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PROTEIN-PROTEIN ETKILESIMININ SADELESTIRILM i$ BiR MODELI:
HESAPSAL METOTLAR KULLANILARAK BARNASE-BARSTAR
ETKILESIMININ INCELENMESI

OZET

Metabolik aktivite regulasyonu, biyokimyasal regksi katalizlenmesi, hicrelerin
yapisal buatinlginin muhafaza edilmesi gibi cok 6nemlisgmsal faliyetlerin

sorumlusu proteinlerdir. Bu sorumluluklarini  bitbii arasindaki sinyal
mekanizmalari ile yerine getirdikleri icin aralagaki etkilesimler, Gzerinde en ¢ok
distntlen konulardan biri olngtur. Proteinlerin sinyal mekanizmalari ile birbirle
arasinda kurduklari ileim agi ile ilgili edinilen bilgiler; protein komplekslericin

etkili inhibitér Oretimi ,hastalik tanimlama ve tadsinde 6nemli yok katetme ve

yeni terapotik yaklgimlarin olgturulmasinda oldukga faydali olmaktadirlar.

Bu calsmada, barnase ve barstar proteinlerinin egikile molekiler mekanik
yaklasimi ile incelenmgtir. Protein kompleksinin kristal yapisi baz alalar ara
ylzey; geometri optimizasyonu ile ¢ozimlenmeyesgdll Ara ylzeydeki bg
barnase proteinine, Uc¢l de barstar proteininel@ialo Gizere toplam sekiz amino asit
ile optimizasyonlar gerceldarildi. Bu sekiz amino asitten barnase proteinktifa
bdlgesinde bulunan Glu73 (glutamik asit) aminoiagjt farkli ortamda, doért farkh
amino asit ile dgstirilmistir. Radikal gruplar birbirinden farkhlik gosterealanin,
lizin, gulutamin ve aspartic asit; glutamik asitripe denenen amino asitlerdir.
Sistemde su molekdllerinin vagliile birlikte zvitteriyonik (¢ift kutuplu) ortamgaz
ortami ve protein sekanslarinin uglarinaz@klenerek g farkl ortam yaratildi. Elde
edilen enerjiler, amino asitlerin R-gruplar ile ;@1 molekulleri arasindaki
etkilesimlerin ve farkli olabilecek pH derlerinin etkisinin 6nemini gosterdi. Karara
vardirici sonug ise protein sekanslarinin ucla@id eklenerek yaratilan ortamda
orjinal barnase-barstar kompleksini en gercekgiustarla taklit edebilmemiz

olmustur.

viii



A SIMPLIFIED MODELLING OF PROTEIN-PROTEIN INTERACTI ONS:
BARNASE-BARSTAR INTERACTION BY COMPUTATIONAL METHOD S

SUMMARY

Proteins are responsible for regulation of metabaditivity, catalyzing biochemical
reactions, maintaining structural integrity of eédirganisms. All these vital and
extremely important responsibilities are maintagnioy the signaling mechanisms
between proteins. Therefore, the information abptdtein-protein interactions
enables searchers understand protein—protein dentac to produce successful
inhibitors for protein complexes and improves onderstanding of diseases and can
provide the basis for new therapeutic approacheass€quently, protein interactions

are that thought over the most.

In the current study, interaction of barnase-banstateins is analyzed by molecular
mechanics. Having an X-ray crystallographic datdhef protein complex, binding
interface has been examined by geometry optimizafiocesses. Totally eight
amino acids in the interface of barnase-barstarpbexn consisting of five amino
acids from barnase and three amino acids from drarsave been used for
optimization studies. Glu73; the main amino acidhat active site of barnase has
been mutated into four different amino acids ime¢h different conditions;
zwitterionic form of proteins, form of proteins gaseous surroundings and with £H
addition to the terminal groups of protein sequenceith water molecules. The
obtained energies indicated the effect of molecutderactions between J9
molecules and R-groups of amino acids and the pHhefsystem. The concluding
result was that in the condition with @ldddition to the terminal groups of protein
sequences gave the most realistic energies mingdkia original structure of the

barnase-barstar.



