2017

%o,
3, X
9/ Resea®

Full Length Research Paper

Fibrinolysis with a new microplasmin purified of hu

DOI: http:/dx.doi.org/10.14303/irjbb.2017.020
Available online http://www.interesjournals.org/IRIJBB
Copyright © 2017 International Research Journals

International Research Journal of Biochemistry and Bioinformatics (ISSN-2250-9941) Vol. 7(2) pp. 026-032, April,

man

plasma

Agustin N. Joison !, Gustavo Baiardi 2, Rocio Donalisio ? and Federico Gallo

3

'Faculty of Chemical Sciences, Catholic University of Cérdoba.
?Institute of Biological and Technological Research (IIBYT-CONICET), National University of Cérdoba, Faculty of
Chemical Sciences, Catholic University of Cérdoba,
*Institute of Vascular Research
Corresponding Author E-mail:ajoison2001@yahoo.com.ar TE: +54-351-4807421

ABSTRACT

Thrombosis, disease characterized to formation of b

associated with myocardial infarction (IAM), stroke
Microplasmin is a low-molecular-weight protein term
by Plasmin autolysis process in an alkaline solutio
plasma by acetic acid precipitation (pH 6.1) in buf

activity of microplasmin adsorbed in the lysine-Sep

pooled to gel electrophoresis analysis. Protein ham
human plasma showed fibrinolysis in vitro clot resp

lood clots, is a cause of death frequently

, deep-vein thrombosis, and pulmonary embolism.

ed with a molecular weight (Mr) of 28 KDa obtained

n. Microplasmin was prepared from pooled human
fer sodium borate (pH 8.0). Microplasmin was purif  ied
with affinity and anionic interchange chromatograph

y. A protein peak with most of the fibrinolytic

harose column and eluted after washing the column
with 200 mM of €-aminocaproic acid. The second peak eluted with 150

mM with fibrinolytic activity was

ed microplasmin with two chains was insolated of
ect control.

Keywords : Plasminogen- microplasmin- chromatography- electrophoresis- fibrinolysis.

INTRODUCTION

Thrombosis, disease characterized to formation of blood
clots, is a cause of death frequently associated with
myocardial infarction (MI), stroke, deep-vein thrombosis,
and pulmonary embolism. Many fibrinolytic agents
available in the clinic today were purified using the
different plasminogen activators. However, these agents
commonly have undesired side effects, including
gastrointestinal bleeding. At respect, the search for safer
fibrinolytic enzymes from a variety of potential sources is
ongoing from as human, bovine tissues or bacterium,
plants and fungus(Kim et al., 2015).

Microplasmin is a low-molecular-weight protein termed
with a molecular weight (Mr) of 28 KDa obtained by
Plasmin autolysis process in an alkaline solution and it is
slightly more positively charged and hydrophobic
molecule than plasminogen (Liu et al, 2015).
Microplasmin has a B chain of plasmin consisting of 230
amino acids connected by disulfide bonds with other

peptide COOH-terminal portion of the A chain of plasmin
consisting of 31 amino acid residues (Wu et al., 1987).

Microplasmin is a novel thrombolytic that may possess
an improved benefit/risk ratio compared to tissue-
plasminogen activator, due to potential improved efficacy
(based on direct-acting mechanism) and improved safety
(based on rapid alpha 2-antiplasmin inactivation,
decreased bleeding risk, and neurovascular protective
effect). Potential advantages microplasmin is a direct-
acting thrombolytic that dissolves blood clots without the
need for free plasminogen in the circulation Human
microplasminogen, which lacks the five 'kringle' domains
of plasminogen was expressed with high yield in Pichia
pastoris. It was purified, converted to microplasmin and
equilibrated with 5 mmol/ L citrate, pH 3.1, yielding a
stable preparation(Nagai et al., 2003).

