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ABSTRACT: Objective: The cockroach milk protein (CMP) is found in the mid-gut of a Pacific Beetle
Viviparous cockroach in liquid state. This becomes crystals due to the ingestion by embryos in the midgut.
The main aim of this study is to identify distant homologs of the CMP from sequence and structure perspective.
Methods: In this study we carried Fold based approaches like pDomTHREADER and pGenTHREADER to
identify distant homologs. Multiple sequence alignment (MSA) was performed to identify sequence identity
between homologous proteins. PRINTS, PRODOM and PROSITE were used for protein domain analysis.
Structural superimposition of CMP with Bacterial Outer Membrane Lipoprotein (Blc) of E. coli and
Apolipoprotein D (ApoD) of Homo sapiens were carried out using Chimera. Finally, the domain mobility was
studied using iMODs online server. Results: Based on the fold based method, CMP is closely related to Blc-
protein (£.Coli). From alignment perspective, CMP and ApoD exhibits higher sequence similarity compared
to Blc and Lazarillo (Schistocerca americana). Furthermore, protein domain of ApoD was identified to be of
lipocalin family as per the PROSITE database search. From structural perspective, both CMP and ApoD
superimposes well with each other. Furthermore, CMP shows lesser domain mobility compared to Blc and
ApoD protein due to the presence of proline residues. This data reveals significant evolution of proteins during
speciation. Conclusion: Significant structural similarities were observed between CMP and ApoD. The
sequential and structural aspects of cockroach milk protein holds further scope for comparative analysis

between lipocalin families based on different adaptation or protein modifications.
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1.INTRODUCTION

Cockroaches are classified into oviparous, ovoviviparous and viviparous types. Firstly, in oviparous
cockroaches the eggs are well protected by oothecal deposited on a substrate. Secondly, in
ovoviviparous the eggs are protected by ootheca are deposited in female the brood sac (Uterus) of the
female. Here the embryos gets protection and water inside the brood sac, [1]. Thirdly, in viviparous
cockroach lay their eggs with little yolk, which is in to the nourishment of the developing offspring
done from the brood sac. Diploptera punctate, is the only known species reported till date with yolk.
During gestation, milk replaces the yolk present in embryo gut [2] in crystal form with a lipoclain
fold [3]. Regarding lipoclain, they are the small extracellular proteins critically involved in retinol
transport, prostaglandin synthesis, invertebrate cryptic coloration, olfaction and pheromone transport
regulation of cell homoeostasis and the modulation of the immune response [3, 4]. This protein
accumulates mutations within the sequence and try to conserve 3D structure with an eight stranded
continuously hydrogen bonded antiparallel B-barrel that has an internal ligand-binding site [5,6].
Apart from cockroaches, these folds were also observed in Bacterial Outer Membrane Lipoprotein
(Blc) of E. coli [7] critically involved in lipid storage. Basically, they are expressed during stress,
when the cell needs maintenance or when it suffers physical damage [8]. The homologs of Blc were
reported in Laziarillo in insects and Apolipoprotein D (ApoD) in mammals [9]. Lazarillo protein is a
cell surface glycoprotein, which is expressed, in the embryonic stage of grasshopper in their nervous
system, and it belongs to the lipocalin family [10]. ApoD is associated with ligand transport between
the cells within an organ. Furthermore, they scavenge ligand within the organ for transport to the
blood [7]. The present study focuses on sequence and structural similarities of ApoD and Blc proteins

with cockroach milk protein from in-silico perspective.
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Figure 1 Lipocalin Fold structure. They have nine B sheets represented using arrows, which are antiparallel in

nature, one a helix at ¢ terminal end represented as a cuboid and one 319 helix represented as cylinder.
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2. MATERIALS AND METHODS

A) Identification of distant homologous through fold based methods

The protein sequence of Cockroach Milk Protein (CMP) (Uniprot ID: Q6SVB6) was downloaded
from Uniprot [11]. The crystal structure with higher resolution of 1.2 A (4NYQ [3]) was
downloaded from Protein Data Bank (www.rcsb.org) [12]. We performed fold based search to
identify potential distal structural homologs of CMP using pGENTHREADER [13] and
pDOMTHREADER [13]. pGenTHREADER, is a new protein fold recognition method that is both
fast and reliable. This method uses a traditional sequence alignment algorithm with the help of which
it generates alignments, which are then evaluated by a method derived from threading techniques.
The pDomTHREADER includes PSIPRED [14] based structure identification which incorporates
both the sequence and structural data directly and thus improves sensitivity and selectivity. Finally,
pGenTHREADER is for remote homology detection.

