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Abstract: Antithrombin is a glycoprotein produced by the liver that inactivates several
enzymes of the coagulation system. Antithrombin is also termed Antithrombin Il (AT Ill) and
is produced by At3 gene in human beings. The insilico study of At3 gene with genomic and
proteomic tools clears that, the At3 gene is pyramidine rich with 14206 bases and 4312931
Daltons (ssDNA) of molecular weight. Primary structure of corresponding Antithrombin Il is
slightly acidic, stable protein with the instability index of 39.48. Secondary structure defines
that it mainly contains the random coils, alpha helix and beta sheets. The gene contains both
left & right primers, a hybridization probe and several restriction sites for restriction
enzymes. The protein has 28 phosphorylation sites (Serine, Threonine & Tyrosine) along with
four N-Glycosylation sites.
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INTRODUCTION
Antithrombin 1l (AT Ill) which is also known as Antithrombin is a protein molecule

inactivating several enzymes of the coagulation system in Homo sapiens. a-Antithrombin is
the dominant form of antithrombin found in blood plasma and has an oligosaccharide
occupying each of its four glycosylation sites. A single glycosylation site remains consistently
un-occupied in the minor form of antithrombin, B-antithrombin [1]. Its activity is increased
manyfold by the anticoagulant drug heparin, which enhances the binding of antithrombin to
factor Il and factor X. Antithrombin has a half-life in blood plasma of around 3 days [2]. The
normal antithrombin concentration in human blood plasma is high at approximately
0.12 mg/ml, which is equivalent to a molar concentration of 2.3 uM [3]. Antithrombin has
been isolated from the plasma of a large number of species additional to humans [4].
Recombinant antithrombins with properties similar to those of normal human antithrombin
have been produced using baculovirus-infected insect cells and mammalian cell lines grown
in cell culture [5,6,7,8]. Antithrombin begins in its native state, which has a higher free
energy compared to the latent state, which it decays to on average after 3 days. The latent
state has the same form as the activated state - that is, when it is inhibiting thrombin. As
such it is a classic example of the utility of kinetic vs thermodynamic control of protein
folding. Antithrombin is used as a protein therapeutic that can be purified from human
plasma [9] or produced recombinantly (for example, Atryn, which is produced in the milk of
goats) [10,11]. Antithrombin is approved by the FDA as an anticoagulant for the prevention
of clots before, during, or after surgery or birthing in patients with hereditary antithrombin
deficiency [9,11]. Native antithrombin can be converted to latent antithrombin (L-
antithrombin) by heating alone or heating in the presence of citrate [12,13]. However,
without extreme heating and at 37°C (body temperature) 10% of all antithrombin circulating

in the blood is converted to the L-antithrombin over a 24 hour period [14,15].
METHODOLOGY

Many number of genomic & proteomic offline and online tools were used to explore the At3
gene. The nucleic acid sequence of Ayt3 gene of Homo sapiens was retrieved from NCBI
(gi|28906|emb |X68793.1]). Genomic studies were carried out by Bioedit, ORF finder,

Primer 3.0 and Genscan followed by proteomic studies to predict primary structure with
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Bioedit, Protparam then secondary structure was predicted by GOR4 [16]. Post translational
modifications are studied with NetOGlyc, NetNGlyc and NetPhos 2.0 tools.

RESULTS AND DISCUSSION

GENOMICS

Bioedit

DNA molecule: gi| 28906 |emb|X68793.1| H.sapiens gene for antithrombin IlI

Length = 14206 base pairs

Molecular Weight = 4312931.00 Daltons, single stranded

Molecular Weight = 8626547.00 Daltons, double stranded

G+C content = 46.14% A+T content = 53.86%
Nucleotide = Number Mol%

A 3715 26.15

C 3338 23.50

G 3217 22.65

T 3936 27.71

Hucleotide Composition
qi[28908]emb|X68793. 1| H.sapiens gene for antithrombin I

Figure 1 : Nucleotide composition of At3 gene
Nucleotide composition of At3 gene from H.sapiens has been predicted by Bioedit & the
results reveals that the sequence is pyramidine rich with the molecular weight of more than
4312931Da (ssDNA) containing 14206 base pairs. The CG & AT content was found to be
46.14% and 53.86% respectively. The gene has a total of 89 unique restriction sites specific
for the restriction enzymes (W.R.To Bangalore Genei)

ORF Finder
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Open Reading Frame Finder predicts the presence of the possible protein coding region

sequence.
1. It was identified that At3 gene codes for 69 exons present in both the + and —
strands.
2. The largest protein-coding region (exon) was identified in the 2" frame of the direct
strand from the position 3047 to 3460 of length 414 bases.
Primer 3.0

