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Abstract—A total of 48 full-length protein sequences of pectindges fran different source organisms aifable in NCBI were
subjected to multiple sequence alignment, shain analysis, and phylogenetic tree construction. A phylogenetic tree con
structed on the basis of the protein sequencesed tvo distinct clusters representing pectindges frm bacterial and fun
gal sources. Similarlythe multiple accessions of different source organisms representing bacterial and fungal peasiesly
also formed distinct clusters, showing sequenceedkekiomology. The sequence l&t similarities among different groups of
pectinase enzymes, viz. pectindge, pectate lgse, polygalacturonase, and pectin esteraseravalso analyzed by subjecting
a single protein sequence fno each group with common source organism to tree construction.olr distinct clusters repre
senting different groups of pectinases withramon source organisms eve obsered, indicating the existing sequence kv
similarity among them. Multiple sequence alignment of pectindge protein sequence of different source organisms along
with pectinases with common source organisms realed a conseed region, indicating honology at sequence leV. A con
sened danain Pec_Lyase_C vas frequently obseed in the protein sequences of pectindges and pectate dges, while
Glyco_hydro_28 danains and Rctate lyase-like b-helix clan domain are frequently obseed in polygalacturonases and
pectin esterases, respectily The signature amino acid sequence of 41 amino acids, i.e. TYDBMLPITVN -
SNKSLIGEGSK GVIK GKGLRIV SGAKNI, related with the Pec_Lyase_C is frequently obsesd in pectin lyase protein
sequences and might be related with the structure and enzymatic function.

DOI: 10.1134/S0006297909090144

Key words pectin lyase, pectate lgse, polygalacturonase, pectin esterasepdon analysis

Pectinases are a group of enzymesaiwed in degra  Pectin esterase catalyzes the deesterification of methyl
dation of pectin, that includes arious enzymes classified ester linkages of galacturonan backbone of pectic sub
into various classes and subclasses depending on the suftances to release acidic pectins and methanol [3]. The
strate specificity and mode of action, for example, methyl resulting pectin is then acted upon by PG and PL [4].
deesterases, liyolases, and lgses. According to the Production, biochemical characterization, and applica
cleawage site, pectinases are divided into three groups: (iJions of PNL hawe been revieed extensiely [1]. Among
hydrolases consisting of polygalacturonase, PG GE all pectinases, PNLs are of particular interest because
3.2.1.15); (ii) lyase/trans-eliminases aoprising pectin these degrade pectin polymers directly byalimination
lyase, PNL (EC 4.2.2.10), and pectate Bse, PL (2 mechanism that results in the formation of 4,5-unsaturat
4.2.2.2); (iii) pectin esterase, PE (E 3.1.1.11) [1, 2]. ed oligogalacturonides, while other pectinases act

sequentially to degrade the pectin molecule ropletely.

o . N Pectin esterases are found in plants, plant pathogenic

Abbreviations MEME, Multiple EM for Motif Elicitation; . . . . .

; . . bacteria, and fungi [5], while PGs are widely distributed
NCBI, National Center for Biotechnology Information; NJ, f i b - d 61 Th I
Neighbor-Joining method; PCR, polymerase chain reaction; among_ ungl, acteria, and manyegsts [6]. ey are aiso
PE, pectin esterase; PG, polygalacturonase; PL, pectatedy; found in higher plants and sme plant parasitic nema
PNL, pectin lyase; UPGMA method, Unweighted Rir Group ~ todes. Rectate lyases are mostly produced by bacteria.
method with Arithmetic Mean method. The isolation and characterization of pectolytic
* To whom correspondence should be addressed. enzymes is wll documented. Numerous studies on fungal
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pectolytic enzymes haa been carried out and sekal fun-  Table 1.List of pectin lyase protein sequences reported
gal PNL genes haw been isolated and characterized fro  from different sources
Aspergillus nigdi7-9], A. oryzag10], and Glomerella cin

gulata [11]. Pectinases haw extensie applications in Source Accession number
extraction, clarification, and cloud stabilization of fruit
juices, in degumming and retting of natural fibers (ramie, A. niger CAA43130, AK37997,
hemp, flax, bast), maceration of plant tissues, isolation of XP001402523, CAK47350,
protoplasts, and saccharification of bioass [12-17]. A Qﬁ“é‘é‘ﬁ%@i’“ﬁiﬁ%l
number of PEs ha® been purified and biochemically OP001401061, CAAL6521,
characterized [18]. CAD34589

