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Abstract: Sanfilippo syndrome is an autosomal recessive lysosomal storage disorder, caused
by the deficiency of enzymes that play an important role in degradation of
glycosaminoglycans and also called mucopolysaccharidosis I1l. Mucopolysaccharidosis is
genetic disorder. Here, we searched the candidate genes for Sanfilippo syndrome by using
BLAST with the query sequence. As no suitable homology was found against the query
sequence we moved towards threading approach. The threading approach was carried out
by employing online CPH models and LOMETS tools. Through present research, domains of
the proteins were predicted by utilizing the Domain Sweep tools, GNS and two domains were
reported. Motif search reported the maximum number of motifs for Type D protein as
compared to other types. All four proteins were totally soluble proteins and no
transmembrane domains were found. In future, these results and predicted 3D structures can
be used for the molecular docking studies, binding activities and protein-protein interactions
for all the four types of Sanfilippo syndrome.

Keywords:  Mucopolysaccharidosis,  Sanfilippo  syndrome,  Structure prediction,
Bioinformatics.

Introduction

Sanfilippo syndrome also called mucopolysaccharidosis (MPS) Il is the only syndrome
among the MPS syndromes which does not contain any animal counterpart yet, whereas all
other types of MPS contain animal counterparts. Numerous research work evidenced that
caprine MPS HID is suitable animal model for investigating Sanfilippo syndrome and for the
therapeutic strategies [11].

Sanfilippo syndrome is an autosomal recessive lysosomal storage disorder caused by the
deficiency of enzymes that play an important role in degradation of glycosaminoglycans
(GAGsS). The deficiency of these enzymes leads to the accumulation of MPS in different cells
of the body that cause damage to surrounding organs and tissues [9].

In MPS 111, four enzymes deficiency occurs for each type. It was found that GAGs mostly
gets accumulated in the brain was Heparan sulphate, a complex polymer having glucosamine
and N-acetyl glucosamine residues. It is located in the extracellular matrix [17]. The MPS are
complex sugars, so deficiency of a specific enzyme to breakdown of complex sugar takes
place and get accumulated in the tissues and organs, resulted in disease. Although the enzyme
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for each type is different but at the end heparan sulphate is excreted and get accumulated in
greater amount due to the deficiency of a specific enzyme [7].

The typical manifestations of Sanfilippo syndrome begin with aggressive behavior, sleep
disorders, hyperactivity and delayed development. Due to the progression of dementia,
Sanfilippo patients become quite withdrawn and eventually loose contact with their
surrounding environment [5]. Hearing loss is also common among them [1].

The Sanfilippo syndrome belongs to a family of disorders lysosomal storage diseases, and
historically as the MPS. Four distinct subtypes of Sanfilippo syndrome have been described
such as Sanfilippo syndrome A, Sanfilippo syndrome B, Sanfilippo syndrome C, Sanfilippo
syndrome D. All of these disorders are characterized by the lysosomal accumulation and
excretion of undegraded GAGs as a consequence of deficiencies in lysosomal hydrolases.
The biochemical basis for each of the four types of Sanfilippo syndrome have distinction but
their clinical presentations are quite similar [15, 21].

Sanfilippo type A is the most severe form of the disease exhibiting the earliest onset, most
rapid progression of symptoms and shorter survival. The most common symptom among the
entire Sanfilippo syndrome’s type is central nervous system deterioration. It has great effect
on musculoskeletal system but still not severe as in other MPS types [21]. A progressive
neurological deterioration with severe mental retardation begins in childhood and includes
aphasia, vasomotor instability, epilepsy, and dementia [7]. All the patients suffering from
MPS 111 needs early treatment as it becomes severe with the passage of time. Patients may
suffer through severe neurological manifestations which can be proved very devastating as the
time passes. MPS 11l has strong effect on mind, speech and behavior. Diarrhea and epilepsy
are also common among these patients [8].

