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SUMMARY

Mycobacterium  tuberculosis (MTB) is a pathogenic bacterial species in the family
Mycobacteriaceae and the causative agent of most acases of tuberculosis (TB). It has been found
that ICl is considered to be the major source of carbon in the bacteria; therefore, it is responsible
for the survival and the growth of bacteria. Isocitrate lyase or ICL, is an enzyme in the glyoxylate
cycle that catalyzes the  cleavage of isocitrate to succinate and  glyoxylate  [2][3]. Together
with malate synthase, it bypasses the two decarboxylation steps of the tricarboxylic acid
cycle (TCA cycle) and is used by bacteria, fungi, and plants [4]. ICL has found to be important
in human, animal, and plant pathogenesis [4]. In this latter case, ICL has been found to be
essential for survival in the host [8]. Because of its use by pathogenic fungi and bacteria,
specific inhibitors are being sought for ICL and malate synthase [4]. In this project, comparative
analysis of ICL sequences, and pharmacophore modeling of known ICL inhibitors were carried
out. In comparative analysis, | will be conducting sequence analysis between ICL present in
different organisms based on these analysis I will be conducting a Phylogenetic analysis between
these species. In present research work, a pharmacophore model of Isocitrate lyase inhibitors in
Mycobacterium tuberculosis was determined. The pharmacophore was used in ZINCPharmer
tool to identify potential active molecules from ZINC database and binding mode of these
molecules were determined by using LibDock and Cdocker modules of Discovery Studio
software. Various potential inhibitors were predicted. Phylogenetic analysis of the ICL
sequences not only provided sequence variations across the proteins but also how that variations
correlate with the function. Sequence comparison analyses have shown that active site residues
are conserved across different subfamily. Therefore, the molecules identified using developed

pharmacophore may act as putative broad-specific inhibitors.
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CHAPTER 1

¥
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INTRODUCTION

Mycobacterium Tuberculosis

Tuberculosis (TB) is caused by a bacterium called Mycobacterium tuberculosis. The bacteria
usually attack the lungs, but TB bacteria can attack any part of the body such as the kidney,
spine, and brain. If not treated properly, TB disease can be fatal. TB is spread through the air
from one person to another. The TB bacteria are put into the air when a person with TB disease
of the lungs or throat coughs, sneezes, speaks, or sings. People nearby may breathe in these
bacteria and become infected. TB bacteria become active if the immune system can't stop them
from growing. When TB bacteria are active (multiplying in your body), this is called TB disease.
People with TB disease are sick. They may also be able to spread the bacteria to people they
spend time with every day [9].

Symptoms of TB include:

e Bad cough that last 3 weeks or longer
e Pain in the chest

e Weakness or fatigue

e  Weight loss

e Coughing up blood or sputum

e No appetite

e Chills

e Fever

® Sweating in night [9]

Treatment for TB Disease

TB bacteria become active (multiplying in the body) if the immune system can't stop them from

growing. When TB bacteria are active, this is called TB disease. TB disease will make a person

:
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sick. People with TB disease may spread the bacteria to people with whom they spend many

hours.

TB disease can be treated by taking several drugs for 6 to 9 months. There are 10 drugs currently
approved by the U.S. Food and Drug Administration (FDA) for treating TB. Of the approved

drugs, the first-line anti-TB agents that form the core of treatment regimens include: -
o isoniazid (INH)
o rifampin (RIF) |
o ethambutol (EMB)
e pyrazinamide (PZA) ‘

Regimens for treating TB disease have an initial phase of 2 months, followed by a choice of '
several options for the continuation phase of either 4 or 7 months (total of 6 to 9 months for

treatment).

It is very important that people who have TB disease finish the medicine, taking the drugs

exactly as prescribed. If they stop taking the drugs too soon, they can become sick again; if they
do not take the drugs correctly, the TB bacteria that are still alive may become resistant to those

drugs. TB that is resistant to drugs is harder and more expensive to treat [10]. ‘

Tuberculosis (TB) is the leading cause of death in the world from a bacterial infectious disease.
The disease affects 1.8 billion people/year which is equal to one-third of the entire world
population.

In the United States TB is on the decline. In 2007 a total of 13,293 cases were reported. The TB
rate declined to 4.4 cases per 100,000 populations, the lowest recorded rate since national
reporting began in 1953. Despite this overall improvement, progress toward TB elimination has
slowed-in-recent years; the average annual percentage decline in the TB rate slowed from 7.3%
per year during 1993--2000 to 3.8% during 2000--2007. Also, since 1993 there has been a

gradual decline in the number of TB patients with coinfection with HIV, and the number of cases

of multiple drug-resistant TB has gradually dropped [11].




Role of Isocitrate lyase in Mycobacterium tuberculosis

The role of isocitrate lyase (ICL) in the glyoxylate cycle and its necessity for persistence and
virulence of Mycobacterium tuberculosis has been well described. Recent reports have alluded to
an additional role for this enzyme in M. tuberculosis metabolism, specifically for growth on
propionate. A product of beta-oxidation of odd-chain fatty acids is propionyl-CoA. Clearance of
propionyl-CoA and the by-products of its metabolism via the methylcitrate cycle is vital due to
their potentially toxic effects. Although the genome of M. tuberculosis encodes orthologues of
two of the three enzymes of the methylcitrate cycle, methylcitrate synthase and methylcitrate
dehydratase, it does not appear to contain a distinct 2-methylisocitrate lyase (MCL). Detailed
structural analysis of the MCL from Escherichia coli suggested that the differences in substrate
specificity between MCLs and ICLs could be attributed to three conserved amino acid
substitutions in the active site, suggesting an MCL signature. However, here we provide
enzymatic evidence that shows that despite the absence of the MCL signature, ICL1 from M.
tuberculosis can clearly function as a MCL. Furthermore, the crystal structure of ICL1 with
pyruvate and succinate bound demonstrates that the active site can accommodate the additional

methyl group without significant changes to the structure [12].

Mechanism of isocitrate lyase

This enzyme belongs to the family of lyases, specifically the oxo-acid-lyases, which cleave
carbon-carbon bonds. Other enzymes also belong to this family including carboxyvinyl-
carboxyphosphonate phosphorylmutase which catalyses the conversion of 1-carboxyvinyl
carboxyphosphonate ~ to  3-(hydrohydroxyphosphoryl)  pyruvate  carbon dioxide,
and phosphoenolpyruvate ~ mutase, ~ which is  involved in  the  biosynthesis

of phosphinothricin tripeptide antibiotics.

During —catalysis, isocitrate is deprotonated, and an aldol cleavage results in the release of
succinate and glyoxylate. This reaction mechanism functions much like that

of aldolase in glycolysis, where a carbon-carbon bond is cleaved and an aldehyde is released

[13].

10
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In the glyoxylate cycle, malate synthase then catalyzes the condensation of glyoxylate

and acetyl-CoA to form malate so the cycle can continue.

ICL competes with isocitrate dehydrogenase, an enzyme found in the TCA cycle, for isocitrate
processing. Flux through these enzymes is controlled by phosphorylation of isocitrate
dehydrogenase, which has a much higher affinity for isocitrate as compared to ICL
[14]. Deactivation of isocitrate dehydrogenase by phosphorylation thus leads to increased
isocitrate channeling through ICL, as seen when bacteria are grown on acetate, a two-carbon

compound [14].

Inhibition of Isocitrate lyase

The ICL enzyme has been found to be functional n

various archaea, bacteria, protists, plants, fungi, and nematodes[15]. Although the gene has been
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genomes of nematodes and cnidaria, it has not been found in the genomes of placental

found in

mammals [15].

By diverting isocitrate from the TCA cycle, the actions of ICL and malate synthase in the
glyoxy]ate cycle result in the net assimilation of carbon from 2-carbon compounds[16]. Thus,
while the TCA cycle yields no net carbon assimilation, the glyoxylate cycle generates
intermediates that can be used to synthesize glucose (via gluconeogenesis), and other
biosynthetic products. As a result, organisms that use ICL and malate synthase are able to
synthesize glucose and metabolic intermediates from acetyl-CoA derived from acetate or from
the degradation of ethanol, fatty acids or poly-B-hydroxybutyrate[4]. This function is especially
important for higher plants which use oilseeds. In these germinating seeds, the breakdown of oils
generates acetyl-CoA. This serves as a substrate for the glyoxylate cycle, which generates other

cyclic intermediates and serves as a primary nutrient source prior to the production of sugars

from photosynthesis [17].

Isocitrate lyase or ICL, is anenzyme in the glyoxylate cycle that catalyzes the cleavage
of isocitrate to succinate and glyoxylate [2][3]. Together with malate synthase, it bypasses the
two decarboxylation steps of the tricarboxylic acid cycle (TCA cycle) and is used by bacteria,
fungi, and plants [4]. ICL has found to be important in human, animal, and plant pathogenesis
[4]. For several agricultural crops including cereals, cucumbers, and melons, increased
expression of the gene encoding ICL is important for fungal virulence [4]. For instance,
increased gene expression of ic/] has been seen in the fungus Leptosphaeria maculans upon
infection of canola. Inactivation of the ic// gene leads to reduced pathogenicity of the fungus,
which is thought to be a result of the inability of the fungus to use carbon sources provided by
the plant [5]. Additionally, upregulation of the glyoxylate cycle has been seen for pathogens that
attack humans, This is the case for fungi such as Candida albicans, which inhabits the skin,
mouth, GI tract, gut and vagina of mammals and can lead to systemic infections of
immunocompromised patients; as well as for the bacterium Mycobacterium tuberculosis, the
Major causative agent of tuberculosis[6][7]. In this latter case, ICL has been found to be essential
for survival in the host [8]. Because of its use by pathogenic fungi and bacteria,
specific inhibitors are being sought for ICL and malate synthase [4]. Although some inhibitors

have already been " identified,
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including itaconate,itaconicanhydride, bromopyruvate,nitropropionate, oxalate and malate, these

are non-specific and would also inhibit other enzymes essential for host function [4].

Various ICL1 inhibitors have been discovered until now:

Hydroquinone[24]

¢ 3-nitropropioamides{21]

e Munnich base[20]

e Cadiolides[18]

e Novel pthalzinyl derivative[26]
e Pyruvate ionized analogs[19]

¢ S-hydroxyindole derivative[27]
o _Sargchromanols[22]

¢ Indole derivates[23]

e Halisulphates[25]

13




OBJECTIVES

Isocitrate lyase (ICL} is an important enzyme required for the growth of different pathogenic
microorganisms. Inhibiting the growth of Mycobacterium tuberculosis can be done by finding

the chemical compounds which can inhibit isocitrate lyase in Mycobacterium tuberculosis.

My project entitled has following topic “Phylogenetic Analysis of Isocitrate Lyase (ICLs) and
Pharmacophore Modelling of their Inhibitors to Identify Broad-Specific Inhibitors” has

following objectives:

o Comparative analysis of Isocitrate lyase in different organisms
o Compiling all inhibitors and their derivatives that inhibit isocitrate lyase in different
microorganisms
¢ Pharmacophore modelling using Discovery Studios3.5
e Docking using Discovery Studio components
» LibDock
» Cdocker

14




Tools Used
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Ncbi (http://www.ncbi.nlm.nih.gov/) |

" The National Center for Biotechnology Information (NCBI) is part of the United States National

Libral'f of Medicine (NLM), a branch of the National Institutes of Health. The NCBI is located

: in Bethesda, Maryland and was founded in 1988 through legislation sponsored by
Senator Claude Pepper.

" The NCBI houses a series of databases relevant to biotechnology and biomedicine. Major

databases include GenBank for DNA sequences and PubMed, a bibliographic database for the

biomedical literature. All these databases are available online through the Entrez search engine. !

Ncbi-Protein (http://www.ncbi.nlm.nih.gov/protein/)

Protein database were used to extract protein sequences of enzymes in different organisms.

P S PP —

Pubmed (http://www.ncbi.nlm.nih.gov/pubmed/)

PubMed is a free database accessing primarily the MEDLINE database of references and
abstracts on life sciences and biomedical topics. The United States National Library of
Medicine (NLM) at the National Institutes of Health maintains the database as part of

the Entrezsystem of information retrieval.

ClustalW (http://www.genome.jp/tools/clustalw/)

Clustal W is a general purpose multiple alignment program for DNA or proteins.

Multiple alignments are carried out in 3 stages:

1) All sequences are compared to each other (pairwise alignments);

2) A dendrogram (like a phylogenetic tree) is constructed, describing the approximate groupings
~ of the sequences by similarity.

3) The final multiple alignment is carried out using the dendrogram as a guide.

15
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Muscle (http://www.ebi.ac.uk/Tools/msa/muscle/ )

MUSCLE is one of the best-performing multiple alignment programs according to published
phenchmark tests, with accuracy and speed that are consistently better than CLUSTALW.
MUSCLE can align hundreds of sequences in seconds. Most users learn everything they need to
gnow about MUSCLE in a few minutes—only a handful of command-line options are needed to

perform common alignment tasks.
T-coffee (http://www.ebi.ac.uk/Tools/msa/tcoffee/)

T-Coffee (Tree-based Consistency Objective Function For alignment Evaluation) is a multiple
sequence alignment software using a progressive approach. It generates a library of pairwise
alignments to guide the multiple sequence alignment. It can also combine multiple sequences
alignments obtained previously and in the latest versions can use structural information
from PDB files (3D-Coffee). It has advanced features to evaluate the quality of the alignments
and some capacity for identifying occurrence of motifs (Mocca). It produces alignment in the aln
format (Clustal) by default, but can also produce PIR, MSF, and FASTA format. The most
common input formats are supported (FASTA, PIR).

Phylip

PHYLIP (PHYLogeny Inference Package) is a free computational phylogenetics package of
programs for inferring evolutionary trees (phylogenies). The name is an acronym
for PHYLogenyInference Package. It consists of 35 portable programs, i.c. the source code is
written in C and precompiled executables are available for Windows (95/98/NT/2000/me/XP),
Mac OS 8 and 9, Mac OS X, and Linux systems. Complete documentation is written for all the
programs in the package and is part of the package. The author of this package is Joseph
Felsenstein, Professor in the Department of Genome Sciences and the Department of Biology at
the University of Washington, Seattle. Methods (implemented by each program) that are
available in the package include parsimony, distance matrix, and likelihood methods, including
bootstrapping and consensus trees. Data types that can be handled include molecular sequences,

gene frequencies, restriction sites and fragments, distance matrices, and discrete characters.

16




is controlled through a menu, which asks the users which options they want to set,

Each program
nd allows them to start the computation. The data is read into the program from a text file,
a

which the user can prepare using any word processor or text editor (but it is important that this
text file not be in the special format of that word processor—it should instead be in flat ASCII or
Text Only format). Some sequence analysis programs such as the Clustal W alignment program
can write data files in the PHYLIP format. Most of the programs look for the data in a file

calledinfile—if they do not find this file they then ask the user to type in the file name of the data

file.

Output is written onto files with names like outfile and outtree. Trees written onto outtree are in

the Newick format, an informal standard agreed to in 1986 by authors of a number of major

phylogeny packages.
Maximum Parsimony

The maximization of parsimony (preferring the simpler of two otherwise equally adequate
theorizations) has proven useful in many fields, and this article concerns its application
to phylogenetics.Occam's razor, a principle of theoretical parsimony suggested by William of
Ockham in the 1320s, asserted that it is vain to give an explanation which involves more
assumptions than necessary. When applied to computational phylogenetics, Maximum
parsimony describes a particular non-parametric statistical method for constructing phylogenies.
In this application, the preferred phylogenetic tree is the tree that supposes the least evolutionary

change to explain observed data (hence maximally parsimonious). The basic idea was presented
by Walter M. Fitch in 1971.

While evolution is not an inherently parsimonious process, centuries of scientific experience lend
support to the aforementioned principle of parsimony (Occam's razor). Namely, the supposition
of a simpler, more parsimonious chain of events is preferable to the supposition of a more
complicated, less parsimonious chain of events. Hence, parsimony (sensu lato) is typically
sought in constructing phylogenetic trees, and in scientific explanation generally."”! However,
complications in both actual evolutionary processes and in the methods used to reconstruct them
make the science of phylogenetics difficult, relying more and more on advanced genomics and
Computational and statistical methods to complement traditional field research. and

morphological methods. In both principle and practice, parsimony helps guide this work.

17




Maximum likelihood

In statistics, maximum-likelihood estimation (MLE) is a method of estimating the parameters of
n

a statistical model. When applied to a data set and given a statistical model, maximum-likelihood

estimation provides estimates for the model's parameters.

The method of maximum likelihood corresponds to many well-known estimation methods in

statistics. For example, one may be interested in the heights of adult female penguins, but be

unable to measure the height of every single penguin in a population due to cost or time

constraints. Assuming that the heights are normally (Gaussian) distributed with some

unknown mean and variance, the mean and variance can be estimated with MLE while only
knowing the heights of some sample of the overall population. MLE would accomplish this by
taking the mean and variance as parameters and finding particular parametric values that make

the observed results the most probable (given the model).

In general, for a fixed set of data and underlying statistical model, the method of maximum
likelihood selects the set of values of the model parameters that maximizes the likelihood

function. Intuitively, this maximizes the "agreement" of the selected model with the observed

.

data, and for discrete random variables it indeed maximizes the probability of the observed data

3 under the resulting distribution. Maximum-likelihood estimation gives a unified approach to

estimation, which is well-defined in the case of the normal distribution and many other problems.
5 However, in some complicated problems, difficulties do occur: in such problems, maximum-

likelihood estimators are unsuitable or do not exist.
Neighbour joining

1 Inbioinformatics, neighbor joiningis a bottom-up clustering method for the creation |
; of phenetic trees (phenograms), created byNaruya Saitou and Masatoshi NeiJ Usually used for |

trees based on DNA or protein sequence data, the algorithm requires knowledge of the distance

between each pair of taxa (e.g., species or sequences) to form the tree.

‘+ Complexity; Neighbor joining on a set of 1 taxa requires 1" — 3 iterations. At each step one has l

to build and search a & matrix. Initially the () matrix is sizer X 7, then the next step it

A5 (T 1) X (T - 1), etc. This leads to an algorithm with a time complexity of O(T )

18
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ACD/Chemsketch

ACD/ChemSketch is a chemically intelligent drawing interface that allows you to draw almost
any chemical structure including organics, organometallics, polymers, and Markush structures. It
can be used to produce professional looking structures and diagrams for reports and publications.
The 3D optimization is based on modified molecular mechanics which take into account bond

stretching, angle bending, internal rotation, and Van der Waals non-bonded interactions.

Discovery Studios

Discovery  Studiois  a  well-known  suitt  of software for  simulating small
molecule and macromolecule systems. It is developed and distributed by Accelrys, a company
that specializes in scientific software products covering computational chemistry, computational

biology, cheminformatics, molecular simulations and Quantum Mechanics.

Discovery Studio is typically used in the development of novel therapeutic medicines,
including small-molecule drugs, therapeutic antibodies, vaccines, synthetic enzymes, and even in
areas such as consumer products. It is used regularly in a range of academic and commercial

entities, but is most relevant to Pharmaceutical, Biotech, and consumer goods industries.

Discovery Studio is a client-server software suite, built on the Pipeline Pilot visual
programming product from Accelrys and can be run on both Microsoft Windows clients and
servers and also Red Hat and Suse Linux clients and servers. The product suite includes both

paid-for licensed versions and free visualization client tools.

The product suite has a strong academic collaboration programme, supporting scientific research
and makes use of a number of software algorithms developed originally in the scientific

community, including CHARMM, MODELLER, DELPHI, ZDOCK, DMol3 and more.
Libdock

hotspot map is calculated for the receptor active site which contains polar and apolar groups.

This hotspot map is subsequently used to rigidly align the ligand conformations to form

19
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orable interactions. After a final energy-minimization step (allowing the ligand poses to be

fav
flexible), the top scoring ligand poses are saved.

Cdocker
The Dock Ligands (CDOCKER) protocol is an implementation of the CDOCKER algorithm. Tt

allows you to run a refinement docking of any number of ligands with a single protein receptor.

CDOCKER is a grid-based molecular docking method that employs CHARMm. The receptor is
held rigid while the ligands are allowed to flex during the refinement. For pre-docked ligands,
prior knowledge of the binding site is not required. It is possible, however, to specify the ligand

placement in the active site using a binding site sphere.

Random ligand conformations are generated from the initial ligand structure through high
temperature molecular dynamics, followed by random rotations. The random conformations are
refined by grid-based (GRID 1) simulated annealing and a final grid-based or full forcefield

minimization.
ZincPharmer (http://zincpharmer.csb.pitt.edu/)

ZINCPharmer is free pharmacophore search software for screening the purchasable subset of
the ZINC database. ZINCPharmer can importLigandScout and MOE pharmacophore definitions,
as well asidentify pharmacophore features directly from structure. The ZincPharmer search
technology uses the Pharmer open source pharmacophore search technology to efficiently search
a large database of fixed conformers for pharmacophore matches. The search performance scales

with the complexity and breadth of the pharmacophore query. Most searches take less than a

minute.

Zinc database (http://zinc.docking.org/)

Welcome to ZINC, a free database of commercially-available compounds for virtual
screening.  ZINC contains over 21 million purchasable compounds in ready-to-dock, 3D
formats,  ZINC is provided by the Shoichet Laboratory in the Department of Pharmaceutical
Chemistry at the University of California, San Francisco (UCSF).

20
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CHAPTER 2

l METHODOLOGY

I DATA CURATION AND EXTRACTION

|

‘ To ensure complete collection of data, data sets were collected from various resources

e Protein sequences along with other related information (i.e. strain name,fasta sequence
,protein length etc) were collected from protein database of NCBI.
e We have collected ICL sequences in different Prokaryotes and Eukaryotes.

e Different research papers were extracted from Pubmed database of NCBI

e Important active molecules were taken from the research papers for pharmacophore ;
modeling

e Other important information related to ICL sequence in different organisms were taken
from research papers.

e Role of ICL in bacterial and fungal pathogenesis were taken from research papers.

e e

Comparative analysis

Phylogenetic analysis

- ICL sequences present in different species of microorganism were extracted from the Protein

database of NCBI. Using these sequences, phylogenetic analyses were carried out.

108 number of sequence of Isocitrate lyase from different species of bacteria, fungi and plants

were extracted from NCBI. Comparison between different subfamilies was also done.

CLUSTALW was used for multiple sequence alignment of all the sequences of ICL. Once the

alignment was extracted PHYLIP 3.65 tool was used to draw the phylogenetic tree using

neighbor joining program. PROTDIST was used to find out distance between dilferent species. |
Neighbor tool was used to draw the tree and DRAW GRAM and DRAW TREE tools were used |
|

to plot rooted and unrooted tree respectively.

21
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trap analysis was also done using 100 different bootstrap alignments . Using these

pootstrap alignments 100 different unrooted trees were plotted and checked for its significance

Sequence analysis
Based on the phylogenetic analysis, ICI proteins in different species were grouped together and

multiple sequence alignment was carried out using following three tools:

e CLUSTALW
e MUSCLE
o T-COFEE

PHARMACOPHORE MODELLING

Active molecules

On searching several research papers | developed a library of 274 chemical compounds out of
which 69 active compounds were selected based on there IC50 (inhibition concentration),
MIC(minimum inhibition concentration) and Inhibition percentage.

These molecules were built using ChemSketch software and saved in in Mol2 format,

5-Nitro-2-furoic acid hydrazone derivatives[29] (Table 1)

S. | Structures IC50(uM) | MIC(uM) | INHIBITON(%)
No.
1 NA 10.29 48.92
O
NEt S

— Y - MN-= O

O i { R

o i o I

22




NA 2.65 86.8

NA 8.88 73.12

!
;| |
1 Cadiolides derivatives[18] (Table 2) ‘
i [S. T Structures IC50(uM) | MIC(uM) | INHIBITON(%)

1 | No.

i i 7.62 12.5 NA

B
L ,
4 I
23 |

;




17.6 50 NA

10.36 50 NT

PGP —

- S-Nitro-2,6-dioxohexahydro-4-pyrimidinecarboxamides[30] (Table 3)

S. Structures IC50(uM) | MIC(uM) | INHIBITON(%)
No.
| o NA 20.85 NA
N
| o
' ci N
' \E:ru\m S_th-o
ik o o
HO
1
_1‘ 2 B NT 18.28 NT
cl //\/;f
f dLNH S—zmxo
o o
1 HSC’J =
]
]
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—— T

NA

NA

NA

NA

NA

NA

15.47

15.64

17.88

548

243

20.81

NA

NA

NA

NA

NA

NA

N=
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11

NA

17.806

NA

NA

17.34

NA

\N',:O

t

T 0
e\ 0 M S—

J

NA

18.97

NA

Novel phthalazinyl derivatives[26] (Table 4)

S. [ Structures IC50(uM) [ MIC(uM) | INHIBITON(%)
No.
1 " 1293 0.81 NA
72N
o __
/N
™H
S, Br
»u\/Q/
2] s 117.2 0.36 NA
- _
S = T
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ﬁydrOQUi“OHe derivatives[24] (Table 5)

TW 1C50(uM) | MIC(uM) [ INHIBITON(%)
No.
._i-—-—-*'—'“}ro—_f 1020 NA 50
"'\-».._\\
= \CHE
OH
) HO 610 NA 50
T
= Ny CHs
OH Fot
3 290 NA 50
HO
R OH
= N
OH HaC
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n
i
i
'1
400 NA 50
I
i
1
j
I
280 NA 50

Novel 2-methoxy-2'-hydroxybenzanilides, their thioxo analogues and

benzoxazoles[28] (Table 6)

S. Structures IC50(uM) | MIC(uM) | INHIBITON(%)
No.

1 cl NA 4 NA







F - NA 62.5 NA
SHO F
I
i TUNH
4 CHy
i e
#  sargachromanols{22] (Table 7)
H 5 [stuctures IC50(uM) [ MIC(uM) | INHIBITON(%)
No.
L I HL 0 185 NA NA
e |
3 = A
i Ho Cl CHy
J
N N o 118.1 NA NA
_: HyC o - R S = CHy
: : CH, CH,
i HO
113 CH, NA NA
C 172.9
=~ CH,
CH,
HL o) = =0
| S CH, CH,
HO
4 - 141 NA NA
CH, CHy
HBC‘ O \ = —=)
; ) CHy =
CH,
_ HO
-_‘—'—‘—_
: 31




: 3_niﬂ.opropionamides [21] (Table 8)

! W’ Structures

No.

