-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by ethesis@nitr

IMPACT OF IONIC LIQUIDS ON CONFORMATIONAL
CHANGES OF BOVINE SERUM ALBUMIN - A FOURIER
TRANSFORM INFRARED SPECTROSCOPIC STUDY

A Dissertation

Submitted in partial fulfillment

FOR THE DEGREE OF
MASTER OF SCIENCE IN CHEMISTRY

Under The Academic Autonomy
NATIONAL INSTITUTE OF TECHNOLOGY, ROURKELA
By
GURUDAS CHAKRABORTY

ROLL NO.- 412CY?2007

UNDER THE SUPERVISION OF

DR. HAREKRUSHNA SAHOO
DEPARTMENT OF CHEMISTRY
NATIONAL INSTITUTE OF TECHNOLOGY

ROURKELA-769008, ODISHA

N4

ROURKELA



https://core.ac.uk/display/80147314?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ROURKELA

CERTIFICATE

This is to certify that the dissertation entitlichpact of lonic Liquids on Conformational
Changes of Bovine Serum Albumin - A Fourier Trangfo Infrared Spectroscopic Study”
being submitted by Mr. Gurudas Chakraborty to tlep&tment of Chemistry, National Institute
of Technology, Rourkela, Odisha, for the awardhef degree in Master of Science is a record of
bonafide research carried out by him under my sugien and guidance. To the best of my
knowledge, the matter embodied in the dissertatias not been submitted to any other
University/ Institute for the award of any DegreebDaploma.

Dr. Harekrushna Sahoo
Assistant Professor
Department of Chemistry
tidmal Institute of Technology
Rourkela, Odisha

Rourkela

Date:



ACKNOWLEDGEMENTS

With deep regards and profound respect, | availdjyeortunity to express my deep sense of
gratitude and indebtedness fr. Harekrushna Sahoq Department of Chemistry, NIT
Rourkela, for introducing the present project toara for his inspiring guidance, constructive
criticism and valuable suggestion throughout tleggmt work. | most gratefully acknowledge his

constant encouragement and help in different wag®mplete this project successfully.

| acknowledge my sincere regards€io Niranjan Panda (Head of the Department, Chemistry)
and all the faculty members, Department of ChemifXiT Rourkela for their enthusiasm in
promoting the research programme in Chemistry andtlieir kindness and dedication to
students.

| specially record my deep appreciation and thattk®r. Suman Jha (Asst. Professor
Department of Life Sciences) for allowing us toiattee FTIR facility. | would also like to thank
Dr. S.C. Sabat(Scientist, Institute of Life Science (ILS), Bhulegmar) for allowing us to use
his UV-Vis Spectrophotometer for temperature depahdheasurements.

I am highly obliged and grateful tdr. Lakkoji Satish (Research Scholar) for his unconstrained
support and guidance throughout the project woiik. Hdedication and sincere help towards
giving a proper shape to this work is highly acklexigeable.

Its my pleasure to thanlbr. Priyabrat Dash and Dr. Supratim Giri (Asst. Professor,
Department of Chemistry) and all the lab mates tloeir co-operation and continuous
encouragement throughout the entire period of thgept work and specially thanks for making
a friendly environment in the laboratory.

Last but not the least; | would like to expressaegp sense of gratitude to my parents

and almighty for bestowing their blessings on me.



DECLARATION

I, Gurudas Chakraborty hereby declare that theed®tson entitled'Impact of lonic Liquids

on Conformational Changes of Bovine Serum Albumin-AFourier Transform Infrared
Spectroscopic Study”is the original work carried out by me under thgeyvision of Dr.
Harekrushna Sahoo, Department of Chemistry, Natimsitute of Technology, Rourkela and
the present work or any part of this work has ne¢rbpresented in any other University or

Institute for the award of any other degree toltast to my belief.

