In Silico Structural and Functional Analysis of
Phospholipase D from Brown Recluse Spider

(Loxoceles reclusa) Venom

BRAC

UNIVERSITY
V

Inspiring Excellence

A DISSERTATION SUBMITTED TO BRAC UNIVERSITY IN PARTIAL
FULFILMENT OF THE REQUIRMENTS FOR THE BACHELORS OF SCIENCE
IN BIOTECHNOLOGY

Submitted by-
AQIEF AFZAL
ID: 12236007
June 2017

Biotechnology Program
Department of Mathematics and Natural Sciences
BRAC University
Bangladesh



Dedeeated

T2 my
Beloved Parenss



DECLARATION

| hereby declare that the research work embodying the results reported in this thesis
entitled “In Silico Structural and Functional Analysis of Phospholipase D from Brown
Recluse Spider (Loxoceles reclusa) Venom” submitted by the undersigned has been
carried out under the supervision of Dr. M. Mahboob Hossain, Professor, Department of
Mathematics and Natural Sciences, BRAC University, Dhaka. It is further declared that
the research work presented here is original and has not been submitted to any other

institution for any degree or diploma.

Candidate:

AQIEF AFZAL

Certified:

Dr. M. Mahboob Hossain

Supervisor

Professor

Department of Mathematics and Natural Sciences
BRAC University, Dhaka



Acknowledgment

It’s my honor to write this acknowledgment to express my gratefulness to people who

have helped me throughout this research work.

First of all, I would like to thank The Almighty Allah for successfully accomplishing my

thesis work.

| am grateful to Professor A. A. Ziauddin Ahmad, Chairperson, Department of
Mathematics and Natural Sciences, BRAC University, for allowing me to pursue my
undergraduate studies in the Department of MNS and for his constant guidance

throughout my entire period of study in the department.

My humble respect goes to honorable Professor Naiyyum Chowdhury, Coordinator,
Biotechnology and Microbiology, Department of Mathematics and Natural Sciences,
BRAC University, for his inspiration and prudent advice and also for giving me the

opportunity to gain significant experience.

I would like to convey my heightened appreciation thanks to Dr. M. Mahboob Hossain,
Professor, Department of Mathematics and Natural Sciences, BRAC University, for his
valuable suggestions, unforgettable help and soft behavior also affectionate guidance and

for giving me the opportunity to work under her supervision.

| also express my special thanks to all my respected teachers at the Department of
Mathematics and Natural Sciences, BRAC University, for their academic counsel and

encouragement.

I would particularly like to express my deepest thanks to Ms. Abira Khan, Faculty,
Department of Genetic Engineering and Biotechnology, University of Dhaka, for her
hearty, incessant cooperation and encouragement throughout the study. | gratefully
acknowledge her for her advice and crucial contribution throughout my research and

thesis writing periods.

In addition to the above, | would like to thank Ms. Eusra Mohammad, Lecturer,
Department of Mathematics and Natural Sciences, BRAC University, for her help in

giving a proper shape to the thesis.



Also | thank deeply from my heart to my lovely and helpful seniors Rhedia Tehrin Proma
and Mayaboti Akbar Cinderella, who provided constant encouragement, sound advice,
good company, and lots of good ideas throughout the study and also | would like to thank
my friends and juniors for their enthusiastic inspiration and company during my thesis

work.

The whole credit of my achievements during the research work goes to my parents. It was

their cordial effort that acquainted me to the way of research.

AQIEF AFZAL

ID: 12236007

Department of Mathematics and Natural Sciences
BRAC University, June 2017.



ABSTRACT

Spiders are an interesting class of insects - omnipresent in almost in all environment and
vet, mostly remains unnoticed. They are carnivores in nature, relying on their own venom
to neutralize their prey. There are many poisonous spider species but little is heard about
spider bites in Bangladesh. The Brown Recluse, Loxosceles reclusa is one of the many
spider species found in Bangladesh. It has deadly necrotic venom several components of
which are medically significant. This project aims to study the venom composition of
Brown Recluse and analyze the structure and function of a specific venom component.
This In Silico project will help in narrowing wet lab research to particular venom proteins
with medically useful attributes and thus reduce waste of wet lab resources and make
future projects cost effective. Various online bioinformatics resources were utilized to
predict the composition, structure and functional characteristics of the spider venom
components. In the initial phase, a thorough literature review was carried out to elucidate
the venom composition of the Brown Recluse spider. Then the desired target protein,
Phospholipase D, was selected based on its potential therapeutic application. The protein
was subjected to sequence based homology search to find out with other proteins
sequences with best matches to it. These protein sequences were analyzed using global
alignment to look for stretches of conserved regions within them. Predicted signal peptide
is 20 a.a.long with cleavage between Asn'® and His®. In the later part, a phylogenetic tree
was constructed based on their sequences to see their evolutionary divergence in respect
to each other. It predicted that the target protein sequence was evolutionarily quite
divergent and was placed in a separate sub group from the other proteins despite being
similar to them in sequence. The target protein sequence was also analyzed using protein
motif finding software to look for functional motifs. The protein motif finding software’s
were able to find some motif or binding sites. Namely, three binding sites were seen,
GDPD, PLC and Signal peptides. Lastly, the target protein’s 3D structure was constructed
based on template structures of other proteins with similar sequences. The result predicted
that the protein is almost globular in shape with a core formed by beta sheets on the inside
and alpha helices forming the outer covering. This study shows that the structure of the
target proteins quite unique- having a highly conserved sequence and yet being

evolutionarily distant from other similar proteins from related spider species.
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ABBREVIATIONS

BLAST Basic Local Alignment Search Tool
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1. Introduction:

1.1 General Overview:

“The parable of those who take protectors other than Allah is that of the spider, who
builds (to itself) a house; but truly the flimsiest of houses is the spider's house if they
but knew Surah Ankaboot: 41; (Al-Quran).”

Spiders are carnivorous arthropods and consume a large number of preys. They have
unique habitat in almost all the environments. Spiders serve as buffers that limit the initial
exponential growth of prey populations. The predatory spiders are classified into five
major groups based on their foraging style. Prey searching ability, wide host range, ease
in multiplication and polyphagous nature make them potential predators in biological pest

suppression. Spiders can survive in most environments and they have great biodiversity.

Spiders belong to the order Araneae, class Arachinidae and are members of the phylum
Arthropoda, the largest assemblage of the animal with jointed legs and a hard
exoskeleton. They are the largest group of arachinids comprising more than 30,000

species distributed over 60 families worldwide [1].

Fifty spider species in 24 genera and 13 families have been reported till date in
Bangladesh of which 18 are endemic to the country. In spite of a large geographical area,
there have been very few studies on spiders in this country. About 50% of the spiders
reported in the South Asian region have been described from India [2]. Recently there has

been a spurt in spider research by Bangladeshi entomologists.

Spiders play a very important role in balancing the biodiversity. Spiders are a good pest

control in crop fields and many drugs are made from the venom of spiders [3].



Table 1.1

Spider species of Bangladesh
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Family Name Genus Name
Araneus
Arglope
Cyclosa
ARANEIDAE
Cyrtopthora
Gea
Neoscona
CLUBIONIDAE Clubiona
Castianeira
CORINNIDAE
Trachelas
LINYPHIIDAE Callitrichia
LIOCRANIDAE Sphingius
Lycosa
LYCOSIDAE
Pardosa
MITURGIDAE Cheiracanthium
PHILODROMIDAE Tibellus
PISAURIDAE Hygropoda
Marpissa
SALTICIDAE __
Phidippus
Plexippus
SALTICIDAE i
Zeuxippus
Leucauge

TETRAGNATHIDAE

Dyschiriognatha

Tetragnatha

THERAPHOSIDAE

Chilobrachys

THOMISIDAE

Runcinia
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Number of families: 13

Number of Genera: 24

Number of Species: 50

Number of subspecies: 0
Number of Endemic Families: 0
Number of Endemic Genera: 0
Number of Endemic Species: 18

Bangladesh spider summary

Table 1.2 Summary of Bangladeshi Spider species

The Brown Recluse, Loxosceles recluse is one of the many spider species in Bangladesh.

The reason behind choosing this species is that its venom has shown to have several

components with potential therapeutic attributes.