1C50(uM)

MIC(uM)

INHIBITON(%)

I F
o—N H o
/ I \
oy N N 0
Ry N/ 4 p
OH

CH,

0.2

1.34

NA

+ H
pN H — o
H HWN N (o]
H N/ 7/

0.12

1.39

NA

1.46

2.01

NA

H F
pH S o
H HWN N \_ 0
RSN/ PR 74 W

0.1

3.37

NA
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Sesterterpene sulfates[32] (Table 9)

H;&' CH,

rg. | Structures IC50(uM) | MIC(uM) | INHIBITON(%)
No.
T 76.8 2222 NA
HiC CHs
2 71 131.2 NA
HsC  CHy
3 72 131.2 NA




[N &t

33.8 131.2 NA
31.3 185.5 NA
5-Hydroxyindole-type alkaloids[27] (Table 10)
S. Structures 1IC50(uM) | MIC(uM) | INHIBITON(%)
No.
1 N\ 37.6 185.5 NA
HO N
[ A
N o
H Ho
2 o —on 303 11319 | NA
=
NH
‘-._‘—‘—_
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31.8

104.67

NA

217

102.1

NA

89

62.1

NA

Halisulfate[25] (Table 11)

S. | Structures

No.

IC50(uM)

MIC(uM)

INHIBITON(%) |

1

12.6

87

NA
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67.4 106.3 NA
] 15 1052 | NA
HO S
HjC — = . ‘ -
CH,
CH
CH, cH,
C
H3€/ CHs
Mannich Base[20] (Table 12)
S. | Structures 1C50(uM) | MIC(uM) | INHIBITON(%)
No.
1 el NA 52.6
| EN
0 |/
0%
- 'TH 108.89
s = |
\
HO™ g

Pyruvate-isoniazid analogs and their copper complexes[19] (Table 13

S.
No.

Structures

IC50(uM)

MIC(uM)

INHIBITION(%)

= T

-{=




. e e e e s e e ATV RV TR YT B T e I

50

50

50

50

NA

NA

NA

NA

NA

NA

NA

TNA
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50

50

50

50

NA

NA

NA

NA

NA

NA

NA

NA
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‘ Indole-containing natural products [23] (Table 14)

’s/ Structures IC50(uM) | MIC(uM) | INHIBITON (%)
89 6.5 NA

F 137 12.5 NA

3 N 75 6.25 NA

HO MNH
B
Sy CHs
H 0]
4 80 12.5 NA
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pH ARMACOPHORE MODELLING USING AUTO DOCK

Using these active molecules I developed a pharmacophore using autodock feature of Discovery

gtudios 3.5 client.

LINKING WITH ZINCPHARMER

Once the pharmacophore was developed, then it was linked with ZINCPharmer to find the
molecules containing this pharmacophore in ZINC database. All the ZINC molecules related to
the pharmacophore were extracted. These molecules were prepared using PREPARE LIGAND
tool of discovery studios present in prepare ligand tool of SMALL MOLECULES .

DOCKING USING DISCOVERY STUDIOS 3.5

Different ICL structures from different organisms were taken from PDB

T PN e e ]

Structures—=>

o 1F61(Fig 5)—> Apoenzyme structure of ICL in M. tuberculosis
e 1F8I(Fig 6)->Closed structure of ICL in M. tuberculosis

e 1DQU(Fig 7)->Structure of ICL in Aspergillus nidulans

e Modelled Structure(ACEAa+ ACEAD) of ICL(Fig 8)

All the above proteins structures were prepared using PREPARE PROTEIN tool of Discovery
studios present in MACROMOLECULES tool.

Active sites in these structures were recognized

e 1F61, 1F81,Modelled structure (Fig5,6,8)> His193,Asn313,Ser315,ser317and

Thr347[34]
o IDQU (Fig 7)> Aspl14, Asp168, Asp170 and Glu197 [33]
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ce the active sites were recognized, these active amino acid residues were selected one by one b
i .
Jevelop the binding site of these proteins using Define and Edit Binding Site tool present in

r-Ligand Interaction toolbar, 1

ﬁ;w these prepared ligands are used to dock on the prepared proteins using LibDOCK with

: il
© default parameters. i

bnce the docking is complete for all the ICL structures then results were viewed and all the
ligands have lipdock score of above 110 were taken. Now these ligands are analyzed to check

whether they are fitting properly or not.

Once these ligands were separated, the selected ligands were taken for CDOCKER analysis. il

i

i
A
i
s
|
|
1
I
i;
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- 4
&
o
HE
4 T S
)ﬁ ) C.psye [53]
'% ! éw'als}ses} P.auer j::f A.ehrl (23]
:{:.? cmidi ls“!i H.pauc (=4} ¥l 3;.’1\_"“‘ 4 SUBFAMILY 3
A SUBPAMILY 4 B lakelsd] - M.adher (a3}
j e - Md{n .tale 83}
s 1{a4} A.gern (s3]
i H.elo{s4)
4 -
M.tube [&5]
’ — M.bovis(s5]
- Houlcer (5] guppaMTLY &
- Ig 1nlie 551
SUBPAMILY 1 ’x M.aviam(85]
- .lapraa(as]
K A 4. tuber [=1] N
- B.afith g} l';ﬂ.a'vium[sl]
’ B-xhigfsil
\ ( Y, } I.bata[s2]
8. lyco[s2]
. 4 C.sati [s2) Plants
Fung tha 1[s2}
: Aroryaig? ~N.arasas ed[sn]
B ATnigen [s2T B.pusi [s2]
i Adderm|[s2]
: -apol [#ddu {52}
o SUBFAMILY 2
51 Figure 1- Unrooted phylogenetic tree of ICL subfamilies
=} This tree showed a significance of 78.3% using bootstrap analysis of 100 different bootstrap

=k olignments.
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Rooted tree

— T
~ —_—
—(_SUBFAMILY 1 = BACTERIA
ARCHEAE
(__SUBFAMILY 4
OTHER BACTERIAS
SUBFAMILY 3
ICL-2 IN
SUBFAMILY 5
> MYCOBACTERIUM
SUBFAMILY 2 ) ——— == PLANTS

@ —— __— FUNGI

Figure 2- Rooted phylogenetic tree of ICL subfamilies

Phylogenetic analysis showed that ICL family is divided into 5 subfamilies [36]. Members of
subfamily 1 are ICL proteins, with a size range of 350-450 aa, primarily present in prokaryotes,
except for those from nematodes [36]. Subfamily 2 whose members are larger than 500 aa,
contains only members from the Fungi and Plantae kingdoms; this group currently includes
isoforms that primarily display MICL activity [36]. Subfamily 3 contains ICL proteins that are
larger than 530 aa and are commonly present in prokaryotes [36]. Although the P. aeruginosa
ICL is in this group, all other ICLs from the genus Pseudomonas are grouped in subfamily 1
except for ICL homologues from Pseudomonas stutzeri and Pseudomonas mendocina [36]. Two
recently described subfamilies agree with our findings, including subfamily 4, which includes
enzymes from Archaea, and subfamily 5, which includes proteins larger than 700 aa; these

proteins are present in prokaryotic sources, mainly in the genus Mycobacterium [36].
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Sequence analysis
Subfamily 1
66 sequences of bacteria were taken and MSA was carried out using CLUSTALW. MSA showed
that sequences are highly conserved and may have been evolved from same ancestors,.
[m.tuber MSVVGTPKSAEQIQQEW
[M.BOVis . TTTTTTTTTTTTToTIOC MSVVGTPKSAEQIQQEW
M. smegmat 0 e T MSTVGTPKSPEQIQHDW
M.vanbaal = -_________ ___ TTTmTTTmmmm—- MSTVGTPKSPEQIQHDW
M.avium T MPTSVVGTPKSAEE IQKDW
[Gibron = e T CTTTTITSCoooe———MP MSNVGKPRTAAE TQQDW
larthroba . ________ " TTTTTTTC MTAAFEPTQQTPEQQAAALEL EW
et s S e b MSKPTDLRTRTIEQLEL DWw
e EELAE 00 e MTALTDRSASPTAPGVRAGDTVQTAAELAAAW
A ASS . e e a o T e TR MGTSARRQEASAALQRDW
(A.mirum o TTTTTTT T~ —~MGTSARR MLSAEQIADQW
T.curvata ————____________ TTTTTTTTmoT- MTDSRLKGAAEELQROW
[ £ - Y A MTAPTTQIDDLQGTPAAVAGAVPARPGDQTRTAEQLEHDW
M.cilva IR TRAVAGAV MNLTPEMKE EAEKL RKEW
M.cube . __ T TTTTTTITTIoooo- MSKLTPEMKL EAEKL RREW
pmosha. 00 i MEPLKVEL SPEMOQKEAEAL KKEW
T S S D . L MEGLTPEMQREAEAL RREW
M. hyde e T TIITITTTCMEGLTPEM MQEAQAL AR S
Roseiflex - __________TTTTTTTTTTTTTTO- MSAVNRDQEIAELERRW
jK.race [ TITTTTTT MMSSQHAENGNARDL QMAW
|K.tuse T TITITTTTo-MmMSsq MIDKQEAEALERSW
8.anth = T TITTTTTmoomoM MKNERIEKLQE S\
A.acidoca = - __________TTTTTTTTTTOTOCo - MTYFKTAAEL EQHW
|§.acld I ITITTITTTTTT MTELNDRIRMIEEQ
IEWMEIIOE = e ==—"MTEL MTDFYKLVPN
|S.medicae o ___ TTTTTTTmTTTTT oo MTDFYKLVPN
Bmeide. 0 e e L o R e MTDFYSLIPS :
[R-Iegumin e T TTITITIIIIITTooS MTDFYKLVPN i
P.Tava B = e o e O MSKKTFYDLVPG !
L e MVDFTDLWVA
T e v i S MTTFEHLVPN
M-Tulvus e T MYDATPTTADASPHAK
[D.geoth  ________ T TTTTTTTTT MTPADPRLHSPRTHAETLEKTW
B.ambifa = = 0 ____ T —MTPADPRL MSRHQQAQE LQQQW
[BVIRERAN e e T MSROQQQALELQKQW
|B-cenoce o _________ _ T TTTTTITTTooTTo- MSROQQAQELQQQW
BN IEIND 0 tee et e MSRQQOQAQELQKQW
|B-psuwe L CTITITTIITTToT MSROQQOQAQELQKQW
B ThAalan & csermceeeee e o MSRQQQVQELQKOQW
8.rhtzox o TTTITTTITTITOCCCCTS MSRQQEAQKLQWVQW
BePOVESR] - e ecca o e MSRQEQVKQLQQQW
B.phymaru o TTTTTTTTTTTTOm MTRNEQAKQLQQQW
E.pickers . ___ T MSRELEVQKLQKEW
{S-maltoph - ________ T TTTTTTTTTO o MSKLPTAEQIQHDW
it o I N MSTTLQSAEQLQQDW
B.sownens  ee L TN MSTLKTAEQIQHEW
(S-ente e TITTTmTEm MKTRTQQIEELQKEW
E.Ti?n ——————————————————————————————————— MKTRTQQIEELGQKEW
[E.coli e TTTIoTTToT MKTRTQQIEELQKEW
Klebsy MEHLHMKTRTQQIEELNKEW
D.dandatiy = 07 TTTmmmTmoooo--———-MEH MSITSRTQQIRQLEQEW
SEPIVI st e el MSTSRTQQIQQLEQEW
v.para T IITTTTIITTT MTLTRRQQIEALEKDW
v.campbel o ______ 7T MTNLTRRQQIEAL EKDW
P.1lecq =~ o TTTTTOTTTTTOToTom——-M MTLTRQQQIEATIEKDW
Shewanelila ... o o e MTKATQTSRQAQIDATIKKDW
Achydroph =~ ..o o -~ -~ ——mmEme - ———— ————MALTREGQIQAIEKDW
D.acidovo MRSSIRLKFDPKADARKPLVSTTSQESNMPQSLTQQLSREQQISALEKDW
C.testo = o _____ U7 -T2 PRESN MPQSLTQOL SREQQTAAL EKDW
AR e T MPOQTFNEQL SREQQIAAL E K DWW
V.paradox = _______________ TTTTTTTTT- MPOQTLTEQLSREQOQIAAL EKEW
CLBEEU e T T mTPRTLTE MSTREQQIAELEKDW
P.necessa = o _______ T TTTTTTTTTTTT—- MADRKAE TAAL QK DWW
Pepoae. o T oTTTTTT MAL TREQQIAAL EKDW
P.putida  ____________ ___TTTTTTTTTTToT— MAL TREQOQTANL E KD
Leotorhiters - e T oS MTTQNL SFAQQVKELQKQW
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. tuber
M.BOV1S
M. aviunm
G.bron
Arthrﬂba
,nass
;_ce11u
N.dass
A.mirum
T.curvata
c.flav
M. cilva
M.rube
T.05ha
T.ther
M. hydr
roseiflex
K.race
K. tusc
B.anth
A.acidoca
s,acid
s.melilot
s.medicae
B.melit
R. Tegumin
p. Tava
sphing
A.exce
M. fulvus
D.geoth
B.ambifa
B.vietnam
B. Cenoce
B.multivo
B. psue
B.thailan
B.rhizox
B. phytofii
B. phymatu
R.pickett
s.maltoph
X. axonopo
P. sownens
S.ente
;E.1i?n
E.coli
‘Klebsi
D. dandati
S.plym
V. para
V. campbel
p.lieog
Shewanella
A. hydroph
b. acidovo
C.testo
A.citrul
V. paradox
C.accu
P.necessa
P.poae
P.putida
I.loihien

DTNPRWKDVTRTYSAEDVVALQGSVVEEHTLARRGAEVLWEQLH-———-——
DTNPRWKDVTRTYSAEDVVALQGSVVEEHTLARRGAEVLWEQLH-————-
DHNPRWKGIKRDYTPEDVVALQGTVVEEHTLARRGAEVLWEQLH-——~—~
DHNPRWKGITRTYTPADVVALQGHVVEEHTLARRGAEVLWDQLH-—————
DTNPRWKDVTRTYTAEDVVALQGTVVEENTLARRGAEVLWEQLH-—————
DTNPRWDNVTRDYTAEQVAQLOQGSVVEEHTLARRGAE ILWEGVNQK ——— -
AANPRWEGVTRDYKASDVVRLRGRVSEEHTLARRGSEKLWKQLTEEHK -
RTDPRWQNVTRDYTAEQVVKLRGRVQEEHTLARRGAEKLWAQL TGEAA- -
ATDPRWTDVERTYTADDVVALRGSVIEEHTLARRGAELLWERLHTS————
ETNPRWAGIERTYSADDVVKLRGSVTEEHTLARRGAERLWDLLR-~——~~
ATDARWSGIERTYGAEDVVALRGSVVEEHTLARRGAERLWELLH-—————
DTDPRWKGIKRDYTAEDVVRLRGSIQEEFTLARLGAERLWKLLH-———-~
ATDPRWSGIERRHTGADVVRLRGSVREDPTLARRGAQRLWELLHTR-———
QTDPRWQGIKRDYTAEEVVRLRPSLQIEHTLAQKGAERLWELLHQR-——-
ETNPRWKGIKRDYTAEDVVRLRPSLLPEQTLAKAGAERLWELLHTR--—~
AENPRWKGVRRDYTAEDVVRLRPSVQVEYTLAKRGAEKLWQLLHER- ———
ETNPRWKGVRRDYRPEDVVRLRPSVMVEYTLAKRGAEKLWKLLHER -~~~
REDARWQGIRRTYTAEEVVRLRPSIQVEYTLARRGAERLWELMQTR-———
ATDPRWQGIRRDYSAADVVRLRGTLKIEYTLANVGARRLWDLLQTE-——-
QGETRWRGVERPYLAEDVLRLRGSVHIEYTLARMGAKRLWTLLRSE -~
ETDPRWKGIVRTYSAEDVLRLRGSIRIEHTLARMGAERLWHLLHTE-———
ELDTRWKGITRPYSAEDVIRLRGSIDIEHTLARRGAEKLWASLHTE----
KTDPRWKGVERAYTAEDVIRLRGSVHIEHTLAQMGAEKL WRGLHED--— -
VWRTPRFEGITRGYGAADVAKLQGSVMIEHTLARRGAERLWRLLHER-———
APEGRFDGIERPYSAEDVKRLRGSVEIRYSLAEMGANRLWKLIHEE -~~~
APEGRFDGIERPYSAEDVKRLRGSVEIRYSLAEMGANRLWKLIHEE ———-
APKGRFDGIERAHTAEDVKRLRGSVE IKYSLAEMGANRL WKL IHEE-————
APTGRFDGIDRPYSADDVRRLRGSVAL THTLAEMGADRLWRLLRQE ————
APKGRFDNVKRNYSVEDVEKLRGSFPIEYTLATRGANKLWELLHTT-———
APEGRFDGIRRTYSPADVARLRGSVAIEHTLARRGAEKLWASLRSE ————
APKGRFNGITRPYTPQEVEKLRGSVWVRNTLAERGANRLWQLLHEE - -~
LHAQRFEGIKRNYTQKDVEKLRGSVTISYTLAELGAKKLWELLHTE-——-
KTEERWQGIRRNYSADEVVRLRGSLPIEHTLARHGAQKLWRLMKEE————
ETDPRWKGIKRSYTADDVVRLRGSTIAVEHTLAKRGAQKLWSLMNEE-—--~
DTDPRWTGIKRGYTADDVVRLRGSIAVEHTLAKRGAEKLWRLINEE-———
ETDPRWKGIKRSYLAEDVVRLRGSIPIEHTLAKRGAEKLWGLINNE-———
ETDPRWKGIKRSYTAEDVVRLRGSIQVEHTLAKRGAEKLWELINNE--—-
ETDPRWKGIKRAFTAEDVVRLRGSIQQEHTLAKRGAEKLWTLINNE--——
ETNPRWKGIKRAFTAEDVVRLRGSVQQEHTLAKRGAEKLWTLVNNE-———
ETNPRWKGIKRGYTAEDVIRLRGSVPVEHTLARRGAEKLWMLINEE --——
ETDPRWKGVKRTYTAEDVIRLRGSVQVEHTLAKRGAEKLWESVNNE -~ -~
ESDSRWKGIKRGF TAEDVVRLRGSVQPEHTLARRGAEKL WSDMHQE ————
DTNPRWKGIKRGYTAEDVVRLRGSLQIEHTLAKRGAEKLWNLINNE-————
DTNPRWEGIQRNYSAADVVRLRGTVHIEHSLARLGAEKLWASLHER -~~~
SNNPRWAGIARNYSAADVARLRGTVHVEHSLARLGAEKLWNSLHAT-———
NTDPRWAGITRNYTAEDVVRLRGTIPVDHSIARITSGKLWNYLQDL-————
T-QPRWEGITRPYSAEEVVKLRGSVNPECTLAQLGAAKMWRLLHGEAK -~
T-QPRWEGIRRPYSAEEVVKLRGSVNPECTLAQMGAAKMWRLLHGEAK - -
T-QPRWEGITRPYSAEDVVKLRGSVNPECTLAQL GAAKMWRL L HGE SK- -
T-NPRWEGITRPYSAEEVVKLRGSVNPECTLAQL GAAKMWRLLHGEAK- -

K—-TPRWEGIVRPYRTEDVINLRGSVNPACTLAQRGAEKLWALL HGESR——

K-SARWEGITRPYSAEDVINLRGSVNPVCTLAQNGAAKELWDLLNGKSR--
ATNPRWEKNVEKRTYTAEEVVELRGEMVPANTIAQRGADKLWSLVNGSAK -
ATNPRWKNVEKRTYTAEEVVELRGSMVPANTIAQRGADKLWSLVNGSSK -~
AENPRWKHVKRTYSAEEVINLRGSFAPANTIAQRGADKLWQLVNGEAK - -
AENPRWKNVRRPYTAEEVVALRGSIVPENTIAKRGAAKLWDLVNGGAK—-
AENPRWKGIKRGYSAEDVVNLRGSLQPVHTLAQRGADKLWEL IHGGAK——
AQNPRWKGVKRGYSAADVVRLRGSLQPEYTLAQRGAELLWDRINGGAK - —
AQNPRWKSVEKRGYSAADVVRERGSEQPEYTEAQRGAEVEWDKINGSSK-

AQNPRWKGIKRGYGAADVVRLRGSFQVEHTLARRGAEKLWNLYHNEP ———
ATNPRWKGIKRGYSAADVVRLRGSFPIEHTLARRGAEKLWELVNNEP——-
AENPRWKGIKRGYSAADVVRLRGSFPIEYTVARRGAEKLWNLVNSEP———
DTNPRWKGITRGYTAEDVVRLRGSLKIEHTLAKHGAERLWELVNNEA—~—
AENPRWKGVTRAYSAADVVRLRGSEVQPEHTFAKLGAEKLWNLVTQGAKPS
AENPRWKGVTRTYTAADVVRLRGSLOPEHTLARQGAEKLWKLVTQGAHPS
DTDPRWKGVERPYSAEDVVRLRGSVQPEYTYARNGADKLWQL THGKAQEK
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M. tuber
M. BOV15
M. smegmat
M. van aal
M. avium
G.bron
arthroba
5.Nnass
x.cellu
N.dass
A.mirum
T.curvata
c.flav
M, cilva
M. rube
T.05ha
T.ther
M. hydr
roseiflex
K.race
K.tusc
B. anth
A.acidoca
5.acid
s.melilot
s.medicae
B.melit
R. Tegumin
P. lava
sphing
A. exce
M. Fulvus
D. geoth
B.ambifa
B.Vvietnam
B.cenoce
B.multivo
B. psue
B.thailan
B.rhizox
B phytofi
B. phymatu
R. pickett
s.maitoph
X. axonopo
P. sownens
S.ente
E.1id
E.coli
Klebsi
D. dandati
S.plym
V. para
V. campbel
p. Tieog
Shewanella
A hydroph
D. acidovo
C.testo
A.citrul
V. paradox
C.accu
P.necessa
P.poae
P.putida
I. loihien

