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ABSTRACT

Molecular sub-cloning and heterologous expression of the cONA of reversibly glycosylated
protein from Cyamopsis tetragonoloba (CtRGP) was carried out in pET expression vector
(PET 29a (+) and the sub-cloned DNA was over-expressed in E. coli BL21 (DE3). The
recombinant protein purification was carried out by using immobilized metal ion
chromatography (IMAC). Molecular weight of purified protein was found to be
approximately 42 kDa. The purification was further confirmed by western blotting with anti-
RGP antibody. Biophysical characterization of CtRGP was done by analytical gel filtration,
MALDI-TOF/MS, peptide mass fingerprinting, circular dichroism (CD), fluorescence
spectroscopy (FS) and isothermal titration calorimetry (ITC). CtRGP protein was found to be
in tetrameric form. The molecular mass of CtRGP protein was found to be 42,123.21Da.
Peptide mass fingerprinting (PMF) analysis showed a total of 20 hits and most of these
proteins were the enzymes involved in mutase activity for plant cell wall synthesis. The CD
spectra of native CtRGP revealed the presence of 32.45% a-helix and 12.92% B-sheet.
Therma and chemical denaturation of CtRGP protein showed high thermostability and
chemostability. The fluorescence study indicated that the tryptophan residue is located in the
hydrophobic core of the protein. The ITC studies with the substrate UDP-glucose and
inhibitors diisothiocyanostilbenedisulfonic acid (DIDS) and dithiobisnitrobenzoic acid
(DTNB) showed that purified CtRGP protein has a single binding site for its substrate and
inhibitors. The protein-ligands energetics revealed that the CtRGP protein has a strong,
moderate and weak binding affinities with inhibitor DIDS, substrate UDP-glucose and
inhibitor DTNB, respectively. In silico results showed that CtRGP is a stable protein and it
belongs to the RGP superfamily. The secondary structure prediction of the protein revealed
the presence of high helical content. Docking results showed that substrate UDP-glucose

interacts with the loop section of the CtRGP protein structure.



ACKNOWLEDGMENTS

Completing a PhD is fruly a marathon event, and | would not have been
able fo complete this journey without the aid and support of countless people
over the past five years. | would like fo extend my grafitude fo the many
people who helped fo bring this research project fo fruition. It gives me
immense pleasure in acknowledging all the technical help that | have received
auring the period of research.

! must first express my deep sense of grafifude towards my advisor,
Professor G. S. Randhawa, Department of Biotechnology, Indian Instifute of
Technology, Roorkee, for his guidance, pafience and encouraging support,
without his persistent help this thesis would not have been possible. Prof.
Ranahawa is not only a teacher and guide fo me, but my mentor and well-
wisher foo. His leadership, support, attention fo defail and hard work, have set
an example. | hope fo malfch some day. His persistent encouragement,
perpetual moftivation, everiasting patience, constfructive crificism and valuable
technical inputs in research have benefitted me fo an extent which is beyond
expression. He has not only frained me in science but in all aspects of life. |
would like to fake this opportunity fo also thank Dr. Mrs. Surinder Randhawa
who has been supportive in all the efforts during my research.,

! would also like fo thank Prof. S. K. Trpath;, Department of Water
Resource Development and Management, Indian Instifute of Technology,
Roorkee, for his constant support and guidance throughout the period of
research.

It gives me immense pleasure fo acknowledge my heartiest thanks to Dr.
Pravinara Kumar, Department of Biotechnology, Indian Institute of Technology,
Roorkee, for giving me the exciting opporfunity to be a member of his group
and giving me a place in his lab where the equipment and some resources
have made this project possible. Furthermore, his door has always been open
and his continvous enthusiasm and involvement in this project has been greally
appreciated, Without their valuable guidance and constant support
throughout the period of research the completfion of this thesis would have
been impossible.



! would like fo thanks Prof. Rifu. Barthwal, Department of Biotechnology,
Indian Institute of Technology, Roorkee, for allowing me fo use the NMR facility.

! would like fo my warm thanks fo Prof. Partha Roy, Deparfment of
Biotechnology, Indian Institute of Technology, Roorkee for his constant help and
support in my research work.

! wish fo acknowledge my deep sense of grafitude for Prof. R. Prasad.
HOD, Deparfment of Biotechnology, Indian Institute of Technology, Roorkee, for
providing me all the necessary resources and lab facility.

! would like fo give warm compression of thanks fo Dr. Kanwarpal S.
Dhugga, and Dr. Rajeev Gupfta, Scientists, Crop Genefics and research and
Development, Pioneer Hi-Bred International, Johnston, USA for their valuable
help and guidance. Without their confribufion the completion of this thesis
would have been impossible. | express my deep sense of gratifude fo them for
sparing fime from their busy schedule. | would also like fo thank Pioneer Hi-Bred
Infernational Company for the materials provided for my research work.

! would like fo thank Dr. Shivendra Singh for his constant help. He deserves
all the credit for fraining me in cloning, expression, purification and allowing me
fo Iry my hand at crystallography with profein. | would also thanks fo Dr. Aditya
and Dr. Pramod for guidance.

| take this opportunity fo extend my grafitude fto my seniors Dr. Durga
Prasad Panigrahi, Dr. Nagesh Kuravadi and Dr. Pranita Bhatele for their useful
advices, encouragement, gquidance and gooawill which enabled me
successtully complete my work.

! would like to special thanks Pallavi for beginning of my research work with her.
! would also like fo thank my labmates Umesh Tanwar, Manisha Chouadhary,
Swali Verma, Shalini Pareek, , Navneet Kaur, Deepa Dewan, Nishu Mittal and
Poonam Jaiswal for assisting me at every stage of work and maintaining a
friendly environment in the lab. | express my grafitude fo University Grant
Commission (UGC) Government of India for the financial support in the form of
JRF and SRF during the period of this research.



| expressed my unbound grafitfude fo my parents Mrs. Punam Prasad and Lafe
Lalit Mohan Prasad whose constant inspiration and support have helped me fo
attain the academic position which | am presently at. | would also like fo warm
thanks fo my loving husband Mr. Ashok Kumar, who has stood beside me in
thick and thin, and is the man behind my success. Very special thanks go fo
my sweet son Hridyansh. | also express my gratitude to all my family members
my elder sister Mrs. Anamika, yonger sisters Celesty, Indu and younger brother
Aakash for their constant support and encouragement.

Finally | thank the Almighty God for leading me all the way fowards
successtul completion of this work.

Date: Shiloi Kumari



Table of contents

1. INTRODUCTION

2. REVIEW OF LITERATURE

2.2. Historical background

2.3 Guar gum

2.3.1 Structure of guar gum

2.6 Applications of guar gum

2.7 Cell wall

3. MATERIALS AND METHODS

3. 1. 2. PCR purification

Page No.

1

5

2.1. Cultivation and guar production 5
7

8

9

2.3.2 Biosynthesis of guar galactomannan 11
2.3.3 Genes involved in galactomannan biosynthesis 13
2.3.4 Genes involved in galactomannan biodegradation 15
2.4 Expressed sequence tags of guar 15
2.5 Mannose and galactose ratio in galactomannans 15
16

19

2.7.1 General properties of cell wall 19
2.7.2 Biosynthesis of plant Cell wall polysaccharides 20
2.7.2.1 Biosynthesis of cellulose in higher plants 22
2.7.2.2 Callose biosynthesis 23
2.7.3 Plant cell wall matrix polysaccharides biosynthesis 23
2.7.3.1 Biosynthesis of Hemicellulose 25
2.7.3.2 Mannan biosynthesis 26
2.7.3.4 Pectin biosynthesis 26

2.8 Role of glycosyltranferases and sugar-converting enzymes 27
2.9 Reversibly glycosylated polypeptides 27
2.10 Characterization of proteins using novel techniques 32
35

3.1. PCR amplification and construction of the recombinant plasmid 35
3.1.1. Polymerase chain reaction (PCR) 35
36

37

3.1.3 Ethanol precipitation of DNA



3.1.4 Measurement of DNA concentration

37

3.1.5 Restriction digestion of purified PCR product and pET 29a (+) cloning vector ----38

3. 1. 6. DNA ligation

3.1.7. Glycerol stocks preparation

38
39

3.1.8. Transformation into competent E.coli (DH5a) cells with recombinant pET 29a (+)

vector

3.1.9 Purification of Plasmid DNA

3.1.10. Concentration determination and sequencing of plasmid DNA

3.1.11. Sequencing of the DNA construct

3.2. Recombinant protein over-expression and cell lysis

39
39
40
40

3.3. Purification

3.3.1 Western blot analysis

3.3.2. Determination of protein concentration

3.3.3 SDS-PAGE analysis

3.3.4 Coomassie Blue staining

3.3.5 Silver staining

3.2. Biophysical characterization of RGP of guar

3.2.1. Analytical Size Exclusion Chromatography

3.2.2. MALDI-TOF MS/MS and Peptide mass fingerprinting analysis

3.2.3. Circular Dichroism

3.2.3.1 Thermal denaturation

3.2.3.2. Chemical denaturation

3.2.4. Intrinsic Fluorescence spectroscopy

3.2.5 Isothermal Titration Calorimetric binding Assay

3.3. Crystallization trials of purified reversibly glycosylated polypeptide of guar

3.4. In silico analysis of CtRGP Protein sequence

3.4.1. Sequence and phylogenetic analysis

3.4.2. Molecular modeling

3.4.3. Molecular docking

4. RESULTS

4.1 PCR amplification and construction of the recombinant plasmid

4.2 Production and Purification of Recombinant CtRGP Protein

Vi

52

52

57



4.3 Oligomeric State of CtRGP Protein

4.4 MALDI-TOF MS/MS and Peptide mass fingerprint analysis

4.5 Circular Dichroism (CD) spectroscopy of CtRGP Protein

4.6 Intrinsic Tryptophan Fluorescence Spectroscopy

4.8. Crystallization trials of guar RGP protein

4.9. Sequence and phylogenetic analysis for CtRGP protein

4.10. Molecular Modeling of CtRGP Protein

4.11. Molecular docking of substrates at the active sites

5. DISCUSSION

6. REFERENCES

vii

59

61

65

68

72

73

76

79

82

84



AG

AS

AH

ul

pum
APS
BLAST

BSA
CASP
CD
cDNA
cm

Csl
CtRGP
DIDS
DNA
DNase
dNTPs
DTNB
E.coli
EDTA
eg.
EMBL
ESNP
EST

et al.
FASTA
FOR
Fru

g

G/Gal
GB
GDP-MP
GDP-MS
GenALEx
Glu
GMGT
GRAVY
GT
HCCA
Hr
IMAC
IPTG
ITC

LIST OF ABBREVIATIONS USED

Degree centigrade

Change in Gibb’s free energy
Change in entropy

Change in enthalpy

Microlitre

Micrometer

Ammonium per sulphate

Basic Local Alignment Search Tool
Base pair

Bovine Serum Albumin

Critical assessment of structure prediction
Circular Dichroism
Complementary DNA

Centimeter

Cellulose synthase like

Cyamopsis tetragonoloba Reversibly Glycosylated Polypeptide

Diisothiocyanostilbenedisulphonic acid
Deoxyribose nucleic acid

Deoxyribose nuclease

Deoxy nucleotide tri phosphates
Dithiobis nitrobenzoic acid
Escherichia coli
Ethylenediaminetetracetic acid
Example

European molecular biology lab
Electronic SNP

Expressed sequence tags

et alia

Fast all

Forward

Fructose

gram

Galactose

Giga bases

GDP-mannose pyrophosphorylase
GDP mannan dependent-mannosyl transferase
Genetic AnaLysis in Excel

Glucose

Galactomannan galactosyltransferase
Grand Average Hydropathicity
Glycosyl transferase
Alpha-cyano-4-hydroxy cinamic acid
Hour

Immobilized Metal Affinity Chromatography
Isopropyl-Beta-D-Thiogalactoside
Isothermal Titration Calorimetry

viii



M/G ratio
M/Man
MALDI-ToF
ManS
MASCOT
mg
Mng
min

ml

mm
mM
mRNA
MS

MS

n

Nacl
NCBI
ng

nm
NTA
O.D.
ORF
PAGE
PCR
PDB
PEG
PHGG
pM
PMF
PMI
PMM

R

REV
RGP
RNA
RNaseA
rpm
SAVES
SDS
SEC

sec

Taq
TBE
TBST
TE/T0E;
TEMED

Kilo bases

Dissociation constant
Kilo Daltons

Linnaeus

Luria-Bertani

meter
Mannose/Galactose ratio
Mannose

Mass Adsorption Laser Desorption lonization- Time Of Flight

Mannan synthase

Modular Approach to Software Construction Operation and Test

Milligram

Magnesium Chloride

minute

Millilitre

Milli meter

Millimolar

messenger RNA

Mass Spectrometry

Mannan synthase

Binding stoichiometry/ stoichiometry of the interaction
Sodium chloride

National Center for Biotechnology Information
Nanogram

Nanometer

Nitrilotriacetic acid

Optical Density

Open Reading Frame

Poly Acrylamide Gel Electrophoresis
Polymerase chain reaction

Pritein DataBase

Poly Ethylene Glycol

Partially hydrolysed guar gum
Picomolar

Peptide Mass Fingerprinting
Phosphomanno isomerase
Phosphomanno mutase

puRine

Reverse

Reversibly Glycosylated Polypeptide
Ribose nucleic acid

RibonucleaseA

Revolutions per minute

Structure Analysis and Verification Server
Sodium Dodecyl Sulphate

Size Exclusion Chromatography
Second

Thermus aquaticus

Tris borate EDTA

Tris-Buffered Saline and Tween 20
Tris EDTA
Tetramethylethylenediamine

iX



Tris

U

UDP
UDP-GE
UDP-Glc
UPGMA
USA

uv

Ve
Vo
w/v
Y

o

B

tris-(hydroxymethyl)-aminomethane
Unit

Uridine Di Phosphate

UDP- galactose 4-epimerase
UDP-Glucose

Unweighted Pair-Group Average
United States of America
Ultraviolet

volt

Elution volume

Void volume

Weight/volume

pYrimidine

Alpha

Beta



Introduction

1. INTRODUCTION

Guar Cyamopsis tetragonoloba [L.] Taub.), is commonly known as annual legume
crop belonging to family Fabaceae. It has been asegreen manure, vegetable and fodder
since ancient times. Recently guar has attainedttites of important industrial crop due to
the gum content in the seeds of its endosperm. Quraris synthesized in the endosperm part
of the developing seeds [111]. Guar gum is solileold water and forms a high viscous
gel. It is used in a wide range industrial applmas as thickening, emulsifying and
stabilizing agent [146]. Guar gum is a galactomanm@mposed of a linear chain pD-
mannopyranosy! units linked{24) with a-D-galactopyranosyl units {26) as side branchess
in a ratio of approximately 2:1. Galactomannans systhesized in Golgi lumen by the
combined process of two enzymes: mannan synthassm§Manda-galactosyltransferase

(GMGT) [113].

All plant cells are surrounded by a strong layercell wall, comprising of complex
carbohydrates and glycoprotein. Plant cell wallboaydrates are the most abundant
biopolymers on Earth. These are composed of sulbhlase, hemicelluloses, and pectins,
structural polysaccharides. The cell wall is impattfor the shape, growth, development and
mechanical properties of plant [99]. Plant cell Maluseful for human and animals nutrition
in the form of dietary fiber. It is also valuabler findustrial uses such as renewable biofuels

generation.

The cell wall polysaccharide is divided in two mdiactions, cellulose and matrix
polysaccharides. The synthesis of cellulose ocatirthe plasma membrane whereas the
matrix polysaccharides are synthesized in the Gaggaratus and transported to the cell wall
by exocytosis [129]. The synthesis, assembling iategration of cellulose and the non-
cellulosic polysaccharides occurs with the synthedi lignin [23]. The most important

functional properties of the plant Golgi apparatugs ability to synthesize complex matrix
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polysaccharides of the cell wall. The cell wall matpolysaccharides (pectins and
hemicelluloses) are assembled in the Golgi-cisier@nd then transported to the cell surface
within Golgi-derived vesicles [22, 99]. In the cadeeukaryotic cell, the processing, sorting
and transport of proteins to intra- and extra-utefl matrix is done by Golgi body. Another
important function of Golgi apparatus in plantassembling and exporting the non-cellulosic
polysaccharides of the cell wall matrix, which iart plays an important role in plant

protection and development. [47].

In dicots, twenty percent of the primary cell wiglicomposed of xyloglucan. Xylosyl,
xylosyl-galactosyl or fucosyl—galactosyl-xylosylearesidues side chain attachedpta,4-
glucan backbone in xyloglucan [28]. The main enzynmm@olved in Xxyloglucan biosynthesis
are classified into different groups which is lthea donor, acceptor and linkage [167]. The
side chains are added to xyloglucan by specifiosfierases such as xylosyltransferase,

fucosyltransferase and galactosyltransferase [143].

Reversibly glycosylated protein (RGP) is plant $fpeproteins which have ability to
perform auto-glycosylation. These are cytosolidgrs but have a tendency to get associated
with Golgi membranes. The first report of RGPs whse detection of a reversibly
glycosylatable 40 kDa doublet protein in pea memésaby labeling it with radiolabeled UDP
sugars as substrate [44]. Subsequently this pretagpurified from pea tissue and named as
RGP1 [43]. Immunogold labeling localized this piotespecifically to trans-Golgi
dictyosomal cisternae which suggests that xylogiuaad possibly other hemicelluloses are
synthesized because of the involvement of RGP1.i3tlation of a cDNA clone encoding
RGP1 and the generation of antiRGP1 antibody hasen lkcarried out by Dhugga and
coworker [43]. Some other RGP orthologs have bdentified in Arabidopsis thaliana [37],

cotton [168], maize [138, 148], Potato[14], whead aice [95], and tomato [144].
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The expression study on cotton RGP gene indicagsale of RGP in non-cellulosic
cell wall polysaccharide biosynthesis [168]. Int#i@n studies of tomato RGP with tomato
leaf curl virus V1 protein point out the possibtder of RGP in plant defence responses[144].
Recently, RGP proteins @frabidopsis have been shown to act as mutases which interdonve
pyranose and furanose forms of arabinose and mteésconversion has been found to be
essential for plant development and cell wall dshment [127]. In rice UDP-
arabinopyranose mutase, an arginyl residue wasiftaibe essential for catalytic activity and
autoglycosylation [83, 84]. A native StRGP from gtot tuber is connected with membranes
as an oligomeric protein [14, 108]. Incubation ateaain specific ionic strength favours the
formation of high molecular weight containing RG®rs [34]. The biochemical approaches
have been used to study OsRGP oligomerization gud@velopmental condition [35]. RGP
may be a multifunctional protein involved in seveuarelated activities [40]. Despite the

above reports, the exact biological function (sSR&Ps still remains a mystery.

