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ABSTRACT
Proteases represent a formidable class of industrial enzymes, accounting for about half of the total sale of the enzymes in the world. Trypsin,
a protease that has strong specificity, acts as a digestive enzyme and plays a pivotal role in digestive physiology. Proteins have evolved to
function within the cellular milieu, where macromolecule and small molecule solutes are present at high concentrations. It has long been
known that osmolytes and other solutes transmute protein stability in vitro while certain osmolytes stabilize proteins in vivo to thermal and
chemical denaturation arising in stress conditions. The role of various osmolytes and denaturants in the conformational properties and
stability of the enzyme, trypsin has been scarcely investigated. In this study an attempt has been made to probe the effects of osmolytes,
Glucose, Glycine, Proline, Sucrose, Trehalose and denaturants Guanidine Hydrochloride and Urea along with their concentration effects on
the activity and stability of bovine trypsin. Detailed circular dichroism, steady state and temperature dependent fluorescence spectra, UVVis spectra and enzyme assay have been studied to scrutinise osmolyte induced stability and denaturant-induced unfolding properties of
trypsin. The specific activity peak was found to be highest in sucrose and lowest in urea and GnHCl. The UV-Vis spectroscopic data showed
highest absorbance peak for Proline depicting it as the strongest stabilizer, supported by low absorbance peak in fluorescence spectra. On
the other hand, Urea was found to be strong denaturant with its lowest absorbance peak and highest intensity peak in UV-Vis and
fluorescence spectra respectively. High osmolyte concentration demonstrated an increase in stability in case of Proline and significant rise
in denaturing capacity of urea. CD analysis depicted highest positive peak in Proline, concluding it as the strongest stabilizer followed by
Sucrose and Trehalose. Alpha helix and beta sheet content was estimated by K2D2 software which supported the trend in stability
concordant with the rest of the data.
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INTRODUCTION
Proteins are polymers formed of smaller units known as amino acid
residues held together by peptide bonds between the carboxylic and
amide groups. In order to perform their biological functions, these
proteins fold into specific spatial conformations, propelled by a number of non-covalent interactions such as hydrogen bonding, ionic
interactions, Van der Waals forces, and hydrophobic packing1. These
three dimensional structures discern their function in the cellular milieu to a great extent. They have evolved here to work concomitantly
with other macromolecules and small molecule solutes present at high
concentrations. Most cells in vivo are majorly dominated by the pres*Corresponding author.
Dr. Kameshwar Sharma YVR
Assistant Professor
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ence of water, electrolytes, metabolites and osmolytes as medium2. A
protein may undergo reversible changes in its structure in order to
perform its biological function. The stability studies of these transition states increasingly form a major focus of research.
A protein structure is highly complicated comprising of different structural units like domains, motifs and folds. The repeating sequence of
atoms along the core of the polypeptide chain is referred to as
the polypeptide backbone and attached to these chains are side chains
which confer upon amino acids their unique properties, setting them
apart. Some of these side chains are hydrophobic or non-polar, others
are charged positively or negatively1. The hydrophobic side chains
of amino acids such as Phenylalanine, Leucine, Valine, and Tryptophan tend to cluster in the interior of the molecule enabling them to
avoid contact with water surrounding them. On the other hand, the
polar side chains like those of Arginine, Glutamine, and Histidine
have a tendency to arrange themselves outside the molecule where
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they can form hydrogen bonds with water and other polar molecules.
These interactions of the side chain residues with the outside aqueous environment are known as the hydrophobic effect.
All proteins in the cell assume a structure which is thermodynamically stable under physiological conditions, known as the native state.
The difference in the free energies of the folded and unfolded states
quantitatively determines the net stability of the protein structure.