Gurudas Chakraborty



ABSTRACT

lonic liquids (ILs) are low melting salts composefian organic cation and an inorganic or
organic anion. lonic liquids are of interest foreithwide range of applications and unique
properties, such as the negligible vapor pressusere types of ionic liquids, and the ability to
modify ionic liquid properties by selection of thation or anion. It has been hypothesized that
over one million binary ionic liquids (meaning aglie cation/anion pair) are possible. Due to the
vast number of potential combinations, it shouldpbssible to design ionic liquids specifically
for an application of interest. lonic liquids noblp provide a novel and highly competent
reaction medium, that is the solvent, but they aswe as efficient participants in a variety of
chemical and biological reaction processes. Howetere is a little understanding on how
ionic liquids affect proteins. Here, we investightine impact of different ionic liquids as a
function of their alkyl chain length of the cationimoiety and concentrations on the
conformational changes of the Bovine Serum Albu(Bi8A) protein. In this work, we focused
on the alternation in the secondary structureshefrmodel protein. Fourier Transform Infrared
(FTIR) spectroscopy is used to examine the chamgdhe secondary structure of BSA on
varying concentration of a particular ionic liguidm O M to 1.0 M. It is observed that on
increasing the concentrations of particular ionguid, structured regions are transformed to
unstructured regions and thereby, assisting pratefolding. Similarly, a gradual disruption of
the native structure of BSA is observed with inseem the alkyl chain length of ionic liquids.
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CHAPTER-1

INTRODUCTION




1.1 Introduction to Protein:

The word protein is derived from a Greek wagpdoteios meaning primary. Proteins are
biomolecules and are composed of one or more cladiasino acids. They can also be defined
as natural polymers or biopolymers in which theranacids serve as the monomer units and are
bonded to each other by a peptide bond. A peptatel bs formed between the carboxyl and
amino groups of adjacent amino acid residues. Hangmotein is also known as a polypeptide
which is responsible for a specific function iniarlg system. Proteins play a very vital role in
all living organisms by performing a spectrum ohdtions viz. governing the biochemical
reactionsi.e. catalyzing the metabolic reactions, transportinglecules from one location to
another, responding to stimuli, replicating DNA .efor example, actin and myosin in muscle
and the proteins in the cytoskeleton form a scdftblat maintains the shape of cell. Fibrin is
responsible for blood clotting and so on. Protalifeer from one another primarily in their
sequence of amino acids. Which is dictated by tiedeotide sequence of their genes, and which
usually results in folding of the protein into aspic three dimensional structure that determines
its activity. In general, the genetic code spesifd® standard amino acids, however, in certain
organisms the genetic code can include selenoogstand in certain archae- pyrrolysine.
Sometimes proteins have non-peptide groups attaettedh can be called prosthetic groups or
cofactors. It is the combined effect of all the amino adideschains in a protein that ultimately
determines its three dimensional structure ancchigsmical reactivity. The amino acids in a
polypeptide chain are linked by peptide bonds. Aimdesd in the protein chain, an individual
amino acid is called a residue, and the linkedeseoi carbon, nitrogen, and oxygen atoms are
known as the main chain or protein backbone. Rragegenerally used to refer to the complete
biological molecule in a stable conformation, wlaesrg@eptide is generally reserved for a short
amino acid oligomers often lacking a stable thrieeedsional structure. Polypeptide can refer to
any single linear chain of amino acids, usuallyardtess of length, but often implies an absence
of a defined conformatidn

Most proteins fold into unique 3-dimensional stares. The shape into which a protein
naturally folds is known as its native conformafiohlthough many proteins can fold unassisted,

simply through the chemical properties of their mmniacids, others require the aid of



molecular chaperones to fold into their nativeestal here are four distinct aspects of a protein's
structure:

« Primary structure the amino acid sequence. A protein is a polyamide

« Secondary structureegularly repeating local structures stabilizgdhlgdrogen bonds. The
most common examples are the alpha helix, betat ahddgurns. Because secondary
structures are local, many regions of differenbgéary structure can be present in the same
protein molecule.

