to visualize and generate the images of homology models.
Consurf webserver [47] was used for mapping the evolution-
ary selection pressures on the three-dimensional homology
models. GETAREA [48] was used to calculate the Accessible
Surface Area (ASA) or the solvent exposure of amino acid side
chains. It uses the atom coordinates of the PDB file and
indicates if a residue is buried or exposed to the surrounding
medium by comparing the ratio between side-chain Accessi-
ble Surface Area (ASA) and the “random coil” values per
residue. An amino acid is considered to be buried if it has an
ASA less than 20% and exposed if ASA is more than or equal to
50%. An ASA ratio between 40% and 50% indicates partial
exposure of amino acid side chains.

2.3.5. Proteomics

Specimens were anaesthetized using zoletil (3 mg/kg) and then
injected subcutaneously with pilocarpine (20 mg/kg) to stimu-
late salivation. Polyethylene equipment was used to collect
and process samples in all cases. Samples were subsequently
filtered using 20 A syringe filters to remove large mucoidal
strands and then lyophilised.

For two-dimensional electrophoresis, venom samples
(~2 mg) were directly solubilised in 300 pl of rehydration
buffer (8 M urea, 100 mM DTT, 4% CHAPS, 110 mM DTT, and
0.5% ampholytes (Biolytes pH 3-10)) and 0.01% bromophenol
blue. Sample was mixed and centrifuged (5 min, 4 °C,
14,000 rpm) to pellet any insoluble material and the super-
natant was loaded onto IEF strips (Bio-Rad ReadyStrip,
non-linear pH 3-10, 17 cm IPG) for 24 h passive rehydration.
Proteins were focused in a PROTEAN i12 IEF CELL (Bio-Rad
Lab, USA). The IEF running conditions were as follows: 100 V

for 1 h, 500 Vfor 1 h 1000 V for 1 h and 8000 V for 98,400 V/h.
After running IEF, IPG strips were equilibrated for 10 min in
an equilibration buffer (50 mM Tris-HCI, pH 8.8, 6 M urea, 2%
SDS, 30% glycerol, 2% DTT) followed by a second incubation
for 20 min in an equilibration buffer that had DTT replaced
with 2.5% iodoacetamide. IPG strips were briefly rinsed in
SDS-PAGE running buffer and embedded on top of the 12%
polyacrylamide gels (Protean-II Plus, 18 x 20 cm, Bio-Rad
Lab, USA) and covered with 0.5% agarose. Second dimension
gels were performed at 4 °C for 10 mA/per gel for 20 min
followed by 30 mA/per gel for 4 h or until the bromophenol
dye front was reached to 1 cm from the base of the gel.
Finally gels were briefly wash in Milli-Q water and stain in
0.2% colloidal Coomassie brilliant blue G250 (34% methanol,
3% phosphoric acid, 170 g/l ammonium sulphate, 1 g/l
Coomassie blue G250) overnight and destained in 1% acetic
acid/H,0. Visible spots were subsequently picked from gels
and digested overnight (at 37 °C) using sequencing grade
trypsin (Sigma, USA). Briefly, gel spots were washed with
ultrapure water, destained (40 mM NH,CO5/50% Acetonitrile
(ACN)) and dehydrated (100% ACN). Gel spots were rehydrated
in 10 pl of 20 ng/ml proteomic grade trypsin (Sigma-Aldrich)
and incubated at 37 °C overnight. Digests were eluted by
washing the gel spots for 20 min with each of the following
solutions: 20 pl 1% formic acid (FA), followed by 20 pl of 5%
ACN/0.5% FA. The cleaved peptides were eluted and thereaf-
ter subjected to LC-MS/MS analysis.

For shotgun sequencing, reduction and alkylation was
performed by redissolving 3 pg of sample in 50 pl of
100 mM ammonium carbonate. 50 ul of 2% iodoethanol/
0.5% triethylphosphine in acetonitrile was then added to the
re-dissolved samples. The reduced and alkylated sample was
re-suspended in 20 pl of 40 mM ammonium bicarbonate, before
being incubated overnight (at 37 °C) with 750 ng proteomic
grade trypsin. Digestion was stopped by addition of 1 ul of
concentrated formic acid. 0.75 pg was processed by LC-MS/MS.

LC-MS/MS was done using a Agilent Zorbax stable bond
C18 column (2.1 mm x 100 mm, 1.8 pm particle size, 300 A
pore size) at a flow of 400 ul/min and a gradient of 1-40%
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Fig. 2 - A) Precursor phylogenetic reconstruction. B) Sequence alignment of vampire bat venom plasminogen activator precursors
from Desmodus rotundus venom (1. DSPA-5 (GAEE01000035) in this study and the previously sequenced (and also obtained in
this study) 2. P49150 (gamma DSPA), 3. P98121 (beta DSPA), 4. P98119 (alphal DSPA), 5. P15638 (alpha2 DSPA)), Diaemus youngi
(6. BEGDMHS5), Diphylla ecaudata (7. BE(DMH4) and the non-venom, normal blood version from the bat Myotis lucifugus (8. GINWV8).
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Fig. 3 — Alignment of the precursors 1. Draculin-1 (GAEE01000036) with non-venom lactotransferrin from 2. Homo sapiens

(P02788) and 3. Equus caballus (077811).

solvent B (90% acetonitrile, 0.1% formic acid) in 0.1% formic
acid over 15 min or 4 min for shotgun and 2D-gel spots,
respectively, on a Shimadzu Nexera UHPLC coupled with an
AB SCIEX 5600 Triple TOF mass spectrometer. MS? spectra
were acquired at a rate of 20 scans/s, with a cycle time of 2.3 s,
and optimised for high resolution. Precursor ions were
selected between 80 and 1800 m/z, charge state of 2-5, and
of an intensity of at least 120 counts per second, with a
precursor selection window of 1.5 Da, and excluding isotopes
within 2 Da for MS?. MS? spectra were searched against
known translated cDNA libraries or UniProt databanks with
ProteinPilot v4.0 (ABSciex) using a thorough identification
search, specifying alkylation method (iodoacetamide or
iodoethanol), tryptic digestion, and allowing for biological
and chemical modifications and amino acid substitution.
This was done to maximize the identification of protein
sequences from the transcriptome despite the inherent
variability of toxins, and potential isoform mismatch with
the transcriptomic data. Spectra were inspected manually to
eliminate false positives, and the results further analysed
using CLC Main Workbench v6.6. Full search conditions are
shown in Supplementary File 2.

3. Results
3.1. Proteomics and transcriptomics

Through our combined proteomic and transcriptomic ap-
proach, with the proteomic results guiding the selection of
transcripts to focus on for molecular evolutionary investiga-
tions, we discovered a rich suite of secreted proteins in D.
rotundus venom glands (Fig. 1, Tables 1, 2 and 3; Supplemen-
tary Tables 1 and 2). The same peptide/protein types
sequenced in the transcriptomes were also detected in the
proteome, demonstrating concordance between transcrip-
tion and translation. DSPA isoforms were difficult to detect in
the 2D gel due to the high levels of glycosylation interfering
with efficient colloidal staining but DSPA «l, «2, p and vy

isoforms were readily detected in the shotgun sequencing,
reflective of its significantlevel of secretion. We also recovered a
partial sequence (with overlapping fragments from both lobes)
that was unique in being sequentially and phylogenetically
intermediate between the alpha2 and beta forms of DSPA
(Fig. 2). The partial sequence did not contain the region where
alpha?2 and beta differ in domain loss, so relative affinity could
not be fully ascertained. Until recently [27], draculin had long
only been known from a small 16 amino acid fragment and it
was thus unknown which protein family the toxin belonged to.
In this study, we recovered a 1164 base-pair partial sequence
(incomplete on the 3’ end) that revealed draculin to be a
member of the lactotransferrin family secreted in the submax-
illary glands (Fig. 3).

We also recovered and identified protein types previ-
ously unknown from vampire bat venom, or sequenced
in the concurrent parallel study [27], with related non-
venomous isoforms having characterised activities includ-
ing anticoagulation (Kunitz peptides), immunomodulation
(BPI fold-containing family A, secretoglobin), secretion promo-
tion (lacritin), peripheral vasodilation (CRiSP) and vasodilation
(calcitonin, kallikrein and PACAP). We further identified a
highly modified version of the salivary androgen-binding
protein/allergen-protein family that included the major cat
allergen fel-d4 and the major horse allergen Equ-c1, and also an
extremely derived form of the statherin peptide type (Table 1).
Transcriptome analysis revealed Kunitz and PACAP to be
multi-domain precursors. Kunitz peptides were derived from
an ancestral tri-product encoding precursor, with the basal
form expressed in the submaxillary gland being bi-domain
(Fig. 4). Additional derived forms include loss of the first or
second domains of the bi-domain form. The PACAP peptides
were also encoded by a bi-domain precursor, that includes not
only the vasodilatory PACAP peptide, but also the PACAP-
related peptide, the activity of which remains undiscovered
(Fig. 5A). Both domains preserved the high alpha-helical content
of the ancestral non-venom peptides (Fig. 5B). The newly
derived vampire bat form had two distinct isoform types that
formed a discrete clade within the ancestral peptide family
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Fig. 4 — A) Precursor phylogenetic reconstruction. B) Sequen

ce alignment of Kunitz peptide precursors from Desmodus

rotundus venom. 1. Representative dual domain form Dro-kunitz-1 (GAEE01000020), representatives of the mono-domain

variants (2. Dro-kunitz-4 (GAEE01000023) and 3. Dro-kunitz-

sapiens (P10646), 5. Oryctolagus cuniculus (P19761) and 6. Rat

5 (GAEE01000024)) and the non-venom forms from 4. Homo
tus norvegicus (Q02445).

(Fig. 5C). In addition, our proteomic studies revealed that a third
peptide is post-translationally cleaved from within this precur-
sor (Fig. 5A). This peptide is located upstream from the other
two peptides and starts at the point where the signal peptide
is cleaved off, and is characterised by being proline rich.
The allergen-related lipocalin proteins (which we termed
Desmallipins as an acronym for ‘desmodus allergen-related
lipocalins’) contained an N-terminal region cysteine not present
in the ancestral form from the bat Myotis lucifugus (Fig. 6). Some
of the submaxillary gland forms had an additional newly-
evolved cysteine located between the first and second ancestral
cysteines. While the calcitonin peptides were highly conserved
relative to the ancestral peptides (Fig. 7) the statherin-peptide
type (stathlipin) differed considerably from the ancestral form

in the number and pattern of C-terminal region prolines (Fig. 8).

3.2 Molecular evolution

The global omega values computed using the one-ratio model
(ORM) for different D. rotundus venom components ranged from
indicating positive selection (Desmallipins: o =1.03; Plasmino-
gen Activator: o = 1.04) to near-neutral evolution (PACAP: o =
0.86) and negative selection (Kunitz domain I: © =0.29; Kunitz
domain II: ® = 0.39) (Supplementary Tables 3.1-3.5). Since ORM
averages dN/dS over the entire length of the coding sequence, it
often fails to detect episodic diversifying selection that is
confined to small regions of protein. Hence, we employed the
site-specific models (Table 4; Figs. 9 and 10; Supplementary
Table 3.1-3.5). Site-model 8 highlighted the dominant role of
positive selection on the evolution of D. rotundus venom
components: Desmallipins o = 1.28; Kunitz domain I o = 1.39;
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Fig. 5 - PACAP A) Precursor phylogenetic reconstruction, B) sequence alignment of PACAP-precursors from Desmodus rotundus
venom (1. PACAP3-Dr-5, 2. PACAP3-Dr-1, 3. PACAP3-Dr-6, 4. PACAP3-Dr-3, 5. PACAP3-Dr-2, 6. PACAP3-Dr-7, 7. PACAP3-Dr-4)
and the non-venom forms from 8. Rattus norvegicus (P13589), 9. Homo sapiens (P18509), 10. Ovis aries (P16613), 11. Sus scrofa
(P41535). Post-translationally cleaved peptides are high-lighted in grey. C) Alpha-helical content of a representative vampire

bat peptide is shown under the alignment.

Kunitz domain II o = 1.28; PACAP ® = 1.24 and plasminogen
activator o = 1.23. The BEB approach implemented in site-
model 8 detected large proportions of sites in aforementioned
toxins as evolving under the influence of positive selection:
Desmallipins [22% and 18 positively selected sites (PS)]; Kunitz
domain I (28% and 4 PS); Kunitz domain II (35% and 5 PS); PACAP
(20% and 7 PS) and plasminogen activator (36% and 23 PS)
(Table 4 and Supplementary Tables 3.1-3.5).

We further employed option G test to compare the evolu-
tionary regimes adopted by different PACAP and plasminogen
activator domains. This test computed differential evolutionary
rates for various PACAP domains. The propeptide domain was
extremely conserved and evolved under the regime of negative
selection (w = 0.43). Extremely low amount of non-synonymous

to synonymous mutations detected in this region suggests that
itis likely involved in efficient excision and liberation of PACAP
domains (Fig. 10). This test further revealed that both PACAP-
related (o = 1.75) and PACAP (o = 1.59) domains evolve rapidly
under the influence of positive selection (Fig. 10). Option G
test also highlights the differential evolution of D. rotundus
plasminogen activator domains (Fibronectin type-I: ® = 0.86;
EGF-like: ® = 0.90 and Kringle domain: © = 1.08 and peptidase-s1
o = 0.91) (Fig. 10).

Not all non-synonymous mutations are capable of influenc-
inga change in the structure and/or function of the protein. This
is especially true when the mutant amino acid has the identical
or similar biochemical properties as its ancestral amino acid.
Such mutations are more likely to have no effect on the fitness
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Fig. 6 - A) Precursor phylogenetic reconstruction. B) Sequence alignment of equ-c1/fel-d4 related precursors from Desmodus rotundus
venom (1. Desmallipin-2 (GAEE01000013), 2. Desmallipin-4 (GAEE01000015), 3. Desmallipin-5 (GAEE01000016), 4. Desmallipin-1
(GAEE01000012), 5. Desmallipin-6 (GAEE01000017), 6. Desmallipin-7 (GAEE01000018), 7. Desmallipin-8 (GAEE01000019)), and the
non-venom forms from 8. Myotis lucifugus (G1Q721), 9. Equus caballus (Q95182), and 10. Felis catus (QSVFH6).

of the organism. In order to decide which mutations could
have a greater impact on the structure and/or function of the
protein, we assessed the selective influence on 31 structural
and biochemical amino acid properties using TreeSAAP
(Supplementary Table 4). TreeSAAP measures the selective
influences during cladogenesis, and performs goodness-
of-fit and categorical statistical tests based on ancestral
sequence reconstruction. This combined approach revealed
that Desmallipins, Kunitz (domain I and II) and plasminogen
activator genes accumulated radical mutations which in-
troduced amino acids with quite divergent biochemical and/or
structural properties (Supplementary Table 4). On the contrary,

none of the positively selected sites detected by PAML in PACAP
were identified as positively selected by the protein-level
analyses. Hence, we theorize that the rapid radical changes
accumulating in Desmallipins (83% positively selected sites),
Kunitz (89% positively selected sites) and plasminogen activa-
tors (48% positively selected sites) are more likely to have a
greater impact on the fitness of these vampire bats than the
hypermutable sites of PACAP proteins (Supplementary Table 4).
Evolutionary fingerprint of vampire bat toxins revealed a large
proportion of sites as evolving under the significant influence
of positive selection (Supplementary Fig. 3). Branch-site REL
test (Supplementary Fig. 4) identified several branches in all
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Fig. 7 - A) Calcitonin precursor phylogenetic reconstruction. B) Sequence alignment of calcitonin peptide precursors from Desmodus
rotundus venom (1. calcitonin-Dro-1 (GAEE01000001), 2. calcitonin-Dro-2 (GAEE01000002), 3. calcitonin-Dro-3 (GAEE01000001) and
the non-venom forms from, 4. Myotis lucifugus (GINV52), 5. Equus caballus (QONOT3), and 6. Homo sapiens (P01258)).

Post-translationally cleaved peptides are shown in grey.

the vampire bat toxin lineages examined in this study as
episodically diversifying: Desmallipins (7), PACAP (4), Kunitz (9)
and plasminogen activator (2).

Thus, evidence provided by various selection analyses
[site-specific model 2a, 3, 8; FUBAR, MEME; protein-level
analyses: (Table 4; Figs. 9 and 10; Supplementary Tables 3.1-3.5
and 4), Evolutionary fingerprint analyses (Supplementary Fig. 3),
Branch-site REL (Supplementary Fig. 4) and option G test]
suggested a strong influence of positive selection on D. rotundus
venom components examined in this study.

4, Discussion

It was previously unclear whether the principal gland anterior
and posterior lobes were evolving on different evolutionary
trajectories, or if they remained under shared genetic control.
Recovery of identical transcripts from the cDNA libraries
in this study provides evidence that they remain a single
expression system. Multiple transcripts of the majority of
each protein type were recovered from the cDNA libraries,

mkilalafilalmlamigaRSFSSEEGALSSSSEERYFJIAYERYEERYEYZIIVVRK
mkilalafilalmlamigaRSFSSEEGALSSSSEERYY|ZIYE|ZY|zF|zY|3V|d3aNVRK
mkilalafilalmlamigaRSFSSEEGALSSSSEERYF|JIAYE|zY|3E)aV5Y) 333V VRK
mkifffafimalmvamikaDSSEEEHRLRFN[ZRFY Y[INOQGGY IfFS v)3Avigviyvigvigvo
mkflvfafilalmvsmigaDSSEEKFLRRIGRFGYGYGFYQEVIFEQRL YEOEYOIZ0YQQYTF

Fig. 8 — Sequence alignment of stalipin peptide precursors from Desmodus rotundus (Stalipin-Dr-1 (GAEE01000051), Stalipin-Dr-2
(GAEE01000052), Stalipin-Dr-3 (GAEE01000053)) and the related non-venom peptides from Bos taurus (Q8HY86) and Homo
sapiens (P02808).
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Table 4 - Molecular evolution of Desmodus rotundus (vampire bat) venom-components.

Toxin type FUBAR? PAML MEME sites®

Desmallipins M8 M2a 9
o >1° 14 o >1° 18 13
o<1 6 (12 + 6) 6+7)
o= o= 1.28 1.27

Kunitz (overall) o> 18 9 o> 1¢ 16 17 7
o<1? 34 (6 + 10) (6 +11)
o= - o= 1.45 1.67

Kunitz domain I o> 18 0 o >1° 4 0 1
o<1? 8 2+2)
o= 0= 1.39 0.55%°

Kunitz domain II o >18 3 o >1° 5 1 1
o<1? 15 (1+4) (0+1)
o= - o= 1.28 121

PACAP o> 18 4 o >1° 7 2 3
o<1t 4 (1+6) (1+4)
o= o= 1.24 1.24

Plasminogen activator o> 18 16 o> 1° 23 17 1
o<1? 3 (6 +17) (2 + 15)
o= - = 1.23 1.27

Calcitonin Not enough sequences for analyses (n = 3). All three sequences were extremely conserved.