1. INTRODUCTION

In 1838, the word protein was first needed to bedu3he origin of the word is
Grek; from the word proteios which means "the mogtortant".

Primary protain strechra
ra e e ol & o ol g gonks

Amino Acids

- " Arming Acid

Figure 1.1: Primary structure of proteins [1].

While DNA is the first performer and responsible fioe information supply during
the process; proteins are the major performers/imigl organisms. It is because that
proteins do the work of cells; all the same evehéfy are microbial, plant or animal
cells. Regulation of metabolic activity, catalyzifgochemical reactions and
maintaining structural integrity of cells and organs are the principle

responsibilities of proteins.

Here below, Table 1.1 summarizes functions of pmetend the classification of

them according to these functions. The unique &tracand chemical composition

of each protein is important for its function. Teathy, the structure of amino acids
and their role in forming the protein properties aeed to be examined at the first
rank [1].



Table 1.1:Classification of Proteins According to biologi¢ahction [1].

Type: Example:

Enzymes- Catalyze biological R-galactosidase

reactions
Transport and Storage Hemoglobin
Movement Actin-Myosin
Immune Protection Immunoglobullns
(antibodies)
Regulatory Function within cells Transcription Fast
Hormones Estrogen
Structural Collagen

All the biological functions proteins are respomsilior, are being carried out by
signaling through proteins. Signaling through d#f& proteins or sites in proteins is
of central importance for virtually every processai living cell. First of allsignals
from the exterior of a cell are mediated to thedesof that cell by protein-protein
interactions of the signaling molecules, whicha#ied signal transduction. For more,
allosteric regulation of enzymes and folding eventgtoskeletal remodeling,
transcription, cell cycle regulatioand immune response are also examples of
signalling mechanisms. Every system in cell, betweells and finally in all living
organisms are carried out by protein-protein inteéoas. These protein associations
are studied from the perspective of biochemistigna transduction and networks.
General principles of cell communication are goawgn for unicellular organisms
which can communicate and influence one anotheglsabiour in preparation for
sexual mating [2]. Proteins are the main produutsé are responsible for collecting
information, commenting on that information andifeg biological pathways go on
in their continuous way by building new products; other words proteins.
Biological pathways find their way by functionaliypportant changes which are the
results of ligand binding, phosphorylation or poimutations. To be able to
understand the communication in proteins, confoionat changes resulting from
association of proteins are need to be examine&nmunication process between
proteins starts with an entry to a region of elestatic steering as they approach
each other. If the attraction of these electrostatieractions is well enough, the

proteins enter the formation step of the encountenplex. The formation of the



transition-state, second intermediate and the baanaplex are the following steps
of the process. Electrostatic attraction betweenenrs is indispensible for one of the
protein just to modify the other one. Focusing oteliface models is optimal for

molecular modeling purposes.

The chemical nature of protein—protein interfacases among different families of
protein complexes and hence is not helpful foryfuihderstanding protein—protein
associations. Still the information about proteintpin interactions enables
searchers understand protein—protein contactsofg@raduce successful inhibitors
for protein complexes and improves our understandindiseases and can provide
the basis for new therapeutic approaches [4].

Figure 1.2: Map of protein-protein interactions. Red for lethgreen for non-lethal;
orange for slow growth; yellow for unknown intetiaos [5].