These subtypes contain enzymes that help in degradation of heparan sulphate. All these types
have different enzymes but perform the same function of degradation of heparan sulphate.
Among all types, Sanfilippo syndrome A is the most common and different from all other
types of MPS as it is also involved in cardiac disorders [12, 13].

Recent studies have shown that four different substrates had been made for each of the four
types of Sanfilippo syndrome. This study evidenced that these substrates can accurately detect
the syndrome in fibroblast lysates. It was also observed in unaffected patients that enzyme
activity got lower by the factor of 10 [22].

The present study was focused on functional analysis, secondary and tertiary structure
prediction of the genes involved in Sanfilippo syndrome through different bioinformatics tool.
Various significant domains were also identified in this study.

Secondary structure prediction is important as it is preliminary for tertiary structure
prediction. Secondary structure is formed by alpha helixes and beta sheets. Some proteins
have greater tendency to form alpha helixes and some have greater tendency to form beta
sheets. Tahir et al. [23, 24] applied methodology that was utilized to predict the three
dimensional structure of protein for reliable comparative modeling analysis. In future, these
results and predicted 3D structures can be used for the molecular docking studies, binding
activities and protein-protein interactions of all four types of Sanfilippo syndrome.
These findings can also be further useful in drug designing.
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Materials and methods

Protein sequences of GNS, SGSH, NAGLU and HGSNAT with accession number B4DTTO,
B7Z9A6, HOY2D8, Q96EDG6 respectively were retrieved from Uniprot Knowledgebase in
FASTA format. To evaluate the amino acid residues, molecular weight, Isoelectric point,
charge and localized protein predictions ProtSweep was used [19].

Functional analysis of the protein includes prediction of domains, interactions between
domains and motifs. Domain Sweep utilized for domains identification [19].

PROSITE, BLOCKS, PRINTS, ProDom were determined through Motif search [28].

SABLE is accurate sequence-based prediction of relative solvent accessibilities, secondary
structures and transmembrane domains for proteins of unknown structure [27].
SABLE examined the secondary structures of proteins from their amino acid sequences.

For tertiary structure prediction Protein-Protein BLAST (PSI-BLAST) [26] was chosen for
similarity search but due to unavailability of suitable templates threading approach was
utilized for homology modeling. This method is also known as remote homology method.

For threading method, online threading servers CPH models and LOMETS were employed.
CPH models is a threading server, searched templates and generated one model for each of
the type of protein involved in Sanfilippo syndrome [29]. LOMETS tool also utilized and
generated ten best models for each of the protein involved in Sanfilippo syndrome types [25].

ERRAT [3], RAMPAGE [14] and VERIFY3D [4] were used for assessment of protein
structures. A plot obtained from the VERIFY 3D represented the average 3D-1D profile score.

Protein models were further evaluated on the basis of statistics of chemical interactions of
proteins and the Ramachandran kinemage created by MolProbity server [2]. The protein
structures were analyzed by RASMOL [18] visualization tool.

Results and discussion

MPS is caused by the accumulation of GAGs. Eleven different types of enzymes are involved
in the degradation of GAGs. The deficiency occurs in these enzymes results to any one type
of MPS. Sanfilippo syndrome, one of the types of MPS is an autosomal recessive lysosomal
storage disorder which is involved in the deficiency of enzymes that play an important role in
degradation of GAGs [9].

The proteins involved in Sanfilippo syndrome has been selected for homology modeling
because experimentally 3D structure were not predicted yet as per literature survey and PDB.
To predict 3D structure from sequence is a task challenging enough to have occupied a
generation of researchers. We predicted the 3D structure for all the four proteins involved in
Sanfilippo syndrome through threading technique and obtained optimized results for all the
four types of proteins. Through present research, domains of the proteins were predicted by
using the Domain Sweep tools, GNS reported two domains and also reported two patterns in
PROSITE database showing Sulphatase as a family and Alkaline Sulphatase as a
Superfamily. Motif search reported the maximum number of motifs for Type D protein GNS
in Prodom, PRINTS, Pfam and PROSITE databases as compared to SGSH, NAGLU and
HGSNAT proteins. All four proteins were totally soluble proteins and no transmembrane
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domains were found in it. The secondary structure showed that GNS (B4DTTO) reported the
highest number of beta strands and coil regions.

