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Abstract

In this study we have investigated the ability of cytochrome ¢ (cyt c) as a catalyst for
proton transfer reaction. Cyt c¢ is small, globular heme protein having molecular weight
~12500. It is most primitive omnipresent protein which is present in all forms of aerobic
organisms as well as in some anaerobic organisms. Here it is worthy to mention that the
proteins/enzymes evolved in the early days of the evolutionary processes may possess
wider range of substrate specificity to carry out multiple tasks as compared to the recently
evolved enzymes. Apart from its primary function as an electron transporter in respiratory
chain, cyt c is also known for its peroxidative property in lipid membrane by exposing
heme moiety (its tertiary gets unfolded in membrane mimetic media) to the substrate.
This now enables the peroxide substrate to bind with iron centre to show its peroxidase
property. This made us curious to investigate the proton transfer ability of cyt ¢ and
fortunately, we have found that cyt ¢ shows catalytic promiscuity towards proton transfer
reaction, but this effect is strictly restricted to membrane mimetic media such as micelles
and vesicles. Other enzymes/proteins like Lipase, Alkaline Phosphatase, Haemoglobin,
HRP, catalase and lysozyme were also tested for proton transfer catalysis but none of
them showed any catalytic rate.

5-nitrobenzisoxazole (NBI) was used as model substrate to study proton transfer by
following Kemp elimination reaction. The catalytic rate by cyt c is found to increase with
its residence at hydrophobic environment and also with the degree of unfolding of cyt c.
The proximal histidine (His-18) moiety near hemin group is might be acting as base and
responsible for the abstraction of proton from NBI (substrate) to form 2-CNP (product).
Interestingly, In comparison with the aqueous buffer we have found approximately 250-
fold increased KE catalysis by cyt c. As a whole, unprecedented catalytic promiscuity of
cyt ¢ towards proton transfer reaction has been found in this study, which can be highly
significant in the evolutionary context, taking into consideration its role in delineating
phylogenetic tree and also for producing biocatalyst with programmable multi-functional

properties.



Chapter 1

Introduction

1.1. Biocatalysis:

It is the process in which biological enzymes / proteins are used as catalyst to
accelerate the chemical reactions. Many new brilliant catalysts have been created by
nature with evolution. It mostly includes proteins and nucleic acid with catalytic
properties similar to the enzymes found in 80s.[1] Enzymes play crucial role in the
catalysis of many chemical reactions; they speed up the chemical reaction by reducing the
activation energy, without changing the equilibrium of the reaction.

There are many Reactions known to catalysed by biological substances, one such
example is Kemp elimination reaction which is catalysed by a natural protein i.e. Serum
Albumins.

Recent advances in scientific research have contributed to the understanding of enzyme
structure and functioning leading to greater stability, activity, sustainability and substrate
specifity. At present, there are hundreds of different biocatalytic processes that are
involved in various pharmaceutical, chemical, food, and agro-indusries. Biocatalytic
processes are similar in many ways to conventional processes and the key factors to be
taken into account for both single and multi-step reactions are reaction kinetics and
stability. The biocatytic process begins with the recognition of target reactions, biocatayts
discovery, analysis, engineering and chemical process modelling.[2]

Biocatalysts have many advantages over chemocatalysts as they are very proficient
catalyst for a wide variety of chemical reactions, they are biodegradable, are innocuous if



used correctly, low consumption of energy because mild conditions are required, less by-

products are produced, large scale preparation is possible (i.e. industrial application).[3]

Biocatalysis will have a significant effect in future: the enhanced potential to use
enzymes to catalyse chemical reactions in industrial processes, drug substances
processing. Flavours, fragrances, organic substances and polymers- chemicals that really
affect every aspect of our life. If we implement biocatalysis as our key chemical
processing method, we are going to bring an environmental friendly and less expensive

technology.

1.2. Biocatalytic promiscuity:

Biocatalytic promiscuity refers to an enzyme’s ability to catalyse an accidental side
reaction besides its primary function.

Indeed, it is believed that all enzymes have evolved due to promiscuous activities in
primitive generalist enzymes[3]. The enhanced selectivity and specificity of catalysts is
deemed to be the result of evolution and divergence [4][5][6][7][8]. Divergent evolution
is believed to start with duplication of gene [9]. The duplicated gene is now able to evolve
promiscuous activity. Enzyme Promiscuity usually doesn’t impact an organism, if it is not
affecting the native activity rate, and if the promiscuous reaction substrate is not natural
to the enzyme.[3] Promiscuous property is usually concealed under indigenous catalytic
transformation and is only noticeable under certain conditions, which makes it hard to
discover if not deliberately sought for[7][10][11].

Enzyme promiscuity is generally acknowledged as an ultimately beneficial aspect for the
new enzyme evolution. It helps an organism to live in an altered environment. In fact, the
promiscuous catalytic ability of enzymes develops via evolution. In nature, the specificity
of the enzymes tends to improve in order to just perform function that can satisfy the
cells[12]. Natural selection produces enzymes which are adaptable to the environment
and can quickly evolve as a result of environmental changes[13]. Nature has used
common binding sites and reaction mechanisms in order to increase the number of
chemical transformations. This has contributed to a variety of enzyme superfamilies[14].
Enzymes within superfamilies have evolved from primitive ones (i.e. having common

ancestors) with minimal modifications in the structure [15][16][17]. Research has shown
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that the roles of enzymes may often be related when they share a common ancestor[18].
Furthermore, this information helps biotechnologists to broaden enzyme applications into
a wide range of industrial applications to build versatile green, chemical synthesis
tool[19][20][21][22]. There are many enzymes which showed catalytic promiscuous
behaviour towards a variety of reactions depending on the reaction condition for eg.
Lipase in addition to its esterase property, it is also effective in aldol, transesterification,
Michael addition reaction; phosphatase can also act as sulfatase as they are closely linked
and many other examples involving enzymes like aminoacyclase, monooxygenase,
glutathione S-transferase, chymotrypsin etc.[22]

Although, most broad varieties of substrate promiscuity have been shown by native and
engineered metalloenzymes, specifically by cytochrome P450 family[22]. Frances
H. Arnold ( Noble prize winner-2018 for* directed evolution of gene”) described how just
a few mutations in amino acid sequence in enzymes can tune the function and they are
able to catalyse wide variety of chemical reactions[18]. In last two decades, new
biocatalysts generated by directed evolution of heme proteins have been used to catalyse
myriad of chemical reactions, namely- C-C coupling, C-B, C-Si bond formation, ring
contractions and expansions, sulfoxidation, nitrogen oxidation, epoxidation,

decarbonylation, nitration and many more [23][24][25][26].