« Tertiary structure the overall shape of a single protein molecuie; $patial relationship of
the secondary structures to one another. Tertiangtsire is generally stabilized by nonlocal
interactions, most commonly the formation of a loydrobic core, but also through salt
bridges, hydrogen bonds, disulfide bonds, and @estiranslational modifications. The term
"tertiary structure” is often used as synonymouth whe ternfold. The tertiary structure is
what controls the basic function of the protein.

« Quaternary structure the structure formed by several protein moleculpslypeptide
chains), usually callegrotein subunitsn this context, which function as a single protei

complex.

Proteins are not entirely rigid molecules. In aidditto these levels of structure, proteins
may shift between several related structures whag perform their functions. In the context of
these functional rearrangements, these tertiaguaternary structures are usually referred to as
"conformations”, and transitions between them atkedconformational change§&uch changes
are often induced by the binding of a substrateemdé to an enzyme's active site, or the
physical region of the protein that participatesciremical catalysis. In solution proteins also
undergo variation in structure through thermal ailan and the collision with other molecules.
Proteins can be informally divided into three melasses, which correlate with typical tertiary
structures: globular proteins, fibrous proteinsd arembrane proteins. Almost all globular
proteins are soluble and many are enzymes. Fibqmateins are often structural, such
as collagen, the major component of connectivai¢iser keratin, the protein component of hair
and nails. Membrane proteins often serve as rereptgrovide channels for polar or charged

molecules to pass through the cell membtane
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1.2 Serum Albumin:

Serum Albumin, a very stable, highly soluble mdkimain protein, is commercially available at

high purity and low cost. It does not contain ampsthetic group or bulky appending
carbohydrates. It is of elliptical shape with lontrinsic velocity. Albumin is a very stable
protein although more than 50 human albumins exikish are slight variants of the 585 amino
acid sequence. The structure of Human Serum AlbyMBA) has been revealed by the high
resolution X-ray image of the proteinSince, serum albumin molecule can change itstsire
and conformation with variation in environmentalnddions and with binding of ligands,
therefore, this particular protein can be descried very flexible protein. Besides this, albumin
has a resilient structure and regains its shapi#yeasing to the disulphide bridges, which
provides strength in physiological conditifns

Albumin is the most abundant extracellular pratdincontains total 60% of the total
serum content in human. It is a single polypeptiite 585 amino acids having molecular weight
of 66.2kD and is expressed in the liver. It diffénem the extracellular proteins by its primary
structure. Structurally, it has multiple cysteiny§c34) and has two tryptophan. X-ray
crystallography studies reveal that the secondamyctsire of serum albumin consists of
approximately 67% ofi-helix as well as there are 9 loops and 17 disdkptiridges giving a
heart shaped 3D structure’. The tertiary structure of serum albumin is congubsf three
domains I, I, and Ill, and each domain is congtituof two sub-domains A and B. Some of the
most important and commonly studied proteins arenétu Serum Albumin (HSA), Bovine
Serum Albumin (BSA), Equin Serum Albumin (ESA) aRdt Serum Albumin (RSA). Albumin
is responsible for the 75-80% of the osmotic presdlii constitutes the main protein in the blood
plasma. Therefore it can be considered as the O@®&egt rather than the absolute plasma
value. It determines the flow of fluid in and outtbe capillaries®. It is responsible for the
transportation of drugs and reduces the serum otrati®n of the compounds. Albumin has four
different binding sites with varying specificity rfalifferent substances. It can be considered as
the carrier of numerous exogenous and endogenauparmds in the bloo@ . Albumin is a
negatively charged protein present in high conegioin in the plasma. It contributes heavily
towards the “anion gap”. The concentration of asiand cations in plasma should be equal so

that the remaining anions come predominantly frolbumin, inorganic phosphate and
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hemoglobin. Thus, when the concentration of albuisihigh in blood plasma, the anion gap

should be narrofv

1.2.1 Bovine Serum Albumin (BSA):

BSA is derived from cows and it is used as a stahtta protein concentration. “Fraction V” is
another name of BSA which refers to the fifth fractof the original Edwin cohn purification
methodology. This particular method is first usath human albumin for medical use and later

it was used for the production of BSA.