PRIMER PICKING RESULTS FOR gi| 28906 |emb|X68793.1| H.sapiens gene for antithrombin

OLIGO start  len tm g% any 3" seq

LEFT PRIMER 2797 20 59.97 50.00 4.00 2.00 GCCCCTGTACTTGGTTCAAA
RIGHT PRIMER 2975 20 59.99 45.00 3.00 0.00 CAATGAGCAGCAAGGACAAA
HYB OLIGO 2820 20 59.95 45.00 6.00 6.00 TTTAGCCTTTCTCTTGGCCA

SEQUENCE SIZE: 14206

INCLUDED REGION SIZE: 14206

PRIMER3 predicts the presence of the left and the right primers of length 20 residues in the

oligonucleotide query.

1.

2.

Left primer starts from 2797™ position with GC content of 50% and the right primer
starts from 2975™ position with GC content of 45%.

The hybridization probe started from 2820" position with GC content of 45%.

Genscan

Predicted genes/exons:

Gn.Ex Type S .Begin ...End .Len Fr Ph I/Ac Do/T CodRg P.... Tscr..
1.01 Init + 641 681 41 1 2 80 116 9 0.632  2.56
1.02 Intr + 2980 3346 367 1 1 130 80 445 0.966 43.05
1.03 Intr + 5879 6094 216 1 O 94 113 318 0.999 33.60
1.04 Intr + 7000 7137 138 0 O 87 73 187 0.988 17.76
1.05 Intr + 7948 8338 391 0 1 92 72 634 0.938 56.50
1.06 Intr + 10372 10436 65 2 2 110 105 11 0.768 3.44
1.07 Term + 13811 13987 177 1 0 74 38 129 0.629 4.19
1.08 P1lyA + 14042 14047 6 1.05
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All the predicted exons are categorized as weak exons as the exon scores are less than 100.
It also predicted a peptide of about 464 amino acids in length & a conserved Domain of
about 1395 basepairs.

PROTEOMICS

Primary Structure Prediction

Bioedit

Protein: /tmp/03_03_13-06:06:13.fasta| GENSCAN_predicted _peptide_1|464_aa

Length = 464 amino acids

Molecular Weight = 52599.65 Daltons

Amino Acid Number Mol%

Ala A 31 6.68
Cys C 8 1.72
Asp D 24 5.17
Glu E 38 8.19
Phe F 27 5.82
Gly G 21 4.53
His H 5 1.08
Ile I 24 5.17
Lys K 37 7.97
Leu L 45 9.70
Met M 13 2.80
Asn N 24 5.17
Pro P 21 4.53
Gln O 13 2.80
Arg R 23 4.96
Ser S 35 7.54
Thr T 26 5.60
Val Vv 32 6.90
Trp W 5 1.08
Tyr Y 12 2.59

0 Acid Compositior
Ampl03_03_13 msusma sielOE rodicted_pepie_1484_as

Figure 2 : Aminoacid composition of Antithrombin Il
Amino acid composition of Antithrombin Il protein has been predicted by Bioedit & the
results reveal that the protein is rich in Leu, Glu and Ser. The protein has a molecular weight

protein of 52599.65 Daltons containing 464 amino acids.
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PROTPARAM
Number of amino acids: 464
Theoretical pl: 6.32

Amino acid composition

Ala (A) 31 6.7% Phe (F) 27 5.8%
Arg (R) 23 5.0% Pro (P) 21 4.5%
Asn (N) 24 5.2% Ser (S) 35 7.5%
Asp (D) 24 5.2% Thr (T) 26 5.6%
Cys (C) 8 1.7% Trp (W) 5 1.1%
Gln (Q) 13 2.8% Tyr (Y) 12 2.6%
Glu (E) 38 8.2% val (V) 32 6.9%
Gly (G) 21 4.5% Pyl (O) 0 0.0%
His (H) 5 1.1% Sec (U) 0 0.0%
Ile (I) 24 5.2%

Leu (L) 45 9.7% (B) 0 0.0%
Lys (K) 37 8.0% (Z) 0 0.0%
Met (M) 13 2.8% (X) 0 0.0%

Total number of negat.ively charged residues (Asp + Glu): 62

Total number of positively charged residues (Arg + Lys): 60

Formula: C2355H3718N6220699S21

Total number of atoms: 7415

Instability index:

The instability index (II) is computed to be 39.48

This classifies the protein as stable.