The interaction between barstar and barnase isobiiee most strongest protein-

protein interactions, with a very fast associatiate of 16-10 Ms* at an ionic



strength of 50 mM. Barnase is a small (110 resideracellular ribonuclease from
Bacillus amyloliquefaciens which is a bacterial species and a member of geanin
specific microbial ribonucleaseB. amyloliquefaciens is also known as the source of
BamHL1 restriction enzyme and a source of subtjliamenzyme that catalyzes the
breakdown of proteins as the way trypsin does. tBgrsintracellular inhibitor of
barnase is a 90-residue polypeptide; which has/obsed to bind tightly and rapidly
to barnase through salt bridges and hydrogen boBdsstar is a natural antibiotic
that is synthesized by. amyloliquefaciens [6]. Barnase and barstar are rather small
proteins, with diameters of about 21.8A and 284peetively [7]. Barstar binds
tightly to barnase inhibiting its RNase activityo{pntially lethal functions). Once
barstar bound to barnase, barstar sterically bltloksactive site of barnase with an
alpha helix and the loop segment connecting ihéoadjacent helix. The presence of
more than 35 water molecules within 4.5 angstrofsoth protein molecules is the
evidence for formation of the barstar-barnase cemjd dependent on pH [8].
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Figurel.3: (a) Primary structure of barnase aftd Primary sturcture of barstar [9].

The barstar-mediated inhibition of any barnasevdgtiin vivo is necessary for
survival of barnase producing cells. Their bindingerface consists of mainly polar
and charged residues, and shows a high electostathplementarity [10, 11].
Barnase is found to be catalytically active. Thivacsite of barnase an its binding
site for barstar has the same subset of amino ,asitisreas the only exception is

Glu73 (the main base in catalysis). Glu73 is lodatethe centre of the binding site



and is seperated by three water molecules fromdyakl]. What is more is that,
barstar functions by blocking the active site rattten affecting conformational

changes [8]. Fig. 1.4 shows the interacting adites of barnase and barstar.

Barstar

Barnase

Figure 1.4: Represntation of barnase-barstar interaction and important residues in
this interaction [4].

Barnase-barstar system might serve as a model derim other toxin-inhibitor

recognition studies, in general protein-proteirerattion studies [12]. During these
studies the focus is on interactions between tfferéint proteins. Oligomerization
that can be explained as one protein interactiriy ather copies of itself, or three or
more different proteins interacting should be iterast. How many of each protein
involved are present in a given reaction, the bkiometry of the interaction, the
affinity of the interaction and the energy changksing binding are the min

important aspects of protein interactions.

Computational studies those are focusing on protetaractions are the first
tempting method for scientist in recent years. Redtom computational structure
or interaction studies help men of science preathways in cells, potential drugs,
antibiotics and protein functions. On the other dygproteins are large molecules
and binding between them mostly involves many atants many interaction types



which are hydrogen bonds, hydrophobic interacticadt bridges and etc [13].
Examining these interacitons, by making small cleangyives ideas about the
natural and desired forms of protein couples. Speeific mutagenesis is one of the

methods in order to change the environment of acteyn proteins and comment on
the different results.



2. METHODS AND THEORY

While experimental techniques, such as isothermafdrienetry (ITC) or surface
plasmon resonance (SPR) are very powerful in supgplsesearchers macroscopic
aspects, they do not provide an adequate rati@tigiz for protein—protein
interaction energies in terms of separate energetitributions, such as electrostatic
and/or van der Waals contributions. Still, compotal methods have the advantage
of evaluating each energetic contribution involuadprotein—protein association,
which allows us to explore these contributions fbe entire interface or for
individual residues. Many of the computational sotthat predict interactions are
based on the energy of interactions [13]. Companali methods used are based on
molecular mechanics (MM) calculations, applying alsMM force fields such as
AMBER and CHARMM.

2.1 Software

The molecular modeling software HyperChem (Hypeeguhc.) has been used for
molecular visualization of conformers and geomewptimizations. Besides
molecular mechanics (MM); HyperChem is also capaifl@erforming molecular

dynamics (MD), semi-emprical and ab-initio molecwdebital calculations.

HyperChem software is good at recognizing Hydrolgends. The algorithm which
explains “hydrogen bond is formed if the distaneéneen hydrogen and donor is
less than 3.2 A and the angle made by covalentbémdhe donor and acceptor

atoms is less than 120°” is included by HyperCheftware algorithms.

2.2 Hardware

All geometry optimizations were done with Intel B Gz processor with 1GB of
RAM.