However, these conformations get disturbed on contact with the surrounding molecules and in extreme conditions such as temperature
change, high pressure and excessive salt conditions. Such perturbations may lead to unfolding of the protein and loss of its functional
activity. Thus, there is a need for a mechanism to cope with these
conditions and maintain the desired conformation3. One such mechanism is accumulation of solutes known as osmolytes which help the
cell to fight unfavourable conditions and simultaneously maintain
thermodynamic equilibrium between native and unfolded state.
MOLECULAR INTERACTIONS WHICH PLAY A ROLE IN
CONFORMATIONAL CHANGES
Osmolytes, a class of small intracellular, neutral organic molecules
get accumulated in the cells, preventing their scavenging from osmosis and other stress conditions. They raise the free energy of the
unfolded state, favoring the folded state conformation. All known
osmolytes are amino acids and their derivatives like Leucine, Glycine,
Valine; polyols and sugars like Glucose, Sucrose, Trehalose; methylamines like Trimethylamine oxides (TMAO) and denaturants like
Guanidine Hydrochloride and Urea. Unlike salt ions, these are mostly
compatible with all the proteins. This ability of osmolyte to enhance
the driving force for protein folding is due to a phenomenon called
solvophobic effect acting on the peptide backbone, which gets exposed in the unfolded state. This implies that in the presence of
solute, the change in free energy for interaction of water with the
protein surface groups is more favourable than the change in free
energy for solute interaction with the protein3, 4.
The difference in the involvement of osmolytes in the presence and
absence of proteins gives an insight into a parameter known as preferential interaction which forms the basis of structural stability during folding and unfolding process. If water is enriched near the protein surface relative to its composition in the bulk solution, a preferential interaction exists between water and the protein surface, resulting in preferential hydration with respect to water or preferential exclusion from that of osmolyte. In a different scenario, if the osmolyte
is enriched near the protein surface, it is said to preferentially bind to
the protein surface by exclusion or replacement of water. Thus, if
there is preferential binding of one component, water or osmolyte

with the protein, there will necessarily be a preferential exclusion of
the other component. Preferential interaction provides an impetus
for folding with preferential exclusion of protecting osmolytes while
similar interaction with non-protecting organic molecules known as
denaturants cause protein unfolding or destabilization5, 6, 7. Also, the
presence of denaturant increasingly shifts the protein conformational
entropy towards the unfolded state, more than to the folded state and
this leads to net destabilization. Urea and Guanidine Hydrochloride
are two of the strongest denaturants observed so far.
The small size of osmolytes enables them to reach intracellular and
extracellular molar concentrations range in the extremities and are
hence indispensable for the survival of most of the organisms and
their biological functions 8. The discovery of these protecting
osmolytes has given an opportunity to understand the way in which
organic osmolytes stabilize proteins, a crucial subject in protein chemistry9.
Osmolytes, therefore, promote requisite and unhindered protein folding which aids in enhancing its conformational stability efficiently.
APPLICATIONS OF OSMOLYTE INDUCED PROTEIN
STABILITY IN INDUSTRY
It is an established notion that osmolytes stabilize and induce folding
of aberrant proteins and hence, they can act as pharmacological chaperones for a large number of protein misfolding disorders. Polyols
like Trehalose have been found to inhibit aggregation of denatured
proteins like that of bovine glutamic dehydrogenase, following heat
shock. It has even been exhibited to prevent fibrillation and
cytotoxicity of AB-peptide and to combat prion-infected cells from
induced oxidative damage10, 11. TMAO has been shown to prevent
misfolding of prion proteins12. Since organic osmolytes are naturally
occurring molecules, they possess potential curative applications
without fear of major toxic side effects. They are commonly used to
stabilize protein-based biopharmaceuticals such as recombinant human interferon, various healing antibodies and protein-based vaccines such as those for hepatitis A and B13-17. Cytosolic cystathionine
ß-synthase (CBS) deficient mutant protein effect was found to get
reversed by regaining the lost functional ability in the presence of
chaperonic osmolytes like TMAO, Glycerol, Sorbitol and DMSO in
yeast model18.