PACAP: Pituitary Adenylate Cyclase-Activating Polypeptide; Desmallipins: Desmodus allergen-related lipocalins

Legend:
a: Fast Unbiased Approximate Bayesian.

b: Sites detected as experiencing episodic diversifying selection (0.05 significance) by the Mixed Effects Model Evolution (MEME).

c: Number of sites detected by FUBAR as under pervasive diversifying selection at the posterior probability > 0.9.

d: Number of sites detected by FUBAR as under pervasive purifying selection at the posterior probability > 0.9.

e: Number of positively selected sites detected using the Bayes Empirical Bayes approach implemented in M8 and M2a. Sites detected at 0.99

and 0.95 significance are indicated in the parenthesis.
»: mean dN/dS.
NS: Not significant.

a pattern consistent with accelerated diversification in toxin
multigene families as observed in other venoms [49-51]. The
differential domain loss in the Kunitz peptide followed a
pattern of selection pressure for the expression of particularly
useful domains, such as seen in reptile venoms ([52,53] and
Fig. 10). Numerous transcripts were recovered with significant
variations including changes in key functional residues and
changes in the number of cysteine residues, modifications
typically associated with neofunctionalisation (evolution of
novel bioactivities).

Cysteine number variation was particularly evident in the
Desmallipins, which are extremely intriguing as they represent
a convergent modification of the fel-d4/equ-cl type allergen
scaffold, derived forms of which have been documented as the
primary protein toxin in the venom of Nycticebus sp. (slow
lorises) [54]. The ancestral proteins formed cysteine-linked
homodimers, thus any modification of cysteine-pattern may
greatly affect the structure of the monomer and thus its ability
to form dimers. In the basal form of D. rotundus Desmallipins,
there is an even number of cysteines, and thus these isoforms
may not form dimers at all, but rather monomers with a unique
structural fold. In the further derived forms, there is another
new cysteine, which may promote dimerisation but with
a unique three-dimensional structure of each subunit.
Our identification of draculin as a lactotransferrin with a
neofunctionalised activity is further proof of the principle
that vampire bats are modifying ancestral molecular scaf-
folds for new targeting.

Another form of neofunctionalisation seen in other venoms
is guided not through variations in cysteine pattern, but rather
through changes in relative proline-bracketing of linear
peptides, such as seen in the helokinestatin peptides [53,55].
Such de novo creation of a new post-translationally liberated
proline-rich domain was seen in the third PACAP-precursor
peptide discovered in this study. While the sthalipin peptides
evolved from the proline-rich statherin peptides, significant
changes in the number and pattern was evident.

Nucleotide and complementary amino acid-level selection
analyses (Supplementary Table 4) provide the first evidence
that D. rotundus venom components evolve under the regime
of positive selection, accumulating rapid mutations. However,
not all mutations seem to have a significant impact on the
structure and function of these toxins; only the mutations in
Kunitz (domain I and II), Desmallipins and plasminogen
activators were identified by protein-level selection assess-
ments as capable of introducing radical changes. Hence, we
theorize that mutations in these toxins are not only capable of
affecting the structure and function of the toxin, but may also
influence the fitness of vampire bats (Supplementary Table 4).

All the positively selected sites in D. rotundus Kunitz
(domain I and domain II) and 43% of positively selected
sites in plasminogen activator (22% buried; rest couldn’t be
conclusively assigned to exposed/buried class) were found on
the molecular surface of the toxin (Supplementary Table 4).
A strong evolutionary constraint on the non-secreted PACAP
propeptide, reflective of its role in efficient liberation of toxin
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Fig. 9 - A, B and C: Three-dimensional homology models of D. rotundus venom components depicting the locations of positively
selected sites in red (M8, PP > 0.95, Bayes-Empirical Bayes approach) and relative conservation of surface residues on a scale of

1-9 (1: most variable; 9: most conserved) are presented. Site-mod
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sites (percentage of sites indicated in parenthesis) detected by its Bayes Empirical Bayes approach are also presented.

domains, and on the active sites of plasminogen activator gene
was observed (Fig. 10 and Supplementary Fig. 1). We theorize
that focal mutagenesis, in which a large proportion of muta-
tions are confined to the molecular surface (Supplementary
Table 4) and structurally and/or functionally unimportant
regions (Supplementary Figs. 1 and 2), not only aids in
conservation of structural and functional integrity of these
toxins, but may also prevent the mounting of immunological
resistance against these secretions in prey animals. Evidently,
prey animals of D. rotundus have been shown to develop
immunity to venom components like draculin if targeted and
fed upon over prolonged periods [17]. Hence, we hypothesize
that frequent mutation of toxin molecular surface chemistry in
vampire bat population prevents the rapid development of
immunological resistance in prey-animals. Focal or site-
directed mutagenesis has been demonstrated in a wide array
of venom proteins, as a means of preserving residues respon-
sible for structural and/or functional stability, while generating

rapid variation of the molecular surface of venom [56-59]. Thus,
toxins in a diversity of venomous lineages have likely,
convergently adopted site-directed mutagenesis or focal
mutagenesis as a strategy to evade immune responses of
their prey animals.

5. Conclusion

The recovery of novel protein scaffolds from the glands studied
here reveals how little is known about the protein composition
of vampire bat venoms. This is further reinforced by the number
and diversity of novel scaffolds recovered, despite the relatively
limited sampling employed. More extensive sampling will no
doubt recover entirely new toxin classes. Follow-up investiga-
tions should focus on the structure-function relationships of
the novel components. These results highlight the relatively
untapped potential of such complex mixtures as sources of
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Fig. 10 - A, B, and C depict the molecular evolution of various D. rotundus toxin domains. A. Kunitz peptides are expressed as
bi-domain (ancestral) and two types of derived mono-domain forms. B. Pituitary Adenylate Cyclase-Activating Polypeptide is
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novel investigation ligands or lead compounds for use in drug
design and development. It is hoped that these results will
stimulate further investigation of the hitherto neglected venom
systems of all species of vampire bat.

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.jprot.2013.05.034.
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>BPI-Dr-1
atcaggggcctcattgtcttctgtgggcetgetggcetctgectttgecegtggacctggcetctaagteccatggatcttggagacttgacaggtgetc
tcaacaatggcctgctctctggtggtetgttggatactgtcaaaaaccttccact cttggacatgetgaaaattgatggagatgattctagtggecca
attggcaggttgcttgagcaagtgatcaaccctctgaaaagcctcactggtatagagat cacasaaccgaaactactggaacttggecttgtgec
gagcgaagatggtcatcgtctctacctcaacatcectctgagettcgatctcaatgtgecaatgectgtactcaaagtacgtctgttasagetgtctg
tggagctaaatatcactgtagaaat ctatcctgaggtasatgagaatggegtcaacttggecattggagactgcetctcaa

>BPI-Dr-2
atgtttcagttttggaaacttgttctcttgtgtggectgcetcactgggacctcagceatcgcttcttggggaccttggcaacaacctgaaagatgttctt
gatasaggacctgggctcattacaggtatagctgaaactgtggctaggaacctgacggaaaaccttaaccttcagaacattcagtttgggecact
gactgaccagttgttacagaaagctgaaggtcagtttattggtgctattcctcaactcttgtcacttacgaggaacaacatttgggggttgcaagtca
gtaatgtccgcectectggatatcaaagctcaaccgactcctgatggcaaaggacttgagetgaccttceecatcagegetggtgttcgactgaac
cttectctcattggcaagacagttgacctgaatctttctctgaacctectgggtggtatcagagttgaaaaccagggtggcecaactcaaaccggtc
atgacaaaatgcgcecagegacccagctaccatctegttgagettgttgtccagacgcaacaaactggtcaacagactcacagacgctgegteca
gcttectgagegaaacattgtccaccgeggtgcagacacagatatgeccacttttcaaactcttt

>Calcitonin-Dr-1
atgggcttcggaaagtcctcececttcttggctttcagectettggtectgtgeccaggcaggtggectccaggcaacaccactcaggtcatcgge
cttggagagccgcagggacaccactgeactcgctgagaacaagtgcectectactggcetgeactgetgaaggcectatatagaggggaagttcaa
agggctggagaaggaggagcagggggagcaggagacagagaacagtgtcaatgtcgagaagagat cctgcaacactgecacctgtgtgac
acaccggctggcaggccttctgagcagatctgggggtgtggtgagcagegacttcactceccactgacacaggttccaattectatggtegtege
cgtagagaccttcaggcctga

>Calcitonin-Dr-2
atgggcttcggaaagtcctcecccttcttggctttcagectettggtectgtgeccaggcaggtggectccaggcaacaccactcaggtcatcgge
cttggagagccgcagggacaccactgeactcgctgagaacaagtgectectactggetgeactgetgaaggcectatatagaggggaagttcaa
agggctggagaaggaggagcagggggagcaggagacagagaacagtigtcaatgtcgagaagagat cctgcaacactgecacctgtatgac
acaccggctggcagaccttctgaacagatctgggggtgtgetgagcagegacttcactcccactgacacaggttccaattectatggtegtegec
gtagagaccttcaggcctga

>Cadcitonin-Dr-3
atgggcttcagaaagtccteccccttettggetttcageatcttggtectgtgecaggeaggtggectccaggcaacaccactcaggtcatcgge
cttggagagccgcagggacaccactgeactcgctgagaacaagtgectectactggetgeactgetgaaggcectatatagaggggaagttcaa
agggctggagaaggaggagcagggggagcaggagacagagaacagtgtcaatgtcgagaagagat cctgcaacactgccacctgtatgac
acaccggctggcagaccttctgagcagatctgggggtgtgctgagcagegacttcactcecactgacacaggttccaattectatggtegtege
cgtagagaccttcaggcctga

>CRiSP-Dr-1
ggaaaaaattttacctacggtgtagggccaaaatatccegaagcagtgattggacattatacccaggttgcettggtactcatctttecttettggatgt
ggaattgcctattgtcccagacaaagactaacatacaactatgtctgecaatattgttcagcgggtaatattgetagcagaaaatatactccttacct
agaaggaaaaccctgtgecagcetgecctaatgactgtgacgatggactatgeactaattcttgcaggtatgaagat gtttatagtaactgtaaaga
cttgaaggaccaagtgggttgtaaacatccagtcaccaaggacaagtgcaaggcttcctgcasatgttcagacaaaatttattaa
>CRiSP-Dr-2
aagtgcatttacgaacacagtgaagcacagagtcgagcagtcggtgaaaagagttgtggagagaatatctttatgtcaaatagacctgttceatg
gtcatatgcaatccaaagttggttcgatgaggdaaaaaattttacctatggtaaagggccaaaatat cccaatgcagtgattggacattatacccag
gttgcttggtactcatctttecttettggatgtggaaatgectattgtcccaatgaaaggctagcatacaactatgtctgecaatattgtictgegggta
atattgctagcagaaaatatactccttacctaccaggaacaccctgtgecagcetgecctagtcactgtgacaatggactatgeactaattcttgcaa
gtatgaagatgtttatagtaactgtaaagacttgaaggaccaagtgggttgtacacatccagtcaccaaggacaagtgcaaggcttcctgcaaat
gttcagacasaatttattaa

>CRIiSP-Dr-3

caaaatgagattgtasatasacacaat gacctaaggaggacagtcactccacctgecagcaacatgctgaagatgasatggtccaagagggcea



gcagcaaatgcccagaattgggcaaacatgtgcatttacgaacacagtgaaccacagagtcgaacagtcggtgaaaagagttgtggcgagaat
atctttatgtcaaatagacctgtttcatggtcatatgcaatccaaagttggttcaat gaggaaaaaaattttacctatggtgaagggccaaaatatgec
aatgcagtgattggacattatacccaggttgcttggtactcatctttccttcttggatgtggaattgectattgtcccagacaaagactaacatacaac
tatgtctgccaatattgttcagcgggtaatattgctagcagaaaatat actccttacctaaaaggagaaccetgtgecagcetgecctaatgactgtg
acaatggactatgcactaattcttgcaagtatgaagatttttatagtaactgtasagacttgaaggcccaagtgggttgtaaacattcagtcaccaag
gacaagtgcaaggcttcctgcaaatgticagacaaaatttattaa

>CRiSP-Dr-5
Cgaagtgagattcgaaaggagattgtagataaacacaatgacctaaggagaatagtcagtccacctgecagcaacatgetgaagatgaaat ggt
CCcaagagggcagcagcaaatgcccagaattgggcaaacaggtgcatttaccaacacagtgaaccacagagtcgagcagtcggtgaaaagag
ttgtggcgagaatatctttatgtcaaataaacctgttccatggtcatatgcaatccaacgttggticgatgagaaaataaattttacctatggtgtagg
gccaaagtatcccaaagcagtgattggacattatacccaggttgettggtactcatctttecttcttggatgtggaaatgectattgtcccaacgaaa
ggctagcatacaactatgtctgecaatattgtictgecgggtaatattgctagcagaaaatatact ccttacctagaaggaaaaccetgtgecagcetg
ccctaatgactgtgacaatggactatgcactaattcttgcaagtatgaagat gtttatagtaact gtaaagacttgaaggcccaagtgggttgtacac
atccagtcaccaaggacaagtgcaaggcttcctgcaaatgttcagacaaastttattaa

>CRiSP-Dr-7
ctgctgtgctgcttccattcttccctgcaaatggacgggacctatattttgatgetttgtcaaacacccccagasaagtccaaaaatgagattgtasa
tasacacaatgacctaaggaggacagtcactccacctgccagcaacatgctgaagatgaaatggtccaagagggcagcagcaaatgeccaga
attgggcaaacatgtgcatttacgaacacagtgaaccacagagtcgaacagtcggtgasaagagttgtggcgagaatatctitatgtcaaataga
cctgtttcatggtcatatgcaatccaaagttggttcaatgaggaaaaaaattttacctatggtgaagggccaaaatatgccaatgcagtgattggac
attatacccaggttgcttggtactcatctttccttcttggatgtggaattgcectattgtcccagacaaagactaacatacaactatgtctgecaatattgt
tcagcgggtaatattgctagcagaaaatatactccttacctaaaaggagaaccetgtgecagcetgecctaatgactgtgacaatggactatgeact
aattcttgcaagtatgaagatttttatagtaactgtaaagacttgaaggcccaagtgggttgtaaacattcagtcaccaaggacaagtgcaaggctt
cctgcaaatgttcagacasactttattaa

>Desmallipin-1
atgaagttgctgctgctgtgtctggggctgaccctggtctgtgecteccaccatgatgtegtggaatgcaacttcgacctgtcacaggtttcaggg
gagtggtataccattctctggggcetcggaagtgagggaaatgatagaagasaatgggagcatgagattgttictggaatacatccaggtcttgga
taattcttctgtgttatttaaattccat asaaacatcaacggagtgtgtggtgaacttactttcattgttgatgaaacaaaagagaagggtgtatatggt
gttcactatgatggatacaatacgttttacataattgaagcagtctacaatgaatatttatttttcattgcatgaattttcaanatgggasaaasaatga
tatgatagagctgcatgcccgaacceccagatgtgegtccagaagtgaaggaaaagtttgaggaaatttgccgasaccgtggaattcagaagga
aaacatactggatttcaccaaggctaatcgetgtctccaageccgagggagecctggagec

>Desmallipin-2
atgaagctgctgcetgetgetgtgtctggggcetgaccctggtetgtgectccaaccatgatgtegtgaaatgcaacttcgacatgtcacagatttcag
gggagtggtataccattctctggggctcggaagacagggaaatgatagaagaaaatgggagcatgagattgtttctggaatacgtcgaggactt
ggacaactcttctgtgttatttaagtat cacaaasacgtcaacggagagtgtgctgaacttaatctcattactgatccaacagaagagaacggtgta
tatagtgttccctatgatggatacastacattttacataatt gaagcagtctacaatasatatgttattattcattgcatgaattttcaaaatgggaasaaa
accgatatgatagagctgtatgcacgaaaccaagatgtgagtccagaactgaaggaaaagtitgaggaaatttgccaaaaccgtggaattccac
aggaaaacatactggatttcaccaaggctgatcgctgtatcggageccgtgggagetccggagetcaggectccaggteegag
>Desmallipin-3
tccaaccatgatgtcgtgaaatgcaacttcgacatgtcacagtattcgagggagtggtataccattctctggggctcggaagacagggaaatgat
agaagaaaatgggagcatgagattgtttctggaatacgtcgaggacttggacaactcttctgtgttatttaagtat cacaaaaacgtcaacggaga
gtgtgctgaacttaatcteattactgatccaacagaagagaacggtatatatagtgttcectatgatggatacaat acattttacatasttgaageagt
Ctacaataaatatgttattattcattgcatgaattttcasaat gggaaaaaaaccgatatgatagagctgtatgcacgaaaccaagatgtgagtccag
aactgaaggaasagtttgaggaaatttgccaaaaccgtggaattccacaggaaaacatactggatttcaccaaggctgatcgetgtatcggage
ccgtgggagctcecggagcetcaggectccaggtccgagtga

>Desmallipin-4
atgaagctgctgcetgetgetgtgtctggggcetgaccectggtcetgtgectccaaccatgatgtcgtgaaatgcaacttcgacatgtcacagatttcag



gggagtggtattccattatctggggcetcggaagtgagggaaatgatagaagaaaatgggagceatgagattgtttgtgcaatacatccagaactty
gacaactcttctgtattatttaaatttcatasaaacatcaatggtgtgtgtggtgaactcactctcattagtgatacaaccgaagagaacggtgtatata

gtgttcectatgatggatacaatacattttacataattgaagcagtctacaatgaatatgttatttttcattgcatgaattttcasaatgggaaasaaacc
gatatgatactgatgcatgcccgaaccccagatgtgagtccagaactgaaggaasagtttgaggaaatttgccgaasaccgtggaattcagaagg
aaaatatactggattacaccaaggatgatcgetgtatccgageccgagggagecceggageccaggcettccagtgetgagtga
>Desmallipin-5
atgaagctgcetgcetgcetgtgtctggggetgaccetggtctgtgectccaaccatgatgtegtggaatgcaacttcgacctgtcacagatgtcagga
gagtggtatactggtctcttggcctcggaagacagggaaatgatagaagasaatgggagcatgagattgtttctggaatacatcgaggacttgga
taactcttctgtgttatttasatttcatasaaatatcaacggagtgtgtggtgaacttactttcattgttgatgasacasaagagaaggatgtatatggtg
ttcactatgatggatacaatacatttttcataattgaageagtctacaatgaatattttataattcattgeatgaattttcgtastgggaggasaaatgata
tgatagagctgtatgcccgasacccagatgtgegtccagaactgaaggaaaagtttgaagaaatttgccgaaaccgtggaattcagaaggasa
acatactggatttcaccaaggctgatcactgtctccaagcccgagggagecctggageccagtcctccagtgetgagtga
>Desmallipin-6
atgaagctgctgcetgcetgtgtctgggectgaccetggtctgtgeccaaaaccaacagggcecaggatgtcgtgacatgcaacttggacatatcac
agatttcaggggagtggtataccattctcttggcctcagaagtgagggaaatgatagaagaaaatgggagcatgagattgtttctggaatacatce
aggacttggataactcttctatgttatttaaatttcataaaaacat caacggagagtgtggtgaactcactctcattagtgatccaacagaagagaag
gotgtatacagtgttcectatgatgggtacaatacgttitacataattgaagttgtctccaatgastatgttatttttcattgcatgaattttcasaatggg
aaasaaaccgatataataaagctgcatgeccgaaacccagatgtgagtccagaactgaaggaaaaatttgaggaaatttgccgaaaccgtgga
attcagaaagaaaacatactggatgtaagcaatactgatcectgtctccacgeccgagggagecctggageccaggectccagtgecgaatga
>Desmallipin-7
atgaagctgcetgcetgcetgtgtctggggetgaccttggtetgtgeccattttgaaaagaaccgtgacatcgtgaaat gcaacttcaacatgtcacag
atttcaggggagtggcataccattttcttggectcgggcaggatgagattcatacgaaaaaat ggtggcatgagaatgtttgcgaaatccatggag
gecttgeataactcttctetgttatttasatatgatasacagattgatggagagtgtactgaacttactttcattactgatgaaacaassagagaagggt
gtatataatgttacctatgatggacacastacgttttacataattgaagcagtctacaatgactatgttatttttcataacatgaattttggtastgggag
aaaaaccgatgtgatagagatgaatgcccgaaaaccagatgtgegtccagaactgaaggaaaggtttgaggaaatttgecgasaccgt ggtatt
ccagaggaaaacatactggatgtaagcaatgctaaccectgticcaaatcccgagggaagcctagaaccecagcetcectggeggaaactgect
ggtgactggaagtaa