Structure of BSA:

The primary structure of BSA is composed of 583 rammacid residues, the sequence has 17
disulphide bonds resulting in 9 loops (figure 1)contains multiple cysteine and 8 pairs of
disulphide bonds similar to HSA

According to the amino acid sequence, the struaftiSA shows that it is composed of
three homologous domaifis'’ The circular dichroism measurement shows thastwndary
structure of BSA containg-helix, -sheet, turn and random coil with 48.7 %, 0%, 10&4d
30.7% contribution respectivefy*21t has been suggested that thieelices are uniformly placed
in the sub-domains and in the connections betweerdmains. Most of the residues in the long
loops (except at the end) and the regions linkitegdomains possibly form-helices, whereas
the intra-domain hinge regions are mainly non-lalgtructure. The three long helices in the
sub-domain are considered as principle elementieoftructure. These run parallel with each
other, and a trough is formed owing to the midddixhbeing slightly lower in position. The

helices are mainly linked together by disulphidieldpes.

Properties of BSA:

The full length BSA protein has 583 amino acid dess>.The N-terminal having 18 residual
single peptide is cut off from the precursor proten secretion, hence the initial protein product
contains 589 amino acid residues. For the effiogxprression and purification of a mature BSA

protein (containing 585 amino acids), additionaldino acid is cleavéd >
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Figure 1. Crystal structure of BSA (PDB ID: 4F5S). Left pamepresents the dimeric for

where as right panel shows the monomeric form thighhighlighted tryptophan (red in colc

Application of BSA:

e It has numerous biochemical application including.IS3A (Enzyme Linked
Immunosorbent Assay), immunoblots and immunohistouhtry. It is also used as
nutrient in cell and microbial structu

e It can be used for the stabilizing of some enzymesng digestion of DNA and t
prevent adhesion of the enzyme to thetion tubes, pipet tips and to the other ves

e It is commonly used as a standard protein markeletermine the unknown quantity
other proteins by comparing with the known quandtyBSA. Because of its stability,
can also be used to increase signal in assay. The other properties of BSA thatlenit
a widely used protein are, it is less effective dod¢ many biochemical reactiol

cheaper in cost and large quantities of it canelality purified from bovine bloc™>.

1.2.2 Comparison of HSA and BSA:

HSA and BSA are the most commonly studied serumnaib proteins. Almost 76% homolog
and a repeating pattern of disulphide occur betwld&A and BSA. The major differen
between these two proteins is the number and pogiti tryptophan resies present. HSA has
only one tryptophan, located at position 214 ansl @quivalent to the tryptophan present in E

at position 212 which is buried in a hydrophobicket at sub domain II°. BSA has two
6



tryptophan located at position 212 and 134, ther labe is more exposed to solvent than that of
trp-212 and is found at sub domain 9BBecause of the medical importance, low cost, yead

availability, and unusual ligand binding propertiBSA is used as the model prot&if

1.3 loniclLiquids:

lonic liquids can be defined as ionic compoundspased of an organic cation and an anion that
can be organic or inorgant& Till date it is known that ionic liquids have aeling point less
than 100°C. Many ionic liquids have a melting pdimwer than room temperature (so-called
room temperature ionic liquids — RTILs) making thaseful as solventS' % Ethylammonium
nitrate is the first credited ionic liquid discoedrby Gabriel and Weiner's in 18882 It has a
melting point of 52°C to 55°C, ethylammonium nigratas the first recorded organic salt with a
melting point less than 100°€' '8 Ethylammonium nitrate, the first RTIL was premhiey
Walden and reported in 1914. In 1997 Seddon regatt@t ionic liquids can be used as
promising tools for clean technolodyThe reason behind the subsequent upsurge inligoid
research is Th€hemical & Engineering Newarticle in 1998, “Designer solvents-lonic liquids
may boost clean technology development”, which Imggited the environmentally friendly
chemical processes that can be achieved usingliqoids ?.