Some light has been shed on the way an oral administration of an
osmolyte can appreciably inhibit polyglutamine mediated protein accumulation in the transgenic mouse model of Huntington disease
with further increased life span19. This protein impairment process
constitutes a hallmark of neurodegenerative pathologies, including

Journal of Pharmacy Research Vol.9 Issue 8.August 2015

500-508

Shivani Jain et al. / Journal of Pharmacy Research 2015,9(8),500-508
Alzheimer’s and Huntington’s, which involve extracellular protein
accumulation and fibril formation while intracellular or lewy-body
formation in Parkinson’s disease. So, if osmolytes can provide a unifying mechanism of action, they may have far reaching consequences
in developing efficient therapeutic tools for tackling such diseases20.
Such effects of osmolytes on protein folding pathways have become
significant to study. Among other osmolytes, Trimethylamine-N-oxide (TMAO) has received special interest lately since it has demonstrated an extraordinary capability to support the folding of denatured to native-like species, which show significant functional activity. Recently, it has been shown that these osmolytes can be used in
vivo also. Example being that of Glycerol and Trimethylamine N-oxide
(TMAO) which can correct the temperature-sensitive folding defect
of the human cystic fibrosis transmembrane conductance regulator
(CFTR) mutant protein, F508 CFTR (having a deletion of a phenylalanine residue at position 508). Glycerol and TMAO have also been
shown to correct the folding defect of the tumour suppressor protein,
p53, mutant A125V, in cells. This mutation results in a temperaturesensitive folding defect, which is alleviated by the osmolytes and
their effects are reversible21, 22. There is ample evidence that methylamines are better suited for the perturbation of proteins by urea,
while polyols are better used as cryoprotectants and thermal stabilizers.
Osmolytes have also paved their way into biotechnological applications such as stabilization of laboratory and pharmaceutical reagents23.
Betaine helps increase transcription and translation along with polymerase chain reaction and monoclonal antibody production by hybridoma cells24-26. Osmolyte Sorbitol builds up in hyperglycemia condition in diabetes mellitus which has clinical implications in its treatment27. Similarly, Betaine plays an important role in urinary tract infections and drug designing28. Recombinant DNA technology is being
increasingly used to formulate novice strategies in order to incorporate osmolytes at the time of protein expression in the bacterial growth
media to suppress and refold inclusion body formation29. Further on
osmolytes are proving to be highly useful in the other fields too, such
as agriculture, especially in alleviating high stress conditions and
mammalian biological functions30.
PROTEASES
Trypsin, chymotrypsin, and elastase are all digestive enzymes that
are produced in the pancreas and catalyze the hydrolysis of peptide
bonds. Each of these enzymes has different specificities with regards
to the side chains next to the peptide bond. Chymotrypsin prefers a
hydrophobic residue, trypsin is specific for a positively charged residue, and elastase prefers a small neutral residue. Chymotrypsin, trypsin
and elastase are all proteins that contain a specific catalytic mecha-

nism and hydrolyze peptides using the serine protease mechanism.
Chymotrypsin and elastase are both homologs of trypsin since they
are 40% alike in structure and composition. These proteases are ubiquitous and have great importance due to a wide range of industrial
applications1. Thus, an attempt has been made to carry out a pilot
study on protease, trypsin which has not been profoundly investigated till now.
Catalysis is a crucial phenomenon significant in everyday life as well
as scientific research. Enzymes or biocatalysts can be both proteinaceous and non proteinaceous which in active state enhance the rate
of a reaction to many folds.