B) Multiple Sequence Alignment

Based on the generated hits from fold based method the protein sequences of ApoD of Homo sapiens
(Uniprot ID: P05090), Lazarillo protein of Schistocerca americana (Uniprot ID: P49291) and Blc of
E. coli (Uniprot ID: POA901) were downloaded. All three sequences along with the CMP were
considered for Multiple Sequence Alignment using ClustalW [15].

C) Domain Analysis

To identify the potential domains of ApoD and CMP here we opted for databases like PRINTS [16],
ProDom [17] and PROSITE [18]. PRINTS database is a collection of various protein family
fingerprints. The conserved domain of a protein is also known as fingerprints, which provides
distinctive signatures for particular protein families and structural/functional domains. ProDom is the
database that searches the set of protein domain families according to the query. PROSITE is the
database which is used to find the protein domains, Motifs and Protein Families.

D) Structural Superimposition

The crystal structure of ApoD (PDB id: 2HZQ [19], CMP and Blc (PDB id: 1QWD [8]) were
downloaded from Protein Data Bank. Furthermore, using MatchMaker tool of Chimera [20], the
structural superimposition of CMP with Blc and CMP with ApoD were performed consecutively.
Basically, this generated pairwise sequence alignments and then fits the aligned residue pairs. During
structural superimposition, Needleman-Wunsch algorithm and BLOSUM 30 matrix was used while
rest all parameters were kept as default.

E) Mobility Analysis

To understand the protein flexibility of CMP, Blc and ApoD, here we opted for iMODS online server
[21]. This tool helps to understand the protein flexibility using the Normal Mode Analysis with
internal coordinates. Given an input structure, the server helps to model, visualize and analyse
functional collective motions. Default parameters were used for mobility analysis. Arrow field
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domain mobility.

4.RESULTS AND DISCUSSION

A) Distant homolog identification through fold based methods

The CMP protein was submitted to pPGENTHREADER and pDOMTHREADER. The generated
results from pGENTHREADER show that IQWD (Blc - E.Coli) with a medium Confidence has a
net score of 42.98 with an overall identity of 14.6%. Conversely, the pPDOMTHREDER reports a high
confidence score. Their net score was 4.388.

B) Multiple Sequence Alignment

All four proteins were considered for Multiple Sequence Alignment. Identical residues were ten in
number which were sparingly distributed during the alignment. However, the conservative
substitutions were twelve in number. Regarding the pairwise scoring of the aligned proteins, CMP
and ApoD shows higher score compared to CMP and Blc protein (Table 1). These alignment scores
tell us that ApoD has higher sequence similarity with CMP than Blc and Lazarillo protein. It was seen
that the CMP has 11 proline residues present as compared to other sequences, (Blc has 9, ApoD 12,
Lazarillo 4), making it rigid structure [22].

sp|PE5898| APOD_HUMAN
sp|P@A9@1|BLC_ECOLT
sp|P49291 | LAZA_SCHAM
tr|Q65VB6| Q65VB6_DIPPU

sp|PE5098| APOD_HUMAN
sp|PEA9@1|BLC_ECOLI
sp|P49291 | LAZA_SCHAM
tr|Q65VB6 | 065VB6_DIPPU

sp|PA5098| APOD_HUMAN
sp|PEA9@1|BLC_ECOLI
sp|P49291 | LAZA_SCHAM
tr|Q65VB6| Q65VB6_DIPPU

sp| PB5@90| APOD_HUMAN
sp|PBA991|BLC_ECOLI
sp|P49291 | LAZA SCHAM
tr| Q6SVB6| 06SVB6_DIPPU

sp| PB5@90| APOD_HUMAN
sp|PBA991|BLC_ECOLI
sp|P49291 | LAZA SCHAM
tr|06SVB6 | 06SVB6_DIPPU

MVMLLLLLSALAGLFGAAEGQAFHLGKCPNPPVQENFDVIKYLGRWYELE
MRLLPLVAAATAAFLVVACSSPTPP - - -RGVTVWNNFDAKRYLGTWYEIA
MIRRGLLSVTAALVLLSVSCSAQETMGCADRTAINDFNATLYMGKWYEYA
---------- TAATLVANAKEPCPP- - - - - - -ENLQLTPRALVGKWYLRT