More interestingly, this promiscuous property is observed in proteins like serum
albumins[27][28][29]. Serum albumins can bind and catalyse proton transfer catalysis i.e.
Kemp elimination (KE) reaction with remarkably high efficiency and “accidental
specificity”, also serum albumins have shown catalytic ability for asymmetric oxidation,
reduction, cycloaddition among many others in different solvents like ionic liquids and
organic media.

Aldoxime dehydratase is also known for showing promiscuous behaviour towards Kemp
elimination reaction. Its main function is to remove H,O from aldoxime (substrate) by
abstracting the p proton of aldoxime by distal histidine (Figure 1(b)). Similarly, it can
catalyse non-natural Kemp elimination reaction where the distal histidine (acts as base) of
this enzyme abstracts proton from 5-nitrobenzisoxazole (Kemp elimination substrate),
leads to the formation of cyanophenol (Kemp elimination product) and the transition state

is stabilised by its heme environment[30].
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Figure 1: Schematic representation of (a) Base catalysed Kemp elimination reaction (b)

Dehydration of aldoxime catalysed by aldoxime dehydratase.

1.3 Cytochrome C:

It was first discovered by Charles A. MacMunnin in 1886, and David Keilin re-
discovered it again in 1925 and also identified its role in cell respiration. It is small
globular heme protein having molecular weight ~12500. It is highly soluble in water. It is
most omnipresent early earth protein which is present in all aerobic organisms as well as
in some anaerobic organisms[31][32]. Yamanaka et al. delineated phylogenetic tree by
correlating the primary amino acid sequence of cyt ¢ (from different species ranging from
microbial algae to mammalian cell), structure of the heme part and their reactivity
towards cytochrome c¢ oxidase[31]. In 1976, Jensen suggested that primitive
enzymes/proteins possess broad substrate specificity (hence can perform many function in
addition to their primary function) in contrast to lately developed enzymes/ proteins in

evolutionary process [4].



1.3.1. Sequence and functions of cytochrome c:
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Figure 2: Structure of heme.

1.3.1.1. Cyt c amino acid sequence:

Acetyl.Gly.Ap.Val.Glu.Lys.Lys.lleu.Phe.Val.GluNH,Lys.CyS.Ala.Glu.NH,CyS.His.ThrVal.Glu.Lys.Gly.Gly.
L— neme —
Lys.His.Lys.Thr.Gly.Pro.Asp.NH,.Leu.His.Gly.LeuPhe.Gly.Arg.Lys.Thr.Gly.Glu. NH,.Als.Pro.Gly.Phe.Thr.

Tyr.Thr.Asp.Ala.Asp. NH, Lys.Asp. NH, Lys.Asp. NH,.Lys.Gly.lleu.Thr.Try.Lys.Glu.Glu.Thr.Leu.Met.Glu.
Tyr.Leu.Glu.Tyr.Leu.Glu.Asp. NH,2Pro.Lys.Lys.Tyr.llue.Pro.Gly.Thr.Lys.Met.llue.Phe.Als.Gly.llue.Lys.Lys.

Lys.Thr.Glu.Arg.Glu.Asp.Leu.llue.Ala.Tyr.Leu.Lys.Lys.Ala.Thr.Asp. NH,.Glu.COOH

1.3.1.2. Functions of cyt c:

It is found in the compartment between inner and outer mitochondrial membrane where it
shuttles electron between complex 111 and complex IV of respiratory chain[33][34].

Apart from the primary function of cyt ¢ as electron transporter, it is known for
peroxidase activity in lipid membrane where it exposed its heme moiety by opening up
the tertiary structure[35][36].



1.4 Investigation of Kemp elimination Reaction:

1.4.1 Kemp Elimination:

It involves proton abstraction from Carbon of a benzisoxazole ring which leads to the
opening of the benzisoxazole ring and results into the formation of cyanophenol product.
Kemp elimination of 5-nitrobenzisoxazole (5-NBI) results in the formation of 2-
cyanophenol (2-CNP) product [37].

ﬁ O
I N
~ N+ ~ N< /;
-0 N Base 0
N "
/
0 OH
5-nitrobenzisoxazole 5-nitrosalicylonitrile

Figure 3: Representation of acid-base type catalysis, kemp elimination.

It is highly exothermic, irreversible and follows concerted E2 mechanism[28]. Rate of the
reaction is determined by the concentration of base. Only Carbon-3 proton is involved
during the abstraction of proton by base. Organic solvents like dimethylsulfoxide

(DMSO) are known to accelerate this reaction [38][37].

The reaction occurs at the stern layer i.e. interface between water and micellar head.
Cationic micelles are known to accelerate the rate of reaction because positively charged

micelles can stabilize the negatively charged transition state [37].

Kemp elimination is important in understanding metabolism of various isoxazole based
therapeutic drugs, like — leflunomide (anti inflammatory drugs), zonisamide (treatment of

epilepsy and parkinsons disease) as these drugs undergo KE during their metabolism.



1.4.2 Albumins catalysed KE:

Albumins are globular, non-glycosylated and most abounding protein found in the blood
of mammals. They are highly soluble in water and contain a hydrophobic pocket in their
structure[27]. Albumins show proton transfer catalysis accidentally with high specificity.
Although true catalytic site is absent in BSA and HSA yet they are able to show proton
transfer catalysis. Presence of Lysine moiety lys-222 and lys-199 in BSA (Bovine Serum
Albumin) and Human Serum Albumin (HSA) respectively are responsible for this
catalysis, because these sites are basic in nature and hence responsible for the abstraction

of proton i.e. lysine moiety acts as base and therefore leads to the kemp elimination
product[29].

Serum albumin shows promiscuous properties firstly it can bind and catalyse proton
transfer and secondly, it shows catalytic ability for asymmetric oxidation, reduction,

cycloaddition among many others in different solvents like ionic liquid organic media.
1.4.3 Cyt C catalysed kemp elimination:

& = hemin

O,N

CN

OH

5-NBI 2-CNP

Figure 4: Schematic representation of the kemp elimination (KE) reaction catalysed by
cytochrome c (cyt ¢) bound in vesicles.
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Figure 5: Schematic representation of the heme co-ordination of the substrate (NBI)

which subsequently resulted histidine (His-18) catalysed proton transfer.