- - -DLEWVNALGALTGNMAVQQVRAGLKAIYL SGWOQVAGDANLSGHTYPD
- —-DLEWVNALGAL TGNMAVQQVRAGL KATYLSGWQVAGDANLSGHTYPD
- ~-DMDFVNALGAL TGNMAVQOVRAGL KATYL SGWOVAGDANLSGHTYPD
—-—--DMDFVNALGAL TGNMAVQQVRAGL KATYL SGWQVAGDANLSGHTYPD
-——DLEYINALGAL TGNMAVQQVRAGLKAIYLSGWAQVAGDANLSGHTYPD
- - -DGSYINALGAL TGNOAVOOVRAGL KAVYL SGWQVAGDANLSGHTYPD
-—--TGGYTNALGAL TGNOAVQQVKAGLRAIYLSGWQVAADANNSGHTYPD
-==5GGYTNSLGALTGNQAVOQOVRAGLRAIYL SGWQVAADANLAGQTYPD
————— EFVNALGAL TGNOAVQOQVKAGEL RATYL SGWQVAGDANAAGQTYPD
-—--TEDYVNTLGALTGNQAVQQVRAGLKAIYLSGWQVAADANLSGNTYPD
- ==DEDHVHALGALTGNQAVQQVRAGL KATYL SGWQVAADANLSGQTYPD
-——EEDYINALGALTGNOQAVOQVKAGL KATYL SGWQVAGDANLALQTYPD
————— THYPALGALTGNQAVQQVRAGLEAIYL SGWOVAADANL SGOTYPD
~~~~~ PYINTFGAYTGAQAVOMVKAGL EATIYL SGWOVAADANLAAQTYFPD
————— PYVNTFGAYTGAQAVOMVKAGLEATYL SGWQVAADANLAWQTYFD
————— PYVHTFGAYTGAMAVEMVRAGL EATYL SGWOQVAADANLAWQTYPD
————— PYVHTFGAYTGAMAVEMVRAGL EATYL SGWOVAADANLAWQTYPD
————— PYVHTFGALTGAQAVOMVKAGL EATYVSGWOVAADANLAHQTYPD
————— PYVATFGALTGAQATOMVRAGIKAIYMSGWQVAADANLAGQTYPD
————— PFVPALGALTGNQAVQQVRAGLKAIYL SGWOVAADANLAGHMYPD
----- PYVPALGALTGNQAVQOQVKAGL KATYL SGWOVAADANL AGOMYPD
————— DYINALGALTGNQAMQQVKAGLKAIYL SGWOVAADANL SGHMYPD
————— GF IRALGALTGNQAVOQOQVKAGL KATYVSGWOVAADANLAEHMYPD
————— HFVPALGAL TGNQAVOQOVKAGLEAIYLSGWQVAADANLAGQTYPD
----- DFVNALGAL SGNOAMOMVRAGLKAIYLSGWOVAADANTASAMYPD
————— DFVYNALGAL SGNQAMOMVRAGL KAIYLSGWQVAADANTASAMYPD
————— DFVNALGAL SGNQAMOMVRAGL KALYLS5GWQVAADANTASAMYPD
————— DFVYNALGAL SGNOQAMOMVRAGL KATYL SGWQVAADANTASAMYPD
————— DYVHSLGALSGNQAMOMARAGL KALYL SGUWQVAADANTAGAMYPD
————— PYINALGAL TGNQAMOMVRAGL KATYL SGWQVAADANTAGAMYPD
————— PFINALGAVTGNQAMQMVRAGLKAIYLSGWQVAADANTASAMYPD
————— DY INALGSLTGNOAVOMVRAGL KALYL SGWQVAADANSAGOMYPD
————— PFVNALGALTGNQAVQOQVKAGL KATYL SGWQVAADANNAGOMYPD
————— PFVNAL GALTGNQAMQQVKAGL KATIYL SGWQVAGDANVAGEMYPD
————— PFVNALGALTGNQAMQQVKAGL KATYL SGWQVAGDANVAGEMYPD
————— PFVNAL GALTGNQAMQQVKAGL KATYL 5GWOQVAGDANVAGEMYPD
————— PFVNAL GAL TGNQAMQQVKAGL KATIYL SGWOVAGDANVAGEMYPD
————— PFVNALGAL TGNQAMQOQVKAGL KATYL SGWQVAGDANVAGEMYPD
————— PFVNALGALTGNQAMQQVKAGL KATYL SGWOVAGDANVAGEMYPD
ﬂﬂﬂﬂﬂ PFVNALGALTGNQAMQQVKAGL KATYL SGWOVAGDANVAGEMYPD
————— PFVNSLGALTGNQAMQQVKAGL KATYL SGWOQVAGDANVAGEMYPD
————— PFVNALGALTGNQAMQQVKAGLKAIYL SGWOVAGDANVAGEMYPD
————— PFVNALGALTGNQAMQQVKAGLKAIYLSGWQVAGDANSNGEMYPQ
————— EFVNALGALTGNQAMOQQVKAGLKAIYLSGWQVAADANLAGQMYPD
----- PFVNALGALTGNQAMQQIKAGLKAIYLSGWOVAADANLAGQMYPD
————— DFVYNALGALTGNQAMQQVKAGLKATIYLSGWOQVAADANLAGOQMYPD
————KGYINSLGALTGGQALQOQAKAGIEAIYLSGWQVAADANLASSMYPD
————KGYINSLGALTGGOALQOQAKAGIEAVYLSGWQVAADANLASSMYPD
~———KGYINSLGALTGGQALQOAKAGIEAVYLSGWQVAADANLAASMYPD
— === KGYVNSLGALTGGOALQOAKAGIEAIYL SGWQVAADANLASSMYPD
— — ——KGYINCLGAL TGGQALQQAKAGL EAVYL SGWQVAADANLAANMYPD
————KGYWVNCLGAL TGGOALQOAKAGVEAIYL SGWQVAADANTATAMYPD
——~—KGYVNCL GAL TGGQAVQQAKAGIEAIYL SGWQVAADNNTASTMYPD
— — ——KGYVNCLGAL TGGQAVQQAKAGIEAIYL SGWQVAADNNTASTMYPD
—— — —KGYVNCLGAL TGGOAVQQAKAGIEAIYL SGWQVAADNNTASTMYPD
—— ——KGYVNSLGAL TGGOAVQQAKAGIEATYL SGWQVAADANLAGTMYPD
—— ——KGYVNCLGAL TGGQAVQQAKAGIEAIYL SGWQVAADNNL SSTMYPD
— - —KGYVNAFGAISAGOAMOQOAKAGL EAVYL SGWQVAADGNTSETMYPD
— -~ —KGYVNAFGAISAGOAMQQAKAGL EAVYL SGWQVAADGNTSETMYPD
—————— YVNCLGAL TGGOAMQOQVKAGIKAI YL SGWQVAADNNEYAAMYPD

=YY N EGAE TG GOAMQQVKAGYRATY L SCWQVAADANTYSSMYPD
------ YVNCLGAL TGGQAMQQVKAGVKAIYL SGWQVAADNNSYAAMYPD
------ YVNCLGAL TGGQAMQQVKAGVQAIYL SGWQVAADGNSYAAMYPD
FRPDKDFVNCMGAL TGGQAVQQVKAGIQALYL SGWQVAADNNSAESMYPD
FRPEKDFVNCMGAL TGGOAVQQVKAGIQAIYL SGWQVAADNNSAESMYPD
FG- -KDYVNALGALTGGQAVQQVKAGLQAIYLSGWQVAADNNSACSMYPD
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Q5LYPANSVPOVVRRINNALQRADQIAKIEGD-T-—-SVENWLAPIVADG
QSLYPANSVPOQVVRRINNALQRADQIAKIEGD-T---SVENWLAPIVADG
QSLYPANSVPOVVRRINNALL RADEIAKVEGD-T---5SVENWLAPIVADG
Q5LYPANSVPOVVRRINNALLRADEIAKVEGD-T---5VENWLAPIVADG
QSLYPANSVPTVVRRINNALLRADQIAKVEGD-T---5SVKNWLAPIVADG
QSLYPANSVPNVVRRINNALLRADEISRVEGD-D---5VDNWLVPIVADG
QSLYPANSVPTVVRRINNALLRADQIEFSEGI-Q---TVEDWMVPIVADA
QSLYPANSVPQVVRRINNALELRADQIEFAEGA-5---SVEDWLVPIVADA
QSLYPANSVPQVVRRINNALEL RADQVERLEGT-R---TVEDWLAPIVADA
QSLYPANSVPAVVRRINNALMRADQITWAEGD-D---SAPEWLAPIVADA
Q5SLYPANSYPOQVVRRINNAL L RADQVEHAEGR-G---GEREWLAPIVADA
QSTYPANSVPTVVRRINNALLRADQIQWSEGK-D---D-IYWLAPIVADA
QSLYPANSVPAVVRRINNALMRADQIDVAENG-R---ATREWLAPIVADA
QSLYPANSVPQVVRRINNALMRADQIERAE-G-V---SGRYWYAPIVADA
QSLYPANSVPQVVRRINNALQRADQIERAE-G-K——--TDRYWYAPIVADA
QSLYPANSVPQIVKRINNALMRADMIERSE -G-K---VTRDWYVPIVADA
QSLYPYNSVPQIVKRINNALMRADQVERIE-G-R---VTRDWYVPIVADA
QSLYPANSVPTLVRRINNALMRADQLHRAE-G-Q-—--SEIDWYAPIVADA
QSLYPSNSVPALVRRINNALMRADQIHASE-G-H-—-NDIYWYAPIVADA

QSLYPANSVPQVVKRINQALQRADQIQHSEGK--—-— GDIYWFAPIVADA
QSLYPANSVPHVVKRINQALQRADQIHHMEGK-———— DDIYWFAPIVADA
QSLYPANSVPAVVKRINQTLQRADQIOHMEGS ————-— GDTDYFVPIVADA
QSLYPSNSVPSLVRRINNALLRADQIQTAEGK--—-- GDIDWMVPIVADA
QSLYPANSVPEVVRRINRALMRADQIDTLEGR-——-— HGTDWFAPIVADA

QSLYPANAAPELAKRINRTLQRADQIETAEGKGL ---SVETWFAPIVADA
QSLYPANAAPELAKRINRTLQRADQIETAEGKGL ---SVDTWFAPIVADA
QSLYPANAGPELAKRINRTLQRADQIETAEGKGL ~-~-SVYDTWFAPIVADA
QSLYPANAGPELAKRINRTLQRADQIETSEGQGL - --SVDSWFAPIVADA

QSLYPANAGPELAKKINRALKRADEIEHSEGG———--— AKRDWFLPIVADA
QSLYPANAGPELARRINRTLQRADQIEHSEGG-~~~—~ AKRDWFVPIVADA
Q5LYPANAAPELCRRINRTLQRADQIEHSEGG——-——— AKRDWFAPIVADA
QSLYPVDSVPTVVRKINNALRRADQIDHAEGR-———— KDRYWFAPIIADA
Q5LYPASSVPDVVRRINNALRRADQIQHSEGK-————- DDIDYFVPIVADA

QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDEGYVDYFAPIVADA
QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDDGYVDFFAPIVADA
QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDEGYVDFFAPIVADA
QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDEGYVDFFAPIVADA
QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDEGYVDFFAPIVADA
QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDEGYVDFFAPIVADA
QSLYPANSVPLVVKRINNTLARADQIQWSEGKNPGDESYIDFFAPIVADA
QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDEGYVDYFQPIVADA
QSLYPANSVPLVVKRINNTLTRADQIQWSEGKNPGDEGYIDYFAPIVADA

QSLYSVDSVPKVVKKINNTFQRADQIQWSEGKDD--——— IDFFAPIVADA
QSLYPADSVPAVVKRINNTLLRADQLHHAEGKDD-———— IDFLQPIVADA
QSLYPADSVPAVVKRINNTLLRADQLHHAEGNDA-————— IDFLQPIVADA
QSLYPADSVPAVVKRINNTLLRADQLHHAEGNDS ——-—— IDFLQPIVADA

QSLYPANSVPAVVDRINNTFRRADQIQWASGIEPNDPRYVDYFLPIVADA
QSLYPANSVPAVVDRINNTFRRADQIQWSSGIEPNDPRFVDYFLPIVADA
QSLYPANSVPAVVERINNTFRRADQIQWSAGIEPGDPRYVDYFLPIVADA
QSLYPANSVPAVVDRINNTFRRADQIQWSVGIEPNDPRYIDYFLPIVADA
Q5LYPANSVPAVVQRINGTFRRADQIQWANGIEPGDPRFIDYFLPIVADA
QSLYPVDSVPTVVERINNTFRRADQIQWSNKIEPGSKDYTDFFLPIVADA
Q5LYPVDSVPSVVKRINNSFRRADQIQWANGKSPEDEGGIDYFLPIVADA
QS5LYPVDSVPSVVKRINNSFRRADQIQWSAGKSPEDEGGIDYFLPIVADA
Q5LYPVDSVPAVVKRINNSFRRADQIQWANGGNPED--GVDYFLPIVADA
QSLYPANSVPAVVARINNSFRRADQIQWSNGVNPEEENFVYDYFLPITIADA
QSLYPANSVPSVVERINNSFARADQIQWANKVGPOQDKGF IDYFLPIVADA
QSLYAYDSVPTMVRRINNTFKRADEIQWGRGINPGDKEFIDYFLPIVADA
QSLYAYDSVPTMVRRINNTFKRADEIQWGKGINPGDKEFIDYFLPIVADA
QSLYPVDSYPKVVERINNSFTRADE IQWAKGYVNPGDAGF IDYHAPIVADA
QSLYPVDSVPTVVERINNTFRRADE IQWSKNVNPGDKGYVDYFAPIVADA
QSLYPVDSVPKVVERINNSFRRADEIQF SKNIDAGDKGYIDYFAPIVADA
QSLYPVDSVPEMVERINNSFQRADEIQTAKGIQRGDAGFIEYFAPIVADA
QSLYPVDSVPTVYVWKRINNSFRRADQIQWKAGKGPGDEGYIDYFAPIVADA
QSLYPVDSVPTVYVKRINNSFRRADQIQWKAGKNPGDEGYIDYFAPIVADA
QSLYPVDSVPTVWVVERINNSFARADQIQWSKGVYTPEDDNYVDYFAPIVADA
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EAGFGGALNVYELQKALIAAGV@GSHWEDQLASEKKCGHLGGKVLIPTQQ
EAGF GGALNVYELQKAL IAAGVAGSHWEDQLASEKKCGHL GGKVL TPTQQ
EAGFGGALNVYELQKAMIAAGVAGSHWEDQLASEKKCGHLGGKVLIPTQQ
EAGFGGALNVYELQKAMIAAGVAGSHWEDQLASEKKCGHLGGKVLIPTQQ
EAGFGGALNVFELQKAMIAAGVAGSHWEDQLASEKKCGHLGGKVLIPTQQ
EAGFGGALNVYELQKAMIAAGAAGTHWEDQLASEKKCGHLGGKVLIPTQQ
EAGFGGPLNAYELMKSMIQAGASGVHWEDQLASEKKCGHLGGKVLIPTQQ
EAGFGGPLNAYELMKSMITAGASGVHWEDQLASEKKCGHLGGKVLIPTSQ
EAGFGGPLNAVELMRSMITAGAAGVHWEDQLASEKKCGHLGGKVLVPTQQ
EAGFGGVLNAYELMRGMIASGAAGVHWEDQLASEKKCGHLGGKVLIPTGQ
EAGFGGVLNAFELMRAMIAAGAAGVHWEDQLASEKKCGHLGGKVLIPTGQ
EAGFGGVLNAFELMKAMIAAGAAGVHWEDQLASEKKCGHLGGKVLIPTGQ
EAGFGGPLNAYELMHAMIQAGAAGVHWEDQLAAEKKCGHLGGKVLVPTSQ
EAGFGGPLNAFELMKSMIEAGAAGVHWEDQLSSEKKCGHLGGKVLIPTQA
EAGFGGPLNAFELMKAMIEAGAAGVHWEDQLSSEKKCGHLGGKVLIPTSQ
EAGFGGALNVFELTRAMIEAGAAGIHYEDQLASEKKCGHLGGKVLVPTﬁQ
EAGFGGALNVFELTKAMIEAGAAGIHYEDQLASEKKCGHLGGKVLVPTGQ
EAGFGGPLHAFELTKAMXEAGAAGVHFEDQLAAEKKCGHLGGKVLVPTSQ
EAGFGGPLHAFELTKAMIEAGASGVHFEDQLASEKKCGHLGGKVLVPTSQ
EAGFGGPLNVFELMKAMIEAGAAGVHFEDQLASEKKCGHLGGKVL IPTAS
EAGFGGPLNVYELMKAMIEAGAAGVHFEDQLAAEKKCGHMGGKVLIPASQ
EAGFGGQLNVFELMKGMIEﬁGASGVHFEDQLSSEKKﬁGHLGGKVLLPTQT
EAGFGGPLNVFELMKMMIEAGAAGVHFEDQLSSEKKCGHMGGKVLIPTSH
EAGFGGPLNVFELTKALIEAGAAGVHLEDQMSSEKKCGHMGGKVLIPTSW
EAGFGGPLNAFEIMKAFIEAGAAGVHYEDQLASEKKCGHLGGKVLIPTAﬂ
EAGFGGPLNAFEIMKAF IEAGAAGVHYEDQLASEKKCGHLGGKVL IPTAA
EAGFGDPLDAFEIMKAYIEAGAAGVHFEDQLASEKKCGHLGGKVL IPTAA
EAGFGGPLNAFEIMKAYIEAGAAGVHFEDQLASEKKCGHL GGKVLIPTAA
EAGFGGPLNCFEIMKAY IEAGAAGVHYEDQLASEKKCGHL GGKVLIPSRA
EAGFGGPLNCFEIMKAYIEAGAAGVHFEDQLASEKKCGHLGGKVLIPTQA
EAGFGGPLNSFEIMKAFIEAGAAGVHFEDQLASEKKCGHLGGKVLIPTQA
EAGFGGPLNAFELMKGMIEAGAAGVHFEDQLASEKKCGHMGGKVLVPTSH
EAGFGGPLNAFELMKAMIEAGAAGVHFEDQLASEKKCGHLGGKVLVPTSQ
EAGFGGVLNAFELMKAMIEAGASGVHFEDQLASVKKCGHMGGKVL VPTRE
EAGFGGVLNAFELMKAMIEAGASGVHFEDQLASVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKAMIEAGASGVHFEDQLASVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKAMIEAGASGVHFEDQLASVKKCGHMGGKVLVPTRE
EAGF GGVLNAFELMKAMIEAGASGVHF EDQLASVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKAMIEAGASGVHFEDQLASVKKCGHMGGKVLVPTRE
EAGF GGVLNAFELMKAMIEAGAAGVHFEDQLASVKKCGHMGGKVLVSTRE
EAGFGGVLNAFELMKAMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKAMTEAGAAGVHF EDQLASVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKAMIEAGAAGVHFEDQLAAVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKAMIEAGAAGVHF EDQLASVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKAMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPTRE
EAGFGGVYLNAFELMKAMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPTRE
EAGFGGVLNAFELMKSMIEAGAAAVHFEDQLASVKKCGHMGGKVLV?TQE
EAGFGGVLNAFELMKSMIEAGAAAVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAFELMKAMIEAGAAAVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAFELMKSMIEAGAAAVHFEDQLASVKKCGHMGGKVLVPTQE
EAGF GGVLNAFELMKSMIEAGAAAVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAYELMKAMIEAGAAGVHFEDQLAAVKKCGHMGGKVLVPTQE
EAGFGGVLNAYELMKSMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAYELMKSMIDAGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAYELMRSMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAFELMKSMIDAGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAFELMKGMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPSQE
EAGFGGVLNAFELMKNMIAAGAAGVHFEUQLAAVKKCGHMGGKVLVPTQE
EAGEGGVELNAFEL MKNMIOAGAAGVHFEDOL AAVKKCGHMGGKYL VPTRE
EAGFGGVLNAYELMKAMIRAGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNGFELMKAMIKAGAGGVHFEDQL ASVKKCGHMGGKYLVPTTE
EAGFGGVLNAFELMKAMIRAGAAGVHWEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAFEL SKAL IKQGAAGVHFEDQL SSVKKCGHL GGKVLL FTSE
EAGFGGVLNAYELMKSMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAYELMKNMIEAGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
EAGFGGVLNAYELMKRMIQSGAAGVHFEDQLASVKKCGHMGGKVLVPTQE
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HIRTLTSARLAADVADVPTVVIARTDAEAATLITSDVDERDQPFITG-——
HIRTLTSARLAADVADVPTVVIARTDAEAATLITSDVDERDQPFITG——-
HIRTLTSARLAADVADVPTWVVIARTDAEAATLITSDVDERDOQPFITG-——
HIRTLTSARLAADVAGVPTVVIARTDAEAATLITSDVDERDRPFITG-—~
HIRTLTSARLAADVCDVPTVWIARTDAEAATLITSDVDERDQPFITG-——
HVRTLNSARLAADVAGYPTVVIARTDAEAATL ITSDVDERDKEFITG-—-
HVRTLNAARLAADVAGTPSVVIARTDAEAATLITSDVDERDQEFILREGG
HVRTLNAARLAADVAGTPTLIVARTDAEAATLLTSDIDERDAEFLTG-——
HIRTLNAARLAADVEGVYPTVYVARTDAEAATLLTSDVDERDRPFLTG-~~
HVEKTLNAARLAADVAGVPSLVIARTDAQAATL ITSDVDERDQPFITG-——
HVRTLNAARL AADVSGVPTLVVARTDAQAATLLTTDVDERDRPFTTG——~
HIKTLNAARLAADICGVPTLITARTDAEAATLLTTDVDERDRPFLTG-—-
HVRTLSAARLAADVAGAPTVVIARTDSLGADLL TSDVDERDQEFLTG-~—
HIRTLQAARLAADVLGVPTLITIARTDAEAATLLTSDVDERDRPFVTG-——
HIRTLNAARLAADVMNVPSIIICRTDAEAATLLTSDIDERDKPEVKEG-—
HIRTLOQAARLAADIMGVPTVIIARTDAEAATLITSDIDERDRPFILKG--
HIRTLQAARL AADVMGVPTVIIARTDAEAATLITSDIDERDKPFIVSD-—
FIRTLQAARLAADVLGVPTVLIARTDALAATLITSDVDEYDRPFLTG-~~
FIRTLTAARLAADVLDVPTVLIARTDAGAATLLLSDADEYDRPFITG-——
AVKNLVAARFAADVMGYPTVLIARTDSNGAQL ITSDIDETDKAFLTGER -
AIRNLTAARLAADVMGVYPTILVARTDALAATMITSDIDPRDQGFITGER-
AVRNLISARLAADVMGVPTIIVARTDADAADLITSDIDPVDKAFITGER-
AVRNLTAARLAADVLGYPTVIVARTDANGAFL ITSDVDDRDARFITGER -
AVRNLTAARLAMDVLGVPTILVARTDANGANLLTSDVDPADHPFMTGER-
HIRNLNAARLAADVMGTPTLVIARTDAEAAKLL TSDIDERDRPFVDYDAG
HIRNLNAARLAADVMGTPTLVIARTDAEAAKLL TSDIDERDRPFVDIDAG
HIRNLNAARL AADVMGTPTLIVARTDAEAAKLL TSDIDERDQPFVDYEAG
HIRNLNAARL AADVMGVATLVIARTDAEAAKLL TSDIDERDQPFVDYDAG
HERNLNAARLAADVSGTPTLIMARTDAESANLITSDIDERDHEFIDFEKG
HIRNLQAARLAADVCGVPTVLVARTDAESAKLITSDVDERDHEFLTGER-
HERNLIAARLAADVLGVPTLTVARTDAESAQLITSDIDERDHPFIDRDS -
FIRTLSAARLAADVMGVPTLLVARTDADSAKLLMSDADEYDHAEIDKKAG
FIRTLNAARLAADVSGVPTVLIARTDADAANLLTSDIDDNDKPFTTGER-
AVAKL SAARLAADVMGTPTVLVARTDAEAADL ITSDIDDNDKPFLTGER -
AVAKL SAARLAADVMGTPTVLVARTDAEAADL ITSDIDDNDKPEL TGER -
AVAKLSAARLAADVMGTPTVLVARTDAEAADL ITSDVDDNDKPELTGER-
AVAKLSAARLAADVMGTPTVLVARTDAEAADL ITSDIDDNDKPFLTGER-
AVAKLTAARLAADVMGTPTVLVARTDAEAADL ITSDIDDNDKPYLTGER-
AVAKLTAARLAADVMGTPTVLVARTDAEAADL ITSDIDDNDKPFLTGER -
AVAKLISARLAADVSGTPTVLVARTDAEAADLITSDIDDNDKLFLTGER-
NIAKLTAARLAADVSGTPTVLLARTDAEAADLITSDIDENDKPFLTGER-
NVAKLTAARLAADVLGVPTVLIARTDAEAADL ITSDVDDNDKPFLTGER-
AVSKLVAARLAADVMGVPTVLIARTDAEAADLLTTDVDENDKPFCTGER-
ATEKLNAARLAADVLGVPTLLVARTDAEAADLLTSDIDGNDRPFTTGER-
ATEKLNAARL AADVLGVPTVLIARTDAEAADL ITSDVDANDQPFTTGER -
AVEKLNAARLAADVMGVPTILIARTDAEAADLLTSDIDDNDKPFCTGER-
AIQKLVAARLAADVMGVPTLVIARTDADAADLITSDCDPYDSSFITGER-
AIQKLVAARLAADVLGVPTLVIARTDADAADLITSDCDPYDSEFITGER-
AIQKLVAARLAADVTGVPTLLVARTDADAADL ITSDCDPYDSEFITGER-
AIQKLVAARLAADVMGYPTLVIARTDADAADLITSDCDPYDREFITGDR-
AVQKLVAARLAADVLGVPTLLVARTDADAADLLTSDCDSYDQBFVTGER—
AIQKLVAARLAADVLGVPTLVIARTDADAADLL TSDCDPYDSEFVSGER-
AVQKELVAARLAADVSGTTTLVIARTDANAADLL TSDCDPYDKDEFIEGER-
AVQKLVAARLAADVAGTTTLVIARTDANAADLLTSDCDPYDKDFIQGER—
AVQKELVAARLAADVAGTTTLVIARTDANAADLL TSDCDPYDKDFITGDR -
AVQKLVAARLAADVSGVETLVIARTDANAADLL TSDCDPYDRDFVTGER -
AVQKL TAARLAADVCGTTTLVIARTDANAADLL TTDADPYDAGFEL TGER-
AVEKLISARFAADVMGVPTIVLARTDAEAANL ITSDHDANDKPFLTGER -
AVERKLTAARFAADVMGVPTIVLARTDAEAANL ITSNHDENDIPFLTGER-
AVOKLTIAARMAADVYGVPTLVIARTDAEAADLITSDYDENDKPFLTGER-
AVOKL TAARMAADVCGTPTLVIARTDAEAADLITSDYDENDKPFLTGER -
AVOKL TAARFAADVCGVPTLVIARTDAEAADLL TSDCDANDTPFVTGER -
SVOKLISARLAADYVMGTPTIILARTDAEAADLLTSDYDENDKPFLTGER-
AVQKLTAARLAADVAGTPTIILARTDANAADLLTSDCDPYDQPFVTGER~
AVQKLVAARLAADVSGVPTIILARTDANAADLLTSDCDPYDQPFVIGER—
AVOKLSAARLAADVAGTPTL IVARTDANAADL L TSDFDPNDKPFITGER-
Vo .. 2 . % .
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u. tuber
M. Bov1is
M'Sme mat
M, Van aal
G bron
arthroba
5.Nas5
x.cellu
N. dass
A-ﬂ" rum
T curvata
c.flav

M. cilva
M. rube
T.05ha
T.ther

m. hydr
proseiflex
K.race

K. tusc