The biophysical characterization of RGP is expediedyave the way to crystal
structure determination of this protein. The knalge about the structure of RGP would be
very helpful in knowing its exact biological roleurification of RGP has been reported from
tissues of pea [44], maize [13%;abidopsis thaliana [46], rice [83-85] and potato [34]. RGP
has also been purified froBacoli cells in which cDNA encoding RGP proteinsAofthaliana
[37, 127, 166], cotton [169] and wheat and ricg] [@ere expressed. Despite the purification
of RGP by several workers, reports are not avalail biophysical characterization of this
protein. This may be due to failure in obtaininghly stable and required quantity of pure

RGP protein.

With the above information in view, the currentgasch work was focused on the

biophysical characterization of reversibly glycagd polypeptide in guar. The biophysical




Introduction

characterization and the 3D structure analysisthagerevealed valuable information about

CtRGP protein.

The current research work was carried out withofeihg objectives:

1. Molecular sub-cloning, heterologous expressemmd purification of cDNA

encoding RGP in guar
2. Biophysical characterization of guar RGP
3. Crystallization trial of guar RGP

4. Structural analysis, 3D Modeling and dockihgwar RGP
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2. REVIEW OF LITERATURE

The literature has been reviewed under the vaheaslings.

2.1. Cultivation and guar production

Cluster beanyamopsis tetragonoloba [L.] Taub.), commonly known as guar, is an
annual legume crop. The common name guar is defiged Sanskrit word ‘gau ahaar’ which
means the fodder of cow. Guar belongs to the faRualyaceae. Earlier, it was mainly used as
a forage, green manure and vegetable crop, butih@wan important industrial crop due to
galactomannan gum contained in the endosperm ofetds [91]. It is an important
leguminous herb, highly adapted to arid and serdizarts of the world requiring low inputs
and care [116]. Guar is mainly cultivated in drgctis of Rajasthan, Gujrat, Punjab, Madhya
Pradesh and Uttar Pradesh in India. It is alsovauéid in some part of Pakistan and has been
introduced as a cash crop in Oklahoma and Texassstd USA [5, 125, 146]. It has been
introduce as a new crop for western agriculturetpres in many countries including lItaly,

Germany, Spain and Greece [5].

Mutagenesis is an important tool for favourableejie variability in guar [6]. Some
regeneration work in wild species of guar has b#@mme for the improved varieties [1, 103] .
For improvement and molecular breeding of clusterarb can be possible through
hybridization for obtaining the desired traits [11124]. Genetic diversity among several
genotype of cluster bean have been collected frffiereint geographical regions of India for
crop improvement and conservation [118&Hia is the largest producer of guar in the waidd
total production of guar bean in India is estimatechave crossed 2.7 million metric tons
during the year 2013-14. Presently, India accofmtsnore than three-fourth (or nearly 80

percent) of the total world guar production [10ig(R2.1)
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Fig. 2.1 India's share in world guar production in2013-14 [10]

Guar is a self-pollinated diploid plant with chrosome numbers 2n=14 [2]. Guar
plant has single stem, fine branching, or basaldimg, depending on the variety, and height
to be 18 to 40 inch tall. It has opposite leavew] amall flowers purple, pink to white in
colour. Guar plant may produce around 30-90 podplaat Pods are generally 1% to 4 inch
long and contain 5 to 12 seeds each [10]. Fig.sB@vs the green pods and dried seeds of
guar plant. Green pods of guar are a good souracatahin A and C, calcium, irons and
phosphorous. Pods of guar are also used in traditimedicine for controlling constipation ,
body pains, arthritis, anorexia and diabetes [66g guar seed is comprised of three parts: the
endosperm (35-42%), embryo of the seed (43-47%)tlamdeed coat (14-17%Beeds vary
in color and size is about 4 mm [10]. Guar seeds lelarge endosperm that contains 80-
85% of guar gum/galactomannan. The remaining portsocomposed of water, proteins,
enzymes, and several other nonpolymer carbohydr&esr gum has ability to form
hydrogen bond with water molecules which makesdustrially important as thickener and
stabilizer [111]. Guar gum is extensively used @ods, cosmetics, textile, paper, mining,
petroleum, explosive and pharmaceutical indus{d@d]. Apart from this guar gum is also
useful in the control of many diseases like bowealdsome, diabetes, heart disease and colon

cancer9, 88].




Review of literature

@ (b)

Fig. 2.2 (a) Guar green pods grown in a field at T Roorkee and (b) Petri plates

containing dried seeds of guar.

2.2. Historical background

The early history of old world legume guar is uokm, however established records
and circumstantial evidence reveal that guar has baltivated in Indo-Pakistan subcontinent
for numerous generations. Cluster bean is congiderbe originated by domestication of the
African wild species,C. senegalensis which appears to be the ancestor of tGe
tetragonoloba. The latter species was originally brought to Soflian subcontinent from
Africa by Arab traders as fodder for horses propahlring the 9th and 13th centuries A.D.
[111] The domestication process may have emergethandry areas of the northwestern
region of the Indo-Pakistan Subcontinent. It haanbeultivated as a minor crop in India since

ancient times as a vegetable and feed for caffle [7

Guar was introduced in South western part of USAilie first time in 1903, where
the hot climate with long growing seasons suitadaptation [78, 159]. Carob (locust bean)
seed Ceratonia siliqua) from Mediterranean was used to extract carob gumth was
extensively used in before the World War Il. Duréprid War 1l the supply of imported

carob seeds from the Mediterranean region was fEus@ the Institute of Paper Chemistry,
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USA initiated the search for domestic source oag@mannan gum. As a result guar was
found to be the alternative source for gum [4]. B first time guar was investigated as a

source of gum in 1945 [159].

2.3 Guar gum

Guar gum or galactomannan is a heterogeneous pohaade and belongs to the
hemicellulosic cell wall component of the plantlc&he galactomannans assume the role of
storage polysaccharides in seeds of some plantshwhfunctionally similar to that of starch
in cereal grains [41]. Galactomannans also playomant role in water-retention and defense
functions in plants [53]. Guar gum is accumulatedhie form of secondary wall thickenings
in the endosperm of guar seeds. Commercial guar gurabtained by separating the
endosperm from the germ by milling process. Thealfimilled endosperm, which is
commercial gum, contains 70-80% galactomannan, 26étude fiber, 10-15% of moisture,
5-6% of protein and 0.5-0.8% of ash [31]. The gsrfurther purified by ethanol precipitation

for specific purpose. Figure 2.3 shows the flowtbéguar gum processing [111].

Guar gum is a high molecular weight hyrocolloidalysaccharide, composed of
galactan and mannan units linked through glycodidicages [76]. It is white to yellowish-
white in color, nearly odorless, free-flowing powd®5][165][165][165][165][165][165].
The gum is soluble in cold or hot water and stabla broad range of pH from 4 - 10, but
insoluble in most organic solvents [164]. At lowncentration it hydrates rapidly in cold
water to attain uniform and very high viscosity J11The high viscosity is due to its long
chain structure and high molecular weight. It ha®ong hydrogen bonding, excellent
emulsion, film forming, stabilizing and thickenimgoperties. A number of different gum
derivatives due to presence of many hydroxyl grooqagle for specific applications [86].

Guar gum has high nutritional value which makemniimportant natural food supplement. It
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plays indispensable role in lowering serum chotestnd glucose levels, and also considered
helpful in weight loss programs [21]. Guar gum ieasively used in various industries

because of their natural abundance, low cost amer diesirable properties [110, 150].

[ Guar Seeds ]

|1

[ Gorms +_[ Spliting ]
|1

[ Husks ]‘_[ Thermal Dehusking ]
H

[ Guar Splits l

I1

[ Milling ]

:-IL Dissolution ]

| Ethanol ] |  Filtration |—{Insoluble |
I1r

4’{ Precipitation ]
I_ir

Filtration ]
-
Drying |

[
[

—
| Milling
[

llag )
[ Packaging ] Packaging ]
5 5

[ s Caima ] [PuriﬂedGuarGum ]

Fig. 2.3 Flowchart of extraction of guar gum [111]

2.3.1 Structure of guar gum

Guar gum has high molecular weight (100-1000 kDa§l @ natural non-ionic
galactomannan [112]. A guar gum molecule is compageapproximately 10,000 residues,
which are polydisperse rod-shaped polymers, noitionnature. The guar gum structure is a

linear chain of B-D-mannopyranosyl units linked {34) with single membera-D-
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galactopyranosyl units £26) occurring as side branches [102] (Fig. 2.4).Guyaroxyls are

situated at the cis position that plays a key mleinforcing each other in hydrogen bonding.
For the synthesis of galactomannan, a linear abigsAl,4-mannan act as a backbone to which
galactosyl residues are attached through -1,6 diekg104]. The degree of galactose (G)
substitution to the mannan (M) backbone differsesteling upon the source of the gum M/G
ratio; like M/G ratio for guar gum is 1.3-2 and flmcust bean gum is 3.75-4. The ratio of
mannose to galactose units ranges from 1.6 to 158][ Figure 2.4 shows the general
structure of galactomannans. The change in M/Q relianges the structure of the gum

thereby determining various properties and appbaoatof the galactomannans [151]

Guar gum hydrates readily in aqueous solutions,tihetother factors like solution
clarity, thermal stability and alcohol solubilited to the production of guar gum with
chemical changes. Three hydroxyl groups are availfor derivatization on D-galactose or
D-mannose sugar units. The molar substitutions (MS)uar gum can exceed 3 because of

the additional availability of hydroxyl groups [87]

LOH
_OH 0
HO ’_OH Ho 4 o
U on' H
OH H H\_r/ |
H et "
—, G H OH 51'1‘6 linkage
galactose _x,.DH v _OH
H z"ZJI D_J:]\\‘ xl p -—DD H "H Cl'k
on OH o Ko DH o' OH | ~RoH 9HA
HO Y=—tr""H '_|' Ho
H H H H H
mannnae
[-1,4 linkage

Figure 2.4: General chemical structure of guar galetomannan [102]
Homo-polymers made of long chains of mannose islilide in cold water and the
increase in galactosylation leads to an increasslubility [19]. Locust bean gum with M/G

ratio of 4 is considered superior in its viscositbyaracteristics in comparison to guar gum.

10
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Although it is superior in quality yet difficult toroduce [20] Different galactomannans differ
from each other in distribution pattern of the gtdae residues along the main chain. It is
found that in guar galactomannan the distributeblockwise while in locust bean gum the
distribution may be blockwise, random, or ordef&#a3]. Fig 2.5 shows different kinds of
distribution of galactose residues in galactomasndn recent studies the degree of
polymerization and the degree of substitution img@amannan was studied. Unmodified guar
galactomannan has been reported to have aggredmtieshis tendency was found to be
significantly decreased after partial removal oflagibbse units. The chain length in

combination with the degree of substitution is ®edid to affect the solubility of molecules.

Regular
M-M-M-M-M-M-M-M-M-M-M-M-MM-M-M

I I I I I I I I
G G G G G G G G

Random
M-M-M-M-M-M-M-M-M-M=-M-M-MM-M-M

I I I I I
G G G G G

Blockwise
M-M-M-M-M-M-M-M=-M-M=-=M-M-MM-M-M

I 1
G G G G G G G G

Fig. 2.5: Arrangement of the galactosyl side chaing galactomannan [126]

2.3.2 Biosynthesis of guar galactomannan

Galactomannans are synthesized in endosperm gellsebcombined action of two
enzymes, mannan synthase (ManS) which mgkeés 4-linked mannan backbone, and
galactosyltransferase, which adds galactosyl resida the mannan backbone [42, 50, 131].

Mannan synthase, the enzyme that formspdied-linked backbone of galactomannan, has

11
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been assayemh vitro by using the membrane particles which are derivech developing
endosperm. The results showed independent actilegding to mannose polymer [49]. It
showed a high affinity for GDP-mannose (substrae)l divalent cations wre required for the
activity [141]. But galactosyltransferase has bfmmd to be dependent on mannan synthase

for activity; it shows no activity in presence betsubstrate UDP-galctose alone.

In vitro study shows that preformed long mannan chainsatara galactosylated by
the enzyme. However the combined action of bothrmaarsynthase and galactosyl tranferase
has produced polymers similar to galactomannan. [l8¢y have proposed a model for the
interaction of GDP mannose mannosyltransferasd d@-galactose galactosyltransferase in
galactomannan biosynthesis [49]. The study on gadgttransferase from fenugreek has
shown that the enzyme acts on D-manno-oligosaatdsmnf length greater than or equal to 5
acts as acceptor. But the D-manno-oligosacchatadeger than 9 monomers require heating

for dissolving [52].

The degree of galactosylation of natural galactamaas is also believed to be
determined by two methods. One in which the consakt biosynthesis level i.e. in guar.
Second kind of regulation involves the alteratidrgalactomannan formed by the action of
a-galactosidase later in seed development [50]tlied in locust bean gum. However both
the mechanisms of mannose:galactose ratio comtrplaints are genetic [130]. The pathway

for biosynthesis of guar galactomannans is showsgr2.6.

The direct precursors, GDP-D-mannose and UDP-Detyzda, for the biosynthesis of
galactomannan are produced by of GDP mannose pbiogase (EC 2.7.7.22) and UDP-
galactose 4-epimerase (EC 5.1.3.2) enzymes. The ristiG of the galactomannan has also
been found to be affected by the relative conegiotrs of these precursors as confirmed by

invitro studied [50].

12
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Fig. 2.6: Galactomannan metabolism in guar seeds14]

The biodegradative hydrolysis of galactomannansnduseed development requires
the presence of three enzymesgalactosidasefB-mannanase an@-mannosidaseo -
galactosidase hydrolyses the galactose side cliam fmannose backbon@;mannanase
cleaves the mannose polymer to oligo mannose pumdannosidase hydrolyses the
oligomannanans. These enzymes are synthesizedydberseed development to nourish the

developing seedling [114]

2.3.3 Genesinvolved in galactomannan biosynthesis

Identification of genes involved in the biosynteetpathway of cell wall
polysaccharides has been considered difficultrélent times because of various reasons.
Plant cell wall synthesizing enzymes are integrambrane proteins with one or few

transmembrane domains. They are quite challengindpibchemical studies as they tend to

13
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be labile, and present in multimeric complexes aredencoded by large gene families whose

members may have overlapping function [42].

UDP-galactose epimerase catalyzes the reversilsieecsion of UDP-D-glucose to
UDP-D-galactose. This compound is a precursor fa Ibiosynthesis of many cell wall
polymers, including galactomannan. Two cDNA clor&scoding two different UDPG

epimerases were isolated. [80].

Success in identifying cDNA encoding mannan syrgh@glanS) was achieved
through the identification of a candidate gene #wri@nscriptional profiling followed by
functional expression in a heterologous system @glsoybean somatic embryos. Further
analysis showed that the gene belongs to cellidgsthase like@d) gene family [42, 141].
The cellulose synthase-lik€4) genes were first identified in the model pl#@mabidopsis

[136] and rice [75] which are grouped under thisifg based on sequence homology [32].

The enzyme responsible for the transfer of galaci{@al) residues to a mannose
(Man) on the mannan backbone is a member of theogly transferase (GT) family of
proteins called galactomannan galactosyltransfef@sGT). The putative cDNA encoding
galactosyl transferase from fenugreek seed wa®dland expressed in ye&sthia pastoris.
The expressed galactosyl transferase showed transfe galactose to D-manno-
oligosaccarides with chain length 5 or more [52heTmRNA sequence for galactosyl
transferase from guar is available in NCBI databagh sequence id AJ938067.1 (gmgtl

gene).

The mannan synthase (ManS) and galactomannan @gadtansferase (GMGT)
enzymes are localized in the membrane of Golgiclesiand are believed to work together
very closely to determine the statistical distribntof galactosyl residues along the mannan

chain [51].

14
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2.3.4 Genesinvolved in galactomannan biodegradation

The gene encoding-galactosidase, an enzyme that hydrolyses the tgalacide
chain from mannose backbone, was identified usliggp-emucleotide mixed probes based on
the terminal amino acid sequence and the sequenaa mternal peptide. The nucleotide
sequence of the cDNA clone showed that the enzgmagnthesized in the form of a precursor
with a 47 amino acid Nfiterminal extension. This pre-sequence mainly fonstto target

the protein outside the aleurone cells into theospdrm [115].

2.4 Expressed sequence tags of guar

A database of 16,476 guar seed ESTs was constrficied two cDNA libraries
consisting of 8,163 and 8,313 ESTs sequences. Artfungeed storage proteins, the most
abundant contig represented a conglutin accourion@.7% of the total ESTs from both

libraries [114].

2.5 Mannose and galactose ratio in galactomannans

Galactomannans with good viscosity are much inat&m This has lead to various
biotechnological applications to improve M/G ratib galactomannans boiim vivo andin
vitro. Galactomannans with varying galactose contené wegpared by manipulating reaction
time, temperature and enzyme/guar gum ratio. Entigailly modified guar galactomannans
with 22-24% galactose contents were found to repredthe rheological and stabilization

properties of locust bean gum [20].

The available information on genes involved in thgsis and biodegradation of
galacotmannans lead to transformation studies. dferld seed galactomannan is almost fully
substituted by galactose, whereas galactomannatobacco seedNjcotiana tabaccum)

contains very low level of galactose substitutiamd eexogenously introduced fenugreek
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GMGT dominated over the endogenous tobacco GMGW cam operate mutually with the

endogenous mannan synthase in tobacco [133].

The Lotus japonicus plant has native galactomannan with high galactodestitution
(Man/Gal ratio of 1.2-1.3). The transformation o&lartomannan galactosyltranferase
constructs, resulted in the modification of itsagabmannan to one with a lower galactose
content at a Man/Gal ratio of 6 [51]. An obviousgtt of such engineering would be guar
which is already used for production of galactonaamrAbout 30% of the guar transformants
produced endosperm with galactomannans where tleetgse content was significantly

reduced [79].

A ~1.6 kb guar mannan synthase (MS) promoteroredias been cloned and
characterized by studying the quantitative expogssif B-glucuronidase (GUS) directed by

MS promoter. GUS expressed specifically in endospartransgenic alfalfa [112].

2.6 Applications of guar gum
Guar gum has numerous applications. Fig 2.7 anteTalh shows the applications of
guar gum in different industries.

—
Industrial/

e

Pharmaceuti

\ clals

Cosmetics

N

Fig. 2.7. Applications of guar gum

16



Review of literature

Table 2.1. Applications of guar gum and its modifid derivatives in various industries
[163]

S. Industry Derivatives Functions

No.