Crystal structures of pectin gse A (PNLA) framn two
strains ofA. niger N400 and 4M-147 [19], reeal that A tereus éigos%%zt‘ka(gfgggogﬁl’
PNLA folds into a parallelb-sheet and shares many of the ’
structural features of PL despite not more than 17% A. fumigatus XP753624, EAL91586, XP749007,
sequence identity after pair-wise structure-based aklgn XP753604, EAL86969, EAL91566
mgnt. These shared struc@ural features include aminc , avatus XP001274337, EA/12911
acid stacks and an asparagine laddEne substrate-binel
ing clefts of these tav PNLs are daninated by aranatic A. oryzae ABO38857
residues and are eeloped by negati@ electrostatic . )
potential. The major difference beteen these tw PNLA Penicillium griseoroseum xl\Dﬂﬁggg » AAM23008,
structures is in the conformation of the loop formed by
residues 182-187. These obsedvdifferences are due to P. occitanis ABH03046

the different pH \alues of crystallization. The three-
dimensional structure of pectin lgse B (PNLB) fran A.
nigerhas also been determined by crystallographic tech pseudomonas marginalisBAA06847
niques at resolution of 1.7 [20].

In this communication, an attempt has been made
to investigate the protein sequences of PNLs iinadiffer-
ent source organisms along with protein sequences @ Bacillus subtilis BAA12119, AAB84422
PNL, PL, PG, and PE common source organisms using
various bioinformatics tools to rexal the sequence leV
similarity. Further in silico domain analysis of these
sequences can pwade insight into possible functions Emericella nidulans ABF50856, ABF50854
associated with the existing acgvsite of the enzyme,
which might be a target for genetic manipulation for
enhanced activity of the enzyme. The multiple sequence synechococciap. YP001224597
alignment of different PNL protein sequences fro dif-
ferent organisms can prade us an opportunity to design  Neosartorya fischeri | XP001259650, EW17753
deggnerat.e primers for PCR amplificatiop of PNL gene Synthetic construct CAA01024, CAA01023
family, which can further be used for cloning andierex
pression.

Erwinia carotovora YP049604, CA574408

Ps. syringae NP794039, AAD57734,
YP 276124, AAZ35927

Colletotrichum AAA21817, AAF22244
gloeosporioides

Geobacillus virus YP001285824, ABI36836

used for dendrogram construction by Neighbor-Joining
MATERIALS AND METH ODS (NJ) [23], Minimum Ev olution, and UPGMA methods
[24]. For domain search, the Pfam site (http://
All the sequences of PNL, PL, PG, and PE of dif wwwsangerac.uk/Software/Pfam/search.shtml) vas
ferent source organisms ailable in GenBank were used. Damain analysis ws done using MEME
downloaded fran NCBI (http://www .ncbi.nlm.nih.gov).  (http://meme.sdsc.edu/meme/meme.html). The con
A total of 494, 717, 937, and 172 protein sequences o$ened protein motifs deduced by MEME wre subjected
PNL, PL, PG, and PE, respectiely, representing major to biological functional analysis using protein BLAS
groups of pectinases ave downloaded. Only the full- and damains were studied with Interproscan prading
length protein sequences ave considered forin silico the best possible match based on highest similarity score.
analysis. The accession numbers of PNL protein sequences along
The programs Clustalw [21] and Seaview with the source are listed indble 1, while the accession
(http://pbil.univly onl.fr/software/seaviewhtml) were numbers of PNL, PL, PE, and PG with cexmon source
used for multiple sequence alignment. Mega 3.1 [224sv are listed in Rble 2.
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Table 2.List of protein sequences of pectinases reportednircommon source organisms

Accession number
Organism
PNL PL PG PE
Pectobacterium carotovorum AAA24856 CAA43402 CAA35998 P55743
Bacillussp AAB 84422 ABO37788 BAB85762 ABV62479
Erwinia sp. CAG74408 CAA47821 CAB99319 CAA59151
A. niger AAWO03313 CAK40523 CAA41693 CAK38387
E. nidulans ABF50854 ABF50894 S24156 ABF50865
N. fischeri EAW17753 XP 001265533 XP001266657 XP001263676
A. fumigatus EAL86969 XP749213 XP753090 XP747054
A. clavatus EAW12911 EAW15258 XP001272239 XP001270784
A. oryzae ABO38857 BAA03244 BAA75474
Penicilliumsp. AAS55382 ABM60783 ABS50231

Table 3.Different motifs commonly obsered in PNL sequences with best possible match amino acid sequences (see Fig. 2)

