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ABSTRACT

Soluble protein in proper concentration is very important for different experimental studies.
Solubility of protein can be estimated by the sequence of amino acids in protein. The
solubility of protein is important for biophysical and structural development. To achieve
the soluble protein in high concentration is a major challenge. The protein which are
heterologous expressed are often insoluble and their solubilization is highly trial and error
process with low success rate. Although very highly overexpression in inclusion body is
some time desirable which result in clean protein. A new method is develop which will
predict the solubility of protein on overexpression in E.coli. This method use four classifier
named as Multilayer Perceptron, Decision Tree, Random Forest, Bayes Classifier. Theses
classifier were trained for the prediction of recombinant protein solubility. Many features
are used by this method such as canonical variable (CV),Surrounding hydrophobicity,
Solubility index composition, Intrinsic aggregation

propensity, Intrinsic Z-scores for aggregation, = tripeptide score, Al = aliphatic index, I1=
instability index, Fn= frequency of occurrence of Asn, Ft = frequency of occurrence of Thr,
Fy= frequency of occurrence of Tyr. It is very simple and easy method for the prediction
of recombinant protein solubility. To evaluate the validity of this method test is performed.
For this purpose dataset consist of 1500 proteins, out of which 1000 are soluble and 500
are insoluble. Each classifier was trained for the prediction of 450 protein sequences. This
method will predict the protein solubility with greater accuracy of about 95.9%. The
accuracy of this method is also compared with the previous work or methods. Results

shows that this method has more accuracy and precision then other previous works.



ACKNOWLEDGEMENT

Thanks to ALLLAAH , who pulled us through the times, when every stone was turned
against us, guide us in the light and darkness and show the right path in the right direction,
provided us with the opportunity, courage and ability to complete this humble contribution
towards knowledge.

All respect for the Holy Prophet Muhammad (PBUH), who has sent as greatest educator
for the guidance forever and whose teaching enables to see what is beautiful, to know what

is true and to love what is good.

I express my deepest gratitude to my research supervisor, Dr. Nouman Rasool for
encouragement, guidance, unfailing, patience, masterly advice and inspiring attitude,

without which this study would not be taken.

I would like to thank Dr. Sajid Mahmood, whose guidance greatly helped me in the
completion of my project. | thank to him for giving me encouragement and organizing the

necessary infrastructure for my project to be possible.
And a special thanks to Dr. Samia Shahid, whose kind attitude always encouraged me.
I also thanks to Waqar for helping me in executing this project.

I would like this prospect to extend my admiration and appreciation to my research fellow
Iram for her cordial harmonization.

I really under high obligation for expressing my best wishes for my friends Ali who
encourage me and provide nice company and love

This acknowledgment would be incomplete if i do not pay my sincere and hearty thanks to
my cherished and loving parents for their sacrifices, prayers, and affection without which

it would have been just a dream to achieve any goal.



Table of Contents

ABSTRACT .ttt E et ARt R Rt R ettt n e i
ACKNOWLEDGEMENT ...ttt sttt i
Chapter # 1: INTrOTUCTION ......c.cvoiiicceee ettt 1
L0 PIOTEIN . 2
1.2, SErUCKUIE OF PIOTEIN ..ot 3
1.3, Protein FUNCLION ..o 6
1.4, Protein SOIUDTILY ......coiuiiiicecees ettt 6
1.4 L. ZWIEEEE TON....eititiiece bbb 8
1.4.2. Factors influence the protein SOIUBIlItY ..........ccccovviiiiiiei s 10
1.4.3. Relevant solvent accessiblity (RSA) ..o 10

1.5, EXPreSSION SYSIBIM ....vcviviiiiiicietetete sttt ettt b bbb n s 11
1.6. In silico determination of protein SOIUDIIIEY ..........cccooieiiiiicc 13
Chapter # 2: LIiterature REVIEW .........cooo s 15
LITERAURE REVIEW ....coiiii ettt 16
Chapter # 3: Material and Methods ... 33
Material BN METNOGS. ... 34
BLLl DALASEL. ... 34
3.2, TOOIS USEA......cooiii bbb 34
3.3. Calculation of the CanoniCal VAU ... 34
3.4. Identification of soluble ANSOIUDIE Protein .........ccccovviiiriiiiiincc e 35
3.5. Solubility INdeX COMPOSITION. ...t 37
3.6. Calculation of the intrinsic aggregation Propensities..........ccccovviiieeieieicseeeee s 38
3.7. Surrounding NYdrophoDICITY ..o 39
371, CIASSITICALION ...t 39
3.7.2.TRIESNOIA VAIUES ... 40

3.8. Machine learning and Prediction of SOIUDIILY ... 40
3.9, CONCIUSION.....coviiiieice e Error! Bookmark not defined.
Chhapter # 42 RESUILS ..o 41
RESUILS ... 42
Chapter # 5: DISCUSSIONS........ccccuiiiiiciciiieieiit ittt s bbbt es bbb s s 47
DUISCUSSTON. ...ttt 48



Chapter # 6: CONCIUSION ..ottt 53

(O] 0 (63 11 o] o TR T TSRS TT ST TRTR 54
Chapter # 7: REFEIENCES. .....c.civiieccee et bbb 56
RETEIEINCES ...ttt ettt et et et e et et e e et et e et et et e s et er e e et eat e et et et eseeerente et e ateeneent et et ereearenne e 57



List of Tables

Table 1.1: Schemes used for prediction of solubility and their accuracy.................... 41
Table 1.2: Summary of results for all the classifiers ..., 43
Table 1.3: Accuracy of method based on TP, TN, FP and FN by each classifier class...44

Table 1.4:Comparison with previously reported studies (sorted on accuracy)............. 50



List of Figures

Figure 1.1: Flowchart of the method..............oooiiiii e,

Vi



List of symbols and abbreviation

% Percentage
Amino group
COOH Carboxyle group
CCs Charged regions or charge clusters
PCCs Positive charge clusters
R Alkyl group
Pl Isoelectric point
M Molar
RSA Relevant solvent accessiblity
ASA Accessible surface area
COG General composition of sequence
GSVM Granular support vector machine
GRAVY Grand average of hydrophaticity index
Gl Gain information
Rf Relief factor
SVM Support vector machine
GR Gain ratio
CS Chi squared

OR One rule

vii



SU Symmetrical uncertainty
MeOH Methanol

EMIM-CI 1-Ethyl-3-methylimidazolium chloride

viii



Chapter # 1: Introduction



1. INTRODUCTION
1.1. Protein

Protein holds central position in the functioning and structure of living organism. The proteins
are responsible all physical and chemical function of life. Protein is a Greek word which mean
first. It is about 55-58% of cell and is the major organic compound in all plant and animal cells.
The proteins are large polymers (macromolecules) which are synthesized from amino acids. At
present 300 amino acids are known and from these 300 amino acids only 20 amino acids are in L
configuration which are building block of protein. The protein is made up of carbon, hydrogen,
oxygen and Sulphur they are found in % approximation as carbon =50-55 hydrogen=6-8 oxygen
=20-23 nitrogen =15-18 and Sulphur =0-4. These proteins are fundamental structure of body of
living organism. The muscles, nail, heir and skin in animal are made up of protein. While on the
other hand the seed of plant are also made up of proteins in the function prospectus. The most
important different kind of enzymes which are protein in nature are responsible for different
metabolic processes in cells.



