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Ongoing Research Work

Hemoglobin variants isolated from the blood samples of B-thalassemic patients

Hemoglobin A, (020;) is a naturally occurring hemoglobin, expressed at low
concentration (~2-3%) in normal individuals but with exceptionally high level in patients having
B-thalassemia, for whom it is used as a diagnostic. Thalassemias, the most common inherited
genetic disorder of blood, are characterized by the absence or reduced production of globin
chains, resulting in a microcytic anemia of varying degree. In [3-thalassemia major, though there
is a complete failure of (3 chain production, the a chain production continues at a near normal
rate, and it stimulates the production of d and y chains. The & and y chains thus expressed,
combine with a chains to raise the level of hemoglobin A, (HbA;) and hemoglobin F (HbF).
HbF has a very high affinity for oxygen and is a poor oxygen deliverer'. Hence, the predominant
functional hemoglobin present in the patients of 3-thalassemia major is HbA,.

The & chain of HbA, differs from the B chain of adult hemoglobin (HbA) at ten sites® in
the amino acid sequence. The oxygen binding property of HbA, was a matter of dispute® * but it
has been shown that recombinant HbA; has a higher oxygen affinity than HbA and its response

to the allosteric regulators like 2, 3-diphosphoglycerate is lower than the corresponding



properties for the adult Hemoglobins®. Apart from this, HbA, could potentially be used for
genetic manipulation in the treatment of patients with sickle cell anemia as it has a considerable
inhibitory property towards the polymerization of sickle cell hemoglobin (HbS).

[B-thalassemia, when combined with splice site mutations, causes severe clinical
consequences®. HbE is a very common abnormal hemoglobin, caused by splice site mutation,
with a single (3 chain substitution (GAG - AAG) where Glutamic acid is replaced by Lysine at
26™ position (E26K)°. Heterozygous HbE (Hb AE) and homozygous HbE (Hb EE) are both
benign disorder with mild microcytic anemia, but the offspring who coinherit hemoglobin E and
[3 thalassemia have a more severe microcytic anemia. Hence to explore the roles of HbA, and
HDbE in (3 thalassemias at the atomic level, we undertook a project that included the purification,
crystallization and three dimensional structural studies of these important hemoglobin variants.

Purification of HbA, and HbE were done by cation exchange column chromatography in
presence of KCN from the blood samples of individuals suffering from [3-thalassemia minor and
EB-thalassemia respectively. Both HbA, and HbE crystallized in space group P2;2:2; and the
asymmetric unit in each case contains one Hb tetramer in R, state. X-ray diffraction data of
HbA; and HbE were collected upto 1.85A and 1.73A respectively.

-

Molecular replacement calculations for HbA, and HbE were done using AMoRe, CCP4’
with data between 10-3.5A, using the coordinates of liganded human carbonmonoxy adult Hb (in
R2-state) as search model (PDB code 1BBB®;). A clear-cut solution was obtained for HbA, with



a correlation coefficient of 64.5% and R factor of 37.1%. Subsequent rigid body refinement
using CNS? treating each subunit as a separate rigid body, further reduced the R factor to 33.1%
(Rree=35.2%). Electron density map, calculated at this stage, showed clear side chain densities
for the ten & chain residues that differ from [ chain. For HbE, solution was obtained with
correlation coefficient of 73.1% and R-factor of 32% which, upon rigid body refinement, using
CNS, further reduced the R-factor to 31.1% (Rfee=34.2%). A composite OMIT map was
calculated at this stage which showed electron density for the side chain of K26P residue
unequivocally. Both the structures are now refined. In case of HbA,, the final R factor is 17.7 %
(Rfree=19.9 %) whereas for HbE, it is 19.1% (Rfe.=21.1%). Currently we are analysing the

structures.
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The ervatamins : cysteine proteases from Ervatamia coronaria

Papain-like cysteine protease is the class of enzymes whose proteolytic activity is
characterized by the presence of a catalytic diad of cysteine and histidine. The members of the
papain-like cysteine protease family share similar amino acid sequences and a charecteristic
overall fold *. A number of papain-like cysteine proteases, ervatamins, have been isolated **
from the latex of the medicinal plant Ervatamia coronaria. Ervatamins exhibit some novel
properties that are distinctly different from papain and the other members of the family and these
enzymes also differ among themselves in many respects. Relatively higher stability of
ervatamins to pH, chemical denaturants, temperature and organic solvents and differential
specificity towards various synthetic substrates make them excellent candidates to provide better
insights into the structure function relationship of the cysteine proteases in general.