Tertiary structures of proteins have been generated by CPH models and LOMETS, which
showed satisfactory coverage. Ten different models were generated and the models having
least energy were selected. Various tools were employed and results were analyzed.
The results obtained through predicted models were optimized except RAMPAGE for which
> 80% region was preferred to be the best model as shown in example Table 1.

Table 1. RAMPAGE evaluation analyses of models
(3B5Q.A-B7Z9A6, 2VCA.A-HOY3D8, 3A2KA1-Q96ED6 and 3B5Q.B-B4DTTO)

Sr. No. of residues 3B5Q.A- 2VCA A- 3A2KALl- 3B5Q.B-

No. B7Z9A6 HOY3D8 Q96ED6 BADTTO
1 Favored region 329 (86.1%) | 108 (87.1%) | 321 (92.0%) | 53 (82.8%)
2 Allowed region 38 (9.9%) 8 (6.5%) 20 (5.7%) 7 (10.9%)
3 Outlier region 15 (3.9%) 8 (6.5%) 8 (2.3%) 4 (6.2%)

Ramachandran plot calculated favored regions, allowed regions and outlier regions for all the
four models of B7Z9A6, HOY3D8, Q96ED6 and BADTTO sequences as depicted in Table 1.
ERRAT calculated the overall quality factor by plotting a graph. Good high resolution
structures generally produce values around 95% but maximum overall quality factor was
89.796 for 3B5Q.A-B7Z9A6 model, 99.118 for 2VCA.A-HOY3D8 model, 62.712 for
3A2KA1-Q96ED6 model and 79.718 for 3B5Q.B-B4ADTTO model. COLORADO 3D was the
tool used for the evaluation of average score for all the models. The average score lowest
range was set as 0.0 and highest range was set as 0.4 so the score touching the range 0.4 was
considered as the best score and 0.4 was evaluated for 2VCA.A-HOY3D8 and
3B5Q.B-B4ADTTO protein sequences only. Evaluation parameters and values calculated are
reported in Tables 2-5.

Table 2. Predicted structure of B7Z9A6 and 3B5Q.A selected on the basis of different tools

CPH and Colorado 3D .
o Tools used LOMETS ERRAT |RAMPAGE (VERIFY3D) MolProbity
No. Over_all Favored Average |Cp deviations
Parameters| Z score quality .
factor region score > (0.25A
1 3B5Q.A 10.8 89.796 82.8% 0.0 0
2 3gv2A 4,136 70.256 90.6% 0.0 4
3 2j16J 3.414 8.235 72.9% 0.0 11
4 3sqlA 9.522 15.385 87.2% 0.0 1
5 1fcq A 5.992 30.178 91.1% 0.0 1
6 2041A2 4.168 43.147 88.2% 0.02 1
7 2ploBl 5.772 43.655 88.7% 0.05 3
8 2041A2 4,168 43.147 88.2% 0.02 1
9 2041A2 4.168 43.147 88.2% 0.02 1
10 2ebo A 5.090 49.573 90.1% 0.0 0
11 3lwtX2 8.060 31.481 94.1% 0.0 0
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Table 3. Predicted structures of HOY3D8 and 2VCA.A selected on the basis of different tools