>Desmallipin-8
atgaagctgctgcetgcetgtgtctggggetgaccttggtctttgeccattttgaagaggaccatgacatcgtgaaatgcaacttcaacatgtcacaga
tttcaggggactggcataccattttctiggectcgaacaggatgagattcatacaaagaaatggtggcatgagaatgtttgcgasatcegtgcagg
ccttgcataactcttctctgttatttasatat gataaaaagactgacggagggtgtgctgaacttactttcattactgacgaaacasaagagaagggt
gtatataatgttacctatgatggacacaatacgtittacataattgaagcagtctacastgactatgttatttttcataacatgaattttggtastgggag
aaaaaccgatgtgatagagatgaatgcccgaaacccagatgtgegtcaagacctgaaggaaaggtttgaggaaatttgccaaaaccgtggtatt
Ccasaggasaacatactggatgtaagcgacgctaaccectgticcaaatcccgatggaagcectagaaccecagetceecttgtggatgeggtetg
attcctgggaggagacccagaggtatgagtga

>DSPA-5

ggccttgggaatcacaattactgcagaaacccagataacaact caaaaccttggtgctatgtcatcaaggcaagcaagttcat cttggagttctgt
agcgtgcctgtctgetccaaggecacctgtggectgagaaagtacaaggagccacagcttcacagtacaggaggactcttcacagacatcacc
tctcatccatggcaggcetgcecatctttgcccagaacagaaggtcatcaggagaaaggticttgtgtggggggatattgatcagttectgetgggte
ctgactgctgeccactgcttccaggagaggtatcctecccagcatcttagggtggtttigggcagaacataccgggtgaaacctggaaaggaag
agcagacatttgaagtcgaasaatgcatcgtccatgaggaatttgatgacgacacttacaacaatgacattgcactgcetgcagetgaaatcggge
tcgecacagtgtgeccaagagagtgacagtgtcecgegecatctgtetcecggaagecaacctgeagetgeccgactggacagaatgtgagct
gtctggctacggcaagcataagtcgtcttctectttctattctgagcagcetgaaggaagggcatgtcaggetgtaccectccageegetgegeac
ccaagtttctgtttaacasaaccgtcacaaacaacatgetgtgtgctggagacacgcggagcggagagatctatccasatgtgcacgatgectg

ccagggtgactcaggaggcecccttggtgtgtatgaatgacaaccacatgactttgettggeatcatcagttggggtgttggetgtggggagaaag
acgttccaggtgtatacaccaaggttactaattacctaggctggattcgagacaacatgcacctgtaa



>Draculin-1
atgaagctcctcttccttgeactgetgtecctectggecectcgggecgagtctggetgeccgcaggagaggtgttcgatggtgcaccatatcasa
accagaggcagcaaaatgctctaaactgcaacagaat Ctaaaacgagtgcgtggceccctctctcetectgcataagcagaaagtcectacctggaa
tgtatccaggccatcgeggcgaaaagggcagatgecatgagecttgatgcaggtctggtgtacgaggcaggacaggaccegtacagactge
ggcctgtggcagcagaggtctacgggaccgagggggcaccgcggacgcactattacgetgtggecctggtgaaaaaggacagcaacttgca
actgaaccagctgcaaggcegtgaggtcctgecacactggectcaacaggtccgecgggtggaaaatcectgtgggeacgcetceegteegtace
tgggctgggcagggecacctgcaccectccaggaagetgtggecaacttcttctecgetagcetgtgtteectgtgcagatggcaaccagtacce
caacctgtgtcgettgtgtgcggggacaggggcagataaatgtgectgetectccaaggaaccgtactttggctactceggtgecttcaagtgtet
gaaagatggggctggagacgtggcttttgtcaaggacagtacggtgtttgagaacctgccasacaaggccgagagagaccagtatgagetgcet
ctgcccagacaacacccgaaagecggtggatgagtttgagcagtgecacctggeccgggteccttctcatgeagttgtggeccgaagegtgg
gtggcaaggaggactcgatctggaggcttctcagcaaggcacaggagaagtttggaaaaggcacgtcagggagcttccagetcttcagcetee
cctectgggcagaaggacctgcttttcasagatggagcccaagggtttttgaggat ccectcaagggtggacgctgagcetgtaccteggteeca
gctacctcaccgtcatcaagaacctgaacggaatcggcagcagaggtggagacccggggggecccggatigtgtggtgcgeggtgggecc
agaggagctgcgcaagtgccagcagtggagtggccagagcaatgggacag

>Kallikrein-Dr-1
atgtggttcctggtcctgtgecttgecctgtcecgeggetggggctggegetgeacccaccgceaccegcecatccagteccggattataggaggct
gggagtgtaagaaggattcccacccctggcaggtggecctgtaccattaccacgagttgcaatgeggeggegtgctgattcacceccagtggg
tgctcacggctgeccactgeataggcaaaaattaccagetctggetgggggtccacaacgtgaaagacgttgaatacgaagggcagtacgtce
aggtcagtcagagcttcccacaccctcagttcaacatgagcectcctggagaaccacaccacttacccaggagaagactacagctacgacctcat
gctgctcegectggaaaageccgcacagataacagacactgtgggcegtectggacctgeccacccaggagecccaactggggageatctge
tatgcctctggetggggcagctacaacccatatccattcaagttcccagaaaaact ccagtgtgtggacctcgaactcctgtccaacgaacact gt
gtcasagcccacccggagaagatcacagatgtcatgetgtgtgetggacacctgaagggtggcaaagacacgtgtttgggtgactcaggggg
cccgctgatctgegacggtgtatttcaaggagtcacgtcatgggggtcacatcccatgegg

>Kunitz-Dr-1

acaactttggtctatgaaggtccctcctggtgtcagaccectgcagacagaggattgtgtasagtasacat cacaagattctactacaattcagtta
ccaggaagtgtctcccatttaattacagtggatgtggagggaatgaaaacaattttacttccaaaaaagcatgtcggaaggcttgcaaaaaaggtt
tcatcaaataa

>Kunitz-Dr-2
atgaagatasaaccgatttttggggtttctgtatgtctgetgetcacttgtgectcteteectcttaatgctgaggaagatgaatattctaacattccag
atttctgecttttgggagaagaccctggaccctgtcgaggctatatcactaggtatttttataacaaccagtcagagaagtgtgatasattcaaatat
ggtgggtgcectgggcaacccaaacaatttcgatttgctggaagaatgcaagaacacctgtgagaat ccattgaacggtaccagcacccagect
gttcctgteeccatgacacceccacctcecccacctatcaaaaattgggtctatgtaggeccctectggtgtcggacceccgcagacagaggatt
gtgtagtgcaaacatcacaagattctacttcgattcagtttccatgaagtgtctcacatttagttacactggatgtggagggaat gasaacaattttatt
tccagtcaatcatgtcggagggcttgcagaaaaggtttcat caaaaaagggt caaaaggaggattaaggasagataaaagaat aagaaagaay
cattcagtgggaatataa

>Kunitz-Dr-3
atgaagataasaccaattttgtgggtttctgtatgtetgetgcttacttgtgectctetecectcttaatgetgagasacgtasatgttccasaagtacca
gtgagcagtaccagcacgccgcctgttcctgtccagtcgatgtecccgtgacceccacacctcccacacctaccacaactttggasaagccaga
tttctgecttttggaacaagatgagggaatctgtcgageccttttgcttaggtacttttacaacaatgagtcasagceattgtgagctattcttttatggty
ggtgcctgggcaacaagaacaatttccaaacagaggaagaat gcaagaacacctgtgagaat ccattgagcagtaccagcacgecgcectgttc
ctgtceccgtgactceccaaacctcccaagegtaaaataaaggcagtctatgtaggeccctectggtgtctgacccccgcagacagaggattgtgt
agtgcaaacgtcacaagattctacttcgattcagtttccatgaagtgtctcacatttagttacagtggat gtggagggaatgaaaacaattttacttcc
agacaatcatgtcggagggcttgcagaaaaggtttcat caaaaaagggt caaaaggaggattaaggaaagat aaaagaataagaaagaagca
ttcagtgggaatataa

>Kunitz-Dr-4
atgaagatasaaccgatttttggggtttctgtatgtctgetgetcacttgtgectctctecctcttaatgctgaggaagatgaatattctaacattccag



gtttctgecttttgggagaagaacctggaccctgtcgaggctatatcactaggtatttttataacaaccagt cagagaagtgtgataaattcasatat
ggtgggtgcectgggcaacctasacaacttcgaatcgctggaagaatgcaagaacacctgtgagaat ccattgaacagtaccagcacceegcect
gttcctgteececatgacceeccactceccactatcaaaattgggtaagaagttttttttaattggtgccagaaaaatattatcatattaa
>Kunitz-Dr-5
atgaagataasaccgatttttggggtttctgtatgtctgctgcttacttatgectcteteectcttaatgetgagaaccatgaatgtteccaacactctagt
gagaggtaccagcacccagcctgttactgtcagtgatgtccctgtgacgeccacacctceccacacgtcccacaactttggtctatgaaggtecct
cctggtgtcagaccectgcagacagaggattgtgtasagtasacatcacaagattctactacaattcagttaccaggaagtgtctcccatttaatta
cagtggatgtggagggaatgaaaacaattttacttccasaaaagcatgtcggaaggcttgcaaaaaaggtttcat caaataa
>Kunitz-Dr-6
cceccacacctecccacacgteccacaactttggtctacaaaaggeccctectggtgtcgggeccecgcagacagaggattgtgtagtgcaaac
gtcacaagattctactacaatccaagtaccaggaagtgtctccaatttaaatacagtggatgtggagggaat gaaaacaattttacttccasaaaag
catgtcggaaggcttgcaaaaaaggtttcat caaaaaagggtcaaaaggacgaatacctgcagticaatcaccaaagtatttcgtgcaagtagga
tatgataacaataactaa

>Kunitz-Dr-7
acccccacctceccacctatcaaaaattgggtctatgtaggeccctectggtgtcggaccecagcagacagaggattgtgtaatgcaaatgtcac
aagattctacttcgattcagtttccatgaagtgtctcacatttagttacagtggatgtggagggaat gaaaacaattttacttccagacaatcatgtcg
gagggcttgcagaaaaggtttcat caaaaaagggt casaaggaggattaagt asagat asaagaat aagaaagaagcattcactgggaatata
a

>Kunitz-Dr-8
atgaagatasaaccgatttttggggtttctgtatgtctgetgeacttgtgectctcteectcttaatgctgaggaagatgaatattctaacattccagatt
tctgecttttgggagaagaccctggaccetgtcgaggctatatcactaggtatttttataacaaccagt cagagaagtgtgataaattcaaatatggt
gggtgcctgggcaacccaaacaatttcgatttgctggaagaatgcaagaacacctgtgagaatceattgaacggtaccagcacccagectgtta
acctaacgtaa

>Kunitz-Dr-9
accagcacccagectgttactgtcagtgatgtcectgtgacgeccacacctcccacacgtcccacaactttggtctatgaaggteectectggtgt
cagacccctgcagacagaggattgtgtaaagtaaacat cacaagattctactacaattcagttaccaggaagtgtctcccatttaattacagtggat
gtggagggaatgaaaacaattttacttccasaaaagcatgtcggaaggcttgcaasaaaggtttcatcaaataa

>Kunitz -Dr-10
atgaagatasaactgatttkgggggtttctgtatgtctgetgettacttgtgectctetecctettaatgetcagaaat gtgaatgttccaasaactgeag
tgagaggtaccagcacccagcctgttactgtcagtgatgtcececgtgacceccacacctcccacacgtcccacaactttggtctacaaaggecc

ctectggtgtcgggeccecgcagacagaggattgtgtagtgcaaacgtcacaagattctactacaatccaagtaccaggaagtgtctccaattta
aatacagtggatgtggagggaatgasaacaattttacttccaaaasaagcatgtcggaaggcttgcaaaaaaggtttcat casaaaagggtcaaaa
ggacgaatacctgcagttcaatcaccaaagtatttcgtgcaagtaggatatgataacaataactaa

>Kunitz-Dr-11
atgaagataasaccygatttttggggtttctgtatgtctgetgcttacttgtgectctcteectcttaatgetgagaaacgtaaat gttccasaactccagt
gagcagtaccagcacccagagtgtttctgactataatggccactcgaccectccacctcecacacctaccacaactttggaaaggecagatttct
gccttttgggagaagatgagggaatctgtcgagectatttcattaggtatttttataacaaccagtcaaagcagtgtgagagcttcgtatacggtgg
gtgcctgggcaacatgaacaacttccgatcgetggaagaatgcaagaacacctgtgagaacccattgaacggtaccagcacceegectgttce
tgtcteegtgactcccaaacctcccaggegtasaatasagacaggctatcgtgtecectactggtgtctgacceccagcagacagaggattgtgta
gtgcaaacatcagaagattctactacaatccaagtaccaggaagtgtacccaatttaaatacagtggatgtggagggaat gasaacaattttactt
ccaaaagatcatgtctgagggcttgcagaaaaggtttcat caagaaagtgtcaaaaggacgattaaaggcagttacaccasaaaattattatgtg
gaagtaggatatgaaaacaacatctaa

>Kunitz-Dr-12
ccegtgactcccaaacctcccaagegtaaaataaaggcagtctatgtaggeccctectggtgtctgacceccgcagacagaggattgtgtagtg
caaacgtcacaagattctacttcgattcagtttccatgaagtgtctcacatttagttacagtggat gtggagggaat gaaaacaattttacttccagac

aatcatgtcggagggcttgcagaaaaggtticatacasaasagggtcasaaggaggattaaggaaagataa



>Kunitz-Dr-13

tctgtatgtctgetgcttacttatgectctcteectcttaatgctgagaaccatgaatgttccaacact ctagtgagaggtaccagcacccagcectgtt
actgtcagtgatgtccctgtgacgcccacacctcccacacgtcccacaactttggtctatgaaggtceectectggtgtcagaccectgcagacag
aggattgtgtaaagtaaacatcacaagattctactacaattcagttaccaggaagtgtctcccatttaattacagtggatgtggagggaatgaaaac
aattttacttccasaaaagcatgtcggaaggcttgcaaaaaaggtttcatcasataa

>Kunitz-Dr-14
ccacctcccccacctatcasaaattgggtctatgtaggeccctectggtgtcggaccccagcagacagaggattgtgtaatgcaaatgtcacaag
attctacttcgattcagtttccatgaagtgtctcacatttagttacagtggatgtggagggaatgaaaacaattttacttccagacaatcatgtcggag
ggcttgcagasaaggtttcat caaaaaagggtcaaaaggaggattaagtasagat asaagaataagaaagaagcattcactgggaatataa
>Kunitz-Dr-15
cccgtgactcccaaacctcccaagegtaasaatacaggcagtctatgtaggeccctectggtgtctgacceccgcagacagaggattgtgtagtg
caaacgtcacaagattctacttcgattcagtttccatgaagtgtctcacatttagttacagtggatgtggagggaat gaaaacaattttacttccagac
aatcatgttggagggcttgcagaaaaggtttcat caaaasagggt caaaaggaggattaaggaaagat aaaagaataagaaagaagcattcag
tgggaatataa

>Lacritin-Dr-1
atgagatttatggctctccttcttctggecgcetctgtttggagecctggtctgtgeccaagacaccaccgataacattccagatgctacgactgagg
attctctgacctctgaacttgagacaacagctccagcagaat ctacttcact ccaagagacagctgcagcagcccagaagactgcetgggacaac
tcaggcgccagccacggacaccgttcaggagcaagaaccaaatcccctgaaatccatgatagagaaaagtatcttgctaacacaaaaggccttt
gatggagcagaaaagagagccaataaaggaat ccaaggtggacaaaagctaattaaagatggagttgactttgtaacaaaaactaaggaagta
attttttggataccwaaaaaatttttgcttcttggtgtctag

>Lysozyme-Dr-1
atgaaggctctccttattctggggcttgtectgcetttctgtcaccgtccagggceaaggtctttgaaaggtgegagcetggecagaact ctaaaaaga
ctcggaatggcetggctacgggggagtcagectgaacgactggatgtgtttgtccaaatgggaaagtggctacaacacacgagctacaaactat
aatcctggagaccgaagcactgattatgggatatttcagatcaatagccgctactggtgtegtgatggcaaaaccccacgagcagttaacgecty
tggtatagactgcaatgctttgctgegagatgacatcactgaagctgtasaat gtgcasagagggttgtccgegatccacaaggcatcagagect
gggtggcatggagaaatcgttgtcagaaccaagatctcacttcctatactaagggttgtggagtgtaa

>Mucin-Dr-1
acatgcaagactgaagagaggcttgtgaagttcasagataatgacacctgctgtgaaattggatactgtgaaccaagaatatgtttctttaacaata
ccaactatgagattggcgcttcatttggggaccccaagaaccectgtgtctectacttctgtgacaagaccggtttggttacagtggttcaagactg
cccaaggcagacctggtgtgcggaagtagaccgagtctatgattacaaaaaat gttgctatacatgtaatactaattgecggtcttcactcgtgaat
gtcactgttaggtacaatggttgtgcgaaaagaccggagatggcaagatgcgtaggggaatgcaaaaagaccatcaggtacaattatgagtatc
tttcagttggaaaattcctgectttgetgccaagatga

>PACAP3-Dr-1
atgtgcagcggagcaaggctggctctgetggtctgegggatcctaatgegcagcagtgtgeactgetceectgacagegecgggecccggot
cccggggatcgggtcggagaatggcacgcgtgaccaagegtgcgacggggatggaaaccagctgcagaacttCaatgactcggagecgct
gggtgtagagagcccagcctctgtgectgaggaagacgaagtgctcaaccacacaaaggcccaggcagtagagagcageccaacctctge
gcccggggaagacgaagtgcetcaacgacctggacaagataagagaagtcgtttatgggatccttagtgaggcecttccgcaaactgttggaaca
gctgtccggegagaaattacggcagaagctectggecaagggcgagggtgggattgcaggeggcaactccgaggacgactcagatcggct
ctccaagegcecacgttgacggtatcttcacggatgectacagecgecacctgcaaaasacaggctgecaggacgtacttgaattcagtectagga
Cccgcctaaaaagaacgactga

>PACAP3-Dr-2
atgtgcagcggagcaaggctggctctgetggtctgegggatcctaatgegcagcagtgtgeactgeteectgacagegecggeccgggtecc
ggggatcgggtcggagaatggcacgcgtgaccaagegtgcgacggggatggaaaccagctgcagaacttcaatgactcggageegetggg
tgtagagagcccagcectctgtgectgaggaagacgaagtgct caaccacacaaaggcccaggcagtagagagcageccaacctctgegecc
ggggaagacgaagtgctcaacgacctggacaagataagagaagtcgtttatgggatcettagtgaggecttccgcaaactgttggaacagctgt
ccggcgagaaattacggcagaagctcctggecaagggcegagggtgggattgcaggeggcaactccgaggacgactcagatcggctcteca



agcgccacgttgacggtatcttcacggatgectacagccgecacctgcaaaaacaggctgccaggacgtacttgaattcagtectaggaccge
Ctaaaaagaacggtataaaaacgccgaatagcattttgtag