Industrial/ Technical
1 Oil well drilling  Driling Fluids  Borate cross-linked Control of water loss,
hydraulic guar gum, hydroxy viscosity, suspension,
fracturing alkyl ether turbulence, mobility,
derivatives friction reduction
2 Textile Printing Cotton, Rayon Carboxy-methyl Reduces wrap breakagg,
silk, wool guar, hydroxy propyl reduces dusting film
sizing, carpet  guar, forming thickening for
printing modified guar gum dye
3 Paper Wrapping Oxidized guar gum, Replaces hemi
paper, kraft, crosslinked cellulose,
photographic  guar gum, amino increase strength, fold,
paper, ethyl gum, modified pick, pulp hydration,
filter guar gum, guar gum retention of fines,
formate decreases porosity
4 Mining Concentration Aminoethyl guar Flocculating and settling
of ore, gum, sulphate of agent, filter aid
filteration guar gum
5 Explosive Stick Reticulated guar Water proofing, gelling
explosive, gum, Agent
blasting cyanoethyl ether of
slurries guar gum
6  Water Treatment Industrial Food grade guar gum Coagulant aid (food
water, approved)
drinking water
7 Tobacco Reconstitution Reaction product of Binding agent,
of carboxymethyl strengthening agent
fragmental cellulose and guar
tobacco gum
8 Coal Mining Coal Borate cross-linked Friction reducing
suspension, guar gum suspending agent
shock
impregnation
9 Fire fighting Water for Guar gum with Friction reducing,
fighting fires ethylene glycol and dispersion and directior
glycerol control
10 Ceramic Enamels, Chlorinated guar Fixing, binding
electroceramics gum thickening
agent
11 Photography = Emulsions, Borate cross linked Gelling, hardening
gelatine guar gum, agent
solutions hydrolysed guar gum
12  Synthetic Resins Polymerization, Suspension of guailhickening, Binding
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suspension, gum with CMC agent
collagen
dispersion
Foods
13 Frozen foods Ice creams, Food grade guar gumWater retention, ice
Soft serves, with CMC crystel
frozen cakes inhibitor, stabilizer
14 Bakery Bread, Cakes, Non-metabolised Dough improvement,
Pastry, guar gum greater moisture
Icing retention,
prolonged self life
15 Processed  Cottage cheese,In combination with Increase the yield of
Cheese cream other water soluble curd solids, improves
cheese gums tenderness
16 Dairy Products  Yoghurts, In combination with Inhibits when separate
desserts, other water soluble keeps texture after
molasses gums sterilization
17  Dressing and Salad cream, In combination with Fast, cold dispersible
Sauses pickles, other water soluble thickening and
barbecue relish gums texturising
agent
18 Instant mixes  Pudding In combination with  Fast, cold dispersible
sauses, other water soluble thickening and
desserts, gums texturising
beverages agent
19 Canned Foods Pet foods, In combination with  Acid resistant
corned meat, other water soluble thickening
baby foods gums and suspending agent
20 Beverages Cocoa drink, In combination with  Acid resistant
fruit nector, other water soluble thickening
sugarless gums and suspending agent
beverages
21 Animal Feed  Veterinary In combination with  Suspending agent,
preparations, other water soluble granulating agent
calf milk gums
replacer
Pharmaceuticals
22  Pharmaceuticals < Laxative, Food grade guar gumBulking agent, bulk

slimming aids
* Gastric hyper
acidity

* Diabetic
treatment

* Cholesterol

* Tablets

forming

appetite depressant
Synergistic activity with
bismuth salt

Reduction of urinary
glucose loss

Stable water soluble
suspension
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Cosmetic
23 Cosmetics Ointment Hydroxypropyl guar Thickening agent gives
Lotions (HPG unctuousness
Hair Shampoos Hydroxypropyl guar Lubricating, suspending
Hair (HPG) agent
Conditioners  Food grade guar gumDisintegrating and
Cationic guar granulating agent
Hydroxypropyl guar Detergent compatible
(HPG) thickener
Protective colloid film
forming agent
2.7 Cell wall

All green plants are surrounded by a strong laydriciv is composed of
polysaccharides and glycoproteins components. Mioghdant biopolymers on earth are the
plant cell wall polysaccharides. The cell wall givéhape to the cells and helpful in growth,
development and mechanical properties of plant. [P&nt cell wall has very unique role in
human and animals’s nutrition as dietary fiber &dindustrial uses such as production of
renewable biofuel, adaptations to the environmeal@nges as well as protection against

pathogen attacks [128, 132].

2.7.1 General propertiesof cell wall

Several cell wall biosynthetic activities were derstwated many years ago in different
in vitro assays, but it is difficult to demonstrate enztyoactivities directly in heterologous
hosts [63]. The two main cell wall polysaccharidactions are, cellulose and matrix
polysaccharides (pectin and hemicelluloses), thendo is synthesized at the plasma
membrane whereas the latter are made in the Golyjitlken exported to the cell wall by
exocytosis [129]. Due to the cellulose crystalsseteral dozen glucan chains form the
microfibrillar foundation of plant cell wall [64]The most important functional property of the
plant Golgi apparatus is its ability to synthestmemplex matrix polysaccharides of the cell

wall. The cell wall matrix polysaccharides areesmsbled exclusively in the Golgi-cisternae
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and transported to the cell surface within Golgindel vesicles [99]. Golgi apparatus

synthesizes complex matrix polysaccharides of édllenall (Fig.2.8) [73].

In dicots, 20% of the primary cell wall consiststbe polysaccharides xyloglucan.
Xyloglucan consists of f-1,4-glucan backbone with xylosyl, xylosyl-galagtosr fucosyl—
galactosyl—xylosyl residues side chains [28]. TreEnmenzymes responsible for xyloglucan
biosynthesis are divided into different familiessed on donor, acceptor and linkage [167].
Developments in cropgnd management systems is required for the imprene of
lignocellulosic feedstockoroduction [29]. The addition of side chains to xyloglucan is
catalyzed by specific transferases such as xylasydferase, galactosyltransferase and
fucosyltransferase [143]. Glycosyltransferasesiramdicated with cell wall synthesis. Crystal
structure of UDP-glucose specific glycosyltrans$esaadopted the GT-A fold and possessed
DXD motif that co-ordinate with Mg [57]. Wall-associated receptor-like kinases (WAKs)

a gene family identified in plants suchA®bidopsis and rice which are involved directly in
linking the extracellular matrix with intracellulaompartments and developmental processes

and stress response [82]

2.7.2 Biosynthesis of plant Cell wall polysaccharides

Biosynthesis of plant cell wall polysaccharidesaisery complicated process. Both
primary and secondary cell walls contain cellulosed hemicelluloses. Cellulose is the most
important and normally the most abundant wall congmd among all the polysaccharides.
Cellulose microfibrils are enrooted in a matrix ttheontains other polysaccharides,
glycoproteins and proteins. Cellulose is made atplasma membrane and deposited directly
into the wall. Other matrix components are madé¢ha Golgi and delivered to the wall in
secretory vesicles [64]. The successful expressidoll length AcTPase with an N-terminal

6xHis tag was achieved in pTrcAc expression veict@oluble form. The expression cassette
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was induced in Rosetta2 (DEB) coli lines. This allowed elucidation of its structuneda
function [94]. The processes and components ingbineassembling functional cell walls are
largely unknown. Recent advances had helped usderatand that how cellulose and the
non-cellulosic polysaccharides of the plant cellllware synthesized, assembled, and
integrated [23]. There are several transcriptionatwork is involved in regulation of

secondary cell wall synthesis [170].

The Golgi apparatus of eukaryotic cells plays rtred role in the processing, sorting,
and transport of proteins to intra and extra-catliidompartments. But in plants, it has the
additional role of assembling and exporting the-peltulosic polysaccharides, pectins and
hemicelluloses of the cell wall matrix, which armportant for plant protection and
development. One major part of plant cell wallsaisliverse group of polysaccharides, the
hemicelluloses. One-third of the wall biomass cstssiof hemicelluloses which surround
heteromannans, xyloglucan, heteroxylans, and mixé&dge glucan. The fine structure of

these polysaccharides and their substitution, satepending on the plant species and tissue

type [47].

The enzymes responsible for elongating glycan chanmd forming branches are called
glycosyltransferases. They require a specific aocemolecule and as a substrate, sugars
activated by the presence of a nucleotide (nudeetgugars) mainly in the form of UDP and
GDP-sugars [54, 142]. These enzymes take two formatimembrane-spanning (type III)
processive glycosyltransferases, and type Il glyit@nsferases, the latter possessing a
hydrophobic N-terminus, believed to anchor the giroin the membrane, and a C-terminal

catalytic domain [64].
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Fig 2.8. Schematic representation of hypotheses mgling cell wall polysaccharide
biosynthesis [73].

2.7.2.1 Biosynthesis of cellulose in higher plants

Cellulose is a linear 1,8-D-glucan that assembles into paracrystalline rfilorids,

each of which contains an estimated 36 parallglgamicharide chains. Cellulose biosynthesis

involves a large multisubunit complex containingledst three different cellulose synthase

enzymes and probably other proteins [71]. The odfiteer cell from the ovule is involved in

in vivo capacity for the synthesis of cellulose from gked24]. These proteins form a

complex that appears in plasma membranes as ders$sicture that is thought to transfer

Glucose from cytosolic UDP-Glc to produce multipdxtracellular glucan chains that

eventually coalesce into a cellular microfibrils.
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2.7.2.2 Callose biosynthesis

Callose is a linear homopolymer madeotip-1, 3-linked glucose residue with some
B-1,6- branches. It exists in cell walls of a widaiety of higher plants. It is synthesized at
the plasma membrane when cells are damaged [25,Close plays an important role
during a variety of processes in plant developnagrt involved in response to the multiple
biotic and abiotic stresses (Fig. 2.9) and callmesynthesis uses UDP-glucose as a substrate.
Several molecular studies and biochemical eviderggasrted in many plant species indicate

that callose is synthesized by a class of enzytaasged callose synthases.

Pollen development

FM selection I Pollen tube growth

N

Cell plate formation «—— | Callose )——> Biotic stress response

d

PD regulation Abiotic stress response

Sieve pore development
and regulation

Fig.2.9 Callose is involved in multiple aspects gblant growth and development and

response to biotic and abiotic stress [157].

2.7.3 Plant cell wall matrix polysaccharides biosynthesis

Matrix polysaccharides are synthesized in the Gaigl exported to the cell wall by
exocytosis. Then these matrix polysaccharidesdatate among cellulose microfilmed brils,

which are made at plasmamembrane. Golgi glucarnegist plays a role in auxin-induced cell
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expansion. Recently, certain genes correspondinguican synthases have been identified.
Several genes from the cellulose synthase-lig) family have been found to be involved in
the synthesis of various hemicellulosic glycansl]l4/arious research groups attempted
biochemical purification and substrate labeling itentify polypeptides for cell wall

polysaccharides synthases [44].

For the formation of mucin type O-linked glycan WHGRAINAc:polypeptide alpha-N-
acetylgalactosaminyltransferases is required ferddtalytic action that igansfer of alpha-
N-acetylgalactosaminérom UDP-GalNAc to Ser or Thr residues of core proteins [56].
Covalent labeling of proteins with radiolabeled studite, proved to be relatively promising at
least initially, that it allowed identification o& protein of approx. 40kDa that became
covalently labeled under GS-1 assay condition [44je label turned over upon incubation of
pre-labeled protein with excess unlabeled substsaiggesting that it had enzymatic activity.
This protein, named reversibly glycosylated protdRGP), was auto glycosylated , as the
purified protein could also be labeled with variduBP-sugars [43]. RGP was specifically
localized to the trans- Golgi compartment. The cttiee of xyloglucan, glucuronoarabino

xylan and Galactomannan are given in Fig. 2.10.[40]
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Fig. 2.10. Structure of Xyloglucan (A), Glucuronoaabino xylan (B) and Galactomannan (C) [40].
2.7.3.1 Biosynthesis of Hemicellulose

Hemicellulosic polysaccharides are very complex aooles that are similar to
cellulose microfibrils, providing a cross-linked m&a. Hemicelluloses can be divided into
four main classes: xyloglucans (XyG), which containheavily substituted-1,4-glucan
backbone; (gluco) mannans, containing a variabbsstuted backbone that includpsl,4-
linked mannose (glucose and mannose) residuesjrglncarabinoxylans (GAX), containing
a substituted-1,4-linked xylan backbone; and mixedlinkage glc@dLG), which involve
an unsubstituted backbone of glucosyl residuesagang bothf-1,3- andp-1,4-linkages
[149]. Structural similarities between tiffel,4-linked glucan chains of cellulose and the
backbones of the varioyslinked hemicellulosic polysaccharides led to theduction that
Cellulose Synthase Like (CSL) genes might encodgiGacalized glycan synthases that are

involved in the biosynthesis of these polysacclesid 19] (Fig. 2.11).
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Fig.2.11 Showing fragment off-1,3- glucan showing how adjacent sugar residues er
inverted [119].

2.7.3.2 Mannan biosynthesis

Mannans are also the major hemicellulose in thers#ary cell wall of gymnosperms
[120]. Heteromannans are synthesized from activatgdleotide sugars. These nucleotide
sugars are GDP-mannose, GDP-glucose, and UDP-gséaft00]. The activated nucleotide
sugars are then utilized by highly specific, Gdtgialized glycosyltransferases (GTs), which
facilitate the formation of the specific linkagetlWween the monomers and thus synthesize the

polymer [18].

2.7.3.4 Pectin biosynthesis

The third group of polysaccharides is pectin. Tamitelluloses and pectins constitute
the matrix in which cellulose microfibrils are endoed. Structurally and functionally the
most complex polysaccharide in plant cell wall etn. The structure of pectin constitutes
the galactouronic acid rich  polysaccharides inclgd homogalactouronan

rhamnogalactouronan | and rhamnogalactouronandlZA.2) [107] .
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Fig. 2.12 Showing the structure of pectin. Pectironstitutes four different types of
polysaccharides, and their structures are shown. Ka, 3-Deoxy-d-manno-2-octulosonic
acid; DHA, 3-deoxy-d-lyxo-2-heptulosaric acid [107]

2.8 Role of glycosyltranferases and sugar-convergnenzymes

Golgi glycosyltransferases are required to assentbtdgi mediated complex
polysaccharides. Nucleotide-sugar transportershactéotide-sugar interconvertion enzymes
[135, 137, 158] could interact physically to formangplexes within Golgi membranes that

would coordinate sugar supply and polymer syntHégi3]

2.9 Reversibly glycosylated polypeptides

The first report of RGPs was detected as a reblgrgiycosylatable 40kDa doublet
protein in pea membranes with UB}] Glc which is cytosolic in nature but have a temcy
to get associated with Golgi membranes, which meag bomponent of the GS-I system [44].
Subsequently this protein was purified from peaus named as RGP1. RGP1, a 41.5kD
protein purified from pea has 364 aminoacyl ressdudich gets localized in trans-Golgi
dictyosomal cisternae, as found by immunogold iagelRGP1 is involved in synthesis of
xyloglucan and  hemicelluloses. Corded mays) contains a biochemically similar and

structurally homologous RGP1, which helps in stasghthesis. The expressed sequence
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database also reveals close homologs of pea Rgihlindopsis and rice Qryza sativa) [43].

Identification of other orthologs iArabidopsis thaliana [37].

Cellulose, a cell wall component of plants, hasy®st been isolated and characterized
successfully. The cDNAs of cottorGdssypium hirsutum) and rice (Oryza sativa) are
homologous of the bacterial celA gene, encodingctitalytic subunit of cellulose synthase.
In plant celA gene products, three regions in #gpuences were conserved with respect to the
proteins encoded by bacterial celA genes. Withiaséh conserved regions four highly
conserved subdomains are present, critical forlysasaand binding to the substrate UDP-
glucose (UDP-GIc). The overexpressed DNA segmerthefcotton celAl gene encodes a
polypeptide fragment that spans these domains exas$ DP-Glc, while a similar fragment
with deleted domains does not bind to substratéelreloping cotton fibers celAl and celA2

genes expressed at high levels during active secgmehll cellulose synthesis [121].

UDP-Glc:protein transglucosylase (UPTG) (EC 2.412)1 is an autocatalytic
glycosyl-transferase which helps in starch biosgsit In potato, polyclonal antibodies were
raised against UPTG to screen a potato swellingprsttip cDNA expression library.
Recombinant UPTG was labeled with UDPA]-Glc and MA™, to show its enzyme activity.

It was determined that purified as well as recorabilJPTG can be reversibly glycosylated
by UDP-Glc, UDP-Xyl or UDP-Gal. RNA hybridizatiortuslies and western blot analysis
indicates that UPTG mRNA and protein are expresseall potato tissues. Previous study
shows high degree of similarity between UPTG anctise plant sequences that encode for

proteins localized at the cytoplasmic face of tleégisand at plasmodesmata [14].

In Arabidopsis thaliana, antibodies were prepaagdinst Reversibly Glycosylated
Polypeptide-1 (AtRGP1), to check for expression gwtichcellular localization of the protein.
The concentration of AtRGP1 protein and RNA wasunid to be highest in roots and

suspension-cultured cells, showing that the protsincytosolic but also peripherally
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associated with membranes [37]. Polypeptide assemisross-linked by S-S bonds and
single polypeptides folded with internal S-S crbsks were detected in particulate
membranes and soluble fractions of developing edtyhs of nasturtiumrl{opaeolum majus
L.). When prepared from fruit homogenates, thedgpeptides were found to bind reversibly
to UDP-Gal (labelled with*fC] Gal or fH]uridine). Initially, the bound UDPC]Gal could

be replaced by adding excess UDP, or exchangeduidt-Gal, -Glc, -Man or —Xyl [63].

A full-length cDNA encoding RGP was cloned from toot fiber cells using
differential display combined with rapid amplificat of the cDNA ends. The gene GhRGP1
encodes for a 359 amino acids long protein havid@6% identity with RGPs from other
plants. Northern blot analysis showed the expressfogene in fiber cells and its abundance
during primary cell wall elongation and at theelastage of secondary cell thickening,
suggesting that GhRGP1 may be involved in non-msla polysaccharide biosynthesis of the
plant cell wall [169]. The complete genome sequesfcde Arabidopsis has revealed a total
of 40 cellulose synthase (CesA) and cellulose sgdHike (Csl) genes. Recent studies
suggests that each CESA polypeptide contains argycatalytic center, and that two or more
polypeptides from different genes might be needetbtm a functional cellulose synthase
complex [39].In Arabidopsis thaliana, characterization of cell wall mutants has led to
significant advances in understanding cell walltegsis and the properties of cell walls

[134].

From wheat Triticum aestivum) and rice Qryza sativa) cDNA clones of RGP were
selected and sequence comparisons of both showstkreoe of two classes of proteins,
RGP1 and RGP2. Transgenic tobacco (Nicotiana tabbpqlants were generated which
overexpress either wheat Rgpl or Rgp2 and gluchsylassays revealed that that RGP-2
complex was active. The confirmation of RGP1 andPR@s high-molecular mass complexes

was done by gel filtration experiments. [95]. I¢ima of a cDNA clone encoding mannan
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synthase (ManS) was reported. This enzyme makésrignnan backbone of galactomannan,

a hemicellulosic storage polysaccharide in guad seelosperm walls. [41]

A 41kD protein, SE-WAP41, associated with wallsetiolated maize Zea mays)
seedlings was cloned, sequenced and found to lassaXreversibly glycosylated polypeptide
(C1RGP). Protein gel blot analysis of cell fracBonith an antiserum against recombinant
SE-WAPA41 showed, that it was enriched in the walttion. RNA gel blot analysis along the
mesocotyl developmental axis and during deetialatiemonstrates that high SE-WAP41
transcript levels correlate spatially and tempgralvith primary and secondary
plasmodesmata (Pd) formation. All four of the Adapsis thaliana C1RGP proteins, when
fused to green fluorescent protein (GFP) and temtlyi expressed in tobaccdli¢otiana
tabacum) epidermal cells, showed fluorescence patterngatidg that they were Golgi and
plasmodesmal associated proteins. C1RGPs werfoandbet plasmodesmata associated

proteins delivered to plasmodesmata via the Ggpaeatus [139].