The crystal structures of two stable ervatamins, ervatamin B and ervatamin C, were
solved at 1.63* and 1.9A resolution respectively. The two proteases share the same overall fold
observed in the papain family of cysteine proteases. The active site is in a cleft at the interface
between the two domains. The left or the L-domain is mainly made up of a-helices and the right
or the R-domain has mainly an anti-parallel 3-sheet structure. The N-terminus crosses over from
the right to the left domain, and the C-terminus from the left to the right, strapping the two
domains tightly together.



Aot gite

For both the proteins, only 21 N-terminal amino acid residues were known to us, and the
full primary sequence could be determined from the well developed electron density map. Some
important substitutions of conserved residues at both the left and the right domains and also at
the region of the interdomain cleft in comparison to other members of the papain family were
observed. The increase in the number of hydrogen bonds due to these substitutions seems to be
responsible for their higher thermal stability. Moreover, in ervatamin C, a unique fourth
disulphide bond, present in the right domain in addition to the other three conserved disulphide
bridges, coupled with a low gap volume, high aliphatic index and low instability index make it
more stable than ervatamin B and others.

Another important feature observed in the ervatamins is their altered substrate specificity
caused by natural substitutions of amino acid residues at the active site compared to other
members of the family. In ervatamin B* these substitutions reduce the volume of the S2 subsite,
thereby changing its substrate specificity. This is in accordance with the biochemical observation
that though it can accommodate smaller side chains like alanine, upto leucine, it is too shallow
for bulkier ones. In ervatamin C, unique natural substitutions at the active site cleft alters its
substrate specificity towards polypeptide substrates by eliminating sufficient hydrophobic
interactions at the S3-P3 site. Molecular modelling studies with a protein inhibitor docked at the
active site region reveals that these substitutions do not affect the binding of a natural protein
substrate to the enzyme significantly, as there exist a number of other non specific interactions at
the enzyme-substrate interface.
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Hen Serum Transferrins

Transferrins, the major proteins involved in iron regulation and transport in vertebrates
and some invertebrates, are mainly subdivided into two branches, soluble glycoproteins and
membrane melanotransferrin. The soluble glycoproteins include serum transferrin found in
blood, ovotransferrin found in avian egg white, and lactoferrin found in numerous extracellular
fluids and in the specific granules of polymorphonuclear lymphocytes. These proteins are
monomeric glycoproteins with a molecular weight of ~80kDa, organized as two terminal lobes
(N- and C-). The two lobes, endowed with high degree of similarity, arose from gene duplication
and are further divided into two similar sized domains, NI & NIl in the N-lobe and CI & Cll in
the C-lobe. Each lobe contains an iron binding cleft in which Fe** is coordinated to two tyrosine
residues, one histidine residue, one aspartate residue and a synergistic bicarbonate or carbonate
adjacent to an arginine. The two domains of each transferrin are believed to open to allow the
entry or release of Fe*. Serum transferrins transport iron from the blood stream to the cytosol in
a pH dependent manner by receptor-mediated endocytosis. Both the avian transferrins, ovo and

serum, have the same amino acid sequence, and differ only in their attached carbohydrate



moiety’. On the contrary, the sequence identity between hen serum transferrin and other
mammalian serum transferrins e.g. rabbit and porcine, is only 51%. Although all cell binding
studies®® have utilized ovotransferrin with the assumption that it is identical to its serum
counterpart an in vivo iron-transport function characteristic of serum transferrin has not been
proved for hen ovotransferrin (hOT) *.

We have isolated, purified and determined the three dimensional structure of hen serum
transferrin in its diferric form (hST) by X-ray crystallography at 2.8A resolution. The structure
has been compared with the three dimensional structure hOT>, and also with structures of some

other transferrins viz. rabbit serum transferrin (rST) and human lactoferrin (hLF). The overall
conformation of the hST molecule is essentially the same as that of other transferrins. However,
the relative orientation of the two lobes, which is related to the species-specific receptor
recognition property of transferrins, has been found to be different in hST from that of hOT, rST
and hLF. A number of additional hydrogen bonds between the two domains in the N- and C-
lobes have been identified in the structure of hST compared to hOT, which indicate more
compactness of the lobes of hST than hOT. The nature of interdomain interactions of hST are
observed to be more closer to rST rather than hOT. A putative carbohydrate-binding site has
been identified in the N-lobe of hST at Asn52 and a fucose molecule could be modeled at the

site.