>PACAP3-Dr-3
atgtgcagcagagcaaggctggctctgetggtctgegggatcctaatgegcageagtgtgeactgeteccctgtcagegeecgggecccgggte
ccggggatcgggtcggagastggcacgcaggaccaagegtgcgacggggatggaaaccagctgcagaacttcaatgactcggagecgcetg
ggtgtagagagcccagcectctgtgectgaggaagcecgaagtgctcaaccacacaaaggcccaggcagtagagagcageccaacctctgege
ccggggaagacgaagtgctcaacgacctggacaagataagagaagtcgtttatgggatccttagtaaggcecttccgcaaactgttggaagage
tgtccagcgagaaattacggcagaagctcctggecaagggegagggtgggattgtaggeggcaactccgaggacgactcagataggctcetc
caagcgccacgttgacggtatcttcacggatgcctacagccgecacctgcaaaaacaggctgccaggacgtacttgaattcagtectaggacc
gcctaaaaagaacgactga

>PACAP3-Dr-4
atgtgcagcggagcaaggctggctctgetggtctgegggatcctaatgegcagcagtgtgeactgeteeectgtcagegecgggecccaggtc
cccgggatcgggtcggagaatggcacgcegtgaccaagegtgcgacggggatggaaaccagctgcagaacgtcaatgactcggagecgcetg
gatgtagagagcccggcctctgtgectgaggaagacgaagtgctcaaccagacagaggcgecggcagtagagagcageccaacctcetgeg
cctggggaagacgaagtgctcaatgacctggacaagataagagaagtcgtttatgggatccttagtaaggcecttccgcaaactgttggaacage
tgtccggegagaaattacggcagacgctcctggacaagggcgagggtgggattccaggcagggacaccaatgaccactceggteggetcte
caagcgccactcggaacgagtctacagggacaccttaagattgttgcagcaactaagtaat gtcaagaatttcttgactacaacactasagaaag
gctaa

>PACAP3-Dr-5
atgtgcagcggagcaaggctggctctgetggtctgegggatcctaatgegcageagtgtgeactgeteecectgacagegecgggeccegggt
cccggggatcgggtcggagaatggcacgcegtgaccaagegtgcgacggggatggaaaccagetgcagaacttcaatgactcggagecgct
gggtgtagagagcccagcctctgtgectgaggaagacgaagtgctcaaccacacaaaggcccaggcagtagagagcageccaacctctge
gcccggggaagacgaagtgctcaacgacctggacaagataagagaagtcgtttatgggatcettagtgaggcecttccgcaaactgttggaaca
gctgtccggegagaaattacggcagaagetectggecaagggcgagggtgggattgcaggeggcaactccgaggacgactcagatcggct
ctccaagcgccacgttgacggtatcttcacggatgcectacagccgecacctgcaaaaacaggctgecaggacgtacttgaattcagtcctagga
ccgcctaaaaagaacggtataaaaacgccgaatagcattttgtag

>PACAP3-Dr-6
atgtgcagcagagcaaggctggctctgetggtctgegggatcctaatgegcageagtgtgeactgeteccctgtcagegeecgggecccgggte
ccggggatcgggtcggagastggcacgcaggaccaagegtgcgacygggatggaaaccagctgcagaacttcaatgactcggagecgcetg
ggtgtagagagcccagcectctgtgectgaggaagcecgaagtgctcaaccacacaaaggcccaggcagtagagagcageccaacctctgege
ccggggaagacgaagtgctcaacgacctggacaagataagagaagtcgtttatgggatccttagtgaggecttccgcaaactgttggaacage
tgtccggegagaaattacggcagaagcetcctggecaagggegagggtgggattgcaggeggcaactccgaggacgactcagatcggetcte
caagcgccacgttgacggtatcttcacggatgectacagccgecacctgcaaaaacaggctgecaggacgtacttgaattcagtectaggacc
gcctaaaaagaacgactga

>PACAP3-Dr-7
atgtgcagcagagcaaggctggctctgetggtctgegggatcctaatgegcageggctceccactgeteccctgtcagegecgggecccagat
ccccgggatcgggtcggagaatggeacgcegtgaccaagegtgcgacggggatggasaccagcetgcagaacgtcaatgactcggagecgct
gggtgtagagagcccggcectctgtgectgaggaagecgaagtgcetcaaccacacggaggegecggceagtagagagcagcccaacctctge
gcccggggaagacgaagtgctcaacgacctggacaagataagagaagtcgtttatgggat cettagtgaggecttccgcaaactgttggaaga
gctgtceggegagaaattacagcagaagctcgtggecaagggegagggtgggattccaggcagggataccgaggacgactcagatcggct
ctccaagcgcecactcggaacgagtctacagggacaccttaagattcttccagcaactaagtaatgtcaagaatttcttgactacagcactasagaa
aggctga

>Secretoglobin-Dr-1
atgaagctggtgaccatcctcatgetgaccgecctceeecctgtactgetatgeggggattggetgegatcttatggacaacgtggtcaaaatgac
catcgattctaatgtggacgtgaatacatacatcgataacctgaasagagttcctaccaggtgaagaaact caagaggccttcaaattcatgaagga

atgctttctygatcagagcgaagasactctggagaagatcaaagttctgcagcaatcgatatacagtagegtttggtgtgeteggtactaa



>Stathlipin-Dr-1
atgaagatccttgecttggectttatcttggetctecatgettgecatgattggggeacgttctttttcatctgaagagggggcecctttcttcttcatctga
agagagatattttccaatcgcectatgaaccatatccagagccatatccataccetectecatatgtaaggaagtag

>Stathlipin -Dr-2
atgaagatccttgecttggectttatcttggetctecatgettgecatgattggggcacgttctttttcatctgaagagggggcecctttcttcttcatctga
agagagatattatccaatcccctatgaaccatatccagagccatatccatacectcctccaaatgtaaggaagtag

>Stathlipin -Dr-3
atgaagatccttgecttggectttatcttggetctecatgettgecatgattggggeacgttctttttcatctgaagagggggccctttcttcttcatctga
agagagatattttccaatcgcectatgaaccatatccagagcecatatccataccetectecatatgtaaggaagtag

>Waprin-Dr-1
ggcatacaatgcttggatcctgtagaccagtcacagccaggcaatcctggacagtgtccagtagtcaccggecagtgtatgatgetcaacccaa
gagactcctgectgagtgatggegattgeeccgaacaatttcaagtgctgcgaggggatgtgtggcaagttatgtgtcaggecagtgtga
>7a2G-Dr-1
atgagcacaatggtgcctgtcctgctgtcectactgctecttetgggtcttgcaaacacccaaaatggacattactccctgagcttccactatactgg
ggtgtccaggeccggggcaggcectecccagttttcaggecactgggtacctcaatgaccaggcecttectecactatgatagtggaagtggagtg

gctgagcccttgggeecgtggacagaggtgaaaggaatggtggactgggagaaggaaactcagtigcagaaggccagggaggacttcttca
tgaagaccctganagaaat catgggctattacastgacagagggaat cacactcttcagggaaggttcggttgtgagcttcaggataacaactac

tgtggagcattctggacatatatctacgatggacgggagtacatcaagttcatcacagaaatcccagectggttccctcggcaasacaaaagecgt
gttcacasaggasaagtgggagacagaaggctctgtgcagcgggecaaggectacctggaagaggagtgeccceggatgetgcagaattac
ctgcaatacagcaagacattcctggaccgtcaagatgeteectetgtgtcattcaccagecaggtgggeccaggaaacct caagaccctcaagt
gectggectacaacttctacccacgaccagtcagtatgtactggactcaggcaggcagegcagtggagactgacgaatggggaggecategtt
cctag

>7a2G-Dr-2
atgagcacaatggtgectgtectgetgteectactgetecttctgggtcttgcasacacccaaaatggacattacteectgagettccactatactgg
ggtgtccaggeccggggcaggcectecccagttttcaggecactgggtacctcaatgaccaggecttcctecactatgatagtggaagtggagtg

gctgagcccttgggeecgtggacagaggtgaaaggaatggtggactgggagaaggaaactcagtigcagaaggccagggaggacttcttca
tgaagaccctgasagaaat catgggctattacastgacagagggaat cacactcttcagggaagattcggttgtgagcttcaggataacaactac

tgtggagcattctggacatatatctacgatggacgggagtacatcaagttcatcacagaaatcccagectggtteectcggcaasacaaaagecgt

gttcacasaggasaagtgggagacagaaggctctgtgcagcgggecaaggectacctggaagaggagtgeccceggatgetgcagaattac
ctgcaatacagcaagacattcctggaccgtcaagatgeteectctgtgtcattcaccagecaggtgggeccaggaaacct caagacectcaagt

gectggectacaacttctacccacgaccagtcagtatgtactggactcaggcaggcagegcagtggagactgacgaatggggagecategtte
ctagtgaagatggcacttaccactcctgggtgacagtgaaagtecect cttcagacacaggeccctactectgecacgtgcaacacagcagect

ggcccageccctcatcatcecatggaatgaggggcaggaagcaggggctgtaggtacctectag



I nstrunment specific search parameters (ABSci ex Triple-TOF 5600)

Fi xed

MS tol erance = 0.05
MSMS tol erance = 0
M5 Std Dev=0.0011 Da
MSMS Std Dev=0.01 Da

Da
.1 Da

Default charge states= 2-4

identification sets and probabilities
Term nal Am dat ed>
termspec PepCTerm prob 0.001
Ami no>
Tyrosi ne prob 0. 0005
Anmoni a- | oss>
Asparagi ne prob 0.001
Arg-1 oss>
Ar gi ni ne termspec PepCTerm prob 0.001
Ar g- add>
termspec PepNTerm prob 0.001
Arg->0rn>
Ar gi ni ne prob 0.0004
Det hi onet hyl >
Met hi oni ne prob 0.01
Ar g- >d uSA>
Ar gi ni ne prob 0. 0007
Car banyl >
Lysi ne prob 0.0015
Ar gi ni ne prob 0.001
Cystei ne prob 0.00001
Met hi oni ne prob 0.00001
Termni nal Car banyl >
termspec PepNTerm prob 0.006
Cati on: Na>
Aspartic Acid prob 0.0001
G utamc Acid prob 0.0015
Term nal Cation: Na>
termspec PepCTerm prob 0.00001
Cati on: K>
Aspartic Acid prob 0.0016
G utamc Acid prob 0.0022
Term nal Cation: K>
termspec PepCTerm prob 0.00001

Cation:Cu[l]>
Aspartic Acid
Gutamc Acid

prob 0.00001
prob 0.00001



Term nal Cation:Cu[l]>

termspec PepCTerm prob 0.00001
Cys- >Dha>
Cyst ei ne prob 0.001
Deani dat ed>
Asparagi ne prob 0.16
GQutamne prob 0.11
Asn Or Asp prob O0.16
A@Gn O Gu prob 0.11
Dehydr at ed>
Aspartic Acid prob 0.0023
G utamc Acid prob 0.002
Serine prob 0.0026
Threonine prob 0.003
Dehydr o>
Cystei ne prob 0.01
Di dehydr o>
Threonine prob 0.0001
Terni nal Di dehydr o>
Lysi ne termspec PepCTerm prob 0.0001
Del ta: H(2) C(2)>
Lysi ne prob 0.004
Hi stidine prob 0.012
Term nal Delta: H(2)C(2)>
termspec PepNTerm prob 0.001
Del ta: H(4) C(2)>
Lysi ne prob 0.001
Hi stidine prob 0.001
Term nal Delta: H(4)C(2)>
termspec PepNTerm prob 0.001
For nyl >
Lysi ne prob 0.002
Term nal Fornyl >
termspec PepNTerm prob 0.002
d n->pyro-d u>
G utamne termspec PepNTerm prob 0.27
d u->pyro-d u>
G utamc Acid termspec PepNTerm prob 0.11
Lys- | oss>
Lysi ne termspec PepCTerm prob 0.001
Lys- add>
termspec PepNTerm prob 0.001
Met - >Hse>

Met hi oni ne prob 0.00001



Met - >Hsl >
Met hi oni ne prob 0.00001

Oxi dati on>
Met hi oni ne prob 0. 15
Cyst ei ne prob 0.00001
Hi stidine prob 0.005
Trypt ophan prob 0.013
Proline prob 0.01

Di oxi dati on>
Met hi oni ne prob 0.01
Cyst ei ne prob 0.005
Tryptophan prob 0.013
Phenyl al ani ne prob 0.00001

Tri oxi dati on>
Cyst ei ne prob 0.0001
Trypt ophan prob 0. 0005

Pr o- >pyr o-Qd u>
Proline prob 0. 0006

Pr o- >Pyrrol i di none>
Proline termspec PepCTerm prob 0.0001

Tr p- >Hydr oxykynur eni n>
Trypt ophan prob 0.002

Tr p- >Kynur eni n>
Trypt ophan prob 0.02

Bi ol ogical identification sets and probabilities

Acet yl >
Lysi ne prob 0.00003
Serine prob 0.00015

Threonine prob 0.00015
Cystei ne prob 0.001

Term nal Acetyl >
termspec PepNTerm prob 0.004

Protein Term nal Acetyl>
termspec ProtNTerm prob 0.1

Protein Term nal Am dat ed>
termspec ProtClerm prob 0.0001
Am di no>
Cystei ne prob 0.0001
Protein Term nal Ammoni a-| oss>

Serine termspec ProtNTerm prob 0.001
Threonine termspec ProtNTerm prob 0.001

Ar chaeol >
Cystei ne prob 0.0001

Bi oti n>



Lysi ne prob 0.00004

Protein Term nal Biotin>
termspec ProtNTerm prob 0.00001

Br ono>
Trypt ophan prob 0. 0005
Phenyl al ani ne prob 0.00001
Hi stidine prob 0.00003
Tyrosi ne prob 0.00001

Di br omro>
Tyrosi ne prob 0. 00005

Butyryl >
Lysi ne prob 0.00001

Car boxy>
Aspartic Acid prob 0.00015
G utamc Acid prob 0.0003
Met hi oni ne prob 0.0001
Lysi ne prob 0.0001

Car boxy- >Thi ocar boxy>
d yci ne termspec ProtClTerm prob 0.0001

Car boxyet hyl >
Lysi ne prob 0.0001

CHDH>
Aspartic Acid prob 0.0001

Chl or o>
Tyrosi ne prob 0.00008

Di chl or o>
Tyrosi ne prob 0.0001

Chol est erol >
termspec ProtClerm prob 0.0001

CuShb>
Cystei ne prob 0.0001

Cyano>
Cyst ei ne prob 0.0001

Cystei nyl >
Cystei ne prob 0.00001

Qys- >Hey>
Cystei ne prob 0.0001

Cys- >Oxoal ani ne>
Cyst ei ne prob 0.00001

Cys->Pyruvi cAci d>
Cystei ne termspec ProtNTerm prob 0.0001

Deani dat ed>
Ar gi ni ne prob 0.007



Protein Term nal Deam dat ed>

Phenyl al ani ne termspec ProtNTerm prob
Decanoyl >
Serine prob 0.0001

Threonine prob 0.0001

Dehydr at ed>
Tyrosi ne prob 0.001

Protein Term nal Dehydrated>
Asparagi ne prob 0.001 termspec ProtCTerm
GQutamine prob 0.001termspec ProtCTerm

Delta: S(-1)Se(1)>
Cystei ne prob 0.0001
Met hi oni ne prob 0.0001

Delta: Se(1)>
Cyst ei ne prob 0.0001

Deoxy>
Aspartic Acid prob 0.0001

Di acyl gl ycerol >
Cystei ne prob 0.0001

Di dehydr o>
Serine prob 0.0001
Tyrosi ne prob 0.0001

Di dehydroretinylidene>
Lysi ne prob 0.0001

Di i ronsubcl ust er >
Cyst ei ne prob 0.0001

Di pht ham de>
Hi stidine prob 0.00016

Di pyrrol yl met hanemet hyl >
Cystei ne prob 0.0001

FAD>
Cyst ei ne prob 0.00001
Hi stidine prob 0.00001
Tyrosi ne prob 0.00001
FM\>
Serine prob 0.0001
Threonine prob 0.0001
FMNC>
Cyst ei ne prob 0.00001
FMNH>

Cystei ne prob 0.0001
Hi stidine prob 0.0001

Far nesyl >

0. 0001



Cystei ne prob 0.0004

Hydr oxyf ar nesyl >
Cystei ne prob 0.00001

For mal dehydeAdduct >
Trypt ophan prob 0.003

Protein Term nal Fornyl >
termspec ProtNTerm prob 0.00001

For nmyl Met >
termspec ProtNTerm prob 0.00001

Ger anyl ger anyl >
Cyst ei ne prob 0.00001

Protein Term nal Hex>
termspec ProtNTerm prob 0.00001

dHex>
Serine prob 0.00004
Threonine prob 0.00001
Asparagi ne prob 0.00007

HexNAc>
Serine prob 0.0008
Threonine prob 0.0003
Asparagi ne prob 0.0007

Hex (1) HexNAc(1) >
Serine prob 0.00001
Threonine prob 0.00001
Asparagi ne prob 0.00001

Hex( 1) HexNAc( 1) NeuAc(1) >
Serine prob 0.00001
Threonine prob 0.00005
Aspar agi ne prob 0.00003

Hex (1) HexNAc( 1) NeuAc( 2) >
Serine prob 0.00001
Threonine prob 0.00003
Aspar agi ne prob 0.00002

Hydr oxyci nnanyl >
Cyst ei ne prob 0.0001

Hydr oxyhene>
G utamc Acid prob 0.0001

Hydr oxynet hyl >
Asparagi ne prob 0.0001

Hydr oxyt ri et hyl >
Lysi ne prob 0.0001

Hypusi ne>
Lysi ne prob 0.0001



| odo>

Tyrosi ne prob 0. 0007

Hi stidine prob 0.0001
Di i odo>

Tyrosi ne prob 0.00002

Hi stidine prob 0.00001
Li poyl >

Lysi ne prob 0.00001
Lys->Al | ysi ne>

Lysi ne prob 0.0003
Lys- >Hydr oxyal | ysi ne>

Lysi ne prob 0.00013
Lys- >Ami noadi pi cAci d>

Lysi ne prob 0.0001
Protein Term nal Lys-I|oss>

Lysi ne termspec ProtCTerm
Met - >Hcy>

Met hi oni ne prob 0.001
Met hyl >

Ar gi ni ne prob 0.0003

Hi stidine prob 0.002

Lysi ne prob 0.0004

Aspar agi ne prob 0.0005

G utamne prob 0.0005

Cystei ne prob 0.001

| sol euci ne prob 0.0002

Leuci ne prob 0.0002

Serine prob 0.0002

Threonine prob 0.0004

Aspartic Acid prob 0.001

G utamc Acid prob 0.001
Protein N Term nal Methyl >

termspec ProtNTerm prob
Protein C Term nal Methyl >
termspec ProtClTerm prob

D net hyl >

Ar gi ni ne prob 0.0009

Lysi ne prob 0. 0006

Asparagi ne prob 0.0001

Protein Term nal D nethyl >

Proline termspec ProtNTerm
Tri et hyl >

Ar gi ni ne prob 0. 00005

Lysi ne prob 0.0006

Al ani ne prob 0.00001

Met hyl +Deami dat ed>

G utamne prob

0. 0001

prob 0.001

0. 0001

0. 0001

prob 0.0001



Met hyl pyrrol i ne>
Lysi ne

Met hyl t hi o>
Aspar agi ne

prob 0.0001

prob 0.00001

Aspartic Acid prob 0.00002

M croci n>

termspec ProtClerm prob 0.0001

M cr oci nC7>

termspec ProtClerm prob 0.0001

Mol ybdopt eri n>
Cyst ei ne

Mol ybdopt eri nGD>
Cyst ei ne

prob 0.0001

prob 0.0001

Aspartic Acid prob 0.00002

Mol ybdopteri nGD+Del t a: S(-1) Se(1) >

Cyst ei ne prob 0.0001
Myri st oyl >
Lysi ne prob 0.0001
Cystei ne prob 0.0001
Protein Term nal Mri stoyl >
d yci ne termspec ProtNTerm prob 0.0001
NeuAc>
Serine prob 0.00001
Threonine prob 0.00001
Asparagi ne prob 0.00001
NeuGc>
Serine prob 0.00001
Threonine prob 0.00001
Aspar agi ne prob 0.00002
Ni coti nyl >
Lysi ne prob 0.00007
Ni tro>
Tyrosi ne prob 0.0001
Trypt ophan prob 0.0003
Cct anoyl >
Serine prob 0.0001
Threonine prob 0.0001
Oxi dat i on>
Aspartic Acid prob 0.0009
Asparagi ne prob 0.0012
Cystei ne prob 0.001
Phenyl al ani ne prob 0.001
Tyrosi ne prob 0.0013
Lysi ne prob 0. 00005
Ar gi ni ne prob 0.0014
Proline prob 0.01