Reversibly glycosylated polypeptides (RGPs) are licaped in polysaccharide
biosynthesis and till date, no direct evidence texisr their involvement in a particular
biochemical procesdArabidopsis thaliana genome contains five RGP genes out of which
RGP1 and RGP2 share the highest sequence iddBditly. genes are ubiquitously expressed,
but the highest level of expression was observedctively growing tissues and in mature
pollen. RGPs showed cytoplasmic and transient &smt with Golgi [46]. GhRGP1 gene
from cotton has been characterized and was foube tareferentially expressed in fiber cells

[162].

Monopartite geminiviruses of the genus Begomovinase two virion-sense genes,
V1 and V2. A protein, SIUPTGL1, closely related téamily of plant reversibly glycosylated
peptides, was found to interact with V1 protein ngsiyeast two-hybrid system. A

SIUPTG1:GFP fusion protein was found to localizedtiie cell wall and its expression
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appeared to be highest in actively dividing tiss(i44]. Transient expression for host
responces of individual genes encoded by tomatocled virus [145]. The effect of ionic
strength of on the activity of StRGP shows inculratof RGP protein at high ionic strength
produced a high self-glycosylation level and a hagitosylation reversibility of RGP. Beside
of that, incubation at low ionic strength indicatesv level of glycosylation. So, low
glycosylation reversibility of RGP irsolanum tuberosum. Thus at low ionic strength the
formation of high molecular weight RGP-containirmgris, whereas incubation at high ionic
strength produced active RGP with a molecular agebed for the monomer. Another study
showed a model for the regulation of the RGP agtiand its binding to Golgi membranes as
shown in Fig. 2.12 where the sugars linked to ofigdc form of RGP in the Golgi may be

transferred to acceptors involved in polysacchdbideynthesis [34].

Biochemical purification of glucan synthase wasumessful because of the labile
nature and very low abundance of these enzyme&r&eyenes from the cellulose synthase-
like (Csl) family have been found to be involvedtie synthesis of various hemicellulosic

glycans [141]

Glycosylation
UDP- Sugar uUDP ‘gar
Glycosylatlon
Reversibility

Golgi
Sugar

Complex
formation

Membrane
Association

Fig. 2.13 Formation of RGP complexes linked witla decreased ability to glucose to UDP and
their association with Golgi. The reaction catalyzé by monomeric soluble RGP is
reversible.Monomeric soluble RGP glycosylation actity found due to the formation of high
molecular weight RGP containing structures that ehance their affinity for Golgi membrane
[34].
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In rice, UDP-arabinopyranose mutase (UAM) was tbuto be involved in
interconversion of UDP-arabinopyranose (UDP-Arap) BIDP-arabinofuranose (UDP-Araf).
L-Ara, an important constituent of plant cell walis found predominantly in the furanose
rather than in the thermodynamically more stableapgse form. Through site-directed
mutagenesis studies it was found that in functidmdMs an arginyl residue is reversibly
glycosylated with a single glycosyl residue and tl@sidue is required for mutase activity. A
DXD motif is required for catalytic activity of thienzyme [84]. These mutases (UAMS)
belong to a small gene family encoding the previonamed reversibly glycosylated proteins

(RGPs) [127].

Except for xylan synthase, known Golgi glycantegses suggests that the catalytic
polypeptide by itself is sufficient for enzyme adly, most likely as a homodimer. The
possibility of the involvement of various Csl genesmaking more than one product [40].
The role of complex formation is related to ricargl development, in which class 1 Oryza
sativa RGP (OsRGP) may involve in an early stafjgrowing plants, so that higher
molecular weight showed an apparent non-reducet for StRGP protein and the lower

radioglycosylation found in reduced form of OsRG&nomer. [35]

2.10 Characterization of proteins using novel techgues

The Opticryst consortium for optimization of priotecrystallization developed new
crystallization technologies and tools for the tallization of a number of proteins [59]. For
better evaluation of crystals, various techniquegduincluded, DPI (dual polarization
interferometry),to detect useful Nucleation;situ DLS (dynamic light scattering), to monitor
crystal growth; and UV fluorescence to differergiaprotein crystals from salt [58].
Leucoagglutinin protein oPhaseolus vulgaris is a homotetrameric legume protein [13]. For

the multimerization of PSBGAL/B barrel containing catalytic site and the othetiah in -
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content are responsible [48]. Thermal denaturatglmowed that the refolding of
phytohemagglutinin at neutral pH is irreversibl][1n silico docking of selective peptide
inhibitors with TMPK from M.tuberculosis and human was carried out to examine their
differential binding at the active site [90]. Theage several work has been reported in
structural and functional aspect of protein. Foe first time structural evidence for the
diffusion of aromatic ligands and closure of inddidegand of the hydrophobic channel in

heme peroixidase [147].

Several novel genes are functionally characterizgdnolecular basis like claudin-
1/CD81 association, which binds a soluble form &&\HE2 glycoprotein (sE2) [15] and
detergent-extracted, purified claudin-1 were amtigeind recognized by specific antibodies.
The unique property of biological enzymes is theyt can select specific substrate for the
selective catalysis of the reactions for a spedéificction [105]. The most common enzyme of
snake venom includes acetylcholinesteases, L-amithoaxidases, serine proteinases,
metalloproteinases and phospholipases. Proteimdacy structure is determined by circular
dichroism [67-69]. Protein unfoding can be detemdirby CD [67]. Thermal stability and
resistance to proteolysis make these enzymes nitnactave [81]. Hsp90, a ubiquitous
molecular chaperone was used for studying subdtratiéng with systemin. It was found that
Hsp90 preferentially binds a locally structuredioegn a globally unfolded protein, and this
binding drives functional changes in the chapeton®wering a rate-limiting conformational
barrier [152]. The analysis of protein compositiohtomato spotted wilt virus by PAGE
revealed that there are three major and one mypastof structural protein. The three major
proteins comprise approximately 98% of the totahivprotein and all of them were found to
be glycoprotein [106]. One driving force for thengmlex rearrangements is the intrinsic

ATPase activity of Hsp90, has seen with other crapes[89]
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A 55 kDa cruciferin protein from seeds of Moringkifera plant was purified and
characterized. Crystallographic analysis showed tha crystals belonged to the P6322
hexagonal space group with cell dimensions, a =98.4, ¢ = 274.3 A°. Crystal diffracted to
a resolution of 6A [3]. Isothermal titration calorimetry is used doectly characterize the
thermodynamics of biopolymers binding interactiarsd the kinetics of enzyme-calayzed
reactions [45, 55, 98]. Model-independent diffef@requation is used for the analysis of ITC
[33]. Cellulose-binding domain of exoglucanase Gem Cellulomonasfimi to insoluble

microcrystalline cellulose binding is entropicatlsiven [30].
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3. MATERIALSAND METHODS

3.1. PCR amplification and construction of the recombinant plasmid

A full length guar C. tetragonoloba L. Taub) RGP (CtRGP) cDNA was provided by
Dr. Dhugga from the previously established EST lolzda available at Du Pont Pioneer,
USA). This database of approximately 15, 000 ES@&s wonstructed from the guar seeds at
three developmental stages with approximately 5P80s derived from each of the cDNA
libraries [41]. Fig 3.1 shows the complete sequeocéghe CtRGP cDNA. It consists of

1,455bp and encodes from the coding region 169-123@ce length is 1062bp.

GCACGAGCGCTCAAACAT TGAGACACGT CT CAGT GCAAT TCCCCCCACT CGT GCCGAAACCCCCGCCCT CGCACGT
GCCACTACCCCTTTTATATTGCACTCTCCCTCTCTTCTTCTTCCTTCAAATCTCTCTCACACACAGAGACACACA
AACCTCTGTGAAACTACCAT GGCATCGGECAACACCAT TGT TGAAGGATGAGCT CGACAT CGTGATCCCCACAATC
AGGAACCTCGATTTCCT CGAGAT GT GGAGGCCGT TCTTTCAGCCCTACCATCTCATAATTGTGCAAGATGGTGAC
CCTTCCAAGACCATTAAGGT CCCTGAGGGAT TTGACTATGAGCTCTACAATCGCAATGATATCAATAGGATTCTC
GGI'CCCAAGGCCAATTGCATCTCCTTCAAGGACTCTGCT TGTCGCTCCTTTGGT TATATGGT CTCTAAGAAGAAG
TACATCTACACCATTGATGATGATTGCTTCGT TGCTACT GATCCAT CAGGACACAAGGT TAATGCACTTGAGCAG
CATATAAAAAACCT GCTCTGCCCATCAACACCCTTCTTTTTCAATACCCTCTATGAACCT TTCAGAGAAGGT GCA
GATTTCGITCGTGECTACCCCTTCAGT CTCCGT GAAGGT GTACCAACTGCTGT TTCTCATGGTCTTTGGCTAAAC
ATCCCAGACTACGATGCTCCTACTCAACT TGTGAAACCT CTTGAGAGGAACACAAGGTATGTGGATGCTATCATG
ACCATACCAAAGCCCACTTTGI TTCCCATGT GT GGAATGAACT TGGCAT TCGACCGT GATCTTGI TGGACCAGCA
ATGTACTTTGGT CTCATGGGT GATGGT CAACCTAT TGGACGCTACGAT GACAT GT GEGCT GECTGGT GCTGCAAG
GITAATTTGTGATCACT TGGGAT TGGGAAT CAAGACT GGTCTACCATATATCTATCACAGCAAGGCTAGTAACCCA
TTTGITAACCT GAGGAAAGAGT ACAAGGCCATATTCTGGCAAGAAGACATTATCCCATTCTTCCAGAACATTGT T
CTTCCAAAAGAAGCTACCACT GIT TCAGAAGT GT TACGT TGAGCTAGCCAAGCAAGT CAAGGACAAACT TACCAAA
ATAGATCCTTACTTTGACAAAT TAGCAGAGGCCATGGT CACT TGGAT TGAAGCT TGGGATGAGCT TAACCCTGCT
GGAGCATCTCTTGCCAACGGCAAAGCATAAATCAGT TTTGGT TAAATTCCTGACAGCCACAGAACATGAAGT GGA
ACTATTTATATACTGTATTTCTTTTTCCTAGTATTTATTTTGATATTGTATTCTACTCTTAAAATTTGCAGCATT
GITAGCTGTAATTCTATGTAGTAACTTCATCCT TTGAGCT T TAGGAACAATAAAGT ACAACGGT CTTTAGGGCGT
TGCTTTCTTTTAAAAAAAAAAAAAAAAAAA

Fig. 3.1. Full-length 1,455 bp FAST A sequence of clone code (>lds2c.pk011.p19:fis) for
guar RGP (Provided by Dr.Dhugga).

3.1.1. Polymerase chain reaction (PCR)

The selected full-length cDNA fragment of guar R@&s amplified in vitro using the
polymerase chain reaction (PCR). PCR was carriedasl20pul reaction volume containing
1U Taq DNA polymerase (Biotools, USA). The reactinaster mix is described in Table 3.1.
Amplification was carried in a Master cycler gradieprogrammable thermal cycler

(Eppendorf UK). The double-stranded template cDN&swnitially denatured at 94 for 5
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minutes (min.) to produce single stranded cDNA.HEaf.the 30 amplification cycles began

with denaturation of the DNA at 82 for 1 min. The temperature was then decreas&6’®

for 1 min which allowed annealing of the two priméo the 5" and 3’ ends of the cDNA. This

is followed by a 1.5 min elongation period at?’@2where the thermostable polymerase
synthesized the DNA strands complementary to thdADy adding the matching dNTPs to

the primers.

Table 3.1: Composition of master mix of PCR reaction

Components Final concentration
Template 50ng

Forward primer 0.5ul (20pM)
Reverse primer 0.5ul (20pM)
dNTPs 0.5ul (10mMm)
MgClI2 0.5ul (50mM)
Buffer 2.5ul (10X)

Taqg polymerase 1.0ul

MiliQ water 10.5ul

Total 20.0pl

A final extension carried out at % for 15 min. and a hold temperatur¥4at the
end. Preparative PCR was carried out using 16@ctian volume. The coding region of full-
length cDNA was amplified by PCR with the primers GRIFOR1L (5
CGTAGGTAEATATEGCATCGGCAACACCATTG 3) and RGPflREV1 (5
GCAAGTCAGICGACTGCTTTGCCGTTGGCAAGAG 3Ndel andSall sites are indicated

in bold in primers.

3.1. 2. PCR purification

The amplified PCR product of CtRGP was purifiechgsQiagen PCR purification kit
(Qiagen, USA). Four volumes of binding buffer B2gplied with the kit) added with 10mL

isopropanol in PCR sample (50-100 pL) and were chpmeperly. Column was centrifuged at
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12,000 x g for 1 minute and supernatant was digcardhe column was re-inserted into the
collection tube and 650 puL wash buffer W 1 was ddadgéh ethanol. Again column was
centrifuged at 10,000 x g for 1 min. supernatang discarded and the column was placed in
the same collection tube. The column was centrdugiemaximum speed for 2-3 min. The
column was placed into a clean tube of 1.7 mL. Aug0elution buffer was added to the
center of the column. The column was incubatedainrtemperature for 1 min. and column
was centrifuged at maximum speed for 2 min. Finddly elution tube contained the purified
PCR product. The purified DNA was stored & for immediate use or at -20for long term

storage.

3.1.3 Ethanol precipitation of DNA

Purified DNA was ethanol precipitated by adding0f’bf the sample volume of 3M
sodium acetate (pH 5.2) and 3 times sample volumM®@’ ethanol. The sample was mixed
by inversion and stored at D for 1-24 hour (hr.) to precipitate DNA. The mirtuwas
centrifuged at 15000 g for 30 min. at room temperin Eppendorf micro centrifuge. The
supernatant was discarded and the pellet was washsglwith 70% ethanol and centrifuged
at 15000 g for 5 min. The supernatant was removetlthe DNA pellet was air-dried and

resuspended in 10 mM Tris pH 8.0.

3.1.4 Measurement of DNA concentration

The quality of the precipitated DNA was checked d®} electrophoresis on 0.8%
agarose gel [140]. The quantity of DNA was estimddig measuring absorbance at 260 nm in
a spectrophotometer (Varian, USA) and diluted tpraximately 100ng/ul. The diluted DNA

samples were stored at °ZD
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3.1.5 Restriction digestion of purified PCR product and pET 29a (+) cloning vector

Purified PCR product and pET 29a (+) (Novagen, @dkning vector were digested
with restriction endonucleasdsdel and Sall (NEB, UK) in two reactions. The reaction
mixtures are described in Table 3.2. The componeinteaction mixture were mixed gently
and incubated at 8 for 1 hr.-45min and 3hrs for purified PCR prodacd pET 29a (+)
cloning vector, respectively. The digested puriflf@R product and pET 29a (+) cloning
vector were analyzed by gel electrophoresis. Thd&DBNrequired length was extracted from
the gel using low melting agarose by cutting theADbhnd and purified using Qiagen gel
extraction kit as per the manufacturer’s instrutdiol he extracted DNA was quantified using
UV-spectrophotometer.

Table3.2. Composition of therestriction digestion reaction

Purified PCR product PET 29a (+) cloning vector
Components Reaction volume components Reaction volume
BSA(10X) 3ul BSA (10X) 3ul
Buffer 3 3ul Buffer 3 3l
PCR amplicon 21 pl Plasmid (pET 29a) | 21 pl
Ndel 01 pl Ndel 01 pl
Sall 01 pl Sall 01 pl
Protease @ /DNase | 01 pl Protease/DNase 01 pl
freeH,O freeH,O
Total 30 pl Total 30 ul

3. 1. 6. DNA ligation

DNA ligation was carried out for a final volum@# by using T4 DNA ligase
(NEB, UK). The reaction mixture contained 2ul ofXlligation buffer, 50 pug (0.025 pmol)
purified vector DNA, 1ul DNA ligase and 50ug ins@WA in a molar ration 3:1 (insert:
vector). The ligation reaction mixture was incubate 18C for overnight (16 hrs.). The

ligated product construct (plasmid) was named &k 28a.CtRGHFig. 4.7).
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3.1.7. Glycerol stocks preparation

The glycerol stocks oE.coli cells containing plasmids od desired sequence were
prepared. For 1ml glycerol stock, 550Fu¢oli cell culture OD 1.0 was mixed with 450 pl of

50% glycerol (autoclaved). The mixture was vorteaad stored at -8C.

3.1.8. Transformation into competent E.coli (DH5a) cells with recombinant pET 29a (+)

Vector

The ligated Plasmid was transformed iffocoli DH5a strain competent cells by
using heat shock method. Cells were plated on L8 gdate containing kanamycin (50
ng/ml) as a selection resistant marker of the esgioa vector. Plasmid of transformed
colonies was isolated with Invitrogen plasmid isiola kit (Invitrogen, USA). Isolated
plasmids of transformed colonies were screenedolyng PCR. Cloning was confirmed by
restriction digestion by usingNdel and Sall restriction enzymes. Restricted plasmids of

transformed colonies were run on 0.8% agarose gel.

3.1.9 Purification of Plasmid DNA

A 5 ml of LB medium containing appropriate antifics in a sterile 50 ml
falcon tube was inoculated with a single colonyha& E.coli. strain harboring the plasmid of
interest. The culture was incubated overnight &C3With shaking (200 rpm). The culture
was centrifuged at 4500 g for 7 minutes at roompenature (Eppendorf centrifuge 5810 R),
the supernatant was discarded and the cell pelstthen processed using a QlAprep Spin
Miniprep Kit (Qiagen, USA) as per the manufactusaristructions. Plasmids were eluted in

30 pl of 10 mM TrigpH 8.0.
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3.1.10. Concentration determination and sequencing of plasmid DNA

The quality of the precipitated DNA was checked ds} electrophoresis on 0.8%
agarose gel (Sambrooke and Russell 2001). TheiguahDNA was estimated by measuring
absorbance at 260 nm in a spectrophotometer (Vad&A) and diluted to approximately

100 ng/pl. The diluted DNA samples were store€fG.

