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ABSTRACT

Methemoglobinemia is type of disease caused due to methemoglobin. Methemoglobin is type of hemoglobin in
which the iron heme3+is present instead of fe?". Normally methemoglobin is present in every living cell, but if it
is present in large amount then it will responsible for causing disease. Acquired methemoglobinemia known as
acute methemoglobinemia caused by exposure of medicines, chemicals, foods. People suffering from genetic
form have higher chances of developing acquired type. Most cases of acquired methemoglobinemia result from
exposure to certain drugs or toxins. In the present study we have used different /nsilico tools and techniques
which are includes retrieval of NADH-cytochrome b5 reductase 3protein sequence from the UniProt KB
database and physicochemical parameter analyzed by using Protoparam tool. In that Leucine had a maximum
amino acid composition. The structure of a protein has a very important role in its function. The secondary
structure was predicted by using SOPMA tool which indicated that the percentage of Random coils was higher
than the percentage of alpha helix and extended strand. Then the 3D structure of b5 reductase 3 was predicted
by using SWISS MODEL server and the model was validated by using PROCHECK analysis after validation of
the model, the validation score was 94.7%.
Keywords : Methemoglobinemia, /nsilico, reductase, Nitrate, Random Coil, secondary structure.

I. INTRODUCTION its original ferrous state. Any drug that interferes

with these mechanisms can lead to

Methemoglobin lacks the electron that is needed to Methemoglobinemia [1]. Acquired

form a bond with oxygen and thus is incapable of
oxygen transport. The low level of methemoglobin is
maintained through 2 important mechanisms. The
first is the hexose-monophosphate shunt pathway
within the erythrocyte. Through this pathway,
oxidizing agents are reduced by glutathione. The
second and more important mechanism involves 2
enzyme systems, diaphorase I and diaphorase II, and
requires nicotinamide adenine dinucleotide (NADH)
and nicotinamide adenine dinucleotide phosphate

(NADPH), respectively, to reduce methemoglobin to
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Methemoglobinemia incidence may be much higher
than is documented. Often, this is associated with the
use of or exposure to oxidant drugs, chemicals, or
toxins, including dapsone, local anesthetic agents, and
nitroglycerin [2]. On the other hand, evaluating all
the signs and symptoms together with laboratory
results is important in diagnosis of rare diseases such
as methemoglobinemia. The disease is caused by
mutations affecting the gene represented in this entry.
Disease description a form of methemoglobinemia, a

hematologic disease characterized by the presence of
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excessive amounts of methemoglobin in blood cells,
resulting in decreased oxygen carrying capacity of the
blood, cyanosis and hypoxia. There are two types of
methemoglobinemia CYB5R3-related. In type 1, the
defect affects the soluble form of the enzyme, is
restricted to red blood cells, and causes well-tolerated
methemoglobinemia. In type 2, the defect affects both
the soluble and microsomal forms of the enzyme and
is thus generalized, affecting red cells, leukocytes and

all body tissues. Type 2 methemoglobinemia is

associated with mental deficiency and other
neurologic symptoms. The enzymatic type of
methemoglobinemia has unprecedentedly high

frequency in the Athabaskan Indians (Eskimos) of
Alaska observed CYB5R3 deficiency in Navajo
Indians. Since the Navajo Indians and the Athabaskan
Indians of Alaska are the same linguistic stock, the
finding may illustrate the usefulness of rare recessive
genes in tracing relationships of ethnic groups [4].
Methemoglobinemia, although not usually considered
an inborn error of metabolism in the strict garrodian
sense, was the first hereditary trait in which a specific
identified [5].

Methemoglobinemia is a life-threatening condition

enzyme deficiency was
whose symptoms worsen as the MetHb level increases,
with a high occurrence of mortality being observed at
MetHb levels above 70% [6]. The first step includes
retrieval of NADH-cytochrome b5 reductase 3
protein sequence from UniProtKB database. The
physiochemical properties were analyzed by using
ProtParam tool and the secondary structure was
predicted by using SOPMA secondary structure
prediction tool. Later the 3D structure was predicted
by using SWISS-MODEL server and the model was
validated by using PROCHECK method.
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II. MATERIAL AND METHODS

1. Retrieval of Protein Sequence

The protein sequence of NADH-cytochrome b5
reductase 3 proteins was retrieved from UniProtKB
protein database and saved in FASTA file format.
UniProtKB is a protein sequence database which is
freely accessible to the public and it contains the

amino acid sequences of proteins [7].

2. Physicochemical properties analysis
The NADH-
cytochrome b5 reductase 3 proteins were analyzed by

The

calculates parameters such as amino acid composition,

physicochemical properties of

ProtParam analysis tool. ProtParam tool
molecular weight theoretical pl, instability index,
aliphatic index and grand average of hydropathicity

(GRAVY) [8].

3. Secondary Structure prediction and analysis

The secondary structure was predicted by SOPMA
(Self- Optimized Prediction Method with Alignment)
method. It was employed for -calculating the
of NADH-cytochrome b5

reductase 3 proteins. The SOPMA method correctly

secondary structural

predicts the secondary structure o-helix, f-sheet and
coil [9].