Proteases, also known as peptidases or proteinases are systematic
enzymes whose catalytic function is to perform proteolysis, i.e., hydrolysis of peptide bonds that link amino acids together in the
polypeptide chain which make up proteins. These can be obtained
from varied sources like plants, animals and microbes, where aquatic
sources have been relatively less explored. They are amongst the
most eminent enzymes used in the world today for various industrial
purposes. Proteolytic enzymes are very important in digestion as
they breakdown the peptide bond in protein rich foods to liberate the
amino acids needed by the body. They have been used for a long time
in various forms of therapy; their use in medicine and clinical studies
is indispensable for further studies in enzyme therapy. They have
multiple industrial applications such as in detergents, food, and pharmaceuticals etc.31.
All proteases have an active regulatory mechanism where their inactive state or zymogen is cleaved by other protein molecules, sometimes of the same type to get activated. Some of them like serine
proteases are more active post autolysis. The serine proteases are a
family of enzymes that cut certain peptide bonds in other proteins.
This activity depends on a set of amino acid residues in the active
site of the enzymes, one of which is always serine. In mammals, serine
proteases perform many functions especially in digestion and blood
clotting. Trypsinogen is the precursor form or zymogen of trypsin
and is secreted in the lysosome of the cell. The zymogen precursor is
necessary in order to prevent the destruction of cellular proteins and
to allow the enzyme to be in its active state only when in appropriate
conditions.
The use of hydrolytic enzymes such as protease, lipase and amylase
in the industrial enzyme market is growing steadily due to their excellent specificity, being atom economic, mild reaction conditions, energy saving process and simplicity32, 33. Proteases alone account for
about 50% of the total sale of the enzymes in the world. Trypsin is
one such protease, structural stability of which in presence of
osmolytes we have tried to elucidate.
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TRYPSIN AND ITS IMPORTANCE
Trypsin [EC 3.4.21.4], an autocatalytic enzyme, belongs to a class of
serine proteases, found in the digestive system of many vertebrates,
where it cleaves peptide chains mainly at the carboxyl side of the
amino acids lysine or arginine, except when either is followed by
proline34. This specificity is driven by the residue which lies at the
base of the enzyme’s S1 pocket, generally a negatively
charged Aspartic acid or Glutamic acid. It is a medium sized globular
protein of molecular weight 24 kDa, consisting of 223 amino acid
residues and has high stability and catalytic activity. Hence, it plays
a pivotal role in the process of digestion. It is composed of 13 betastrands, six of which form a beta-barrel structure. There are four regions of alpha-helix, and six disulfide bridges. In the duodenum, it
catalyzes the hydrolysis of peptide bonds, which is a necessary step
in protein absorption as proteins are generally too large to be absorbed through the lining of small intestine. Trypsin is synthesized in
the pyloric caecum as an inactive precursor trypsinogen, which is
secreted into the intestinal lumen and activated by enteroproteases35.
It has an optimal pH of 7.5-8.5 and an optimal temperature of 37°C.
Trypsin breaks down peptides by catalytic mechanism common to all
serine proteases. The active site where this mechanism occurs in
trypsin is composed of three amino acids and is known as a catalytic
triad. The three catalytic residues are Serine 195, Histidine 57, and
Aspartate 102. In this mechanism, serine is bonded to the imidazole
ring of histidine. When histidine accepts a proton from serine an
alkoxide nucleophile is formed. This nucleophile attacks the substrate when present. The role of the Aspartate residue is to hold
Histidine in proper position to make it a good proton acceptor. The
three residues function to hold each other in the proper positions in
the pocket formed for nucleophilic attack. The steps of the mechanism involve two tetrahedral intermediates and an acyl-enzyme intermediate. A motif is formed in this reaction known as an oxyanion hole.
This oxyanion hole is specifically formed between the amide hydrogen atoms of Serine 195 and Glycine 193. This oxyanion hole stabilizes the tetrahedral intermediate through the distribution of negative
charge to the cleaved amide1.
Trypsin is the most discriminating of all proteolytic enzymes in terms
of restricted number of chemical bonds that it attacks. Good use of
this fact has been made by chemists to determine the amino acid
sequence of proteins. The isolation and purification of trypsin has
been done for various species, including fishes and carps. Fish viscera in particular, contain a rich source of digestive proteases which
accounts for 5% of the total mass36.