1.2 Aim and objectives of the Thesis

The project had the following aims and objectives:

>

>

Study the venom composition of the Brown Recluse spider.

Analyze the structure of the Phospholipase D present in the Brown Recluse spider

venom.

Find the homologous regions (with Phospholipase D from other spider species)

and conserved regions of the sequence.
Find functional motifs and annotate the sequence.
Infer phylogenetic relationship with homologous sequence.

Predict the 3D structure and substrate binding site of the sequence.
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1.3 BROWN RECLUSE (Loxosceles reclusa)

The brown recluse, Loxosceles reclusa, Sicariidae (formerly placed in the family
"Loxoscelidae™) is a recluse spider with necrotic venom and is one of two spiders (the
other being the black widow) with medically significant venom in North America. Their

bite, like various other recluse bites, sometimes requires medical attention [4].

Brown recluse spiders are usually between 6 and 20 millimeters (0.24 and 0.79 in) but
may grow larger. While typically light to medium brown, they range in color from
whitish to dark brown or blackish gray. The cephalothorax (the front segment of each
spider) and abdomen are not necessarily the same color. These spiders usually have
markings on the dorsal side of their cephalothorax, with a black line coming from it that
looks like a violin with the neck of the violin pointing to the rear of the spider, resulting

in the nicknames fiddle back spider, brown fiddler, or violin spider [5].

The Brown Recluse Spider is a reclusive creature that seeks and prefers seclusion. The
Brown Recluse Spider and ten additional species of Loxosceles are native to the United
States. In addition, a few non-native species have become established in limited areas of

the country. The Brown Recluse Spider is found mainly in the central Midwestern states

southward to the Gulf of Mexico. A related species, the brown violin spider is found in
Hawaii [6].
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FIG. 1.3: THE BROWN RECLUSE
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1.4 Taxonomy of the Brown Recluse [7]

Kingdom Animalia (Animals)
Phylum Arthropoda (Arthropods)
Subphylum Chelicerata (Chelicerates)
Class Arachnida (Arachnids)
Order Araneae (Spiders)
Infraorder Araneomorphae (True Spiders)
Family Sicariidae (Recluse Spiders)
Genus Loxosceles (Recluse Spiders)

Species Loxosceles reclusa (Brown Recluse)

1.5 Habitat of the Brown Recluse:

Brown recluse spiders build asymmetrical (irregular) webs that frequently include a
shelter consisting of a disorderly thread. They frequently build their webs in woodpiles
and sheds, closets, garages, plenum spaces, cellars, and other places that are dry and
generally undisturbed. When dwelling in human residences they seem to favor cardboard,
possibly because it mimics the rotting tree bark which they inhabit naturally. They have
also been encountered in shoes, inside dressers, in bed sheets of infrequently used beds, in
clothes stacked or piled or left lying on the floor, inside work gloves, behind baseboards
and pictures, in toilets, and near sources of warmth when ambient temperatures are lower
than usual. Human-recluse contact often occurs when such isolated spaces are disturbed
and the spider feels threatened. Unlike most web weavers, they leave these lairs at night
to hunt. Males move around more when hunting than the females, which tend to remain
nearer to their webs. The spider will hunt for firebrats, crickets, cockroaches, and other
soft-bodied insects [8].
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1.6 Spider Venom Composition

More than 46,000 species of spider creepy crawl across the globe, on every continent
except Antarctica. Each species produces venom composed of an average of 500 distinct
toxins, putting the conservative estimate of unique venom compounds at more than 22
million. This staggering diversity of venoms collectively referred to as the venom, has

only begun to be explored.

Among the handful of brave scientists studying spider venom are Greta Binford at Lewis
and Clark College in Portland, Oregon, and Jessica Garb at the University of
Massachusetts at Lowell. Both of these researchers analyze the protein structures of
various venom chemicals in search of clues that can explain why some are lethal (see side
bar below), while the vast majority are thought to be relatively harmless. The scientists
also use molecular biology tools to compare the genomes of spiders that have extremely
noxious venoms, including the black widow and the brown recluse, to those of spiders

with non-poisonous venoms, such as the house spider.

The data being collected by Garb and Binford and their colleagues have the potential to
increase our understanding of the evolution of spider venom and hopefully contribute to
the discovery of new medicines, anti-venoms and insecticides. In addition, because many
of the deadlier spider venoms produce their toxic effects by over stimulating the
production of brain signaling molecules, this research may uncover novel tools for

neuroscience research [9].

The majority of spiders possess neurotoxin venom. These neurotoxins are

multicomponent but contain three main groups of toxic compounds:
1. Low M, polyamines (M; less than 1000)
2. Polypeptides (M, 3000-10,000)

3. High M proteins (M, more than 10,000)

Other venom components include inorganic ions and salts, free acids (eg. lactic acid), glucose,
nucleic acids, free amino acids and biogenic amines. The exact role of these is unknown but they

are thought to aid in the stability, delivery and effectiveness of the toxins [10].
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Spider venom peptide toxins are active as myotoxins and neurotoxins and are potassium,
sodium, and calcium ion channel active compounds (3, 4, 5, and 6). Lower molecular
weight acylpolyamines are paralytic and composed of an aromatic portion, amino acids,
and polyamines; indole and hydroxybenzene are linked to spermine and other polyamines
by an acyl group or amino acid. These compounds are major components of many spider
venoms and have been called "glutamate receptor antagonists”. Hyaluronidase (also
known as "spreading factor"), nucleotide-like adenosine triphosphate (ATP) and citrate
are some other major spider venom components. Hyaluronidase and citrate
(anticoagulant, chelator, and buffer) can be proposed as active venom components, and

recently extracellular ATP has been reported as toxic to certain cells [11]

The dermo necrotic toxin of Loxosceles, 32 kDa, is reported to be a Sphingomyelinase
enzyme, and recent reports have indicated the development of effective anti-venom is
possible. The action of Loxosceles toxin is not well understood [12].
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THE CHEMISTRY OF SPIDER VENOM

Spider venoms are complex mixtures with a large number of components. This graphic looks at the chemical identities of some of these components, and their roles in venoms.

TYPES OF VENOM LINEAR & DISULFIDE-CONTAINING PEPTIDES

Wenoms are grouped into two main categories, necrotic or neurotoxic,
though some spider venoms can exhibit both types of effect

©O ©

NECROTIC NEUROTOXIC

Also referred to as ‘cytotoxic’. : These venoms act directly on the
Damages and kills the cellsand  ;  nervous system. They interfere
tissue around the site of the bite, ;  with nerve signals; in extreme
causing blisters, inflammation, ; cases, this can lead to death from
and lesions to appear. Recluse M respiratory or cardiac failure.
spiders and South African Sand | Black Widow & Funnel Web
spiders have necrotic venom. :  spiders have neurotoxic venom.

DISULFIDE BONDS IN A PEPTIDE
Disulfide bonds form between thiol {-SH) groups on peptide chains

Cytolitic peptides are linear molecules, responsible for the necrotic
activities of some venoms. They show activity against a broad range of
target cells, have a function in aiding external digestion, and can also
be synergistic with neurotoxins. Larger peptides containing disulfide
bonds are neurotoxic, exerting effects by acting on certainion channels.
They are the major toxic components of the majarity of spider venoms
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Number of different spider species catalogued (as of 2011)

150,000

Estimated number of different spider species in existence

174

Number of species for which venom components describad

high molecular weight neurstoxins called latrotoxins cause release of
neuromediators, resulting in blockade of nerve signal transmission

These are defined as compounds with a molecular weight of less than

1000, and include salts, carbohydrates, amino acids, amines, and

acylpolyamines, some of which act synergistically with other venom

components. Amines can contribute pain, and also help the venom

spread from the bite site. Acylpolyamines help paralyse invertebrate

victims by blocking ion channels that are activated by glutamate, but
can also be effective against vertebrate nervous systems.
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FIG 1.6. The whole chemistry behind the spider venom

An example of a spider venom neurotoxic protein is a-latrotoxin from the black
widow spider. It is highly toxic to vertebrates and causes massive neurotransmitter
release. The active enzyme in brown recluse spider venom is Sphingomyelinase D or
Phospholipase D which causes the degradation of cell membranes and the development of

painful lesions.