2.3  Molecular Mechanics

As well as classical atomistic MD simulations maelec mechanics (MM)
calculation model is the energy of a molecule et be described in terms of a
function called thdorce field that depends only on the atomic positions, toeatyr
extend a simplifying assumption. Clearly this fuoet should provide a good
description of the forces acting within the molecuBy the way, the energy of the
molecule may be determined in terms of the intenmbrdinates, bond lengths,

bond angles, dihedral angles of the atoms thoggatiaed in Figure 2.1 [14].

oo oo
N

——

l:m (L

Figure 2.1: Represntation of force field terms. a) Bond stretching, b) bond angle
bending, and c) dihedral rotation [14].

In addition, Figure 2.2 below also summarizes titatrons and stretching of bonds.

Torsion

Bond
stretching

Non-Bonded Interactions

Figure 2.2: Bending, stretching and rotation of bonds.

Geometry optimizations have been carried out byddalar Mechanics (MM) force

fields because of their speed in calculation ofyjgamolecules. As in quantum



mechanics, electronic distribution in a molecule nst considered in MM
calculations; obtaining quick calculations are ttesult of atomic distribution
considerations. Atomic distributions includes elecs in a system, and dealing with
electrons cause loss of huge time due to compleuleéions. On the other hand;
MM force field calculations deal with nuclear pasits which are opening-closing
of angles, rotations about single bonds and strgclof bonds. During MM
calculation running, selected bonds are rotated thedsystem tries to detect the

interactions of non-bonded parts of the protein glemas in this study.

The only laborious part of MM calculations is thihe force fields are emprical.
Every different group of molecule is favorable thiferent functional form of force
field. For generalization main classes of molegullesse should be proteins, nucleic
acids etc., are being calculated by AMBER and CHARKdrce fields. Differences
between AMBER and CHARMM force fields result frorhet different energy
functions. Different function of the degrees ofeflem in a molecule (bonds, angles,
dihedrals) gives diversity to energy function cédtions. In this study,
CHARMM22 force field which is most suitable for pemns is used.

MM calculations deal with nuclear properties andtftat reason atomic properties
used in molecular mechanics come from previous raxeatal data or quantum

mechanical calculations; what makes MM an empirioa¢thod. Instead of

calculation of everything from the beginning; MMnges favorable time for

examining nucleic acids, proteins and all other im@oleculer; in other words MM

is more adaptable for larger systems.

Just like quantum mechanical or semi-empirical Wattons, molecular mechanics
deals with potential energy of a molecular systehictv is the sum of the energy

stemming from both covalent and non-covalent imttiivas as shown below [15]:

V(rN)= Zﬁ(h _li,0)2+ Z ﬁ(Hu _Hi,o)z"' z \%(1"'005(”5‘)_1/))

bonds 2 angles torsions

DI [Q -(ﬁ] s (2.2)



V(rN) is the potential energy depending on the posit{@nof N particles. The first
two terms (sum of bonds and angles), namely bardicking and angle bending are
both modeled by a simple harmonic potential [13je Third term (sum of torsions)
describes how the energy changes when a bond gofdte fourth term represents
non-bonded terms between all pairs of atoms whiehsaparated by at least three
bonds [15]. Here below, Figure 2.3 summurizes hbe potential energy of a
molecular system is changed with respect to changesix most common

parameters of MM calculations.

Bonds 0@ \ J
Iy
0 v
Angles W \ /
8 0
v
Impropet
Dihedrals .% \___
I
0

Totsions \( | \ [ \ { '| {
tp*\. 9
) A\
Electrostatics + e ff— N
v
van der Waals . @ % r

Figure 2.3: Explanation of MM representation of potential eyyefunction.