Motivation behind investigating KE by cyt is that it is largely believed that more
primitive protein can perform multiple functions, and cyt c is one such protein which is
most primitive and omnipresent protein that can perform multiple functions which made
us curious to investigate detailed study of proton transfer catalysis by cyt c. Fortunately
we have found that cyt c is able to show proton transfer catalysis but the effect is strictly
restricted to self-organized system (like micelles and vesicle) or membrane mimetic
media. Further investigation with various different enzymes/ proteins like haemoglobin,
lysozyme, catalase, HRP, Horseradish Peroxidase (HRP), Lipase, Lysozyme, Alkaline
Phosphatase, Catalase has also been carried out but none of these have been found to

show any positive results.



Chapter 2

Experimental Setup and Methods

This chapter describes experimental techniques and procedures involved to study the
proton transfer catalysis of 5-nitrobenzisoxazole (NBI) by cytochrome c and various

heme proteins / enzymes.

2.1 Experimental Methods:

2.1.1 UV-Vis Spectroscopy:

UV-Vis studies were performed using Varian Cary 60 (Agilent technologies)
spectrophotometer. The proton transfer catalysis was carried out by following the product
formation at 380 nm. Total reaction volume in the cuvette was fixed at 1 ml and cuvette
of path length 1 cm was used for the entire kinetic study. All measurements have been

performed at 25 °C.

2.1.2 Fluorescence Spectroscopy:

Fluorescence measurements were performed using SHIMADZU Model RF-6000

Spectrofluorophotometer.

2.1.3 Nuclear magnetic resonance spectroscopy:

The NMR spectra were recorded in Bruker Avance-I11 400 MHz spectrometer. *H and **C
NMR were recorded at operation frequencies 400 MHz and 100 MHz, respectively.
CDCI3; and DMSO-d6 were used as the solvents and tetramethylsilane (TMS) as the
internal standard for recording the samples. The chemical shift values are reported as

delta (9) units in parts per million (ppm).



2.1.4 Mass Spectroscopy:

High resolution mass spectra have been recorded using Waters Synapt G2-Si Q-TOF
mass spectrometer in Electrospray ionization (ESI) mode.

2.1.5 Optical and Fluorescent microscopy:

The optical and fluorescence microscopic images were collected using Olympus total
internal reflection fluorescence microscope (IX83 P2ZF inverted microscope equipped
with 1X83 MITICO TIRF illuminator).

2.1.6 Transmission Electron Microscopy:

The Transmission Electron Microscopy images were taken on JEOL JEM-F200
microscope. Staining of the vesicle was done using 1% phosphomolybdic acid solution.
2.1.7 Dynamic Light Scattering:

The Dynamic Light Scattering (DLS) data was recorded on Malvern Zetasizer Nano-
Z590.

2.1.8 Circular dichroism:

Circular dichroism (CD) measurements were carried out on a Characin
spectrophotometer (Applied Photophysics) using a 1 mm path length quartz cell. The
concentration of cytochrome c¢ used for the CD measurement was 20 uM. The spectra
were recorded with a scan range of 200-550 nm. All measurements were recorded in

triplicate.
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2.2 Experimental Procedure:

2.2.1. Synthesis of 5-nitrobenzisoxazole:

It has been synthesized as reported in literature[39]. 0.5 g of 1,2-Benzisoxazole was
dissolved in 5 ml conc. sulphuric acid at room temperature. Then, 0.5 ml of a mixture of
conc. nitric acid (0.6ml) and conc. sulphuric acid (0.2 ml) was added slowly to the above
solution and then stirred for 30 min at room temperature. The solution was then poured
into a 20 ml ice-water mixture and was stirred and thawed for 10 min. The white
precipitate obtained was filtered, washed with cold ethanol and the solvent was dried
under a high vacuum. The product was recrystallized in abs. ethanol to obtain a white,

crystalline solid.

2.2.2. Synthesis of 2-cyano-4-nitrophenol:

It has been synthesized as reported in literature[39]. To a solution of 0.1 g of 5-
nitrobenzisoxazole in 2 ml ethanol and 1 ml water, 3 ml of 2M NaOH was added and the
mixture was allowed to stand for 10 min. During this time, HCI was added slowly to
bring the pH of the mixture to 1. The solution was extracted with dichloromethane and
the solvent was evaporated under vacuum. The product was air-dried to obtain a light
yellow coloured solid. Yield: 66.78%.

2.2.3 Preparation of CTAB-SDS catanionic vesicles, DOPC and AOT vesicles:

2.2.3.1 CTAB-SDS catanionic vesicles:

Preparation was based on a previously reported procedure[40] [41][42]. Stock solutions of
CTAB (10 mM) and SDS (30 mM) prepared in buffer were mixed as such to give a final
concentration of 2 mM CTAB and 10 mM SDS in the solution, forming CTAB-SDS

catanionic vesicles[42].

11



2.2.3.2 DOPC and AOT vesicles:

Preparation was based on a previously reported literature [43] [44]. 1mL chloroform was
added to 3.3 mg 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) in a 2 mL vial and
then transferred to a 25 mL round-bottomed flask. To get the film at the bottom of the
RB, the above solution was evaporated under vacuum for around 30 min at 30 °C. Then, 5
mM phosphate buffer was sonicated for 1 hr at room temperature to get a de-oxygenated
buffer and 2 mL of this buffer was then added to DOPC film obtained above. A small
bead was added to the RB and then by providing the N, environment, it was stirred using
magnetic stirrer for 2 hrs. at 1100 rpm. A milky and homogeneous solution was obtained

and it was stored at 4 "C until needed.

AOT vesicles were prepared in a similar manner as described above.

"6 oxé

AOT + Chloroform AOT Thin film AOT Vesicles

Chloroform

Figure 6: Formation of AOT Vesicles

2.2.4. Demetallation of Hemin:

Demetallation was based on a previously reported procedure [45]. 5SmL concentrated
hydrochloric acid was added to 0.6 mL acetic anhydride at 5°C. Fe(lIl) DH (0.08 mmol)
and ferrous sulphate (0.315 mmol) was added to it, after that it was transferred to
ultrasonic bath having frequency 40kHz then the solution was irradiated by ultrasonic
waves for lhour. The Brown precipitate obtained was filtered and washed with distilled
water. It was washed and filtered three times, then it was recrystallized by hot acetone and

vacuum dried at 100 'C for 3 hrs. to get pure solid product.

12



2.2.5 Preparation of BSA -FITC and CYT c-FITC:

Cyt c-FITC has been prepared in a similar manner as BSA-FITC, which is reported
in literature[46]. 2 mg/mL cyt ¢ solution was dissolved in sodium carbonate buffer (pH=
9) at room temperature. Then FITC (1mg/ml) was dissolved in DMSO (fresh FITC
solution has been used always). This solution was wrapped in aluminium foil to protect it
from light. 200 pL FITC solution was slowly added to the cyt ¢ solution and covered with
aluminium foil and kept at 4°C for 5 hrs. The reaction was quenched by ammonium
chloride solution (final concentration of it kept at 50 mM). The vial was kept at 4 “C for 2
hrs. The above prepared conjugation was then purified by gel filtration (Sephadex G-25),
using 5mM phosphate buffer (pH 8).