Table 1.6.1 Various components of the spider venom [13]

Venom Component

Acylpolyamines

Mode of Action

Non-competitive inhibition at glutamate
receptors, leading to paralysis
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Families Using This Toxin

Araneidae, Nephilidae, and
some other families

Peptides with disulfide (-s-s-)
bridges twisting molecule into
aknot

Uncontrolled stimulation or inhibition at
sodium, potassium or calcium ion
channels in nerve endings

Many families but especially the
Hexathelidae, Actinopodidae,
Theraphosidae, Agelenidae

Neurotoxic proteins

Exhaustive release of neuromodulators
at nerve endings, causing intense pain

Theridiidae, especially some
Latrodectus and Steatoda species

Linear cytolytic peptides

Damage to cell walls in a victim's tissues,
causing the cells to break open and die

Zodariidae, Lycosidae, Oxyopidae,
Araneidae, Agelenidae

Histolytic enzymes

Tissue ulceration by 'ungluing' of tissues,
notably involving sphingomyelinase D

Sicariidae, especially Loxosceles
species

Digestive enzymes, especially
hyaluronidase and collagenase

Dissociation of tissue cells to promote
extracorporeal digestion

Many families including the
Desidae, Lycosidae, Sicariidae,
Theridiidae, and Sparassidae

Small acids and amines

Pain-producing and some other actions

Many families notably including the
Salticidae and Hexathelidae




Table 1.6.2. Spider Venom Component as Drugs
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Table 8.1 Patents detailing potential therapeutic applications of spidervenom peptides filed during the period 1989-2014,
No. of 88 Disease/
Patent number Year Assignee Peptide name Spider species residues  bonds  Target/mode of action application
US B 664 179 2014 CNRS & Psp3Txl Paraphysa spp. 28 3 Inhibitor of T-type Pain, hypertension,
Universite de voltage-gated caleium and prostate
Nice Sophia channel Cay3.2 cancer
Antipalis
W02014016673 2014 Purdue C-terminally modified  Thrixopelma 30 3 Inhibitor of voltage-gated Nay channel
Al Pharma L.P. protoxin-II pruriens sodium channels, disorders,
particularly Nay1.7 especially pain
WO 2013173706 2013 Janssen Biotech Huwentoxin-IV Haploplema 39 3 Inhibitor of voltage-gated Pain
A2 Inc. analogs schmidti sodium channel Na,1.7
Us 8 399 026 2013 Alomone Peptides A, B Pierinochilus 34,29 3,3 Inhibitor of voltage-gated Pain
Preclinical Lid spp. sodium channels
Peptides C, D Haplopelma 35,33 3,3 Nayl.3 and Nay1.8
lividum
Peptide F, Grammostola 34,34 3,3
VSTX3 spp.
US 8 383 162 2013 Universidade Phetf Phoneutria 55 6 Inhibitor of N-type Pain
WO2008061329 Federal de nigriventer voltage-gated calcium
AZ Minas Gerais channel Ca, 2.2
WO02012125973 2012 Amgen Inc. GpTx-1 Grammaostola 34 3 Potent inhibitor of Pain
A2 (t-TRTX-Gr2a) porieri Nay1.3 and Nay1.7.
Weal inhibitor of
Cay3.l
Us 7 892 764 2011 Legacy Emmanuel Pl [m-TRTX-Pela)  psalmopoeus 40 3 Selective blocker of Epilepsy (seizure
Hospital & cambridgei ASIC1a suppression)
Health Center
WO02009094742 2009 Universidade Tx2-6 (3-CNTX-Pn2a)  phoneutria 48 5 Inhibits inactivation of Erectile dysfunction
Al Federal de nigriventer Na, channels and

Minae (laraic

increases NO release in
the corpus cavernosum



1.7 Spider Venom Enzyme Components and their Mode of Actions:

Table 1.7 The main enzymes of spider venom

Type Mame origim
Oxydoreductazes | dehydrogenase lactate Elapidae
L-aminc-acid cxidase All species
Catalase All species
Transferases Alanine amino transferase
Hydrolases Phospholipase Ao All species

Lysophospholipase

Elapidae, Viperidae

Acetyle holinesterase Elapidae
Alkaline phosphatase Bothrops atrox
Acid phosphatase Deinagkistrodon acutus
F-Muclectidase All species
FPhosphodiesterase All species
Decxyribonuc lease All species
Ribonuclease 1 All species
Adencsine triphosphatase All species
Amylase All species
Hyalurcnidase All species
MAD-Muclectidase All species
Kininogenase Viperidae

Factor-X activator

Viperidae, Crotalinase

Heparinase Crotalinas
a-Fibrinogenase “iperidae, Crotalinae
p-Fibrincgenase Yiperidae, Crotalinas
a-p-Fibrincgenase Bitizs gabonica
Fibrinchytic enzyme Crotalinas
Prothromibin ac tivator Crotalinas
Collagenase Viperidae

Elastaze Viperidae

Lyases

Gluc csamine ammonium ase

19



1.8 Effects of spider bite [14]

20

When the spider bites people, they may feel a sharp sting or nothing at all. Pain usually

develops within the first several hours after being bitten and may become severe.

Children may have more serious reactions.

Symptoms may include:

Chills

Itching

General ill-feeling or discomfort
Fever

Nausea

Rarely, these symptoms may occur:

Coma

Blood in urine

Reddish or purplish color in a

circle around bite
Sweating

Large sore (ulcer) in the area of
the bite

Yellowing of the skin and whites of the eyes (jaundice)

Kidney failure

Seizures
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1.9 Analysis of Brown Recluse Phospholipase D protein

Phospholipase D [15]

Phospholipase D catalyses the hydrolysis of the phosphodiester bond of
glycerophospholipids to generate phosphatidic acid and a free head group. Phospholipase
D activities have been detected in the simple to complex organisms from viruses and
bacteria to yeast, plants, and mammals. Although enzymes with broader selectivity are
found in some of the lower organisms, the plant, yeast, and mammalian enzymes are
selective for phosphatidylcholine. The two mammalian Phospholipase D isoforms are
regulated by protein kinases and GTP binding proteins of the ADP-ribosylation and Rho
families. Mammalian and yeast Phospholipase D are also potently stimulated by

phosphatidylinositol 4,5-bisphosphate.

PLD-catalyzed hydrolysis has been proposed to occur in two stages via a "ping-pong"

mechanism. In this scheme,

» The histidine residues of each HKD motif successively attack the phospholipids
substrate.

» Functioning as nucleophiles, the constituent imidazole moieties of the histidines
form transient covalent bonds with the phospholipids, producing a short-lived

intermediate that can be easily hydrolyzed by water in a subsequent step.

Headgroup

PLD

PLC

Glycerol
PLA, f T| PLA,

Fatty acid
Fatty acid

FIG 3: Mode of Action of Phospholipase D




22

Phospholipase D in the spider venom:

Envenomations by brown spiders in the genus Loxosceles can induce a disease state
called loxoscelism in mammalian tissue. Cutaneous loxoscelism can result in ulcer
formation, edema, and dermonecrosis at the site of envenomation. Some envenomations
result in systemic loxoscelism involving hemolysis, circulatory shock, intravascular

coagulation, renal failure and even death.

Phospholipase D (PLD) toxins in the venom are the primary agents responsible for
loxoscelism. Toxins purified from venom or recombinant sources elicit the full pathology
of loxoscelism when injected into animal models. Multiple PLD isoforms and homologs
are expressed in venoms throughout the spider family Sicariidae, which includes the
genera Loxosceles and Sicarius. The gene family comprising these toxins has been named

SicTox to reflect this phylogenetic distribution.