CPH and Colorado 3D .
o Tools used LOMETS ERRAT |RAMPAGE (VERIFY3D) MolProbity
No. Ove r_aII Favored Average |Cp deviations
Parameters| Z score quality .
factor region score > (0.25A
1 2VCA.A 56.0 99.118 92.0% 0.4 0
2 2VCaA 18.272 67.317 91.6% 0.05 5
3 2VCaA 150.089 68.370 91.8% 0.18 7
4 2VC9A 12.504 69.100 91.1% 0.0 9
5 2vcaA3 36.696 72.266 94.7% 0.31 2
6 2vCcaA 18.272 67.317 91.6% 0.05 5
7 2VCaA 18.272 67.317 91.6% 0.05 5
8 2vCcaA3 8.581 66.802 94.5% 0.18 3
9 2vce A 12.917 70.488 91.6% 0.0 11
10 2vcaA3 8.581 66.802 94.5% 0.18 3
11 1gsaal 4,789 69.250 95.4% 0.0 2

Table 4. Predicted structures of Q96ED6 and 3a2kA1 selected on the basis of different tools

CPH and Colorado 3D )
o Tools used LOMETS ERRAT |RAMPAGE (VERIFY3D) MolProbity
No. Over_all Favored Average |Cp deviations
Parameters| Z score quality . i
factor region score >(0.25
Not
1 1CGD.A 6.1 100.0% 0.12 0
calculated
2 2vg8Al 4.471 37.288 88.7% 0.01 1
3 lwa7 B 8.312 3.488 96.8% 0.0 0
4 1jvrA 5.564 33.898 87.9% 0.0 4
5 1jvrA 8.684 49.153 90.3% 0.0 5
6 2vg8A3 4.838 17.797 89.5% 0.23 0
7 1jvrA 5.564 33.898 87.9% 0.0 4
8 1jvrA 5.564 33.898 87.9% 0.0 4
9 3a2kAl 9.247 62.712 87.1% 0.22 7
10 2j16J 2.362 8.475 79.0% 0.0 6
11 1wbg_ A 7.279 10.169 90.3% 0.0 1

In MolProbity, one best model was selected on the basis of C deviations > 0.25A for all four
proteins and also by analyzing the favored regions shown by the Ramachandran plots [16].
Goal for CP deviations was 0 for a model to be considered as best model.
The CB deviation was 0 for 3B5Q.A-B7Z9A6, 3B5Q.B-B4ADTTO0 and 2VCA.A-HOY3DS8.

On the basis of certain parameters, taken from the evaluation tools such as highest Z score,
greater overall quality factor, greater favored region, average score and CP deviations
> (0.25A, which showed the highest value among these models the best model was selected as
shown in Figs. 1-4.
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Table 5. Predicted structures of BADTTO and 3B5Q.B selected on the basis of different tools

CPH and Colorado 3D i
o Tools used LOMETS ERRAT |RAMPAGE (VERIFY3D) MolProbity
No. Over_all Favored Average |Cp deviations
Parameters| Z score quality x
factor region score > (0.25A
1 3B5Q.B 54.8 79.718 86.1% 0.4 0
2 3ed4B 12.997 32.321 91.4% 0.0 10
3 3ed4B 72.941 25.455 87.6% 0.0 24
4 1hdh A 45.025 39.732 93.6% 0.0 3
5 2VQrA 14.668 31.670 91.0% 0.0 2
6 2VQrA 33.574 33.781 93.6% 0.0 2
7 2VgrA 13.774 33.259 92.9% 0.0 4
8 3b50gB 13.190 27.233 86.9% 0.0 12
9 2VQrA 13.774 33.259 92.9% 0.0 4
10 2vgrA 13.774 33.259 92.9% 0.0 4
11 1hdhAl 50.882 34.870 92.1% 0.0 6

Fig. 1 3D structure of B7Z9A6 Fig. 2 3D structure of HOY3D8
3B5Q.A-B7Z9A 2VCA.A-HOY4D8

Fig. 3 3D structure of Q96ED6 Fig. 4 3D structure of BADTTO
3a2kA1-Q96ED6 3B5Q.B-B4DTTO