3.1.11. Sequencing of the DNA construct

The plasmid was recovered and the insert was eldebk DNA sequencing. DNA
sequencing was commercially done using ABI sequebgeBiolink Company (Applied
biosystem) and universal T7 promotor primer fomfard 5’-3’ and T7 terminator primer for
reverse 3'-5" were used for pET 29a (+) plasmidt@eclhe sequencing results were analysed
with  nucleotide BLAST (Basic sequence alignment raea tool) (http://

www.ncbi.nlm.nih.gov/BLASY) and clustal W [155] and was then compared wighahginal

cDNA sequence. The nucleotide sequence of the remhstas then translated into its protein

sequence using the Translation Tool in SwissPrtt:(/www.expasy.org/tgo

3.2. Recombinant protein over-expression and cdll lysis

Plasmid was isolated from tikecoli DH5a cells containing the recombinant pET 29a
(+) plasmid having an insert of CtRGP cDNA. The pERa.CtRGP expression construct was
transformed intoE.coli BL21 (DE3). Cells were grown at 37 in Leuria broth (LB)
containing 5Qug/ml kanamycin until Aoo nm ~0.6 — 0.8. Following induction with 0.4mM
isopropyl 1-thiop-D-galactopyranoside (IPTG, Gold Sigma, USA), thdiuzes were grown
at 18C, 25°C and 37C for overnight, 8 hours and 6 hours respectively. Th& peeld was
obtained at 1& and this temperature was used for large scaleuptmoh of recombinant

CtRGP protein.
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3.3. Purification

The RGP protein was produced as a fusion proteth thie 6X His-tag at the C-
terminal end. Thé.coli cells were harvested by centrifugation (5, 000;XL.@ min) at 4C
and resuspended in lysis buffer (25 mM Tris, pH &@d 100 mM NaCl). The resuspended
cells were subjected to sonication. After sonicatemd centrifugation (10, 000 X g for
60min) at 4C, the supernatant was loaded onto &-Nitrotriacetic acid column previously
equilibrated with lysis buffer. The column was wadlwith 25volumes of binding buffer (25
mM Tris pH 8.0 and 250mM NaCl) and 50mL and 40mLsiwvéuffer | and Il [ 20mM and
40mM Imidazole pH=8.0] respectively. His-taggedtpmo was eluted using a gradient of
imidazole ranging from 20mM to 250mM, at pH 8.0.eTpurification was confirmed by
analysis on 12% SDS-PAGE gel using Coomassie bidesdver staining. The RGP protein
was concentrated to 9.5-12mg/ml with a protein eotr@tor Amicon Ultra 15mL (Millipore,
UK). Bradford assay was used to determine the pratencentration [17] with Bradford
reagent (Sigma). Protein concentration was alserchéed using molar extinction coefficient

for CtRGP calculated using ProtParam [61].

3.3.1 Western blot analysis

For western blot analysis, the cell tgsavere prepared after harvesting them in lysis
buffer (25 mM Tris pH 8.0 and 100mM NacCl. A 20 ufgatal protein samples was separated
in polyacrylamide gel with SDS (5% stacking gel%d 3eparation gel),using the protocol
[93], in a minigel system (Mini-Protean Il Dual Bl&el System from Bio-rad, Mississauga,
ON, Canada), 100 volts was applied and an electr@sis buffer (50mM Tris; 384mM
glycine; 0.1% SDS) at pH 8.3 was used. The prot®and was transferred to a nylon
membrane and immunoblotting was carried out acogrdo the standard protocol by the

method of [156]. The analyzed proteins were transteto nylon membrane. The blots were
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then blocked with TBST buffer (20 mM Tris-Cl, pH57.150 mM sodium chloride, 0.05%
Tween-20) containing 5% skim milk powder. They wénen washed with TBST buffer
(without milk powder) and incubated overnight atC4%ith TBST buffer containing
appropriate amounts of Primary antibody (1:10,G80per Dhugga and coworker [43]. RGP
protein detection was done by Pea anti-RGP purdietibody (gifted by Dr. Dhugga USA)
polyclonal plant specific primary antibodies witmegative control ofa-galactosidase from
green coffee beans purified (20 pug) (Sigma G850FH5The nylon blots were washed and
incubated with anti-rabbit secondary antibody (1020) conjugated with horse radish

peroxidase (HRP). Specific protein was detectethbyChemilluminensce detection system.

3.3.2. Determination of protein concentration

Protein was quantified using Bradford’'s assay read&igma). Five microlitre of
protein sample was mixed with 795ul of buffer (fination buffer) and 200ul of Bradford’s
reagent was added to it and incubated for 2 mim @itotein concentration was determined
using Perkin Elmer Lambda 25 UV-visible spectrophotter by using the absorbance
reading at 595nm. Standard curve of bovine seldboma@n (BSA) was generated every time

the assay was performed.

3.3.3 SDS-PAGE analysis

SDS-PAGE was performed using a gel system (Attt)prdtein gels contained 12%
polyacrylamide. The recipe for 12% resolving gest®wn in Table 3.3 and 5% stacking gel
is shown in Table 3.4.

The gel assembly was prepared using glass pla@2@ mL of resolving gel was
poured between the plates and allowed to set fomitutes. Once set, unpolymerized
acrylamide was washed off using Milli Q water. 81 of stacking gel was poured over

resolving gel, 14 well-comb was inserted and thewgaes allowed to set for 5 minutes.
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Samples to load on the gel were prepared by adéXglLaemmli buffer (30% 2-
mercaptoethanol, 12% SDS, 10% glycerol, 0.1% brdraopl blue, 440 mM Tris pH=8.0) to
a final concentration of 1X, then boiling at°@5for 5 min. Gels were run at 200 V for 90
minutes in 1x SDS buffer (25mM Tris, 192 mM glyciard 0.1% SDS) and 5 pL pre-stained

pink protein standards (Bio-Rad, USA) was run alasithy samples in each gel.

3.3.4 Coomassie Blue staining

Gels were stained with Coomassie blue R250 stdifo(#ethanol, 10% acetic acid,
0.1% Coomassie blue R250 (Fisher) for 30 minuted destained with solution (40%

Methanol, 10% acetic acid) until a colorless geihwright blue bands appeared.

3.3.5 Silver staining

The PAGE gels was first put in fixing solution (50%ethanol and 10% acetic acid)
for 35 minutes then 5% methanol was used for iattab the gel for 15 minutes with
changing the solution once in between. After fixitige gel was washed thrice with milliQ
water for 3 minutes each. The gel was then seaditizith 0.02% sodium thiosulphate for 2
minutes. Following sensitization the gel was wastiede times with milli Q water for 20s
each and then stained with staining solution (Silmgrates 0.2% (Sigma), and 35 %
formaldehyde solution for 30 min. Before developitite gel was washed three times with
milli Q water for 60s each. The bands were develop#h developing solution (Sodium
carbonate (N#£O;) 3%, 37% formaldehyde solution and Sodium thiosatp
(N&S;03.5H,0) 2%) within 10 minutes. The development was stoppith stop solution
(Na-EDTA) 1.4% once the bands were clearly visiblee Tel was then washed once with

20% ethanol before drying the gels.
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Table 3.3. Composition of 12% resolving gel for SDS-PAGE analysis.

Component Volume

Distilled water (dH0) 6.3 mL

30% Acrylamide solution 8.0 mL

1.5M TrispH=8.0 5.2 mL

10% SDS 200 pL

1% APS 200 pL
TEMED 60 pL

Total Approx. 20 mL

Table 3.4. Composition of 5% stacking gel for SDS-PAGE analysis

Components Volume

Distilled water (dH20) 5.5 mL

30% Acrylamide solution 1.5mL

1.0M TrispH=6.8 1.0 mL

10% SDS 80 pL

1% APS 80 pL
TEMED 30 pL

Total Approx. 10mL

3.2. Biophysical characterization of RGP of guar
3.2.1. Analytical Size Exclusion Chromatography

Analytical size exclusion chromatograptSEC) was done byAKTA Protein
Purification System (GE Healthcare) using Supelie®00, HiLoad™ 16/60 prep grade
column. The column was equilibrated with a buffentaining 25 mM Tris-HCI, pH 8.0 and

100 mM NacCl. The eluted purified protein was butgchanged into 25 mM Tris, pH 8.0 and
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100 mM NaCl and then concentrated upto approximé@D ul (8 mg/ml) using a 10 kDa
cutoff Amicon Ultra-15 centrifugal concentrator (Mk, USA) and injected into the column
at a flow rate of 0.5 ml/min. The molecular weigitandards used were from Sigma —
Aldrich, Ve/Vo obtained for each standard was pldthgainst the log of the molecular weight
to generate a standard curve as per the manufdgstinstructions (Ve is elution volume and
Vo is void volume). The collected fractions wereakesated by 12% SDS PAGE

electrophoresis.
3.2.2. MALDI-TOF MS/MS and Peptide mass fingerprinting analysis

Molecular mass determination and identificatiorpofified CtRGP protein (4 mg/ml)
was used for Matrix-assisted laser desorption Zaion (MALDI-TOF MS/MS) and peptide
mass fingerprinting (PMF). This analysis was doh&andor Proteomics Ltd., Hyderabad.
MALDI-TOF/TOF MS Bruker Daltonics ULTRAFLEX Ill insument was used for the
analysis. The sample given in | D gel protein barad diced to small pieces and placed in
new Eppendorf tubes, was trypsin digested and ¢péiges obtained were mixed with cyano-
4-hydroxycinnamic acid (HCCA) matrix in 1:1 ratiodathe resulting 2ul was spotted onto
the MALDI plate. After air drying the sample, it wanalyzed on the MALDI TOF/TOF
ULTRAFLEX Il instrument and further analysis wasree with FLEX analysis software for
obtaining the peptide mass fingerprint. The masbtégined from the peptide mass fingerprint
were submitted for Mascot search in “CONCERNED” athaise for identification of the

protein.
3.2.3. Circular Dichroism

Circular Dichroism (CD) studies of CtRGP proteinsnone by Applied Photophysics
(Chirascah™ UK) CD spectroscopy equipment having a Peltierperature control. The
protein sample was prepared at a concentrationsom@/ml in 10 mM phosphate buffer, pH

7.4. All CD measurements were taken in the specaraje of 190-260 nm at 20) using an
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optical path length 0.05 mm with scanning speedn&@fin, a band width of 1nm and
response time of 1 sec. The final spectrum wadtres@0 spectra which were accumulated,
averaged and corrected from the baseline for bsidution contribution and normalized to

circular ellipticity @) [7]. Helical parameters were calculated by us{2@p2 online server.
3.2.3.1 Thermal denaturation

Thermal denaturation analysis of the purified CtR@6tein was done by recording
the circular ellipticity §) values at a fixed wavelength of 222 nm while saenple heated
from 10°C to 9C°C [7] and the thermal denaturation curve was plostecbrding to Greenfield
[67, 70] The denaturation curve was normalizedppaaent fraction folded, according to the
equation §] = [(er — eu)a] + ey, where p] was the ellipticity at any temperaturg, is the
ellipticity when the protein is fully folded, arw is the ellipticity when the protein is totally
unfolded, as previously described [67, 70]. Thetmgltemperature of CtRGP protein was

calculating multiple thermal melting program fronoBal 3™ analysis software.

3.2.3.2. Chemical denaturation

Chemical denaturation analysis of CtRGP protess Wone by the method described
by Greenfield and coworker [68]. The protein sarap{@.5 mg/ml in 10 mM phosphate
buffer, pH 7.4) were incubated with increasing @nmications of denaturant guanidium
hydrochloride (0-6 M) and urea (0, 2, 4, 6 and 8(8igma) at 4C for 16 hrs. The circular
ellipticity (0) values were recorded in the spectral range ofZBEDnm wavelengths at 20

and the spectra were analyzed by using K2D2 oskneer [122].
3.2.4. Intrinsic Fluorescence spectroscopy

The tryptophan intrinsic fluorescence spectroscopyurified CtRGP protein was

determined with the help of Varian Cary Eclipse dfkscence Spectrophotometer. The
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CtRGP protein concentration was 0.35 mg/ml in 258 pH 8.0 and 100mM NaCl buffer.
Buffer solutions of pH values 4, 5, 6, 7 and 8 Mreveprepared by the addition of 0.1 M
NaOH or 0.1 M HCI using a TIMPLE-85 pH meter and #ffect of ionic strength on protein
fluorescence in water was observed by additionanyimg amounts (0.1M to 1.0M) of NaCl.

Fluorescence spectra was recorded at 300-400nm.
3.2.5 Isothermal Titration Calorimetric binding Assay

Isothermal titration calorimetric (ITC) bindingsas/ of purified CtRGP protein with
its substrate UDP-glucose and two inhibitors, dhgmyanostilbenedisulphonic acid (DIDS)
and dithiobisnitrobenzoic acid (DTNB) using iTC2Microcal calorimeter (GE Healthcare)
by following the method of Wiseman and coworker][L& he solutions of the CtRGP, UDP-
glucose and each of the two inhibitors were prapare a buffer solution containing
25mMTris, pH 8.0 and 100mM NaCl. The sample celsviiled with 225ul of 300 puM
CtRGP protein solution and the syringe of the c¢aleter was loaded with 60 pul of 0.5 mM
UDP-glucose (Abcam, USA) as a ligand. In the secand third experiments, the test cell
was filled as above but syringe was loaded witlub6f 0.5 mM DIDS (Sigma, USA) and 0.5
mM DTNB (Sigma, USA) as ligands, respectively. Th&rence cell was filled with protein
free buffer solution containing 25mMTris, pH 8.0dahOOmM NaCl. Twenty injections of
each protein-ligand mixture (2ul per injection) warsed for each binding assay. The time
interval between two injections was set at 100 gdictitrations were performed at 20
temperature and 700 rpm stirring rate. The enthafpach binding assay was recorded. The
data so obtained were fitted via non-linear legsiases minimization method to determine
binding stoichiometry (n), binding dissociation stant (Ky) and change in enthalpy of
binding (AH). The data analysis was done using Origin softwarsime 7.0. The changes in

free energy4G) and entropyAS) were calculated by using following equations

AG = RTInKd.......c..ocveeee (1)
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AG =AH —TAS...vieoieeeeeee (IN)

The value of the binding dissociation constanj) (fas used to compare the relative binding

of substrate and inhibitors with the purified CtR@®Btein.

3.3. Crydtallization trials of purified reversibly glycosylated polypeptide of guar

Crystallization trials were carriedtdoth manual and commercial crystallization
screens (Hampton Research Inc.Aliso Viejo, CA). ldgeneously purified protein was
obtained from IMAC. Dialysis buffer (25mM pH=8.0 &arl00OmM NaCl) was used for
dialysis. Dialyzed purified protein was concentdatgpto 10mg/ml in an Amicon Ultra
concentrator (Merk, USA). Crystallization scree@®ystal Screen | & Il, PEG/lon | & I,
Index, Salt and Crystal screen cryo) were proctdiresh Hampton Research, Germany. For
optimization reagents were made by highest puri§@SAgrade chemicals. To remove the
insoluble impurity or particles solutions were diéd through 0.22u filter. The prepared
reagents were maintaine@iC4 PEG solutions were prepared by overnight stirang stored

in light protected bottles.

3.4. In silico analysis of CtRGP Protein sequence

The nucleotide and amino acid sequences of CtR@fiprhave not been submitted
to NCBI database till now. The full length 1455 bgequence of clone code
>|ds2c.pk011.p19:fis for guar RGP was obtained fidoPont Pioneer Hi breed USA. The
complete sequence of the CtRGP cDNA has been @igknw Fig.3.2. It consists of 1,455 bp
and encodes an open reading frame of 353 aminorasidues using ORF finder tool of

NCBI.
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Forward primer
169 gcat cggcaacaccat t gt t gaaggat gagct cgacat cgt g
A°S AT PLL KD EULDI V
214 atccccacaat caggaacctcgatttcctcgag t ggaggccg
I P T I R NL D F L E W R P
259 ttctttcagccctaccatct cat aatt gt gcaagat ggt gaccct
FFQPYHULI I V QDGUDP
304 tccaagaccattaaggtccct gagggatttgact at gagctctac
S K T1Il KV PEGFDY E LY
349 aat cgcaat gat at caat aggattct cggt cccaaggccaattgc
NRNDI NRI L GP KA ANTZC
394 atctccttcaaggactctgcttgtcgetgetttggttat gtc
I S F K DS ACWRTZCUFGY \Y
439 tctaagaagaagtacatctacaccattgatgatgattgcttcgtt
S K K KY 1l Y TI1 DDDZCFV
484 gct act gat ccat caggacacaaggtt aat gcactt gagcagcat
AT DP S GHIKVNALEQH
529 at aaaaaacctgctctgcccat caacacccttctttttcaatacc
I K NL L CP STWPFFFNT
574 ctctatgaacctttcagagaaggtgcagatttcgttcgtggctac
L Y EPFREGADU FVRGY
619 cccttcagtctccgt gaaggt gt accaactgctgtttctcat ggt
P F SL REGVZPTAV S HG
664 ctttggctaaacatcccagactacgatgctcctactcaacttgtg
L wL NI P DY DAPTOQL V
709 aaacct cttgagaggaacacaaggt at gt ggat gctatc acc
K P L ERNTRY V DA/ T
754 at accaaagggcactttgtttccc tgtgga aacttggca
I P K G T L F P C G N L A
799 ttcgaccgtgatcttgttggaccagca tactttggtctc
F DR DLV G P A Y F G L
844 ggt gat ggt caacct att ggacgct acgat gac t gggct ggc
G bDGQPI GRY DD W A G
889 tggtgctgcaaggtaatttgtgatcacttgggattgggaat caag
wWcCC CKVI|I €CDHLGL G1I K
934 actggtctaccat at at ct at cacagcaaggct agt aacccattt
T GL PY 1l YHSKASNUPF
979 gttaacct gaggaaagagt acaagggcat att ct ggcaagaagac
V NL RKEY KGI F WQED
1024 attatcccattcttccagaacattgttcttccaaaagaagctacc
I I P F F QNI VL P KEAT
1069 actgttcagaagtgttacgttgagctagccaagcaagt caaggac
TV QK CYV EL A K QV KD
1114 aaacttaccaaaat agatccttactttgacaaattagcagaggcc
K L T K I DPY F DKL A E
1159 gt cact t ggatt gaagct t gggat gagct t aaccct gctgga
v T WI E A WDIEL NUP A G
1204 gcatctcttgccaacggcaaagcat aa 1230
A S L A NGK A *

Reverse primer

Fig. 3.2. The nucleotide sequence of CtRGP encodes an open reading frame of 353 amino
acid residues using ORF finder tool of NCBI in one letter code. The position of forward
and reverse primer sequences are indicated by the arrow headed lines above the
nucleotide sequence.

The above protein sequence was used for sequeglmgphetic analysis, molecular

modeling and Molecular docking.
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3.4.1. Sequence and phylogenetic analysis

The ExPASyY’s ProtParam server (http:// expasy €diedin/Protparam) was used for

physico-chemical characterization and calculation tleeoretical isoelectric point (pl),
molecular weight, total number of positive and riegaresidues, extinction coefficient [65],
instability index [72], aliphatic index [8] and gra average hydropathy (GRAVY) [8]. The
secondary structure prediction was done by the RBIP (Psi-BLAST based secondary
structure prediction) server. Secondary structdithie protein of~42 kDa molecular weight
was predicted using the FASTA sequences in GOR60Y and SOPMA [62]. The functional
annotation and domain finding was determined bgriitoscan tool. The phylogenetic tree
was constructed by using MEGA 6.0 SERVER as desdrtly Tamura and coworker [154].

Hydropathy plot was generated by Kyte-Doolitle lgmhthy plot server [92].

3.4.2. Molecular modeling

The crystal structure of RGP protein has not bdetermined, so the substrate
specificity of this CtRGP protein to its substratBP-glucose was investigated by computer
modeling using the threader tool by Scratch Progegdictor tool (Cheng et.al.2005). The

3Dpro of SCRATCH server [26]h{tp://www.igp.uci.edy was used to predict the three

dimensional (3D) structure of CtRGP protein becaGsBGP protein sequence have not good
structural templates for homology modeling. Hexgidry structure prediction methods are
evaluated by the Critical Assessment of Structueglietion (CASP).