UV scan spectra of fractions obtained above were taken and it was observed that cyt c-
FITC showed peaks for cyt ¢ and FITC at 410 nm and 495 nm respectively (as shown in
figure 7). In both the cases, tagging efficiency was almost 1:1.6 (protein:dye).

FITC

Absorbance
© oo 9°
O N & O 00 =

250 350 450 550
Wavelength (nm)

14
1.2

G

oytc FITC

pov-

-

—t

0.8
0.6
0.4
0.2

Absorbance

250 350 450 550
Wavelength (nm)

Figure 7: UV-vis spectra of (a) FITC-BSA, and (b) FITC-cyt c.
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2.2.6 Preparation of Apo-Cytochrome C

Apo-cyt ¢ has been prepared as reported in literature[47]. Ag.SO, silver sulphate (8 mg in
900 pL water) and 80 pL of acetic acid were added to 4.8 mg cytochrome c solution in
100 pL of water. The above-prepared solution was kept for incubation at 40°C for 4 hrs.
Then it was centrifuged to remove heme aggregates. The obtained solution was purified
using Sephadex G-25 column equilibrated with 0.1N acetic acid. The protein was eluted
by 5 mM phosphate buffer (pH=8). Fractions of 500 pL were collected and their UV scan
spectra were taken. It was observed that in the case of apo-cytochrome c, 410 nm peak
was missing which was present in cytochrome c (Figure 8). Also tryptophan fluorescence
retained as quenching effect of hemin moiety is no longer there (Figure 32(d)). In SDS

micelle, there is a blue-shifting of the tryptophan fluorescence due to hydrophobic
micellar environment.

1.2 - A
1 - hy
I
0.8 - .': e 2P O-CYt C
Iy
0.6 - ,' : -=ecytc
I
I
\

250 300 350 400 450 500 550 600

Figure 8: UV-vis spectra of apo-cyt ¢ and cyt ¢ to show the disappearance of soret peak

(at 405 nm) due to removal of hemin moiety.
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Chapter 3

Results and Discussions

3.1 Characterization of substrate and product:

At first the KE substrate, 5-nitrobenzisoxazole (NBI) which in presence of base converted
to 2-cyanophenol (2-CNP), was synthesised and characterized (as shown in figure 9 and
figure 10).

3.1.1 Characterization of substrate (5-NBI):
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Chemical Shift (ppm)

IH NMR (400MHz, CDClg): & 7.79 (d, 1H), 8.54 (d, 1H), 8.75 (s, 1H), 8.93 (s, 1H).
BBCNMR (100MHz, CDCly): 5 164.39, 147.06, 141.05 125.64, 121.87, 119.24, 110.52. 6

Figure 9: *H-NMR spectrum of 5-nitrobenzisoxazole (NBI).
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3.1.2 Characterization of Product:

'H NMR (400MHz, DMSO-d6): 5 7.17 (d, 1H), 8.36 (d, 1H), 8.61 (s, 1H)

2889 523 3 ﬁ a2
L= - M~ P~ w ™ ]
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OH | |

' |
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Figure 10: "HNMR spectrum of 2-cyano-4-nitrophenol (2-CNP).

3.2 UV-Vis spectra of NBI (substrate) and 2-CNP (product):

2-CNP

Absorbance

300 350 400 450 500
Wavelength (nm)

Figure 11: UV-Vis spectra of NBI and 2-CNP.
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3.3 Molar Extinction coefficient of product in different system:

Molar extinction coefficient of separately synthesized 2-CNP was also checked at each

media used in this study for accurate calculation of the concentration.

Table 1: Molar Extinction coefficient (at A = 380 nm) of the product 2-CNP in different

system.
—_— Molar Extinction Coefficient (M™cm™) at
380 nm
Buffer (pH=6.0) 15640
Buffer (pH=6.8) 15780
Buffer (pH=7.4) 16000
Buffer (pH=8.0) 16240
5mM SDS (pH 8.0) 16400
10 mM SDS (pH 6.0) 15800
10 mM SDS (pH 6.8) 16050
10 mM SDS (pH 7.4) 16400
10 mM SDS (pH 8.0) 16770
1mM CTAB (pH 8.0) 16400
0.5 mM CTAB (pH 8.0) 16200
2 mM CTAB + 10 mM SDS (pH 6.0) 15690
2 MM CTAB + 10 mM SDS (pH 6.8) 15810
2 mM CTAB + 10 mM SDS (pH 7.4) 16100
2 MM CTAB + 10 mM SDS (pH 8.0) 16200
AOT (pH 8.0) 15900
DOPC (pH 8.0) 15700
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3.4 Kemp Elimination catalysis activity of BSA and Cyt ¢ in different systems:

3.4.1 BSA in Buffer:

In the beginning, already known KE catalytic activity of BSA was verified in the 5mM
phosphate buffer at pH8 (mostly used buffer in this study). The k., and Ky, values of BSA
towards KE catalysis of NBI were found to be 9.2 + 1 min"tand 154 + 16 pM respectively
(Table 3).
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Figure 12: V; of KE catalysis in presence of BSA (0.25 pM) at varying NBI
concentration in phosphate buffer (pH 8, 5 mM). The dotted lines are the data fit
according to a Michaelis—-Menten mechanism.
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3.4.2. Cyt c in Buffer:

As our main aim was to understand KE catalytic activity of cyt c, therefore it was
studied in the same buffer (5mM Phosphate buffer (pH = 8)) as used in the case of BSA
by changing the concentration of both cyt ¢ (1-10 uM) as well as substrate (0-500 pM)
but in none of the cases it showed any catalytic effect (shown in fig 13.). Hence this
clearly indicates that, unlike BSA cyt ¢ does not contain any hydrophobic pocket in its

structure to catalyse proton transfer KE catalysis.
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Figure 13: Representative plot for product formation as a function of time for different
concentrations of cyt ¢ at fixed substrate (NBI) concentration in phosphate buffer (pH 8, 5
mM).