Motif Width Best possible match
1 41 QNIAITDINPKYVW GGDAI TL DDCDM VWIDHV T TAR | GRQH
2 50 NCYIDGRTDY SATC DGHH YWGM YLD GSNDM VTMK GNY | YHT SGRMPKV QG
3 50 SATPVYPKTTDELVSY LGDDEPRVIVLT KT FDF TGT EGTTTETGCAPWGT
4 41 TYDNAGVLPIT VNSNKSLIGEG SKGV | KGKGLR IVSGAKN | (Pec_lyase_C)
5 29 TLLHAV NNYWYDNSGHAFE IGEGGYV LAE
6 29 FTSPDASTNEQCM SYLGRACQLNGFGS SG
7 21 CQVA | NKHD WCDN YQPDAPKV
8 21 AAAV GV SGAPEGFAKGVTGGG
9 21 QADTDFLSKF KGKNIASAHAY
10 15 GNVFQNVPTVLESPI

Table 4.Different motifs commonly obsered in different pectinase protein sequences with best possible match amino
acid sequences (see Fig. 3)

Motif Width Best possible match
1 50 EWEGPL IRFSGKDI TVEQA SGAV I DGDG S RWWDGEGTNGGKTK P KFMY AH
2 50 YPKTTDELVSYLGDSEPRV I I LTKTFDFRG TEGTTTET GCAPWGTASKCQ
3 29 VWGGDA IRITQNSD MVW IDHCE T AR | RRQH
4 41 NQDDCI AINS GEN IEF SGGVC S GGHGLS | GSVG GRDDNT VE (Glyco_hydro_28)
5 21 MMTM HHN YWYH ING RAPKLMR (Pec_lyase_C)
6 41 AYEIYI|LC GDGSCSDWTWEGVDITGG KT SDKCENVPSGASC
7 41 I VLGTQADNRM TI SNS FINGE SDY SATCNGHHY WGMYL DGS
8 50 SQNGVR IKT | YDETGSVSEVTYSNIKLSGITKYG IVIEQDYENGSPTGTP
9 50 NTLLHA VNNYWHDNSGHAFE IG EGGY VLAEGNVF QNVPAVAESP IEGQLF
10 50 PKVSVTYDNAGVL GI TVNSNKSL IG EGSAGVIKGKGLRIV SG AKN Il 1OQN
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a CAK47350
AAA32701 Aspergillus niger
XP 001402523

AAM23009 Penicillium griseoroseum

XP 749007
EAL86969

} Aspergillus fumigatus

CAK48529 _ _
XP 001401061 ¢ Aspergillus niger

CAA43130
ABF50854 Emericella nidulans
™ | iXP 001216214
EAU31855 .
Aspergillus terreus
XP 001208581
EAU37973

E ABF50856 Emericella nidulans
ABH03046 Penicillium occitanis

XP 753604} Aspergillus fumigatus

EAL91566
XP 001259650 Neosartorya fischeri
EAW17753
ABO38857 Aspergillus oryzae

— CAA01023 Synthetic construct
CAA46521
CAK37997 Aspergillus niger

XP 001389926

AAM23008 Penicillium griseoroseum

XP 001274337 .
_I EAW12911 } Aspergillus clavatus

E AAA21817
AAD43565 Colletotrichum gloeosporioides

AAF22244
_I AAWO03313 Aspergillus niger
CAA01024 Synthetic construct
CAD34589 Aspergillus niger
XP 753624 : :
—I EALO1586 } Aspergillus fumigatus
NP 794039

AAO57734

YP 276124
AAZ35927

BAA12119 ) -
—[ Bacillus subtilis
AAB84422

BAA06847 Pseudomonas marginalis

_| YP 049604 Erwinia carotov ora
CAG74408
YP 001224597 Synechococcus sp.

y YP 001285824
¥ ABI36836

Pseudomonas syringae

} Geobacillus virus

1.0 0.8 0.6 0.4 0.2 0.0

Fig. 1.a) Phylogenetic trees of PNL sequences of different sources constructed by the NJ method.