A novels fibrinolytic enzymes has been isolated from
some earthworm species such as Escherichia Coli,
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Figurel. Elution of the alkali treated human microplasmin. A second peak
with fibrinolytic activity was eluted with 25 mM e-aminocaproic acid. The solid

line is absorbance at 280 nm.

Lumbricus or Eisenia fetida and were thoroughly
characterized because the genes encoding been
identified and the recombinant enzymes expressed
strong fibrinolytic activity both in vitro and in vivo studies
(Phan et al., 2011). The purpose of this study was to
develop new methods for the preparation of pure
microplasmin with fibrinolytic activity.

MATERIAL AND METHODS

Microplasmin was prepared from pooled human plasma
by acetic acid precipitation (pH 6.1) in buffer sodium
borate (pH 8.0). The sample was applied to a L-lysine
Sepharose (Sigma, USA) column (1.0 X 30 cm).
Microplasmin was eluted with 6-Aminocaproic acid
(Sigma, USA) 200 mM.To eliminate the 6-Aminocaproic
acid the microplasmin sample was dialyzed against buffer
sodium borate (pH 8.0). After dialysis the eluated was
chromatograpied by aninonic interchange with mono Q
HR 16/10 (GE Healthcare, Germany) column (0.5 X 20
cm) and eluted utilizing increase gradient of ionic stronge
100, 200 and 1000 mM buffer sodium borate (pH 8.0).
Native PAGE was carried out on microplasmin diluted in
sample buffer (375 mM Tris-HCI pH 6.8, 10% (v/v)
glycerol, 0.0025% (w/v) bromophenol blue, pH 8.6).
Staking gel (2%) in buffer Tris-HCL 375 mM, separating
gel (10 %) in buffer Tris-HCI 375 mM pH 8.8 and Tris-
glycine running buffer (25 mM Tris, 192 mM glycine, pH
8.3). SDS-PAGE was carried out on microplasmin
previus heat 70 °C with 10 % SDS and 1 % DTT 10
minutes and thendiluted in sample buffer (SDS 10 %, 375
mM Tris-HCI pH 6.8, 10% (v/v) glycerol, 0.0025% (w/v)
bromophenol blue, pH 8.6). Staking gel (2%) in buffer
Tris-HCL 375 mM, separating gel (10 %) in buffer Tris-
HCI 375 mM pH 8.8 and Tris-glycine running buffer (10 %
SDS,25 mM Tris, 192 mM glycine, pH 8.3). After

electrophoresis the gels were fixed in 30% Methanol,
10% acetic acid for at least 24 hours. After this the gels
were rinsedtwice in 20% ethanol, for 10 minutes for each
wash, and then twice in water, for 10 minutes for each
wash and sensitized by soaking (one at a time only) for
one minute in 0.8 mM sodium thiosulfate. Gels were
rinsed twice for 1 minute for each wash in water. Finally
geles were Impregnated with 12mM silver nitrate diuring
20 minutes and revelated with 0.27 % of sodium
carbonate. Fibrin clot was prepared with fibrinogen
(sigma, USA), thrombin (Wiener lab, Argentina) 100 NIH
Ul/ml, for use this stock solution (100 NIH units/ml) was
diluted in 150 mM NaCl to 20 NIH units/ml. Ca,Cl
(Biopack, Argentina) 250 mM. Microplasmin and sodium
borate 150 mM used as control were applied infibrin clot
as drops of 30 ulin 5 minute intervals; The weights were
recorded in an analytical balance (OHAUS, USA) in each
of one of intervals.

Statistic analysis

The t unpaired test and lineal correlation analysis were
used to compare the weight of fibrin clot between
microplasmin and control. The values with P < 0.05 were
considered to be statistically significant.