Table 2: Initial rate of formation of product at different concentrations of cyt c in
phosphate buffer (pH 8.0, 5 mM)

cyt ¢ conc. (UM) Vi (UM/min.)
0 0.15+0.02
1 0.17+£0.03
5 0.17 £ 0.04
10 0.2+0.03
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3.4.3 Cyt c in Self-organised systems:

Apart from its primary function as electron transporter in respiratory chain, cyt c is also
known for its peroxidase like property, only when it comes in contact with membranes
like micelles, vesicles, reverse micelles (i.e. in self organised media) and gets bound to
them, by doing so it gets unfolded and can expose its heme moiety[34][35]. Now this
permits the peroxide substrate to bind with iron centre to show its peroxidase property.
This made us curious to check its KE catalytic property in different systems like cationic,

anionic, zwitterionic micelle, vesicular medium.

3.4.3.1 In SDS anionic micelles:

To check cyt c activity in self organised system, Sodium dodecyl sulphate (SDS) was
used as anionic surfactant system, it was found that in absence of cyt c, at fixed substrate
concentration (NBI= [100uM]) and at different SDS concentrations (0.1-30mM) has not
shown any KE catalytic effect (fig. 14).

14 -

12

10 +
= -only buffer

=== SDS(10 mM) in buffer

e=—5DS + cyt C

Product formed [CNP] (M)

Figure 14: Representative plot for product formation as a function of time in only buffer,
SDS micelles (10 mM) in absence and presence of cyt ¢ (5 uM) at fixed substrate (NBI)
concentration (100 puM) in phosphate buffer (pH 8, 5 mM).
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After that the KE catalytic activity was carried out in presence of cyt ¢ under similar
reaction conditions. It was observed that the initial rate (V;) started to increase at SDS =
[5mM] and it reached maxima at SDS = [10-15mM] above that concentration the rate
started to gradually decline (as shown in figure 15). The maximum catalytic rate obtained
was 16+x1uM and this is 90 times higher than uncatalyzed rate in buffer. These results
shows that once micelles of SDS are formed (CMC of SDS in our experimental condition

was obtained around 6mM) cyt ¢ started to show higher catalytic activity.

Fixed [NBI]
=100 uM
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o
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Figure 15: Initial rate (Vi) of KE catalysis at fixed substrate concentration (NBI =
[100uMY]) in presence of cyt ¢ = [5uM] as function of varying SDS concentration (0.1-
30mM).
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In Figure 16, initial velocity (V;) of the KE catalysis was plotted with respect to substrate
(NBI) concentration at fixed SDS micelle concentration (10 mM) in absence and presence
of cyt ¢ (5 uM). Substrate inhibition was observed after 250 uM of NBI in (SDS + cyt c)

system, however, almost no or very low activity was observed in absence of cyt c.

In the absence of cyt c i.e. in only SDS (0-30 uM) no KE catalytic effect was observed at

fixed [NBI] = 100 uM. It has been found that cyt ¢ in SDS followed Michaelis-Menten
behaviour at 0-250pM substrate concentration range with ke = 4.020.3 min™ and Ky, =
61+ 10uM (Table 3).
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Figure 16: Initial rate (Vi) of KE catalysis in absence and presence of cyt ¢ (5 UM) in
SDS micelle (10 mM) at varying NBI concentration (0-400 uM) in phosphate buffer (pH
82, 5 mM).
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3.4.3.2 In CTAB cationic micelles:

KE catalysis was then carried out in cetyltrimethylammonium bromide (CTAB) a cationic
micellar system. However, cationic micellar environment are known to enhance KE
catalysis by stabalizaion of the negatively charged transition state[37][48]. After 0.5mM
CTAB started to show strong catalytic activity and it increases to 2mM, after that it
started to saturate ( CMC of CTAB under our experimental condition was found to be
0.7mM , which is well correlated with this data ). Presence of cyt ¢ in CTAB has only
increased KE catalytic rate by 1.5 fold.

Figure 17(b) shows that KE catalysis was observed even in absence of cyt c, however, in

presence of cyt ¢ (5 uM) the activity is increased by 1.5 fold.
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Figure 17: (a) Initial rate of KE catalysis as a function of CTAB concentration at fixed
[NBI] = 100 uM in phosphate buffer (pH = 8.0, 5 mM). (b) V; of KE catalysis at CTAB
micelle (1 mM) in absence and presence of cyt ¢ (5 uM) at varying NBI concentration in
phosphate buffer (pH 8, 5 mM). The dotted lines are the data fit according to a Michaelis—

Menten mechanism.
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3.5 KE catalysis effect of gradual SDS addition in CTAB micelles:

It has been observed that presence of SDS diminished KE activity of CTAB micelles and
at 10 mM SDS concentration activity of only CTAB micelle almost becomes zero. At
2mM CTAB and 10mM SDS catanionic vesicles were formed which was confirmed by
the DLS and TEM (fig.27(c) and 30). In the absence of cyt ¢ in the catanionic vesicles, no
catalytic activity was observed at 100 uM NBI but in the presence of cyt c, it showed 250
fold increase in KE rate. The K¢ and Ky found in this case was 16 + 1.0 min™ and 94 +
6 UM respectively, which is higher than BSA in buffer by 2.6 times considering Kca/Kwu
(table 3).
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Figure 18: Initial rate (V;) of product formation in KE catalysis (at fixed [NBI] = 100
M) with increasing SDS concentration in CTAB solution (2 mM).
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Figure 19 shows initial rate of KE catalysis in presence of cyt ¢ in SDS micelles and
CTAB-SDS catanionic vesicles.
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Figure 19: Initial rate (Vi) of KE catalysis in presence of cyt ¢ (5uM) at varying NBI
concentration in 10mM SDS and CTAB-SDS catanionic vesicles ([CTAB] = 2mM and
[SDS] = 10mM).
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3.6 UV scanning kinetics at 30 sec interval in different system:

Cyt ¢ showed the maximum catalytic rate in CTAB-SDS catanionic vesicles than SDS

micelles, which is clearly confirmed by the figure 20 (a).
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Figure 20: (a) Representative UV-Vis scan spectra taken 30 sec after starting of the
reaction at fixed 100uM NBI in presence of 5uM cyt ¢ in buffer, SDS micelle and CTAB-
SDS catanionic vesicles. (b) Representative UV-Vis scanning kinetics at 30 sec interval
after starting the reaction by the addition of 100 uM NBI in presence of cyt ¢ (5 pM) in
CTAB-SDS catanionic vesicle. Experimental condition: [CTAB] = 2 mM, [SDS] = 10
mM, phosphate buffer (5 mM, pH 8).
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Table 3: Michaelis-Menten constants of different systems (buffer/micelles/vesicles)
towards KE catalysis with NBI as substrate in absence and presence of BSA and cyt c.

The values in the error bar are standard deviation of triplicate experiments.