10
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Conclusion

Sanfilippo syndrome is an autosomal recessive lysosomal storage disorder caused by the
deficiency of enzymes that play an important role in degradation of GAGs. The proteins
involved in Sanfilippo syndrome has been selected for homology modeling because
experimentally 3D structure were not predicted yet as per literature survey and PDB.
Currently, no effective therapy is yet available for this disease so in order to have better
therapeutic strategies or to manufacture new treatments it is crucial to predict the structure of
a protein through post translational modification, domains identification and predicting
secondary and tertiary structures. The secondary structure showed that GNS (B4DTTO)
reported the highest number of beta strands and coil regions. Tertiary structures of proteins
have been generated by CPH models and LOMETS, which showed satisfactory coverage.
Finding 3D structure would further help researchers to work on drug designing and
simulations, regarding the genes involved in Sanfilippo syndrome.

Acknowledgements
We are grateful to Sheikh Arslan Sehgal, National Centre for Bioinformatics at Quaid-i-Azam
University for kind assistance throughout the manuscript.

References

1. Chan H. (2006). Atlas of Genetic Diagnosis and Counseling. Mucopolysaccharidosis Il
(Sanfilippo Syndrome), Totowa, New Jersey, Humana Press.

2. Chen V. B.,, W. B. Arendall IllI, J. J. Headd, D. A. Keedy, R. M. Immormino,
G. J. Kapral, L. W. Murray, J. S. Richardson, D. C. Richardson (2010). MolProbity:
All-Atom  Structure Validation for Macromolecular  Crystallography, Acta
Crystallography, Section D, Biological Crystallography, 66(1), 12-21.

3. Colovos C., T. O. Yeates (1993). Verification of Protein Structures: Patterns of
Nonbonded Atomic Interactions, Protein Science, 2(9), 1511-1519.

4. Eisenberg D., R. Liithy, J. U. Bowie (1997). VERIFY3D: Assessment of Protein Models
with Three-dimensional Profiles, Methods in Enzymology, 277, 396-404.

5. Fraser J., J. E. Wraith, M. B. Delatycki (2002). Sleep Disturbance in
Mucopolysaccharidosis Type Il (Sanfilippo syndrome): A Survey of Managing
Clinicians, Clinical Genetics, 62(5), 418-421.

6. Gnad F., S. Ren, J. Cox, J. V. Olsen, B. Macek, M. Oroshi, M. Mann (2007). PHOSIDA
(Phosphorylation Site Database): Management, Structural and Evolutionary Investigation,
and Prediction of Phosphosites, Genome Biology, 8(11), R250.

7. Gilbert P. (1999). A-Z of Syndromes and Inherited Disorders: A Manual for Health,
Social, and Education Workers, Sanfilippo Syndrome (Ed. 3", United Kingdom.

8. Héron B., Y. Mikaeloff, R. Froissart, G. Caridade, I. Maire, C. Caillaud, T. Levade,
B. Chabrol, F. Feillet, H. Ogier, V. Valayannopoulos, H. Michelakakis, D. Zafeiriou,
L. Lavery, E. Wraith, O. Danos, J. M. Heard, M. Tardieu (2011). Incidence and Natural
History of Mucopolysaccharidosis Type Ill in France and Comparison with United
Kingdom and Greece, American Journal of Medical Genetics Part A, 155(1), 58-68.

9. Hon L. Q. D. J. A. Connolly, A. Ravi, R. Batty, I. D. Wilkinson (2009). Magnetic
Resonance Spectroscopy Appearances of Sanfilippo Syndrome, European Journal of
Radiology Extra, 71(3), 123-125.

10. Huang Y., N. Zhong (2006). Current Status of Diagnosis and Treatment of Lysosomal
Storage Diseases in China, World J Pediatr, 2(4), 245-251.

11. Jones M. Z., J. Alroy, P. J. Boyer, K. T. Cavanagh, K. Johnson, D. Gage, J. Vorro,
J. A. Render, R. S. Common, R. A. Leedle, C. Lowrie, P. Sharp, S.-S. Liour, B. Levene,
H. Hoard, R. Lucas, J. J. Hopwood (1998). Caprine Mucopolysaccharidosis-I11D:

11



@ Int.J. BIOAuTOMATION, 2015, 19(1), 5-14

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.
217.
28.
29.