RESULTS

After purification in alkaline solution, the protein was
purified by affinity chromatography and a protein peak
with most of the fibrinolytic activity of microplasm in
adsorbed in the lysine-Sepharose column and eluted
after washing the column with 200 mM of g-aminocaproic
acid (Figure 1). The protein was dialyzed from the
inhibitor with 200 mM sodium borate 50 mM pH 8.0, and
a fibrinolytic activity protein was recovered.
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Figure 2. Elution of the alkali treated human microplasmin. A second peak
with fibrinolytic activity was eluted with 150 mM sodium borate pH 8.0. The

solid line is absorbance at 280 nm.

Figure 3 .Native 10 % polyacrylamide gels of microplasmin. Lanes: 1, 3
and 4 native microplasmin after ionic interchange; Lane 2 native
microplasmin before purification.

The protein fraction of the second peak of affinity
chromatography after dialyzed was pooled and
immediately applied to a mono Q Sepharose column.
Three peaks were obtained with 50, 150 and 1000 mM
buffer sodium borate pH 8.0 respectively. The second
peak eluted with 150 mM with fibrinolytic activity was
pooled to gel electrophoresis analysis (Figure
2).Microplasm in before purification and Protein fraction
of 150 mM sodium borate peak was analyzed with native
PAGE. A single band with apparent Mr of 67 Kdal was

revealed with silver stain (Figure 3). When protein
fraction of 150 mM sodium borate was analyzed with
SDS PAGE in reduction conditions with DDT and after
anionic chromatography, two bands with apparent Mr of
35 and 30 Kdal were revealed with silver stain (Figure
4).After purified microplasm in added fibrin clot showed a
decrease in the weight respect control 35.00 + 13.78 vs
89.60 + 3.19; (F = 18.70), t = 3.86, P < 0.05 (Figure 5).
When determine the effect of microplasm in, the size of
the fibrin clot treated was smaller respect to sodium
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Figure 4. SDS with DTT 10 % polyacrylamide gels of microplasmin. Lanes:
1lband of 35 Kdal; 2 and 3band of 30 Kdal (200 ug); 4 sodium borate buffer; 5
band of 30 Kdal (100 pg); 6 molecular weight standard (Ovalbumin: 50 Kdal,
Carbonic Anhydrase: 34.3 Kdal, Soybean Trypsin Inhibitor: 28.8 Kdal,
Myoglobin: 22 Kdal, Lysozyme: 20.7 Kdal, Aprotinin: 6 Kdal).
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Figure 5. Weight values of fibrin clots (mg) respect to microplasmin and sodium borate
treatment. The values correspond to the mean + SEM. * P < 0.05.
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Figure 6 .Lineal correlation between weights of clots (mg) and time (minutes) with microplasmin
(Panel A) and control (Panel B).

borate buffer in 25 minutes (Figure 7 a, b, c, d, time, r =- 0.97, P < 0.05 (Figure 6 A); Control not showed
e).Microplasmin analysis showed a negative lineal lineal correlation (Figure 6 B).
correlation significant between the weight of clots and
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Figure 7. Changes of size of fibrin clots produced by microplasmin activity (left) and

sodium borate buffer as control (right).

DISCUSSION

Methods have been developing to improving fractionation
strategies with human plasma samples, and many
different techniques are used and applied until today. A
current popular approach is IAD, in which antibodies are
used to capture the most abundant proteins.
Immunodepletion can facilitate the analysis of the next
tier of proteins by eliminating some of the most abundant
proteins. Actually, protein precipitation strategies,
discriminated by size or size/pl, respectively, have also
been widely applied prior to study of protein
characterization by electrophoresis(Liu et al., 2016). This

protein fraction has low concentration in human plasma
with high stability in pH above 8.0, so the isoelectric
precipitation using acetic acid in alkaline buffer is a good
strategy to isolate it.

Effective chromatography requires proteins to be in
their native state, it is critical to select non-denaturing
precipitating agents (e.g., ammonium sulfate, ethanol,
and PEG) for compatibility with the downstream depletion
step. Ammonium sulfate precipitation has been explored
as a method for depleting some highly abundant proteins
from blood plasma(Mahn and Ismail, 2011). In our study
acetic acid is a weak acid and we used it because does
not produce denaturing during the precipitation process.