As ionic liquids are composed of cations and ani@rsc liquids have dual functionality
and the ability, through careful selection and giesif each ion, to dissolve disparate materials
in a single solvent®. It has been estimated that over a million difftginary ionic liquids, each
with a particular pairing of cation and anion, possible. The variety of ionic liquids has led to a
wide range of applications taking advantage of rtheseful properties. One exclusive and
significant property is that aprotic ionic liquideave negligible vapor pressure until
decomposition, which facilities their handling amteans that aprotic ionic liquids cannot
evaporaté® ?® lonic liquids have also received attention ag&y” solvents as they are usually
non-flammable and it is also possible to recyclesé’® ** 2> However, ionic liquids are
frequently made from toxic compounds, so their égmeess” is always discussed with respect to
their function and what solvent they may repl&&> Much work has been performed to prepare
ionic liquids from environmentally benevolent compds such as choline and amino acids,

which opens the door to non-toxic and potentialljytgreen ionic liquid$’>*



1.3.1 Applications of lonic Liquids:

lonic liquids have been used in a number of resetietds. The different research areas in which

ionic liquids have been used include carbon dioxad@ture®

organometallic catalysfs,
electrochemistry? nanoparticle synthesis:>° gas chromatography, **and even as solutions for
enzyme catalysis. The solution thermodynamics of ionic liquids wittater and alcohof€*?
and gase$® * have also been examined. lonic liquids have alenbused as solvents for
aluminophosphate molecular sieve synthé&3f¥ Researchers have effectively prepared both
already known and novel crystal structures in idigjaids *>~>

During the ionothermal molecular sieve researclvas documented that water plays less of a
role in the synthesis of molecular sieves than etgueby water's behavior in other solvefits’

The “water deactivating” effect is due to the lamfkchemical activity of water to the degree
expected by its concentratiin The “water deactivating” effect has been desdilas the
molecular dispersion of the water because of watgrong nucleophilic attraction to the anion
of the ionic liquid*. This dispersion reduces the hydrolysis activitythe water, effectively
deactivating its ability to participate in reactictl. This phenomenon has been used to prepare
compounds in ionic liquids that would otherwiseumstable in the presence of catalytic amounts
of water, such as phosphorus trichlor’fe®® The flexibility of ionic liquids because of thei

wide range of cations and anions is important &ir thersatility.

1.3.2lonicLiquidsin Protein Assay:

The increase in use of ionic liquids to performtpno assays is due to the fact that ionic liquids
not only provide a novel and highly efficient reaant medium but they also serve as efficient

participants in the various chemical / biologiasdction processés
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Figure 2: The number of publications per year concerningaghications of ionic liquids

related to protein assays in the last decade.(8aifrmformation: ISI Web of Knowledge).

1.4 Aim of the Present Work:

The main objective of this research work is to stigate the impact of different ionic liquids as
a function of their alkyl chain length of the catio moiety and concentrations on the
conformational changes of the Bovine Serum Albur(B8A) protein. Fourier Transform
Infrared Spectroscopic technique is used to moriterchanges in the secondary structures of

the model protein in presence of the proposed ikopinds.



CHAPTER-2

MATERIALSAND METHODS

10



2.1 Materials:

Here in the proposed work Albumin from bovine ser(B%A) (Pcode-1001324686, Sigma-
Aldrich) is used. The commercially available pratevas used without further purification. 1-
Ethyl-3-methyl-imidazolium chloride (EMIMCI)(Pcod€31087489, Sigma- Aldrich), 1-Butyl-3-
methylimidazolium chloride (BMImCI)(Pcode-10120395%igma- Aldrich) and 1-Hexyl-3-

methylimidazolium chloride (HMImCI)(Pcode-10130634%luka) are used to study the

conformational changes in BSA protein.

CH; //CH3 CHs
N* N :
(yo O e
N
N | N
» |
CHs L |
3 CH3
1-Ethyl-3-methylimidazolium chloride 1-Butyl-3-methylimidazolium chloride =~ 1-Hexyl-3-methylimidazolium chloride

Figure 3: Structures of théonic Liquids Used in This Project.