g.anth
A.acidoca
5,acid
s.melilot
5.medicae
g.melit
R. Tegumin
p. lava
sphing
A.exce

M. fulvus
D.geoth
B.ambifa
B.vietnam
B. cenoce
B.multivo
B.psue
B.thailan
B.rhizox
B. phytofi
B. phymatu
R.pickett
s.maltoph
X. axonopo
P. s0Wnens
5. ente
E.11?n
E.coli
Klebsi

D. dandati
S.plym
V.para

V. campbel
p. 1ieog
Shewanella
A. hydroph
D. acidovo
C.testo
A.citrul
V. paradox
.accy
.necessa
. poae
.putida
. loihien

HUYTTUN

~—ERTREGFYRTKN--GIEPCIARAKAYAPFADL IWMETGTPDLEAARQF
—-ERTREGFYRTKN--GIEPCIARAKAYAPFADLIEMETGTPDLEAARQF
-—ERTKEGFFRVKN--GLEPCIARAKAYAPYSDLIWMETGTPDLELAKKF
--ERTAEGFYRVKN-~GLEPCIARAKAYAPYSDLIWMETGTPDLELAKKE
-—ERTKEGFYRVRN--GLEPCVARAKAYAPYSDL IWMETGTPDLELAAKE
-—ERTAEGYYHVKN-~GIEPCIARAKSYAPYADMIWMETGTPDLELARKF
QPVRTPEGFYKVRN--GIEPCIARAKAYAPYSDLIWMETGTPDLELARKF
~-ERTSEGYYRVTN-~GLPACTARAKAYAPYSDLLWMETGTPDLEVARQF
-—GRTAEGFYEVRP--GLETSIARARAYAPYADLLWMETGTPSLEVARAF
~—-ERTAEGFYRFRN--GVEACVARGLAYAPHSDLLWMETATPDLEVARDF
-—-ERTAEGFYRVRG--GIEPCVARGLAYAPHADLLWMETSLPDLGVAREF
--ERTAEGFYRVRN--GLEPCIARALAYAPYADL IWMETGTPDLEQARKF
-—ERTAEGYFRVRP--GLDAVVSRATAYAPYSDLIWVETSTPDVALAVEF
~=ERTPEGFYRVKN--GLEPCITRALAYAPYADLLWMETSTPDLEVARKF
-—ERTPEGFYRIRN--GLEACITRSLAYAPYADLLWMETSTPDLEVARKF
--ERTPEGFYRVKN--GIEAGIARALAYAPYADVLWMETSKPDLEEARRF
-—ERTPEGFYRFKN--GIEAGTIARALAYAPYADVIWMETSKPDLEEARKF
-—ERTPEGYYRVKN--GLEAATARALAYAPYADLLWFETSTPDLEEARRF
~-=~ERTPEGFYRVKS--GLDAATARGLAYAPYADL IWCETAHPDLDEARRF
-—=-TPEGFFRVR5--GIEAATARGL SYAPYCDLIWCETSSPDMGEAERF
-===TS5EGFYRVRN--GLEAATARGLAYAPYADMIWCETSEPNLEEARLF
===-TPEGFYRTKA--GLDQATARGLAYAPYADLVWCETSEPNLEDAKRF
-——-TPEGFYRFRG--GLEAATARGLAYAPYADMIWCETSEPNIEEAKRE
—-==-TAEGFYRVKS5--GLDQAVHRGLAYAPYADMIWCETSEPDLDEAREF
—=-RTVEGFYQVKN--GIEPCIARATAYAPHCDLIWCETSKPDLEQARKF
—=-RTVEGFYQVRN--GIEPCIARATAYAPHCDLIWCETSKPDLEQARKF
—-=-=-RTAEGFYQVKN--GIEPCIARATAYAPYCDLIWMETSKPDLAQARRF
--—RTVEGFYQVRN--GIEPCIARAVAYAPYCDLIWCETSKPDLDQARRF
-——-RTIEGFYRLKPGTGVDHCIKRGLSFAPYADLLWWETSKPNLDDAKRE
===-TPEGFFRLKDGTGVDHCIKRGIAFAEHADL LWWETSHPNLEDAKRE
-—-RTPEGFFRLKPGTGLDHCIARGLAYAKYADL LWWETSHPDLDDARRF
——-RTAEGFYRLNG--GLDCATARGLAYAPYADLVWCETSTPDLAQAKKF
~===-TPEGFFYVRP--GIEQAISRALAYAPYADVLWCETSVPNLEDARRE
---—TVEGFFRTKP--GIEQAISRGLAYAPYADLVWCETGKPDLEYAKKF
-———TVEGFFRTKP--GLEQAISRGLAYAPYADLVWCETGKPDLEYAKKF
~===-TVEGFFRTKP--GLEQAVSRGLAYAPYADL IWCETGKPDLEYAKKF
===-TVEGFFRTKP~--GLEQAVSRGLAYAPYADL IWCETGKPDLEYAKKF
-———-TVEGFFRTKP--GLEQATISRGLAYAPYADL IWCETGKPDLEYAKKF
-—==-TVEGFFRTKP--GLEQAISRGLAYAPYADL IWCETGKPDLEYAKKF
-——-TVEGFFRTRP-~-GLEQAISRGLAYAPYADL IWCETGKPDLEYAKKF
-——-TVEGFYRTKP--GLEQAISRGLAYAPYADMIWCETGKPDLEFAKKF
-=—-TVEGFFRTKP--GLEQAVSRGLAYAPYADL IWCETGKPDLEYAKKF
----TVEGFYRTKP--GLQQAISRGLAYAEVADLVWCETGKPDLEYAKKF
-——-TVEGFYKTRN--GLDQATISRGLAYAPYADLVWCETGKPDLEFARRF
-——-TVEGFFKTRN--GLDQAISRGLAYAPYADLIWCETGKPDLEFARAF
====TVEGFYRVRN--GLEQSISRGLAYAPYADLVWCETGKPDLEFARRF
-—---TSEGFYRTHAG--IEQAISRGLAYAPYADLVWCETSTPDLELARRF
—-———TSEGFYRTHAG--IEQAISRGLAYAPYADLVWCETSTPDLALAKRE
-—-=TS5EGFFRTHAG--TEQAISRGLAYAPYADLVWCETSTPDLELARRF
—-=--TS5EGFFRTHAG--IEQATISRGLAYAPYADLVWCETSKPDLEQARRF
——-—-TVEGFFRTRAG--VEQAISRGLAYAPYADLVWCETSTPDLALARRF
—==-TAEGFFRTHAG--TEQAISRGLAYSPYADMVWCETSTPDLQAAKRF
--—-TQEGFYRVRAG--IDQAISRGLAYAPYADLIWCETATPCLEEARKF
————-TPEGFYRVRAG--IDQALSRGLAYAPYADLIWCETATPCLEEARKE
----TAEGFYRVRAG--IDQATARGLAYAPYADLIWCETATPCLEEARKE
-———-TSEGFYRVKAG--LDQAISRGLAYAPYADL IWCETAKPDLEEARRF
-—-—-TSEGFYKVQAG--IEQALSRGLAYAPYADMVIWCETAKPDLDEARKE
--—--TQEGFYRVRNG--MEQSISRGVAYAPYADLVWCETGVPDIGEAREF
————TQEGFYRVKNG—ELEQSISRGVAYAPYADEVWCETGVPDIGFAREF
----TAEGFYKTRKG--IDQALSRAVAYADYADLVWCETGTPDLEFARKF
—==-TAEGFYKTKKG--IDQATISRATAYAHYADLVWCETGTPDLEFAKRE
--—-TSEGFYKTRKG--LDQAL SRAVAYAEYADLVWCETGTPDLEFARKE
——--TPEGFYKTRKG--LDOAISRGLAYAAYADMVWCETGTPDL DFARQF
—=-—--TQEGFYKVRAG--LDOQATARGLAYAPYADL IWCETAKPDL DEARRE
--—-TREGFYKVRAG--LDOQAISRGLAYAPYADL IWCETAKPDLDEARRF

———-TAEGFYRVKPG--IEQATSRGLAYAPFADLIWCETAKPDLDEARQF
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K.race
K. tusc
,ant

2_ ac‘i doca
5,acid
~ s.melilot
. s.medicae
g.melit
R. legumin
p.lava
sphing
A, exce
M. fulvus
D.geoth
g.ambifa
B.vietnam
B.cenoce
B.multivo
B.psue
B.thailan
B.rhizox
B. phytofi
B. phymatu
R.pickett
S.maltoph
X. axonopo
P, sownens
S.ente
E.lign

E. co?'i
Klebsi
D.dandati
S.plym
V.para
V. campbel
3 p. lieog
| Shewanella
| A.hydroph
D. acidovo
L C.testo
A.citrul
V.paradox
C.accuy
P.necessa
§ P.poae
! P.putida
I loihien

i

SEAVKAEYPDOMLAYNCSPSFNWKKHLDDATIAKFOKELAAMGFKFQFIT
SEAVKAEYPDOMLAYNCSPSFNWKKHL DDATIAKFQKELAAMGFKFQFIT
AEGVKAEFPDOMLAYNCSPSFNWKKHLDDATIAKFQKELGAMGFKFQFIT
AEGVKSEFPDOMLAYNCSPSFNWRKHLDDATIAKFOKELGAMGFKFQFIT
AEGVKAEFPDOMLAYNCSPSFNWKKHLDDATIAKFQKELAAMGFKFQFIT
AEAVKSEYPDQLL SYNCSPSFNWSKHLDDSTIAKFONELGAMGFTFQFIT
AEAVKAEFPDOMLSYNCSPSFNWRKHLDDATIAKFQRELGAMGFTFQFIT
AEAVKAEFPDOMLAYNCSPSFNWKRHLDNDTIAKFQNELGAMGFTFQFIT
AEGVRSEFPDQLLAYNCSPSFNWRRHLSEAETATFQRELGAMGYAFQFIT
AERIKAEYPDOMLAYNCSPSFNWKRHLDDATIAKFQRELGHMGYKFQFIT
AEAVKARYPEKMLAYNCSPSFNWRKHLDDTTIAKFQRELGHMGYKFQFIT
AEAVKAEYPDQMLAYNC 5P SFNWKKHLDDATIAKFQRELGHMGYKFQFIT
AERIHEAFPGKLLAYNCSPSFNWRAHLDDAQIARFQRELAGHGYAFQFIT
AEAVHREFPGKMLAYNCSPSFNWKKYLDAETIAKFQRELGAMGYKFQFIT
AEATHAVYPGKMLAYNCSPSFNWKKNLDDETIAKFQRELGAMGYKFQFIT
AEAVEKREFPDKLLAYNLSPSFNWKKFLDEETIAKFNRELGAMGYKFQFIT
AEAVEKEFPDKLLAYNLSPSFNWKKFLDDETIAKFNRELGAMGYKFQFIT
AEATHREFPGKLLAYNCSPSFNWRKFLGEAETARFQKELGAMGYKFQFIT
AEGIHAKFPGKMLAYNCSPSFNWKRYLDEATIATFQRELAAMGYKFQFIT
AAEIHARFPGKLLAYNCSPSFNWRKNLSETQIAEFQKHLGSLGYAFQFIT
AEAIHAKFPGKLLAYNCSPSFNWEKRKLDDAATADFQKKLGOMGYKFQFVT
ADAIHKEHPGKLLAYNCSPSFNWKQKLDEKTIASFOKEIASYGYKFQFVT
AEAIKAEFPDKLLAYNCSPSFNWRKKLDPKTIEEFQEITIASFGYKFQFVT
ARRIHAEFPGKLLAYNCSPSFNWRRRWDERGLERFQIELADMGYKFQFIT
AEGVHKAHPGKLLAYNCSPSFNWKKNLDDATIAKFQRELGAMGYKFQFIT
AEGVHKAYPGKLLAYNCSPSFNWKKNLDDATIAKFQRELGAMGYKFQFIT
AEAVHKAHPGKLLAYNCSPSFNWKKNLDDATIAKFQRELGAMGYKFQFIT
AEGVYHRVHPGKLLAYNCSPSFNWKKNLDEATIAKFQRELGAMGYKFQFIT
AEAIRKEYPDOQLLAYNCSPSFNWEANLDKATIAKFQKEIAAMGYKYQFVT
AEAVQKAHPGKMMAYNCSPSFNWEAKLDKDTIARFQRELGAMGYKFQFVT
AEAVHKVHPGKLLAYNCSPSFNWKAKLDEATIARFQRELGAMGYKFQFVT
AESLRAKYPNKLLAYNCSPSFNWKKNLDDATTARFQRELGAMGYKFQFVT
AEAVHAKFPGKLLAYNCSPSFNWKKNLDDETIAKFQRELGAMGYKFQFIT
AEATHKQFPGKMLSYNCSPSFNWKKNLDDATIAKFQKELGAMGYKFQFIT
AEATHKQFPGKMLSYNCSPSFNWKKNLDDATIAKFQKELGAMGYKFQFIT
AEATIHKQFPGKLLSYNCSPSFNWKKNLDDATIAKFQKELGAMGYKFQFIT
AEATHKQFPGKLLSYNCSPSFNWKKNLDDATTAKFQKELGAMGYKFQFIT
AEATHKQFPGKLLSYNCSPSFNWKKNLDDATIAKFQKELGAMGYKFQFIT
AEATHKQFPGKLLSYNCSPSFNWKKNLDDATIAKFQKELGAMGYKFQFIT
AEAIHKAFPGKLLSYNCSPSFNWKKNLDDATIAKFQKELGAMGYKFQFIT
ADAIHKEYPDQLLSYNCSPSFNWKKNLDDATIAKFQRELGAMGYKFQFIT
AEATHKQFPGKML SYNCSPSFNWKKNLDDATIAKFQKELGAMGYKFQFIT
AEATHAKFPGKMLAYNCSPSFNWKKNLDDVTIARFQKELGAMGYKFQFIT
AEATHAKFPGKLLAYNCSPSFNWKKNLDDATIAKFQRELGSYGYKFQFIT
AQATHARFPGKLLAYNCSPSFNWKKNLDDATIAKFQTELASYGYKFQFIT
AEATHARYPGKMLAYNCSPSFNWKKNLDDATIAKFQKEIASYGYKFQFIT
ADATHAKYPGKLLAYNCSPSFNWQKNLDDKTIASFQQQL SDMGYKYQFIT
ADATHAKFPGKLLAYNCSPSFNWQKNLDDKTIASFQQQLSDMGYKYQFIT
AQATHAKYPGKLLAYNCSPSFNWQKNLDDKTIASFQQOQLSDMGYKFQFIT
AEATHARFPGKLLAYNCSPSFNWKKNLDDKTIASFQQQLSDMGYKYQFIT
AEAIHARFPGKLLAYNCSPSFNWKKNLDDRATARFQDELSEMGYKYQFIT
ADAIHAKFPGKLLAYNCSPSFNWKKNLDDQTIARFQEELSAMGYKYQFIT
AEATIHAEYPDQLLAYNCSPSFNWEKNLDAETIAKFQQEL SDMGYKYQFIT
AEAIHAEYPDOQLLAYNCSPSFNWEKNLDAETIAKFQQELANMGYKYQFIT
AEATHAQYPDQLLAYNCSPSFNWEKNLDAETIAKFQQELSDMGYKYQFIT
AEAIHAQYPDQLLAYNCSPSFNWKKNLDDATIARFQQELSDMGYKYQFIT
AEATKAQYPDKILAYNCSPSFNWKKNLDDATIARFQQEL SDMGYKYQFIT
AQAVHAACPGKLLSYNCS5PSFNWKKNLNDSQIASFQEDLSALGYKFQFIT
AQAVHAACPGKLLSYNCSPSFNWKKNLNDSOTASFOQEDLSALGYKFOQFTT
AEAVHAKHPGKLLAYNCSPSFNWKKNLDDATIAKFQRELGAMGYKYQFIT
ADAVHKVHPGKMLAYNCSPSFNWKKNLDDATIAKFQKELGAMGYKYQFIT
AEAVRAKHPGKMLAYNC 5P SFNWKKNLDDATIARFQKELGAMGYKYQFIT
AEAIRAKFPGKMLAYNCSPSFNWKKNLDDATIAKFQRELGAMGYKYQFIT
AEAIKKEYPDQLLSYNCSPSFNWKKNLDDATIAKFQREL SAMGYKHQFIT
AEAIKKEYPDQILSYNCSPSFNWKKNLDDATIAKFQRELSAMGYKHQFIT
AEAVHAKYPGKLLAYECSPSFNWKRNLDDDTIAKFQRELAAMGYKFQFIT
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M. tuber
M. BOV15
M. smegmat
M. vanbaal
M. avium
G.bron
arthroba
5.Nnass
x.cellu
N.dass
A.mirum
T.curvata
c.flav

M. cilva
M.rube
T.05ha
T.ther

M. hydr
poseiflex
K.race

K. tusc
B.anth
A.acidoca
s.acid
s.melilot
s.medicae
B.melit
R. Tequmin
P. Tava
sphing
A.exce

M. fulvus
'D.geoth
B.ambifa
B.vietnam
B. cenoce
B.multivo
B. psue
B.thailan
gB.rgizo;‘
\B.phytoi
;s.phggatu
R.pickett
|s.maltoph
|X. axonopo
P.sownens
'S.ente
fE.Ti?q
‘E.col1l
Klebsi

'D. dandati
5.plym
V.para

V. campbel
p-T1ieog
Shewanella
‘A, hydroph
D.acidovo
C.testo
A, citrul
V. paradox
C.accu
P.necessa
P.poae
P.putida
I.loihien

LAGFHALNYSMFDLAYGYAQN-QMSAYVELQEREFAAEE -RGYTATKHQR
LAGFHALNYSMFDLAYGYAQN-QMSAYVELQEREFAAEE -RGYTATKHQR
LAGFHALNYSMFEDLAYGYARN-QMSAYVELQEREFAAEE -RGYTATKHQR
LAGFHALNYSMFDLAHGYARN-QMTAYVELQEREFAAEE -RGYTATKHQR
LAGFHALNYSMFDLAYGYARN-QMTAYVELQEREFAAEE-RGYTATKHQR
LAGFHSLNYGMFDLAYGYARE -QMSAF VDLQNREFKAAEERGF TAVKHQR
LAGFHALNYSMFDLAHGYARE -GMSAYVELQEKEFASES-RGYTATKHQR
LAGFHSLNHSMFDLAHRYARE -GMTAYVDLQEREFAAED-AGYTATKHQR
LAGFHALNHSMFDLAHGYARE -QMTAYVRLQESEFASES-RGYTATKHQR
LAGFHSLNYSMFNLAKGYAQN-GMTSYVELQEAEFAAES-QGYTATRHQR
LAGFHALNHSMFDLARGYAES-GMSAYVELQEREFAAER-DGYTAVKHQR
LAGFHALNYSMFDLAHGYARE -GMTAYVDLQEREFASES-RGYTATRHQR
LAGFHALNESMFTLAKGYAER-GMSAYVDLQTAEFAAEA-DGYTATRHQR
LAGWHNLNYRTFELAKGYKER-GMSAFVELQSL EFAAEK-DGFTAVKHQR
LAGWHNLNYRTFELARNYKER-GMSAFVELQQLEFAAEK-DGF TAVKHQR
LAGWHTLNYYTWELAKGYKAR-GMPAFVELQEKEFLAQA-QGF TAVKHQR
LAGWHALNYHIWELAKGYKER-GMPAFVELQAKEFAAQK-EGF TAVKHQR
LAGWHL LNYHTFDLARRYKRE -GMPAYVALQQAEFAAEE-AGYTATRHQR
LAGWHMINYYAFELAKAYAAE -GMTAYVRLQQAEFAAEQ-HGYTATRHQR
LAGEHALNYSMFDLARGYREE -GMTAYSRLQQAEFALEK-VGYTATKHQH
L AGFHAL NF SMFDLARQYKER-GMAAYAELQQREFASEV-YGYTATKHQR
LAGFHSLNYGMFELARGYKER-GMAAYSELQQAEFAAEK-HGYSATRHQR
LAGFHALNYSMFELAYGYNQR-GMGAYSDLQQQEFAAEA-RGYTATRHOR
LAGFHALNYSMFQLAHDYKAN-GMKAYADLQDQEFQAEK-DGYTAVRHQR
LAGFHQLNYGMFELARGYRDR-QMAAYSELQEAEFAAEA-NGYTATKHQR
LAGFHQLNYGMFELARGYKDR-QMAAYSELQEAEFAAEA-NGYTATKHQR
LAGFHOLNYGMFEL ARGYKDR-QMAAYSELQQAEFAAEA-DGYTATKHQR
LAGFHQLNYGMYEL ARGYRQR-QMSAYSELQQAEFDAEV-NGYTATKHQR
LAGFHQLNHGMFELASGYRDR-GMAAYSELQQAEFASES-KGYTATRHQR
LAGFHSLNHGMFEL ARGYKDR-GMAAYSELQQAEFASEA-QGYTATRHQR
LAGEHSLNNGMFELASGYRDR-GMAAYSELQQREFANEA-AGYTATRHQR
LAGFHAL NEGMYELARKYKDR-GMAAYSELQQAEFAAEK-DGYTATRHQR
LAGFHSLNYSMFELAYGYARN-QMTAFVELQEKEFAAQE -RGF TAVKHQR
LAGFHALNYSMENLAHGYART-QMSAFVELQQAEFAAAD-KGF TAVKHQR
LAGFHALNYSMFNLAHGYART-QMSAFVELQQAEFEAAD-KGF TAVKHQR
LAGFHALNYSMFNLAHGYART-QMSAFVELQQAEFAAAD-KGF TAVKHQR
LAGFHALNYSMFNLAHGYART-QMSAFVELQQAEFAAAD-KGF TAVKHQR
LAGFHALNYSMENLAHGYART-QMSAFVELQQAEFAAAD-KGF TAVKHQR
LAGFHALNYSMFNLAHGYART-OMSAFVELQQAEFAAAD-KGF TAVKHQR
LAGEFHSLNYSMFENLAYGYARN-QMSAFVELQQAEFAAAE -KGF TAVKHQR
LAGFHALNYSMFNLAHGYARN-QMTAFVEMQQAE FAAAE -KGF TAVKHQR
LAGFHALNYSMFNLAHGYARQ-QMSAFVELQQAEFAAAE -RGFTAVKHQR
LAGFHALNYSMENLAYGYARN-QMSAFVELQEAEFKAAE -KGF TAVKHQR
LAGFHALNYGMFNLAHGYARR-QMSAFVELQEAEFEAAE -RGFTAVKHQR
L AGFHAL NHSMFHLAHGYARR-QMSAFVE LQQAEFEAAE-MGF TAVKHQR
LAGFHALNYSMENLAHGYARN-QMSAFVELQEAEFAAAG-KGFTAVKHQR
LAGIHSMWENME DLAHAYAQGEGMKHYVEKVQQPEFAAAKDGYTFVSHQQ
LAGIHSMWFNMFDLAHAYAQGEGMKHYVEKVQQPEFAAGKEGYSFVSHQQ
L AGIHSMWFNMFDLANAYAQGEGMKHYVEKVQQPEFAAAKDGYTFVSHQQ
LAGIHSMWFNMFDLAHAYAQGEGMRHYVEKVQQPEFAAAPEGYSFVSHQQ
LAGIHSMWFNMF DLAHAYAQGE GMKHYVEKVQQREFAAISEGYTFSS5HQQ
L AGTHSMWF NMF DLAHAYAQGEGMKHYVEKVQEPEFAAVARGYTFASHQQ
L AGTHNMWF NMEELAHAYAQGEGMRHYVEKVQRPEFQAAEKGYTFVAHQQ
LAGIHNMWENMFELAHAYAQGEGMRHYVEKVQRPEFEAAEKGYTFVAHQQ
L AGTHNMWE NMF EL AHAYAQGE GMRHYVEKVQRPEFEAAEKGYTFVAHQQ
L AGTHNMWYNME DLAYDYARGEGMKHYVEKVQEVEFAAAKKGYTFVAHQQ
LAGIHNMWFHMYEL AYQYARGEGMKHYVEMVQQPEFAAAERGYTFVAHQQ
LAGIHINWFNTFKFAHAYANGEGMKHYVNMVQEPEFAAREQGYTFVSHQQ
L AGTHSNWYNTEKEAHE YARGEGMKHYVEMIQE PEEAARDKGYTFVSHOOQ
LAGIHSMWENMF DLAQDYVKR-GMSAYVEKVQEPEFAARERGYTFVSHQQ
LAGIHSMWFNMEDLAQDYVQR-GMSAYVEKVQEPEFAARDRGYTFVSHQQ
L AGTHNMWYHMF DLAQDYVAR-GMTAYVEKVQEPEFAARDRGYSFVSHQQ
L AGTHSMWYNMFDLAQDYMQR-GMTAYIEKVQEPEFAARDRGYTEVSHQQ
L AGTHNMWHSMENL AHDYARN - - DMTAYVKLQEQEF ADASKGYTEVAHOQ
L AGT HNMWHGMENL AHDYARN - -DMTAYVKLQEQEFADASKGYTFVAHQQ
LAGVHNMWYHMFELAHDEARN——DMSAYVKLQQQEFEAADKGYTFVAHQQ
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u. tuber
M.BOV1S
M. sme mat
u.vanbaal
M. avium
G.bron
arthroba
G.nass
x.cellu
N.dass
A.mirum
T.curvata
c.flav
M.cilva
M.rube
T.osha
T.ther

M. hydr
poseiflex
K.race
K.tusc
B.anth
A.acidoca
s.acid
s.melilot
s.medicae
B.melit
R. legumin
P. lava
sphing

A. exce

M. Fulvus
D.geoth
B.ambifa
B.vietnam
B.cenoce
B.multivo
|B. psue
B.thailan
B.rhizox
B. phytofi
B. phymatu
R.pickett
5.maltoph
X. axonopo
‘P. sownens
‘5.ente
?E.Tign
E.coli
Klebsi

D. dandati
S.plym
V.para

V. campbel
p. 1ieog
shewanella
A. hydroph
D. acidovo
C.testo
A.citrul
V. par adox
C.accu
P.necessa
P.poae
P.putida
I.loihien

EVGAGYFDRIATTVDP-NSSTTALTGSTEEGQFH-———-————~
EVGAGYFDRIATTVDP-NSSTTALTGSTEEGQFH-~—-——~--~
EVGAGYFDRIATTVDP-NSSTTALAGSTEEGQFH-—————————
EVGAGYFDRIATTVDP-TSSTTALAGSTEEGQFH-————-~—-~
EVGAGYFDRIATTVDP-TSSTTALTGSTEEGQFH--————-—-~
EVGAGYFDNIATTVDP-NSSTTALKGSTEEGQFH-~———--—-~
EVGTGYFDDIATALNP-NASTLALVGSTEEGQFH-————--——~
EVGTGYFDEIATALNP-SGSTLALAGSTESGQFH-~———--——~
EVGTGYFDRVATALNP-TASTLALAGSTESAQF ———————~——~
EVGTGYFDSISTTISP-EASTTALTGSTEEDQF SAAH-—————~
EVGTGYFDRVSTALNP-AGETTALSGSTEQAQFA—————————~
EVGTGYFDLVSTAISP-NSSTTALKGSTEDEQFFDK—————-—~
EVGTGYFDQVATAISP-DSATLALAGSTETAQFQH-~— -~~~
EVGAGYFDEVLLAITGGQASTAALVGSTEEAQFH-————— -~~~
EVGAGYFDEVLMAITAGQASTAALVGSTEEAQFH-—————————
EVGAGYFDEVVLAL TQGEASTLALKGSTEEAQFNEPVH -~~~ -~
EVGAGYFDEVVLALTQGQASTLALKGSTEEAQFNEPVH-—————
EVGTGYFDQVLL TITGGQAATAALVGSTEAEQFH-————————~
EVGTGYFDEVSTIISGGLSSTTALAGSTEEEQFH-~~——~~—~~
EVGTGYFDEVTQVIAGGASSTTALTGSTEEAQFH-————————-
EVGAGYFDEVSMVISGGTSSTTALTGSTEEEQFV—————————~
EVGTGYFDEVAQVITGGTSSTTALKGSTEEAQFTK-——===—=~
EVGTGYFDEVAQVVSGGLSSTTALTGSTEEEQFVEA-———————
EVGAGYFDEVSLVISGGSSSTIALVGSTEEAQFQS———————-~
EVGTGYFDAVSVAITGGQSSTTAMKE STEHDQFRPAAE — -~~~
EVGTGYFDAVSVAITGGQSSTTAMKE STEHDQFRPAAE - ——— ——
EVGTGYFDAVSLAITGGQSSTTAMKESTETAQFKPAAE ——————
EVGTGYFDAVSLAITGGRSSTTAMHDSTEHAQF KPAAE -~ ———~
EVGTGYFDMVSIAAAGGE SSTTALGDSTEADQF KKAGAH - - — -~
EVGTGYFDLVAEAVSGGMASTTALKESTEADQFAVAAE —— ————
EVGTGYFDKIAMTITNGQSSTTALKDSTETAQFQTEPAE-————
EVGTGYFDQVAEVISGGNASTLALTESTEAHQF - —————————~
EVGTGYFDLVSTAAGGGQSSTTALAGSTEAQQFHGEKEVAAAHD
EVGTGYFDAVTQTVER-EASTTALHGSTEDEQF FDGKKVA————

y =

e

EVGTGYFDAVTQTVER-EASTTALHGSTEDEQF FDGKKVA-—-— ﬁ
EVGTGYFDAVTQTVER-EASTTALHGSTEDEQFFDGKKVA-——-~ o
EVGTGYFDAVTQTVER-EASTTALHGSTEDEQFFDGKKVA---- L

EVGTGYFDAVTQTVER-EASTTALHGSTEDEQFFDGQKVA--——
EVGTGYFDAVTQTVER-EASTTALHGSTEDEQFFDGQKVA-———
EVGTGYFDAVTQTIER-EASTTALHGSTEDEQFFDNKKVA-———
EVGTGYFDAVTQTVER-EASTTALHGSTEDEQFFDKKVA-~—-~
EVGTGYFDAVTQTVER-EASTTALHGSTEDEQFFDKKVA-————
EVGTGYFDAVTQTIER-EASTTALKGSTEDEQFFEETAQAKKVA
EVGTGYFDAVTQAIQQGQSSTTALTGSTEEEQFHGGRSERAA -~
EVGTGYFDAVTQAIQQGQSSTTALRGSTEEEQFQSDKAA-~——~
EVGTGYFDAVTQAIQQGQSSTTALKGSTEEEQFHDRSAA-————
EVGTGYFDKVTTIIQGGASSVTALTGSTEESQF ———————————
EVGTGYFDKVTTIIQGGASSVTALTGSTEEAQF ————— === ===
EVGTGYFDKVTTIIQGGTSSVTALTGSTEESQF - ——————————