Molecular mechanics is capable of producing wosghledata on macromolecular
structures. While X-ray crystallographic studies lmited to the sequences that are
able to form crystals and need good resolution, Ntdéhniques experience some
problems as they lack long-range distance ress;aMiM calculations is therefore
stand in the breach [16].
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2.4  Mutations of Glu73

Interaction of barnase-barstar interface is firgtkgmined with the original form of

the complex.
(@)
b
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Figure 2.4 (a)nterface of barnase-barstar complex. Amino acfdsaonase from left
to right are; Lys27 GIlu73 Glu75 Arg83 Arg87daamino acids of
barstar from left to right are Trp38 Asp39 Asp8b)interface of
barnase-barstar complex, from upright angle of viélu73 in circle is
the critical residue for recognition.
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It is known from the literature that five amino @gifrom the active site of barnase
and three amino acids from the binding site of taanslay important role in binding.

The important residues for inhibition of barnaseblaystar is shown in Figure 2.4. In
normal conditions, more than 35 water moleculehiwitt.5 angstroms of barnase
and barstar molecules are present. To simulatenteeface; we used three water
molecules between the residues of interest. Tte¢ &alculations, those are the
geometry optimization results obtained gave thergiee of the system with

different amount of water molecules.

Subsequently, Glu73 residue has been changed with different amino acids;
alanine (Ala), lysine (Lys), aspartic acid (Asphdaglutamine (GIn). All these
mutations have been carried out in three diffemddmons; with zwitterionic form of
proteins, with the form of proteins in gaseous@umndings and with Ciaddition to

the terminal groups of protein sequences.

2.5 Structural and Enviromental Conditions

First, zwitterionic forms of terminal residues bketsequences have been examined.
When an amino acid dissolved is in water, it exiistsolution as the dipolar ion, or

zwitterion (hybrid ion) form.

Figure 2.5 Nonionic and zwitterionic form of amino acids. Thenionic form does
not notably occur in aqueous solutions, it is therf found in gaseous
environments; whereas the zwitterion predominatesatral pH.

12



In the gaseous environment, as we examined indbensl order; amino acids are
found to be in their nonionic form. Figure Z&ows the nonionic and zwitterionic

forms of amino acids.

Lastly, geometry optimizations have been concludeéth CH; addition to the
terminal groups of protein sequences. ;@édition to nitrogen and oxygen of amino

acid instead of H atoms is demonstrated in Figue 2

O

GHO-C

GHN—C—H

HR

Figure 2.6 CHz addition instead of H atoms to Nitrogen and Oxygkamino acid.
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3. RESULTS AND DISCUSSION

We choosed the residue Glu73 as the center oesttéecause Glu73 is placed at a
very critical point for the recognition of barnasg barstar. It is located at the centre
of the binding site and separated by three watdeentes from barstar. Although
Glu73 does not interact directly with barstarsiknown from the literature that there
is an electrostatic repulsion between Glu73 on dserand the negatively charged
binding surface of barstar. Besides there is aarorgng role of the carboxylate of
Glu73. It coordinates neighbouring positively clefggroups in barnase, Lys27,
Arg83, and Arg87 to interact with Asp39 in barstal. the important functions of
Glu73 mentioned above canalized us to focus on &hadtations. In the cause of
comment the role of Glu73 and the role of envirotaknonditions, we used three
different surroundings. In addition, the significanof presence of water molecules

has been tested.

3.1 Significance of Water Molecules

Firstly, we reduced the number of water molecubesiied in the interface of barnase
and barstar. As shown in Figure 3.1, in the origfoem of the complex there are
three water molecules. We examined the system thitbe, two and one water
molecules. In the case of one water molecule betweenase and barstar, three
different combinations according to the locationaaiter molecule have been tested.
The acquired energy of formations from the geomefrymization calculations, it
was demonstrated that number of three water masdsl necessary and favorable
for the recognition of barnase by barstar. To stladematter differently, the results
obtained showed in the case of presence of thréer waolecules the system gave

the lowest energy; that is the most stable confaona
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Figure 3.1: Barnase and Barstar binding sites including twater molecules
between them.

In the case of two water molecules, we omittedwiéer molecule in the middle. It

is seen in the Figure 3.2.

Figure 3.2: Barnase and Barstar binding sites including twtewmolecules
between them.
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Figure 3.3: Barnase and Barstar binding sites including onemraolecule between
them, in three different combinations.