PLD toxins from Loxosceles bind to mammalian cell surfaces and have enzymatic
activity against common  phospholipids in  mammalian tissue, including
lysophosphatidylcholine (LPC) and sphingomyelin (SM). The most common activity
assay for these enzymes detects PLD activity by monitoring choline release from the
substrate. Liberation of choline from SM or LPC is commonly assumed to result from
substrate hydrolysis, giving either ceramide-1-phosphate (C1P) or lysophosphatidic acid
(LPA), respectively, as a second product. C1P and LPA are thought to contribute to the
pathology of loxoscelism by some as the yet undetermined mechanism but definitive
evidence for the formation of these phosphate-containing products is lacking. 31P NMR
spectroscopy and mass spectrometry to directly observe the formation of the phosphate-
containing products from the action of a recombinant Loxosceles PLD toxin, as well as
diverse whole venom samples, on the substrates SM and LPC. Instead of the hydrolytic
products C1P and LPA, respectively, we observe exclusive formation of cyclic phosphate

products resulting from intramolecular transphosphatidylation [16]
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Phospholipase D in Loxoceles

The brown recluse spider, Loxosceles reclusa, and other species of the Loxosceles genus
also express PLD-like SMases, called SMase Ds with significant sequence homology to
the Corynebacterium and Arcanobacterium SMase D that catalyzes manganese-
dependent acid-base hydrolysis of SM to ceramide-1-phosphate. These enzymes are the
major component of spider venom and are responsible for the dermonecrosis, haemolysis,
dysregulated neutrophil activation, and other toxic physiological responses to a spider
bite. In vitro characterization of recombinant SMase Ds demonstrates that these enzymes
can be divided into two classes based on biochemical activity. Class | enzymes, in
addition to SMase activity, also efficiently hydrolyze lysophospholipids in a PLD-like
fashion to generate LPA. As such, it has been proposed this enzyme be called a PLD, a
less specific title that encompasses all activities characterized to date. LPA triggers
signaling cascades in the host organism including platelet aggregation and inflammatory
response. Lyso PLD activity is likely the cause for some of the lethal effects
of Loxosceles venom. Class Il enzymes exhibit SMase activity and exhibit decreased
activity towards phospholipids. Subsequently, other spider and snake venoms have been
characterized as having PLD or SMase D activity. The crystal structures of class I and
class 1l SMase enzymes from Loxosceles reveal differences in the catalytic cleft that

explain observed differences in substrate selectivity [17].
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2. Materials and Methods [18]:

2.1 Protein Sequence

The target protein sequence (FASTA format) was searched for in GenPept database.

2.2 Homology

Homology (sequence/structure similarity) among protein sequence implies their
functional relatedness. If 2 sequences are significantly homologous, it implies they
perform the same function or belong to the same protein family. The following software

was used to study homology of Brown Recluse Phospholipase D precursor proteins.
PSI-BLAST

PSI-BLAST (Position specific iterated basic local alignment search tool) is a provided on
NCBI.

» Based on BLOSUM®62 scoring matrix
» Finds similarities between distantly related proteins.

> Help to identify whether a new protein is a member of an already

characterized protein family.

> By repeatedly (iteration) searching and adjusting scoring matrix for
alignments, it brings out sequences significantly homologous to a target

sequence.
» It finds out regions of local alignments (homologous stretch) among proteins.
COBALT

COBALT does progressive multiple alignments of protein sequences. The alignment is
aided by a collection of pair wise constraints derived from conserved domain database,
protein motif database, and local sequence similarity using RPS-BLAST, BLASTP, and
PSI-BLAST, respectively. Computation time is reduced by forming clusters of sequences
that share a large number of common words and finding conserved domains and motif

matches for only one sequence per cluster.



26

2.3 Protein motif

Proteins are generally comprised of one or more functional regions, commonly
termed domains. The presence of different domains in varying combinations in
different proteins gives rise to the diverse repertoire of proteins found in nature.

Identifying the domains present in a protein can
» Provide insights into the function of that protein.

» If the sequence of an unknown protein is too distantly related to any protein of
known structure to detect its resemblance by overall sequence alignment, it can be
identified by the occurrence in its sequence of a particular cluster of residue
types which is variously known as a pattern, motif, signature, or fingerprint.
These motifs arise because of particular requirements on the structure of
specific region(s) of a protein which may be important, for example, for

their binding properties or for their enzymatic activity.
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The Brown Recluse Spider Venom sequence was analyzed for the presence of functional

motifs using the following software

Table 2.1. Softwares used for the analysis:

Software used for motif search
name Family
definition
HMMPlam Scans the hidden markov models (HMMsz) that UniProtkB, GenPept, | HMM
are present in the Plam Profein lamilies database. | melagenome dala
ScanProsile ProfileScan scans against PROSTTE profiles. UniProlKB/SwissProl | weight
These profiles are based on weight matrices and malrices
are more sensitive for the detection of divergent
privein Tamilies.
PalternScan is a new version of the PROSTTE UniProtKRSwissProl | Repular
pattem search soliware which uses new code EXPrEssion
developed by the PROSITE team. ]
FingerPRINTSe | FingerPRINTScan provides the closest malching | UniProtKB protein
in PRINTS lingerprini(s) o a prodein sequence. The lingerprint
latest version of the FingerPRINTScan package &
uses an approach, based on Karlin and Allschul
slalistics, W generale a probability-value Tor each
scoring match o a modil.
SMART Scans the hidden markov models (HMMz) thatl LiniProtk i3, HMM
(Simphe are present in the SMART domain/domain FNSHMEL.
Muodular lamilies database.
Archileclure
Eescarch Tool)
HMMPanther | The PANTHER (Protein ANalysis THrough UniProdl HMM
Fvolutionary Kelationships) Classification
System was designed (o classily proteins {and
their penes) in order (o facilitate high-throughpol
anal ysis.
BlastProDom UniProlKB Psl-
Scans the families in the ProDom database. BLAST
based
clusiers
HMMPIR microbial sequences weight
HlerProScan Seans the hidden markov models (HMMs) that | [rom ] malrices
) are present in the PIR Protein Sequence Database | UniProtKB/SwissProt
F':"'?m' SEUETICE | a1y of Tunetionally annatated prolein
ﬁﬁf‘m' sequences, PIR-PSD
sequence HMMTigr UmProtkB, GenPept, | HMM
applications. Bcans the hidden markov models (HMMs) that melagenome data
are present in the THGRFAMSs protein lamilies
ilalabase
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HAMAP microbial sequences | weight
Scans against HAMAP profiles. These profiles | [rom ) malrices
are hased on weight matrices and are more UniProtk B/SwissProt

sensilive for the detection of divergent baclerial,
archacal and plastid-encoded protein Tamilies,

Superlamily LniProtKR, PR, HMM

SUPERFAMILY is a library of profile hidden | complete genomes
Markowv models that represent all proteins of
known strociure.

HMMPram

ScanProsile

FingerPRINTScan

SMART (Simple Modular Archilecture Research
Townl)

HMMPanther

T™HMM
Signal PHMM

Giene3DD CienBank HMM

Ciene30D is supplementary to the CATH database.
This protein sequence database conlains proteins
[rom complete genomes which have been
clustered into protein families and annotated with
CATH domains, Plam domains and functional
information from KEGG, GO, COG, AlTymetrix
and STRINGS.

Phylogeny

2.4 Phylgeny.fr

Phylogeny.fr is a free, simple to use web service dedicated to reconstructing and
analyzing phylogenetic relationships between molecular sequences. Phylogeny.fr runs
and connects various bioinformatics programs to reconstruct a robust phylogenetic tree
from a set of sequences.
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2.5 Signal peptide and Glycosilation Site

SignalP

SignalP server predicts the presence and location of signal peptide cleavage sites in amino
acid sequences from different organisms: Gram-positive prokaryotes, Gram-negative
prokaryotes, and eukaryotes. The method incorporates a prediction of cleavage sites and a
signal peptide/non-signal peptide prediction based on a combination of several artificial

neural networks.

NetNGlyc

The NetNglyc server predicts N-Glycosilation sites in human proteins using artificial

neural networks that examine the sequence context of Asn-Xaa-Ser/Thr sequons.

2.6 Molecular Structure

I-TASSER

I-TASSER server is an internet service that generates high-quality predictions of
3D structure and biological function of protein molecules from their amino acid

sequences.

» The server first tries to retrieve template proteins of similar folds (or super-
secondary structures) from the PDB library by LOMETS, a locally installed
meta-threading approach.