Term nal Oxidati on>
d yci ne termspec PepCTerm prob 0.0001
Di oxi dati on>
Proline prob 0.0002
Ar gi ni ne prob 0.0002
Lysi ne prob 0.00002
Tyrosi ne prob 0.0002
Tri oxi dati on>
Tyrosi ne prob 0.0002
Pal mi t ol eyl >
Cystei ne prob 0.00001
Pal m t oyl >
Cystei ne prob 0.00001
Lysi ne prob 0.00001
Serine prob 0.00001
Threonine prob 0.00001

Tripal mtate>

Cystei ne termspec ProtNTerm prob 0.00001
Phosphopant et hei ne>
Serine prob 0.00002

Phosphoadenosi ne>

Lysi ne prob 0.0001

Tyrosi ne prob 0.0001

Threonine prob 0.0001

Hi stidine prob 0.0001
Phosphoguanosi ne>

Lysi ne prob 0.0001

Hi stidine prob 0.0001
Phosphori bosyl dephosphoCoA>

Serine prob 0.0001
PhosphoUri di ne>

Tyrosi ne prob 0.0001

Hi stidine prob 0.0001
Phospho( Ser, Thr) >

Serine prob 0.002

Threonine prob 0.0007
Phospho>

Tyrosi ne prob 0.00001

Lysi ne prob 0.0001

Hi stidine prob 0.0001

Aspartic Acid prob 0.0001

Ar gi ni ne prob 0.0001

Cystei ne prob 0.00001

Pr opi onyl >
Lysi ne

Phycocyanobi | i n>

prob 0.00001



Cystei ne prob 0.0001

Phycoeryt hrobi |l i n>
Cystei ne prob 0.0001

Phyt ochr onobi | i n>
Cyst ei ne prob 0.0001

Pyri doxal Phosphat e>
Lysi ne prob 0.0001

Pyruvi cAci dl m nyl >
Lysi ne prob 0.0001

Protein Term nal Pyruvi cAcidl m nyl >
Val i ne termspec ProtNTerm prob 0.0001
Cystei ne termspec ProtNTerm prob 0.0001

Qui none>
Tryptophan prob 0.0001
Tyrosi ne prob 0.0001

Reti nyl i dene>

Lysi ne prob 0.0001
Ser - >Lacti cAci d>

Serine prob 0.0001
Ser - >Oxoal ani ne>

Serine prob 0.0003
Succi nyl >

termspec ProtNTerm prob 0.00008

Sul fide>
Cystei ne prob 0.00002
Sul f 0>
Serine prob 0.00002
Threonine prob 0.00001
Tyrosi ne prob 0.0006
Cystei ne prob 0.0001

Thyr oxi ne>
Tyrosi ne prob 0.0001

Trii odot hyroni ne>
Tyrosi ne prob 0.0001

Tyr - >Dha>
Tyrosi ne prob 0.0001

Ubi qui ti nati on LRGG
Lysi ne prob 0.00001

Al kylation identification probabilities for |odoethanol

Et hanol yl >
Cystei ne prob 0.95
Lysi ne prob 0.01

Sel enocyst ei ne prob 0.005



Term nal Et hanol yl >
termspec PepNTerm  prob

| odo>
Tyrosi ne prob 0.05
Hi stidine prob 0.01

Al kylation identification probabilities for |odoacetam de
Cyst ei ne prob 0.994
Lysi ne pr ob 0. 006
Aspartic Acid prob 0.0016
G utamc Acid prob 0.0018
Hi stidine prob 0.001
Sel enocyst ei ne prob 0.005
Serine prob 0.001
Threonine prob 0.001
Tyrosi ne prob 0.001

Term nal Car bam donet hyl >
termspec PepNTerm

Di car banm donet hyl >
Aspartic Acid prob 0.001

Car banyl >
Met hi oni ne prob 0.001

| odo>
Tyrosi ne prob 0.0012
Hi stidine prob 0.00019

Ami no acid substitution probabilities

resi due="A" sub="R" probability="0.0015"
resi due="R" sub="A" probability="0.0015"
resi due="A" sub="N" probability="0.001"
resi due="N' sub="A" probability="0.001"
resi due="A" sub="D" probability="0.001"
resi due="D" sub="A" probability="0.001"
resi due="A" sub="C" probability="0.003"
resi due="C" sub="A" probability="0.003"
resi due="A" sub="Q' probability="0.0015"
resi due="Q' sub="A" probability="0.0015"
resi due="A" sub="E" probability="0.0015"
resi due="FE" sub="A" probability="0.0015"
resi due="A" sub="G' probability="0.003"
resi due="G' sub="A" probability="0.003"
resi due="A" sub="H" probability="0.001"
resi due="H" sub="A" probability="0.001"
resi due="1" sub="A" probability="0.0015"
resi due="A" sub="L" probability="0.0015"
resi due="L" sub="A" probability="0.0015"
resi due="A" sub="K" probability="0.0015"
resi due="K-" sub="A" probability="0.0015"
resi due="A" sub="M probability="0.0015"
resi due="M sub="A" probability="0.0015"
resi due="A" sub="F" probability="0.001"
resi due="F" sub="A" probability="0.001"
resi due="A" sub="P" probability="0.0015"
resi due="Pp" sub="A" probability="0.0015"

resi due="A" sub="S" probability="0.004"



resi due="S"
resi due="A"
resi due="T"
resi due="A"
resi due="W
resi due="A"
resi due="Y"
resi due="A"
resi due="V"
resi due="R"
resi due="N"
resi due="R"
resi due="D"
resi due="R"
resi due="C"
resi due="R"
resi due="Q'
resi due="R"
resi due="FE"
resi due="R"
resi due="G'
resi due="R"
resi due="H"
resi due="1"
resi due="R"
resi due="L"
resi due="R"
resi due="K"
resi due="R"
resi due="M
resi due="R"
resi due="F"
resi due="R"
resi due="PpP"
resi due="R"
resi due="S"
resi due="R"
resi due="T"
resi due="R"
resi due="W
resi due="R"
resi due="Y"
resi due="R"
resi due="V"
resi due="D"
resi due="N"
resi due="C"
resi due="N"
resi due="Q'
resi due="N"
resi due="FE"
resi due="N"
resi due="G'
resi due="N"
resi due="H"
resi due="1"
resi due="N"
resi due="L"
resi due="N"
resi due="K"
resi due="N"

sub="A"
sub="T"
sub="A"
sub="WwW
sub="A"
sub="Y"
sub="A"
sub="V"
sub="A"
sub="N"
sub="R"
sub="D"
sub="R"
sub="C"
sub="R"
sub="Q"'
sub="R"
sub="FE"
sub="R"
sub="G'
sub="R"
sub="H"
sub="R"
sub="R"
sub="L"
sub="R"
sub="K"
sub="R"
sub="M
sub="R"
sub="F"
sub="R"
sub="pP"
sub="R"
sub="S"
sub="R"
sub="T"
sub="R"
sub="W
sub="R"
sub="Y"
sub="R"
sub="V"
sub="R"
sub="N"
sub="C"
sub="N"
sub="Q"'
sub="N"
sub="E"
sub="N"
sub="G'
sub="N"
sub="H"
sub="N"
sub="N"
sub="L"
sub="N"
sub="K"
sub="N"
sub="M

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.

004"
003"
003"
0008"
0008"
oo1"
oo1"
003"
003"
003"
003"
oo1"
oo1"
0008"
0008"
004"
004"
003"
003"
oo1"
oo1"
003"
003"
0008"
oo1"
oo1"
005"
005"
0015"
0015"
0008"
0008"
oo1"
oo1"
0015"
0015"
0015"
0015"
0008"
0008"
oo1"
oo1"
0008"
0008"
004"
0008"
0008"
003"
003"
003"
003"
003"
003"
004"
004"
0008"
0008"
0008"
003"
003"
oo1"



resi due="M
resi due="N"
resi due="F"
resi due="N"
resi due="PpP"
resi due="N"
resi due="S"
resi due="N"
resi due="T"
resi due="N"
resi due="W
resi due="N"
resi due="Y"
resi due="N"
resi due="V"
resi due="D"
resi due="C"
resi due="D"
resi due="Q'
resi due="D"
resi due="FE"
resi due="D"
resi due="G'
resi due="D"
resi due="H"
resi due="1"
resi due="D"
resi due="L"
resi due="D"
resi due="K"
resi due="D"
resi due="M
resi due="D"
resi due="F"
resi due="D"
resi due="P"
resi due="D"
resi due="S"
resi due="D"
resi due="T"
resi due="D"
resi due="W
resi due="D"
resi due="Y"
resi due="D"
resi due="V"
resi due="C"
resi due="Q'
resi due="C"
resi due="FE"
resi due="C"
resi due="G'
resi due="C"
resi due="H"
resi due="1"
resi due="C"
resi due="L"
resi due="C"
resi due="K"
resi due="C"
resi due="M

sub="N"
sub="F"
sub="N"
sub="pP"
sub="N"
sub="S8"
sub="N"
sub="T"
sub="N"
sub="W
sub="N"
sub="Y"
sub="N"
sub="V"
sub="N"
sub="C"
sub="D"
sub="Q'
sub="D"
sub="FE"
sub="D"
sub="G'
sub="D"
sub="H"
sub="D"
sub="D"
sub="L"
sub="D"
sub="K"
sub="D"
sub="M
sub="D"
sub="F"
sub="D"
sub="P"
sub="D"
sub="S"
sub="D"
sub="T"
sub="D"
sub="W
sub="D"
sub="Y"
sub="D"
sub="V"
sub="D"
sub="Q'
sub="C"
sub="FE"
sub="C"
sub="G'
sub="¢C"
sub="H"
sub="¢C"
sub="C"
sub="L"
sub="C"
sub="K"
sub="¢C"
sub="M'
sub="¢C"

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.

oo1"

0008"
0008"
oo1"

oo1"

004"

004"

003"

003"

0008"
0008"
oo1"

oo1"

0008"
0008"
0008"
0008"
003"

003"

005"

005"

0015"
0015"
0015"
0015"
0008"
0008"
0008"
0015"
0015"
0008"
0008"
0008"
0008"
0015"
0015"
003"

003"

0015"
0015"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0015"
0015"
0015"
0008"
0008"
0015"
0015"



resi due="C"
resi due="F"
resi due="C"
resi due="P"
resi due="C"
resi due="S"
resi due="C"
resi due="T"
resi due="C"
resi due="W
resi due="C"
resi due="Y"
resi due="C"
resi due="V"
resi due="E"
resi due="Q'
resi due="G'
resi due="Q'
resi due="H"
resi due="1"
resi due="Q'
resi due="L"
resi due="Q'
resi due="K"
resi due="Q'
resi due="M
resi due="Q'
resi due="F"
resi due="Q'
resi due="PpP"
resi due="Q'
resi due="S"
resi due="Q'
resi due="T"
resi due="Q'
resi due="W
resi due="Q'
resi due="Y"
resi due="Q'
resi due="V"
resi due="FE"
resi due="G'
resi due="E"
resi due="H"
resi due="1"
resi due="FE"
resi due="L"
resi due="FE"
resi due="K"
resi due="FE"
resi due="M
resi due="E"
resi due="F"
resi due="E"
resi due="P"
resi due="E"
resi due="S"
resi due="E"
resi due="T"
resi due="FE"
resi due="W

sub="F"
sub="C"
sub="P"
sub="C"
sub="§"
sub="C"
sub="T"
sub="C"
sub="W
sub="C"
sub="Y"
sub="C"
sub="V"
sub="C"
sub="Q'
sub="G'
sub="Q'
sub="H"
sub="Q'
sub="Q'
sub="L"
sub="Q'
sub="K"
sub="Q'
sub="M
sub="Q'
sub="F"
sub="Q'
sub="pP"
sub="Q'
sub="8"
sub="Q'
sub="T"
sub="Q'
sub="W
sub="Q'
sub="Y"
sub="Q'
sub="V"
sub="Q'
sub="G'
sub="FE"
sub="H"
sub="FE"
sub="FE"
sub="L"
sub="FE"
sub="K"
sub="FE"
sub="M
sub="FE"
sub="F"
sub="FE"
sub="pP"
sub="FE"
sub="8"
sub="FE"
sub="T"
sub="FE"
sub="W
sub="FE"

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.

oo1"
oo1"
0008"
0008"
0015"
0015"
0015"
0015"
oo1"
oo1"
oo1"
oo1"
0015"
0015"
005"
oo1"
oo1"
003"
003"
0008"
oo1"
oo1"
004"
004"
003"
003"
0008"
0008"
0015"
0015"
003"
003"
0015"
0015"
oo1"
oo1"
0015"
0015"
oo1"
oo1"
oo1"
oo1"
003"
003"
0008"
0008"
0008"
004"
004"
oo1"
oo1"
0008"
0008"
0015"
0015"
003"
003"
0015"
0015"
0008"
0008"



resi due="E"
resi due="Y"
resi due="FE"
resi due="V"
resi due="G'
resi due="H"
resi due="1"
resi due="G'
resi due="L"
resi due="G'
resi due="K"
resi due="G'
resi due="M
resi due="G'
resi due="F"
resi due="G'
resi due="P"
resi due="G'
resi due="S"
resi due="G'
resi due="T"
resi due="G'
resi due="W
resi due="G'
resi due="Y"
resi due="G'
resi due="V"
resi due="1"
resi due="H"
resi due="L"
resi due="H"
resi due="K"
resi due="H"
resi due="M
resi due="H"
resi due="F"
resi due="H"
resi due="P"
resi due="H"
resi due="S"
resi due="H"
resi due="T"
resi due="H"
resi due="W
resi due="H"
resi due="Y"
resi due="H"
resi due="V"
resi due="1"
resi due="1"
resi due="1"
resi due="1"
resi due="1"
resi due="1"
resi due="1"
resi due="1"
resi due="1"
resi due="L"
resi due="K"
resi due="L"
resi due="M

sub="Y"
sub="FE"
sub="V"
sub="FE"
sub="H"
sub="G'
sub="G'
sub="L"
sub="G'
sub="K"
sub="G'
sub="M'
sub="G'
sub="F"
sub="G'
sub="P"
sub="G'
sub="S8"
sub="G'
sub="T"
sub="G'
sub="WwW
sub="G'
sub="Y"
sub="G'
sub="V"
sub="G'
sub="H"
sub="L"
sub="H"
sub="K"
sub="H"
sub="M
sub="H"
sub="F"
sub="H"
sub="P"
sub="H"
sub="S"
sub="H"
sub="T"
sub="H"
sub="WwW
sub="H"
sub="Y"
sub="H"
sub="V"
sub="H"
sub="K"
sub="M'
sub="F"
sub="pP"
sub="S"
sub="T"
sub="W
sub="Y"
sub="V"
sub="K"
sub="L"
sub="M'
sub="L"

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.

oo1"
oo1"
oo1"
oo1"
oo1"
oo1"
0008"
0008"
0008"
oo1"
oo1"
0008"
0008"
0008"
0008"
oo1"
oo1"
003"
003"
oo1"
oo1"
oo1"
oo1"
0008"
0008"
0008"
0008"
0008"
0008"
0008"
0015"
0015"
oo1"
oo1"
0015"
0015"
oo1"
oo1"
0015"
0015"
oo1"
oo1"
oo1"
oo1"
005"
005"
0008"
0008"
0008"
004"
003"
0008"
oo1"
0015"
0008"
0015"
008"
oo1"
oo1"
005"
005"



resi due="L"
resi due="F"
resi due="L"
resi due="P"
resi due="L"
resi due="S"
resi due="L"
resi due="T"
resi due="L"
resi due="W
resi due="L"
resi due="Y"
resi due="L"
resi due="V"
resi due="K"
resi due="M
resi due="K"
resi due="F"
resi due="K"
resi due="P"
resi due="K"
resi due="S"
resi due="K"
resi due="T"
resi due="K"
resi due="W
resi due="K"
resi due="Y"
resi due="K"
resi due="V"
resi due="M
resi due="F"
resi due="M
resi due="PpP"
resi due="M
resi due="S"
resi due="M
resi due="T"
resi due="M
resi due="W
resi due="M
resi due="Y"
resi due="M
resi due="V"
resi due="F"
resi due="PpP"
resi due="F"
resi due="S"
resi due="F"
resi due="T"
resi due="F"
resi due="W
resi due="F"
resi due="Y"
resi due="F"
resi due="V"
resi due="P"
resi due="S"
resi due="P"
resi due="T"
resi due="P"

sub="F"
sub="L"
sub="P"
sub="L"
sub="§"
sub="L"
sub="T"
sub="L"
sub="W
sub="L"
sub="Y"
sub="L"
sub="V"
sub="L"
sub="M
sub="K"
sub="F"
sub="K"
sub="P"
sub="K"
sub="§"
sub="K"
sub="T"
sub="K"
sub="W
sub="K"
sub="Y"
sub="K"
sub="V"
sub="K"
sub="F"
sub="M
sub="p"
sub="M
sub="§"
sub="M
sub="T"
sub="M
sub="W
sub="M
sub="Y"
sub="M
sub="V"
sub="M
sub="pP"
sub="F"
sub="8"
sub="F"
sub="T"
sub="F"
sub="W
sub="F"
sub="Y"
sub="F"
sub="V"
sub="F"
sub="§"
sub="pP"
sub="T"
sub="P"
sub="W

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.
probability="0.
probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.
probability="0.

probability="0.

probability="0.
probability="0.

probability="0.
probability:"o.

probability="0.
probability="0.

probability="0.

probability="0.
probability="0.
probability="0.
probability="0.