Protein | Vmax Keat (Min™) Km (1M)
(nM/min)
Buffer BSA 23+0.2 92+1 154 + 16
(0.25 pM)
10mM SDS Cytc 20+£1.6 4+0.3 61+10
(anionic micelle) (5 uM)
2mM CTAB-10 mM | Cytc 795 16 +1 94+ 6
CTAB (catanionic (5 uM)
vesicle)
1mM CTAB - 114 + 10 - 557+ 30
(cationic micelle)
1mM CTAB Cytc 176 £ 13 - 606 + 42
(cationic micelle) (5 uM)
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3.7 Comparative enhancement in initial rate (V;) due to the presence cyt c in various

system:
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Figure 21: Comparative plot of initial rate (V;) to show the enhancement effect due to the

presence of cyt ¢ in different system.

3.8. CMC Determination of SDS and CTAB:

Critical micellar concentration (CMC) values were determined for CTAB and SDS by
using conductometer. CMC of SDS and CTAB were obtained around 5 mM and 0.7 mM,
respectively in phosphate buffer (pH 8, 5 mM).
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Figure 22: Conductance as a function of a) SDS concentrations and b) CTAB

concentrations in aqueous phosphate buffer solution (pH 8, 5 mM).
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3.9 Product Inhibition of cyt ¢ in SDS micelles and CTAB-SDS catanionic vesicles:

Competitive type of product inhibition was observed when the product (2-CNP) was
added externally in the reaction mixture before the addition of NBI to measure KE
catalysis. In case of CTAB-SDS catanionic vesicles, K; and I1Cso values were found to be
around 0.02 pM and 3.5uM respectively whereas in SDS micelle these values were
found to be 0.2uM and ICsy ~32uM respectively. Product inhibition effect is much
weaker in catanionic vesicles in contrast to SDS micelles, due to high hydrophobic
surface area in vesicles than in micelles. It was confirmed by DPH (diphenyl-1, 3, 5-
hexatriene) a hydrophobic probe, showed a sharp peak in CTAB-SDS catanionic vesicles
than in any other micellar system containing same amount of surfactant (discussed in
3.18)
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Figure 23: Competitive inhibition illustrated on a double reciprocal Lineweaver-Burk
plot (1/V;in y-axis and 1/[S] in x-axis). A double-reciprocal plot of KE catalysis in the
presence and absence of the product (a) in SDS micelle and (b) CTAB-SDS vesicle. Both
these plot illustrate that the product (inhibitor) has almost no effect on V.« but increases
Kw as there are substantial changes in the slope [values of 14.3 (with product), 3.1
(without added product) in SDS micelle and 2.4 (with product), 1.4 (without added
product) in CTAB-SDS vesicle] but almost comparable values of the intercept [values of
0.0535 (with product), 0.0475 (without added product) in SDS micelle and 0.0129 (with
product), 0.0095 (without added product) in CTAB-SDS vesicle]. These plot suggest that
the inhibition type is mostly competitive. [SDS] = 10 mM, [CTAB] = 2 mM, phosphate
buffer (pH 8.0, 5 mM)
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Figure 24: Initial rate of KE catalysis as a function of added product concentration at
fixed [NBI] = 100 uM in phosphate buffer (pH = 8.0, 5 mM) measured in (a) SDS micelle
and (b) CTAB-SDS vesicle. The dotted line was drawn to show the 50% inhibitory effect
(ICs0) of the product concentration.

3.10 pH dependent study:

The given plot shows that the reaction rate is almost comparable in pH range 6.8 to 8 and

below that it drastically decreased at pH 6 ( as shown in figure 25).
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Figure 25: Initial rate V; of KE catalysis of cyt ¢ (5uM) as a function of pH at fixed NBI
concentration (100uM) in SDS micelles and CTAB-SDS vesicles.
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3.11 KE catalysis with Hydrogen Peroxide (H,05):

Addition of H,O, reduced the KE catalytic activity, this is probably due to the
competition in binding between peroxo group (-OOH) and benzisoxazole moiety with
Fe** of cyt ¢ (figure 26).
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Figure 26: Initial rate (V;) of KE catalysis of cyt ¢ (5.M) due to the presence of 100uM
H,0O, at fixed 100 uM NBI concentration under similar experimental conditions in SDS

micelles and CTAB-SDS catanionic vesicles.
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3.12 Dynamic Light Scattering (DLS) Data:

The hyrodynamic diameter of 20mM SDS with and without cyt ¢ was found to be 6 £ 1
nm and 3 £ 1 nm respectively (as shown in fig. 27 (a)). This clearly suggests that cyt ¢
was attached with SDS miclles (since the increase was similar to cyt ¢ size). The
hydrodynamic diameter of DOPC and AOT vesicles were observed to be (100 + 20, 600

+ 50 ) and (200 + 50 )nm respectively by DLS technique and Optical microscopic images
(fig27 (b) and (d), fig 28 (a) and (b)).
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Figure 27: Hydrodynamic diameter of the (a)20mM SDS solution in presence and

absence of cyt ¢ (10uM), (b) AOT vesicle, (¢) CTAB+SDS catanionic vesicle and (d)
DOPC vesicle.
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3.13 Microscopic images:

3.13.1 Opttical:

Figure 28: Optical microscopic images of (a) AOT, (b) DOPC vesicles and (c) AOT with
cyt c.

3.13.2 Fluorescence:

Fluorescence microscopic image of fluorescein isothiocyanate (FITC)-tagged cyt ¢ with

AOT vesicles confirmed binding of the protein.

Figure 29: Fluorescence microscopic image of AOT vesicles in presence of cyt c- FITC

conjugate.
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3.14 TEM images:

Figure 30: Transmission Electron Microscopic images of CTAB-SDS catanionic
micelles (Staining was performed with 1% Phosphomolybdic acid)
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3.15 Selective KE catalysis study of cyt ¢ in presence of enzymes/proteins in different
media:

Cyt ¢ shows high catalytic activity in SDS micelles and CTAB-SDS catanionic vesicle,
selectively. Other enzymes/proteins like Lipase, Alkaline Phosphatase, Haemoglobin,
HRP, catalase, lysozyme, BSA were not found to show any activity in micellar or
vesicular system whereas, in buffer only BSA shows activity whereas, other

enzyme/proteins tested do not.
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Figure 31: Initial KE catalytic activity of different enzymes/proteins in (a) Buffer, (b) 10
mM SDS and (c) CTAB-SDS catanionic vesicles. Experimental condition: [NBI] = 100
UM, [protein/enzymes] =5 uM, [CTAB] = 2 mM, [SDS] = 10 mM, phosphate buffer (pH
8, 5 mM).
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3.16 Fluorescence Studies:

To understand the reason behind KE catalytic activity by cyt ¢ only restricted to self-
organized systems, fluorescence data has been taken which helps in understanding the
structural changes that occurs in the cyt ¢ during the reaction. Steady state fluorescence
spectra of the protein (by following tryptophan fluorescence at 280nm excitation) is
widely used method to understand the protein unfolding [34][35][49]. In native state of
the protein the tryptophan fluorescence is quenched by hemin and hence in folded state
tryptophan fluorescence is absent. As protein starts getting unfolded tryptophan
fluorescence started to unveil because as tryptophan goes away from hemin the quenching
effect starts reducing. Figure 32 shows that as the concentration of SDS or CTAB
increasing the tryptophan fluorescence intensity is also increasing. In the presence of
GDnHCI (guanidium hydrochloride) cyt is completely denatured and hence yield the
maximum fluorescence but no KE catalytic effect was observed. Apo cyt ¢ showed the
maximum fluorescence, it is due to the absence of hemin therefore no quenching of
tryptophan fluorescence was observed in this case. Also no catalytic effect was due to the

absence of hydrophobic membrane.

Also denatured cyt ¢ couldn’t recover its KE catalytic activity in SDS micelles, this

indicates the importance of secondary structure in micellar and vesicular systems.
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Figure 32: Fluorescence spectrum of cyt ¢ (5 uM) (a) in buffer (phosphate =5 mM, pH
8), in presence of guanidinium chloride (GdnCl) (6 M), CTAB-SDS catanionic vesicle
([CTAB] = 2 mM, [SDS] = 10 mM), AOT (100 uM) and DOPC (50 puM) vesicle; (b) in
presence of different SDS (1-15 mM) and (c) CTAB (0.1-2 mM) concentration.
Excitation wavelength = 280 nm, Excitation/Emission slit width = 3/3 nm. (d)
Fluorescence spectrum of apo-cyt ¢ (5 uM) in buffer (phosphate =5 mM, pH 8) and SDS
micelle (10 mM). Excitation wavelength = 280 nm, Excitation/Emission slit width = 3/3
nm. Notably, quenching effect of hemin is not here and thus it shows much higher

tryptophan fluorescence compared to cyt c.
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Residence of protein at hydrophoobic or hydrophilic environment is determined by the
ratio of fluorescence intensity at 330 to 350 nm i.e. Fls30/Fl3s0[50]. Linear correlation has
been found between logarithmic value of Kemp Elimination catalytic activity and
unfolding of protein ( FI 330 as well as with Fls3/Flssp ). The maximum rate in
catanionic vesicles (CTAB-SDS) can be justified on the basis Fl330/Flsso ratio (1.6) which
is maximum in this case among all other systems (as shown in figure 33). In catanionic
vesicular medium cyt ¢ is in most hydrophobic region also with highest unfolding

(maximum fluorscence intensity).
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Figure 33: (a) Tryptophan fluorescence intensity (FI) of cyt C (at 330 nm) and (b) Ratio
of FI at 330 nm and 350 nm (Fls30/Fl3s0) as a function of the initial catalytic rate (V;) of
the proton transfer catalysis in buffer (unfilled black circle), DOPC vesicle (orange
triangle), AOT vesicle (purple square), SDS micelle (blue diamond) and CTAB-SDS
catanionic vesicle (red circle). Experimental condition: Phosphate buffer (5 mM, pH 8),
[SDS] = 10 mM, [CTAB] = 2 mM, [AOT] = 100 uM, [DOPC] =50 puM, [cyt c] =5 uM,
T=25°C.
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Similarly, In case of SDS similar trend is obtained between fluorescence values and
catalytic rate in different SDS concentration. SDS concentration was varied from 1-15
mM. Linear correlation has been found between logarithmic value of Kemp Elimination

catalytic activity and unfolding of protein ( FI 330 as well as with Fls3/Fl3s0 ).
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Figure 34: (a) Ratio of FI at 330 nm and 350 nm (Fls30/Flssp) and (b)Tryptophan
fluorescence intensity (FI) of cyt C (at 330 nm) as a function of the initial catalytic rate
(Vi) of the proton transfer catalysis at different SDS concentration (1, 3, 5, 10 and 15
mM). Experimental condition: Phosphate buffer (5 mM, pH 8), [cytc] =5 uM, T =25
°C.
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3.17 Circular Dichroism study:

CD (Circular Dichroism) data has been taken to understand the structural changes in
cyt c. It reveals that in micellar and vesicular systems a-helix increased in all the systems
while B-sheet decreased in case of SDS micelles and CTAB-SDS vesicles and increased

for AOT and DOPC vesicles in comparison to the buffer.
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Figure 35: (a) CD spectrum of 20uM cyt ¢ in different systems — (a) buffer, AOT and
DOPC vesicle, (b) in 10mM SDS, CTAB —-SDS and with GDnHCI (Guanidium chloride

was used 6 M in buffered solution of 20 uM cyt C for CD spectra measurement.) T = 25

°C
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Figure 36: Percentage (%) change in a-helix and B-sheet content of cyt C with respect to
buffer. For example, calculation of % change in a-helix content in SDS micelle the
following formula has been used: [{(a-helix content)sps-(a-helix content)pusrer}/ (a-helix
content)putrer] X 100 (see Table 4 for the values).
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Table 4: o-helix and B-sheet content of cyt ¢ in buffer and different self-organized

system. ( Calculation was done by following reported literature [51] )

System a-helix B-sheet
Cyt c in Buffer 8.9+0.2 29.1+2
Cyt ¢ in SDS micelle 11.9+0.3 23+15
Cyt ¢ in CTAB-SDS|11.4%0.5 26.2+1.3
vesicle

Cyt cin AOT vesicle 13+0.6 29.7+1.9
Cyt c in DOPC vesicle 9.3£0.3 343129
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3.18 UV-Vis experiment with diphenyl-1,3,5-hexatriene (DPH)

The solubility of a hydrophobic probe, DPH, was measured in different systems by
performing UV-Vis scans. It was found that DPH was maximum soluble in CTAB-SDS
vesicle compared to micellar system having similar amount of surfactant since the former
has the highest hydrophobicity amongst all other systems. DPH is known to display
characteristics UV peak 350, 360 and 373 nm once it get solubilized in hydrobhobic

environment.[52]
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Figure 37: (a) Structure of DPH (b) UV-Vis scan spectra for DPH in CTAB-SDS vesicle,
SDS micelle, CTAB micelle and buffer.
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3.19 KE catalytic activity of hemin in buffer and SDS micelles:

Activity with only hemin in buffer and SDS micelle was also checked but no significant
activity was observed.
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Figure 38: Initial KE catalytic activity of hemin in buffer and 10 mM SDS micelle.