We are also in the process of solving the three dimensional strucuture of iron-free (apo-)
form of hen serum transferrin at 3.45A. This will be the first structure to date of any intact

molecule of apo- serum transferrin.
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Winged Bean Chymotrypsin Inhibitor protein

a) In-silico mutations and molecular dynamics studies

The Winged bean Chymotrypsin Inhibitor protein, WCI, belongs to the Kunitz (STI)
family of serine protease inhibitors and inhibits a-chymotrypsin in a 1:2 molar ratio*. The single
polypeptide chain of WCI (183 amino acid residues, M,=20.2 kDa) has a characteristic [3-trefoil
fold (Figure 1) and two reactive sites, GIn63-Phe68 and Asn38-Leu43 (designated as “first” and
‘second’ site respectively) are situated on surface exposed loops®. The scaffolding residue
Asnl4, conserved in the Kunitz (STI) family, intrudes into the first reactive site loop and forms

hydrogen bonding interactions with the loop residues. To understand the contribution of this



scaffolding residue on the stability of the reactive site loop, Asn14 in WCI was mutated to Lys
(N14K) and Asp (N14D) for X-ray structural studies. The crystal structure analysis of these
mutants (N14K at 2.05A and N14D at 1.9 A resolution) showed no major alteration in the
reactive site loop conformation which was reflected in a minor difference in dissociation
constants (rWCI 1.14x10° M, N14K 2.4x10° M, N14D 2.58x10° M)*. So we felt the necessity
of replacing this residue with few other amino acids having different sizes and charges, which is
likely to throw more light on the electrostatic nature of the loop. Accordingly we decided to
mutate it in-silico to Gly, Ala, Ser, Thr, Leu and Val with an idea to run molecular dynamics
simulations on the mutants using DISCOVER-I11I module of Insight-I1.

The simulated structures of the mutants were then analyzed in terms of hydrogen bonding
interactions, dihedral angles and water-orientation in the loop region. In each case, we collected
twenty snapshots from the trajectories of the last 100ps production run. Then we docked each
snapshot at the active site groove of Chymotrypsin, using the program MULTIDOCK?, to
quantify the deviations in the canonical conformation in terms of the interaction energy and
occurrence of standard hydrogen bonding interactions at P3, P1 and P2" positions as seen in the
serine protease-protease inhibitor complexes.

Results of the MD simulations revealed the conformational variability and range of
motions possible for the reactive site loop of different mutants. The N-terminus side of the
scissile bond, which is close to a [3-barrel, is conformationally less variable, while the C-terminus
side, which is relatively far from any such secondary structural element, is more variable and
needs stability through hydrogen bonding interactions. Moreover, results of the MD simulations
coupled with docking studies showed that the hydrophobic residues like Leu and Val at the 14™



position are disruptive for the integrity of the reactive site loop whereas residue like Thr, that can
stabilize the C-terminus side of the scissile bond, can be predicted at this position. However, the
size and charge of an Asn residue made it most suitable for the best maintenance of the integrity

of the reactive site loop explaining its conserved nature in the family.
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b) Cloning expression and purification of some mutants

To explore the effect of Asnl4 in the loop stability of WCI, we felt the necessity of
making some more mutations at this site. With this objective, three mutant inserts N14G, N14T
and first 14-deletion were prepared through PCR based site directed mutagenesis and were
cloned in pGEM-T vector (T/A cloning vector, having M13 primer site) using JM109 competent
cells. Desired clones were selected through blue-white screening using IPTG and X-gal in
presence of Ampicillin and the mutations were confirmed by DNA sequencing. For bacterial
overexpression, the gene of N14T mutant was subcloned in pET28a+, a vector containing a N-
terminal His tag/Thrombin/T7-tag just before multiple cloning sites. The mutant protein N14T
was then expressed in BL21 bacterial cell using IPTG up to a final concentration of 0.1mM at
ODgqo 0f 0.5.



After initial purification of the protein, using Ni-NTA column, the N-terminal tag was
cleaved by Thrombin. This mutant protein N14T was further purified from the
contaminants/Thrombin/His-tag using G-75 gel filtration chromatography column which showed
a single band in SDS-PAGE.

The mutant protein N14T was checked for its inhibitory activity against Chymotrypsin.
Supporting the results of MD simulation®, N14T formed 1:2 complex with Chymotrypsin. The

expression, purification and assay of other mutants are underway.
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