EVGTGYFDKVTTITIQGGASSVTALTGSTEEDQF ———————————
EVGTGYFDKVTTIIQGGSSSVTALTGSTEEQQF ———————————
EVGTGYFDKVTTIIQGGASSVTALTGSTEEQQF —— =< ——————=
EVGTGYFDRMTNTIQGGNSSVTALTGSTEEDQF ———————————
EVGTGYFDRMTNTIQGGNSSVTALTGSTEEDQF = —————————
EVGTGYFDTMTNTIQGGNSSVTALTGSTEEDQFK———————=—=
EVGTGYFDOQVTTVIQGGQSSVTALTGSTEEEQF ——————————~
EVGTGYFDKVTTVIQGGOSSVTALTGSTEEDQFH-—————————
EVGAGYFDDVTTVIQGGSSSVKALTGSTEEEQFH-—————————
EVGAGYEDDVTTVIOGGESSSVKAL TGSTEEEQFH ——— ———————
EVGTGYFDEVTTVIQGGKSSVTALTGSTEEEQFH-—————————
EVGTGYFDEVT TVIQGGKSSVTALTGSTEEEQFH-—————————
EVGTGYFDEVTTVIQGGTSSVTALTGSTEEEQFH-—————————
EVGTGYFDDVTTVIQGGKSSVTALTGSTEEEQFH-—————————
EVGTGYFDDMTTVIQGGTSSVTALKGSTEEEQFH-—————————
EVGTGYFDDMTTVIQGGASSVTALTGSTEEEQFH-—————————
EVGTGYFDELTNVIQGGLSSVTALKGSTEEDOQFKTSA-——————
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Subfamily 2

6 and 11 sequences of ICL protein in fungi and plants respectively were taken and MSA was
carried out using ClustalW. The sequences were highly conserved and showed that they belong
to same subfamily

MSA of IC] in plants

1 batatas

LOATEDNWIAMAELKTFSETVVDAINRLNIGEPEKGRRLNEWMKHSSYEK

ﬁcoper LOATEDNWEGMAEL KTFSQUVTDAIKKMNLAEYEKQRKLNEWMNHSSYEK
A,t aliana LOSIEDOQWE GSAGLMTFSEAVVQATIKRMNENENEKNQRLSEWL THARYEN
C.sativus LQALEDQWISMAQE KTFSECVTDAIMNTNATENEKRRKLDEWMNHSSYEK
p.taeda LODVEDEKWMGMANL RLFSDVVGDAIRSLAIPGQEKSNRINEWEN-——-KID
A.capsulatus LQEIEDKfNﬁEAGLKLFSEAVIDHIKAG ————— SASNKOQAE IDKFLRDAR
wW W r .

I.batatas CLSNFQARETAENL G NNEFWDWDL PRTREGF YRFKGSVMAAIVRGWAFA
1KCODEP CLSHEQAREVAERLGLPNLFWDWDE PRTREGFYRFQGSVEAAIVRGWAFA
aliana CLSNEQGRVLAAKLGVTDLFWDWDL PRTREGFYRFQGSVAAAVVRGWAFA
C.sativus CISNEQGREIAEKLGLKNLFWDWDLPRTREGFYRFKGEVMAAIVRGWAFA
p.taeda QL SHFEAREL AEKL GYSDVFWDWDL PRTREGFYRFOQGSTKAAIL RGWAFG

A.capsulatus

GKSNAEARAIAKALTGSEIYFNWDSARTREGYYRYRGGTQCAVNRAVAFA

-.* :w ----- %R ***Wﬁ ﬂﬂ :*_. : ]

I.batatas PHSDE TWMETSSPDLVEC TKFAQGVKSVHPEMMLAYNL SPSFNWDASGMN

1%coper EYCDLVWMETSSPDMVECTKFSQGVKTLRPELMLAYNLSPSFNWDASGMN

thaliana QIADITWMETASPDLNECTQFAEGIKSKTPEVMLAYNLSPSFNWDASGMT
C.sativus PHADLTWMETSSPDLVECTTFAKGMKSTHPETMLAYNL SPSFNWDASGMS :
P.taeda PHADL IWMETSSPDMVECKRFAEGVKSKHPDLMLAYNL SPSENWDASRMS| =

A.capsulatus

PFADLIWMESKLPDYAQAKEFADGVHAVWPEQKLAYNLSPSFNWKAAMPR
HH : : R T T T T T I

T e N
ol

I.batatas DNQMMDFIPGIAKLGYCWQFITLAGFHGNALIIDTFAKDFASRGMLAYVE E

%EGPEF DNQMMBFIPRIAKLGYCWGFITLAGFHADAL IVDTFAKDFARRGMLAYVE i

aliana DQOMVEFIPRIARLGYCWQFITLAGFHADALVVDTFAKDYARRGME AYVE L
C,sativus DKOMEEFIPRIARLGFCWQFITLAGFHADALVVDTFARDYARRGMLAYVE
P.taeda DEQMMNFIPQIAQLGFCWOFITLAGFHADALVIDTFARDYAKKGMEAYVQ

A.capsulatus

DE QETYIRRLGQLGYCNQFITLAGLHTTALISDQFARAYAQNGMRAYGE
T, I WRIRARAWRRRK R RFa W KWy e ¥ FK KW »

I.batatas KIQREERNNGVDTLAHQKWSGANYYDRVLRTVQGGITSTAAMGKGVTEEQ

5. Tycoper KIQREERSNGYDTLAHQKWSGANYYDRVLRTVOGGI TSTAAMGKGVTEEQ

A.thaliana RIQREERTHGYDTLAHQKWSGANYYDRYLKTVQGGISSTAAMGKGVTEEQ

C.sativus RIQREERNNGVDTLAHQKWSGANYYDRYLKTVQGGISSTAAMGKGVTEEQ

pP.taeda GIQRQERANGYDTLAHQKWSGANYYDTLLKTVQGGISGTAAMGKGVTEDQ

A. capsulatus LVQEPEMELGVD\NTHQKWSGANWDELLKMVTGGISSTSAMGKGVTEDQ
: . 5 RQK L wwwwww&ww ¥ *: E- I -2 & .u www**w&w "

I.batatas FQESWTRPGTTNMGDGGYVIAKARM -

s. lycoper FEEKWTRTGATNLGDGSVVTAKARM -

A.thaliana FKESWTRPGADGMGEGTSLVVAKSRM

C.sativus FKESWTREGAVNLGEEGNVVVAKSEM

P.taeda FKADAWSSDGRAL DL TNHGVVARARM

A.capsuiatus
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batataS
coper
Ka11ana
_satavus
.taeda
.capsutatus

b'of\

batatas

. Tycoper
tﬁa?wana
.sativus
.taeda
.capsulatus

b'Ur\?Ln?

.batatas

. Jycoper
thaliana
.sativus
.taeda
.capsulatus

bR Ral- RO R

.batatas

. lycoper
.thaliana
.sativus
.taeda
.capsulatus

P 0 e

.batatas

. Tycoper
tXa11ana
.sativus
.taeda
.capsulatus

POUOMNAR>WLMH

. batatas

.1 coper
thaliana
.5ativus
.taeda
.capsulatus

b'urﬁ?:nH

LOATEDNWIAMAELKTFSETVVDAINRLNIGEPERKQRRLNEWMKHSSYREK
LOATEDNWEGMAEL KTFSQCVTDATIKKMNLAEYEKQRKLNEWMNHSSYEK
LQSIEDQWE GSAGLMTFSEAVVGATKRMNLNENEKNGRL SEWL THARYEN
LQAL EDQWISMAQEL KTFSECVTDATIMNTNATENEKREKL DEWMNHSSYEK
LOQDVEDKWMGMANL RLF SDVVGDAIRSLAIPOQOEKSNRINLWFN---KID
LQEIEDKWNAEAGLKLFSEAVIDHIKAG ————— SASHNKQAL IDKFLRDAR

W \fk’ﬁ‘ w W

CLSNFQARETAENLGLNNLFWDWDE PRTREGFYRFKGSVMAATVRGWAFA
CLSHEQAREVAERLGL PNLFWDWDLPRTREGFYRFQGSVEAATVRGWAFA
CELSNEQGRVLAAKLGVTDL FWDWDLPRTREGFYRFQGSVAAAVVRGWAF A
CISNEQGRETAEKLGLKNLFWDWDL PRTREGFYRFKGSVMAATVRGWAFA
QL SHFEARELAEKLGVSDVFWDWDL PRTREGFYRFQOGSTKAATL RGWAFG
GKSNAEARAIAKALTGSEIYFNWDSARTREGYYRYRGGTQﬁAVNRAVAFA

.W :W ----- k24 ﬂﬂkﬁﬁ ﬁﬁ

PHSDLTIWMETS5PDLVECTKFAQGVKSVHPEMMLAYNE SPSFNWDASGMN
EYCDLVWMETSSPDMVECTKFSQGVKTERPELMLAYNEL 5PSFNWDASGMN
QIADIIWMETASPDLNECTQFAEGIKSKTPEVMLAYNLSPSFNWDASGMT
PHADE TWMETSS5PDLVECTTFAKGMKS THPETMLAYNL SPSFNWDASEMS
PHADL IWMETSSPDMVECKRFAEGVKSKHPDEMLAYNL SPSFNWDASRMS|
PFADLIWMESKLPDYAQAKEFADGVHAVWPEQKLAYNLSPSFNWKAAMPR

W WEW b3 *ﬂ*#ﬁkﬁﬁﬁﬁ* ® e

DNOQMMDFIPGIAKL GYCWQF ITEAGFHGNAL TIDTFAKDFASRGMEAYVE
DNOMMBFIPRIAKLGYCWQF ITLAGFHADAL TVDTFAKDF ARRCGMLAYVE
DGOMVEFIPRIARLGYCWOF ITEAGFHADAL VVDTFAKDYARRGMLAYVE
DKOQMEEFIPRIARLGFCWQF ITLAGFHADAL VWDTFARDYARRGMLAYVE
DEQMMNFIPQIAQLGFCWOFITEAGFHADAL VIDTFARDYAKKGMLAYVQ
DE QETYIRRLGQLGYCWQFITLAGLHTTALISDQFARAYAQNGMRAYGE

*W ﬁﬂﬁ#ﬁ*ﬁ**-# W* JRR WR

KIGREERNNGYDTLAHQKWSGANYYDRVLRTVQGGITSTAAMGKGVTEEG
KIQREERSNGYDTLAHGKWSGANYYDRVLRTVQGGITSTAAMGKGVTEEQ
RIQREERTHGYDTLAHQKWSGANYYDRYLKTVQGGISSTAAMGKGVTEEQ
RIQREERNNGVDTLAHQKWSGANYYORYLKTVQGGISSTAAMGKGVTEEQ
QIQRQERANGVDTLAHOKWSGANYYDTLLKTVQGGISGTAMMGKGVTEDQ
LVQEPEMELGVDVVTHQKWSGANYVDELLKMVTGGISSTSAMGKGVTEDQ

w www wwwwwuwnw w e W Qﬁ& ﬁ Rwﬁﬂﬁﬁﬁﬂ H

FQESWTRPGTTNMGDGGVYVYIAKARM -
FEEKWTRTGATNLGDGSVVIAKARM-
FKESWTRPGADGMGEGT SEVVAKSREM
FKESWTREGAVNLGEEGNVVVAKSRM
FKADAWSSDGRAL DLTNHGVVARARM
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MSA of ICL in fungi

.apollonis
E.pusillum]
T. equi
T.tonsurans
A.dermaditi
A.terreus
A.niger
A.0Oryzae
A.fumi?at
E.nidu
N.Cra

c.apollonis
E.pusillum]
T. equi
T.tonsurans
A.dermaditi
A.terreus
A.niger
A.Qryzae
A.fumigat
E.nidu
N.cra

C.apollonis
E.pusillum]
T.equi
T.tonsurans
A.dermaditi
A.terreus
A.niger
A.oryzae
A.fumi?at
E.midu
N.cra

C.apollonis
E.pusillum|
T.equi
T.tonsurans
A. dermaditi
A.terreus
A.nmiger
A.oryzae
A.fumi?at
E.nidu
N.cra

—————————— MSPIDAEQQRYEEEVEAVKQUWWNDSRWRF TKRPFTAEQTV
MVFTYAIPVDMGYLDDEEQIYLEDVAAVKKWWEDSRWRYTKRPETAEQIV
—————————— MSYVEQEEQKFLQDVEQVKNWWKDSRWRYTKRPETAEQIV
—————————— MSYVEQEEQKFLQDVEQVKNWWKDSRWRYTKRPFTAEQTV
---------- MASTEQEEQQYLADVQAVKQWWQDSRWRYTKRPFTAEQTY
—————————— MGF F EDEDQKYQQDVEAVKAWWKDDRWRY TKRPYTAEQTV
—————————— MASFEEEDRKYLDDVQAVQKWWQDSRWRHTKRPFTAEQTV
—————————— MGF L EDEDKKYL DDVQAVKAWWTDSRWRHTKRPFSAEQTV
—————————— MGF LEDEDQKYWDDVQAVKAWWKDSRWRYTKRPYTAEQIV
——————————— MSYIEEEDQRYWDEVAVKNWWKDSRWRYTKRPFTAEQIV
~MAANNMYNPAVDPAL EDELFAKEVEEVKKIWWSDSRWRQTKRPFTAEQTY
ﬂ: = *: o w_www ﬁw%*::ﬁ&ﬁﬂﬂ
SKRGNLKIQYPSAVMAKKLWNTVEKRFQEKDASYTYGCL DPIMVSQMAKY
QKRGNLKIDYPSNAQAKKLWKIVEGRFANKDVSFTYGCLEPTMLTQMAKF
AKRGTLTINYPSNAQSKKLWKILEHRFANKDASFTYGCLEPTMLTQMVKY
AKRGTLTIDYPSNAQSKKLWKILEHRFANKDASFTYGCLEPTML TQMVKY
AKRGNLKIEYPSNVQSKKLWRLLEDHFKNKTASFTYGCLEPTMLTOMVKY
AKRGNLKIDYPSNVQSKKLWKILESNFQQKVASFTYGCLEPTMVTOMAKY
AKRGTLKIEYPSNAMSKKLWKILESNFEKKVPSFTYGCLEPTMLTQMAKY
AKRGNLKIEYPSNVQSKKLWKILESNFENKVASFTYGCLEPTMVTQMAKY
AKRGNLKIHYPSNDQSKKLWKILESNFD-KVASFTYGCLEPTMLTQMAKY
AKRGNLKIEYPSNVQAKKLWGILERNFN-KEASFTYGCLDPTMVTQMAKY
SKRGNLKIEYASNAQAKKLWKILEDRFAKRDASYTYGCLEPTMVTOMAKY
**ﬁ.*.ﬁ_ﬁ_* :*?&* :Q _* : &:****w:w w::#ﬂ'*:
LDTVYVSGUWQCSSTASSSNEPGPDLADYPMTTVPNKVEHL FMAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVHHLWMAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNQL FLAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNQL FLAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNQLWMAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNQL FMAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNQL FLAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNQLWMAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNQL FMAQL FHDRK
LDTVYVSGWQSSSTASSTDEPSPDLADYPMNTVPNKVNHLWMAQL FHDRK
LDTVYVSGWQSSSTASSSDEPGPDLADYPYTTCPNKVGHL FMAQL FHDRK

WW&ﬂWﬁ*i*W_W**W**:-**.*ﬁﬁﬂ*** .ﬁ R :ﬂ:-ﬂ*ﬂkﬁﬂ**

QREERLSTPKANRAGVANTDFLRPMVADADTGHGGL TAVMKL TKMEVEKG
QREERLTTPKSERANVANTDFLRPIIADADTGHGGL TAVMKLTKLFVENG
QREERLRSPKEQRNSLPNIDYLRPITADADTGHGGL TAVMKLTKLFIERG
QREERLRSPKEQRNSLPNIDYLRPIIADADTGHGGLTAVMKL TKLFIERG
QREERLRASKSORASLANIDYLRPIIADADTGHGGL TAVMKL TKLFIERG
QREERVTTPKEQRGKVANVDYLRPIIADADTGHGGL TAVMKL TKLFVERG
QREERITTPKEQRGKVANVDYLRPIIADADTGHGGLTAVMKLTKLFIERG
QREERITTPKEKRGNVANIDYLRPITIADADTGHGGL TAVMKL TKL FVERG
QREERITTPKDQRSKLPNIDYLRPITADADTGHGGLTAVMKLTKLEIERG
QREERMTTPKDQRHKVTNYDYLRPITADADTGHGGL TAVMKL TKLFVERG
QRQERLSVPKDQREKLANIDYLRPIVADADTGHGGL TAVMKL TKLEIEKG
Yoo e

ww-ww: :.# Wom VT n o VOV OOV VI VO RV e e W
. . .. . .

56

B S el e T




ZMPh TP b-=lmnN Zﬂ1>I??I>b-iﬁrnﬁ ZMPpEPRrr—amn

2 .
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.apollonis
.pus111umi

equi

.Tonsurans
Ldermaditi
Lfarreus

niger

.oryzae
.fum1$at
. nidu
.cra

.apo]llonis
cpusitlumi

equi

.tonsurgns
.dermaditi
.terreus

niger

.oryzae
.fum1?at
. aidu
Cra

.apollonis
.pu5111um|

equi

Ltonsurans
. dermaditi
.terreus
.niger
.oryzae
.fumi?at
.midu

.Cra

apollonis
pusillum]

.egui
.tonsurans
Ldermaditi
.terreus

niger

.oryzae
.fum1?at
. idu
.cra

AAGIHIEDQAPGTKKCGHMAGKVLVPISEHINRLVATIRAQADIMG-TDLL
AAGIHIEDQAPGTKKCGHMAGKYVLVPISEHINRE VATIRAGADIMG-SDLE
AAGTHEERQAPGTKKCGHMAGKYLVYPISEHINREVATRAQADIMG-TOLL
AAGIHIEDOAPGTKKCGHMAGKVEVPISEHINREVAIRAQADIMG-TDLL
AAGIHVE DQAPGTKKCGHMAGKVE VPISEHINREVATRAQADIMG-TDLL
AAGIHIEDQAPGTKKCGHMAGKVEVPISEHINRLVATIRAQADIMG-TDLL
AAGIHIEDQAPGTKKCGHMAGKVE VPISEHINRLVAIRAQADIMG-TDLL
AAGIHIEDQAPGTKKCGHMAGKVE VPISEHINRLVAIRAQADTIMG-TDLL
AAGIHIEDQAPGTKKCGHMAGKVEVPISEHINRLVATRAQADIMGETDLL
AAGIHIEDQAPGTKKCGHMAGKVEVPISEHINREVATRAGADIMG-TDLL
AAGIHIEDQAPGTKKCGHMAGKVEVPIQEHINRLVAIRAGADIMG-SDLL

ﬂﬁ*w*:ﬂﬂ#ﬂ%ﬁ*ﬁﬁﬁﬂ**w*ﬂﬁﬁ**ﬁ.*WW#W*R#WQ#****** :*#ﬁ

ATARTDSEAATLITSTIDHRDHGFIMGATNPALQPL NDEMIAAEHAGKNG
AVARTDSEAATLITSTIDHRDHSFILGATNPSLQPL NDE MVAAERAGKMG
ATARTDSEAATLITSTIDPROHAFIVGSTNSSIEPLNDLMVAAEGAGKNG
AIARTDSEAATLITSTIDPRDHAFIVGSTNSSTIEPLNDLMVAAEQAGKNG
AVARTDSEAATLITSTIDHRDHDFVIGSTNPNIKPLNDLMMAAEQAGKTG
AIARTDSEAATLITSTIDYRDHAFIVGATNPNLOPENDLMVAAEQAGKNG
ATARTDSEAATLITSTIDYRDHAFVVGSTNPNLGPLNDEMVAAEGAGKNG
AIARTDAEAATLITSTIDHRDHAFIVGSTNPNIQPLVDLMVAAEQAGEQG
AIARTDSEAATLITSTIDHRDHAFIVGSTNPNLOQPLNPLMLAGEQAGKTG
AIARTDSEAATLITSTIDHRDHPFIIGSTHPDIQPENDLMVMAEGAGKNG
CIARTDAEAATLITTTIDPRDHAFILGCTNPDLEPLAHLMMKAEAEGKTG
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MELGQAIEDQWTAQAGE KI FHEAVADTINAGY-HVNKAELISQFNILSKGK
ETLANIEEEWIKSAQLKI FDEAVIDAISAGY-HVDKASLIKKYKDAVNGK
AELQQIEDEWTSKAGE KRFQDAATDRINATASISNKKAATDKFLADIKGK
AELQQIEDEWTSKAGLKRFQDAATIDRINATASISNKKAAIDKFLADIKGK
AQLQEIEDKWNAEAGLKLF SEAVVDQIKASS-VSNKQAVIDKFLRDVKGK
DGLOAIEDQWYAQAGL KLFNDAVIDE INKGS-L PNKPAVIADYLKAVEKGK
NELQAIEDQWVAQAGLKEFSEAVIDTINKSS-SGNKKALIDEYLKKAKGK
DELQATEDQWVAQAGLKEFNDAVIEAINKGA-HSNKQSLIDQYEKAAKGK
EELQAIEDQWIAGAGLKL FDDAVVDTIKAGY -HVYNKDALIKEYL TAAKGK
AELQAIEDEWL AKAGEKLFNDAVVDAINNSP-LPNKKAATIEKYLTOQSKGK
QLQAIEDDWLAKADLKRFDEAVLDVIAKGK FSNAKDLAAKYQAAVKGK

ww W * R W

—~5SNSEARAIAKGL TGVDIHF DWDSARTREGYYRYQGGUECAINRAIAYA
—-SNSEARAISKGL TGVDIHWDWDAPRTREGYYRYQGGCQCAVNRATAYA
-~-SNSEARAIAKQLTGSDIYWNWDSPRTREGF YRYQGGCECAVNRAVAYG
——SNSEARATAKQLTGSDIVWNWDSPRTREGF YRYQGGCECAVNRAVAYG
- -SNQEARAIAKEL TGVDVYFCWDAARTREGYYRYRGGTQUAVNRAVAFA
- —SNSEARAIAKGILGVDIYWNWDSPRTREGYYRYQGGTQCAINRAVAYG
~—SNREARAIAKDITGVDIYWDWOAPRTREGFYRYQGGTQCAVNRATAYG
——SNLEARAIAKNITGODIYFNWDAPRTREGYYRLQGGTQCAINRGLAYA
~—SNSEARATAKGITGVDIYWDWDAPRTREGYYRYQGGTQCAINRAVAYA
——SNLEARAIAKEXIAGTDIYFDWEAPRTREGYYRYQGGTQUAINRAVAYA
QISNREARAIARQLLGQEIFFDWESPRTREGYYRLKGGCDCSINRAISYA
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.cra

.apollonis

pusiilum]

. equi
.tonsurans
.dermaditi
.terreus

niger

.oryzae
.fum1?at
.hidu
.cra

.apollonis
pusillum]

equi

. tonsurans
.dermaditi
.terreus
.riger

. oryzae
.fumE?at
.hidu

.Cra

PYADL IWME SKIL PDYAQAKEFADGVHAVWPEQKLAYNLSPSFNWKKAMPR
PYADMIWME SKMPBYAQAKEFADGVHAVWPEQKLAYNL SPSFNWKAAMSG
PFADLIWMESKLPDYAQAKEFAEGVHAVWPEQKL AVNL SPSFNWKTAMPR
PFADLIWME SKLPDYAQAKEFAEGVYHAVWPEQKLAYNL SPSFNWKTAMPR
PFADL IWMESKL PDYAQAKEFADGYHAVWPEQKLAYNL SPSFNWKAAMPC
PFADLIWME SKEPDYAQAKEFADGYVHAVWPEQGKLAYNLSPSFNWKKAMPR
PFADLIWMESKE PDYAGAKEFADGVHAVWPEQKLAYNLSPGFNWKKAMPR
PFADLIWMESKEL PDYAQAKEFAEGTHAVWPEQKLAYNLSPSFNWKKAMPR
PFADLIWMESKL PDYAQAKEFADGVHAVWPEOQKL AYNL SPSFNWKKAMPR
PFADL IWME SKLPDYKQAKE FADGVHAVWPEQKLAYNLSPSFNWKKAMPR
PYCDATWME SKLPDYAQAEEFAK-GPRVWPEQKLAYNLSPSFNWKTAMGR
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SEQETYIQRLAKLGYCWQF ITLAGLHQSALMADTF SKAYAKQGMRAYGEL
SDOETYTIAREGOLGYCWQF ITLAGLHSTAL ISHQF SQAFAKQGMRAYGSL
DEQETYIRRLGOLGYSWQFITLAGLHTTALISDOQFAKAYAKQGMRAYGEM
DEQETYIRRLGQLGYSWQFITLEAGLHTTALISDQFAKAYAKQGMRAYGEM
DEQETYIRRLGELGYCWQFITLAGLHTFALISDOFAKAYAMQGMRAYGEL
DEQETYIKRLGALGYCWOFITLAGLHTFALITDTFAKAYARKQGMRAYGEL
DEQETYIQRLGALGYCWQFITLAGLHTTAL ITDQFAKAYAKGGMRAYGEL
DEQETYIKREGALGYCWQFITEAGLHTTALISDQFAKAYSKQGMRAYGEL
EEQETYIKRLGALGYAWQFITLAGLHTTALISDOFARAYAKQGMRAYGEL
DEQETYIKRLGALGYAWQFITLAGELHTTALISDTFAKAYAKQGMRAYGEL

DDQETYIRRLAKLGYCWQFITLAGLHTTALISDQFAKAYSKIGMRAYGEL
SRR WR | WS EWRGGRRRRR ¥y RyaRnr  RRNRHR

IQEPEMDNKIDVVTHQKWSGANYMDEML KMV TGGYSSTSAMGKGVTEDQF
IQEPEMALKCDVVTHQKWSGANYVDNLLKMYTGGYSSTSAMGKGVTEDQF
VQEPEMDNKVDVVTHQKWSGANYVDELLKMVTGGISSTSAMGKGVYTEEQF
VHE SEMDNKGDYV THQKWSGANYVDELLKMVTGGISSTSAMGKGVTEEQF
VQEPEMEL GVDVVTHQKWSGANYVDELLKMVTGGISS5TSAMGDGYTEDGF
VOQEPEMENGVDVVTHQKWSGANYVDNLL KMVTGGYSSTAAMGKGVYTEDQF
VQEPEMEQGVDVVTHGKWSGANYVDNME KMV TGGT S 5TAAMGK GV TEDQF
VQEPEMEQGVDVVTHQKWSGANYVDNLL KMVTGLGVSSTAAMGKGVYTEDQF
VQEPEMEQGVDVVTHQKWSGANYVDNMELKML TGGYS STAAMGKGVTEDGF
VQEPEMANGYDVVTHQKWSGANYVDNME KMITGGVYSSTAAMGKGVYTEDQF
VQEPEIDNGVDVVKHQKWSGATYVDELQKMVTGGVSSTAAMGKGVTEDQF
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Subfamily 3
27 Sequences of ICL in bacteria were taken MSA was carried out using ClustalW. The
sequences showed high similarity and the sequences were highly conserved which showed that

these may have come from same ancestors.

MSA of ICL in subfamily 3
c.maris MSNYQSAIEAVKAIKEKAGNSWDAINPESVARMRAQNKFKTGLDIAQYTA
c.piezophi MSNYQSAIEAVKAIKEKAGSSWAAINPESVARMRTQNRFKTGLETAQYTA
C.psychr MSNYQSAIEAVQATKAKAGS SWDAINPESIARMRAQNKFKTGLETAQYTA
C.necator MAQYQDDIKAVAGLKENHGSAWNATINPEYAARMRAQNKFKTGLDIAKYTA
p.fulva MSAYENDIKAVTALKEAAGNSWSAINPESVARMRAQNRFKTGLDIAKYTA
P.agru?i MSAYQNE IKAVAAL KEKNGSSWSAINPEYAARMRIQNRFKTGLDIAKYTA
A.vine MSAYQNEIKALAALKEKNGSAWSAINPEYAARMRIQNRFKTGLDVAKYTA
A.ehrTi MSQYRNDIEEVAGLRQAHEGTWDAINPEYVARMRAQNRFKTGLDIAKYTA
M. adhae -MPYAQDVDQIASLLKQHP -TWNAINPKHAARMRAQNKFKTGLDIAKYTA

5. agarivor
s.chloroph

MSQYTNDIAATAKLRDTQGSKWEAINPEYAARMRAQNRFKTGLDIAKYTA
-MTYSQEITKAGTTIGGQ-GHWDGIAAE SVARMRLOQNRFHTGLDIARYTA