Aliphatic index: 84.68

Grand average of hydropathicity (GRAVY): -0.278

The protein is slightly acidic in nature, as it has more negatively charged residues (62) than
the positively charged ones (60). The protein is classified as stable, as the instability index is
computed to be 34.48. The aliphatic index predicts the volume occupied by the aliphatic
residue side chains and the index is 88.68. The protein is highly hydrophilic as the Grand

Average of Hydropathicity value is —0.278, which is very much lesser than 0.05.
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PREDICTION OF SECONDARY STRUCTURE
GOR 4
Sequence length : 464

Alpha helix (Hh) 185 is 39.87%
319 helix (Gg) 0 is 0.00%
Pi helix (I1) 0 is 0.00%
Beta bridge (Bb) 0 is 0.00%
Extended strand (Ee) 71 is 15.30%
Beta turn (Tt) 0 is 0.00%
Bend region (59) 0 is 0.00%
Random coil (Cc) 208 is 44.83%
Ambigous states (?) : 0 is 0.00%
Other states : 0 is 0.00%

el

350

Il

o

Figure 3: Secondary structure of peptide encode by At3 gene

bkl

1 150 200 250 3
GOR4 (Garnier Method) methods was used to predict the secondary structure of
Antithrombin [l protein. It was found that 39.87% of amino acids fall in alpha helix region,
15.30% of amino acid was found to be lays in beta sheet remaining 44.83% tends to form
random coil.

POST TRANSLATIONAL MODIFICATIONS

NetOGlyc

MHet0Glyc 3.1: predicted O-glycosylation sites in Sequence
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Figure 4 : Net O Glycosylation sites of protein
NetOGlyc results states that in the given protein contains no O-Glycosylation site for

Threonine.
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NetNGlyc

Asn-Xaa-Ser/Thr sequons in the sequence output below are highlighted in blue.
Asparagines predicted to be N-glycosylated are highlighted in red.

Name: Sequence Length: 464
MYSNVIGTVTSGKRKVYLLSLLLIGFWDCVTCHGSPVDICTAKPRDIPMNPMCIYRSPEKKATEDEGSEQKIPEATNRRV 80
WELSKANSRFATTFYQHLADSKNDNDNIFLSPLSISTAFAMTKLGACNDTLQQLMEVFKFDTISEKTSDQIHFFFAKLNC 160
RLYRKANKSSKLVSANRLFGDKSLTFNETYQDISELVYGAKLQPLDFKENAEQSRAAINKWVSNKTEGRITDVIPSEAIN 240
ELTVLVLVNTIYFKGLWKSKFSPENTRKELFYKADGESCSASMMYQEGKFRYRRVAEGTQVLELPFKGDDITMVLILPKP 320
EKSLAKVEKELTPEVLQEWLDELEEMMLVVHMPRFRIEDGFSLKEQLQDMGLVDLFSPEKSKLPGIVAEGRDDLYVSDAF 400
HKAFLEVNEEGSEAAASTAVVIAGRSLNPNRVTFKANRPFLVFIREVPLNTIIFMGRVANPCVK

R < o TN n... 80
........................ o TR < N I + 1N 160
...... R L S « W « SRS . (S 240
........ o 2 NP 320
................................................................................ 400
....... o R ¢ N PR + S 480

(Threshold=0.5)
Antithrombin 111 protein has four N-Glycosylation Units at the positions 128,167,187 & 224.

NetPhos 2.0

Phosphorylation sites predicted: Ser:17 Thr:7 Tyr:4

MHetPhos 2.8: predicted phosphorylation sites in Sequence
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Figure 5 : Net Phosphorylation sites of protein

A Netphos result says that it contains 17, 7 & 4 phosphorylation sites for Serine, Threonine
& Tyrosine respectively.

CONCLUSION

Antithrombin is also termed Antithrombin Il (AT 1ll) and is produced by At3 gene in human
beings. The At3 gene of Homo sapiens (gi|28906|emb|X68793.1|) codes for Antithrombin
Il protein. The gene studies reveal that the pyramidine rich gene codes for 464 aminoacid
peptide with the molecular weight of approximately 52599.65 Daltons. The gene contains
both left & right primers, a hybridization probe and several restriction sites for restriction
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sites. Primary structure confirms it as an acidic, stable protein. Secondary structure reveals

that it mainly contains the random coils, alpha helix and beta shttes. The protein has a total

of 28

phosphorylation sites (Serine-17, Threonine-7 & Tyrosine-4) along with four N-

Glycosylation sites and no O-Glycosylation site. This insilico studies are very much useful for

modifying the At3 gene of Homo sapiens for further improvements of Antithrombin.
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