Figure 3.3 shows the water molecules located &réifit points in the interface. The
first water molecule is in the middle of the betwethe second water molecule is
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located in front of the Arg87 of barnase and thedtlvater molecule in the third
representation is located in front of Lys27 of lzeen Table 3.1 summurizes the
energies obtained with different number and difiereombination of water

molecules.

Table 3.1 :Energies of barnase-barstar complex in the casifferent number of
water molecules (the lowest energy is written oh)re

Number of HO

molecules Energy (kcal/mol)
1 H,O on the left -405.33
1 H,O on the rigth -383.55
1 HO in the middle -383.51
2 H,0 -375.60
3 H,O -408.40

3.2 Glu73 = Ala73 Mutation

Firstly, Glu73 residue has been mutated to alamihieh is an hydrophobic amino
acid and has the second ordered simplest chenticatwe in all amino acids. The
side chain (R-group) of alanine is one of the sesalbnes among the other amino

acids. Its R-group only consists of a £&tloup.
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Figure 3.4: Glu73-> Ala73 mutation in the case of zwitterionic form.
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Since the R-group of alanine is nonpolar and hydobg, it tends to cluster within
proteins, stabilizing protein structure by meankyafrophobic interactions.

In all three different enviromental conditions,glrwater molecules have been used
as in the natural form of barnase-barstar compléigure 3.4 represents the
zwitterionic form of terminal group in the case afanine mutation instead of
glutamic acid. Zwitterionic form of an amino acidosvs its dissolved form in water.
In our study the water molecules we have withingigtem may enforce the amino
acid terminals obtain their zwitterionic forms. 0tl®e opposite, as shown in Figure
3.5, we examined the form of barnase- barstar cexnpk if it is in a gaseous
environment. In this case, the terminal residuesvire their non-ionic forms; and

because of that we obtained different results ditferent energies.
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Figure 3.5: Glu73—> Ala73 mutation pretended to be in a gaseous emvient.

We also examined Glu73 Ala73 mutation in the case of GHdditions to carboxyl

and amino ends of terminal residues. In Figure @&&hine mutation is presented in
the case of Chadditions. Addition of Chlgroups to carboxyl and amino ends of
terminal residues was also included to the studyabse the residues we were
examining were not standing alone; in other words terminal residues were

bounded to the adjacent amino acids in the strecbfirbarnase composed of 110
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amino acids and barstar composed of 90 amino aBilshe help of this approach,

we tried to mimic the whole barnase-barstar complex
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Figure 3.6: Glu73-> Ala73 mutation in the case of GHdditions to carboxyl and
amino ends of terminal residues.

Below the Table 3.2 shows the energies of G&#78la73 mutation in three different

conditions.

Table 3.2 :Energies of Glu73> Ala73 mutation in the cases of zwitterionic form,
nonionic form (in gaseous environment) and the fafmen CH additions
to carboxyl and amino ends of terminal residues.

Enviromental conditions Energy
(kcal/mol)
Zwitterionic form -341.05
Nonionic form -276.60
CHzaddition -227.95

3.3 Glu73 > Lys73 Mutation

As the second set of the study, Glu73 residue bas mutated to lysine whose side
chain is positively charged. Lysine is one of thesimhydrophilic amino acids and

has a significant positive charge at neutral pHinc& the R-group of lysine is
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positively charged and hydrophilic, it still hasddferent chemical structure from
glutamic acid. Thereof, lysine gives different enerand conformations when
located instead of Glu73 in barnase structure. gdied in alanine mutation, three
water molecules have been used also in lysine moaotat
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Figure 3.7: Glu73-> Lys73 mutation in the case of zwitterionic form.

As completed with alanine mutation, the same oodl@alculations were performed.