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N ,penta -MTYQQKIIEAGRTIGTE-PNWTGIEPESVARMSLONRFNTGLDIARYTA
pos1d0n1 MQTYKNKMQQASQL IGQQGTTWAGMNPEYVARMOQLONRFNTGLDIAKYTA
M. medit MSNYNKDIDDTATLIASQGDTWKAINPEFAARMKAQNRFRTGLDIARYTA
A.gerne MTTYQTAIDAIRELKAKFGNTWADISPEDAARMOMONRFKTGLDIAKYTA
Acineto MTTYQTAIDAIRELKAKFGNTWADISPEDAARMOMQNRFKTGLDIAKYTA
A.oleiv MTTYQTAIDAIRELKAKFGSTWRDISPEDAARMOMQNQFKTGLDIAKYTA "
A.venet MSTYLTAIDAIRELKAKFGNTWRDISPEDAARMOMQNRFKTGLDIAKYTA &
A. bouve MTTYQTAIDAIRELKAKFGSTWADISPEDAARMOQMONRFKTGLDIAKYTA
A.calcoace MTTYQTAIDAVRQLKAKFGNTWADISPEDAARMQLONRFKTGLDIAKYTA i
A.tando MTTYQTAIDAIRELKAKFGNTWADISPEDAARMOQLQNRFKTGLDIAKYTA i
A, Twoff MTTYQTAIDAIRELKAKFGNTWADISPEDAARMQIOQNRFKTGLDIAKYTA f
A, baumanni MTTYQTAIDAVREL KAKFGNTWADISPEDAARMOLQNRFKTGLDIAKYTA A
A.ursin ~-MTYQSALEHVRAVKNKLGGTWDAIRPEDAARMIVONRFHTGLDIAKYTA Lol
A.bayly ~-MTYQSALEHVRAVKNKLGGTWDATIRPEDAARMIVQNRFHTGLDIAKYTA p
Al Junii —MTYQSALEHVRAVKEKLGGTWGAIRPEDAARMMVQNRFHTGLDIAKYTA
H : .: L8484 \feﬁ w ﬁ'*ﬁ -ﬁ-ﬂ\n"k
C.maris DIMRADMAAFDADKTKY TQSLGCWHGF IGQQKMISIKKHFDGKTDRRYLY
C.piezophi DIMRRDMDAYDADSSQYTQSLGCWHGFVGOQKMISIKKHFDGKTDRRYLY
C.psychr DIMRADMAAFDADKTQYTQSLGCWHGFVGQQKMISIKKHFDGKTDRRYLY
‘C.necator KIMRADMAAYDADSSKYTQSELGCWHGF IGQQKMISIKKHFN-STERRYLY
pP.fulva AIMRKDMAEYDADSSVYTQSLGCWHGF IGQQKLISIKKHLK-TTNKRYLY
P.aerugi AIMRKDMAEYDADSSVYTQSLGCWHGF IGQQKL ISIKKHLK-TTNKRYLY
A.vine AIMRKDMAEYDADSSVYTQSLGCWHGF IGQQKLISIKKHLK-TTDKKYLY
A, ehr1i KIMRQDMAEYDADPAQYTQSLGCWHGFVGQQKMIAIKRHFG-TTNKRYLY
M. adhae KIMREDMANYDKDTSQYTQSLGCWHGF IGOQQKMLSIKKHFG-TTKRRYLY
s.agarivor KIMREDMAAYDANTAEYTQSLGCWHGF IGOQKL TAIKKHLG-NTKRRYLY
s loroph GIMRRDMAAYDADPANYTQSLGCWHGF IGQOKMISIKKHFG-TTKGRYLY
N,penta RIMREDMAAYDADPANYTQSLGCWHGF IGQOKMISIKKHEG-STKRRYLY
M. posidoni KIMREDMASYDQDQANY TQSLGCWHGF IGQQKMISIKKHFG-TTRSRYLY
M. medit KIMRADMERYDSDPSQYTQSLGCWHGF IGQOKMISIKKHFN-STDRRYLY
A.gerne AIMRRDMAEYDADSSKYTQSLGCWHGF IAQQKMIANKKYEG-TTSKRYIY
Acineto AIMRRDMAEYDADSSKYTQSLGCWHGF TAQQKMIANKKYFG-TTSKRYIY
A.oleiv AIMRRDMAAYDADSSKYTQSLGCWHGF TAQOKMIANKKYFG-TTERRYIY
AL venet AIMRRDMAAYDADSSKYTQSLGCWHGF TAQQKMIANKKYEG-TTERRYIY
A. bouve AIMRRDMAAYDADSSKYTQSLGCWHGF TAQQKMIANKKYFG-TTERRYIY
A.calcoace AIMRRDMAEYDADSSKYTQSLGCWHGF TAQOKMIANKKYEFG-TTSKRYIY
A.tando AIMRRDVMAAYDADSSKY TQSLGCWHGF LAQQEMIANKKYFG-TTERRYLY
A. Twoff AIMRRDMAAYDADSSKYTQSLGCWHGF ITAQQKMIANKKYEG—TTERRYIY
A. baumanni AIMRRDMAEYDADSSKYTQSLGCWHGF TAQOKMIANKKYEG-—TTSKRYIY
A.ursin AIMRKDMAEYDADNSSYTQSL GCWHGF TAQQKMIANKKYEG-TTNKRYTIY
A.bayly AIMRKDMAEYDADNSSY TQSLGCWHGF TAQQKMIANKKYFEG-TTNKRYIY
A, jundi AIMRKDMAEYDADSSKYTQSLGCWHGFIAQQKMIANKKYFG-TTSKRYIY
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A.ehr1i
M.
5.
5.C
N,

™

adhae

agarivor
g?ornph
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C.maris
C.piezophi
C.psychr
C.necator
P.fulva
P.aeru?1

M, adhae

5. agarivor
s.chloroph

,penta

M. posidoni

M. medit
A.gerne

A. bouve

.calcoace

.tando
. twoff

.ursin
. bayly
. junii

.calcoace

A
A
A
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A
A
A

LSGWMYAALRSEFGPLPDOSMHEKTSVASLVAEL Y TFLRQADAREL GGLF
L SGWMVAAL RSEFGPLPDQSMHEKTSVASLYAELYTFLRQADARELGGLF
LSGWMVAALRSEFGPLPDQSMHEKTSVASLYVAELYTFLROADARELGGLF
L SGWMVAAL RSEFGPE PDQSMHEKTSYSALIRELYTFLROADAREL GGLF
LOGWMIAALRSDFGPLPDQSMHEKTAVAAL TEELYTFLROADARELDLLF
LSGWMVAAL RSDFGPLPDQSMHEKTAVSGLIEELYTFLROADARELDLLF
LSGWMVAAL RSDFGPLPDQSMHEK TAVSSLIEELYTFLRQADARELDLLF
LSGWMVAAL RSEFGPLPDOSMHEKTAVPALIEELYTFLRQADAREMNHLF
LSGWMVAAL RSEFGPLPRQSMHEKTAVSGLIEELYTFLRQADAWEE NHLF
LSGWMVAALRSEFGPLPDOSMHEKTSVAALIEELYTFLRQADARELGGLF
LSGWMVAAL ROGKFGPLPDQSMHEKTSYPALTEEL YTFLKOADAREL GMMF
LSGWMVAAL RSEFGPLPDQSMHEKTSVPALIEEL Y TFLKQADAREL GMMF
LSGWMVAAMRSEFGPLPDQSMHEKTSYPALIEEL Y TFLKQADAREMQHLF
LeGWMVAAL RSEFGPLPRQSMHEKTSVSSLIGELY TFLRQADARELGELF
LSGWMVAAL RSEFGPEPDQSMHEKTSVPALIEEIYTFLRQADAKELNDLF
LSGWMVAALRSEFGPLPDQSMBEKTSVPALIEEIYTFLROQADAKELNDLF
L SGWMVYAAL RSEFGPLPDQSMBEKTSYPALIEETIYTFLRQADAKELNDLF
LSGWMVAALRSEFGPLPDGSMHEKTSYPALTIEEIYTFLRQADAKELNDLF
LSGWMVAALRSEFGPLPDOSMHEKTSVPALIEETIYTFLRQADAKELNDLF
LSGWMVAALRSEFGPLPDOSMHEKTSVPALTEETYTFLROQADAKEL NDLF
L SGWMVAALRSEFGPLPDOQSMHEKTSYPALIEETIYTFLRQADAKELNDLF
LSGWMVAAL RSEFGPLPDQSMHEKTSVPALTEEIYTFLRQADAKELNDLF
LSGWMVAAL RSEFGPLPDOQSMHEKTSVPALTEETYTFLRQADAKELNDLF
LSGWMVAALRSEFGPLPDOSMHEKTAVPKLIAETYTFL RGADAKELNDLF
LSGWMVAAL RSEFGPLPDQSMHEKTAVPKLIAEIYTFLRQADAKELNDLF
LSGWMVAALRSEFGPLPDQSMHEKTAVPKLIAEIYTFLRQADAKELNDLF
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RDLDAASDGD-—--KAAIQDKIDNHVTHVVPIIADIDAGFGNAEATYIMA
RDLDKASEGD----KAATQYKIDNHVTHVVPITADIDAGFGNAEATYLMA
RELDAAAEGD-~--KAAIQSQIDNHVTHVVPIVADIDAGFGNAEATYLMA
RELBAAGGPA--—-KAATOAKTDNHVTHVVPIIADIDAGFGNAEATYLLA
SALDAARESGDRAKQSEIQAQIDNFETHVVPIIADIDAGFGNPEATYLLA
TGLDAARAAGDKAKEAELLAQIDNFETHVVPITADIDAGFGNAEATYLLA
SALDDARNAGDKAKEQEIL KQIDGFETHVVPIIADIDAGFGNAEATYLLA
RELDAAREAGDEAKANEI{ DKTENFETHIVPITADIDAGFGNEEATYLLA
RALEEAENAGDNAKAEEL TKQIDNHETHVVPIIADIDAGFGNAEATYLLA
RQLDEARAQDDOQAKAKETQSKIDNFETHVVPITADIDAGFGNEEATYLLA
RDLDAAREAGDEVKAQKIGQHDIDTYETHVVPIVADIDAGFGNAEATYLLA
RELDKARDAGDEMEARRLEAAIDNYETHVVPIIADIDAGFGNAEATYLLA
KELDEARQAGDQVREQAAQESTIDQFETHVVPITIADIDAGFGNEEATYLLA
RSLDAARDAGDKATEEKVCGAEVDNYQTHIVPIIADIDAGFGNEEATYLLA
RALKKAQEAGDTAKAAEITSQIBNFQTHVVPITADIDAGFGNEEATYLLA
RALKKAQEAGDTAKAAEITSQIDNFQTHVVPIIADIDAGFGNEEATYLLA
RAL KKANEAGDTAKAAEYITAGIDGFQTHIVPITADIDAGFGNEEATYLLA
RALKKAQEAGDTAKAAEITAQIDGFQTHVVPITADIDAGFGNEEATYLLA
RALKKANEAGDTAKAAEITAQIDGFQTHVVPITADIDAGFGNEEATYLLA
RAL KKAQEAGDTAKAAEITAGIDNFETHVVPITADIDAGFGNEEATYLLA
RALKKAQEAGDTAKAAETTAQTDNFETHYVPITADIDAGFGNEEATYLLA
RALKKAQEAGDTAKAAEITSOIDNFQTHYVPIIADIDAGFGNEEATYLLA
RALNKAKEAGDSAKVAETTAQIDNFETHVVPIIADIDAGFGNEEATYLLA
RALQKAEAAGDSAKVKEIEASIDNFETHVVPIIADIDAGFGNEEATYLLT
RALQKAEAAGDSAKVEDIESQIDNFETHVVPITADIDAGFGNEEATYLLT
RALQKAEQAGDSAKAAEIISQIDNFESHVVPIIADIDAGFGNEEATYLLT
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c.maris
C.piezophi
C.psychr
C.necator
P.fulva
P.aeru?i
A.vine
A.ehri

M. adhae
s.agarivor
s.chloroph
N,penta
‘M. posidoni
M.medit
A.gerne
‘Acineto
.0leiv
.venet

. bouve
.calcoace
. tando

. Ywoff

. baumanni
.ursin
bayly
Ljunis
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KQMIEAGACALQIENQVADE KQUGHQDGKVTVPHADFHSKIRALRHAFLE
KOQMIEAGACALQIENQVADEKQCGHQDGKVTVPHADFHSKIRAL RHAFLE
KOMIEAGACALQIENQVADEKOCGHODGKVTVYPHADFHSKIRAL RHAFLE
KQF TEAGACC IQIENQVSDEKQCEHOPGKVTYPHEDFLAKIRAIRYAFLE
KKMIEAGACCIQIENQVSDEKQCGRODGKVTVPFHADFLAKINAVRYAFLE
KKMIEAGACCINIENQVSDEKQCGHQDGKVTVPHIDFLAKINAVRYAFLE
RKMIEAGACCTIQIENQVSDEKGCGHODGKVTYPHEDFLAKTINAVRYAFLE
KKMIEAGACCIQIENQVADEKQCGHQDGKVTYPHADFLAKVRAVRYAFLE
KOMIEAGACCIGIENQYSDEXQCGHODGKVTYPHADFLSKINAVREAFLE
KEMIEAGACCIQIENQVSDEKQCGHODGKVTVPHADFLAKIRAVRYAFLE
KKFIEAGACCIQIENQVSDEKQCGHQDGKYTYPHEDFLAKIRAVRYAFLE
KKEIEAGACCIQIENQVSDEKQCGHQDGKYTYPHEDF TAKIRAVRYAFME
KKMIEAGACC IQIENQVSDAKQCGHQDGKVTVPHEDFEAKINAVRYAFLE
KOQMIEAGACCIQIENQVSDEKQCGHQDGKVTVYPHEDFLAKIRAVRYAFLE
KKMIEAGACALQIENQVYSDAKQCGHQAGKVTYPHEDF ISKIHALRYAFLE
KKMIEAGACALQIENQVSDhKQCGHQAGKVTVPHEDFISKIHALRYAFLH
RKMIEAGACALQIENQVSDAKQCGHOAGKVTVPHEDFIAXIHALRYAFLE
KKMIEAGACALQIENQVSDAKQCGHQAGKVTVPHEDFTAKTHALRYAFLE
KKMIEAGACALQIENQVSDAKQCGHQAGKVTVPHEDFISKTHALRYAFLE
KKMIEAGACALQTENQVSDAKQCGHQAGKVTVPHEDF IAKTHAL RYAFLE
KKMIEAGACALQIENQVSDAKQCGHQAGKVTVPHEDFIAKIHALRYAFLE
KKMIEAGACALQIENQVSDAKGQCGHQAGKYTVPHEDFIAKTHALRYAFLE
KKMIEAGACALQIENQVSDAKQCGHGAGKVTYPHEDFIAKIHALRYAFLE
KOMIEAGACAIQIENGQVSDAKQCGHQAGKY TVPHEDFLAKINAVRYAFLE
KQMIEAGACAIQIENQVSDAKQCGHQAGKVTYPHEDFLAKINAVRYAFLE
KOMIEAGACATQIENQVSDAKQCGHQAGKVTVPHEDFLAKINAVRYAFLE
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LGIDNGIIVSRTDSEGAGLTKEIAVVKEPGDQGDIYNSFLDVEEIDVSDM
t GEDNGIIVSRTDSEGAGL TKEIAVVKEPGDQGDIYNSFLDVEEIDVADM
LGIDNGLIVARTDSEGAGLTKETAVVKEPGDSGDIYNSYLDVEETISAADY
LGVDDGIIVARTDSLGAGLTKGIAVTNTPGDLGDQYNSFLDCEELSADAL
LGVDDGVIVARTDSLGAGL TKQIAVTSEPGDLGDQYNSFLDCDELSPAEL
LGVDDGVIVARTDSLGAGL TKQIAVINEPGDLGDLYNSFEDCEEISEAEL
LGVDDGVIVARTDSLGAGE TKQTAVTRQEGDLGDOKYNAFLDCEEISPAEM
LGVNDGVYIVARTDSLGAGE TKQIAVTDEPGDLGDKYNSFLDGDYIDSAED
LGVDDGYIVARTDSLGAGLTQKIAVINEPGDLGDQYNSFIDGEVIEKAED
LGVEDRGVIVARTDSLGAGLTKQIAVTKEPGDLGDLYNSFLDAEEVDAADM
LGVDDGIIVARTDSLGAGLTKQIAYSKEEGDL GDQYNSFLDVEEVTDLGS
LGVDDGVIVARTDSEGAGLTKQIAFVREAGDIGDQYNAFLDCEEVDAAKLE
LGVEDGVIVARTDSLGAGLTOKYPYVSQSAGDLAEQYSAFIDGEEVTSLEDGY
LGVEDGVIVARTDSLGAGLTKQIAVTAKEGDLGDQYNSFLDVEEVDASNM
MGLDDGIIVARTDSEGADL TQKIPVVKEPGDIASQYISYLDTQEIDIADA
MGLDDGIIVARTDSEGADLTQKIPVVKEPGDIASQYISYLDTQEIDIADA
MGLDDGI IVARTDSEGADLTQKIPVVKEPGDIASQYISYLOTVEIDIADA
MGLDDGIIVARTDSEGADL TQKIPVVKEPGDIASQYISYLDTVEIDIADA
MGLDDGI IVARTDSEGADLTQKIPVWWKEPGDIASQYIGFLDTVEIDIADA
MGLEEGIIVARTDSEGADLTGKIPVVKEPGDIASQYISYLDTQEIDIADA
MGLDDGIIVARTESEGADL TQKIPVVKEPGDIASQYISYLDTVEIDIADA
MGLDPRGIIVARTDSEGADLTQKIPVYVKEPGDIASQYISYLETSEIDIADA
MGVEDGVIVARTDSEGADLTQRIPVVKEPGDIASKYISYLDTQEIDISEA
LGVDEGVIVARTDSEGADLTQKIPVSKEKGDLASGYISYLDTQEIDIADA
LGVDEGVIVARTDSEGADLTOKIPVSKEKGDLASQYISYLDTQEIDIADA
LGVDEGVIVARTDSEGADLTQKIPVSKEKGDLASQYISYLDTKEIDISEA
. w "R Y .
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M. medit
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Cc.maris
C. piezophi
C.psychr
C.necator
P.Tulva
P.agru?i
A.vine
A.ehrti
M, adhae
S.agarivor
s chloroph
N,penta
M. posidoni
M.medit

.calcoace
. tando
Twoff
.baumanni
ursin
.bayly
junii
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AE-GDVCFNRDGKLVRPKRI PSGLYQFROGTGEERCVFDSIEATKAGADL
AE-GDVCFNRDGKLVRPKRLPSGLYQFRQGTGEERCVFDSIEATKAGADL
AE-GDVCFNRDGKLVRPKRLPSGLYQFRQGTGHERCVFDC EGAL NAGADL
GN-GDVIIKRDGKLLRPKRLPSNL FOFRAGTGEARCYLDCVTALQNGADL
KN-GDVVINREGKLIL RPKRLPSNLFQFRKGTGEDRCVLDSITSLONGADM
GN-GDVVIKREGKLLRPKRLASNLFQFRKGTGEDRCVLDCITSLONGADL
KN-GDVVLNRNGKLELRPKRLASGL FQF RKGTGEDRCVL DCEITSLOQNGADL
INNGDVVVKSEGKLL KPKREASGLYEFRKGTGF DRVVLDCETSLKNGADL
INNGDVVIKQNGQL VRPKRLASGLFQFKPGTGEDRVVLDCITSLQNGADL
KN-GDVIINRNGKLLRPKRLASGLFQFRKGTGEDRVVLDCITSLONGADL
LRG-DVVLARDGKLFRPKRLPSNLFQFRAGTGEDRCVLDCITSLQNGADL
GHG-DVEISRDBGKLMRPKRLASNLYQFRPGTGEDRCVLDCYQSLQNGADL
MQSGEMLLKQGGTCIKPTRLANGLVRFKPDTGADRVVLDCITSLQHGADL
KNG-DVLENQKGKLVYRPKRLPSNLFQFKKGSGEDRVVLDCITSEQNGADL
QE-DEIETKRPGKLHRPKRLASGLYQFREGTQIDRVVLDCVSSELQNGADL
QE-DEILIKRDGKLHRPKRLASGLYQFREGTQIDRVVEDCVSSLQNGADL
QE-DEILIKRNGKLHRPKRLASGLYQFRADTQIDRVVLDCVSSEQNGADL
QE-DEILIKRNGKLHRPKRLASGLYQFRPDTQIDRVVEDCVSSLQNGADL
QE-DEILIKRDGKLHRPKRLASGEL YQFRPDTQIDRVVLDCVSSEQNGADL
QE-DEILIKRDGKLHRPKRLPSGLYQFRADTQIDRVVEDCVSSLONGADL
QE-DEILIKRDGKEL HRPKRLASGLYQFREGTQIDRVVLDCVTSLQNGADL
QE-DETILTKRDGKI HRPKRLASGL YQFREGTQYDRVVEDCVTSLQNGADE
QE-DEILTIKRDGKLHRPTRLASGLYQFREGTQIDRVVLDCITSLQNGADL
QE-DEILIKRDGKLHRPTRLASGLYQFREGTQHDRVVEDCVYTSLONGADM
QE-DEILIKRDGKLHRPTRLASGLYQFREGTQHDRVVLDCVTSLQNGADM
SD DEILIKRDGKLHRPTRLAEGLYQFREGTQHDRVVLDCVTSLQNGADM

* ﬁﬁ ﬂ o ﬂ-w LY ot qw*

LWIETATPNVADITAMMNEVRKEIPDAKLVYNNSPSFNWTLNFRQQAFDT
LWIETATPNVADITAMMNEVRKEIPNAKLVYNNSPSFNWTLNFRQQAFDA
LWIETAVPTVHEIAGMMDDVRKVHPDAKE VYNNSPSFNWTLNFRQQAYDA
LWIETEEPHIAQIGGMYSEIRKVIPNAKE VYNNSPSFNWTLNFROQAYDA
IWIETEKPHVGQIKAMVDRVREVIPNAKE VYNNSPSFNWTLSFRGQOQVFDA
EWIETEKPHVYGQIKAMVDRIREVIPNAKEVYNNSPSFNWTLNFRQGVFDA
LWIETEKPHIGQIKGMVDRIREAIPNAKEVYNNSPSFNWTLNFRQQVFDT
LWIETEKPHVGQIAEMVNATIREEVPNAKLVYNNSPSFNWTLNFRQGVFDA
LEWIETEKPHVGQIAAMVNRIKEVVPDAKLVYNNSPSENWTLNFRQGVFDA
LWIETEKPHVGQTAAMVYNRIKEVVPDAKEVYNNSPSFNWTLNFROQGVEDA
LWIETEKPHIQQIAGMVDRIREVVPNAKEVYNNSPSFNWTLMFROQOVFDA
LWIETEKPHIGQIGGMYSRIREVIPNAKE VYNNSPSFNWTLNFRQOQVEDA
EWIETEKPHIGQIANLVNRIREVVPNAKE VYNNSPSFNWTLNFRGGVFDA
LWIETEKPHVQQIAGMVYNRIREVVPNAKLVYNNSPSFNWTLNFRQQTFDA
LWIETATPNVEEIAHMVNRVKEVVPNAKLVYNNSPSFNWTLNFRQGAYDR
EWIETATPNVEETAHMVYNRVKEVYPNAKE VYNNSPSFNWTLNFRQQAYDR
LWIETATPNVEEIAHMVYNRVKEVYPNAKEVYNNSPSFNWTLNFRGOAYDR
LWIETATPNVEEIAHMYNRVRETVPNAKLVYNNSPSFNWTLNFRGQOAYDR
LWIETATPNVEEIAHMVYNRVKETVPNAKLVYNNSPSFNWTLNFRGQAYDR
EWIETATPNVEETAHMVNRVKEVVPNAKLVYHNSPSENWTLNFRQQAYDR
LWIETATPNVEEIAHMYNRVKETIPNAKLVYNNSPSFNWTLNFRQOAYDR
LWIETATPNVAEIAHMVNRVKETVPNAKLVYNNSPSFNWTLNFRGQQAYDR
EWIETPTPNVQEIAHMVNRVKEVVPNAKE VYNNSPSEFNWTLNFROQQAYDR
IWIETPTPDVAGIAGFVNDIKKQVPNAKE VYNNSPSFNWTLNFRGQSYDR
IWIETPTPDVAGIAGFVNDIKKQVPNAKE VYNNSPSFNWTLNFRGQAYDR
IWIETPTPDVAGIAGFVNDIKKQVPNAKLVYNNSPSFNWTLNFRQQAYDR
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c.maris
c.piezophi
C.psychr
C.hecator
p.fulva
p.aerugi
A.vine
A.ehrli

m. adhae
5. agarivor
5. chloroph
N,penta

M. pos-idoni
M. medit
A.gerne
ACIneto
A.oleiv

A. venet

A. bouve
A.calcoace
A.Tando

A. Twoff

A. baumanni
A.ursin

A. bayly

A, junii

EC maris
C. piezophi
€. psychr
C.necator
P.fulva
iP. agru?j
A.vine
‘A.ehr1i
‘M. adhae
'S.agarivor
;S chloroph
‘N, penta
‘M. posidoni
M.medit
‘A.gerne
Acineto
A.oleiv
‘AL venet
(A, bouve
A.calcoace
A.tando
A Twoff
'A. baumanni
‘A.ursin
A bayly

A, junii

MVAEGKDVSSYVRﬁDLMNVDYDTTELAAAADDKIRSFQADTAREAGIFHH
MYAAGEDVSRYVRADLMSYDYDETEL SKRADDKIRSFQADTAREAGIFHH

- MVEAGQDVSAYVRADLMKAEYDETELSATADERIRTFQADTAREANVFHH

LKAAGKDVSAYDRAQLMSVEYDQTELAKLADEKIRTFOADASREAGIFHH
FVAEGKDVSAYDRAKLMSAEYDETELAQVADEKIRTFQRDGSANAGIFHH
FVAEGKDVSAYDRNKLMSVEYDDTELAKVADEKIRTFQRDGSAHAGIFHH
WAAEGKDVAKYDRAKLMSVEYDETELALEADARIRTFQRDAAAQAGIFHH
WKEEGKDVSQYDRDNLMSAEYDDSELAAEADRWYVQEFQRKASAEAGIFHH
WKEEGKDVSAYDRAKLMSEEYDNTELGQLADEWCRNFQRDGSREAGIFHH
WKEAGKDVSAYDRANLMSEEYDNTELSKEADARIQTFQKDGSREAGIFHH
WVAEGKDVSAYDRAKLMSADYDATDLGLEADEKIRTFQKDAAARAGIFHH
WSAAGRDVSAYDRAKLMSVDYDGTDLAAEADERIRTFQKDAAREAGIFHH
WQEAGKDVNEYDRDRLMSKEYDATTLATEADERIRNFQRDAAAQAGIFHH
WSEAGKDL SAYDRANLMSVEYDSSDLAAEADERIRTFQADAAKEAGIFHH
WVAEGKDVSAYDRAKLMSAEYDNTDLAADADEKVRTFQADASREAGVFHH
WVAEGKDVSAYDRAKLMSAEYDNTDLAADADEKVRTFQADASREAGVFHH
WVAEGKDVSAYDRAKLMSAEYDNTELAADADAKIRTFQADASREAGVFHH
WWYAEGKDVSAYDRAKLMSAEYDNTELAADADEKVRTFQADASREAGVFHH
WVAEGKDVSAYDRAKLMSAEYDATELAADADEKVRTFQADASREAGVFHH
WVYAEGKDVSAYDRAKLMSAEYDNTELAADADDKIRTFQADASREAGVFHH
WWYAEGKDVSAYDRAKLMSAEYDNSELAAEADEKVRTFQADASREAGVFHH
WVAEGKDVSAYDRAKLMSAEYDATELAAEADEKVRTFQADAAREAGVFHH
WVAEGKDVSAYDRAKLMSAEYDNTELAAEADEKIRTFQADAAREAGVFHH
WWYAEGKDVS5GYDRAKLMSAEYDNSELAADADEKIRTFQADAAREAGVFHH
WAAEGKDVSAYDRAKLMSAEYDNTELAADADEKIRTFOQADAAREAGVFHH
WVAEGKDVSGYDRAKLMSAEYDNSELAADADEKIRTFQADAAREAGVFHH
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LITLPTYHTAALSTDNLAKEYFGDAGMLGYVEGVQRKEIRQGIACVKHON
LITLPTYHTTALSVDNLAKEYFGDEAMLGYVKGVQRKEIRQGIACVKHQN
LITLPTYHTTALSYDNLAKEYFGEQGMLGYVKGVOQRKEIRQGTIACVKHQN
LITLPTYHTAALSTDNLAKEYFGDQGMLGYVAGVQRKEIRQGTIACVKHQN
LITLPTYHTAALSTDNLAKGYFADLGMLAYVKGVQRQEIRQGIACVKHQN
LITLPTYHTAALSTDNLAKGYFADEGMLAYVKGVQRQELRQGIACVKHQN
LITLPTYHTAALSTDNLAKGYFAEEGMLAYVKGVQRQEIRQSTACVKHQN
LITLPTYHTAALSTDNLAKGYFGDLGMLAYVDGVQRQEIRQGVPTVKHQD
LITLPTYHTAALSTDNLAKGYFGDEGMLAYVAGVQRKEIRQGIATVKHQD
LITLPTYHTAALSTDNLAKGYFGEQGMLAYVEGVQRKEIRQGIACVKHON
LITLPTYHTAALSTDNLAKEYFGEAGMLGYVAGVQRKEIRQGIACVKHON
LITLPTYHTAALSTDNLAKEYFGEAGMLGYVKSVQRQEIRQGIACVKHQN
LITLPTYHTAALSTDNLAKDYFGDQGMLGYVKEVQRKEIREGLACVKHQD
LITLPTYHTAALSTDNLAKEYFGEQGMLGYVKGVQRQEIRQGIACVKHQA
LITLPTYHTAALSTHELAQGYFGDQGMLAYVAGVORKEIRGTISCVKHQA
LITLPTYHTAALSTHELAQGYFGDQGMLAYVAGVQRKEIRGTISCVKHQA