PREPARATION OF 0.1 M SODIUM PHOSPHATE BUFFER SOLWODN

In order to prepare 100 ml of 0.1 M sodium phosetmtffer solution, 10 ml of buffer solution
was prepared by mixing 7.7 ml of 1M disodium hydrmghosphate (NHPQy) with 2.3 ml of 1
M sodium dihydrogen phosphate (N#&D,;). Then 90 ml of distilled water was added to it in

order to maintain the volume in the volumetric la& pH of 7.4 was maintained.
PREPARATION OF BSA STOCK SOLUTION

0.0005 M of BSA stock solution was prepared by alisag 0.0825 gm of BSA in 2.5 ml of
freshly prepared buffer solution. The protein solutwas allowed to mix homogeneously. The
protein solution which was prepared was alloweddfegassing in a sonicator in order to remove

the undesirable gases from the solution which m#arfiere during spectral analysis.
11



PREPARATION OF IONIC LIQUID (IL) STOCK SOLUTION

4 ml of 1 M stock solutions of the three ILs weregared by measuring 0.58648 g, 0.69868 g
and 0.81088 g of EMImCI, BMImCI and HMImCI followday the addition of required amount
of buffer solution as solvent medium. Then furtldlution was done to get two more
concentrations (i.e. 0.2 M, 0.6M).

PREPATION OF SAMPLE SOLUTIONS (PROTEIN WITH IONIAQUIDS)

The sample solutions (3 ml) i.e. the protein ifedé#nt concentrations of ionic liquids were

prepared by dissolving of 0.5 ml freshly prepareatgin in 2.5 ml of each IL.
2.2 Methods:

Fourier Transform Infrared Spectroscopy is used tfe analysis of the protein secondary

structures.
Working procedure:

For FTIR a continuum source of light is requiredds as Nernst Globar) which, produces wide
range of infrared wavelengths. Then the light carfiom the source is splitted into two paths
using a half silvered mirror. The splitted out ligh then reflected from two mirrors back onto
the beam splitter, where these are recombinecdetinden the above two mirrors one is fixed and
the other one is movable. The distance betweemé¢hen splitter to the fixed mirror should be
exactly same as the distance from the beam spiittdre second mirror. In FTIR spectroscopy,
the light is directed onto the sample and the sitgns measured by using an infrared detector as
shown in fig. 4. The intensity of light strikingeldetector is measured as a function of the mirror

position, and this is then Fourier-transformedrdpice a plot of intensity vs. wavenumber.

12



Figure 4. Schematic representation of Fourier Transformalefl Spectroscopy.

Infrared spectroscopy is the study and charactasizaf modes of vibration of bonds between
two atoms in a molecule using electromagnetic tamiabetween 10 and 14000 ¢mThe

infrared region is broadly divided into three rego

« The near IR region (14000 to 4000 tm
« The mid IR region (4000 to 400 &
« The far IR region (400 to 10 ¢tp

FTIR spectroscopy is a measurement of wavelength iatensity of the absorption of IR
radiation by a sample. Infrared spectroscopy ie &bliew nine different characteristic “Amide”
bands of the protein, which includes the import#mhide I” band referring to C=0 stretching

vibration, occurring between 1690 to 1600tm

The Amide | band is of particular importance beeaakits sensitivity towards the changes in
the secondary structure of proteins. The oxygethef Amide | band is hydrogen bonded to
nearby amide hydrogen. Changes in the secondargtste may alter the length of the hydrogen
bond as a result of which the frequency of absonptian also be changed. Each secondary

structure has a different and unique, peak location

13



Tablel List of Amide bandsin mid-infrared region

Designation Approximate frequency Description
cm-1
Amide A 3300 N-H stretching
Amide B 3100 N-H stretching
Amide | 1690 — 1600 C=0 stretching
Amide Il 1575 — 1480 C-N stretching, N-H
bending
Amide 11l 1300 — 1230 C-N stretching, N-H
bending
Amide IV 770 — 625 O-C-N bending
Amide V 800 — 400 Out-of-plane N-H bending
Amide VI 610 — 530 Out-of-plane C=0
bending
Amide VII 200 Skeletal torsion

Table 2 Infrared spectroscopy Amide | locations of secondary structure of proteins

Secondary structure Band position (cm-1)
element
B-turn 1690-1665
a-helix 1665-1655
Random coil 1655-1645
B-sheet 1645-1610

The advantage of FTIR over other techniques is spattra can be obtained for proteins in a

wide range of environments, requiring less time sawhple and direct correlations between the

IR amide | Band frequencies and the secondarytsitieicomponents can be found.