In this way other advantages is that the method is quickly
and safe to obtain the intact structure of protein.

Studies on fibrinolytic proteins showed that the
amount of plasminogen retained by lysine-Sepharose
decreased and at the same time, the amount of
plasminogen that passed through the lysine-Sepharose
column unabsorbed gradually increased. Others as
active plasm in increased with time of reaction in the
unabsorbed fraction from lysine-Sepharose and
decreased in the retained fraction and microplasmin was
obtained from microplasminogen with a catalytic amount
of Urokinase. The microplasmin sample thus obtained
consisted of two polypeptide chains as analyzed by
HPLC after reduction and carboxymethylation(Shi and
Wu, 1988).Scientist obtained microplasmin  when
incubate recombinant human yPlg with recombinant
human rt-PA to used in vitreolysis (Chen et al., 2008).
Studies on Over-Expression and Purification of active
serine proteases and their variants from Escherichia coli
Inclusion Bodiesrefolded microplasminogen protein must
be activated to purify it by affinity chromatography. uPA,
also a serine protease, cleaves microplasminogen
specifically at the Argl5-Vallé bond, leaving a
conformational change takes place, leading to an active-
site exposure in microplasmin(Parry, 2002). Otherwise
with previous authors that suggest that the microplasmin
is not bounded to lysine sites on sepharose and therefore
is not adsorbed to the column, our funding about of this
method using plasma where introduces a cleavage by
plasminogen digestion under alkali buffered conditions to
produce a protein fraction different to plasmin, and this
microplasmin bind to lysine-Sepharose so the lysine-
binding site is clearly present in the molecule.

A peptide of Mr 26 Kdal was detected by SDS

gelelectrophoresis of the reduced microplasmin. Results
of gel filtration and SDS of non-reduced microplasmin
showed that the Mr of microplasmin is29 Kdal. In this way
these results are consistent with the conclusion that
microplasmin have an intact B chain and a smallpeptide
chain of 31 amino acids from the A chain(Wu et al.,
1987). The specific fragmentation of our protein fraction
molecule similar to plasmin after precipitation in alkaline
pH produced two chains, one of them have fibrinolytic
activity and the other we suspected probably have
regulation of this activity or the binding site.
A fibrin-specific thrombolytic with Streptokinase and
Urokinase showed that tubular g)lasma clot in vitro
decreased its volume of 192 mm® to 18 mm® after 90
minutes of activity lytic(Viennet et al.,, 2014). Others
studies showed that there was also a significant
difference in median clot weight between clot without
fibrinolytic agent and with Streptokinase but the median
clot weight showed little or no difference when increase
the doses post Streptokinase incubation(Doig and
Sternberg, 1995) .Wu Chen study the fibrinolysis in vitro
of novel recombinant uPIlg and showed a significant
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linear correlation between the diameter squares of lysis
zone and fibrinolytic activity(Chen et al., 2016). Clot lysis
initiated with microplasmin showed that first period of 5
minutes the 20% lysis of clot was slightly less, but after
this time was faster than control. Normally the
mechanism of fibrinolysis within the clot happen in a first
stage when of plasminogen bind to fibrin lysine sites and
in a second stage conversion of plasminogen into
plasmin with subsequent lysis of the clot, contrary the
microplasmin does not need to activate or bind to specific
sites, therefore the times for lysis of clots decrease.
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ABBREVIATIONS

IAD: immunoaffinity depletion.

MI: myocardium infarction.

Mr: molecular weight.

PAGE: polyacrylamide gel electrophoresis.
PEG: polyethylene glycol.

Plg: plasminogen.

rt-PA: recombinant tissue plasminogen activator.
SDS: sodium dodecyl sulfate.

uPA: Urokinase plasminogenactivator.
MPIg: microplasminogen.

DTT: Dithiothreitol