Partially purified preparations of trypsin are used in meat tenderizing,

leather industry, cell culture industry and in proteinaceous preparation of immunoglobin fragments37. Due to its powerful proteolytic
function and specificity, trypsin has a wide range of applications as
in the manufacturing of insulin, production of recombinant proteins
for clinical use, in wound care market and as an oral treatment for
inflammatory edema, haematoma etc.38. Other applications include its
use in pre-digestion of baby food, fingerprinting and sequencing
work, and environmental monitoring.
Trypsin has been isolated from a number of animal sources including
bovine, porcine, ovine, goat, mouse, whale, elephant, seal, African
lung fish, cat, turkey, fish and human38. Among all trypsins, fish
trypsins are of great interest as they exhibit high catalytic activity at
low temperatures, making them very suitable for food processing and
biotechnological applications39.
INFLUENCE OF OSMOLYTES AND DENATURANTS ON
TRYPSIN BY USING ENZYME KINETICS AND SPECTROSCOPIC METHODS
Protein folding is an extremely complex process and extensive research is being conducted for elucidation of new methods to study
this mechanism at molecular and atomic levels. Experimentally, the
degree of folding is generally measured by tracking some spectroscopic proxy, such as intrinsic fluorescence or ellipticity as measured
by circular dichroism. Thus, our objective is to assess parameters like
specific activity, UV-Vis & fluorescence spectroscopy and CD analysis in both osmolytes and denaturants for complete understanding of
protein folding/unfolding and investigation of its structure and function.
Awanish et al. analysed the stability of alpha chymotrypsin, protease similar to trypsin in different solvents using the above stated
spectroscopic methods40. Raj Kumar and co-workers also performed
these methods for a comparative study between trypsin and chymotrypsin41-43.
Stability studies of trypsin have not been explored to its potential
and there is a paucity of information available on this subject. Therefore, we have tried to probe the same through our studies using the
following parameters.
A) Enzyme Kinetics
The initial velocity of trypsin activity in the presence of selected
osmolyte solutions was determined from the slope of the first order
reaction velocity in the linear range of the hyperbolic curve of the
reaction. The change in absorbance was assessed on Varian Cary
UV–Vis spectrophotometer under kinetic mode for 3 minutes at 410
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nm by measuring the production of p-nitroanilide using L-BAPNA
(N-Benzoyl-DL-arginine-4-nitroanilide hydrochloride) of SigmaAldrich Corporation, St. Louis, MO, USA as the substrate44. Further,
we also calculated the specific activity of the respective osmolyte
solutions which determines the amount of product formed by
an enzyme in a given amount of time under given conditions, per
milligram of total protein and gives a measurement of the enzyme
purity33.

others. This shows that trypsin activity is not significantly enhanced
by rest of the osmolytes.

Pankaj Attri along with co-workers measured the activity of CT (Chymotrypsin) by the method of Erlanger et al. using SAPNA in 50 mM
Tris-HCl, pH 8.2 having 20 mM CaCl2 as a substrate solution44, 45.
Chymotrypsin activity units were expressed as the change in absorbance per minute per milligram of protein. With reference to the data
collected by them, it was quite evident that Urea and GnHCl had zero
enzyme activity as CT was in the unfolded state. Their previous results show that, among all the osmolytes, TMAO is a powerful stabilizer and the most compatible of osmolytes, whereas the activity results reveal that Sucrose has eminent activity among the rest of the
osmolytes. This phenomenon explains that chymotrypsin activity is
not significantly enhanced by any osmolytes. The lack of change in
CT activity under similar conditions indicates that osmolyte-induced
folding is not specific. Results reveal that Trehalose acted as the best
enhancer for CT stability among the set of polyols, with varying
efficacies and efficiencies. Urea and GnHCl show very low specific
activity as the protein is in unfolded state as observed by Awanish et
al.40. S. Sahu and P. Das demonstrated that inclusion of osmolytes in
assay medium significantly enhanced the activity. The stimulation
was registered to be an osmolyte concentration dependent phenomenon. Maximum stimulation was visualized in the range of 300-500
mM with sugar alcohols and between 200-300 mM with sucrose. Excesses of sucrose beyond 300 mM induced a decline in activity. While
a comparable stimulation in activity was discernible with sugar
alcohols like Sorbitol and Mannitol, a significant higher stimulation
was achieved by inclusion of sucrose in the medium46.