Refinement of predicted CtRGP model by 3Drefinal {d1] generated five models.
The model having energy was evaluated for structmalysis by SAVES server. Refined
models were evaluated for their stereo-chemicalitguay PROCHECK [97]. The model
having minimum number of residues in the disallowedion was selected and further
validated by VERIFY-3D to check the compatibility 3D model[16, 101]. ERRAT plot was

also used for the structural validation which shelesvalue of error for each amino acid [27].
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The error indicated by ERRAT plot was rectified lopp refinement tool by changing the
loop conformation of the model. This process wastioaed until each amino acid in the
protein reached below 95% cut —off value in ERRAGt.pAgain stereo-chemical quality of
model was evaluated by PROCHECK. The final 3D marfethe CtRGP protein was then
evaluated for potential errors by ProSA-web seft60].

PDBsum is a web-based database providing a largeigtorial summary of the key
information on each macromolecular structure depdsat the Protein data bank (PDB) was
used for CtRGP. It includes images of the structamnotated plots of each protein chain’s
secondary structure, detailed structural analyseemted by the PROMOTIF PROGRAM

[96].

3.4.3. Molecular docking

Molecular docking of CtRGP protein with substra®P-glucose, and two inhibitors
DIDS and DTNB was carried out using Autodock 4.2109] All the docking files were
prepared using MGLTool 1.5.4 (http:// mgltools.pps.edu/) by properly assigning gasteiger
charges. The linear molecules of UDP-glucose, DdD& DTNB were first generated using a

chemical drawing tool Avogardro 1.1.0-win 32 (httavagadro.openmolecules.net/) [74].

PDB 2Q3E and 4CLZ are the coordinates of the satestdDP-glucose and inhibitor DIDS,
respectively. Grid maps were generated using Aiwddgrving the grid box dimensions 60 x
60 x 60 A with the grid spacing 1.000A. Each jobmguised of 50 independent runs.
Molecular docking simulations were performed ushragnarckian genetic algorithm and a
maximum of 2.5 million energy evaluations were perfed with a maximum of 250,000
generations. Results were sorted according to #rargy profile. The interaction between
protein and ligands was visualized by PyMoL sofev@6]. The validation of docking results
was done by docking the native substrate UDP-gkicmdo the protein coordinates

independently.
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4. RESULTS

4.1 PCR amplification and construction of the recorhinant plasmid

The present work was started with a cDedAstruct containing a full length sequence
of guar CtRGP gene in cloning vector pBlueScript($K This cDNA construct was obtained
from a guar cDNA library, the construction of whiblas already been reported by Dhugga
and coworker [41]. The 1062 bp cDNA sequence froendbove construct was amplified by
using RGPf1FOR1 and RGPfl1REV1, forward and revensesiers, respectively. The
resulting amplicon, after its verification by gééetrophoresis on 1% agarose gel (Fig. 4.1),
was inserted in the expression vector pET 29a éi)guNdel and Sall restriction sites for
subcloning. The recombinant plasmid was introdudetb E. coli DH5a cells by
transformation. The kanamycin resistant (Rtransformants were selected (Fig. 4.2 & 4.3)
and the recombinant plasmid construction was cowftr by colony PCR and restriction
analysis withNdel and Sall restriction enzymes (Fig. 4.4 & 4.5) and DNA sencing (Fig.
4.6 & 4.7). The recombinant plasmid was named a2pg (+).CtRGP (Fig. 4.8) and used in

the further experiments for obtaining CtRGP pratein

3kb

kb 1062bp

Fig. 4.1: Amplification of CtRGP gene on agarose gel. Lane M: 1 kb DNA ladder {@&hem life
science) and lane 2: 1062bftRGP gene.
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(b)

Fig. 4.2: Transformation results of CtRGP gene irE.coli DH5a (a) Transform colonies
of CtRGP and (b) Positive control.

(@) (b)

Fig. 4.3: Transformation results of CtRGP gene irE.coli DH5a (a) Transform colonies
of CtRGP and (b) Negative control.
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3kb

kb 1062bp

Fig. 4.4: Showing sub-cloning confirmation of CtRGPgene in pET 29a (+) vector by
colony PCR. Lane 1: 1kb DNA marker, Lane 2: amplifed 1062bp CtRGP gene of
transform colony | and Lane 3: amplified 1062bp CtRGP gene of transform colony Il.

1 2

5371bp

3.0kb

1062bp

1.0Kb

Fig. 4.5: Cloning confirmation by restriction digedion. Lane 1: Restricted fragments
5371bp (pET29a vector) and 1062bp for CtRGP genend Lane 2: 1Kb DNA marker
(Biochem life science).
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Fig. 4.6: Chromatogram showing DNA sequencing of @GP cloned gene by using T7
forward primer.
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Fig. 4.7: Chromatogram showing DNA sequencing of @GP gene by using T7 reverse
primer.
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T 7 terminator is tag

Sall(160)
Nco | (230)

f1 origin

Kan Seq

CtRGP
Smal (5229)

Aval (5227)

Xmal (5227)
Cla | (5046)

Ava | (1146)
Nco | (1222)
lac operator

Ndel(1222)
T7 promotor

pET29a.CtRGP
6433bp

Apal | (4467)

Fig. 4.8: Clone construct of CtRGP gene in pET29aj+cloning vector named as pET 29a
(+).CtRGP .

4.2 Production and Purification of Recombinant CtR@ Protein

A plasmid preparation from thE. coli DH5a cells containing the recombinant plasmid
pET29a (+).CtRGP was used to transform the exmeswmstE. coli BL21 (DES3) cells using
the kanamycin resistance marker of the recombipsimid. One of the kanamycin resistant
transformant, after confirmation of the presenceemombinant plasmid in it, was used for
overproduction of CtRGP protein. In thiscoli strain, CtRGP protein is produced as a fusion
protein with 6X His-tag at the C-terminal end. @ml expression of CtRGP-His-tag fusion
protein was achieved at 4B temperature and 14-16 hours incubation afterdtioinn (Fig.
4.8). Immobilized metal affinity chromatography #€) of the cell lysate vyielded
sufficiently pure CtRGP protein. A single band dRGP protein corresponding to 42 kDa
was observed by SDS-PAGE in the elution fractidfg.(4.9). The purity of the purified

protein was checked by silver staining and thegwanotvas found to be more than 95% pure
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(Fig. 4.9). The purified protein band from SDS-PAG@E&s subjected to Western blotting and
the blotted band showed agglutination with pea-B@P purified antibody confirming that

the purified protein to be an RGP protein (Fid.03.

(r s MT I3

130kDz

43Dz
35KD:

Fig. 4.9: SDS-PAGE analysis of small scale recombinant RGP irkt.coli. strain
BL21(DE3) showing: uninduced bacterial pellet (CP)uninduced supernatant (CS) , pre-
stained protein size marker (M), induced bacterialpellet (TP) and induced supernatant
(TS).
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1 2 345M¢6 7 8 9 10114

42kDa
CtRGP
75kDa
48kDa
25kDa

Fig. 4.10 : Silver staining of purified recombinant RGP from guar. M=Pre-stained
protein marker 1=Pellet; 2=Supernatant; 3=Supernatant FLT; 4=Wash I FLT (50mL);
5=Wash Il FLT-1(10mL); 6=Elution-1 (7mL); 7= E-2 (5mL); 8=E-3 (5mL); 9=E-4
(5mL); 10=E-5 (5mL); 11=E-6 (10ml) and 12=E-7 (13mL).

42kDa purified
CtRGP

Fig 4.11: Western blot result for the confirmationof purified CtRGP. Lane 1= negative
control (alpha-galactosidase from coffee plant); 220ug of purified CtRGP.

4.3 Oligomeric State of CtRGP Protein

The oligomeric state of the purifietRGP protein was determined by analytical size
exclusion chromatography. When the purified protédmg/ml) was injected into the
Superdex™ 200 column, a single sharp peak wasrautdbetween 55 to 60.3 ml elution
volumes (Fig. 4.12). By comparison with moleculaaiss standards, this peak was found to
correspond to an estimated molecular mass of 1& (kK. 4.13). As the molecular mass of
monomeric form of CtRGP protein has been found @048 kDa (Fig. 4.14), it can be

concluded from this result that the purified CtR@Btein is in tetrameric form.
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CIRGP Tetramerl

Absorption at 28000 (AL

—| ] | 1 [ [ [ 1 [ 1 [ I [ I [ ]
n 10 20 30 40 50 G0 70

Elution Volume (ml)

Fig. 4.12 : Analytical size-exclusion chromatographresult of CtRGP in a Superdex-200
High load™ 16/60 prep grade column equilibrated with a buffercontaining 25mM Tris
HCI pH=8.0 and 100mM NacCl.

. . y=-1.5667x+7.3456
Calibration curve R2=0.9991

B-amylase

Alcohol
dehydrogenase

Albumin Bovine
Serum 4 Calibration curve

Carbonic —— Linear (Calibration curve)
nhydrase

Cytochrome C

1 1.25 1.5 1.75 2 2.25 2.5
Ve/Vo

Fig. 4.13: Calibration curve for analytical gel fitration of purified CtRGP protein.
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75kDa 42kDa purified
48kDa CtRGP
35kDa

Fig. 4.14: Silver stained 12% SDS-PAGE gel after atytical gel filtration. M= Pre
stained protein marker and Lane 1= Purified CtRGP potein

4.4 MALDI-TOF MS/MS and Peptide mass fingerprint aralysis

The purified CtRGP protein solution (4mg/ml) wasbjsgted to MALDI-TOF mass
spectroscopy and peptide mass fingerprinting (PMRe MALDI-TOF analysis showed the
molecular mass of the CtRGP protein to be 42, 12B& (Fig. 4.15). For PMF analysis, the
CtRGP protein was digested with trypsin and theultesy digested fragments were
sequenced. These sequences were used to fishedubrtiologous protein sequences from the
available with the help of Mascot search engine NOERNED” database for identification
of the protein. A total 20 hits were obtained (Eall.1). Most of these proteins are the
enzymes involved in the plant cell wall synthedibe query sequence showed maximum
homology score of 117 for UDP-arabinopyranose neufiake protein ofGlycine max. This
protein had nine regions of homology with the quprgtein. The first 20 amino acids of
UDP- arabinopyranose mutase 1-like protein weratidal to the first 20 amino acids of

CtRGP protein (Table 4.2).
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Fig. 4.15: Isotopic distribution mass spectrum ofrecombinant purified CtRGP protein.
Deconvolution using the multi-protonated peaks comfimed the correct molecular mass of
recombinant CtRGP (monoisotopic mass = 42132.21Da).
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Table 4.1: Peptide mass fingerprint results show 2@its of the matching sequences of
trypsin digested purified CtRGP protein product.

S.no. | Accession Mass Score Description

01 gi 356568813 40655 117 | Predicted:UDP- arabinopyranosemutasel-lik
protein[Glycine max]

02 gi 3565265361 40697 97 | Predicted: alpha-1,4-glucan —prptein
synthase[UDP-forming] 1-like protein [Glycine
max|

03 gi 255648166/ 40613 97 | Unknown [Glycine max]

04 gi 449438723 41143 97 | Predicted: alpha-1,4-glucan-protein  syg#&ha
[UDP-forming]2-like protein [Cucumis sativus]

05 Qi 593332010/ 40737 80 | Hypothetical protein PHAVU_008G028900g
[phaseolus vulgaris]

06 Qi 470136886/ 40931 79 | Predicted: alpha-1,4- glucan-protein 3seh|
UDP-forming]2-like [Fragaria vesca subsp.vesca]

07 Qi 567896626/ 41951 79 | Hypothetical protein  CICLE_v10020723mg
[Citrus clementiana]

08 Qi 568847778 41947 79 | Predicted: UDP-arabinopyranose mutaseke3-li
[Citrus sinensis]

09 Qi 502101859 40584 77 | Predicted: UDP-arabinopyranosemutase e2-lik
[Cicer arietinum]

10 gi 225922209 53701 74 | nucleocapsid protein [Influenza A virug/b@-
headed goose/Qinghai/F/2007(H5N1)

11 gi 590631415 117811 67 | E3 ubiquitin-protein ligase UPL7isoform| 6
[Theobroma cacao]

12 Qi 590631407 127639 65 | E3 ubiquitin-protein ligase UPL7isoform| 4
[Theobroma cacao]

13 gi 590631405 130557 64 | E3 ubiquitiprotein ligase UPL7isoform 3 parti
[Theobroma cacao]

14 gi 590631403 130113 64 | E3 ubiquitin-protein ligase UPL7isoform| 2
[Theobroma cacao]

15 Qi 489711715 38571 64 | Glucosyltransferase [Lactobacillus deltkile

16 gi 590631400 132506 64 | Ubiquitin-proteinligase 7 isofofm
1[Theobromacacao

17 gi 18077708 | 41337 63 | reversibly glycosylated polypeptide [Gpssym
hirsutum]

18 Qi 110559491 41333 63 | GRP-like protein 2 [Gossypium hirsutum]

19 Qi 168065267, 113077 63 | predicted protein [Phycomitrella patens]

20 gi 587860138 41966 62 | Reversibly glycosylated polypeptide [Mous

notabilis]
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Table 4.2: Peptide mass fingerprint result shows # maximum 20 sequences of CtRGP
protein sequence similarity with the predicted: UDRarabinopyranose mutasel-like
protein [Glycine max].

Observed Mass.(expt| Mass.(calc) Ppm Start End Miss | Peptide
)
839.4024] 838.395| 838.4007| -6.66] 73| 79 0| K.ANCISFK.D
1
1017.497| 1016.48| 1016.5403 -49.77| 266| 274 0| K.ASNPFBNLR.K
0 97
1251.693] 1250.68| 1250.6693 13.6 | 305| 314 1| K.CYIELAKQVK.E
5 62
1501.606] 1500.59| 1500.6885 -59.42| 51 | 62| 0| K.VPEGFDYELYNR.N
6 93
1729.681] 1728.67| 1728.7786 -60.55| 199| 213 0| K.GTLFPMCGMNLAFDR.D
2 39
1843.808| 1842.80| 1842.9152 -62.00| 48 | 62| 1| K.TIKYPEGFDYELYNR.N
2 09
//
2065.075] 2064.06| 2064.1830 -55.52| 1 | 20| & __M-ASATPLLKDELDIVIPTIR
7 84
2113.871] 2112.86| 2112.9864 -57.94| 51| 67| 1| K.VPEGFDYELYNRNDINR.I
3 40
3315.650] 3314.64| 3314.7229 -26.03| 156| 18§ 0| R.EGVPTAVSHGLWLNIPDYI
9 36 APTQLVKPLER.N
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4.5 Circular Dichroism (CD) spectroscopy of CtRGP PRotein

The CD analysis of CtRGP protein was carried outemmative and denaturing conditions to
determine the stability of this protein. The protsplution was prepared in phosphate buffer
as this buffer causes less noise as compared éo lntiffers. The SDS-PAGE analysis showed
that the protein was quite stable &t 4emperature in phosphate buffer even upto a perfiod
one week (Fig. 4.16). The CD spectrum of the nafltRGP protein exhibited negative peaks
at 208 nm (-15548.M]) and 222 nm (-15827.9]) (Fig. 4.17). These peaks are typicalbef
helix rich proteins. The secondary structure canpeediction from the spectrum obtained for
native CtRGP protein using K2D2 server resulte@2m5%a-helices and 12.92%-sheets.
This result confirmed the correct folding conformoat of purified CtRGP protein.Thermal
analysis of CtRGP protein was done at 222 nm inténeperature range of 10-@D The
calculated melting temperature.{jTfor CtRGP protein was found to be 68® (Fig. 4.18).
The CtRGP protein was treated with different cotragions of denaturants, GAHCI and urea
at pH 7.4. Spectral measurements after 16 hourseshincrease in molar ellipticity of the

spectra at 4M and 6M concentrations of GAHCI amdurespectively (Fig. 4.19 & 4.20).

The above results of CD analysis indicate that GH@GP protein is stable upto 680G
temperature and resistant to sufficiently high emtiations of denaturants, GAHCI (4M) and

urea (6M).
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Fig. 4.16: Coomassie blue stained SDS-PAGE gel ftire stability test of the purified CtRGP at
4°C upto first day to seventh days. M =Pre-stained prein marker, Lane 1=1" day, Lane
2=2"day, Lane3 =3' day, Lane 4=4' day, Lane 5=%' day, Lane 6= §' day and Lane 7= day
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Fig. 4.17: Far-UV circular dichroism spectra of reombinant CtRGP protein.
Experiments were performed at 20C with 200ul of protein at 0.5 mg/ml in 10mM of
phosphate buffer at pH 7.4.
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Fig. 4.18: Thermal denaturation curve of CtRGP protin obtained by circular dichroism
spectra at a wavelength of 222 nm while heating fro to 1°C to 90°C.
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Fig. 4.19: Chemical denaturation of CtRGP protein ging 0-6M GdHCI. Results shows
maximum denaturation occurs at 4M of GdHCI.
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Fig. 4.20: Chemical denaturation study of CtRGP prtein using concentration of Urea at
2M, 4M, 6M and 8M. CD Spectra showed final denaturion occurs at 4M concentration

of Urea.

4.6 Intrinsic Tryptophan Fluorescence Spectroscopy

The fluorescence spectra of CtRGPemmadit different pH values of 25 mM Tris and
at different molar concentrations of NaCl showirtareges in fluorescence intensity have
been shown in Fig. 4.21 &. 4.22, Emission maximemthe CtRGP protein was observed at
pH 8.0. A decrease in fluorescence intensity wamdoat pH 4, 5, 6 and 7. No significant
changes in fluorescence intesity of CtRGP protegrewobserved with the increase in salt

concentration. There was also no change in thesamnisnaximum of the protein.
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Fig. 4.21: Fluorescence spectra showing the effeof pH on fluorescence intensity at
excitation 295 nm and emission at 343nm in CtRGP ptein at different pH buffer from
4.0 to 8.0. The protein concentration was 0.35 mglmand solution pH was varied by
addition of 0.1 M NaOH or 0.1 M HCI
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Fig. 4.22: Effect of ionic strength on the fluoresence intensity on the fluorescence
spectra of CtRGP protein in water on excitation a295nm and emission at 343nm. The
protein concentration was 0.35mg/ml., and solutiorionic strength was adjusted by
addition of Sodium chloride.
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4.7 Determination of CtRGP protein-ligands interacton energetics by ITC

The results of representative titratiaispurified CtRGP protein with its substrate
UDP-glucose and two inhibitors DIDS and DTNB at R93ave been presented in Fig. 4.23.
The upper panels in the figure show that eachtibtmaexhibited a monotonic decrease in
exothermic heat of binding with each successiveciipn until saturation. The lower panels
indicate a typical sigmoid binding isothermal cumesach titration. A nonlinear least square
fit of the ITC data to the identical site modelver panels in Fig. 4.23 a, b & c¢) show that the
purified CtRGP protein has only one type of siteife substrate and inhibitors. The figure
indicates that the binding of the CtRGP proteinhwitDP-glucose, DIDS or DTNB is an

exothermic reaction and the binding isotherms afitted to the same model.