Figure 3.7 represents the zwitterionic form of terah group in the case of lysine
mutation instead of glutamic acid.
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Figure 3.8: Glu73 > Lys73 mutation pretended to be in a gaseous emvient.
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Finally, we also examined Glu/2 Lys73 mutation in the case of @addditions to
carboxyl and amino ends of terminal residues. igufe 3.9, lysine mutation is

presented in the case of gatiditions.
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Figure 3.9: Glu73-> Lys73 mutation in the case of @afdditions to carboxyl and
amino ends of terminal residues.

Here Table 3.3 below shows the energies of Ge¥3Ala73 mutation in three

different conditions.

Table 3.3 :Energies of Glu73> Lys73 mutation in the cases of zwitterionic form,
nonionic form (in gaseous environment) and the fafmen CH additions
to carboxyl and amino ends of terminal residues.

Enviromental conditions Energy
(kcal/mol)
Zwitterionic form -356.23
Nonionic form -278.431
CHsaddition -234.504

3.4 Glu73 = GIn73 Mutation

In the third set of the study, Glu73 residue hasnbeutated to glutamine which is
polar and uncharged. The polarity of glutamine aatdbuted by its amide group.

Having a functional group that can form hydrogemds with water, glutamine
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should also be regarded as a hyrophilic amino aksl.applied in previous two

mutations, three water molecules have been usedraggutamine mutation.
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Figure 3.10:Glu73-> GIn73 mutation in the case of zwitterionic form.

Subsequent to the condition of zwitterionic forrpnionic form (in gaseous

environment) and the form when gHdditions to carboxyl and amino ends of
terminal residues have also been examined in the afglutamine mutation. Figure
3.10 represents the zwitterionic form of terminabup in the case of glutamine

mutation instead of glutamic acid.
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Figure 3.11:Glu73-> GIn73 mutation pretended to be in a gaseous emvient.

Figure 3.11 and Figure 3.12 respectively show naniand CHadded forms.
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Figure 3.12:Glu73-> GIn73 mutation in the case of gadditions to carboxyl and
amino ends of terminal residues.

Table 3.4 below gives the energies of Gu?3GIn73 mutation in three different

conditions.

Table 3.4 :Energies Glu73> GIn73 mutation in the cases of zwitterionic form,
nonionic form (in gaseous environment) and the fafmen CH additions
to carboxyl and amino ends of terminal residues.

Enviromental conditions Energy
(kcal/mol)
Zwitterionic form -355.55
Nonionic form -322.38
CHzaddition -227.39

3.5 Glu73 > Asp73 Mutation

In the third set of the study, glutamic acid at #8' residue has been mutated to
aspartic acid whose side chain is negatively clthrge glutamic acid, aspartic acid
has a second carboxyl group in its R-group. Inceffé to prior mutations, three
water molecules with three different conditions dndeen used also in aspartic acid

mutation.
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Figure 3.13:Glu73-> Asp73 mutation in the case of zwitterionic form.

Following the condition of zwitterionic form, nom@ form (in gaseous
environment) and the form when gldditions to carboxyl and amino ends of
terminal residues have also been examined in the chaspartic acid mutation as

shown in Figure 3.14 and Figure 3.15.

Figure 3.14:Glu73-> Asp73 mutation pretended to be in a gaseous environment.
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Figure 3.15:Glu73-> Asp73 mutation in the case of g&tlditions to carboxyl and
amino ends of terminal residues.

Finally Table 3.5 gives the energies of the inteoacregion of barnase-barstar
complex with aspartic acid instead of glutamic agicthe 73 position of barnase
primary structure.

Table 3.5 :Energies Glu73> Asp73 mutation in the cases of zwitterionic form,

nonionic form (in gaseous environment) and the fadmen CH additions
to carboxyl and amino ends of terminal residues.

Enviromental conditions Energy
(kcal/mol)
Zwitterionic form -432.08
Nonionic form -362.02
CHzaddition -226.21

3.6  Glu73 at Its Original Location Without Any Mutation s

In order to understant the role of Glu73 in theoggation process, we experimented

all the different enviromental conditions withoutyamutations.

25



Figure 3.16: Zwitterionic form of barnase-barstar complex.