In case of CT, unfolding in presence of denaturants leads to exposure
of Tyr residues and thus, tyrosyl ionization as observed by Awanish
et al.40.

While in trypsin, the rate of substrate digestion is significantly increased in the presence of TMAO in the presence of 3M glycerol or
in buffer alone41.
Our results are consistent with the experimental results of TMAOinduced enzyme activity. Glycine, Sucrose and Proline showed high
activity while GnHCl and Urea showed little activity. The higher the
specific activity, more stable is folded state and vice versa. If specific
activity is more, then conformational states are not disturbed and its
active sites are not blocked as in case of Sucrose. Although Sucrose
is a weak stabilizer, it shows highest enzyme activity with respect to

B) UV Spectroscopy
Absorption emission spectra of commercially available bovine trypsin
in the presence of various osmolyte solutions were recorded using
UV Spectrophotometer (UV-1800 Shimadzu) within a range of 300400nm.

Absorbance in the visible light spectrum correlates to the stability of
proteins as it depends on the environment of the protein. Through
our pilot studies, we concluded that higher the absorbance maxima
value, higher is the stability of protein at the specific wavelength at
which a peak is recorded and vice versa. This observation is opposite
to that observed in case of fluorimetry where, the higher the recorded
intensity, lower is the stability and vice versa. Highest UV-Vis absorbance was recorded for Proline at 250 nm at lower concentration of
0.25M, suggesting it was the most stabilizing amongst all osmolytes.
Trehalose and GnHCl showed the least absorbance, showing their
effects as denaturants.
C) Fluorescence Spectroscopy
Fluorescence emission spectroscopy, a biophysical method is extensively used in research for unravelling the structural conformation
and dynamics of macromolecules like proteins. This information is
gained by studies of phenomenon that affect the excited state such
as the local environment, quenching process and energy transfer47.
The fluorescence intensity of a molecule depends on its quantum
yield, which is obtained by the ratio of emitted photons to that of
excited ones. Tryptophan and Tyrosine both act as fluorophores and
get excited at a wavelength of 280 nm, while Tryptophan alone has a
peak at 295 nm. Their fluorescence properties are sensitive to the
environment which changes when a protein folds or unfolds.
In native or folded protein, Tyr and Trp reside inside the protein core
where hydrophobic effect becomes prevalent, giving high quantum
yield. While unfolded proteins are exposed to solvents and give rise
to hydrophilic environment. One example of denaturant is GnHCl,
where all Trp residues get hydrated as a consequence of loss of
stability, increasing the fluorescence intensity by a large factor resulting in a stokes shift. There are 5 Trp and 12 Tyr residues in
trypsin, which are found throughout the molecule, and several of
them are located in the vicinity of active sites, indicating that the
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environmental changes in the Trp and Tyr residues may involve some
of the active sites. In case of chymotrypsin, there are eight Trp and
four Tyr residues, which are also spread throughout the molecule41.