14



CHAPTER-3

RESULTSAND DISCUSSION
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The relative contributions of different types otgedary structures in proteins are known to be
estimated quantitatively from their amide | speatraolution by several methods. The different
methods include FSD- curve fitting, second derxatanalysis, partial least- squares analysis
and data basis analysis. The FSD- curve fitting sewbnd derivative analysis are the two most
extensively used methods. Here, we have used ttendealerivative analysis for investigating
the relative contributions of different types otseedary structures in BSA protein in presence
and absence of different aprotic ionic liquids. Bx@erimental observations are analyzed in two
different ways, i.e., effect of (i) concentratiohdifferent ILs and (ii) alkyl chain lengths.

3.1 Effect of Concentration:

In order to study the effect of concentration, wgpyed three different ILs with variations in
concentrations from 0 to 1 M (0.2, 0.6 and 1.0 Mygure 5, 6 and 7 show the concentration-
dependency for different ILs.

BSA in EMImCI

41073

=]

d2 A/dv2

41073

—— 0.0 MEMImCI
—— 0.2MEMImCI
—— 0.6 M EMImCI
(7] 4 1.0 M EMImCI
1700 1650 1600
&1t DTI%’DC‘ 16‘80 1 5‘50 1 5110 1 6‘20 1600

Wavenumber / cm-1

Figure 5: Effect of EMImCI concentrations on the secondamuatire of BSA. Inset: FTIR

(absorbance vs wavenumber) spectra showing thatigariof concentration.
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BSA in BMImCI

31072

-11073

d2 A/dv2

-5107°

Absorbance (A)

—— 0.0 M BMImCI
— 0.2 M BMImCI
= 0.6 M BMImCI
~——— 1.0 M BMImCI

0
0.0 P 0 R S L P "
1700 1680 1660 1640 1620 1600

" 1 " 1 " 1 . 1 "
1700 1680 1660 1640 1620 1600
Wavenumber / cm-1

Figure 6: Effect of BMImCI concentrations on the secondamucure of BSA. Inset: FTIR

(absorbance vs wavenumber) spectra showing thatieriof concentration.

BSA in HMImCI

5103

3 Op
<
(s}
o
2.0
<
- -3 L .
e — 0.0 MHMImCI 810
©
—— 0.2 MHMImCI £
—— 0.6 MHMImCI 2oof
1.0 M HMImCI

. . . A
1700 1680 1660 1640 1620 1609
. N . N

1700 1680 1660 1640 1620 1600
Wavenumber / cm-1

Figure 7: Effect of HMIMCI concentrations of on the secondstryicture of BSA. Inset: FTIR
(absorbance vs wavenumber) spectra showing thatieriof concentration.
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The processed FTIR spectra (second derivative sis@lgpen up the relation between secondary
structure conformational changes in BSA and iomgeitl properties, i.e., on increasing the
concentrations of ionic liquids the correspondinigration bands for-helix, -sheet, random
coil andf-turn undergo an alternation (either increaseseorehses or shows a shifting towards
either of the directions). In all of the above saghere are three distinct peakishelix at 1660-
1650 cm?, B-turn at 1690-1665 crh andB-sheet at 1635-1610 ¢t observed with two more
additional peaks (random coil at 1650 — 1640'cand 3, helix at 1665 cr) in the form of
shoulders to the main peak. In case of EMImCI ¢&g6), at higher concentration (1.0 M),
percentage dB-turn is more compared to that of in the absenitril&ly, a peak at 1665 crhis
observed showing the appearance @fflix in the presence of EMImCI, which increasesaa
function of concentration. The existence af Belix leads to the distortion af-helix. This
shows that on increasing the concentration of EMIfrt@Gm 0 to 1.0 M, contribution of
unstructured regions overshadows the structuredfoooations leading towards the
destabilization of BSA. Similar types of observasare found in case of BMImCI (figure 6) as
a function of increasing concentrations. On thesptitand, the observations that are recorded in
the case of HMImCI (figure 7) is slightly differenbmpared to EMImCI and BMImCI. In case
of HMImCI, the existence of;3 helix peak is much more intense than the otherdwmployed