003"
003"
0008"
0008"
oo1"
oo1"
0015"
0015"
oo1"
oo1"
0015"
0015"
004"
004"
0015"
0015"
0008"
0008"
0015"
0015"
003"
003"
0015"
0015"
0008"
0008"
oo1"
oo1"
oo1"
oo1"
003"
003"
oo1"
oo1"
0015"
0015"
0015"
0015"
0015"
0015"
0015"
0015"
004"
004"
0008"
0008"
oo1"
oo1"
oo1"
oo1"
004"
004"
008"
008"
0015"
0015"
0015"
0015"
0015"
0015"
0008"



resi due="W
resi due="P"
resi due="Y"
resi due="P"
resi due="V"
resi due="S"
resi due="T"
resi due="S"
resi due="W
resi due="S"
resi due="Y"
resi due="S"
resi due="V"
resi due="T"
resi due="W
resi due="T"
resi due="Y"
resi due="T"
resi due="V"
resi due="W
resi due="Y"
resi due="W
resi due="V"
resi due="Y"
resi due="V"

sub="P" probability="0.0008"
sub="Y" probability="0.0008"
sub="pP" probability="0.0008"
sub="V" probability="0.001"
sub="P" probability="0.001"
sub="T" probability="0.004"
sub="5S" probability="0.004"
sub="W probability="0.0008"
sub="S" probability="0.0008"
sub="Y" probability="0.001"
sub="S" probability="0.001"
sub="V" probability="0.001"
sub="S" probability="0.001"
sub="W probability="0.001"
sub="T" probability="0.001"
sub="Y" probability="0.001"
sub="T" probability="0.001"
sub="V" probability="0.003"
sub="T" probability="0.003"
sub="Y" probability="0.005"
sub="W probability="0.005"
sub="V" probability="0.0008"
sub="W probability="0.0008"
sub="V" probability="0.0015"
sub="Y" probability="0.0015"

Cl eavage probabilities for Trypsin (m scleavage factor

- CLEAVAGE RULE after="Arginine" prob="0.90">
exception before="Proline" prob="0.15"
exception before="Aspartic Acid" prob="0.70"
exception before="d utam c Acid" prob="0.85"

- CLEAVAGE RULE after="Lysine" prob="0.80">

excepti
excepti
excepti
excepti

on
on
on
on

bef ore="Proline" prob="0.034"

bef ore="Lysi ne" prob="0.70"

bef ore="Aspartic Acid" prob="0.50"
before="d utam c Acid" prob="0.60"

- CLEAVAGE RULE after="Tyrosine" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef ore="Al ani ne" prob="0.033"

bef or e="Cyst ei ne" prob="0. 00003"
bef ore="Aspartic Acid" prob="0.001"
before="d utam c Acid" prob="0.001"
bef or e=" Phenyl al ani ne" prob="0.018"
bef ore="d yci ne" prob="0.008"

bef ore="Hi sti di ne" prob="0.018"

bef ore="1sol euci ne" prob="0.018"
bef ore="Lysi ne" prob="0.0008"

bef ore="Leuci ne" prob="0.008"

bef or e="Met hi oni ne" prob="0.019"
bef or e=" Aspar agi ne" prob="0. 0004"
bef ore="Proline" prob="0.005"

bef ore="d ut am ne" prob="0.0004"
bef or e=" Ar gi ni ne" prob="0. 0006"

bef ore="Seri ne" prob="0. 002"

bef or e="Thr eoni ne" prob="0. 002"

bef ore="Val i ne" prob="0. 001"

bef or e="Tr ypt ophan" prob="0. 00008"
bef or e="Tyr osi ne" prob="0. 0003"

0. 75)



- CLEAVAGE_RULE aft er ="Phenyl al ani ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef ore=" Al ani ne" prob="0.014"

bef or e="Cyst ei ne" prob="0. 025"

bef ore="Aspartic Acid" prob="0.002"
before="d utam c Acid" prob="0.002"
bef or e=" Phenyl al ani ne" prob="0. 004"
bef ore="d yci ne" prob="0.004"

bef ore="Hi sti di ne" prob="0.003"

bef ore="1sol euci ne" prob="0. 006"
bef ore="Lysi ne" prob="0. 002"

bef or e="Leuci ne" prob="0.01"

bef or e="Met hi oni ne" prob="0. 02"

bef or e=" Aspar agi ne" prob="0. 002"
bef ore="Proline" prob="0.003"

bef ore="d ut am ne" prob="0. 006"

bef or e=" Ar gi ni ne" prob="0.001"

bef ore="Serine" prob="0.028"

bef or e="Thr eoni ne" prob="0.012"

bef ore="Val i ne" prob="0.012"

bef or e="Trypt ophan" prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 003"

- CLEAVAGE_RULE after="Leuci ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef ore=" Al ani ne" prob="0. 006"

bef or e=" Cyst ei ne" prob="0. 002"

bef ore="Aspartic Acid" prob="0.002"
before="d utam c Aci d" prob="0.0004"
bef or e="Phenyl al ani ne" prob="0. 008"
bef ore="d yci ne" prob="0.004"

bef ore="Hi sti di ne" prob="0.007"

bef ore="1sol euci ne" prob="0. 004"
bef ore="Lysi ne" prob="0.0008"

bef or e="Leuci ne" prob="0.002"

bef or e="Met hi oni ne" prob="0. 007"
bef or e=" Aspar agi ne" prob="0. 004"
bef ore="Proline" prob="0.011"

bef ore="d ut am ne" prob="0. 002"

bef or e=" Ar gi ni ne" prob="0. 003"

bef ore="Serine" prob="0.01"

bef or e="Thr eoni ne" prob="0. 006"

bef ore="Val i ne" prob="0. 004"

bef or e="Tr ypt ophan” prob="0. 0009"
bef or e="Tyr osi ne" prob="0. 002"

- CLEAVAGE RULE after="Methi oni ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef ore="Al ani ne" prob="0.041"

bef or e=" Cyst ei ne" prob="0.018"

bef ore="Aspartic Acid" prob="0.001"
before="d utam c Acid" prob="0.002"
bef or e=" Phenyl al ani ne" prob="0. 007"
bef ore="d yci ne" prob="0.004"

bef ore="Hi sti di ne" prob="0.002"

bef ore="1sol euci ne" prob="0.012"
bef ore="Lysi ne" prob="0. 001"

bef ore="Leuci ne" prob="0.0006"

bef or e="Met hi oni ne" prob="0. 015"
bef or e=" Aspar agi ne" prob="0. 003"
bef ore="Prol i ne" prob="0.03"

bef ore="d ut am ne" prob="0.0009"
bef or e=" Ar gi ni ne" prob="0.001"



exception
exception
exception
exception
exception

bef ore="Serine" prob="0.122"

bef or e="Thr eoni ne" prob="0. 034"
bef ore="Val i ne" prob="0.01"

bef or e="Tr ypt ophan” prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 00002"

- CLEAVAGE RULE after="Hi stidine" prob="0.00001">

exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception

bef ore=" Al ani ne" prob="0.034"

bef or e=" Cyst ei ne" prob="0. 028"

bef ore="Aspartic Acid" prob="0.00002"
before="d utam c Acid" prob="0.0004"
bef or e=" Phenyl al ani ne" prob="0. 001"
bef ore="d yci ne" prob="0.002"

bef ore="Hi sti di ne" prob="0.004"

bef ore="1sol euci ne" prob="0.013"

bef ore="Lysi ne" prob="0. 005"

bef ore="Leuci ne" prob="0.009"

bef or e="Met hi oni ne" prob="0. 006"

bef or e=" Aspar agi ne" prob="0. 00005"
bef ore="Proline" prob="0.002"

bef ore="d ut am ne" prob="0.001"

bef or e=" Ar gi ni ne" prob="0. 0007"

bef ore="Serine" prob="0.011"

bef or e="Thr eoni ne" prob="0.011"

bef ore="Val i ne" prob="0.003"

bef or e="Trypt ophan" prob="0. 004"

bef or e="Tyr osi ne" prob="0.021"

- CLEAVAGE_RULE after="Asparagi ne" prob="0.00001">

exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception
exception

bef or e=" Al ani ne" prob="0.004"

bef or e="Cyst ei ne" prob="0. 02"

bef ore="Aspartic Acid" prob="0.00007"
before="d utam c Acid" prob="0.0003"
bef or e=" Phenyl al ani ne" prob="0. 002"
bef ore="d yci ne" prob="0.004"

bef ore="Hi sti di ne" prob="0.002"

bef ore="1sol euci ne" prob="0.003"

bef ore="Lysi ne" prob="0.00003"

bef ore="Leuci ne" prob="0.002"

bef or e="Met hi oni ne" prob="0.014"

bef or e=" Aspar agi ne" prob="0. 002"

bef ore="Proline" prob="0.002"

bef ore="d ut am ne" prob="0.0004"

bef or e=" Ar gi ni ne" prob="0.00002"

bef ore="Serine" prob="0.016"

bef or e="Thr eoni ne" prob="0.011"

bef ore="Val i ne" prob="0.003"

bef or e="Tr ypt ophan" prob="0.001"

bef ore="Tyr osi ne" prob="0.002"

- CLEAVAGE RULE after="Proline" prob="0.00001">

exception
exception
exception
exception
exception
exception
exception
exception
exception
exception

bef ore=" Al ani ne" prob="0.002"

bef or e=" Cyst ei ne" prob="0. 003"

bef ore="Aspartic Acid" prob="0.004"
before="d utam c Acid" prob="0.001"
bef or e="Phenyl al ani ne" prob="0. 004"
bef ore="d yci ne" prob="0.002"

bef ore="Hi sti di ne" prob="0.0004"
bef ore="1sol euci ne" prob="0. 00009"
bef ore="Lysi ne" prob="0.0008"

bef ore="Leuci ne" prob="0.0009"



excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on

bef or e="Met hi oni ne" prob="0. 002"
bef or e=" Aspar agi ne" prob="0. 0009"
bef ore="Prol i ne" prob="0.001"

bef ore="d ut am ne" prob="0. 002"
bef or e=" Ar gi ni ne" prob="0. 001"
bef ore="Serine" prob="0.002"

bef or e="Thr eoni ne" prob="0. 002"
bef ore="Val i ne" prob="0.0007"

bef or e="Tr ypt ophan" prob="0. 0004"
bef or e="Tyr osi ne" prob="0. 0003"

- CLEAVAGE RULE after="Isol euci ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.0007"

bef or e=" Cyst ei ne" prob="0. 00002"

bef ore="Aspartic Acid" prob="0.0002"
before="d utam ¢ Aci d" prob="0.0009"
bef or e="Phenyl al ani ne" prob="0. 001"
bef ore="d yci ne" prob="0.002"

bef ore="Hi sti di ne" prob="0.00009"
bef ore="1sol euci ne" prob="0. 003"

bef ore="Lysi ne" prob="0. 001"

bef ore="Leuci ne" prob="0.001"

bef or e="Met hi oni ne" prob="0. 0005"
bef or e=" Aspar agi ne" prob="0. 0009"
bef ore="Prol i ne" prob="0.009"

bef ore="d ut am ne" prob="0. 002"

bef or e=" Ar gi ni ne" prob="0. 004"

bef ore="Seri ne" prob="0.0009"

bef or e="Thr eoni ne" prob="0. 003"

bef ore="Val i ne" prob="0. 002"

bef or e="Trypt ophan” prob="0.013"

bef or e="Tyr osi ne" prob="0. 0002"

- CLEAVAGE RULE after="Al ani ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.004"

bef or e="Cyst ei ne" prob="0.003"

bef ore="Aspartic Acid" prob="0.005"
before="d utam c Acid" prob="0.003"
bef or e=" Phenyl al ani ne" prob="0. 001"
bef ore="d yci ne" prob="0.002"

bef ore="Hi sti di ne" prob="0.0005"
bef ore="1sol euci ne" prob="0.0008"
bef ore="Lysi ne" prob="0. 001"

bef or e="Leuci ne" prob="0.001"

bef or e="Met hi oni ne" prob="0. 002"
bef or e=" Aspar agi ne" prob="0. 0003"
bef ore="Proline" prob="0.002"

bef ore="d ut am ne" prob="0.0007"
bef or e=" Ar gi ni ne" prob="0. 00006"
bef ore="Seri ne" prob="0. 003"

bef or e="Thr eoni ne" prob="0.0007"
bef ore="Val i ne" prob="0. 002"

bef or e="Trypt ophan" prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 00002"

- CLEAVAGE_RULE after="Valine" prob="0.00001">

excepti
excepti
excepti
excepti
excepti

on
on
on
on
on

bef or e=" Al ani ne" prob="0.0004"

bef or e="Cyst ei ne" prob="0.00002"

bef ore="Aspartic Acid" prob="0.0004"
before="d utam ¢ Acid" prob="0.0001"
bef or e="Phenyl al ani ne" prob="0. 002"



excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef ore="d yci ne" prob="0.001"

bef ore="Hi sti di ne" prob="0.0001"
bef ore="1sol euci ne" prob="0.0009"
bef ore="Lysi ne" prob="0.0002"

bef or e="Leuci ne" prob="0.0003"
bef or e="Met hi oni ne" prob="0. 0005"
bef or e=" Aspar agi ne" prob="0. 0004"
bef ore="Proline" prob="0.01"

bef ore="d ut am ne" prob="0.00002"
bef or e=" Ar gi ni ne" prob="0. 002"
bef ore="Serine" prob="0.0009"

bef or e="Thr eoni ne" prob="0.0003"
bef ore="Val i ne" prob="0.0004"

bef or e="Tr ypt ophan" prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 0002"

- CLEAVAGE_RULE after="d utam ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.003"

bef or e=" Cyst ei ne" prob="0. 00003"

bef ore="Aspartic Acid" prob="0.002"
before="d utam ¢ Aci d" prob="0.0002"
bef or e="Phenyl al ani ne" prob="0. 0006"
bef ore="d yci ne" prob="0.002"

bef ore="Hi sti di ne" prob="0.001"

bef ore="1sol euci ne" prob="0.00002"
bef ore="Lysi ne" prob="0.0007"

bef ore="Leuci ne" prob="0.0009"

bef or e="Met hi oni ne" prob="0. 00002"
bef or e=" Aspar agi ne" prob="0. 0004"
bef ore="Prol i ne" prob="0.0003"

bef ore="d ut am ne" prob="0.0004"

bef or e=" Ar gi ni ne" prob="0. 0002"

bef ore="Serine" prob="0.001"

bef or e="Thr eoni ne" prob="0.0003"

bef ore="Val i ne" prob="0.0003"

bef or e="Tr ypt ophan” prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 0007"

- CLEAVAGE RULE after="d yci ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef ore=" Al ani ne" prob="0.0005"

bef or e=" Cyst ei ne" prob="0. 0006"

bef ore="Aspartic Acid" prob="0.0002"
before="d utam c Acid" prob="0.0006"
bef or e=" Phenyl al ani ne" prob="0.00006"
bef ore="d yci ne" prob="0.0007"

bef ore="Hi sti di ne" prob="0.0002"

bef ore="1sol euci ne" prob="0.0007"
bef ore="Lysi ne" prob="0.0002"

bef ore="Leuci ne" prob="0.0007"

bef or e="Met hi oni ne" prob="0. 0006"
bef or e=" Aspar agi ne" prob="0. 0005"
bef ore="Proline" prob="0.0001"

bef ore="d ut am ne" prob="0.00002"
bef or e=" Ar gi ni ne" prob="0. 0004"

bef ore="Seri ne" prob="0.0007"

bef or e="Thr eoni ne" prob="0. 003"

bef ore="Val i ne" prob="0.0007"

bef or e="Tr ypt ophan” prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 0005"

- CLEAVAGE_RULE after="Threoni ne" prob="0.00001">



excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.0003"

bef or e="Cyst ei ne" prob="0.00002"

bef ore="Aspartic Acid" prob="0.0002"
before="d utam c Acid" prob="0.002"
bef or e=" Phenyl al ani ne" prob="0. 0002"
bef ore="d yci ne" prob="0.001"

bef ore="Hi sti di ne" prob="0.00005"
bef ore="1sol euci ne" prob="0.0004"
bef ore="Lysi ne" prob="0.0002"

bef ore="Leuci ne" prob="0.0007"

bef or e="Met hi oni ne" prob="0. 0004"
bef or e=" Aspar agi ne" prob="0. 00004"
bef ore="Proline" prob="0.001"

bef ore="d ut am ne" prob="0.001"

bef or e=" Ar gi ni ne" prob="0. 0007"

bef ore="Serine" prob="0. 001"

bef or e="Thr eoni ne" prob="0.0007"

bef ore="Val i ne" prob="0.0006"

bef or e="Tr ypt ophan" prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 0004"

- CLEAVAGE_RULE after="Cystei ne" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.0003"

bef or e="Cyst ei ne" prob="0.00002"

bef ore="Aspartic Acid" prob="0.0008"
before="d utam ¢ Acid" prob="0.00002"
bef or e="Phenyl al ani ne" prob="0. 002"
bef ore="d yci ne" prob="0.00002"

bef ore="Hi sti di ne" prob="0.008"

bef ore="1sol euci ne" prob="0. 005"

bef ore="Lysi ne" prob="0. 001"

bef or e="Leuci ne" prob="0.00002"

bef or e="Met hi oni ne" prob="0. 00002"
bef or e=" Aspar agi ne" prob="0. 002"

bef ore="Prol i ne" prob="0.005"

bef ore="d ut am ne" prob="0.00002"
bef or e=" Ar gi ni ne" prob="0. 002"

bef ore="Serine" prob="0.0007"

bef or e="Thr eoni ne" prob="0. 006"

bef ore="Val i ne" prob="0.0003"

bef or e="Tr ypt ophan" prob="0. 00005"
bef or e="Tyr osi ne" prob="0. 00002"

- CLEAVAGE RULE after="d utam c Acid" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.0001"

bef or e=" Cyst ei ne" prob="0. 00002"

bef ore="Aspartic Acid" prob="0.0004"
before="d utam ¢ Aci d" prob="0.0009"
bef or e="Phenyl al ani ne" prob="0. 0005"
bef ore="d yci ne" prob="0.0003"

bef ore="Hi sti di ne" prob="0.00002"
bef ore="1sol euci ne" prob="0.0002"
bef ore="Lysi ne" prob="0.0001"

bef ore="Leuci ne" prob="0.0005"

bef or e="Met hi oni ne" prob="0. 00009"
bef or e=" Aspar agi ne" prob="0. 00002"
bef ore="Prol i ne" prob="0.002"

bef ore="d ut am ne" prob="0.00002"
bef or e=" Ar gi ni ne" prob="0. 0005"

bef ore="Seri ne" prob="0. 001"

bef or e="Thr eoni ne" prob="0.0008"



exception before="Valine" prob="0.0008"
exception before="Trypt ophan” prob="0.00002"
exception before="Tyrosi ne" prob="0.0004"

- CLEAVAGE RULE after="Tryptophan" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef ore="Al ani ne" prob="0.015"

bef or e=" Cyst ei ne" prob="0. 001"

bef ore="Aspartic Acid" prob="0.003"
before="d utam ¢ Aci d" prob="0.0009"
bef or e=" Phenyl al ani ne" prob="0.00002"
bef ore="d yci ne" prob="0.004"

bef ore="Hi sti di ne" prob="0.00002"
bef ore="1sol euci ne" prob="0.00002"
bef ore="Lysi ne" prob="0.00002"

bef ore="Leuci ne" prob="0.004"

bef or e="Met hi oni ne" prob="0. 00003"
bef or e=" Aspar agi ne" prob="0. 00002"
bef ore="Proline" prob="0.00002"

bef ore="d ut am ne" prob="0.001"

bef or e=" Ar gi ni ne" prob="0.002"

bef ore="Serine" prob="0. 003"

bef or e="Thr eoni ne" prob="0.00002"
bef ore="Val i ne" prob="0.00002"

bef or e="Trypt ophan” prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 00002"