As observed by Raj Kumar et al., the enzyme activity of trypsin is
significantly enhanced in TMAO compared to glycerol. A quantum
yield and blue shift in wavelength maxima was observed, suggesting
stable state in the presence of TMAO41. Pankaj Attri and co-workers
performed experiments on trypsin which show that TMAO is the
strongest stabilizer being the most effective compatible osmolyte,
whereas Sucrose is a weak stabilizer and the least protective
osmolyte44. The stabilizing effects of the four polyols on chymotrypsin in the decreasing order were seen to be as, Trehalose, Sucrose, Glycerol and Sorbitol as reported by Awanish et al.40. GnHCl
was found to be a stronger denaturant than Urea for the same. According to Venkatesu et al., the efficiency of stabilizing effects in
decreasing order follows the trend TMAO, Proline, Betaine, Sarcosine
and Sucrose48. Polyols like Glucose, Trehalose, and Glycine produced
a significant blue shift indicating increased stability as reported by
Pankaj Attri44. N. Gheibi and co-workers with their studies on mushroom tyrosinase (MT) from Agaricusbisporus showed that in the
case of Trehalose, there is a pronounced reduction in maximum emission of intrinsic fluorescence leading to higher stability49. Edward P.
O’Brien et al. performed their experiments on protein L and cold shock
protein and found that the efficiency of denaturation follows the
trend in decreasing order GnHCl, Urea and Betaine50.
Fluorescence emission spectra of commercially available Bovine
Trypsin were recorded in this study in Tris buffer, 10 mM, pH 8.0 on
Cary Eclipse Spectrofluorimeter at an excitation wavelength of 295
nm in the presence of the osmolytes Glucose, Glycine, Sucrose, Proline and Trehalose; denaturants, GnHCl and Urea at three concentrations 0.25 M, 0.5 M and 1 M. The experiments were carried out at
temperatures, 250C, 450C and 650C respectively. The results of our
experiments for enzyme trypsin were found to be in support of the
data mentioned above. Glucose, Trehalose and Proline were found to
be good stabilizers as compared to Glycine and Sucrose while GnHCl
was found to be a strong denaturant.
D) Circular Dichroism Spectroscopy
Circular dichroism (CD) spectroscopy measures the difference in the
absorbance of right- and left-circularly polarized light by a substance
and thus, is a well-known method for understanding the structure
and interaction of proteins in a solution. This phenomenon is highly
sensitive to secondary structure of proteins and can analyze the
content of alpha helix, parallel & anti- parallel beta sheets and random
coils. It spans the range from 180-250 nm wavelengths and is a widely

used technique. Changes in far UV reflect major changes in backbone
of protein. Here, absorbing group is mainly peptide bond or amide
chromophore. The tertiary conformation can also be obtained from
studying the CD spectrum in the near UV range of 250-350 nm. It can
be mainly attributed to the presence of aromatic amino acids, Tyrosine (Tyr), Tryptophan (Trp) and Phenylalanine (Phe) and disulphide
bonds between Cysteine residues. The major bands of Trp are located in the 290-305 nm region while that of Tyr in the 275-282 nm
region. The bands for Phe lies in the range of 255-270 nm but are
generally so weak that they go unnoticed as trypsin belongs to family of globular proteins having a low content of aromatic residues.
The near UV absorbance of disulphide bond occurs near 260 nm and
is generally quite weak. However, the intensity depends on a number
of factors like dihedral angle of disulphide bond51.
There is a paucity of data available for the review of this technique for
enzyme trypsin. So, in this study, we have tried to correlate the data
available for other similar enzymes with that of trypsin.
Studies carried out by Mohammed Suleiman Zaroog and co-workers
on the effect of various polyols on the native and thermal denatured
state of Glucoamylase (GA) revealed that the far UV CD spectrum of
the thermally denaturated state of GA showed ~48% loss in the mean
residue ellipticity at 222 nm value compared to the native GA, along
with a shift in the CD spectral signals, suggesting denaturation of GA
at high temperature as observed with other proteins. Addition of
Glucose or Trehalose to the Thermal Denatured state of GA markedly
increased the MRE222 nm value by ~110% and ~91%, respectively,
showing a significant reversal in the CD spectral characteristics close
to the native GA. Glycine was able to induce ~22% regain in this
value52. Quantitatively, various polyols showed the increase in order
of effectiveness directing GA to adopt a more stable conformation.