Thermodynamic values for the bindindigands to the purified CtRGP protein have
been presented in the Table 4.3. The valué®for binding of UDP- glucose to CtRGP is -
9.52 kcal/mol. This binding is enthalpically favedr AH = —19.9 kcal/mol) but is
entropically unfavourable (5 = —10.8 kcal/mol). AG for binding of inhibitor DIDS is -
3.10 kcal/mol and is also enthalpically favourédi (= —16.5 kcal/mol) but entropically
unfavourable (AS =-13.5 kcal/mol). TheAG for binding of inhibitor DTNB is both
enthalpically AH= -10.2 kcal/mol) and entropically 6= -8.5 kcal/mol) favoured. The
value of dissociation constant {Kfor the inhibitor DTNB is about 7 and 22 folds radhan

the Kyvalues for the substrate UDP-glucose and inhilii®S, respectively.

The above results of protein- ligandsrgatics indicate that the CtRGP protein has a
strong, moderate and weak binding affinities withibitor DIDS, substrate UDP-glucose and

inhibitor DTNB, respectively.
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Fig. 4.23: Isothermal calorimetric titration of CtRGP with nucleotide sugar
substate UDP-glucose (a) and two inhibitors DIDS {band DTNB (c). Upper
panels correspond to titration kinetics. Lower panés show the integrated binding
isotherms. Molar ratio refers to protein monomer.
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Table 4.3: Thermodynamic values for the binding ofigands to purified CtRGP protein.

S. |Ligand | Kg(uM) AG AH(kcal/mol) | TAS n

No (kcal/mol) (kcal/mol)

1 UDP- 5.06+0.2 -0.52+0.2 -19.9+0.2 -10.8 0.93+0.01
glucose

2 DIDS 1.66+0.4 -3.10+0.4 -16.5+0.2 -13.5 0.95+0.02

3 DTNB 36.4+0.4 -2.1+0.2 -10.2+0.6 -8.5 0.85+0.04

4.8. Crystallization trials of guar RGP protein

The crystal hit was observed in Crystal screen ¢nywhich buffer condition was
0.075M HEPES sodium pH 7.5, precipitant was 1.8Rbkithium sulfate monohydrate and
25% glycerol. The crystal quality was optimized tmanual screening around the initial
crystal hit (Appendix (i) to (ii). The single crygdtof the protein was used for the X-ray
diffraction experiment. Crystal was mounted in crigop and flash-cooled by direct
immersion in liquid nitrogen prior to X-ray diffrion analysis. Diffracting pattern of crystal

could not be found due to very small size of ciysta

) (b)

Fig. 4.24. Showing (a) Diffraction pattern of CtRGPprotein and (b) Crystals of
CtRGP protein. Crystallization condition: Buffer 0.075M HEPES sodium at pH 7.5,
precipitant 1.125 M Lithium sulfate monohydrate and25% glycerol at £C.
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4.9. Sequence and phylogenetic analysis for CtRGPgbein

Nucleotide sequence of CtRGP encodes for 353 amaeas (Fig. 3.2).
Physiochemical properties of CtRGP protein werdysed by ProtParam which revealed the
predicted isoelectric point (pl), molecular masstatbility index and aliphatic index were
found to be 5.75, 41kDa, 29.33 and 83.99 respdytiTée predicted value of Grand average
of hydropathicity (GRAVY) index of CtRGP is -0.16Hlydropathy profile analysis showed
that CtRGP protein is a hydrophilic protein becatlepeaks obtained in Kyte-Doolittle plot
is less than 1.6. Hydropathy profile also revedlat CtRGP lacks a trans-membrane region,
suggesting that CtRGP is a soluble protein whiahmcfions in the cytoplasm (Fig. 4.25).
Nucleotide sequence of CtRGP protein showed maxirsequence similarity with predicted

Glycine max UDP-arabinopyranose mutase- 1like protein (gi|4®953.9) is 91%.

Secondary structure prediction by PSIPRED showeyl &26) helical content is high
in the CtRGP protein, followed by extended stran8iscondary structure prediction by
SOPMA and GOR |V also showed that helical contsritigh in CtRGP protein. Interproscan
result indicates that this protein belongs to thember of RGP superfamily having DXD
motifs (Fig. 4.27). Visual and computer-aided iPSCddalysis of protein sequence predicted
that the protein lacks a signal sequence that ndgatt CtRGP to a membrane compartment
within the cell. Phylogenetic tree analysis indesathat all the members presented in this
phylogenetic tree having same molecular (an inttaoutar transferase or glycosyltransferase
activity) as well as biological functions (cell waynthesis) (Fig. 4.28). Thus it can be
implicated that CtRGP protein may also be involirrdthtramolecular transferase activity or

glycosyltransferase activity and help in cell walhthesis.
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Fig. 4.25: Kyte & Doolittle hydropathy plot for CtRGP protein is showing CtRGP
protein is a hydrophilic protein because the peakebtained is less than 1.6.
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Fig. 4.26: PSIPRED result shows 87 helices (24.47%45 strands (12.47%) and 221 coils
(62.60%) present at various positions in the CtRGP The result revealed that random
coils dominated among secondary structure elemenoffowed by helices and strands.
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Fig. 4.27: InterProScan result showing reversibly lycosylated polypeptide from guar is
member of RGP superfamily.

CtRGP M4EL Qg

Figure 4.28: The phylogenetic tree constructed fo€tRGP protein with molecular evolutionary
genetics analysis tool MEGA 6.0 (Tamurat.al. 2013). All members present in this phylogenetic
tree having the same biological function: cell walkynthesis and molecular function: involved in

glycosyltransferase activityor intramolecular transferases
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4.10. Molecular Modeling of CtRGP Protein

The protein blast of CtRGP results showed in Fi¢94 Homology modeling of
CtRGP was not possible because the matching teesplaive very high E-value and less
guery coverage as shown in the Table 4.4.tB®,3D structure was generated by Scratch
Protein Predictor tool (3Dpro) and visualized. eTgenerated 3D model was then refined by
i3Drefine. The five models generated and subjetteHSAVES server for structure analysis.
Refined model structure have been shown in Fig0 483 and evaluated for their stereo-
chemical quality by PROCHECK and result shad%s%%6 residues of predicted structure of
CtRGP protein in allowed region (Fig. 4.31(a). Maéidation of modeled structure of CtRGP
protein was done by using server ProSA web. Thayars showed that the protein folding
energy is negative and z-score value (-9.25) ishan range of native conformation Fig.
4.31(b). Hence the overall model quality of CtRG®Bt@in is good. The three dimentional
structure of CtRGP showed total 10 cys. residuespaesent out of ten five are involved in
disulfide linkage (Fig. 4.30 b). The conformatiostdbility determined by PDBsum indicated

that CtRGP has 14 - helices (Fig. 4.32 and Table 4.5).

Three structure prediction revealed that stabiifyCtRGP is may be due to the

disulfide linkage and conformational stability dioe - helices.

1 S0 100 150 200 250 300 353
Query seq. et
Specific hits
Superfanilies RGP superfamily |

Color key for alinment scores
<40 40-50 80-200 >=200
Query _ =

1 70 140 210 2380 350

Fig 4.29 Protein Blast result showing the distribubn of six blast hits on the Query
Sequence CtRGP.
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Table 4.4Protein blast of CtRGP protein sequences

S.No | Discription Total | Query | E- Identity | Accession
Score | Level | Value

1 Chain B, Cryoem Structure Of
Cytoplasmic Polyhedrosis Virus | 31.2 11% 1.5 40% 3123 B
[Bombyx mori cypovirus 1

2 Chain A, 3.88 Angstrom Structure
Of Cytoplasmic Polyhedrosis
Virus By Cryo-Electron 31.2 11% 1.9 40% 3CNF_A
Microscopy [Bombyx mori
cypovirus 1]

3 Chain A, Crystal Structure Of A
Putative Dihydrodipicolinate
Synthetase From Pseudomonas| 30.0 20% 2.8 30% 3NA8_A
Aeruginosa [Pseudomonas
aeruginosa

4 Chain A, Molecular Basis Of
Vancomycin Resistance Transfer
In Staphylococcus Aureus
[Staphylococcus aureus]

28.9 15% 5.9 30% 4HT4_A

5 Chain A, Molecular Basis Of
Vancomycin Resistance Transfer
In Staphylococcus Aureus
[Staphylococcus aureus]

26.9 11% 8.2 33% 2DN9_A

6 Chain A, Human Fibrillarin

. 28.1 22% 9.6 25% 2IPX_A
[Homo sapiens]

Fig. 4.30: (a) Predicted 3D-modeled structure of RGP by Scratch Protein Predictor
tool. (b) Ten cysteine residues are located in thmositions 75, 83, 85, 103, 126, 205, 242,
243, 247 and 305 in which out of ten five are inwedd in bonding states Cys 75, 83, 103,
242 and 305. Viewed by PyMol
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Fig. 4.31: (a) Ramachandran plot of predicted modebf CtRGP: This figure is generated by

PROCHECK. The red regions in the graph indicate themost allowed or preferred regions

covers 86.4%, whereas the yellow regions represerallowed regionsl1.3%, glycine is

represented by triangles 23 and other residues anmepresented by squares 22 shows predicted
model is good quality and (b) Result of predicted wdel by PROSAWEB.
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Fig. 4.32: Overview of the secondary structure of RGP protein represented as
wiring diagram prepared by PDB Sum server [96].
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Table 4.5: Details of alpha helices present in secondary structure of CtRGP protein

Start No .of Sequences
residue

AIa4 Trp28 ATPLLKDELDIVIPTIRNLDFLEMW

_ Arg 62 Asp 64 03 RND

a3 W Ala 73 03 PKA

EZ Pro109 leu125 17 PSGHKVNALEQHIKNLL
COW phe132 Thr13s 04 FENT

O Glu1sa  Asni186 03 ERN

Met 207  Arg213 07 MNIAFDR

_ Gly 232 Asp 248 17 GRYDDMWAGWCCKVICD

CER Gly 253 Thr256 04 GIKT

a10 Ser 267 lys275 09 SNPFVNLRK

all Trp 282 Phe290 09 WQEDIIPFF
PR teu295  val313 19 LPKEATTVQKCYVELAKQV
al3 le320 Glu34ao 21 IDPYFDKLAEAMVIWIEAWDE
ald Ala 344 Ala349 6 AGASIA

4.11. Molecular docking of substrates at the activsites

The active site of the CtRGP protein is locatedthe deep grid groove. All the grid
information are same for the substrate and twobitdrs (Table 4.6.). The binding sites
showed as a surface view in the Fig.4.33. The adite is defined by a strictly conserved
catalytic domain. In case of substrate UDP-gludoX® catalytic domain is present. Where,
Arg - 141 position present with H-bond A 7t the catalytic site and apart from that other
important residues Ser-163 (34§, Thr-177 (2.6A), Leu-168 (1.8A), Asn-169 (2.7A) and
Lys 198(2.9A ) are presented with molecular surface view (&ig5). The docking score for

the UDP-glucose is -5.02.
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Table 4.6: Grid information generated by autodock 4.0 and common for all three

ligands.
Grid Map Atom Type Minimum Energy | Maximum energy
(kcal/mol) (kcal/mol)
1 A -0.96 3.00e+05
2 C -1.08 3.00e+05
3 OA -1.73 2.52e+05
4 -1.07 3.00e+05
5 -1.18 3.01e+05
6 HD -0.72 2.00e+05
7 e -30.78 2.55e+01
(@) (b)

Fig. 4.33: Showing docking result of CtRGP proteinnteractions with (a) UDP-glucose,
(b) inhibitor DIDS and (c) inhibitor DTNB having single binding site.
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Fig. 4.34: Docking result showing molecular surfacéor CtRGP (3D-structure from Scratch
Protein Predictor) with UDP —glucose from 2Q3E inteaction using Autodock 4.2.0 and viewed
by PymoL.

/Try-158 ~
THR-IFA 14 —

—. 1.6
; ASN-169

L5198

-~

RGr141

-

Fig. 4.35: Showing docking of CtRGP protein with UP-glucose interaction in which Arg-141,
Lys-198, Thr-177 Leu-168 and Asn-169 residues arenolved by using Autodock 4.2.0 and
viewed by Pymol
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5. DISCUSSION

The biophysical characterization of guar RGP has not been done so far because of the
challenge in isolating the protein in pure, stable and functiona form. In this study, cDNa for
the guar RGP has been sub- cloned and expressed in E.coli. The over-expression of the guar
CDNA has been achieved in E.coli BL21 (DE3) expression host. Efficient purification was
achieved using 6X Histag. A single band of pure protein corresponding to 42kDa was
observed in elution fractions by SDS-PAGE which was confirmed to be CtRGP by western
blotting using pea anti-RGP antibody. RGP found to be The size exclusion chromatography
showed that the protein exists as atetramer.

Through MALDI-TOF analysis the molecular mass of CtRGP protein was found to be
42,123.21 Dathat corresponded to the result as shown from ProtParam server aswell as SDS-
PAGE. The molecular mass of RGP has been reported to be quite similar to the molecular
mass value of RGP obtained in the other plant species [14, 37, 44, 168]. Hence this protein
may be having some role in glycosyltransferase activity.

Conformational stability of CtRGP was examined using CD. Two large peaks of
negative dlipticity were obtained which centered at 208 and 222nm, a characteristic of
protein with high fraction of a-helices. Thermal stability of CtRGP was also examined by CD,
revealing the increase stability even at 68.9°C corresponding to higher a-helical content.
Spectral measurements indicate the protein to be resistant to sufficiently high concentrations
of denaturantsthat is GAHCI (4M) and urea (6M).

Unfolding of proteins causes changes in wavelength and fluorescence intensity due to
presence of tryptophan residues in them. Seven tryptophan residues are present in CtRGP
protein. Unfolding of CtRGP due to change in pH of the buffer causes decrease only in
fluorescence intensity, indicating incomplete protein denaturation within this pH range (pH4

to pH7). Change inionic strength showed no significant difference in fluorescence intensity.
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From the sequence analysis of CtRGP protein, the predicted pl revealed the protein to
be acidic. The protein is predicted to be highly thermostable because of high aliphatic index
of 29.33. The negative value of GRAVY -0.169 implicates CtRGP to be hydrophilic in nature
and the hydropathy plot showed that it lacks transmembrane regions, thereby suggesting that
CtRGP is a soluble protein. Ramachandran plot analysis of the energy minimized 3D model
showed 86.4% residues were present in most allowed or preferred region and 11.3% in
allowed region. ProSA analysis showed that protein folding energy of the modeled structureis
in agreement favoring the validation of the model. Docking results indicated that main
residues involved in the interaction are Arg, Ser, and Thr. For the glycosyl transferase activity
Ser, Thr ,and Arg is required for the interaction. So, this protein may involved in glycosyl
transferase activity and may play rolein cell wall synthesis.

This is the first report of biophysical characterization of RGP from any plant species.
It is expected that this knowledge would be helpful in obtaining the crystal structure of this
important protein. This understanding would also be helpful in knowing the exact biophysical

function of this novel plant protein.
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Appendix i: Manual crystallization of Cryo crystal screen wdlifferent buffer and salt composition.

1 2 3 4 5 6 I 8 9 10 11 12
0.5M Li,SO, | 1.0 M | 1.125M 1.5M Li;SO, | 2.0M Li,SO4 1.125M 0.5M 1.0M 1.125M 1.5M 2.0M 1.125M
Hepes Hepes Hepes Hepes Hepes sodium Hepes Hepes Hepes Hepes Hepes 79ul Hepes
sodium sodium sodium sodium 0.075M sodium sodium sodium sodium sodium Hepes sodium
0.075M 0.075M 0.075M 0.075M (7.5ul) 0.075M 0.075M 0.075M 0.075M 0.075M sodium 0.075M
(7.5u) pH | (75u) pH | (75u) pH | (75u) pH | pH6.8 (7.5ul) pH | (7.5u) pH | (7.5ul) pH | (7.5u) pH | (7.5u) pH | 0.075M (7.5ul) pH
6.8 6.8 6.8 6.8 Glycerol 12.5pl 6.8 6.8 6.8 6.8 6.8 (7.5ul) 6.8
Glycerol Glycerol Glycerol Glycerol MQ 0.0pl Glycerol Glycerol Glycerol Glycerol Glycerol pH 6.8 Glycerol
25l 25ul 25ul 25ul 12.5pl 15.0ul 15.0ul 15.0ul 15ul Glycerol 13.0ul
MQ 47.5ul MQ 27.5pl MQ 22.5pl MQ 7.5ul MQ 35.0ul MQ 57.5ul | MQ 37.5ul | MQ 32.5pul | MQ 17.5ul | 13.5pl MQ 35.5pl
MQ 0.0pl
0.5M Li,SO, | 1.0 M | 1.125M 1.5M Li;SO, | 2.0MLi,SO,80ul | 1.125M 0.5M 0.5M 1.125M 1.5M 2.0M 1.125M
20pl Li.SO,40pl Li.SO,45ul 60pl Hepes sodium LioSOs45ul | Li2SO,20pl | LizSO440ul | LioSOs45pl | LioSO,60pul | Li2SO4 Li 2SO, 45ul
Hepes Hepes Hepes Hepes 0.075M Hepes Hepes Hepes Hepes Hepes 79ul Hepes
sodium sodium sodium sodium (7.5ul) sodium sodium sodium sodium sodium Hepes sodium
0.075M 0.075M 0.075M 0.075M pH 7.0 0.075M 0.075M 0.075M 0.075M 0.075M sodium 0.075M
(7.5ul)  pH | (75u) pH | (7.5u) pH | (7.5pl) pH | Glycerol 12.5pl (7.5ul) pH | (7.5ul) pH | (7.5pl) pH | (7.5pl) pH | (7.5pl) pH | 0.075M (7.5ul) pH
7.0 7.0 7.0 7.0 MQ 0.0pl 7.0 7.0 7.0 7.0 7.0 (7.5ul) 7.0
Glycerol Glycerol Glycerol Glycerol Glycerol Glycerol Glycerol Glycerol Glycerol pH 7.0 Glycerol
25l 25ul 25ul 25l 12.5pl 15.0ul 15.0ul 15.0ul 15ul Glycerol 13.0ul
MQ 47.5ul MQ 27.5pl MQ 22.5pl MQ 7.5ul MQ 35.0pl MQ57.5ul | MQ 37.5ul | MQ 32.5ul | MQ 17.5ul | 13.5ul MQ 35.5pl
MQ 0.0pl
0.5M Li,SO, | 1.0 M | 1.125M 1.5M Li;SO, | 2.0M Li,SO;4 1.125M 0.5M 0.5M 1.125M 1.5M 2.0M 1.125M
Hepes Hepes Hepes Hepes Hepes sodium Hepes Hepes Hepes Hepes Hepes 79ul Hepes
sodium sodium sodium sodium 0.075M sodium sodium sodium sodium sodium Hepes sodium
0.075M 0.075M 0.075M 0.075M (7.5ul) 0.075M 0.075M 0.075M 0.075M 0.075M sodium 0.075M
(7.5u)  pH | (7.5u) pH | (7.5u) pH | (75u) pH | pH75 (7.5ul) pH | (7.5u) pH | (7.5ul) pH | (7.5u) pH | (7.5u) pH | 0.075M (7.5ul) pH
75 7.5 7.5 7.5 Glycerol 12.5pl 7.5 7.5 7.5 7.5 7.5 (7.5u1) 75
Glycerol Glycerol Glycerol Glycerol MQ 0.0pl Glycerol Glycerol Glycerol Glycerol Glycerol pH 7.5 Glycerol
25l 25ul 25ul 25l 12.5pl 15.0ul 15.0ul 15.0ul 15ul Glycerol 13.0ul
MQ 47.5ul MQ 27.5pl MQ 22.5pl MQ 7.5ul MQ 35.0ul MQ 57.5ul | MQ 37.5ul | MQ 32.5pul | MQ 17.5pl | 13.5pl MQ 35.5pl
MQ 0.0pl
0.5M Li;SO4s | 1.0 M | 1.125M 1.5M Li2SO, | 2.0M Li2SO4 1.125M 0.5M 0.5M 1.125M 1.5M 2.0M 1.125M
20pl Li.SO,40ul Li.SO,45ul 60ul 80ul LioSOs45ul | Lio2SO,20pul | LizSO440ul | Li2SOs45pl | LioSO,60pul | LizSO4 Li 2SO, 45ul
Hepes Hepes Hepes Hepes Hepes sodium Hepes Hepes Hepes Hepes Hepes 79ul Hepes
sodium sodium sodium sodium 0.075M sodium sodium sodium sodium sodium Hepes sodium
0.075M 0.075M 0.075M 0.075M (7.5ul) 0.075M 0.075M 0.075M 0.075M 0.075M sodium 0.075M
(7.5u)  pH | (7.5u) pH | (7.5u) pH | (7.5u) pH | pH8.0 (7.5ul) pH | (7.5u) pH | (7.5ul) pH | (7.5u) pH | (7.5u) pH | 0.075M (7.5ul) pH
8.0 6.8 6.8 8.0 Glycerol 12.5pl 8.0 8.0 6.8 8.0 8.0 (7.5ul) 8.0
Glycerol Glycerol Glycerol Glycerol MQ 0.0pl Glycerol Glycerol Glycerol Glycerol Glycerol pH 8.0 Glycerol
25l 25ul 25ul 25l 12.5ul 15.0ul 15.0ul 15.0ul 15ul Glycerol 13.0ul
MQ 47.5ul MQ 27.5pl MQ 22.5pl MQ 7.5ul MQ 35.0pl MQ57.5ul | MQ 37.5ul | MQ 32.5ul | MQ 17.5ul | 13.5ul MQ 35.5pl
MQ 0.0pl

