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ABSTRACT

Cumin (Cuminum cyminum Linn.), an important commercial seed spice
with medicinal properties, belongs to family Umbelliferae. The present
study was aimed to elucidate the high quality 3D structure and function
of cumin protein (gn50). For the prediction of secondary structure of
protein FASTA sequenceswere used and prediction was performed using
GOR 1V, SOPMA, ProFunc and PDBSum. The instability index 24.29,
isoelectric point (pl) 5.14 and Grand average hydropathicity (GRAVY)
0.751 determined from primary and secondary structural analysis
illustrated the stability of cumin protein. Stability of 3D structure of
protein was confirmed using Ramachandran plot having 80.1% residues
or empirically distributed data-points present in the structure lie in most
favoured region with the total score of 98.3%. The models were
validated using protein structure checking server SAVES.
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INTRODUCTION

Cumin (Cuminum cyminum L.) is a seed spice belonging to the family Umbelliferae and is valued
for its aroma and medicinal properties. Cumin and its added products are used in food flavouring
and also these serve as good source of nutraceuticals with many biological activities (Sowbhagya,
2013). The plant is native to the Mediterranean region where it is cultivated extensively. After
pepper, cumin is considered as the most important spice in the world (Thamaraikannan and
Sengottuvel, 2012). Cumin seeds contain moisture (7%), volatile oil (3-4%), protein (12%), total
ash (10%), fibre (11%), carbohydrate (33%), starch (11%) and fats (15%) (Weiss, 2002). Lipid
extract from cumin has been studied by Hemavathy and Prabhakar (1988). Anon (1993) and Shaath
and Azzo (1993) reported that the main constituents of Ejyptian cumin oil were cumin aldehyde, R-
pinene, y-terpinene, p-mentha-1, 3-dien-7-al, p-mentha-1, 4-dien-7-al and p-cymene. Composition
of cumin seed oil was studied by Rong Li and Jiang (2004) but there is no report about the protein
structure of cumin. The proteins available in this seed spice need special attention as cumin is the
major dietary component in the food as spice and is a potential source of dietary fibre (Sowbhagya,
2013). The functionality of a protein depends on its physical structure which is directly related to
the combinatorial possibilities of their monomeric units i.e. the 20 amino acids.

In the present scenario, there is no information available on protein structure of cumin
(Cuminum cyminum) involved in intraspecific variations. Unavailability of 3-dimensional structure
of protein in cumin is one of the major hindrances in elucidating its interactions and functional
analysis (Jethra et al., 2015). Due to inherently time consuming and complicated nature of structure
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determination techniques, only very few 3D structures have been solved experimentally (Zhang et
al., 2011). In spite of the great progress in structural genomics, it is still unreasonable to believe that
the structure of more than a tiny fraction of all the billions of proteins will be studied by
experimental methods in foreseeable future (Wallner and Elofsson, 2005). The performance of in-
silico methods of protein structure prediction has recently improved significantly and dozens of
servers and stand-alone programs are currently available (Fischer, 2006). The present investigation
was aimed to elucidate and analyze the 3D structure of cumin protein.

MATERIALS AND METHODS

Plant materials

Cumin seeds cv. ‘RZ-19” were grown in pots in the year 2014 in Biotechnology Lab, National
Research Centre on Seed Spices, Ajmer (India). Young leaves of cumin were collected aseptically
and genomic DNA isolated using standard procedure of CTAB method (Zidani, et al., 2005).

DNA amplification and sequencing

Genomic DNA (50 ng) was taken to carryout PCR using 0.5 IU Taq DNA polymerase, and 1x
reaction buffer supplied with the enzyme (containing 1.5 mM MgCIl,) in a 25 pL reaction volume
using C-1000 thermal cycler (Bio-Rad). The programme involved initial denaturation at 94°C for 4
min., followed by 32 cycles at 94°C for 1 min., 1.5 min. at annealing temperature and 72°C for 2
min. This was followed by a final extension step at 72°C for 10 min (Choudhary et al., 2015). The
amplified PCR product was run on electrophoresis to check the amplification. After electrophoresis
the gel was visualized under UV and photographs of gel taken with the help of gel documentation
system (Biotron Healthcare, GelVision-DC). The selected bands were purified and sequenced.

Translation

The sequenced data was used to prepare protein structure using different translation tools (Transeq
and Sixpack) to get six reading frames (Choudhary et al., 2014). The longest reading frame with no
intervening stop codons was selected for further study. All the secondary structures predicted for
gn50 protein were included in the tertiary structure.

Primary and secondary structure prediction

For cumin protein gn50 (protein Id given by PDBSum) primary structure prediction, theoretical
isoelectric point (pl), molecular weight, total number of positive and negative residues, extinction
coefficient (Gill and Von Hippel, 1989), instability index (Guruprasad et al., 1990), aliphatic index
(lkai, 1980) and grand average hydropathicity (GRAVY) (Kyte and Doolottle, 1982) were
computed using the Expasy’s ProtParam server (http://expasy.org/cgi-bin/protparam). Secondary
structure of this protein was predicted using the selected FASTA sequence of the longest ORF of
protein using GorlV (Guermeur et al., 1999).