4. Homology Modeling and Model Validation The of
NADH-cytochrome b5 reductase 3 sequence was used
for comparative homology modeling using SWISS
MODEL server. SWISS-MODEL is a fully automated
protein structure homology modeling server to make
the protein models accessible to all biotechnologist
[10]. After modeling, to check the quality and
validation of the model was
PROCHECK Ramchandran plot
PDBsum server [11].

carried out by

method using
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5. Identification of Domain function and analysis
Identification of domain and its biological function of

NADH-cytochrome b5 reductase 3 proteins were

determined from Pfam domain identification database.

The Pfam database is a large collection of protein
families, each represented by multiple sequence
alignments and hidden Markov models (HMMs) [12]

III. RESULTS AND DISCUSSION

1. Retrieval of NADH-cytochrome b5 reductase 3

protein

The protein sequence of NADH-cytochrome b5
reductase 3 proteins was retrieved from UniProt KB
database and the sequence was saved in FASTA file
format in notepad. The protein name, organism name,
UniProt KB ID and sequence length were shown in
table 1.

Table.1 Retrieval of sequence

Protein | Organism ) Sequence
UniprotKB Id
Name Name length
NADH-
hrom H
Cytochrome 01'710 P00387 301
b5 sapiens
reductase 3

2. Physicochemical analysis of Protein

The physicochemical properties were analyzed by
using ProtParam tool and the results were enlisted in
table 2. As per the table, the NADH-cytochrome b5
reductase 3 is unstable and basic in nature. The total
number of positively charged residues (Arg+Lys) and
negatively charged residues (Asp+Glu) are same in

number as shown in Table.2.

Table. 2. Physicochemical parameters of NADH-

cytochrome b5 reductase 3

Parameters Values
Total No. of Amino acids 301
Molecular weight A28
Theoretical pl 7.18
UniprotKB ID P00387
The number of positive amino acids -
(Arg+Lys)

The number of negative amino ”
acids (Asp+Glu)

Extinction coefficient o
Aliphatic index 7196
GRAVY -0.190

3. Secondary Structure Prediction

The secondary structure was predicted by using
SOPMA method. The secondary structure elements
like alpha helix, beta sheets, extended strand and
random coils were enlisted in Table 3. From the table,
the percentage of coils in NADH-cytochrome b5
reductase 3 proteins was higher than the percentage

of alpha helix and extended strand.

Table. 3 Secondary Structure Prediction

Secondary Number of Percentage
Structure residues

Elements

Alpha helix 73 24.25%
Extended 75 24.92%
Strand

Beta turn 21 6.98%
Random coil 132 43.85%
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4. Homology Modeling and Model Validation

The 3D structure of NADH-cytochrome b5 reductase
3 proteins was predicted by the SWISS Model server.
The NADH-cytochrome b5

reductase 3 proteins were selected as template for

sequence template
prediction of homology modelling. The quality and
validation of the model was carried out by
Ramchandran plot analysis using PDBsum server.
the

percentage of favored region is 94.7% which was

Ramchandran plot analysis showed that
higher than the percentage of additional allowed
region it’s conclude that the predicted model was
reliable and good quality shown in Fig.l. Further
in RasMol visualization

model was visualized

software package as shown in figure2.

Ramachandran Plot

Fig.2. Visulatization of Predicted 3D structure by
RasMol
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5. Identification of Domain function and analysis

The Protein domain and protein family analysis of
NADH-cytochrome b5 reductase 3 proteins by Pfam
database. The domain of NADH-cytochrome b5
reductase 3 proteins and its sequence length was

shown in Fig. 3.

Pfam domains

This image shows the arrangement of the Pfam domains that we found on this sequence. Clicking on a domain will
daries for each of the domains. More...

below gives the domain boundat

Download the data used to generate the domain graphic in JSON format.

transmeml| brane 6 23
_binding_6 44 151
NAD_binding_1 177 285
219 220
257 260
262 268

Fig. 3. Domain identification with its sequence length

IV. CONCLUSIONS

The present preliminary investigation mainly leads to
understand the basic primary, secondary structure
and tertiary structure of NADH-cytochrome b5
reductase 3 proteins In-silico tools and techniques.
The NADH-cytochrome b5 reductase 3 proteins were
retrieved from UniprotKB database and it is having
length of 301. The primary protein sequence analysis
carried out using protparam tool and it retrieval that
having a Molecular weight - 34234.86 Da, Theoretical
pl - 7.18, The number of positive amino acids (Arg +
Lys): 34, The number of negative amino acids (Asp +
Glu): 34 respectively. Aliphatic index: 91.96, GRAVY:
-0.180. the NADH-
cytochrome b5 reductase 3 proteins was predicted by
SOMPA having alpha helix-73, beta turns 21,
extended strands 42; random coils 87 so protein was
highly stable. The Modelling of 3D structure of
NADH-cytochrome b5 reductase 3 proteins was build

Secondary structure of

by Swiss model 2xfc. Structure was validated using
PROCHECK having model quality was 94.7%. This
present study put molecular insight into the further

studies to find the structural and functional properties
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of these NADH-cytochrome b5 reductase 3 proteins
to find or design the novel antiviral drugs of
Chikungunya virus by Structure based drug design
approach.
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