- CLEAVAGE_RULE after="Serine" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.001"

bef or e="Cyst ei ne" prob="0.0003"

bef ore="Aspartic Acid" prob="0.00002"
before="d utam c Acid" prob="0.0001"
bef or e=" Phenyl al ani ne" prob="0. 0006"
bef ore="d yci ne" prob="0.0004"

bef ore="Hi sti di ne" prob="0.00002"
bef ore="1Isol euci ne" prob="0.001"

bef ore="Lysi ne" prob="0.0001"

bef or e="Leuci ne" prob="0.0001"

bef or e="Met hi oni ne" prob="0. 0003"
bef or e=" Aspar agi ne" prob="0. 00002"
bef ore="Proline" prob="0.001"

bef ore="d ut am ne" prob="0.0001"

bef or e=" Ar gi ni ne" prob="0. 00002"

bef ore="Serine" prob="0.0003"

bef or e="Thr eoni ne" prob="0.00002"
bef ore="Val i ne" prob="0.0003"

bef or e="Tr ypt ophan" prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 0008"

- CLEAVAGE_RULE after="Aspartic Acid" prob="0.00001">

excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on
on
on
on
on

bef or e=" Al ani ne" prob="0.0006"

bef or e=" Cyst ei ne" prob="0. 00002"

bef ore="Aspartic Acid" prob="0.0003"
before="d utam c Acid" prob="0.0001"
bef or e="Phenyl al ani ne" prob="0.0003"
bef ore="d yci ne" prob="0.00006"

bef ore="Hi sti di ne" prob="0.00002"
bef ore="1sol euci ne" prob="0.0008"
bef ore="Lysi ne" prob="0.00002"

bef ore="Leuci ne" prob="0.0002"

bef or e="Met hi oni ne" prob="0. 00002"
bef or e=" Aspar agi ne" prob="0. 00002"



excepti
excepti
excepti
excepti
excepti
excepti
excepti
excepti

on
on
on
on
on
on
on
on

bef ore="Proline" prob="0.008"

bef ore="d utam ne" prob="0.00002"
bef or e=" Ar gi ni ne" prob="0. 001"

bef ore="Serine" prob="0.00002"

bef or e="Thr eoni ne" prob="0.0003"
bef ore="Val i ne" prob="0.0004"

bef or e="Tr ypt ophan" prob="0. 00002"
bef or e="Tyr osi ne" prob="0. 0001"



Table 3.1. Molecular evolution of D. rotundus Desmallipins

M odel Likelihood (i) Wg® Parameters Sign.b No. of Sites with w > 1°

B.E.B
MO (Oneratio) -2929.625507 1.03 = ® -

Po: 0.438
®o: 0.09
M1 (Neutral) -2881.277811 0.60 P,: 0.561 )

ol: 1.0

Po: 0.346
. 0.11
P;: 0.449 P<<0.001 6 (PP 0.99)
®;: 1.0 7 (PP=0.95)
P.: 0.204
w,: 3.84
Py 0.475
. 0.20
P.: 0.392
o;: 1.55
P, 0.131
,: 4.89
M7 (beta) 2884713753 0.63 35 Rt i
Po: 0.784
p: 0.235
M8 (betaand w)* -2853846819 128  (:0.156  P<<0.001 O oes)
pi: 0.215
o: 3.77

M2 (Selection)*  -2853.578480  1.27

M 3 (Discrete)* -2852.858627 135 P << 0.001 -

L egend:
a: dn/ds (weighted average)
b: Significance of the model in comparison with the null model

¢: Number of sites with w > 1 under the Bayes empirical Bayes approach with a posterior probability
(PP) more than or equal to 0.99 and 0.95

* Models which allow w > 1



Table 3.2. Molecular evolution of D. rotundus Kunitz; Domain |

M odel Likelihood (i) Wo Parameters Sign.” No. of Sites with w > 1°

B.E.B
MO (Oneratio) -686.243223 0.29 =y -

Po: 0.455
] o: 0.01 )
M1 (Neutral) 650.130441 0.55 P,: 0.544

oy: 1.0

Py: 0.455
- 0.01 "

M2 (Selection)* -650.130441 0.55 P(;lofgS P> 005 00(235220(.)9%?)
P,: 0.019
,: 1.0
Py: 0.384
- 0.0
P,: 0.304
o;: 0.329
P,: 0.311
: 4.18
M7 (beta) -649.398512  0.46 g; 8:128%‘ ;

po: 0.724
p: 0.178
M8 (betaand w)*  -646.307806  1.39 G 0623  P<005 s 008
p.: 0.275
o: 4.49

M3 (Discrete)* -645.421643 1.40 P <<0.001 -

L egend:
a: dn/ds (weighted average)
b: Significance of the model in comparison with the null model

¢: Number of sites with w > 1 under the Bayes empirical Bayes approach with a posterior probability
(PP) more than or equal to 0.99 and 0.95

* Models which allow w > 1

N. S: Not significant



Table 3.3. Molecular evolution of D. rotundus Kunitz; Domain I

M odel Likelihood (i) Wo Parameters Sign.” No. of Sites with w > 1°

B.E.B
MO (Oneratio) -994.639579 0.39 =0 -

Po: 0.352
®o: 0.02
M1 (Neutral) -945.342938 0.65 P 0.647 -

o;: 1.0

Po: 0.358
. 0.02
P;: 0.405 0 (PP=0.99)
o;: 1.0 1(Pz095)
P,: 0.236
,: 3.39
Po: 0.283
- 0.0
P.: 0.253
o;: 2.61
P>: 0.463
y: 3.17
:0.03778
M7 (beta) -943558485  0.61 3: 002245 -
Po: 0.646
p: 0.174 2099
M8 (beta and w)*  -941.239567 1.28 g: 0.378 3(P> 0.'95)
p;: 0.353
o: 3.05

M2 (Selection)*  -943.309123  1.21

M 3 (Discrete)* -941.022858 1.53 P<<0.001 -

L egend:
a: dn/ds (weighted average)
b: Significance of the model in comparison with the null model

¢: Number of sites with w > 1 under the Bayes empirical Bayes approach with a posterior probability
(PP) more than or equal to 0.99 and 0.95

* Models which allow w > 1

N. S: Not significant



Table 3.4. Molecular evolution of D. rotundus Pituitary Adenylate Cyclase-Activating Polypeptide
(PACAP)

MO (Oneratio) -1414.807949 0.86 =0 -

Py: 0.486
M1(Neutral)  -1400.680496 0,51 @: 0.0 :
: : P,: 0.513

w;: 1.0

Py 0.490
o 0.0
M2 (Selection)*  -1391.994305 124 Pclolol?) 86 Pes 000t ﬂ(fpf’fo%gs?
P,: 0.202
o, 4.61
Po: 0.544
o: 0.0
P;: 0.349
o: 1.76
P,: 0.105
oy 6.25
M7 (beta) -1400.702241 0.50 g 888288 -
Po: 0.803
p: 0.005 L FP2099)
M8 (beta and w)* -1392.008445 1.24 g: 0.007 P << 0.001 6(P> 0.'95)
p:: 0.196
: 4.68

M3 (Discrete)* -1391.886748 1.27 P <<0.001 -

L egend:
a: dn/ds (weighted average)
b: Significance of the model in comparison with the null model

¢: Number of sites with «w > 1 under the Bayes empirical Bayes approach with a posterior probability
(PP) more than or equal to 0.99 and 0.95

* Models which allow w > 1



Table 3.5. Molecular evolution of D. rotundus plasminogen activator

M odel Likelihood (i) Wo Parameters Sign.” No. of Sites with w > 1°

B.E.B
MO (Oneratio) -3586.494304 1.04 =0 -

Py 0.451
M1(Neutral)  -3561.035460  0.54 : 0.0 ]
' ' P,: 0.548

ol: 1.0

Py: 0.466
- 0.0
Pl: 0.332 P << 0.001 2 (PP= 0.99)
ol: 1.0 15 (P=0.95)
P,: 0.200
,: 4.70
P, 0.648
wo: 12.8
P, 0.335
o;: 3.092
P,: 0.016
o, 11.89
M7 (beta) -3561.601998  0.50 3; 8:88283 ]
po: 0.641
p: 0.005
M8 (betaand w)* -3535.940217  1.23 q: 007  P<<0001 s o)
b1 0.358
©: 3.28

M2 (Selection)*  -3534.506336  1.27

M3 (Discrete)* -3533.807947 131 P<<0.001 -

L egend:
a: dn/ds (weighted average)
b: Significance of the model in comparison with the null model

¢: Number of sites with w > 1 under the Bayes empirical Bayes approach with a posterior probability
(PP) more than or equal to 0.99 and 0.95

* Models which allow w > 1



Supplementary Table 4. Nucleotide and complementary amino acid—level selection analyses

Site CodeML TreeSAAP ASA
| Codon AA | M2a? M8® Property Magnitude? |
Desmodus allergen-like lipocalins (Desmalippins)
3.831+0.593  3.442+0.367
16 S pHi 8 -
(0.998** (0.999)**
3.570+0.961 3.378+0.534
22 K pHi 8 -
(0.914) (0.976)*
30 : 3.737+0.761 3.42+0.432
(0.967)* (0.991)**
3.821+0.614 3.44+0.374
43 D pHi 8 -
(0.995)** 0.999)**
3.526+1.014  3.344+0.607
57 L pHi 8 -
(0.897) (0.963)*
. . 3.784+0.686  3.431+0.403
(0.982)* (0.995)**
89 p 3.788+0.682 3.43+0.407
(0.983)* (0.995)**
3.81+0.638 3.437+0.384
125 Q PpHi 7 -
(0.991)** (0.997)**
3.553£1.0 3.326+0.644
155 Q pHi 7 -
(0.904) (0.956)*
3.802+0.653  3.435x0.391
161 Q My 8 -
(0.988)* (0.997)**
3.798+0.662  3.433+0.398
174 I My 8 -
(0.987)* (0.996)**
3.816+0.627 3.438+0.381
175 G My 8 -
(0.993)** (0.998)**
3.818+0.624 3.437+0.385
186 - My 7 -
(0.993)** (0.997)*
3.645£0.906  3.353%0.596
187 - My 7 -
(0.933) (0.966)*
3.796+0.67 3.427+0.416
188 - My 7 -
(0.986)* (0.994)**
3.74+0.764 3.412+0.456
191 S My 7 -
(0.967)* (0.988)*
3.813+0.633  3.437+0.382
192 R My 7 -
(0.992)** (0.998)**
3.665+0.872 3.379+0.539
193 My 7 -
(0.942) (0.975)*
Kunitz Protease Domain I
4.555£2.826  4.732+1.473 80.7
28 pHi, V* 7,6
(0.837) (0.998)** (Exposed)




Site CodeML TreeSAAP ASA
Codon AA M2a® M8* Property* Magnitude?
2.95242.672 4.707+1.498 88.6
38 pHi 8
(0.493) (0.992)** (Exposed)
2.754%2.530 4.683+1.524 60.8
42 PpHi 7
(0.462) (0.986)* (Exposed)
2.814+2.525 4.651+1.541 80.3
43 PpHi 7
(0.487) (0.980)* (Exposed)
Kunitz Protease Domain I1
3.689+1.424 2.986*+10.783 100
2 Hnce, on 8,2
(0.983)* (0.997)** (Exposed)
2.958+1.533  2.899+10.839 99.1
11 R Hp, on 6,8
(0.759) (0.964)* (Exposed)
3.127+1.493 2.931+10.810 72.3
22 Q Hp 6
(0.822)* (0.997)** (Exposed)
3.026+1.469 2.887+0.829 85.8
42 D Hne, Et, Hp, on 6,8,6,8
(0.797) (0.962)* (Exposed)
48 3.284+1.552 2.935+0.823 51.4
(0.853) (Exposed)

Pituitary Adenylate Cyclase—Activating Polypepti

4 4.982+1.575
(0.971)*
5.085+1.468
20
(0.994)**
5.012+1.544
25 D
(0.977)*
4.904+1.635
167 R
(0.955)*
4.840+1.680
168 H
(0.942)
4.836+1.692
172 K
(0.940)
4.989+1.570
173 Q
Plasminogen Activator
4.744+1.001
76
(0.989)*
4.64+1.147
85 G
(0.964)*
4.450+1.371
102 L
(0.918)
4.732+1.022
119 L
(0.986)*
4.639+1.149
125
(0.964)*
4.58+1.218
170
(0.950)*

4.601+1.365
(0.985)*
4.651+1.307
(0.997)**
4.617+1.345
(0.989)*
4.564+1.399
0.978)*
4.532+1.427
0.971)*
4.518+1.446
(0.967)*
4.604+1.362

4.448+0.879
(0.995)**
4.397+0.96
(0.983)*
4.262+1.152
(0.950)*
4.44+0.894
(0.993)**
4.397+0.961
(0.983)*
4.367+1.003
(0.976)*

(Buried)
24.6
(NA)
67.7

(Exposed)
45.1

(Part. Exposed)

8.7
(Buried)




Site CodeML TreeSAAP ASA
Codon AA M2a® M8® Property* Magnitude?
171 T 4.543+1.258 4.348+1.029 36.2
(0.941) 0.971)* (NA)
185 G 4.785+0.929 4.466+0.845 62.8
(0.999)** (1.000)** (Exposed)
186 D 4.736+1.012 4.447+0.88 21.3
(0.987)* (0.995)** (NA)
4.557+1.243 4.353+1.021 50.6
197 G — —
(0.945) (0.973)* (Exposed)
203 F 4.582+1.216 4.368+1.001 0.0
(0.950)* (0.976)* (Buried)
)12 S 4.589+1.208 4.371+0.997 3.2
(0.952)* 0.977)* (Buried)
4.743+1.001 4.45+0.875 64.3
281 D pHi 8
(0.989)* (0.996)** (Exposed)
4.635+1.153 4.394+0.965 20.6
307 Y pHi 8
(0.963)* (0.982)* (NA)
4.544+1.255 4.349+1.026 20.8
309 L pHi 8
(0.942) (0.972)* (NA)
4.659+1.125 4.406+0.948 30.1
392 A — _
(0.968)* (0.985)* (NA)
393 S 4.589+1.208 4.371+0.997 18.0
(0.952)* 0.977)* (Buried)
4.766+0.962 4.459+0.859 70.8
417 Q pHi 8
(0.995)** (0.998)** (Exposed)
4.671+1.11 4.412+0.94 96.3
418 D pHi 8
(0.971)* (0.986)* (Exposed)
4.472+1.324 4.312+1.071 60.2
454 Q pHi 8
(0.925) (0.963)* (Exposed)
4.659+1.124 4.406+0.948 29.6
457 A\ PpHi 8
(0.968)* (0.985)* (NA)
4.501+£1.298 4.327+1.053 54.9
476 R pHi 7
(0.932) (0.967)* (Exposed)
4.689+1.084 4.421+0.925 85.6
477 pHi 7
Lo7er 8 e ESPOSED)

Amino acid property symbols

an: Power to be at the N-terminus of
a-helix

Et: Total non-bound energy
Hpne: Normalized consensus hydrophobicity

Hp: Surrounding hydrophobicity
Mpv: Molecular volume

PH_;: Isoelectric point

VO: Partial specific volume

Legend:

a, b: Bayes Empirical Bayes (BEB) posterior probability
and post—mean omega (indicated in brackets) for the
sites detected as positively selected by the site models
M2a and M8, respectively. Significant values are

highlighted in bold.
c¢: amino acid property experiencing positive
diversifying selection

d: magnitude of selection on the amino acid property

ASA: Accessible surface area (ASA>50%: Exposed;
ASA<20%: Buried; ASA 40%-50%: Partially exposed)

Note: Codon sites with significant support from both
nucleotide and amino acid-level selection analyses are

highlighted in bold.



10 20 30 40 50 60 70 80 90 100

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
FJ004951.1 M-HTMQTELLCILLLCGAVFS LPRQETYRQLARGSRAYGVTCRDEKTQMIYQQHESWLRPVLRSNRVEHCRCEDSS'AQCHSVP IITCNEPRCFNGGTCW
FJ004952.1 MVTTMKTELLCVLLLCGAVFSLPRQETYRQLARGSRAYGVTCKDEKTQMTYRQQESWLRPMVRGNGVEYCRC-DSGRAKCHTVPIKSCSEPRCFNGGTCW
M63989.1 MVNTMKTKLLCVLLLCGAVFSLPRQETYRQLARGSRAYG-------=- == - oo s s s s s s s s s s s s m s m e m o - === m = - GCSELRCFNGGTCW
M63988.1 MVNTMKTKLLCVLLLCGAVFSLPRQETYRQLARGSRAYGVACRDEKTQMIYQQQESWLRPEVRSKRVEHCRC -DRGIAQCHTVPVISCS ELRCFNGGTCW
J05082.1 MVNTMKTKLLCVLLLCGAVFSLPRQETYRQLARGSRAYGVACRDEKTQMIYQQQESWLRPEVRSKRVEHCRC -DRGEAQCHTVPVKRSCSELRCFNGGTCW
M63990.1 MVNTMKTKLLCVLLLCGAVFSLPRQETYRQLARGSRAYG:-=-=--=-- - - m s o mmmmm s s s m e s e s e s s s e s e s o s s s s s s s s s s mmmmmm - -
M63987.1 MVNTMKTKLLCVLLLCGAVFSLPRQETYRQLARGSRAYGVACKDEITQMTYRRQESWLRPEVRSKRVEHCQC -DRGIARCHTVPVISCS EPRCFNGGTCW
M63986.1 MVNTMKTKLLCVLLLCGAVFSLPRQETYRQLARGSRAYGVACKDEITQMTYRRQESWLRPEVRSKRVEHCQC -DRGGARCHTVPVNSCSEPRCFNGGTCW

GAEEOL1000035.1 - = = = = = = = = = = = = = = = = = = = = = = = = = = === == = = === -=-&%%%«¢%¢ @%@ 6%6%%%%+2+2+2+22222"%2%2%2%%%%%%2=2=2=22"2"2"2%2%2%%c6e%c=%=%===========
GABZ01006477.1 MVNTMKTKLLCEVLLLEGAVFSLPRQETYRQLARGSRAYG - = = = = = = = = = = = = = = = = % & m s s s s o s o mmmmmmmmmoeseeeooooooom -

. 110 . 120 . 130 . 140 . 150 . 160 . 170 . 180 . 190 . 200
FJ004951.1 QABHFSDFVCQCPEGYTGKEBICEVVPSATCYKGQGVTYRGTWSTTDSGAECINWNSSILTWKTYNGRRLDA LGLGNHNYCRNPD SRPWCYVFKAGKY
FJ004952.1 EABHFSEFVCQCPERYTGKWCEVDTHATCYEDQGVTYRGTWSRTESGAECINWNSNLLTWRTYNGRMPDA LGLGNHNYCRNPD SKPWCYVIKEEKF
M63989.1 QARASFSDFVCQCPKGYTGKRQCEVDTHATCYKDQGVTYRGTWSTSESGAQCINWNSNLLTRRTYNGRRSDA LGLGNHNYCRNPD SKPWCYVIKASKF
M63988.1 QAASFSDFVCQCPKGYTGKRQCEVDTHATCYKDQGVTYRGTWSTSESGAQCINWNSNLLTRRTYNGRRSDA LGLGNHNYCRNPD SKPWCYVIKASKEF
J05082.1 QARSFSDFVCQCPKGYTGKEQCEVDTHATCYKDQGVTYRGTWSTSESGAQCINWNSNLLTRRTYNGRRSDA LGLGNHNYCRNPD SKPWCYVIKASKF
M63990.1 = @ @ - ----------------mm--- DPEHATCYKDQGVTYRGTWSTSESGAQCINWNSNLLIRRTYNGRMPEA LGLGNHNYCRNPD SKPWCYVIKARKF
M63987.1 QAIYFSDFVCQCPAGYTGKICEVDT ATCYEGQGVTYRGTWSTAESRVECINWNSSLLTRRTYNGRMPDA LGLGNHNYCRNPN PKPWCYVIKAGKF
M63986.1 QAMYFSDFVCQCPAGYTGKRCEVDTRATCYEGQGVTYRGTWSTAESRVECINWNSSLLTRRTYNGRMPDA LGLGNHNYCRNPN PKPWCYVIKAGKF
GAEE01000035.1 - - - - - - - === - - - - - - - - - mmm - s m s s - s m s m i m i m s m s m s m s s s s s - s s s s s s s s - - - - - GLGNHNYCRNPD SKPWCYVIKASKF
GABZ01006477.1 -------=--==--==--==-===--=-- DPHATCYKDQGVTYRGTWSTSESGAQCINWNSNLLTRRTYNGRMPEANMMILGLGNHNYCRNPD SKPWCYVIKARKF