Clinical, Biochemical, Morphological and Immunohistochemical Characteristics, Journal
of Neuropathology and Experimental Neurology, 57(2), 148-157.

Jones M. Z., J. Alroy, J. C. Rutledge, J. W. Taylor, E. C. Alvord Jr., J. Toone,
D. Applegarth, J. J. Hopwood, E. Skutelsky, C. lanelli, L. D. Thorley, H. C. Mitchell,
A. Arias, P. Sharp, W. Evans, D. Sillence, K. T. Cavanagh (1997). Human
Mucopolysaccharidosis ID: Clinical, Biochemical, Morpholgical and
Immunohistochemical Characteristics, Journal of Neuropathology and Experimental
Neurology, 56(10), 1158-1167.

Kourouklis S., D. Chatzis, M. Skafida, K. Liagkas, G. Paradellis, Z. Kyriakides (2007).
Outlet Type of Interventricular Septal Defect in SanFilippo Type-B Syndrome,
International Journal of Cardiology, 122(2), 4-5.

Lovell S. C., I. W. Davis, W. B. Arendall, P. I. de Bakker, J. M. Word, M. G. Prisant,
D. C. Richardson (2003). Structure Validation by Coa Geometry: ¢, v and Cp Deviation,
Proteins: Structure, Function Genetics, 50, 437-450.

Ouesleti S., V. Brunel, T. H. Ben, H. Dranguet, A. Miled, N. Miladi, D. M. Ben, A.
Lavoinne, V. P. Saugier, S. Bekri (2011). Molecular Characterization of MPS I11A, MPS
I11B and MPS I1IC in Tunisian Patients, Clinica Chimica Acta, 412(23-24), 2326-2331.
Ramachandran G. N., C. Ramakrishnan, V. Sasisekharan (1963). Stereochemistry of
Polypeptide Chain Configurations, Journal of Molecular Biology, 7, 95-99.

Ronceret A., J. Gadea-Vacas, J. Guilleminot, M. Devic (2008). The Alpha-N-acetyl-
glucosaminidase Gene is Transcriptionally Activated in Male and Female Gametes Prior
to Fertilization and is Essential for Seed Development in Arabidopsis, Journal of
Experimental Botany, 59(13), 3649-3659.

Sayle R. A., E. J. Milner-White (1995). RASMOL: Biomolecular Graphics for All,
Trends in Biochemical Sciences, 20(9), 374-376.

Val C. D., P. Ernst, M. Falkenhahn, C. Fladerer, K. H. Glatting, S. Suhai, A. Hotz-
Wagenblatt (2007). ProtSweep, 2Dsweep and DomainSweep: Protein Analysis Suite at
DKFZ, Nucleic Acids Research, 35, 444-450.

Valstar M. J., G. J. G. Ruijter, O. P. V. Diggelen, B. J. Poorthuis, F. A. Wijburg (2008).
Sanfilippo Syndrome: A Mini-review, Journal of Inherited Metabolic Disease, 31(2),
240-252.

White K. K., L. A. Karol, D. R. White, S. Hale (2011). Musculoskeletal Manifestations of
Sanfilippo Syndrome (Mucopolysaccharidosis Type 1ll), Journal of Pediatric
Orthopaedics, 31(5), 594-598.

Wolfe B. J., F. Ghomashchi, T. Kim, C. A. Abam, M. Sadilek, R. Jack, J. N. Thompson,
C. R. Scott, M. H. Gelb, F. Turecek (2012). New Substrates and Enzyme Assays for the
Detection of Mucopolysaccharidosis 111 (Sanfilippo Syndrome) Types A, B, C, and D by
Tandem Mass Spectrometry, Bioconjugate Chemistry, 23(3), 557-64.