LITLPTYHTAALSTHELAQGYFGSEGMLAYVAGVQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAQGYFGSEGMLAYVAGVQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAQGYFGDQGMLAYVAGVQRKEIRGTIACVKHQA
LITLPTYHTAALSTHELAQGYFGSEGMLAYVAGVQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAQGYFGSEGMLAYVAGVOQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAQGYFGSEGMLAYVAGVQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAQGYFGDQGMLAYVAGVQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAKGYFGEEGMLAYVAGVQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAKGYFGEEGMLAYVAGVQRKEIRGGIACVKHQA
LITLPTYHTAALSTHELAKGYFGEEGMLAYVAGVQRKEIRGGIACVKHQA
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[c.maris MSGSDMGDDHKEYFAGENAL KAGG-ANNTSNQF 5——
. piezophi MSGSDMGDDHKEYFAGENAL KAGG-ANNTSNQF S--
lc. psychr MSGSOMGDDHKE YFAGENAL KAGG-AKNTSNQF5——
. necator MSGSDIGDDHKEYF SGEAAL KAAG-KDNTMNQF ——-
?p.fu?va' MAGSDIGDNHKEYFAGEAAL KAGG—KDNTMNQF H- -
P. aerugw MAGSDIGDNHKEYFAGEAAL KASG-KDNTMNQFH--
[A.vine MAGSDIGDNHKEYFAGEAAL KAGG-KDNTMNQFH-~
A, ehr1i MAGSNIGDDHKAYF SGEAAL KAGG-KGNTMNQF - -~
M. adhae MAGSNIGDDHKEFFAGEAALKAGG-KDNTMNQF G- -
's.agarivor MAGSDMGDDHKEYF SGDAAL KASG-KDNTMNQF G- -
's.chloroph MSGSDIGDDHKEYFAGEAAL KAGG-THNTMNQF AA-
N,penta MAGSDIGDDHKEYFAGEAAL KAGG-EHNTMNQF AA-
M. posidoni MSGSNIGDDHKEYF SGDNAL KASG-KDNTMNQF AAV
M medit MAGSNMGDDHKEYF SGDAAL KASG-KDNTMNQF ——-
‘A.gerne MAGSDIGDDHKEIF SGDNAL KAHDDAKNTMNQF AAH
Acineto MAGSDIGDDHKE IF SGDNALKAHDDAKNTMNQF AAH
A.oleiv MAGSDIGDDHKEIF SGDNAL KAHDDAKNTMNQFAAH
A.venet MAGSDIGDDHKEIFSGDNALKAHDDAKNTMNQF AAH
‘A. bouve MAGSDIGDDHKE IFSGDNAL KAHDDAKNTMNQF SAH
A.calcoace MAGSDIGDDHKEIF SGDNAL KAHDDAKNTMNGQFAAH
‘A.tando MAGSDIGDDHKEIFSGDNAL KAHDDAKNTMNQF AAH
A. Twoff MAGSDIGDDHKE IFAGDNALKAGDDSKNTMNQF SA-
‘A. baumanni MAGSDIGDDHKEIFAGENALKAGDDAKNTMNQF SAH
A ursin MAGSDIGDDHKE IFAGEQAL KAGDASKNTMNQFAH-
A.bayly MAGSDIGDDHKEIFAGEQAL KAGDASKNTMNQFAH-
A.]Uﬂ11 MAGSDIGDDHKE IF AGENAL KAGDASKNTMNQF GG-
i w:ww::vcw:ww 'ﬁ':*: TR YR . W R
Subfamily 4 1
10 Sequences of ICL in archae having length between 340-360 aa were taken and MSA was ‘“,]
carried out using ClustalW. The sequences were highly conserved and showed high similarity "
i . !
with each other which shows that they may have come from the same ancestors |
H.mMuco MNPTELDSDVFTRDIDNPKGRELREMLNTQDFVFAPGMYHALDARLAEMT 50 i
H. medi MNPTELDSDVFVRDIDNPKGRELREMLNTQDFVFAPGMYHALDARLAEMT 50 o
H.elon MNPTELDDDVFAQDVDNQKGRELREMLNTQDFVFAPGMYHALDARLAEMT 50
H. lars MNPTELDDDVFAQDVDNQKGRELREMLNTQDFVFAPGMYHALDARLAEMT 50
H.sulf MNPTELDSDVFAQDVDNQKARELREMLNTQDEVFAPGMYHALDARLAEMT 50
H. deni MNPTELDSDVFAQDVDNQKAREL REMLNTQDFVFAPGMYHALDARLAEMT 50
H.volc MNPTELDSDVFAQDVDNOQKARELREMLNTQDFVFAPGMYHALDARLAEMT 50
H.gibb MNPTELDSDVFAQDVDNQKAREL REMLNTQDFVFAPGMYHAL DARLAEMT 50
H.wals MNPTE L DDNVFNRDIDNPQGEKF RNQLNNQDF VEAPGMYHALDARTIAEMT S0
H. pauc -~ -MISDTDTTTROIENRAGKEFREMLNSQNYVEAPGLYHALDARLAEMA 47
o -ﬁ-:ﬁ _.:-*- nﬂ' Frr oz AR *ﬁ'*kﬂ'wﬁnﬁﬂﬁ»
H. muco GHDAAYMSGYSTVLGQF GF PDLEMVTMTEMVENAKRMVEATNL PIIADCD 100
H.med1i GHDAAYMSGYSTVLGQFGFPDLEMVTMTEMVENAKRMVEATNLPIIADCD 100
H.elon GHDAAYMSGYSTVLGQF GF PDLEMYVTMTEMVENAKRMVEATNLPVIADCD 100
H.lars GHDAAYMSGYSTVLGQFGFPDLEMYTMTEMVENAKRMVEATNLPVIADCD 100
H.sulf GHDAAYMSGYSTVLGQFGF POLEMVTMTEMVENAKRMVEATNLPVIADCD 100
H.deni GHDAAYMSGYSTVLGQFGFPDLEMVTMTEMVENAKRMVEATNL PVIADCD 100
H.volc GHDAAYMSGYSTVLGQF GF PDLEMVTMTEMVENAKRMVEATNLPVIADCD 100
H.gibb GHDAAYMSGYSTVLGQF GFPDLEMVTMTEMVENAKRMVEATNLPVIADCD 100
H.wals GHDAAYMSGYSTVLGQFGFPDLEMVTMTEMVENAKRMAEATNLPITIADCD 100
H. pauc GLDAAYMSGYSTVLGQF GFPDLEMVTMTEMVENAKRIVESCNLPVVADCD 97
W ¥ Vi P Ve Ve o R B R e ¥ o e T ¥ R VY O VY ¥ 9 W O R R R R O W W W 2V »e » PR 2 s OB
H. muco TGYGGLHNVRRAVRE YEKAGVAAVHIEDQTTPKRCGHIAGKQIVSREKAR 150
H. medi TGYGGIHNVRRAVREYEKAGVAAIHIEDQTTPKRCGHIAGKQIISREKAR 150
H.elon TGYGGIHNVRRAVREYEKAGVAATHIEDQTTPKRCGHIAGKOIVSREKAR 150
H. lars TGYGGIHNVRRAVRE YEKAGVAALHIEDQT TPKRCGHIAGKQIVSREKAR 150
H.5ulf TGYGGTHNVRRAVRE YEKAGVAAVHIEDQTTPKRCGHIAGKQIVSREKAK 150
H. deni TGYGGIHNVRRAVRE YEKAGVAAVHIEDQTTPKRCGHIAGKQIVSREKAR 150
H.volc TGYGGTHNVRRAVRE YEKAGVAAVHIEDQTTPKRCGHIAGKOIVSREKAK 150
H.gibb TGYGGIHNVRRAVRE YEKAGVAAVHIEDQTTPKRCGHIAGKQIVSREKAR 150
H.wals TGYGGIHNVRRAVRE YEKAGVAAVHIEDQTTPKRCGHIAGKQIISREKAE 150
H. pauc TGYGGIHNVRRAVRE YEKAGVAAVHIEDQTSPKRCGHIAGKQIVSREKAR 147
naegw:w&*ﬁs’e#ﬁﬁﬁﬁ%wﬁﬁ WO . OB ROW W :ﬁﬁwﬁkﬁwﬂkiﬁk% % ie"&”i'#ﬁ"f‘
64




H. MUCo
H. medi
H.elon
#.lars
H.sulf
H. dent
H.volc
H.gibb
H.wals
H. pauc

H.muco
‘H. medi
‘H.elon
‘H. lars
‘H.sulf
'H. deni
‘H.volc
H.gibb
H.wals
H. pauc

H. muco
‘H. medi
H.elon
H. lars
‘H.sulf
‘H. deni
‘H.volc
‘H.gibb
‘H.wals
‘H. pauc

‘H.muco
‘H.medi
H.eTon
H.lars
H.sulf
H. deni
H.volc
‘H. gibb
‘H.wals
‘H. pauc

‘H.muco
‘H. medi
H.elon
H.lars
H.sulf
‘H. deni
‘H.volc
H.gibb
H.wals
‘H. pauc

ARFEAAVDAKQCDDTVVIARTDAYGSANGOWDEHLERGRIYADAGVOLVW 200
ARFEAAVDAKQUDDTVITARTDAYGSANGDWEEHLERGRIYADAGVDLWW 200
ARFEAAVDAKQSDDTVIIARTDAYGSANGUWEEHLERGRIYADAGVDLVW 200
ARFEAAVDAKQSDDTVITARTDAYGSANGDWEEHLERGRIYADAGVDLVYW 200
ARFEAAVDAKQSEDTVVIARTDAYGSSNGOWDEHVERGRIVADAGVDIVW 200
ARFEAAVDAKQSEDTVVIARTOAYGS SNGDWDOEHVERGRIYADAGVDIVW 200
ARFEAAVDAKQSEDTVVIARTDAYGSSNGDWDEHVERGRIYADAGVDIVW 200
ARFEAAVDAKQSEDTVVIARTOAYGSSNGOWDEHVERGRIYADAGVDIVW 200
ARFTAAVDAKQSEDTVVIARTDAYGSANGDWE EHLERGRMYADAGYDLVW 200
SRFKAAVDAKQSODTVIIARTDAYGSANGOWE EHLERGRIYADAGVDIVW 197

:?’ﬁf *ftﬁ!&ﬁ“ﬁﬁ, :ﬁﬁﬁ:‘k*ﬂ&ﬂﬂﬁﬁﬁ:‘ﬁ'ﬁﬁﬁ:ﬁﬁ :ﬁﬁ**:ﬁﬁ****ﬁ:*!’t

PEMPNPSREDAVNYAETIHETHPDLKLAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVNYAEKIHETHPDLKLAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVNYAETIHETHPDLKLAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVNYAETIHETHPDLKLAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVAYAEETHETHPDLKLAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVAYAEEIHETHPDEKLAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVAYAEEIHETHPDLKLAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVAYAEEIRETHPDLKEAFNYSSSFAWSEEEDPLTFQELG 250
PEMPNPSREDAVNYAETIHETHPDLKLAFNYSSSFAWSEEDDPLTFEELG 250
PEMPDPSREDAVEYAETIHETHPDLKEAFNYSSSFAWSEEEDPLTFEELG 247
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DLGYKYIFITLFGLHSGAHAVYEDFKKLAEADEQGQFDLEQRYLGHPTES 300
PLGYKYIFITLFGLHSGAHSVYEDFKKLAEEDEQGQFDLEQRYLGHPTES 300
DLGYKYIFITLFGLHSGAHAVYEDFKKLAEQDEEGQFDLEQRYLGHPTES 300
PLGYKYIFITLFGLHSGAHAVYEDFKKLAEQDEEGQFDLEGRYLGHPTES 300
DLGYKYIFITLFGLHSGAHSVYEDFKKLAEQDEEGQFDLEQRYLDHPTES 300
DLGYKYIFITLEFGLHSGAHSVYEDFKKLAEQDEEGQFDLEQRYLDHPTES 300
DLGYKYIFITLFGLHSGAHAVYEDFKKLAEQDEEGGFDLEQRYLDHPTES 300
DLGYKYIFITLFGLHSGAHAVYEDFKKLAEQDEEGGFDLEQRYLGHPTES 300
DLGYKYIFETLAGL HSGAHAVYEDFKKLAEADETGGFELEDRYLEHPTES 300
NLGYKYIFITLFALHSGAHSVYEDFERLAEDDERAQFDLEGRYLDHPTES 297

:wwwww#&www .#ﬂlﬁ'ﬁ"k‘k:ﬂ’ﬁ'*\ft*::%ﬁ* L8 .‘R‘W:in’( WHR VRWRWR

HHELSFVSRYQDIETQFDSEARRRIEESEGFSEDEADPITSNARANDDD- 349
HHEL SFVSRYQDIETEFDPEARRRIEESEGFSEDEADPITSNARANDDD- 349
HHELSFVSRY(DIETEFDPEARRRIESSEGFSEEQADPITT--——-NDDD- 345
HHEL SFVSRYGDIETQFDPEARRRIESSEGFSEEQADPITY-~-—-—-NDDDV 346
HHELSFVSRYQDIETQFOPEARRRIEESEGFSEEQADPITS----NDDD- 345
HHELSFVSRYQDIETQFDPEARRRIEESEGFSEEQADPITS~~~-NDDD-~ 345
HHEL SFVSRY(QDIETEFDPEARRRIEESEGFSEEGADPITS----NDDD- 345
HHELSFVSRYQDIETEFDPEARRRIEESEGFSEEQADPITS----NDDD- 345

HHELSFVERYQDIETKFDPEARRRIEQSEGFSDEETDPITS-—- -~ DbD- 344
HHELSFVSRYGDIETQFDPEARERIEESEGFSEDESNPITSNS - EEDEEM 346
TR WRUH R AR TN = e f RN W WORR R srdev s .
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Subfamily 5

8 Sequences of ICLs in bacteria having length larger than 700aa were taken and MSA was
carried out using ClustalW. The sequences were highly conserved and showed high similarity

with each other which shows that they may have come from the same ancestors.

MSA of ICL in subfamily 5

M.intraceliulare
M. avium

M.M. Teprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti
M.ulcerans

M.intracellulare
M. avium

M.M. Teprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti
M.ulcerans

M.intraceliuvlare
M. avium

M.M. Teprae

M. parascrofulace
M.tuberculosis
M. bovis

M. canetti
M.ulcerans

———————————————————————————————————— MAIIDKDTQVRPSF
———————————————————————————————————— MAIIDKETQVRPSF
MAGIPATVVQRCNSTNLDDRLHYSPLGDRAKEERNPMAIMDTNTEVHTLF
———————————————————————————————————— MAIIDSDTEVRTSF
——————————————————————— MGAAEERKAMAIAETDTEVHTPFEQDF
———————————————————————————————— MAIAETDTEVHTPFEQDF
———————————————————————————————— MAIAETDTEVHTPFEQDF
———————————————————————————————————— MAIVETDTEIRTPF

- ] w W

DDEVAATOQYFDDPRFSRITRLYTARQVAEQRGTIPTDYTVARNAAAAFY
DDEVAATORYFDDPRFARITRLYTARQVAEQRGTIRTDYTVARDAAAAFY
TQEVAATOQYFDDPRFAGIIRLYTARQVVEQRGTIPTDYTVARDAATAFY
EDDIAATORYMDSPRFAGITRLYTARQVYVEQRGTIPADYIVAREAAAAFY
EXDVAATOQRYFDSSRFAGIIRLYTARQVVEQRGTIPVDHIVAREAAGAFY
EKDVAATOQRYFDSSREFAGIIREYTARQVVEQRGTIPVDHIVAREAAGAFY
EKDVAATQRYFDSSRFAGIIREYTARQVVEQRGTIPYDHIVAREAAGAFY
EQEVADTQRYFDSSRFAGIVRLYTARQVVEQRGTIPNDYTVARTAAGVFY
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ERLRELFAQKKSITTFGPYSPGOQAVAMKRMGIEGIYLGGWATSAKGSTTE
ERLRELFAQKKSITTFGPYSPGOAVTMKRMGIEGIYLGGWATSAKGSTTE
ARLRELFAAGKSVTTFGPYSPGQAVSE KRMGIEATIYLGGWATSAKGSITE
DRLRELFAAKKSITTFGPY SPGOAVAMKRMGIEGIYLGGWATSAKGSTTE
ERLRELFAARKSITTFGPYSPGGAVSMKRMGIEATYL GOGWATSAKGSSTE
ERLRELFAARKSITTFGPYSPGOAVSMKRMGIEATYLGGWATSAKGSSTE
ERLRELFAARKSITTFGPYSPGOQAVSMKRMGIEATYEL GGWATSAKGSSTE
QRLRELYAEKKSVTTFGPYSPGOQAVSMKRMGIEATYL GGWATSAKGSTTE
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M. intracellulare
M. avium

M.M. Teprae

M. parascrofulace
M. tuberculosis

M. bovis
§M.canetti
M.ulcerans

i

M.intracellulare
M. avium

M.M. Teprae

M. parascrofulace
‘M. tuberculosis
M. bovis

M. canetti
M.ulcerans

M.intracellulare
M. avium

M.M. Teprae

M. parascrofulace
‘M. tuberculosis
M. bovis

‘M. canetti
M.ulcerans

M.intracellulare
‘M. avium
M M. leprae

M. parascrofulace
M tuberculosis
‘M. bovis
;M canetti
M.ulcerans

M 1ntraceT1u1are
‘M avium

M.M. Teprae

M. parascrofulace
‘M. tuberculosis
‘M. bovis

‘M. canetti

xM ulcerans

M.1ntrace11u1are
M. avium
M M. leprae

M. parascrofulace
M. Ttuberculosis
M. bovis
M. canetti
M. ulcerans

DPGPDLASYPLSQVPDDAAVLVRALLTADRNQOYQRLOMSEKQRAAAPVY
DPGPDLASYPLSQVPDDAAVLVRALLTADRNOOYLRLOMSEQQRAATKEY
DPGPDLASYPLSQVPDDAAVLVRALLAADRNOOYLRLHMTEQQRAATPAY
DPGPDLASYPLSOQVPEDAAVLVRALLTADRNOQQYQRLNMSEAQRASTPAY
DPGPDLASYPLSQVPDDAAVLVRALELTADRNQHYLRLOMSERQRAATPAY
DPGPDLASYPLSQVPDDAAVLVRALLTADRNQHYLRLOMSERQRAATPAY
DPGPDLASYPLSQVPDDAAVLVRALLTADRNQHYLRLOMSERQRAATPAY
DPGPDLASYPLSQVPDDAAVLVRALLTADRNQEYLRLQMTDQQRATTTAY

Hwnﬁﬂ#ﬁuk#u*ﬂ#ﬁ Qﬂ*##wﬁ#ﬂﬁlkﬂﬁﬂk W WH:* . nww--

DYRPFIIADADTGHGGDPHVENLIRRFVEVGVPGYHIEDQRPGTKKCGHQ
DYRPFIIADADTGHGGDPHVRNLIRRFVEVGVPGYHIEDQRPGTKKCGHG
DYRPFIIADADTGHGGDSHVYRNLIRRFVEIGVPGYHIEDQRPGTKKCGHQ
DYRPFITADADTGHGGDPHVRNLVRRFVEVGVAGYHIEDQRPGTKKCGHQ
DFRPFIIADADTGHGGDPHVRNLIRRFVEVGVYPGYHIEDQRPGTKKCGHQ
DFRPFIIADADTGHGGDPHVRNLIRRFVEVGVPGYHIEDQRPGTKKCGHQ
DFRPFIIADADTGHGGDPHVRNLIRRFVEVGYPGYHIEDQRPGTKKCGHQ
DFRPFIIADADTGHGGDPHVRNLIRRFVEVGVPGYHIEDQRPGTKKCGHQ

*lﬁ##k*ﬁ*ﬂ#ﬂ**ﬁ?ﬂ.W**Wﬂ:*#ﬂﬁﬁ:?ﬁ_QWWW*QW?WWW#WW*#W

GGKVLVPSDEQIKRLNTARFQLDIMKYPGIIVARTDAEAANLLDSRADER
GGKVLVPSDEQIKRLNAARFQLDIMRVPGIIVARTDAEAANLLDSRADER
GGKVLVPSDEQIKRLNAARFQLDIMRVPGIIVARTDAEAANL IDSRADER
GGKVLVPSDEQIKRLNAARFQLDIMRVPGIIVARTDAEAANLIDSRADER
GGKVLVYPSDEQIKRLNAARFQLDIMRVPGIIVARTDAEAANLIDSRADER
GGKVLVYPSDEQIKRLNAARFQLDIMRVPGITIVARTDAEAANL IDSRADER
GGKVLVPSDEQIKRLNAARFQLDIMRVPGIIVARTDAEAANLIDSRADER
GGKVLVPSDEQIKRLNAARFQLDVMRVYPGIIVARTDAEAANLIDSRADER

ﬁw#ﬂ*w******ﬂ***:*%*ﬁ**:ﬂ:***W**WWﬂ*ﬂﬂﬁﬁkﬂ:ﬁﬂﬁW*ﬁﬂ

DOPFLLGATNLKIPSYKSCFLALVRRFYELGVKDLNGHLLYALPEGEYAE
DOQPFLLGATNLDIPSYKACFLAMVRRFYELGVKDLNGHLLYALPEAEYAE
DOQPFLLGATNLKIPSYKACFLALVRCFYELGVKELHGHLLYALGDGEYAA
DOPFLLGATNLNIPSYKACFLALLRRFYELGVKELNGHLLYALDDSEYAA
DOQPFLLGATKLDVPSYKSCFLAMVRRFYELGVKELNGHLLYALGDSEYAA
DQPFLLGATKLDVPSYKSCFLAMVRRFYELGVKELNGHLLYALGDSEYAA
DQPFLLGATKLDVPSYKSCFLAMVRRFYELGVKELNGHLLYALGDGEYAA
DOQPFLLGATKLDIPSYKSCFLAMLRRFYELGVKELNGHLLYALADAEYAA

wwwwwwwww:w_:wwww-ﬂwe#--w wwwwwww:w:*wwww&w :.WW*

ATAWLERQGIQGLVSDAVNAWREDGQQSIDDLFDQVESRFVAAWEDDAGL
ATAWLERQGIQGVISDAVNAWRENGQQSIDDLFDQVESRFVAAWEDDAGL
ASAVILDROQGILAQVSGTVNAWQENGKQSIDDLFEQVEYRLLAAWEKDAGL
ATAWLERQGIQGLISEAANALREDGQHSIDDLFDQVESRFVAAWEDDAGL
AGGWLERQGIFGLVSDAVNAWREDGQQSIDGIFDQVESRFVAAWEDDAGL
AGGWLERQGIFGLVSDAVNAWREDGQQSIDGIFDQVESRFVAAWEDDAGL
AGGWLERQGIFGLVSDAVNAWREDGQQSIDGIFDQVESRFVAAWEDDAGL
ANGWLERSGIMGL ISDAVNSWREDGMQTTDDLFDQVESRFVAAWEDDAGL
¥ _ﬂ*:*_#* - :ﬁ :.#: :ﬂ:# L8 ﬁ_:ﬂ:w*ﬁ #::Wﬂﬂ*_ﬂﬂﬂﬁ
MTYGEAVADVLAFAASE -GEPADMSAEEWREFAATASLYSARAKAKELGV
MTYGEAVAEVLEFAASE-GEPADMSADEWRAFAARASLY SAKAKAKELGF
MTYGEAVEEMLQFGESE-GELIGMSPEEWRRFVGRASLYAAREKAKELGY
MTYGEAVAEVLEFGESEEDEPRGMSPAEWRKFAERASLYAAREKARQLGY
MTYGEAVADVLEFGQSE-GEPIGMAPEEWRAFAARASLHAARAKAKELGA
MTYGEAVADVLEFGGQSE-GEPIGMAPEEWRAFAARASLHAARAKAKELGA
MTYGEAVADVLEFGQSE-GEPIGMAPEEWRAFAARASLHAARVEAKELGA
MTYAEAVAEVLAFGQSE-GDPVYPMSPEEWRTFAARAS L"AARQK#KENGV

BRI N L4 L84 £ W MWV W ER AR S

67




h.intrace11u1are
M. avium

M.M. leprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti
M.ulcerans

M.intracellulare
M. avium

M.M. leprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti

M. ulcerans

M.intracellulare
M. avium

M.M. leprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti

M. ulcerans

M.intracellulare
M. avium

M.M. Teprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti
M.ulcerans

M.intracellulare
M. avium

M.M. Teprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti
M.ulcerans

‘M.intracellulare
‘M. avium

‘M.M. Teprae

‘M. parascrofulace
‘M. tuberculosis
M. bovis

M. canetti
M.ulcerans

‘M.intracellulare
M. avium

M.M. leprae

M. parascrofulace
M. tuberculosis
M. bovis

M. canetti

M. ulcerans

DPGWDCELSKTPEGYYQIRGGIPYAIAKSLAAAPFADLLWMETKTADLDD
DPGWDCELAKTPEGYYQIRGGIPYAIAKSLAAAPFADILWMETKTADLAD
DPGWDCELAKTPEGYYQIRGGIQYAIAKSLAAAPFADILWMETKTADLAD
DPPWDCELAKTPEGYYQIRGGIPYAIVKSLAAAPFADILWMETKTADLAD
DPPWDCELAKTPEGYYQIRGGIPYATAKSLAAAPFADILWMETKTADLAD
DPPWDCELAKTPEGYYQIRGGIPYATAKSLAAAPFADILWMETKTADLAD
DPPWDCELAKTPEGYYQIRGGIPYATAKSLAAAPFADILWMETKTADLAD
DPGWDCELAKTPEGYYQIRGGIPYATAKSLAAAPFADILWMETKTADLAD

T WHWFAE « AR RTINS YR WM IR T e e W e R e e e W
. - .

ARQFADATIHAKFPDOMLAYNLSPSFNWDTTGMTDEQMKQF PEELGKMGFY
AKQFADAIHAEFPDQMLAYNLSPSFNWDTTGMTDEQMKQF PEELGKMGFV
ARQFAEATHAEFPEQMLAYNLSPSFNWDTTGMSDEEMKRFPEELGKMGFY
ARQFAEAIHAEFPDOMLAYNLSPSFNWDTTGMTDDEMKRFPEELGKMGFY
ARQFAEAIHAEFPDOMLAYNLSPSFNWDTTGMTDEEMRRFPEELGKMGFY
ARQFAEATIHAEFPDOMLAYNLSPSFNWDTTGMTDEEMRRFPEELGKMGFY
ARQFAEATIHAEFPDOMLAYNLSPSFNWDTTGMTDEEMRRFPEELGKMGFY
ARQFAEAIHAEFPDOMLAYNLSPSFNWDTTGMTDEEMKRFPEELGKMGFV

W:ﬁﬂ%:ﬁﬂﬂﬁ:ﬂﬂ:Wﬁ#ww#w*ﬂﬂﬁﬁﬁﬁ*#wﬂ:ﬁ::ﬁ::ﬁ#**ﬁ&*ﬁﬁﬂw

FNFITYGGHQIDGVAAEEFATSLQOQDGMLALARLQRKMRLVESPYRTPQT
FNFITYGGHQIDGVAAEEFATSLQQDGMLALARLQRKMRLVESPYRTPQT
FNFITYGGHQIDGVAAEEFATALRQDGMLALARLQRKMRLVESPYRTPQT
FNFITYGGHQIDGVAAEEFAASLKQDGMLALARLQRKMRLVESPYRTPQT
FNFITYGGHQIDGVAAEEFATALRQDGMLALARLQRKMRLVESPYRTPQT
FNFITYGGHQIDGVAAEEFATALRQDGMLALARLQRKMRLVESPYRTPQT