BIOCHEMIS TRY (Moscow) Vl. 74 No. 9 2009



In silico ANAL YSIS OF PECTIN L YASE AND PECTINASE SEQUENCES 1053

XP 001272239 P G Aspergillus clavatus \
XP 001266657 P G Neosartorya fischeri
CAA41693 P G  Aspergillus niger
S24156 P G Emericella nidulans
BAA03244 P G Aspergillus oryzae

XP 753090 P G Aspergillus fumigatus

> Polygalactur onases

ABS50231 P G  Penicillium occitanis

CAA35998 P G Pectobacterium carotov orum

{ BABS85762 P G Bacillus sp.
CAB99319 P G o

Erwinia chrysanthemi

XP 001265533 P L  Neosartorya fischeri

_:ABF50894 P L Emericella nidulans Pectate Lyases
EAW15258 P L  Aspergillus clavatus

— XP 001270784 P E Aspergillus clavatus N\

L XP 001263676 P E Neosartorya fischeri
— P55743 P E  Pectobacterium carotov orum
L— cAAS9151 PE  Erwinia chrysanthemi

ABV62479 P E  Bacillus pumilus > Pectinester ases
XP 747054 PE  Aspergillus fumigatus
-L ABF50865 P E  Emericella nidulans
— CAK38387 P E Aspergillus niger
— BAA75474 P E  Aspergillus oryzae o
ABO37788 P L Bacillus subtilis =~ == Pectate Lyase
AAS55382 PNL  Penicillium expansum \

EAW17753 PNL Neosartorya fischeri
EAL86969 PNL  Aspergillus fumigatus

EAW12911 PNL  Aspergillus clavatus
ABF50854 PNL  Emericella nidulans
e ABO38857 PNL  Aspergillus oryzae

> Pectin Lyases

AAWO03313 PNL  Aspergillus niger

AAA24856 PNL Pectobacterium carotov orum
CAG74408 PNL Erwinia carotovora

AAB84422 PNL  Bacillus subtilis J

CAA43402 P L  Pectobacterium carotov orum *

CAA47821 P L Erwinia chrysanthemi

EABM60783 P L Penicillium citrinum » Pectate Lyases

CAK40523 P L  Aspergillus niger

XP 749213 P L Aspergillus fumigatus -

1.2 10 08 06 04 0.2 0.0

Fig. 1.b) Phylogenetic trees of pectinases representingnooon source organisms constructed by the NJ method.
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RESULTS AND DISCU SSION

A total of 48 full-length protein sequences of pectin
lyase enzyme fnm different source organisms along with
two synthetic sequencesvere considered forin silico
analysis. The phylogenetic tree constructed eaved tvo
distinct clusters for bacterial and fungal PNLs, while
multiple accessions of Aspergillus Pseudomonas
Penicillium, Erwinia, Bacillus Emericella Geobacillus

explain the stability of the enzyme in hostile extracellular
environment during plant virulence [30]. Although the
mechanism of pectic cleaage differs for the hyrolases
(i.e. PG) and the lyses (i.e. PNL and PL), the substrate
binding sites are found within a cleft formed on the exte
rior of the parallelb-helix fold in both cases [30].
Similarly, domain analysis of PNL, PL, PE, and PG
protein sequences fmm common sources rexaled the
presence of different conseed sequences. The dmain

Neosartoryaaccessions formed distinct clusters showingPec_Lyase C vas frequently obseed with PNL and PL

sequence lesl similarity (Fig. 1a). Wo synthetic

belonging to the same group of enzymes, i.e. trans-eimi

sequences (accession numbers CAA01023 andases. In the case of PGs belonging toaggyl hydrolase

CAA01024) vere closely related tcA. nigerPNL (Fig.

family associated with cell all metabolism, a dmain

la). The phylogenetic tree constructed by NJ [23], Glyco _hydro 28 was frequently obsead. The ten most
Minimum Evolution, and UPGMA [24] methods frequently obsered motifs along with signature protein
revealed a more or less similar pattern (see Supplement $equences of maximum matches are shown in Fig. 3 (see
in the electronic ersion of the article on the site of this color insert) and HBble 4. In case of PEs, frequently

journal, http://protein.bio.msu.ru/biokhimiy a). This
clearly indicates the existence of sequencedesimilarity
of PNLs produced fran common source organisms.
When protein sequence of pectinases produced niro
common sources A. niger A. fumigatusA. clavatus A.
oryzae Penicillium sp., Erwinia sp., Bacillussp., E. nidu
lans N. fischerj and P. carotovorurm were subjected to
phylogenetic tree construction using NJ (Fig. 1b),
Minimum  Evolution, and UPGMA methods
(Supplement 1), four distinct clusters of PNL, PL, PG,
and PE groups of enzymesene obsergd.