Experimental condition: [NBI] = 100 uM, [hemin] = 10 uM, phosphate buffer (pH 8, 5
mM).
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3.20 Percentage (%) decrease in rate by modified cyt ¢ and BSA:

Figure 39 shows the percentage (%) decrease in initial rate of KE catalysis by modified
protein as compared to native protein. FITC is known to bind with lysine residue of
BSA[46] which results in almost 90% decrease in rate . FITC tagged cyt ¢ didn’t showed
any decrement in rate, this shows that lysine residue in cyt c is not responsible for proton
transfer catalysis. Apo cyt ¢ showed almost 100% reduction in rate, this implies hemin
plays very important role in the catalysis. It is known that DEPC binds with histidine[53]
, cyt c-DEPC showed approx. 80 % decrease in the rate, this shows that histidine plays
very important role in the catalysis.
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Figure 39: Percentage (%) decrease in initial rate (Vi) of KE catalysis (in comparison to
the native protein and modified protein) due to tagging of FITC in BSA, in cyt c, removal
of hemin group (i.e. apo cyt c) and due to tagging of ethanoate group in the histidine
moiety (due to the reaction with DEPC) at fixed substrate (NBI=100uM) in presence of
SUM cyt c.
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3.21 Kinetics of cyt ¢ in presence of diethylpyrocarbonate (DEPC) in different

systems:

We assumed that histidine moiety (His-18) of cyt ¢ co-ordinated proximally to hemin
may well act as the base to initiate proton elimination with the hemin coordinated
benzisoxazole substrate[54]. The hemin coordination of KE substrate has been reported in
earlier literature[55]. The role of proximal hemin was studied by covalent modification of
imidazole NH of histidine by DEPC. The binding of DEPC with cyt ¢ histidine was
verified by UV-vis (Figure 42, 43 and 44) and CD spectroscopy (Figure 45).
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(b)

(elo]o)y

Figure 40: (a) Schematic of the reaction to show the DEPC modification of the histidine
residue of protein. (b) Schematic representation of the tagging of ehtanoate group of
DEPC with histidine (His-18) of cyt ¢ near to hemin group.
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Figure 41 (a) and (b) shows that there is significant decrease in KE catalytic rate by cyt ¢
with increasing DEPC concentration. We can observe that 2 mM DEPC diminished the
KE catalytic rate of cyt ¢ by ~ 90% and~30% in SDS micelles and CTAB-SDS catanionic
vesicles respectively. The 1Cso value of DEPC inhibition on cyt ¢ activity in SDS micelles

and CTAB-SDS catanionic vesicles were found to be 0.28 and 3.8 mM, respectively.
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Figure 41: Plot of initial catalytic rate (V;) in presence of different concentration of
DEPC in (a) 10 mM SDS and (b) CTAB-SDS vesicle. Dotted lines showed the 50%
inhibited activity was obtained at 0.3 uM (for SDS micelles) and 3.2 uM (for CTAB-SDS
vesicles) addition of DEPC.
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Fig. 42 (b) shows, a gradually generated peak (at 242 nm) with time due to the increase in
binding of DEPC to imidazole NH of histidine, which is more prominent in case of SDS
micelles than in buffer. This rise in UV absorbance at 242 nm is a characteristics of
DEPC-tagging with histidine[53].
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Figure 42: UV-vis scan spectra of DEPC + cyt ¢ in (a) buffer and (b) 10 mM SDS
micelles. (c) Absorbance at 242nm of DEPC + cyt ¢ as a function of time in buffer and
10mM SDS micelles. [DEPC] = 2 mM, [cyt c] =5 uM, phosphate buffer (pH 8, 5 mM).
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Figure 43 shows a gradual blue shift of the soret peak from 407 nm to 399 nm in SDS

micelles and CTAB-SDS catanionic vesicles, whereas in buffer this was not observed,
which confirms the binding of DEPC to the histidine moiety[53].
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Figure 43: UV-vis scan of DEPC-cyt ¢ recorded for 12 minutes with 1min interval in (a)
buffer and (b) SDS micelle. (c) CTAB-SDS catanionic vesicles. [cyt ¢c] =5 uM, [DEPC]
= 2 mM, phosphate buffer (pH 8, 5 mM)
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Figure 44: Gradual change in soret peak maxima with time due to binding of DEPC in
cyt ¢ in buffer, SDS micelle and CTAB-SDS vesicle. [cyt ¢] = 5 uM, [DEPC] = 2 mM,
phosphate buffer (pH 8, 5 mM).
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Figure 45: CD spectra of cyt ¢ (a) in near UV region (200-260 nm), (b) in Soret region

(360-450 nm) in SDS micelle in absence and presence of DEPC (2 mM). [SDS] = 10

mM, [cyt c] = 20 uM, phosphate buffer (pH 8, 5 mM).
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Chapter 4

Conclusions

Here we have found unprecedented catalytic promiscuous property of cyt ¢, which is
strictly restricted to membrane mimetic media like micelles and vesicles. Also, the best
catalytic activity with cyt ¢ was found to be in CTAB-SDS catanionic vesicular system
than in SDS micellar system (3 fold higher activity in CTAB-SDS catanionic vesicular
system than SDS micellar system under similar reaction conditions), it is due to high
hydrophobicity of catanionic vesicular system than micellar system which is confirmed
by the DPH (a hydrophobic probe). Rate of the reaction in CTAB-SDS catanionic
vesicular system by cyt ¢ is found to be 2.5 fold higher than other natural biocatalyst
Bovine Serum Albumin (BSA).This unusual property strengthens the claim that early
developed proteins/enzymes typically have wide substrate specificity to perform multiple
tasks in early life forms as compared to lately developed enzymes in evolutionary
processes.

The catalytic rate was found to be reduced by ~80% as we tagged DEPC to cyt ¢ (DEPC
is known to bind with histidine), this shows that histidine might play important role in the
KE catalysis. Also this cyt ¢ catalysis is pH dependent, the rate is drastically decreased
below pH 6, which suggests that base catalysed mechanism might be involved in the
catalysis and probably proximal histidine (near heme) is acting as base for the abstraction
of proton from NBI to form 2-CNP.

This study exemplifies the versality and emergent behaviour of biomolecules in response
to its surrounding environment which also reinforce the possibility of dramatic

amendment of bio catalytic properties in confined space[56][57].
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