» The continuous fragments excised from the PDB templates are reassembled
into full-length models by replica-exchange Monte Carlo simulations with the
threading unaligned regions (mainly loops) built by ab initiomodeling. In
cases where no appropriate template is identified by LOMETS, I-TASSER
will build the whole structures by ab initio modeling. The low free-energy

states are identified by SPICKER through clustering the simulation decoys.
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» The fragment assembly simulation is performed againstarting from the SPICKER
cluster centroids, where the spatial restrains collected from both the
LOMETS templates and the PDB structures by TM-align are used to guide
the simulations. The purpose of the second iteration is to remove the steric clash
as well as to refine the global topology of the cluster centroids. The decoys
generated in the second simulations are then clustered and the lowest energy
structures are selected. The final full-atomic models are obtained by REMO
which builds the atomic details from the selected I-TASSER decoys through
the optimization of the hydrogen-bonding network.

» For predicting the biological function of the protein, the I-TASSER server
matches the predicted 3D models to the proteins in 3 independent libraries which
consist of proteins of known enzyme classification (EC) number, gene
ontology (GO) vocabulary, and ligand-binding sites. The final results of
function predictions are deduced from the consensus of top structural
matches with the function scores calculated based on the confidence score
of the I-TASSER structural models, the structural similarity between model
and templates as evaluated by TM-score, and the sequence identity in the

structurally aligned regions.
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3. Results of analysis:

3.1 Protein Sequence

The target protein sequence was derived from Genet (UniProtKB/Swiss-Prot ID:
POCE79.1)

>POCE79.1 RecName: Full=Phospholipase D LrSicTox-alphalAlii; Short=PLD,;
AltName: Full=Dermonecrotic toxin; AltName: Full=SMaseD/LysoPLD; AltName:
Full=Sphingomyelin  phosphodiesterase = D;  Short=SMD;  Short=SMase  D;
Short=Sphingomyelinase D; Flags: Precursor
MLLYVTLILGCWSAFSESAETDVAERANKRPIWIMGHMVNAIYQIDEFVNLGAN
SIETDVSFDKDANPEYTYHGVPCDCGRSCLKWEYFSDFLKGLRKATTPGDSKYH
AKLVLVVFDLKTGSLYDNQAYDAGKKLAKNLLKHYWNNGNNGGRAYIVLSIPD
LNHYKLITGFKETLKSEGHPELMDKVGHDFSGNDAIGDVGNAYKKAGVTGHVW
QSDGITNCLLRGLSRVKEAVKNRDSSNGFINKVYYWTVDKRATTREALDAGVD
GVMTNYPDVITDVLNESAYKAKFRIATYDDNPWETFKN

3.2 Homology

PSI BlastPSI-BLAST was used to find homologous sequences for Brown Recluse
Phospholipase D in protein databases (GenPept). PSI-BLAST was done up to 3 iteration
with max 100 sequence entries. The search was done against non-redundant protein
sequence database.

@ Secure | https;//blastnebi.nim.nih.gov/Blast.cqi?PAGE=Proteins&PROGRAM=blastp&BLAST_PROGRAMS=blastp&QUERY=POCE79.1&LINK_LOC=protein&PAGE_TYPE= @ ¥r L)
F g g F 2

FIG 3.2.1 PSI BLAST Window
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COBALT

Multiple sequence alignment of Brown Recluse Sphingomyelinase D was done with the
following 16 spider venom sequences. Alignment type was selected to fast and the
protein weight matrix used was BLOSUM. Rest of the programme parameters were
default.

AAP97092.2, ANY30963.1, 3RLHA, AAP97091.2, AAQ16123.1, 4ARW3A, 3RLGA,
4RW5A, ACN48860.1, AKB91150.1, ACN48838.1, AKB91128.1, AKB91132.1,
AAP44735.2, AKB91140.1.

Table 3.2.1 Spider species worked with

Accession Number Species
POCE79.1 Loxosceles reclusa
AAP97092.2 Loxosceles intermedia
ANY30963.1 Loxosceles similis
3RLHA
AAP97091.2
AAQIL6123.1 Loxosceles intermedia
4ARW3A
3RLGA
4RW5A
ACN48860.1 Loxosceles spadicea
AKB91150.1 Loxosceles rufescens
ACN48838.1 Loxosceles hirsuta
AKB91128.1 Loxosceles sp. Gran Canaria 1
AKB91132.1 Loxosceles sp. La Gomera
AAP44735.2 Loxosceles arizonica

AKB91140.1 Loxosceles rufescens
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ANY30883.1 loxtox protein [Loxascsles similis]

3RLH_A Chain A, Crystal Structure OF A Glass Ii Phosphoiipase O From Loxosceles Intermedia Venom

sphingomysiinase P1 precursor [Loxosceles intermedia]

1 dermonecrotic protein 1, partial [Loxosceles intermedia]

4RW3_A Ghain 4, Structural Insights Into Substrate Binding Of Brown Spider Venom Class |i Phospholipases D
IRLGAT

ain A, Crystal Structure Of Loxosceles Intermedia Phospholipase D Isoform 1 H12a Mutant

4RWS5_A Ghain 4, Structural Insights Into Substrate Binding Of Brown Spider Venom Glass |i Phospholipases D
AGN4BE5
2KBETIS0
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FIG 3.2.4 MSA of the desired protein sequences
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3.3 Protein Motif
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FIG 3.3.1 Predicted Protein Motifs in Phospholipase D

Table 3.2.1 Motifs found in Phospholipase D in Brown Recluse

Software’s/ Database Motifs/ Domains Position in Sequence E-Value

Pfam GDPD 2 246-275 0.0039
PLC- like
Phosphodiesterases 40-79 6.26e-17
Superfamily
Glycerophosphoryl 133-280 0.018
diester diesterase
SignallP Signal Peptide 1-18 0.768
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3.4 Phylogeny

To determine the phylogeny of Brown Recluse Phospholipase D, total 16 protein

sequences were taken.

Phospholipase D sequence of the following spider species- Loxeceles Recluse
(POCE79.1), Loxosceles Intermedia (AAP97092.2), Loxosceles Similis (ANY30963.1),
Loxosceles Spadicea (ACN48860.1), Loxosceles Rufescens (AKB91150.1), Loxosceles
Hirsuta (ACN48838.1), Loxosceles sp. Gran Canaria (AKB91128.1), Loxosceles sp. La
Gomera (AKB91132.1), Loxosceles arizonica (AAP44735.2), Loxosceles Intermedia
(BRLHA), Loxosceles Intermedia (AAP97091.2), Loxosceles Intermedia (AAQ16123.1),
Loxosceles Intermedia (4ARW3A), Loxosceles Intermedia (3RLGA), Loxosceles Intermedia
(4RW5A)

Table 3.4.1: E-value, Max Identity, and Max Score of different Loxoceles Species

Species Protein E value Max identity Max score
Loxeceles Recluse PLD 0 100% 633
Loxoceles
) PLD 0 85% 553
Intermedia
Loxoceles Similis PLD 0 84% 543
Loxoceles
_ PLD 3e-176 87% 486
Spedicea
Loxoceles
PLD 6e-176 87% 496
Rufescens
Loxoceles Hirsuta PLD 4e-175 86% 494
Loxoceles Gran
_ PLD le-172 86% 487
Canaria
Loxoceles
) PLD 0 83% 538
Intermedia
Loxosceles
PLD 0 83% 537

Intermedia
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Species

Protein E value Max identity Max score

Loxosceles

Intermedia

PLD 0 83% 528

Loxosceles

Intermedia

PLD 4e-179 85% 505

Loxosceles

Intermedia

PLD 7e-178 85% 501

User Inputs
Input

i

Alignment
MUSCLE &

Dutputs:
[FASTA] [PHYLIP] [Clustal] [HTML]
[Logs]

Settings:
Run mode: full processing mode

i

Phylogeny
PhyML E) +alRT

Outputs:
[Mewick] [Stats] [Logs]

Settings:
Model: WAG

Statistical test: alrt
Number of categones: 4
Gamma: estimated
Invarable sites: estimated
Remove gaps: enabled

I

Tree Rendering
TreeDyn E

Outputs:
[Newick] [PNG] [PS] [PDF] [SVG] [TGF]

Settings:
Confarmation: rectangular
Legend: displayed
Branch annotation: bootstrap
Font: Times 8 normal

The analysiz was performed on the Piyviogemy fir platform and comprized the follewing steps.