FNFITYGGHQIDGVAAEEFATALRQDGMLALARLQRKMRLVESPYRTPQT
FNFITYGGHQIDGVASEEFATALRQDGMLALARLQRKMRLVESPYRTPQT

k#ﬁﬂﬁﬁﬂﬂwﬂﬁﬁwﬂﬂ:ﬂw#*--ﬂ-Wﬂ*#*k****kﬂ**&k*k****ﬁﬂ**
' .

LVGGPRSDAALTASSGRTATTKSMGEGSTQHOQHLVQTEVPKKLLEEWL AM
LVGGPRSDAAL AASSGRTAT TKAMGEGSTQHQHLVQTEVPKKLLEEWLAM
LVGGPRSDAALAASSGRTATTKAMGKGSTQHQHLVOTEVPKKLLEEWLAL
LVYGGPRSDAALQASSGRTATTKAMGKGSTQHOQHLVOTEVPKKLLEEWLAL
LVGGPRSDAALAASSGRTAT TKAMGKGSTQHQHLVQTEVPRKLLEEWLAM
LVGGPR5DAALAASSGRTAT TKAMGKGSTOQHQHLVQTEVPRKLLEEWLAM
LVGGPRSDAALAASSGRTAT TKAMGKGSTQHQHLVQTEVPRKLLEEWLAM
LVAGPRSDAALQASSGRTATTKAMGKGSTQHOHLVOTEVPKKLLEERLAL

W RO ROR R nww*ww*ww*:ww:www*www#wwwww*:*ﬁww* ww:

WSENYDLGEKLRVQLRPRRAGSDVLELGIYGNDDEQLANVVWVDPIKDRHG
WSENYHLGEKLRVQLRPRRAGSDVLELGIYGDGDEQLANVVVDPIKDRHG
WSEHYQLGEKLRVQLRPRRAGSDVLELGIYGNGDEQLANVIVDPIKDRRG
WSEHYQLGEKLRVSLRPRRPGSDVLVLGIHGNGDEQLANVVFDPIKDRHG
WSGHYQLKDKLRVQLRPQRAGSEVLELGIHGESDDKLANVIFQPIQDRRG
WSGHYQLKDKLRVQLRPQRAGSEVLELGIHGESDDKLANVIFQPIQDRRG
WSGHYQLKDKLRVQLRPQRAGSEVLELGIHGESDDKLANVIFQPIQDRRG
WSDHYQLGEKLRVQLRPRRAGSDVLELGIYGNDDEQLANVVFDPIKDRHG
¥ :W-# :ﬁ*ﬁﬁ‘ﬂW#:W.Wﬂ:W# #ﬂﬂ:ﬁ:_*::*ﬂw*:_:#ﬂ:w%:ﬁ
RSILQVRDONTFAEKLRQKRLMTLIHLWLVHRFKADGVIYVTPTEDNLYQ
RSILQVRDQNTFAEKLRQKRLMTL IHLWLVHRFKADAVIYVTPTEDNLYQ
RSILOVRDONTFAEKLRQKRLMTL IHFWLVHRFKADTVIYVTPTEDNLYQ
RSILTVRDQNTFAEKLRQKRLMTL THLWLVHRFKADAVYYVTPTEDNQYQ
RTILLVRDQNTFGAELRQKRLMTL THLWLVHRFKAQAVHYVTPTDDNLYQ
RTILLVRDQNTFGAELRQKRLMTL IHLWLVHRFKAQAVHYVTPTDDNLYQ
RTILLVRDQNTFGAELRQKRLMTL IHLWLVHRFKAQAVHYVTPTDDNLYQ
RSILTVRDONTFAHKLRQKREMTL IHLWL VHRFKADAVYYVTPTEDNQYQ

Wor R RRWWRERR :wﬁﬁﬁww**ﬁ*w:*wwwwwgw: WORVRROR R e

TSKMKSHGIFSEVYQEVGEIIVAEVNQPRIAELLKPDRVALRKLITKEG
TSKMKSHGIFSEVYQEVGEIIVAEVNRPRIAELLQPDRVALRKLITKEG
TSKMKSHGIFSEVYQEVGEIIVAEVNHPRLVELLTPDRVALRRLITKEG
TSKMKSHGIFTEVNQEVGEIIVAEVNRPRIEELLKPDRVALRKLITKED
TSKMKSHGIFTEVNQEVGEIIVAEVNHPRIAELLTPDRVALRKLITKEA
TSKMKSHGIFTEVMQEVGELIVAEVNHPRIAELLTPDRVALRKLITKEA
TSKMKSHGIFTEVNQEVGEIIVAEVNHPRIAELLTPDRVALRKLITKEA
TSKMKSHGIFSEVNQDVGEILIVAEVNRPRIEELL TADRVALRQLITKGD

Ve RRRRRR R s R *'IHHH’HH““H\‘H:“&)’{- WO HEWWRE » TR AWN

68




Subfamily comparisons: Subfamily 1 and subfamily 2

Sequence comparison between subfamily 1 and 2 showed differences in amino acid sequences. It
was found that subfamily 1 members contained amino acid sequence of 420-450 aa while on the
other hand it was found that subfamily 2 contained amino acid sequence of 530-600 aa.
Subfamily 1 was found in bacteria or the prokaryotes while subfamily 2 was found eukaryotes,
fungi and plants. It was also found that subfamily I and 2 contained domain-1 which is a TIM-
barrel structure which is important for catalytic property of the protein while subfamily 2
contained extra 100aa sequence giving rise to domain-2 in eukaryotes. This extra sequence helps
the isocitrate lyase to enter the peroxisomes and help the plants and fungi in their growth by
accomplishing the glyoxylate bypass. The ICL initiate the breakdown of fatty acids and
additionally possess the enzymes to produce intermediate products for the synthesis of
sugars by gluconeogenesis. The seeding uses these sugars synthesized from fats until it is mature

enough to produce thereby Photosynthesis
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Subfamily 1 and subfamily 3

Sequence comparison between subfamil.y 1 and 3 showed differences in amino acid sequences. It
was found that subfamily 1 members contained amino acid sequence of 420-450 aa while on the
other hand it was found that subfamily 3 contained amino acid sequence of 530-560 aa.
Subfamily 1 was found in bacteria or the prokaryotes while subfamily 3 was also found bacteria.
It was also found that subfamily 1 and 3 contained domain-1 which is a TIM-barrel structure
which is important for catalytic property of the protein while subfamily 3 contained extra 46aa
sequence giving rise to domain-2 in bacteria [36]. These extra 46 aa sequences in Subfamily -3 is
important for catalytic and thermal stability of ICL in the bacteria. Studies have shown that in
subfamilty-3 interaction TIM barrel and domain-2 is important for the catalytic activity [36]. It
has also been found that Q211, N214, E219 and Q221 are very important for its catalytic
function. Studies showed that the protein showed less activity in absence of these amino acids
[36]. It was also found that these amino acids were highly conserved in subfamily-3 and absent
in other subfamilies. Presence of these amino acids also provides high thermostability to the
protein. At 45°C these amino acid provides thermostability to the protein and help them provide L
catalytic function to the bacteria. Therefore it was found that motif QIENQVSDEKQCGHQD
1s important for catalytic and thermal stability of ICL in subfamily-3 [36]. It was also found that
additional insertions of 35 aa in subfamily-3 was found which gave rise to domain-3 and absent
in subfamily-1 and 2 [36]. Subfamily 1 and 3 showed véry less similarity to each other (<30%
identity).

Subfamily 1 and subfamily 4

Sequence comparison between subfamily 1 and 4 showed differences in amino acid sequences. It
was found that subfamily 1 members contained amino acid sequence of 420-450 aa while on the
other hand it was found that subfamily 4 contained amino acid sequence of 340-360 aa.
Subfamily 1 was found in bacteria or the prokaryotes while subfamily 4 was also found archea.

Subfamil}'f 1 and 4 both contained domain-1 which is required for the catalytic activity.

Subfamily 1 and subfamily 5
Sequence comparison between subfamily 1 and 5 showed the differences in amino acid

sequences. It was found that subfamily 1 members contained amino acid sequence of 420-450 aa
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while on the other hand it was found that subfamily 5 contained ICL-2 members having amino
acid sequence of >700 aa. Subfamily 1 was found in bacteria or the prokaryotes while subfamily
5 was also found in mycobacterium. It was found that catalytic function jointly requires 1CL-
1&2 in mycobacterium tuberculosis although ICL1 is more active than ICL2. Group I ICLs
comprised small eubacteria ICLs, including M. tuberculosis ICLI. Group 1I ICLs included
medium-length plant and fungal ICLs, which contained a central domain (Domain II) absent in
group 1. Group I ICLs, so far identified only in Mycobacterium, had a long C-terminal domain
absent in groups 1 and II; they also contained a central region with significant homology to the
central domain of the eukaryotic ICLs and were overall ~ 35% identical to them (Fig. 1b). /n
silico modeling of the three-dimensional structure of ICL2, based on the X-ray crystal structures
of the group 1 ICL1 from M. tuberculosis and the group II ICL from Aspergillus nidulans,
revealed a striking level of structural concordance. Significantly, the active site loops of ICLI
and ICL2, containing the conserved catalytic motif (KKCGH), were nearly super-imposable.
Thus, despite the limited homology between ICL1 and ICL2, conservation of tertiary structurc
and enzymatic activity suggested that these enzymes might provide overlapping biological
functions.

ICL domain organization: Domains I and I1I are present in all ICLs. Domain | contains the

conserved catalytic motif KKCGH. Domain Il is present in fungal and plant ICLs and in

mycobacterial ICL2, but absent in mycobacterial ICL1. Domain IV is unique to mycobacterial

ICL2

Figl1-Difference in

structural features for

different ICL




Some other important amino acid indifferent subfamilies—>

In E.coli, K193, C195, H197 and H365 are the residues involved in catalysis while H184 is
related to ICL tetrameric enzyme [37].

f In A. niger W283, F345, T347 in IC] are involved in substrate recognition [38].

| Q207 and Q217 in C. maris IC1 [39] and A214 in C. psycherythrae IC1 play important role in

cold adaptiveness of the enzyme [40].
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Subfamily 1 Subfamily | Subfamily 2 Subfamily 3

I coli I, fluorescens A, nidulans P, acruginosa

Fig 3|36|-> Structure show presence of domain 1 in subfamily-1,2,3. Presence of domain 2 in

subfamily 2 and 3. Presence of Domain 3 in subfamily 3 only.
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PHARMACOPHORE MODELLING

Generated pharmacophore

Once these 69 active molecules were prepared we got 412 different conformations. These

conformations were used to develop the pharmacophore using AUTODOCK.

Fig 4-> generated pharmacophore

LINKING WITH ZINCPHARMER

11176 ZINC molecules were related to the above generated pharmacaphore. On preparing these

ligands we got 94049 different conformations.
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Structure of ICL in different organisms and its binding sites 161

(Fig 5= Appoenzyme structure of ICL in M.tuberculosis)




Modelled Structure (Fig 7> ACEAa+ ACEAb of ICL)
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Fig 9: Active sites in M. tuberculosis

DOCKING RESULTS

His 193, Asn
313, Ser 315,
Ser 317, and
Thr347

Using above ligands extracted from ZINCPharmer libdock was carried out.

LibDOCK RESULTS

Lipdock score of ligands that are docked is viewed and evaluated, score greater than 100 is taken

as thrashhold.
Table 16
Conformations 1F61 1F8I 1DQU Modelled Structure |
ZINC09295130 117.175
ZINC09046532 115.733
ZINC59014529 114.48
ZINC09349351 109.193
ZINC06812266 109.172
ZINC20527885 105.819
ZINC55889361 105.274
S
ZINC23722311 103.707
ZINC20528189 102.914
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: ‘Z!NC09244933: E

1170 025

ZINCIZ567585

115213

zm :

:”08507553_:_3. T

L 116, 061'

ZINC1284513S

115.468

oSS |

7INC59312823

T 119.185

122.756

ene  ;1'11"8"“ “78121

“124.055

13608

'2|Nc07686964” I

130.038

13618

SINC15859211

ZINC20905282 - | -

ZINC39275571

11385

ZINC09685895

138 004

‘ZINC02291586

114.662

ZINC01205371

125.635
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ZINC71280257 117.505
ZINC09442139 113.863
ZINC20416397 124,191
ZINC72016158 124.182
ZINC32895043 133.177
ZINC58992458 117.888
ZINC59309436 134.714
ZINC58994644 129.803
ZINC14190344 117.909
ZINC09884521 124.189
ZINC15859257 114708
ZINC72144372 114212
ZINC19130084 135.655
ZINC16195910 118178
";ZINCSO_iZ“_ZBS?,: : . 135665
ZINC12850950 12047
ZINC15911761 116177
ZINC03847180 122.509
acrizze | T
ZINC39899216 113.727
ZINC12734423 e
ZINC59018560 122.448
ZINC00976883 . 125707
ZINC20577103 116.147
ZINC08845479 128,761
ZINC09426169 116.957
ZINC21318870 | i 111321933
ZINC72461191 124.396
ZINC72461154 124524
ZINC72461150 123.927
ZINC71774753 151.911 |
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ZINC02208918

141.088

ZINC09948493

149.257

ZINC13121296

143.753

ZINC08835919

142.129

142.163

- 140.676

ZINC55965387

140.559

ZINC19815399 [

- 143,017

ZINC63697962

144.262

ZINCOB9007A4 | .

1140302

ZINC20175756

142.039

TiNC5E057AT |

146382

ZINC12389511

140.346
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CDOCKER RESULTS

Active molecules having libdock score greater than 100 were taken and Cdocker analysis is
done. Once we get the result Cdocker score of ligands that are docked is viewed and evaluated,

score lesser than -40 is taken as threshold.

Table 17

Conformations 1F61 1F8I 1DQuU Modelled Structure
ZINC09426169 | -69.2106 |

ZINC20160102 | -62.4713

ZINC29725116 | -58.8561 |

ZINC23641597 553636

ZINC14980506 | -50.2988 |

ZINC04083285 49.4107 |

ZINCOSAE00 | 49,3461

ZINC77422679 | -49.2019

ZINC80439431 | -48.8736 |

ZINC23118614 -48.6686

ZINC02876186 | -47.6605 |

ZINC79069925 | -45.6009

ZINC80440055 | -445499 |
ZiNCiA775366 | adsaaa |

ZINC55200314 | -43.5983 |

Z2INCO1778317 | -43.0307

ZINC14775366 | -42.7271

ZINC10895448 421656 |

ZINC49944053 | -42.004

ZINC18051106 : -77.0035
ZINCO1178611 ' -74.9935
ZINC58867289 7200
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ZINC13856280

-67.0299

ZINC20527288

-59.5124

ZINCO8417660

-57.453

ZINC09682969

-53.8668 | -

ZINCOB781927

| -51.0438

ZINC14138694 *

- -49.2225

7INC12149666

~49.1629

ZINC62580977 . |-

ZINC05801167

485616

47.1523 |

_46'4185 B 1_.::-" N

ZINC21318960

-46.1535

ZINC12280074 |

46.0558

1 -46.0547

ZINC31909993 |

[45.4444 |

INGIOSTSAS |

T _440729 T

ZINC68278601 |

435271

Zncaoasses |

ZINC21318947 |

ZINC21318954 |

ZNGsgzs2 | T T T

40,6307

ZINC72472493

" 68.0543

ancizmss |

ZINCO2890511

63.3452

ZiNcrosoRass | T

7INC16972407 |

“58.9812

“ZINC00729502

- -58.1254 |

ZINC62580977

-56.4121

“ZINC08614093

“ ] -56.3121

ZINC20424953

-56.0781
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ZINC16972407 . -54.5211

 ZINC78777931 -53.2221

ZINC38255675 -53.2199

ZINC33467802 -52.9809

ZINC38255669 L a52isA7gllE

ZINC12089289 ' ' 250,512

ZINC59018558° | | -49.8801

ZINC72472534 -49.7998 |
ZNcotoedBag ] cARsOd E T _ ‘
ZINC12033473 -48.349 | ‘

|

ZINC20494512 -1 480786

ZINC19972593 | -46.1213
ZINcBgggeass, | | [ B
ZINC20908148 | 452109
R E

ZINC39572329 432122

ZINC59014824 | L asan00]

ZINC09337008 -43.2311

TG I NPT R

ZINC59018558 42.421

ZINC20906707 | 240.989

ZINC59018613 | ~ -40.7689 |

ZINC72461307 -40.0987
ZINC?T7a7ea i e ey
ZINC09948493 | S—— | 70.142
ZINC58997418 | * p e a0
ZINC20907183 | | 69.5432 |

ZINC63697962 | . - : - -67.4321 i

ZINC13121296 -66.126

ZINC19815399 ‘ " e
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ZINC59039761

-64.001

ZINCO8835919

-61.356

ZINC20175756

'59.432

ZINC02208918 -

-57.645

ZINC59016659

-54.752

ZINC55965387

-52.112

ZINC12389511

252.008

ZINC08900744 |

5176

ZINC59015423

50.115

ZINC80127853

47123

ZINC19130084 |-

46346

ZINC20570144

44213

-42:1134

ZINC59309436 |

“42.424

ZINC12149666 |
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CHAPTER 4

CONCLUSION

I have generated the pharmacophore of ICL in M. tuberculosis.
Best docking score—>
1F61 1F8I

ZINC72472493=131.864(libdock) ZINCO09295130= 117.175(libdock)
ZINC72472493=-68.0543(Cdocker) ~ ZINC09426169=-69.2106(Cdocker)

1DQU Modeled Structure
ZINC59039103=150.836 ZINC20907183=145.207
ZINC18051106=-77.0035 ZINC71774753=-71.2134

On completing the Phylogenetic analysis, it was found that ICL is divided into 5 subfamilies
depending upon their sequence dissimilarities. Subfamily 1 contains ICL in bacteria of around
420-450 aa sequence, Subfamily 2 contains ICL in fungi and plants of around 430-600aa
sequence, Subfamily 3 contains ICL in other bacteria of around 530-560aa, Subfamily 4 contains
ICL in archae of around 340-360 aa and Subfamily 5 contains ICL-2 in Mycobacterium of

sequence >700aa.

Sequence comparison analyses have shown that active site residues are conserved across
different subfamily. Therefore, the molecules identified using developed pharmacophore may act

as putative broad-specific inhibitors,
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