ILs at higher concentrations. At 1.0 M HMImCI, b#ss$ of having high population from the) 3
helix ‘so called distortedi-helix’, there is a huge shifting of thee-helix towards random coil
region. This is the direct evidence in favor oftdbgdization of the native structure of BSA in

presence of ILs.

Hence, on increasing the concentrations of pdatidonic liquid, structured regions are
transformed to unstructured regions and therebgistasg protein unfolding. This can be
attributed to the fact that with increase in cornicions more number of molecules are available
for interaction with the protein resulting into tltksruption of the native state. Therefore,
increase in ILs concentrations leads to the brgpkihseveral bonds, i.e., hydrogen bonding
among the side chains of amino acids, salt-bridgas, der Waals interactions, hydrophobic

interactions, that play an important role in forgthe tertiary or native structure of protein.
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3.2 Effect of Alkyl Chain Length:

In order to study the effect of alkyl chain lengtttached to the cationic moiety of the ionic
liquids on the conformational changes of BSA, wedishree different ILs i.e. 1-Ethyl-3-

methylimidazolium chloride, 1-Butyl-3-methylimiddaam chloride and 1-Hexyl-3-

methylimidazolium chloride. The following figure dtilights the changes in the secondary

structure of BSA due to increase in the hydropholaiture in terms of the alkyl chain length of
the ionic liquids.
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Figure 8: Effect of alkyl chain lengths (EMImCI, BMImCI and NHmCI) at different
concentrations on the secondary structures of BSA.
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In order to unleash the effect of hydrophobic gsoap the protein secondary structures, cationic
moiety was modified with different hydrophobic gpsu(ethyl, butyl and hexyl) on keeping the
anionic group constant to nullify the effect frohetanion. At 0.2 M ILs (figure 8), it is observed
that there is a shifting ia-helical band towards random coil for BMImCI and HMCI. As well,
existence of @ helical structure is prominent in the presenceHMImCI. On increasing the
concentration to 0.6 M from 0.2 M does not bring amgnificant change. Whereas, at 1.0 M ILs,
HMImCI displays the strongest effect among othes émployed. There is an appearance;pf 3
helix, which is very much intense compared to ath@tong with, band shifting is observed for
a-helical conformation from 1655 to 1650 Sntowards random coil region. The changes in the
secondary structures of BSA are attributed to nolaspinteractions between the alkyl chain of
the ionic liquids and the protein backbone as aslkide chains. The changes in the secondary
structures seemed to be more significant in casernt liquids with higher chain lengths i.e.
HMImCI and BMImCI in comparison to EMIMCI, becausiincrease in the hydrophobic nature

of the alkyl chains.
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CONCLUSION

The present work based on FTIR study revealedntipact of ionic liquids on BSA secondary

structures. From the experimental observations, doncluded that BSA secondary structures
depend on the concentration as well the naturbetubstituent attached to the cationic moiety,
which differs among themselves with their hydrophitp. The results suggest that different
forces such as hydrophobic, electrostatic and lggirdoonding interactions are governing the
tertiary structure of BSA and gets disrupted in firesence of ILs, where the intensity of
disruption depends on the nature (hydrophobicity) physical properties (concentration of IL).

Also, at lower concentrations and alkyl chains withwer hydrophobicity, the specific

interactions partially get affected compared ta thiahigher concentrations as well as higher

alkyl chain lengths with higher hydrophobic nature.
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