Tahir R. A., S. A. Sehgal, A. ljaz (2012). In silico Comparative Modeling of PapAl and
PapA2 Proteins Involved in Mycobacterium Tuberculosis Sulfolipid-1 Biosynthesis
Pathway, International Journal Bioautomation, 16(3), 155-164.

Tahir R. A., S. A. Sehgal, N. A. Khattak, J. Z. K. Khattak, A. Mir (2013). Tumor
Necrosis Factor Receptor Superfamily 10B (TNFRSF10B): An Insight from Structure
Modeling to Virtual Screening for Designing Drug Against Head and Neck Cancer,
Theoretical Biology and Medical Modelling, 10:38.
http://zhanglab.ccmb.med.umich.edu/LOMETS/ (Last accessed March 20, 2015)
http://en.wikipedia.org/wiki/BLAST (Last accessed March 20, 2015)
http://sable.cchmc.org/ (Last accessed March 20, 2015)
http://www.genome.jp/tools/motif/motif_help.html (Last accessed March 20, 2015)
http://www.cbs.dtu.dk/services/CPHmodels/ (Last accessed March 20, 2015)

12


http://zhanglab.ccmb.med.umich.edu/LOMETS/
http://en.wikipedia.org/wiki/BLAST
http://sable.cchmc.org/
http://www.genome.jp/tools/motif/motif_help.html
http://www.cbs.dtu.dk/services/CPHmodels/

@ Int.J. BIOAuTOMATION, 2015, 19(1), 5-14

Mehreen Zaka, Ph.D. Student
E-mail: mehreenzakaD@gmail.com

Mehreen Zaka d/o Zaka ullah Siddique is a dedicated member of
Research Group at Quaid-i-Azam University (QAU) — Islamabad,
Pakistan. She did her M.Phil. in Biotechnology from QAU and
currently she is a Ph.D. student in Biotechnology. She graduated
from International Islamic University — Islamabad in 2012.
In Research Group, she works as a nanobiotechnologist and she is an
active participant in ongoing research projects. She has command
over many bioinformatics tools and software. She also works on
various programming languages such as java, Perl, Python and
Oracle. Her core interests are bioinformatics and biotechnology tools
especially related to nanobiotechnology.

Mawra Komal
E-mail:komalmawra22@gmail.com

Mawra Komal d/o Muhammad Amir was a dedicated member of
Research Group at International Islamic University — Islamabad in
Bioinformatics. She graduated from International Islamic University
— Islamabad in 2012. Currently she is a student of MBA (majors in
Human Resource) in Bahria University — Islamabad. She has
command over many bioinformatics tools and software. She has also
worked on various programming languages such as java, Perl,
Python and Oracle. Her major interest is in drug discovery, drug
designing and managing business operations, management
information system and project planning, etc.

Shagufta Shafique
E-mail: sshafiqguech@yahoo.com

Shagufta Shafique d/o Abdul Shafique is a dedicated member of
Research Group at QAU. She graduated from International Islamic
University Islamabad in 2012. Currently she is a student of M.Phil. in
Bioinformatics in QAU. In Research Group she works as a
bioinformatician and she is an active participant in ongoing research
projects of drug designing. She has command over many
bioinformatics tools and software. She also works on various
programming languages such as R, MATLAB, Java, Perl, Python
and Oracle.

13


mailto:mehreenzaka0@gmail.com
mailto:komalmawra22@gmail.com
mailto:sshafiquech@yahoo.com

@ Int.J. BIOAuTOMATION, 2015, 19(1), 5-14

Assist. Prof. Shaheen Shahzad, Ph.D.
E-mail: sshafiquech@yahoo.com

Dr. Shaheen Shahzad is an Assistant Professor at International
Islamic University (11U) — Islamabad, Pakistan. She belongs to the
Fculty of Bioinformatics and Biotechnology in I1IU. She post
graduated from QAU. She has command over many bioinformatics
tools. Her core interests are phylogenetic analysis, biotechnology,
molecular biology and biochemistry.

14


mailto:sshafiquech@yahoo.com