Model building and evaluation

The modeling of three dimensional structure of protein was performed by de novo method “first
principle” methods or “free modeling” (Zhang, 2008a) using I-TASSER software by taking default
parameters (Jethra et al., 2014). It is the hierarchical protein structure modeling approach based on
profile-profile threading alignment (PPA) and threading assembly refinement (TASSER). In this
method, template is not selected in one step, multiple iterations are performed and portions of
highly similar sequences are taken and full length sequences generated by building unaligned
regions by ab-initio modeling. (Zhang, 2008b) The best model for cumin protein was further
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validated by PDBSum. Through PDBSum a comparison was also performed with protein models of
other organism already present in its database. The prepared model was submitted to an online
protein model database (PMDB) for getting accession number and documentation.

RESULTS AND DISCUSSION

Primary structure prediction

Primary structure prediction results showed that RZ-19 protein had 214 amino acid residues and the
estimated molecular weight was 55028.6. The physiochemical properties were determined using
Expasy’s ProtParam server (http://expasy.org/cgi-bin/protparam). The calculated isoelectric point
(p1) was useful because at pl the solubility was least and maobility in an electrofocusing system was
zero. At pl (5.14) proteins were stable and compact. The computed pl value of cumin protein gns0
was 5.14 which was less than 7 (pl<7) indicating that the predicted protein was acidic. The aliphatic
index (Al) which is defined as the relative volume of a protein occupied by aliphatic side chains is
regarded as a positive factor for the increase of thermal stability of globular proteins. Aliphatic
index for the protein sequence was 24.29. Whereas, Expasy’s ProtParam computed the extinction
coefficient for 280 nm wavelengths and 280 nm was favored because proteins absorbed light
strongly there while other substances did not. Extinction coefficient of the protein at 280 nm was
9875 M™ cm™ with respect to the concentration of Cys residues. The computed extinction
coefficients help in the quantitative study of protein—protein and protein—ligand interactions in
solution (Jethra et al., 2014).

The instability index provides an estimate of protein stability in a test tube. A protein with
<40 instability index value was predicted as stable and a protein with value > 40 was predicted as
unstable (Guruprasad et al., 1990). The instability index value for cumin protein was found to be 24.29
which revealed that

the identified Table 1: Type and density of residues present in cumin protein (gn50)

protein  was a
stable. The grand
average hydro-
pathicity (GRAVY)
value for a peptide
or protein  was
calculated as the
sum of hydropathy
values of all the
amino acids,
divided by the
number of residues
in the sequence. A
GRAVY index for
the protein  was
0.751. This low
range value
indicated the
possibility of better
interaction with
water.
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Fig. 1: Secondary structure composition of cumin protein gn50 by GORIV

Secondary structure prediction

Secondary structure of protein was
predicted by the formation of a helix and
R-sheets. It was made up of two networks:
a sequence-to-structure network and a
structure-to structure net-work (Zhang,
2008Db). The FASTA sequences were used
to derive secondary structure of protein.
The model preparation of protein’s
secondary structure was performed using
GOR 1V (Fig. 1), SOPMA, ProFunc and
PDBSum (Fig. 2). The results revealed
that random coil (52.34%) dominated
among secondary structure elements and
a helices (17.29%) and extended strand
(30.37%) were also present.

Tertiary structure prediction

The stability for 3D structure (Fig. 3) of
cumin protein was further verified by
SAVES server (Jethra et al., 2012), which
showed 80.1% residues or empirically
distributed data-points present in the
structure lie in most favoured region,
15.7% residues lied in additionally
allowed regions [a,bl,p] and 2.5%
residues in generously allowed regions
[~a,~b,~l,~p] of Ramachandran plot
depicting the stability and good quality of
protein 3D structure. The overall score of
Ramachandranplot was 98.3. Wefound the

Fig. 2: Secondary structure of cumin protein gn50
by PDBSum

conformation values of ¢ and y angles possible for all amino acid residues present in the protein.
PDBSum also gave the types of residues and their density in predicted structure (Mihasan, 2010). It
also showed volume, accessible vertices, buried vertices and average depth of each type of residue
present (Table 1). The protein (gn50) predicted is with an unidentified structure and function in
cumin. The prepared model was submitted to PMDB (Id No. PM0079101) for documentation. It
gave the reliability score (accuracy) of 92%. The results showed only 38.9% match with Xanthomonas
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Fig. 3: Two different view of three dimensional structure cumin protein gn50 of RZ-19

and citri virb7 globular domain protein. FFPred server was used for its functional nature. FFPred
predicted its functions in 2 categories: 1) Biological process: globular domain protein with a
probability of 94.8% and 2) Molecular function: ATP binding with 96.5% probability.

Conclusion: The data generated by this study revealed that this protein is showing only 38.9%
match with Xanthomonas and citri virb7 globular domain protein. This suggest the novelty of the
protein and study, as there is no protein structure data available for cumin as well as related crops.
Further, wet lab validation can be made for similar proteins to find their essentiality and
importance.
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