Sequences were alignedwith MUSCLE (v3.8 31) configired for highest accwracy (MUSCLE with defaudt seftings).

The plylogenetic tree was reconstructed using the maciman likelihood method implemented in the Ply ML program (v3.4/3.0
alRT}. The WAG substituition model was selected assioming an estimated proporiion of bveriaont sites (qf 0001} and 4
gemma-distributed rate categories to accownt for rafe heteragensity across sites. The gomma shape peraneter was estimated
directly from the data (gamma=3.640). Reliability for imternal bramcl was assessed using the aLRT fest (SH-Like).

Graphical representation and edition of the plylogenetic tree were performedwith TreeDyvn (v198.3).

FIG 3.4.1 Flow Chart of phylogeny
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3.5 Signal Peptide and Glycosilation site

Signal P

/ 5 signalP - Google Search X Y SignalP 4.1 Server - prec. X Y SignalP 3.0 Server

< C Y | ® www.cbs.dtu.dk/cgi-bin/webface2 fegi?jobid=590147CE00007

SignalP 4.1 Server - prediction results
U
N céé Technical University of Denmark

# signalP-4.1 euk predictions

»Sequence
SignalP-4.1 prediction {euk networks): Sequence
" Cescore”
1.0 S-score
- Y-score
08 f
|
086
| |P
o 4
3 W
3 04 il
! W U
02 AT
oo M HI“IHHHIHWHIIII I
MLLYVT LI LGCWS A FS ESAET DVAERAH K8 PIWI MGHNVIA | YO 1D EFVHLGANS | ET DV SFD KDAN PE
0 10 20 30 40 50 60 o
Position
# Measure Position valus  Cutoff  signal peptide?
max. ¢ 1% e.565
max. ¥ 18 8.732

8.595
1-18  e.see
1-18  8.788 .58 vES

* Cleavage site between pos. 18 and 19: SES-AE D=8.765 D-cutoff=8.458 Networks=SignalP-noTh

FIG 3.5.1 the result of SignalP

SignalP (version 4.1) predicted the presence of a 20 a. a. signal peptide for the Brown

Recluse Phospholipase D. The probable cleavage site is between Asn*® and His™®.

C-score (raw cleavage site score) -The output from the CS networks, which are trained to
distinguish signal peptide cleavage sites from everything else. S-score (signal peptide
score) - The output from the SP networks, which are trained to distinguish positions
within signal peptides from positions in the mature part of the proteins and from proteins
without signal peptides. Y-score (combined cleavage site score) - A combination
(geometric average) of the C-score and the slope of the S-score, resulting in a better

cleavage site prediction than the raw C-score alone.
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NetNGlyc

&« C Y | ® www.chs.dtu.dk/cgi-bin/webface2.fcgi?jobid=590148490000789077E1D523 &uwait=20 Q| o ®

NetNGlyc 1.0 Server - prediction results

e Technical University of Denmark

Threshold

3 o

Seausnce pozition

FIG 3.5.2 Predicted N- Glycosilation site

NetNglyc server predicted that there was no glycosilation site in the target protein.

3.6 Molecular Structure:

I-TASSER server returned the following results for Brown Recluse spider venom

Phospholipase D:
Submitted sequence

>protein
MLLYVTLILGCWSAFSESAETDVAERANKRPIWIMGHMVNAIYQIDEFVNLGAN
SIETDVSFDKDANPEYTYHGVPCDCGRSCLKWEYFSDFLKGLRKATTPGDSKYH
AKLVLVVFDLKTGSLYDNQAYDAGKKLAKNLLKHYWNNGNNGGRAYIVLSIPD
LNHYKLITGFKETLKSEGHPELMDKVGHDFSGNDAIGDVGNAYKKAGVTGHVW
QSDGITNCLLRGLSRVKEAVKNRDSSNGFINKVYYWTVDKRATTREALDAGVD
GVMTNYPDVITDVLNESAYKAKFRIATYDDNPWETFKN

FIG 3.6.1 Submitted protein sequence to I-TASSER Server
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Predicted Secondary Structure

160 180 260 20 Pt 260 280 300

NNGGRAYIVLSTPDLNHYKLITGFKETLKSECGHPELMDKVGHDF SCNDATGOVENAYKKAGVTGHVMQSDGI THCL LAGLSRVKEAVKNRDSSHGF INKVYYWTVDKRATTREALDAGVDGVMTNYPDVITOVLNESAYKAKFRIATYDDNPWETFKN
CCCCSSSSSSSCCOCHHHHAARHAHAHAHRCCCHHHRHHHSSCCCCCCHRHRHRHAHHRCCCCCCSSSCCCOCCCCCOCCHRHRHAHARHRRHCCCCCSS S S SSCCCHHRRHHRAHCCCCSSSCCCHARRHHHARRHCCCCCCCCCCCOCCCOHARCC
767427959815862268999999999986151133344003233663188999999857970546860463234334416899999977631356775899956999999999966 999897488 3899999801 3446442226678993142149

Pl 1 60 ] 10 12 149

Sequence  MLLYVTLILGCHSAFSESAETOVAERANKRP THIMGHMVNATYQTDEFVNLGANSTETDVS FOKDANPEY TYHGVPCDCGRSCLRNEYFSDFLKGLRKATTRGDSKYHAKLVLVVFDLKTGSLYDNOAYDAGKK LAKNL LEYANNGN
Prediction (SSHHHHHHAHHHHRHARACCCCCCCCCCCOCSSSSSCOCCHARHRHCCCCS3553555CCCC55555CCCCCCLCLCCCCOCHHRRRRRKRHCCCCCCCRHRCSSSSSSSCCCCCOCHRHRRHRHRHRRAHRHRHHHHCCC

Conf Score 9223999999878 776543156410937987368640106899999999859987999899747986899757986065432356422889999999733799941311201577763567766688988508999999999972577
H:Helix; 5:5trand; C:(oil

FIG 3.6.2 Predicted secondary structure of Brown Recluse Phospholipase D
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Predicted Solvent Accessibility

] N i B 100 10 149
| | | | | | |

Sequence  MLLYVTLILGCHSARSESAETDVAERANKRPIWINGHIVNATYQTO=FUNLGANSTETOVSFOKDANPEYTYHGVPCDCGRSCLENEYFSDFLKGLRKATTPGDSKYHAKLVLVVEDLKTGSLYONQAYDAGKKLAKKLLEHYWNNGH
Prediction 4301000010910012333544235445310600091102327303300031030001101016724122011012020123655353030004203722134545134 30060e006226014553136134004 20152014416

Values range from @ (buried residue) to 9 (hignly exposed residue)

166 188 200 08 1y 260 280 300

| | | | | | | |
INGGRAYTVL STPDLARYKLITGFKETLKSEGHPE LNDKVHDE SCHDATGOVGNAYKK AGVTCHVNOSDRITNCLLRGL SRVKEAVKNRDSSNGF INKVYYWTVORRATTREALDAGYDGVMTNYPOVITOVLNESAYKAKFRIATYDDNPHETFK

344210000000331432300420252047445401430111833453173035186726156320202002201233272034004424476321220000012336263300612000000231420348164 761463120833 7441253348

FIG 3.6.3 Predicted solvent accessibility of Brown Recluse Phospholipase D
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Top 10 templates used by I-TASSER

Hi T Al 2 @ i B " 8 i 10 13 i
. ‘ | | | | | \ | | | |

SCOre
See. St A HHHHHAHCCCCC O OO CCS 555 S0 T CH AR HOCC 5 5885850 L L5888 L0 L CCCCCCC L ChHHHHRHAHHHCCCCC A5 5585 CCCCCC A O CCCC S S5 5SS CCCCHHHH AR AHAHCCCHHFHHHHS SCCCCCC b
e LYVTLT LS AR SESAE TOVAER KRR T G A Y T OE FVNL GA S TE TIN SN DANPE Y TYHGVP CDCGRSC LKNEY FDF LKGLRKATT PEDSK YHAK LVLWWFDILK TGSL YOHQAYDAGK KL ANLLKHYWNGHNGIRAYTVLS IPDLNEYY LITGRK ETLKSEGHPE LUDKVEHDF SGNDATAI
GIRRPIHT)GH VY ATGOIDEFVILGA STETDVSFODNANPEYTYHGTP D GAN_KKYENFNDF LKGLRSATTRGNSKYQEKLVLVWFDLKTGSLYDNIQANDAGKK LAKNLLOHYNIVG!\GGRAYIVLETP DL HYPLIKGFK DQLTKOGHPEL DKVEHDF G\ DDIGDVEKAYKKAGITGHIS0GLT - LPRE
-------------------------- DSRRP IUNIAH VNDLOLVDEYLDDGA!SLELOVEFSKSGTALRTYHGYP D - FRS. TRSEKFZKYLDYIRQLTTPGUSKFRSRLILLVLOLKLNPLSSSARYNAGADVAR! LLONY}QREDSKARAYIVLE LETIAGAE FLTGRKDTMKKEGFDKYYDK TGHDF 36/ EDLGK]