(Continued




&¥$20| 1.o0M 1.125M 1.5M 2.0M 1.125M 10 11 12
2SO0, 20ul | LiSOs40ul | LizSO,45ul i Li»SO : 0.5M )
Hepes Hepes Hepes : EQSCLGO“' 8ol Li;S0u45p | Li;SO,20p1 | 1:OMLi2SO: ilZSM 1.5M 2.0M LizSO;
sodium sodium el eé)_es Hepes Hepes Hepes 4opl HIzSO445uI Li>SO,60pl | 80ul )
0.075M 0.075M 0.075M o07am sodium sodium sodium Hepes sodium | [ e Hepes Hepes i‘leM LizS0x
(7.5u) pH | (7.5u) pH | (7.5u) pH ' 0.075M 0.075M 0.075M 0.075M um sodium sodium S ,
68 68 eéu p (7.5ul) pH 7.50) (7.50) pH (7.501) pH (7.5)) 0.075M 0.075M 0.075M Hepes sodium
Glycerol Glycerol élycerol glg pH g.8 6.8 6.8 pH 6.8 géSHl) pH | (7.5u) pH | (7.5ul) 0.075M
10ul 10ul 10ul 1J%ml Glycerol Glycerol Glycerol Glycerol 5.0l | 2, 6.8 pH 6.8 (7.5u) pH 6.8
MQ62.5u1 | MQ425u | M 3 10.0pl 10.0pl 5.0pl MQ ycerol | Glycerol | Glycerol Glycerol 8.0ul
-OH Q 37.5ul MQ 32.5pl Ol 475 5.0pl 5ul MQ 39.5pl
MQ 2.5l MQ 33.5ul | MQ 67.5ul Sul MQ 42.5pl i oyl K
0.5M 1.0M 1.125M LeM > OM Syl | MQ27.5ul | MQ 7.5u
Li,S0,20ul | Li,SO.40 | Li,SO45u1 | Li Li SO, 1.125M 0.5M
Hepes Hepes Hépe:;1 3 hléﬁg o0u | oy ) LiSO;45ul | LiSO,20p ‘11[;) ’YI Li2SO, iiiégM45pl ifsgo 60pl oo 280
sodium sodium sodi . Hepes Hepes Hepes M 4 2S0,60pl | 80ul )
0.075M 0.075M 0,07”;,n|\j| gog;lérlcl sodpium sodium sodium Hepes sodium SHOedpes Hepes Hepes 1;5125’\/' Li,SO,
amoH | oemoH | Gamen | Gampn | 007M | GEL | Gy, 0.075M Py IR B Sl Hepes soc
7.0 7.0 70 SHIP (7.5ul) (7.5u) pH | (7.5ul) pH (7.5u) ' 0.075M 0.075M epes sodium
Glycerol Glycerol Glycerol élo pH 70 7.0 7.0 pH7.0 (77(.)5l1|) pH (7-5[1|) pH (7-5H|) 0.075M
100l 10u 104l o Glycerol Glycerol Glycerol Glycerol 5.0ul | g o pH 7.0 o e
MO625u | MO 4250 | MO37Su | MO 32 10.0pl 10.0pl 5.04l MQ Glycerol | Glycerol | Glycerol Glycerol 8.04l
: Q 32.5ul MQ 2.5 MQ 3351 | MQ 67.5ul 4754 " H Sul 5.0l MQ 39.5ul
0.5M 10M 1125M > oM Q42.5ul | MQ27.5ul | MQ 7.5ul
Li,S0,20u | Li;SO.40ul | Li,SO,45pl Li,SO 1.125M 0.5M
1. 2SO, : : . . )
Hepes Hepes Hepes : LFQ”O 5 8oyl Li,S0.45u | Li,SO,20p | +:OMLizSOx i-légM 1.5M 2.0M Li,SO,
sodium sodium sodium Hepes OMl 1 Hepes Hepes Hepes 40ul le 4450l | Li2SO:60ul | 80l .
0.075M 0.075M 0.075M Soec?-es sodium sodium sodium Hepes sodium Soedp'es Hepes Hepes 1.125M Li,SOy
(75u)pH | (75u) pH | (7.5u) pH i} 0.075M 0.075M 0.075M 0.075M hy sodium sodium asgl
75 7e 75“ p 0.075M 7.50) (7.50) pH (7.501) pH (7.5)) 0.075M 0.075M 0.075M Hepes sodium
Glycerol Glycerol Ghvcerol (77551118 PH | o #5 75 75 pH 7.5 (775511') pH | (7.5ul) pH | (7.5ul) 0.075M
104l 104l 104l ey Glycerol | Gveerol | Glycerol Glycerol 5.0ul | G o pH 7.5 (ou)pl 7o
MQ62.5u | MQ425ul | MQ 37.5pl Q323 10,04 10.0pl 5.0ul MQ sg“”d Glycerol | Glycerol Glycerol 8.0
' MO 5. | MQ335u | MQ675u 47.5u S.OH Sul 5.0pl MQ 39.5ul
0.5M 1.0M 1.125M LM > oM Q42.5ul | MQ 27.5ul | MQ 7.5pl
Li,S0,20 | Li,;SO,40ul | Li,SO4 : Li 1.125M 0.5M
5ul i.SO, : : . )
Hepes Hepes Hepes Hgg&ml 80Ul LioSOua5pl | LizS0.20u | sl 25 Eg?%m L-sousoul | dopl !
sodium sodium sodi . Hepes Hepes Hepes H N 250,60ul | 80wl )
0.075M 0.075M 0.075M sodiur sodium sodium sodium Hepes sodium | HePes Hepes Hepes 1.125M LioSQu
(75 pH | (75u)pH | (7.5u 007sM | o%WI® | oorsM | oorsm | 07N sodium | sodium | sodium 45u!
8.0 8.0 8(-)u)pH (7.5ul) pH (?5|) (7.5u) pH (f5prH (7.5ul) 0.075M 0.075M 0.075M Hepes sodium
Glycerol Glveerol ' 8.0 Hg 8.0 8.0 pH 8.0 (75u)pH | (7.5u) pH | (7.5 0.075M
y Glycerol Glycerol pH 8.0 ' Gl 8.0 8.0 (7.5ul) pH 8.0
1oul 10pl 104l Loul Glycerol Glycerol Glycerol ycerol 5.0ul Glveerol : pH 8.0 & pH 8.
MQ 62.5u | MQ 42,54 | MQ37.5u | M “3 10.04l 10.0pl 5.0l MQ : ycero Glycerol Glycerol ycerol 8.0ul
~H Q32.5ul MQ 335u | MQ67.5u | 47-OH Opl 5ul 5.0 MQ 39.5ul
MQ 42.5ul | MQ27.5ul | MQ 7.5pl

MQ 2.5pl




Appendix ii: Manual crystallization of PEG ion crystal scregth different buffer and salt composition.

1 2 3 4 5 6 7 8 9 10 11 12
PEG PEG PEG PEG PEG PEG PEG PEG 22%(55 | PEG PEG PEG PEG
15%(37.50) | 16%(40ul) | 17%(42.5u) | 18%(45ul) | 19%(47.5u) | 20%(50u) | 21%(52.5u) | i) 23%(57.50) | 24%(60ul) | 250%(62.5pl) | 26%(654)
C2H2M9042 C2H2M9042 C2H2M9042 C2H2M9042 C2H2M9042 C2H2M9042 CszMgO42 C2H2M9042 C2H2M9042 CszMgO42 C2H2M9042 CszMgO
H.0 H-0 H-.0 H-0 H>0 H-.0 H>0 H>0 H>O H-.0 H>0 4.2H0
200mM(20pl | 200mM(20p! | 200mM(20pI | 200mM(20pl) | 200mM(20pl) | 200mM(20pl) | 200mM(20l) | 200mM(20pl) | 200mM(20l) | 200mM(20pl) | 200mM(20l) | 200mM(2
) ) ) pH 6.75, pH 6.75, pH 6.75, pH 6.75, pH 6.75, pH 6.75, pH 6.75, pH 6.75, ol
pH 6.75, pH 6.75, pH 6.75, dH,0 354 | dH,032.5u | dH,030pl | dH,0 27.5u | dH,0 25p1 | dH.0 22.5u1 | dH,0 20pl | dH.0 17.5u | pH 6.75,
dH,0 42,501 | dH,0 40ul | dH.0 37.5u dH,0 154l
PEG PEG PEG PEG PEG PEG PEG PEG 22%(55 | PEG PEG PEG PEG
15%(37.50) | 16%(40ul) | 17%(42.5u) | 18%(45ul) | 19%(47.5u)) | 20%(50u) | 21%(52.5u) | wi) 23%(57.50) | 24%(60ul) | 250%(62.5pl) | 26%(654)
C2H2M9042 CszMgO42 C2H2M9042 CszMgO42 C2H2M9042 CszMgO42 CszMgO42 C2H2M9042 C2H2M9042 CszMgO42 C2H2M9042 CszMgO
Hzo HQO Hzo HQO Hzo Hzo Hzo Hzo Hzo HQO Hzo 4.2H20
200mM(20pl | 200mM(20p! | 200mM(20pI | 200mM(20ul) | 200mM(20pl) | 200mM(20pl) | 200mM(20l) | 200mM(20p) | 200mM(20l) | 200mM(20pl) | 200mM(20l) | 200mM(2
pH 7.0, dH,0 | pH 7.0, dH,0 | pH 7.0, dH,0 | pH 7.0, dHO | pH 7.0, dH,0 | pH 7.0, dH,O | pH 7.0, dH,0 | pH 7.0, dH,O | Opl)
pH 7.0, dH0O | pH 7.0, dH,O | pH 7.0,dH,0O | 35pl 32.5ul 30ul 27.5ul 25ul 22.5ul 20ul 17.5pl pH 7.0,
42.5ul 40pl 37.5pl dH,0 15l
PEG PEG PEG PEG PEG PEG PEG PEG 22%(55 | PEG PEG PEG PEG
15%(37.50) | 16%(40ul) | 17%(42.5u) | 18%(45ul) | 19%(47.5u) | 20%(50u) | 21%(52.5u) | wi) 23%(57.50) | 24%(60ul) | 250%(62.5pl) | 26%(654)
C2H2M9042 CszMgO42 C2H2M9042 CszMgO42 C2H2M9042 CszMgO42 CszMgO42 C2H2M9042 C2H2M9042 CszMgO42 C2H2M9042 CszMgO
Hzo HQO Hzo HQO Hzo Hzo Hzo Hzo Hzo HQO Hzo 4.2H20
200mM(20pl | 200mM(20p! | 200mM(20pI | 200mM(20ul) | 200mM(20pl) | 200mM(20pl) | 200mM(20l) | 200mM(20pl) | 200mM(20l) | 200mM(20pl) | 200mM(20l) | 200mM(2
) ) ) pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, ol
pH 7.25, pH 7.25, pH 7.25, dH,035u | dH.0 325u | dH,030pl | dH,0 2754 | dH:0 25u1 | dH,0 22.5u1 | dH.0 20pl | dH.O 17.5p1 | pH 7.25,
dH,0 42,54 | dH.0 40pl | dH,O 37.5u dH,0 15l
PEG PEG PEG PEG PEG PEG PEG PEG 22%(55 | PEG PEG PEG PEG
15%(37.50) | 16%(40pl) | 17%(42.5ul) | 18%(45ul) | 19%(47.5u) | 20%(50ul) | 21%(52.5u) | ui) 23%(57.50l) | 24%(60pl) | 25%(62.5p)) | 26%(65pl)
CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO
H>0 H-.0 H-.0 H-0 H.0 H-.0 H>0 H>0 H>0O H.0 H>0 4.2H0
200mM(20p! | 200mM(20pl | 200mM(20p! | 200mM(20ul) | 200mM(20u) | 200mM(20ul) | 200mM(20p) | 200mM(20ul) | 200mM(20p1) | 200mM(20pl) | 200mM(20pl) | 200mM(2
pH 7.5, dH,0 | pH 7.5, dH0 | pH 7.5, dH0 | pH 7.5, dH,0 | pH 7.5, dH.0 | pH 7.5, dHO | pH 7.5, dHO | pH 7.5, dH:O | Opl)
pH7.5dH,0 | pH 7.5, dH,O | pH 7.5, dH,0 | 354l 32.50 30l 2754 250l 22,54 20yl 17.5ul pH 7.5,
42501 40l 37.50 dH,0 154l
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1 2 3 4 5 6 7 8 9 10 11 12
PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG
2006(501) | 20%(50ul) | 200%(50Wl) | 20%(50ul) | 20%(50Wl) | 20%(50ul) | 20%(50Wl) | 20%(50ul) | 20%(50u) | 20%(50ul) | 20%(50W) | 20%(50l)
CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 C2H2M9042 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO
H,O H,O H,O H,O H,O H,O H,O H,O H,0O H,O H.0O 4.2H,0
150mM(15u | 160mM(16pl | 170mM(17pl | 180mM(18ul | 190mM(19ul | 200mM(20u! | 210mM@1ul | 220mM(22ul | 230mM(@23ul | 240mM(24pl | 250mM(25u1 | 260mM(2
) ) ) ) ) 6Hl)
pH 6.75, pH 6.75, pH 6.75, pH 6.75, pH 6.75, PH 6.75, pH 6.75, PH 6.75, pH 6.75, pH 6.75, pH 6.75, pH 6.75,
PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG
20%(50pl) | 20%(50Wl) | 2006(50ul) | 20%(S0W) | 20%(50ul) | 20%(50Wl) | 200%(50ul) | 20%(S0Wl) | 20%(50u) | 20%(S0Wl) | 20%(50u) | 20%(50ul)
CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CQH2M9042 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO
H>0 H-0 H-.0 H>0 H-0 H-.0 H-.0 H.0 H-.0 H-.0 H-.0 4.2H0
150mM (1501 | 150mM(15u | 150mM(15u | 150mM(15ul | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15ul | 150mM(15u | 150mM(L
) ) ) ) ) ) ) ) ) ) ) 5ul)
PH 7.0, dH,O | pH 7.0, dH,O | pH 7.0, dH,O | pH 7.0, dH.O | pH 7.0, dH:0 | pH 7.0, dHO | pH 7.0, dH:O | pH 7.0, dH.O | pH 7.0, dH:O | pH 7.0, dHO | pH 7.0, dHO | pH 7.0,
35ul 34pl 33ul 32ul 31pl 30ul 29ul 28ul 27ul 26ul 25ul dH-0 24ul
PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG
2006(501) | 20%(50ul) | 200%(50Wl) | 20%(50ul) | 209%(50Wl) | 20%(50pl) | 20%(50Wl) | 20%(50ul) | 20%(50u) | 20%(50ul) | 20%(50u) | 20%(50ul)
C2H2M9042 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 C2H2M9042 C2H2M9042 CszMgO42 CszMgO42 CszMgO42 CszMgO
H,O H,O H,O H,O H,O H,O H,O H,O H.0O H,O H.O 4.2H,0
150mM (150 | 150mM(15ul | 150mM(15u | 150mM(15ul | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15ul | 150mM(15u | 150mM(L
) ) ) ) ) ) ) ) ) ) ) SHl)
pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25, pH 7.25,
PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG PEG
20%(50pl) | 20%(50Wl) | 2006(50ul) | 20%(S0W) | 20%(50ul) | 20%(50Wl) | 20%(50ul) | 20%(S0Wl) | 20%(50u) | 20%(S0Wl) | 20%(50u) | 20%(50ul)
CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CQH2M9042 CszMgO42 CszMgO42 CszMgO42 CszMgO42 CszMgO
H,O H,0O H,O H,O H,O H,O H,O H,O H.0O H,O H.O 4.2H,0
150mM (150 | 150mM(15ul | 150mM(15u | 150mM(15ul | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15u | 150mM(15ul | 150mM(15u | 150mM(L
) ) ) ) ) ) ) ) ) ) ) 5ul)
PH 7.5, dH,0 | pH 7.5, dH,0 | pH 7.5, dH,0 | pH 7.5, dH.0 | pH 7.5, dH,0 | pH 7.5, dHO | pH 7.5, dH,O | pH 7.5, dH.0 | pH 7.5, dH,O | pH 7.5, dHO | pH 7.5, dH,O | pH 7.5,
35ul 34l 33ul 32ul 31l 30ul 29ul 28ul 27ul 26l 25ul dH,0 24ul
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