KIPTT-FEN-GRCIQANYSLMENGKIKVLNQELRADGTVNQIEGEATPVN
RFDHR - FERGLEKVTATYSLRDDGGLNVINKGYNPDRGMWOQS - EGKAYF
KMGSMPYEEGGVCVTAEYSMSSNNITVVNSMKDNTTHEVNTTTGWAEFAS
TYPDI- -FKQVSNITEFYSAHGNDYYGTVTDYSPEYG- - - - -- LEAHRWN
LTEPA-KLEVKFSWFMPSAPYWILATDYENYALVYSCTCIIQ- LFHVDFA
TGAPT-RAALKVSFFGPFYGGYNVIALDREYRHALVCG-- - - - - PDRDYL
ELHTDGKLSVHFPNSPSVGNYWILSTDYDNYSIVWSCVKRPDSAASTEIS
LTVSGRTLKFYMNDTHEYDSKYEILAVDKDYFIFYGHPP- - - -AAPSGLA

WILARNPHLPPETVDSLKNILTSNNIDVKKMTVTDQVNCPKLS - ------
WILSRTPTISDEVKQEMLAVATREGFDVSKFINVQQPGS-----------
WILLRSRNSSNMTLERVEDELKNLQLDLNKYTKTEQSAKYCAGAEHVVGA
LIHYRQSCPKEDVIKRVKKALKNVCLDYKYFGNDTSVPCHYVE- - - - - -

L = -

Figure 2 Multiple sequence alignment of CMP, ApoD, Blc and Lazarillo protein using ClustalW.

Proline residues are shown in red boxes. Total number of Proline residues observed in CMP was 11.
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Table 1 Multiple Sequence Alignment Scores of the four sequences: CMP, Blc, ApoD and Lazarillo protein.

] o ) Alignmen
Seq. No. | Uniprot ID Sequence Name Length Pairwise alignment
t Score
1. Q6SVB6 DIPPU CMP 164 aa - -
2. POA901 BLC ECOLI 177 aa (Seq. 1: Seq. 2) 12
3. P05090 APOD HUMAN 189 aa (Seq. 1:Seq. 3) 17
4. P49291 LAZA SCHAM 214 aa (Seq. 1:Seq. 4) 10
C) Domain Analysis

An in-silico based domain search was performed using PRINTS, PRODOM and prosite for ApoD,
and CMP. On performing PRINTS by submitting human Apolipoprotein D, we found that seven motif
regions with their lengths ranging from 12 to 23 (Table 2.a) and three motifs with Lipocalin
fingerprint (Table 2.b), but there were no hits for CMP in PRINTS database.

Sr No Motif Width St Int
1 GQAFHLGKCPNPPVQ 15 20 20
2 FDVNKYLGRWYEIEKIP 17 37 2
3 FENGRCIQANYSLMENGKIKVLN 23 56 2
4 NLTEPAKLEVKF 12 98 19
5 APYWILATDYENYALVYSCT 20 116 6
6 LFHVDFAWILARNPNLP 17 140 4
7 ILTSNNIDVKKMTVTDQVNC 20 166 9

Table 2 (a) Different motifs found in Apolipoprotein D in PRINTS database. The location of the motif within

the sequence (ST), and the interval between the adjacent motifs (INT) are shown in the above table along with

the length of the motifs.
Motif Length | Idscore | Pfscore Pvalue Sequence Score
1of3 34.82 272 9.03e-04 NKYLGRWYEIEKI 13
2 0of3 47.71 373 1.18e-06 ILATDYENYALVY 13
30of3 23.73 161 2.69¢-04 | ILARNPNLPPETVDSL 16

Table 2 (b) Lipocalin fingerprints in ApoD present in PRINTS database, along with the motif score and p-
value.
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comparisons were performed by SWISS-PROT through PRODOM database. Each entry provides a
multiple sequence alignment of homologous domains and a family consensus sequence. ProDom
domain results are shown in Table 3, with its positions, scores and E values of ApoD. The ProDom
domain with the score of 289 from position 118 to 182 was found out to be related to a lipocalin

protein Blc with 89 % positives and 84% identities. Domain with score of 291 belongs the ApoD

itself.

Position ProDom Domain Score E Value
23-134 #PDB8YS573 193 6e-16
23-80 #PDBON7D2 101 0.001
25-66 #PDC6ISHS 110 3e-05
26-71 #PD416277 102 0.0009
27-154 #PD907964 107 0.0003
33-53 #PD381306 113 9e-06
35-189 #PDAO068U6 160 Se-11
36-109 #PDA1G229 163 2e-12
36-110 #PDA1G9Z3 115 9e-06
36-71 #PDA2B608 105 0.0001
40-76 #PDA1RSJ1 100 0.0007
55-110 #PDB0G029 291 3e-31
118-182 #PDA1F827 289 7e-31
118-165 #PD093265 112 le-05
121-185 #PDB7E382 137 6e-09
121-151 #PDC6C416 97 0.002
121-185 #PDB3G7L6 130 6e-08
160-187 #PDC60916 137 3e-09

Table 3 ProDom domains producing High-scoring Segment Pairs, arranged according to their
positions. Expect value (E) tells us the number of hits that can be expected to see while searching a
database. Score tells about the identities and positives between the query sequence and the ProDom
domains. Higher the score higher is the identities and positives percentage and vice versa.