4 05078 091 233 Downlosd
dafnd 04304 090 427 Downlosd

A 05078 091 209 Downlosd

'RRPINI G VIIATG)TDEFYALGANSTETOVSFDONAPEYTYHGIPCDCGRNCKKYENFNDFLKGLRSATTPGNE K YQEK LVLVVFDLKT G LYDN)RNDAGKKLAKILLQHYNNNGUGGRAY VL[ POLNHYPL IKGF KDQLTKDGHPE L DKVGHDR 56! DDIGDVGKAVKKAGL TGHIWGE0GITI-LPRGL
------------------------- -AD'RRP TUNLAA V1 (AVA]TPOF LDLGA/ALEADNTFKG-SVFTYTYHGTP DFGRD- IRNEYFNVFLKTLREYTTPGNAKYRDGFTL FVLOLK TGS LSNDOVRP - - --AGENNAKEL LG GGRAYWVLE LPDIGHYEFVRGFKEVLKKEGHEDLLEKVGYDRZGRYTLOAT
PLGDMARLKEATK SROSKTYYUSVDKVST THAALDVVDGT THVYPNNL IGYLKESGYNDKYRLATYODUPHETFK

zd 0078 091 371 Downlosd

mld 05 05 080 244 Downosd

4 05078 091 399 Downlosd

1l

=

07007 082 328 Downosd

|

zd 0UB50TE 091 428 Downlosd

4 05078 091 228 Downlosd

a 228 248 268 288 el

THHHAERCCCCOCS S5 0000 O COCCHARHA HHHEHREHCOCCOC S5 555 50 0CHHH EHREHRCCOCS S5 00CHEHAHARHABRCCCCOCCOCOOC OO CCHHARCC
AGMNAYK KA TEHVHOSDEITRCL LRGLSRYVEEAVEMNRDS SNGF INEVY YW TWDERAT TREAL DAGWDEWVMTHY PDVITOW LNESAYKAK FRIATYDONPHWETFEN

SLERAVNAAVANADSANGFINEYYRTVDEKRST T RDALDAGVDGET | THYFDVI TOVLNEAAY KK KF RVAT YDDMNPWWT FE -

[ROVWLESHGIREHIWOGDGITHC LPADDNRL KQAT SARYPTYWYADKWY THSIDKESSIENALRLGYDGY THY PARVISY LGEREFSGE LRLATYDDNPREK - -
SLERVNASVANADSANGFINEY YR TVIKRET T RDALDAGVDGET | THYPDVI TODVLNEALY KK KF RVAT YDDMNPWWT FE -

SSRVEALYAMNRDEAMNGE THEWYYWTVDERST TROVL DOGVDGTH T Y POVI TV LNEAAY KKK FRVATYDONPENTFE -

THEAY KKAGWDGHIKWLSDELTHNFS - - ———

~SRVRASYANRDEAMNGE THEWVYYWTVDERST TROGL DAGVDGT T POVI T LNEAAY KKK FRVATYDDNPENTFE -
MEEAYKKAGITEHIWOSDEITHNCL--—-- =

FLSAVNAAVANRDSANGFINKWY Y RWTWIK RS T TRDALDAGWDGEL | THYFDWITDWVL HEALY KK KF RVAT YDDMNPWWT FK -

SLERAVNAAVANADSANGFINEYYRTVDEKRST T RDALDAGVDGET | THYFDVI TOVLNEAAY KK KF RVAT YDDMNPWWT FE -

FIG 3.6.4 Alignment with top 10 protein templates used by I-TASSER
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The data provided that-

All the residues are colored in black; however, those residues in template which are
identical to the residue in the query sequence are highlighted in color. Coloring scheme is
based on the property of amino acids, where polar are brightly colored while non-polar
residues are colored in dark shade.

e Rank of templates represents the top ten threading templates used by I-TASSER.

e ldentl is the percentage sequence identity of the templates in the threading aligned
region with the query sequence.

e ldent2 is the percentage sequence identity of the whole template chains with query
sequence.

e Cov represents the coverage of the threading alignment and is equal to the number
of aligned residues divided by the length of query protein.

e Norm. Z-score is the normalized Z-score of the threading alignments. Alignment
with a Normalized Z-score >1 mean a good alignment and vice versa.

e Download Align. Provides the 3D structure of the aligned regions of the threading
templates.

e The top 10 alignments reported above are from the following threading programs:

1: MUSTER 2: FFAS-3D 3: SPARKS-X 4: HHSEARCH2 5: HHSEARCH | 6:
Neff-PPAS 7: HHSEARCH 8: pGenTHREADER 9: wdPPAS 10: cdPPAS



The top 5 models selected by I-TASSER are as follows:

Figure 3.6.5: Top 2 (from left to right, rank 1-2) predicted
models with C-scores -0.51 and 1.49 respectively. 2
models in 2nd row rank 3-4 (from left to right) with C-
scores respectively -1.24, - 0.90. Model on lower row
(rank 5) with C-score -2.81. Estimated accuracy of Model
1: 0.65+0.13 (TM-score), 7.3+4.2A (RMSD). C-score is a
confidence score for estimating the quality of predicted
models bv I-TASSER

48
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TABLE 3.6.1

Top 10 Identified structural analogs in PDB

Rank PDB Hit TM-score RMSD? IDEN? Cov

1 3rlgA 0.906 0.58 0.853 0.9M1
2 4q6xA 0.887 0.95 0.486 0.905
3 219D 0.887 1.37 0.612 0.911
4 2ux7A 0.644 426 0.068 0.862
2 4ynSA 0.640 442 0.059 0.869
6 2bvvA 0.639 436 0.071 0.859
7 4zxoA 0.638 417 0.076 0.839
8 3I6rA 0.636 424 0.094 0.830
9  4lypA 0.634 455 0.067 0.862
10 3cuzA 0.632 440 0.081 0.820

e Query structure is shown in cartoon, while the structural analog is displayed using
backbone trace.

e Ranking of proteins is based on TM-score of the structural alignment between the
query structure and known structures in the PDB library.

e RMSDa is the RMSD between residues that are structurally aligned by TM-align.

e [IDENa is the percentage sequence identity in the structurally aligned region.

e Cov represents the coverage of the alignment by TM-align and is equal to the

number of structurally aligned residues divided by length of the query protein.



TABLE 3.6.2

Top Ligand Binding site
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Rank C-score C‘.Iu_ster FD.B Lig Ligand Binding Site Residues
size Hit Name
1 027 13 3gvgB G3P 37,38,5759 73117 119,160,192, 250,270
2 0.10 8 JrgA MG 57,59 117
3 003 4 AdwA CIP 37,38,40,57,59,73,117,269 271
4 0.03 4  1GYMA 1GYMADO0 160,192,250
5 0.02 3 200GD 200GD05 54,109,110, 111,112,152, 294 295

e C-score is the confidence score of the prediction. C-score ranges [0-1], where a

higher score indicates a more reliable prediction.

e Cluster size is the total number of templates in a cluster.

e Lig Name is name of possible binding ligand. Click the name to view its

information in the BioLiP database.

e Rep is a single complex structure with the most representative ligand in the

cluster, i.e., the one listed in the Lig Name column.

e Mult is the complex structures with all potential binding ligands in the cluster.