The multiple sequence alignment of 48 protein
sequences of PNL proteins realed a stretch of con
sened protein sequences fro residues 553 to 679 and
from 680 to 806 (see Supplement 2 in the electronar-v
sion of the article on the site of this journal http://
protein.bio.msu.ru/biokhimiya). Similarly, when protein
sequences of pectinasesere subjected to multiple
sequence alignment, hmology was obsered at two dif-
ferent locations — fren residue 317 to 440 and fno 553
to 676 (Supplement 2).

Domain analysis [25, 26] of PNL protein sequences

revealed the presence ofde_Lyase C dmnain consis

obsered damain represents a member of theeBtate
lyase-like b-helix clan. The presence of gomon and
unique danains among different pectinases might confer
its structural flexibility which directly influences its cat
alytic activity.

In silico analysis of PNL protein sequences and its
comparison with other pectinases has maled the
sequence-based similarity existing among different pecti
nases and clustering in distinct groups based on its source
organisms and nature of the mechanism of enzymatic
activity. In silico domain analysis confirms the existence
of the different groups of pectinases based on the pres
ence of unique dmains, like PLs and PNLs having a
common domain Pec_Lyase C belong to a eomon
group, i.e. trans-eliminases. While PGs having unique
domain Glyco_hydro_28 belong to hgrolases, and PEs
with Pectate hase-likeb-helix clan damain belong to the
esterase group. The presence and absence of specific
domains has direct relation with the structural and func
tional organization of different groups of pectinases.
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tently, irrespective of sources, except YP_001224597Department of Molecular Biology and Genetic
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structure is associated with thee_Lyase C donain
(Table 3), which is indicatie of its important structural
role. The presence and importance of right-handdat
helix in PNLs and PLs has been pved by many wrkers
from time to time by solving crystal structures of PNLA
[19], PNLB [20] from A. niger as vell as pectate lgse C
[27], pectate hase E [28] (both fron E. chrysanthen)j
and also PL crystal structure d@. subtilig29]. This might
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AAZIFA2T
BAKIZENY } Bacilius subtilis
AABB4422
BAADBE4T P
YP 049604
—— } Erwinia cavowvona

lapnsass

o
-
o
N
o
o

YP 001224607 Smechococaus p.
IYP 001285824

XP 0D14025623'

CAK4TIE0 Aspergilius niger
AARIZTON

AB038sE7  Aspangilhus oysae
casp10z3  Synthetic construct
CAA4G521

CAK37007 Aspergillus niger

P DD1389926

ARMII00S  Penicalliom griseovosesm
ABAZIBIT

ARDAISES ¥ Collstotrichon gheosporioides
AAF22244

AAN03313 Aspergillss niger
CAADI024  Synthetic constrict
CAD34560

%P 753624 } Aipereilbss niger
EALO1586  Aspergilis fimigatis

NP 724039

AADSTTI4 .
YRa761z4e Pseudmmonas pringas
AAZIE92T

P 753604

Aspergilius fimugatss
EALI 1566

¥P 001259650 Meosariorya fischeri
EAW1T753

P 001208581 } Aipariifbis savrass
EAUTITS

ABF50854  PBmericella nidulans
‘DXF 001 215214} Aspergathis varvais
EAU31855
_I: ABFSOBS6  Pmerivella nidulans
ABHO3046  Penicallion occitanis
HP 001274337
EAN12911
HP 001401061
CAA4T130 Aspergilbas niger
CAK48520
WP 740007 Aspergihus fmiganis
EALB6S6S  Aspergilbus fimmgaws

} Aspergilhes clvatus

ARMZI00E  Penicillion griseoroseum
BAAIZTHO
AABE4422
BAADGE47 Pssudmmonas mavginalis

} Baciltus aubtilis

Y¥P 049604

} Prwinia carovvora
CAGT4408

YP 001224507 Gmechococcus .
| YP 001285524

} Geobacills vims

1 ABRss3E } Geobaeillus viras

oa

Phylogenetic tree of pectin lgse protein sequences of different sources constructed by (a) minimupiuéen method; (b) UPGMA

method.
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In silico ANAL YSIS OF PECTIN L YASE AND PECTINASE SEQUENCES

—
L —

—

-
[

—

—

a

WP ODI2T2BIPG  Aspersilhus clovatus
¥P 001266657 PG Neosaroma fischeri
CAMMBIBPG  Aspergilhs niger

YPISNAOPG  Aspersilbs fiomiganss Polygalacturonases
ABSSR3! PG Penicillion occitants