As observed by Awanish Kumar et al., in their studies on chymotrypsin, polyols are found to be excellent protein stabilizers. These
may include Glycerol, Erythritol, Xylitol, Sorbitol, Sucrose, and Trehalose. The efficiency of stabilizing effects follows the trend, TMAO,
Proline, Betaine, Sarcosine and Sucrose in increasing order as per
their analysis40. Pankaj Attri et al. showed that the far CD spectrum of
Chymotrypsin (CT) in buffer has no positive band, whereas TMAO
and Sarcosine showed a positive band. Proline and Betaine have also
very high positive absorption. TMAO, Betaine, Sarcosine, and Sucrose show clear improvement in the ß-structure estimated using
K2D2 software. They further concluded that apart from far UV, near
UV also depicted some changes though not significant. The near-UV
CD spectra of CT shows small differences in intensity obtained for
Trehalose, Sorbitol, Glycerol, and Sucrose in between 280 and 300 nm
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which could again be attributed to a compact conformation. On the
contrary, the drop-off ß-structure in denaturants vividly demonstrated
the ability of Urea and GnHCl to ruin the compact and flexible native
conformation of CT44.
Pincock and co-workers proposed that a major factor involved in the
denaturation of protein is the “concentration effect.” It is evident
that with an increase in the concentration of Urea, the denaturation
extent of the molecule is gradually increased. On adding denaturants
such as GnHCl to the solution of the enzyme, the band obtained at
230 nm becomes less negative53. Studies show that GnHCl is a stronger denaturant than Urea40. The interaction of Proline with Bovine
liver catalase increased the percentage of α-helices the most, followed by Xylitol and Valine, whereas the noncompatible Histidine
destabilized the macromolecular structure which was eminent from
the decrease in the α-helical content, as a registered benchmark for
the destabilization54.
The present CD spectroscopic studies conducted on a JASCO J-815
spectrophotometer with osmolytes prepared in Tris buffer, 10 mM,
and pH 8.0 at concentrations, 0.25 M, 0.5 M and 1 M. Trypsin concentration was taken as 1 mg/ml. Samples were scanned at room temperature in the far UV range (180-250 nm) using a 0.1 cm path length
cuvette. The alpha and beta secondary structures were calculated
using K2D2 software. The results obtained from our data were found
to be consistent with the trends observed in other similar proteases
as stated above. Trehalose shows a dramatic enhancement in tertiary
structure at 1 M concentration, while in the rest of the polyols, the
update of the tertiary structure was not too high. However a slight
increase in structural stability was observed in the case of Glycerol at
1M concentration.
CONCLUDING REMARKS
From our pilot study, we conclude that the presence of co solvents in
the form of osmolytes and denaturants play a pivotal role in determining the stability status of a protein molecule like trypsin present with
the myriad other components in a cell. Osmolytes like polyols,
trimethylamines and amino acids act as stabilizers preventing the cell
from unfavourable conditions like desiccation, stress, high temperature, extreme pressure and presence of other chaotropic agents. Denaturants like GnHCl and Urea act as strong destabilisers. Proteins
are surrounded by an aqueous medium and the interplay of varied
molecular interactions like hydrophobicity, solvophobic effect, preferential hydration and preferential exclusion with solvents influence
their conformational dynamics profoundly. Concentration of co-solvents plays a critical role in determining the extent of folding and
unfolding of a protein molecule. Spectroscopic techniques such as

UV-Vis spectroscopy, fluorescence emission spectroscopy and circular dichroism spectroscopy act as great proxy for probing the structural changes in a macromolecule like protein. To conclude, trypsin is
an important protein from the perspective of great industrial applications and hence more emphasis on studies to purify it and to maintain
its structural stability in vitro is required.
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