TABLE 3.6.3

Top5 5 enzyme homologous in PDB

Rank CscoreE® UL

Hit
0579 1xx1A
0518 2f9rA
0.300 1viwB
0235 3i68A
0.234

Lo B T R

3A

:

TM-score RMSD? IDEN? Cov EC Number Active Site Residues

0.888
0.886
0.510
0.634
0.624

1.56
1.44
3.19
4.32
4.47

0.609 0.9152.1.4.41
0612 0911 2.1.4.41
0.138 0.6104.1.3.16
0.097 0.8361.3.5.2
0.091 08202339

37,99,73,74,78,119,250,253 272
268

of

NA

NA

e Cscore®® is the confidence score for the EC number prediction. CscoreEC values

range in between [0-1]; where a higher score indicates a more reliable EC number

prediction.
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e TM-score is a measure of global structural similarity between query and template
protein.

e RMSDa is the RMSD between residues that are structurally aligned by TM-align.

o [IDENa is the percentage sequence identity in the structurally aligned region.

e Cov represents the coverage of global structural alignment and is equal to the

number of structurally aligned residues divided by length of the query protein.
TABLE 3.6.4

Predicted GO (Gene ontology) terms

Rank Cscore®0 ™. RMSD? IDEN? Cov PDB Associated GO Terms

score Hit
034 08877 156 061 091 LxxIA GO:0019835 GO:0044179 GO:0005576 GO-0016787 GO:0046872 GO-0050290 GO:0006629 GO:0008081
024 06414 426 006 086 2vxdA GO.0003824 GO:0005975 GO:0006080 GO-0008810 GO:0016985 GO-0043169
024 06339 432 010 084 2684 GO.0003524 GO:0004152 GO:0006207 GO-0006222 GO:0008152 GO:0055114 GO:0004158 GO:0016020
024 06382 437 007 086 2bvtA GO:0003624 GO:0005975 G0:0006080 GO:0008810 GO:0016985 GO-0043169

GO:0005737 GO:0006099 GO:0015336 GO-0004474 GO:0030145 GO:0016740 GO:0005618 GO:0005886 GO-0005629
G0:0000287 GO:0005576 GO:0003824

6 023 06321 440 008 082 3cuzA G0:0004474 GO.0016740 GO:0005737 GO:0005515 GO:0006099 GO-0006097 GO:0003824

GO:0046672 GO:0016798 GO:0016787 GO:0016985 GO:0008152 GO.0003824 GO:0005975 G0:0006080 GO:0006610
G0:0005576

8 022 06055 293 018 069 3no3A GO.0046872 GO:0006071 GO:0006629 GO-0008081 GO:0008859
9 021 05396 328 0.12 066 exrA G0:0008152 GO.0004590 GO:0003824 GO:0006207
10 021 0552 267 018 063 Lwd6A GO:0008081 GO:0006071 GO:0035556 GO:0004629 GO:0005622 GO:0006629 GO:0008889

e Lo R —

3 023 06244 447 009 082 legd

I
=l
i

=}

2

1 023 06304 459 005 0.86 2qh

TABLE 3.6.5

Consensus Prediction of Gene Ontology terms

Molecular Function GO:0016634 GO:0016635 GO:0016985 GO:0008810 GO:0046914 GO:0050290

GO-Score 0.47 0.47 0.42 0.42 0.36 0.34

Biological Process GO.0019856 GO:0009174 GO.0046048 GO:0046487 GO:0033865 GO.0046356 GO.0045333 GO.0046128 GO-0006080 GO:0019835
GO-Score 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.42 0.34
Cellular Component GO:.0005576 G0:0044444 GO:0030312

GO-Score 0.49 0.47 0.47

e CscoreGO is a combined measure for evaluating global and local similarity
between query and template protein. Its range is [0-1] and higher values indicate
more confident predictions.

e TM-score is a measure of global structural similarity between query and template

protein.
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RMSDa is the RMSD between residues that are structurally aligned by TM-align.
IDENa is the percentage sequence identity in the structurally aligned region.

Cov represents the coverage of global structural alignment and is equal to the
number of structurally aligned residues divided by length of the query protein.

The second table shows a consensus GO terms amongst the top scoring templates.
The GO-Score associated with each prediction is defined as the average weight of

the GO term, where the weights are assigned based on CscoreGO of the template.
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4. Discussion:

Based upon the results obtained from this study, the following can be inferred

>

The target protein sequence of the desired spider species is very much conserved
within the spider species (Loxoceles and other genuses) only. There have been
some evolutionary changes from time to time in the past years but still
Phospholipase D from each species is very much similar to each other.

No significant similarity was found to proteins with similar functions in other
insect or animal species.

The result of the Multiple Sequence Alignment using COBALT shows that there
is a very long stretch of conserved region in the whole sequence.

For the MSA the species having the maximum E value has been taken. This E
value is actually the confidence value that is how much similarities are there with
the protein sequences found and the desired protein.

Only one single amino acid in region which is in the range of 50 was found to be
different in all the sequences selected for MSA. Similar kind of result was
predicted in case of CHH hormone in black widow [19]. It will be interesting to
explore whether this single amino acid is responsible for substrate binding
preferences or other attributes that make the target protein slightly different from
other Phospholipase D.

The predicted signal peptide is a 20 a.a.long with cleavage between Asn®® and
His'®.

The only functional motif spanning the whole protein is PLC- like
Phosphodiesterases, based on the results from several protein motif detection
software.

The protein motifs were found with the software Interpro Scan. It predicted that
there is possible cleavage site. The motif configuration of CHHs differs from that
of molt-inhibiting hormone or gonad-inhibiting hormone in both N and C termini.
These two motifs approach each other in tertiary structure models, and the motif
preference reveals the critical roles of these regions in functional specificity [19].
The protein motif finding software’s were able to find some motif or binding sites.
Namely three binding sites were seen, GDPD, PLC and Signal peptides.
Glycerophosphodiester Phosphodiesterases (GDPD) is enzyme which degrades
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various glycerophosphodiesters to produce glycerol-3-phosphate and the
corresponding alcohol moiety. Apart from this, a very interesting finding is that
this enzyme could be used in the degradation of toxic organophosphorus esters,
which has resulted in much attention on the biochemical and application research
of GDPDs [21]. Phospholipase C is Phosphodiesterases. PLC is a family of
eukaryotic intracellular enzymes that play an important role in signal transduction
processes [22]. Signal peptides are a cornerstone mechanism for cellular protein
localization, yet until now experimental determination of signal peptides has come
from only a narrow taxonomic sampling. As a result, the dominant view is that
Sec-cleaved signal peptides in prokaryotes are defined by a canonical AXA motif.
Although other residues are permitted in the motif, alanine is by far the most
common [23]

The NetNGlyc software predicted that there is no possible glycosilation sites in
the target protein.

Upon phylogenetic analysis, the Phospholipase D from the Brown Recluse forms
a separate group of its own very much distinct from the other spider species. This
finding can be used for future works.

In the phylogenic tree created we observe that our desired protein sequence has
formed a group alone and the others are present in the sub groups. This also
proves that the protein sequence has some similarities with other species but then
again highly conserved among them. To make a comparison the results of the
same spider of a different species were seen. Phylogenetic tree analysis revealed a
structural relationship for these toxins compared to other members of family.
Recombinant molecules were expressed as N-terminal His-tag fusion proteins
in Escherichia coli and were purified to homogeneity from cell lysates by
Ni?* chelating chromatography, resulting in proteins of 33.8 kDa for LiRecDT2
and 34.0 kDa for LiRecDT3 [20].

The results obtained from the I-TASSER server predict that in the protein
structure, the alpha helices form the outer coat whereas the beta sheets form a core
in the middle and the strands help them to connect with each other. Most of the
conserved residues are in the putative FAD binding region. It can be hypothesized
that the core region is involved in substrate binding and enzymatic function while

the alpha helices region might have regulatory functions.


https://en.wikipedia.org/wiki/Phosphodiesterases
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The structural and functional analysis of Phospholipase D from the Brown Recluse
spider generated some interesting results. Further analysis of the structure of
Phospholipase D to elucidate the substrate binding site of the enzyme could help in
understanding how the enzyme functions in vivo. Detailed study into the substrate the
enzyme works on and the metabolic pathways ultimately affected by its function
could clarify our understanding of the big picture. This would translate into
development of potential therapeutic lead molecules from the enzyme protein in

future.
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