BaLNRad PG Aspergilhus opsae

S2BPG Emericella nidulans

¥P O0M2B5533PL  Neosarwrpa fischeri

ABFS0BO4PL  Bmericella nidulans Pectate Lyases
EAWIS2S8PL  Aspergiliss clavatus

CAAIAI PG Pecwbacterivm cawtovonam

BABESTEZ PG Bacillus . Polygalacturonases

CABIENI PG  Erwini chipsanthens

ABOGTTEEPL  Bacillus sbnlis ——p Pectate Lyase
¥P 0270784 PE  Aspergilies clovatus

¥P OD1263676 PE  Meosarwoma fischeri

PS5743 PE
CAAS3N S PE
ABVE2479 PE i i P
XP T4T0HA PE  Aspergilbss fomigats
ABFS0EESPE  Bmericellanidulans

CAKIGET PE  Aspergilbus niger

BAATS4T4 PE
EAWM2911 PNL  Aspergilhus clavatus
ABFEDES4PNL  Bmericella midulans
EAVWATTSIPNL  Meosartorpa fischeri
ABOGESST PNL  Aspergilius owsae
EALSBSBIPNL  Aspergilhus fiortgatus
AAWIBHIPNL  Aspergiliss niger
AASIEIE2 PNL
£AA24555 PNL
CAGT4408 PNL
ALBE4422 PNL
CALAZ02 PL
CAMTE2I PL Brwinia chuysanthens
ABMBOTES PL  Penicilliom citimom
CAKAOSZZPL  Aspergilius niger
WP TARNZPL Asperpilhys fimmgaws

Pacwbacterium cawtovonm

Brwinia chiysanthens

Aspergilhss opzae

Pectin Lyases

Penicillion expansum
Pacwbacterium cawtovonm
Erwini cawtovora

Bacillus aubnlis

Pecwbacterium cawtovonm

Pectate Lyases

S2

b

P OM272239PG  Asperglhes clavatus
WP OD2EBEST PG MNeosarona fischeri

CAAMBIZPG  Aspergilius niger

WP TSNAOPG  Aspergilius firmgats Polygalacturonases
ABSIR31 PG Pemicillion occitanis

BAAIR4 PG Aspergilhs oysae

S2MHBPG Bmericella niduians

¥P OM265533PL  Meosarworya flscheri

AEFSDBIAPL  Brericalla nidulans Pectate Lyases
EAWIS2EPL  Aspergiliss chatus

CALIQI PG Pecwbacterion cawtovonm

BABASTEZ PG Basillus . Polygalacturonases

CABNG PG Erwinia chypsantiers
ABOGTTE3 PL

Bacillus ibtilis ——» Pectate Lyase

WP 00270754 PE  Aspergilius clavatus

HP ODI2E3676PE  Neosarioma fischeri

P55743 PE Pecwbacterium carwtovonsm
Brwinia chrysantherd
Baciltus pamibss Pectinesterases

Aspergilhss fimrigats
Bmericslla nidulans

Hspergillus niger

Aspergilbss oyzae

EAWI2911 PNL  Aspergilius clavatus

ABFS0ES4PNL  Brericella nidulans

EAWATTSIPNL  MNeosartona fischeri

ABOGEIST PNL  Aspergilhus owsae

EALSBSBIPNL  Aspergilhus firrmgatss

Pectin Lyases

—T
CAAT ST PE
ABVE47I PE
XP 747054 PE
ABFS0EES PE
CAKSIET PE
BAATSAT4 PE
r4| E
|
—

AMMIBHIPNL  Aspergiliss niger
pr——— i

ABA24556 PNL
CAGT4408 PNL
AABBMZ PNL
CAL4340 PL
CARTE2\ PL  Brwinia chuysanthent
ABMB0783 PL  Penicillaom citiram
CAKAOSZ3PL  Aspergilhus miger
HP 74913 PL Asperpilhss firmigans

Pecwbacterium camwtovonm

Erwini camwtovora

Bacillus aubtilis

Pecwbacterium cartovonsm

Pectate Lyases

Phylogenetic tree showing hnology of pectinases representing monon source organism constructed by (a) minimum @ution method;

(b) UPGMA method.
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YADAV et al.
SUPPLEMENT 2

a

Multiple sequence alignment of pectin Bse protein sequences showing maximumnialogy in two different regions (a and b).
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In silico ANAL YSIS OF PECTIN L YASE AND PECTINASE SEQUENCES S4

Multiple sequence alignment of pectinases (pectirales, polygalacturonases, pectatadgs and pectin esterases) protein sequences show
ing maximum hamology in two different regions (a and b).
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