. 2:I|.0 . 2|20 . " 2|30 . 24|-0 . 2|50 . 2|60 . 2|70 . 28|0 . 29|0 . 300
FJ004951.1 SSERCSTPVCSKSITCGLRQYKRSEFRIK-GLFTDITSHPWQAAIFAQNRRLPGERFLCGGILISSCWVLSAA CFQERYSPBQLRVVLGRTYRVQPGKEE
FJ004952.1 TLEBCSVPVCSISTCGLRKYKEPQLPITGGLFTDITSHPWQAAIFVQNRRLSGERFFCGGILISSCWVLTAALCFQERYPABHQLTVVLGRTYRVKPGKEE
M63989.1 ILERCSVPVCSK TCGLRKYKEPQLI-ISTGGLFTDITSHPWQAAIFAQNRRSSGERFLCGGILISSCWVLTAA CFQERYPPQHLRVVLGRTYRVKPGKEE
M63988.1 ILEBCSVPVCSKATCGLRKYKEPQLHSTGGLFTDITSHPWQAAIFAQNRRSSGERFLCGGILISSCWVLTAA/CFQERYPPQHLRVVLGRTYRVKPGKEE
J05082.1 ILEBCSVPVCSKATCGLRKYKEPQLHSTGGLFTDITSHPWQAAIFAQNRRSSGERFLCGGILISSCWVLTAA I CFQERYPPQHLRVVLGRTYRVKPGKEE
M63990.1 TSESICSVPVCSKATCGLRKYKEPQLHSTGGLFTDITSHPWQAAIFAQNRRSSGERFLCGGILISSCWVLTAALICFQERYPPQHLRVVLGRTYRVKPGKEE
M63987.1 TSESICSVPVCSKATCGLRKYKEPQLHSTGGLFTDITSHPWQAAIFAQNRRSSGERFLCGGILISSCWVLTAALCFQESYLPBQLKVVLGRTYRVKPGEEE
M63986.1 TSESCSVPVCSK TCGLRKYKEPQLI'ISTGGLFTDITSHPWQAAIFAQNRRSSGERFLCGGILISSCWVLTAA CFQESYLPBQLKVVLGRTYRVKPGEEE

GAEE01000035.1 ILEBCSVPVCSKATCGLRKYKEPQLHSTGGLFTDITSHPWQAAIFAQNRRSSGERFLCGGILISSCWVLTAA| CFQERYPPQHLRVVLGRTYRVKPGKEE
GABZ01006477.1 TSESCSVPVCSKATCGLRKYKEPQLHSTGGLFTDITSHPWQAAIFVQNKRLPGERFLCGGILISSCWVLTAA,CFQERYPTRYLRVVLGRTYRVKPGKEQ

. 310 . 320 . 330 . 340 . 350 . 360 . 370 . 380 . 390 . 400
FJ004951.1 QKFEVEKMIBHKEFDDDTYDNP/IIALLQLKSDSPQCAQESDSVRTVCLPEADLQLPDWTECELSGYGKHETFSPFYSERLKEAHVRLYPSSRC QYV FNK
FJ004952.1 QKFEVEKIERIBMHEEFDEDTYNNP IALLQLKSDSPQCAQESDSVRTVCLPEADLQLPDWTECELSGYGKHETSSPFFSEQLKEGHVRLYPSSRC QFLFNK
M63989.1 QTFEVEKEGIMHEEFDDDTYNNP/IIALLQLKSGSPQCAQESDSVRAICLPEANLQLPDWTECELSGYGKHKSSSPFYSEQLKEGHVRLYPSSRC KFLFNK
M63988.1 QTFEVEKEIMHEEFDDDTYNNPIALLQLKSGSPQCAQESDSVRAICLPEANLQLPDWTECELSGYGKHKSSSPFYSEQLKEGHVRLYPSSRC KFLFNK
J05082.1 QTFEVEKEG IMHEEFDDDTYNNP/IIALLQLKSGSPQCAQESDSVRAICLPEANLQLPDWTECELSGYGKHKSSSPFYSEQLKEGHVRLYPSSRC KFLFNK
M63990.1 QTFEVEKEIMHEEFDDDTYNNPMIALLQLKSGSPQCAQESDSVRAICLPEANLQLPDWTECELSGYGKHKSSSPFYSEQLKEGHVRLYPSSRC KFLFNK
M63987.1 QTFKVKKMIMHKEFDDDTYNNP/IIALLQLKSDSPQCAQESDSVRAICLPEANLQLPDWTECELSGYGKHKSSSPFYSEQLKEGHVRLYPSSRC KFLFNK
M63986.1 QTFKVKKMEMIMHKEFDDDTYNNPMIALLQLKSDSPQCAQESDSVRAICLPEANLQLPDWTECELSGYGKHKSSSPFYSEQLKEGHVRLYPSSRC KFLFNK
GAEE01000035.1 QTFEVEKEGIMHEEFDDDTYNNPIIALLQLKSGSPQCAQESDSVRAICLPEANLQLPDWTECELSGYGKHKSSSPFYSEQLKEGHVRLYPSSRC KFLFNK
GABZ01006477.1 QKFKVEKMIMHEEFDEETYNN]/IALLQLKSDSPQCARESDSVRAICLPEANLQLPDWTECELSGYGKHESSSPFYSEQLKEGHVRLYPSSRC KLLFNK

. 410 . 420 . 430 . 440 . 450 460 . 470 .
FJ004951.1 TITKNMLCAGDTRSGGN NLHDACQGD:SIGGPLVCMKGNHMTLVGIISWGVGCGQKDMPGVYTKVTNYLDWIQDNT
FJ004952.1 TVTNNMLCAGDTRTGVI RVHDACQGD-IGGPLVCMKDKHMTLVGIISWGVGCGEKDMPGVYTKVTNYLGWIRDNM
M63989.1 TVTNNMLCAGDTRSGEI NVHDACQGD:-IGGPLVCMNDNHMTLLGIISWGVGCGEKDEPGVYTKVTNYLGWIRDNM
M63988.1 TVTNNMLCAGDTRSGEI NVHDACQGD-IGGPLVCMNDNHMTLLGIISWGVGCGEKDEMIPGVYTKVTNYLGWIRDNM
J05082.1 TVTKNMLCAGDTRSGEI NVHDACQGD:IGGPLVCRNDNHMTLLGIISWGVGCGEKDEPGVYTKVTNYLGWIRDNM
M63990.1 TVTNNMLCAGDTRSGEI NVHDACQGD-IGGPLVCMNDNHMTLLGIISWGVGCGEKDEMPGVYTKVTNYLGWIRDNM
M63987.1 TVTNNMLCAGDTRSGEI NVHDACQGD:-IGGPLVCMNDNHMTLLGIISWGVGCGEKDMPGVYTKVTNYLGWIRDNM
M63986.1 TVTNNMLCAGDTRSGEI NVHDACQGD-IGGPLVCMNDNHMTLLGIISWGVGCGEKDMPGVYTKVTNYLGWIRDNM

GAEE01000035.1 TVTNNMLCAGDTRSGEI NVHDACQGD:IGGPLVCMNDNHMTLLGIISWGVGCGEKDMPGVYTKVTNYLGWIRDNM
TVTKNMLCAGDTRSGEI NVHDACQGD-IGGPLVCMNDNHMTLLGIISWGVGCGEKKDMPGVYTKVTNYLDWIQDNM

B Recombination
B Breakpoint

] Active site [] Structural stability [l Positively selected



Desmallipins

10 20 30 40 50 60 70 80 20 100 110 120 130 140 150 160 170 180 .

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
GAEE01000013.1 MKLLLLCLGLTLVCASNHDVVECNFDMSQESGEWYTILWGSEBREMIEENGSMRLFEBEYVEDLDNSSVLFKYHKNVNGECAELNLITDRBRTEENGVYSVPYDGYNTFYIIEAYV KYVIIHCMNFONGKKTDMIELYARNQDVSPELKEKFEEICONRGIPQENILDFTKADRC ARGSSGAQA----- -
GAEE01000012.1 MKLLLLCLGLTLVCASHHDVVECNFDLSQMSGEWYTILWGSEMREMIEENGSMRLFEBEYIQVLDNSSVLFKFHKNINGMCGELTFIVDETKEKGVYGVHYDGYNTFYIIEAV EYVIFHCMNFO@NGKKNDMIELHARTPDVRPEVKEKFEEICRNRGIQEKENILDFTKANRC ARGSPGA-----=-=-=-=----
GAEE01000016.1 MKLLLLCLGLTLVCASINHDVVECNFDLSQMSGEWYTGLLASEBREMIEENGSMRLFBEYIEDLDNSSVLFKFHKNINGMCGELTFIVDEBTKEKGVYGVHYDGYNTFFIIEAVYINEYFIIHCMNFRNGRKNDMIELYARNPDVRPELKEKFEEICRNRGIQKENILDFTKADHC ARGSPGAQS------
GAEE01000017.1 MKLLLLCLGLTLVCAQGNQDVVECNLDISQEMSGEWYTILLASEMREMIEENGSMRLFEBEYIQDLDNSSMLFKFHKNINGECGELTLISDRBRTEEKGVYSVPYDGYNTFYIIEVV EYVIFHCMNFONGKKTDIIKLHARNPDVSPELKEKFEEICRNRGIQEKENILDVSNTDPC ARGSPGAQA------
GAEE01000014.1 --------------- NHDVVECNFDMSQMSREWYTILWGSEBREMIEENGSMRLFEBEYVEDLDNSSVLFKYHKNVNGECAELNLITDRTEENGVYSVPYDGYNTFYIIEAYV KYVIIHCMNFONGKKTDMIELYARNQDVSPELKEKFEEICONRGIPQENILDFTKADRC ARGSSGAQA------
GAEE01000015.1 MKLLLLCLGLTLVCASNHDVVECNFDMSQEMSGEWYSIIWGSEMREMIEENGSMRLFMQYIQNLDNSSVLFKFHKNINGMCGELTLISDMTEENGVYSVPYDGYNTFYIIEAVYNEYVIFHCMNFO@NGKKTDMILMHARTPDVSPELKEKFEEICRNRGIQKEENILDYTKDDRC ARGSPGAQA------
GAEE01000016.1 MKLLLLCLGLTLVCASNHDVVECNFDLSQMSGEWYTGLLASEBREMIEENGSMRLFEBEYIEDLDNSSVLFKFHKNINGMCGELTFIVDETKEKGVYGVHYDGYNTFFIIEAYV EYFIITHCMNFRNGRKNDMIELYARNPDVRPELKEKFEEICRNRGIQEENILDFTKADHC ARGSPGAQS------
GAEE01000017.1 MKLLLLCLGLTLVCAQGNQDVVECNLDISQEMSGEWYTILLASEMREMIEENGSMRLFEBEYIQDLDNSSMLFKFHKNINGECGELTLISDRBRTEEKGVYSVPYDGYNTFYIIEVV EYVIFHCMNFONGKKTDIIKLHARNPDVSPELKEKFEEICRNRGIQEKENILDVSNTDPC ARGSPGAQA----- -
GAEE01000019.1 MKLLLLCLGLTLVFABFHDIVECNFNMSQESGDWHTIFLASNRMRFIQRNGGMRMFAKSVQALHNSSLLFKYDKKTDGGCAELTFITDEBTKEKGVYNVTYDGHNTFYIIEAVYNDYVIFHNMNFGNGRKTDVIEMNARNPDVRQDLKERFEEICQNRGIPKENILDVSDANPC SRWKPRTPAP
GAEE01000018.1 MKLLLLCLGLTLVCABRFRDIVECNFNMSQEMSGEWHTIFLASGRMRFIRKNGGMRMFAKSMEALHNSSLLFKYDKQIDGECTELTFITDETKEKGVYNVTYDGHNTFYIIEAVYNDYVIFHNMNFGNGRKTDVIEMNARKPDVRPELKERFEEICRNRGIPEENILDVSNANPC SRGKPRTPAP
GABZ01002697.1 MKLLLLCLGLTLVFARFHDVVEKCNFDMSQESGEWYTIFLASNRMRFIQRNGGMRMFAKSVQALHNSSLLFKYDKKTDGRCAELTFITD TKEKGVYNVTYDGHNTFYIIEAV\“]DYVIFHNMNF NGRKTDVIEMNARKPDVRPELKERFEEICRNRGIPQENILDVSNANPC SRGKPRTPAP
GABZ01007911.1 MKLLLLCLGLTLVFARFHDVVECNFDMSQWMSGDWHTIFLASNRMRFIQRNGGMRMFRKSVQALHNSSLLFKYDKKTDGRCAELTFITDETKEKGVYNVTYDGHNTFYITIEAVYNDYVIFHNMNFEGNGRKTDVIEMNARKPDVRPELKERFEEICRNRGIPMEHILDVSKTDRC ARWRPGAQAP
GABZ01008069.1 MKLLLLCLGLTLVCASHHDVVECNFDLSQWMSGEWYTILWGSEBREMIEENGSMRLFEBEYVEDLDNSSVLFKYHKNVNGECAELNLITDRTEENGVYSVPYDGYNTFYIIEAVYNDYVIFHNMNFGNGRKTDVIEMNARKPDVRPELKERFEEICRNRGIPQGENILDVSNANPC SRGKPRTPAP
GABZ01007944.1 MKLLLLCLGLTLVCASHHDVVECNFDLSQMSGEWYTILWGSEBREMIEENGSMRLFEBEYVEDLDNSSVLFKYHKNVNGECAELNLITD TEENGVYSVPYDGYNTFYIIEAVYINDYVIFHNMNFEBNGRKTDVIEMNARKPDVRPELKERFEEICRNRGIPHMEHILDVSKTDRC ARWRPGAQAP
GABZ01002738.1 MKLLLLCLGMTLVCAQPQDVVECKLDLTKEMSGEWHTILLASDKRELIEENGSMRLFERKYVETFENSSLLLSCHINILGMCIELSLMTDRATEERCVYSVPYDGYNTFRIVEGVYNDYLIIYALNIKNEERTELMGLVARKPDVRPELKKRFEELGEMKRGIPQENILDVSNTNPC LRGSPGA------------
GABZ01007912.1 MKLLLLCLGLTLVFARFRDVVECNFDMSQESGDWHTIFLASNRMRFIQRNGGMRMFABAKSVQALHNSSLLFKYDKKTDGRCAELTFITD TKEKGVYNVTYDGHNTFYIIEAVY-NDYVIFHNMNF NGRKTDVIEMNARKPDVRPELKERFEEICRNCGIPREHILDVSKTDRC ARWRPGAQAP-MT--

Pituitary adenylate cyclase-activating polypeptide

10 20 30 40 50 60 70 80 20 100 110 120 - 130 140 150 160 170 180

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

GAEE01000042.1 MCSGARLALLVCGILMRSSMHCSPBSAGPRVPGIGSENGTRDQACDGDGNQLQNFNDSEPLGVESPASVPEEDEVLNHTKAQAVESSPTSAPGEDEVLNDLDKIREVVYGILSEAFRKLLEQLSGEKLRQKLLAKGEGGIAGGNSEDDSDRLSKRHVDGIFTDAYS LQK ARTYLNSVLGPPKKND
GAEE01000044.1 MCSRARLALLVCGILMRSSMHCSPMSAGPRVPGIGSENGTQDQACDGDGNQLQNFNDSEPLGVESPASVPEEAEVLNHTKAQAVESSPTSAPGEDEVLNDLDKIREVVYGILSKAFRKLLEELSSEKLRQKLLAKGEGGIVGGNSEDDSDRLSKRHVDGIFTDAYS LQK ARTYLNSVLGPPKKND
GAEE01000046.1 MCSGARLALLVCGILMRSSMHCSP SAGPRVPGIGSENGTRDQACDGDGNQLQNFNDSEPLGVESPASVPEEDEVLNHTKAQAVESSPTSAPGEDEVLNDLDKIREVVYGILSEAFRKLLEQLS&KLRQKLLAKGEGGIAGGNSEDDSDRLSKRHVDGIFTDAYS LQK ARTYLNSVLGPPKKNG
GAEE01000048.1 MCSRARLALLVCGILMRSGSHCSPMSAGPQVPGIGSENGTRDQACDGDGNQLQNVNDSEPLGVESPASVPEEAEVLNHTEAPAVESSPTSAPGEDEVLNDLDKIREVVYGILSEAFRKLLEELSGEKLQQKLVAKGEGGIPGRDTEDDSDRLSKRHSERVYRDTLR QQL VKNFLTTALKKG- - - -
GAEE01000043.1 MCSGARLALLVCGILMRSSMHCS -BTAPARVPGIGSENGTRDQACDGDGNQLQNFNDSEPLGVESPASVPEEDEVLNHTKAQAVESSPTSAPGEDEVLNDLDKIREVVYGILSEAFRKLLEQLSGEKLRQKLLAKGEGGIAGGNSEDDSDRLSKRHVDGIFTDAYS LQK ARTYLNSVLGPPKKNG
GAEE01000045.1 MCSGARLALLVCGILMRSSMHCSP SAGPQVPGIGSENGTRDQACDGDGNQLQNVNDSEPLDVESPASVPEEDEVLNQTEAPAVESSPTSAPGEDEVLNDLDKIREVVYGILSKAFRKLLEQLS&KLRQTLLDKGEGGIPGRDTNDHSGRLSKRHSERVYRDTLR QQL VKNFLTTTLKKG- - - -
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Supplementary Figure 4
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Note: The hue of each colour indicates strength of selection, with primary red corresponding to w > 5,
primary blue to w = 0 and grey to w=1. The width of each colour component represents the proportion of
sites in the corresponding class. Thicker branches have been classified as undergoing episodic diversifying
selection (indicated by arrows) by the sequential likelihood ratio test at corrected p < 0.05.



Evolutionary-fingerprint of Vampire Bat Venom
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Note: Estimates of the distribution of synonymous () and non-synonymous ([3) substitution rates
inferred for various vampire bat toxins are shown here. The ellipses reflect a Gaussian-approximated
variance in each individual rate estimate, and coloured pixels show the density of the posterior sample of
the distribution for a given rate. The diagonal line represents the idealized neutral evolution regime (aw=1),
points above and below the line correspond to positive selection (w=1) and negative selection (cawx=1),
respectively. Site model 8 omega () along with the total number of positively selected sites detected by
its Bayes Empirical Bayes (BEB) approach are also indicated below.

Fig. 1 2D gel electrophoresis of vampire bat venom.
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