Here three figures named as Figure 3.16, Figuré &nd Figure 3.18 respectively
show the zwitterionic form of terminal groups, momc form of terminal groups
and CH added form of the non-mutated barnase-barstar lexmp

Figure 3.17:Nonionic form of barnase-barstar complex.
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Figure 3.18: CHz additions to carboxyl and amino ends of terminaidaes of
barnase-barstar complex.

At last, Table 3.6 summarizes the energies ofrkerfiace in three different cases we

applied all previously as the same.

Table 3.6 :Energies of barnase-barstar interface in the cakesvitterionic form,
nonionic form (in gaseous environment) and the fadmen CH additions
to carboxyl and amino ends of terminal residues.

Enviromental conditions Energy
(kcal/mol)
Zwitterionic form -408.40
Nonionic form -309.50
CHzaddition -260.80

All the energy of formations we obtained from thedy should be listed as shown in
Table 3.7. These results enable us to commentlmnutations done gave different
results according to the chemical structure of @amatids and environmental

conditions. The four different amino acid; alanimgsine, glutamine and aspartic

27



acid have been choosen according to their diffes@¢ chains showing different
properties within aqueous solutions. Alanine repiaent instead of Glu73 gave the
highest energy of formations as expected becauaainal behaves showing
hydrophobic properties and so that in aqueousisokuit is not very suitable for the
system. Alanine has been choosen instead of gly@gbne is also a hydrophobic
amino acid and has small R-group only consist ofhgdrogen atom. What we
wanted to test was the power of hydrophobic intewas enough to disorder the
system, but only an H atom was not sufficient fatt The R-group of alanine which
is CHs did its work well.

Table 3.7 :Energies of non-mutated and mutated forms in ateehdifferent
conditions applied.

Mutations Enviromental conditions Energy
(kcal/maol)

Zwitterionic form -408.40

Glu73 Nonionic form -309.50
CHzaddition -260.80

Zwitterionic form -341.05

Ala73 Nonionic form -276.60
CHsaddition -227.95

Zwitterionic form -356.23

Lys73 Nonionic form -278.43
CHzaddition -234.50

Zwitterionic form -355.55

GIn73 Nonionic form -322.38
CHzaddition -227.39

Zwitterionic form -432.08

Asp73 Nonionic form -362.02
CHzaddition -226.21

Second, lysine mutation has been concluded. Lyisirmme of the most hydrophilic
amino acids and has a significant positive chatgesatral pH, however its R-group
has a long chain consists of four £gtoups those should be interacting with water
molecules. With the intention that, the energietioled from Lys73 mutation were

not favorable enough in all conditions.

28



Third, glutamine mutation has been carried out.t&tine is a polar and uncharged
amino acid. Altough it can be regarded as a hydlopamino acid, in all three
different conditions the results were not satisiact Glutamine gave the best result
in gaseous, non-charged environment, but greattatteshould not be paid to this
outcome, cause the results obtained from zwitteriand CH added forms were not
pointed out as the same.

Terminally, glutamic acid has been changed withraggpacid, which is very similar
in structure; is negatively charged and has a secarboxyl group in its side chain.
In zwitterionic form and gaseous environment, aspacid gave the best energies,
but in the case of Chaddition; the lowest energy we obtained from the7ss
mutation. The condition when we added Joups to the terminal residues; we
could imitated the entire barnase-barstar compieke best way. The Gtadditions
represented the other amino acids, away from cacadt to the residues in the
interface region. Thus, aspartic acid replacemegdina could not function as
glutamic acid. Since, Cfadded form reflects the original system most erog|lthe
result obtained from this condition were more &adi In our study as in the natural
form, glutamic acid at its original #3position gave the lowest energy, means the
most favorable result. By these results, it was@ncthat Glu73 is indispensable for
its location and recognition. Indirect interacticar® more important between Glu73
and residues of barstar (especially Asp39) tharectirelectrostatic ones; the
carboxylate of Glu73 organizes neighbouring positixcharged groups in barnase,
Lys27, Arg83, and Arg87 to interact with Asp39 irstar.
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