Finally, PROSITE database was used to extract domain sequence of Apo D. On submitting
the sequence, we obtained optimum result by confirming lipocalin as domain name with ~ 15 length
and its sequence NFDVNKYLGRWYEIL

© 2017 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2017 Nov- Dec RILBPCS 3(4) Page No.42


http://www.rjlbpcs.com/

Mandloi T et al., RILBPCS 2017 Life Science Informatics Publications

www.rjlbpcs.com

D) Structural Superimposition

Figure 3 b Superimposed structure of Blc and
CMP.

Figure 3 a Superimposed structure of ApoD and
CMP.

Structural comparison of CMP with ApoD was performed using Matchmaker tool of Chimera (Figure
3.a) which gives a RSMD score of 0.98 A between the two crystal structures. Certain regions of ApoD
which did not superimpose with CMP include Ile32-Ile 42, Leu 61-Thr66, Val77-Ala83; Ser90-Ser95
and Cys114-His122 (Figure 4.a). Interestingly, these residues were the part of loops in the structure
of ApoD. Structural comparison of CMP with Blc was also performed (Figure 3.b). RSMD value
observed was 1.12 A. Regions in Blc that did not superimpose with CMP are Lys18-Gly27, Asn32-
Leu40, Phe49-Val60, Thr96-Alal02, and Gly132-Tyr137 (Figure 4.b). These residues are part of
loops in Blc structure.
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Figure 4: Structure based sequence comparison of (a) CMP with ApoD (b) CMP with Blc. The
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residues superimposing with the residues of CMP are shown in red box. Residues that did not overlap

were investigated separately.

E) Mobility Analysis
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(b)

Figure 5: Mobility analysis using iMODS. (a) CMP, (b) Blc and (c) ApoD. Domains with maximum
mobility are shown. Complete domain mobility is represented by blue and red color arrows. Black

colored arrows show the movement of individual residues.
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Figure 6: Deformity graph showing deformability of individual atoms. Residues with higher value
of deformability may be a part of hinges. (a) Deformability graph for CMP. (b) Deformability graph
for Blc. (¢) Deformability graph for ApoD.

The overall mobility analysis of ApoD with CMP and Blc with CMP was carried out using
iMODS tools. Here we observed that ApoD (Figure 5.c) and Blc (Figure 5.b) have higher mobility
compared to CMP (Figure 5.a). As per the generated report, CMP residues have lesser deformability
than ApoD and Blc. A single hinge region was observed in Blc with value of deformability more than
one (Figure 6.b) and ApoD has a hinge value of deformability 0.8 (Figure 6.c). The location of the
chain ‘hinges’ can be derived from high deformability regions. Blc and ApoD have similar hinge
pattern i.e. around 100 residue but in CMP it has been shifted towards residue index 120 (Figure 6.a).
4. CONCLUSION
The Diploptera punctuate, a viviparous cockroach species, have the lipocalin like milk protein. Our
studies showed that cockroach milk protein (CMP) and Bacterial lipocalin (Blc) of E.coli were closely
related from structural perspective with lesser sequence similarity. After performing multiple
sequence alignment, we found that CMP has more sequence similarity to Apolipoprotein D (ApoD)
of humans with alignment score 17 than that of Blc. And Prosite pattern revealed that the ApoD
belong to lipocalin domain. When these three proteins were compared with respect to their structures
the RSMD value of CMP against ApoD using matchmaker was found out to be 0.98 A while with
Blc 1.12 A, which shows that there is lesser structural deviation observed between CMP and ApoD
compared to Blc. Finally, after observing significant structural similarity between CMP and ApoD,
we performed various mobility test of CMP, ApoD and Blc.Domain mobility among the three proteins
concluded that there is more of positive correlation in CMP and ApoD than with Blc. Also, CMP has
less mobility due to presence of excess proline residues making them more reigid. Whereas, ApoD
and Blc-E.coli shows more domain flexibility. Further studies on lipocalin family and significant study
in amino acids involved will pave a way for future researchers to understand their evolution in a better
way.
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