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SUMMARY. Soluble fibronectin from human plasma was purified and characterized in order to be ap-
plied in the purification of adhesion protein. Gelatin was immabilized in a chromatographic bed as Sepha-
rose 2B CL to prepare a column. Different alternatives of elution with 0.5 M and 1 M arginin, glicin-
NaCl, sodium acetate - NaCl and urea - NaCl buffers, confirmed the advantages of the arginin as elution
solution in this column. Second step of purification in a column of Heparin - Sepharose 4B CNBr was in-
cluded to obtain the native fibronectin with high purity degree, verified by SDS-PAGE. Purified protein
was immobilized in a matrix of Sepharose with a substitution grade of 0.98 mg fibronectin/mL of gel that
permited an adsor ption capacity of free gelatin to the column of 8 mg (0.64 mg gelatin/mL of gel). This
matrix will allow its preliminary application in the purification of adhesion proteins which could be used
asantigensin vaccines againt leptospirosis.

RESUMEN. “Estrategia para la Purificacion de Fibronectina Soluble a partir de Plasma Humano, como Ligando
para Cromatografia de Afinidad”. El presente trabajo se desarrolld con el objetivo de purificar y caracterizar fi-
bronectina soluble procedente de plasma para su posterior aplicacion en la purificacion de proteinas de adhesion.
Se inmovilizo gelatina en Sefarosa 2BCL como soporte cromatografico para la preparacion de una columna. Se
estudiaron diferentes alternativas de elucion con arginina 0.5 M y 1M, con glicina-NaCl, acetato de sodio - NaCl
y urea - NaCl, lo cual confirmo las ventajas en €l uso de la arginina como agente eluyente. Se incorporé una se-
gunda etapa de purificacion en una columna de Heparina - Sefarosa 4B CNBr a partir de la que se obtuvo fibro-
nectina con ato grado de pureza en estado nativo, comprobado por SDS-PAGE. La proteina purificada se inmo-
vilizd en una matriz de Sefarosa con un grado de sustitucion de 0,98 mg fibronectina/mL de gel 1o cual permitié
una capacidad de adsorcién de gelatina libre con una recuperacion de 8 mg (0,64 mg gelatina/mL de gel). La uti-
lizacion de esta matriz permitira su aplicacion preliminar en la purificacion de proteinas de adhesién que podrian
ser usadas como antigenos en vacunas contra leptospirosis.

INTRODUCTION

Fibronectin (Fn) is a glycoprotein secreted
by a great variety of cells including the endotel-
lial and epithellial cells and the macrophages. It
is a protein of high molecular weight
(~450kDa), constituted by two subunits between
200-250 kDa joined by disulphide bonds. Solu-
ble form of fibronectin is located in plasma
(300-500 pg/mL) and in other physiological flu-
ids as amniotic, seminal, and spinal fluid in
smaller concentrations. Its insoluble form occurs
in the surface of several types of cells and in the
extracellular matrix. Plasma fibronectins of
smaller molecular weight also exist, possibly

due to proteolitic activity of enzymes on the na-
tive molecule of 450 kDa. These fibronectins
have the same functional activity than the origi-
nal molecules 1.

The purification strategies of human plasma
fibronectin, based in molecular exclusion chro-
matography and ionic exchange chromatogra-
phy have not showed succesful results in terms
of purity and recovery 23. Some authors pro-
posed the use of chromatography in Gelatin -
Sepharose due to affinity interactions between
fibronectin and gelatin 46, but the purity is afect-
ed by some fibronectin fragments and a seric
gelatinase (with proteolitic activity) eluted with
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the native protein 46. As second step, there are
two alternatives: the affinity chromatography in
Arginin-Sepharose 4, but the recovery of fi-
bronectins is smaller and the proteolitic frag-
ments are not eliminated, or affinity chromatog-
raphy in Heparin- Sepharose with better results .

The capacity of pathogenic microorganism to
penetrate, diseminate and persist in mammals
host seems to be related to the capacity of these
organisms to adhere at the components of the
extracellular matrix (CEM) in the eucaryotic cells
37-10, For example, variety of cellular types af-
fected during the infection by Leptospira sug-
gests the presence of several adhesins or the
recognition of present CEM in most of the eu-
caryotics cells, such as colagen and fibronectin.
Two possible types of adhesins from Leptospira
have been only identified, whose expression is
correlated with the virulence of the microorgan-
ism: fibronectin-binding protein of 36 kDa, iden-
tified in serovar Icterohaemorrhagiae 3 and a
protein family from serovar Grippotyphosa with
globulin domain (“lg-like proteins”), whose
structure resembles adhesins described in other
gram-negative pathogens 1112, Nevertheless, the
studies directed to the identification and evalua-
tion of adhesins of Leptospira that mediate the
adhesion and colonization are relatively scarce.

In the present paper a strategy to purify hu-
man plasma fibronectin for using as a chro-
matography ligand to possible purification of
bacterial adhesins is described.

MATERIALS AND METODS
Human plasma

Fresh human plasma from the Institute of
Blood Derivateds of Havana was used as source
of soluble fibronectina and was conserved at -20
°C.

Purification of human fibronectin

Native soluble fibronectin from human plas-
ma was purified, following essentially the prin-
ciple of double chromatography of gelatina/
heparina affinity, proposed by Poulouin €.

Immobilization of gelatin in Sepharose 2B
CL

Gelatin (Merck, Germany) was immobilized
in matrix of Sepharose 2B-CL (Pharmacia, Swe-
den) following the method proposed by
Gemeiner & Breier 13 with slight modifications.
Sepharose 2B-CL (200 mL sedimented) was re-
suspended in 1700 mL of 50 mM NalO4 and the
mixture was incubated during 2 h in the dark,
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with slow agitation and then, it was filtered. Gel
was washed with distilled water and solution 50
mM sodium borate pH 8.9. Activated Sepharose
was mixed with a solution of gelatin previously
incubated at 50 °C (1.4 g dissolved in 50 mM
sodium borate pH 8.9) and it was stirried
overnigth at room temperature. After that, 1.4 ¢
of sodium borohydride was added and the mix-
ture incubated, during 80 minutes. Gel was
washed and blocked with solution 50 mM sodi-
um borate 1 M glycin 220 mM NaCl, pH 8.9;
during 2 h at 18-20°C. Matrix was filtered and
washed with solution 50 mM sodium borate 220
mM NaCl, pH 8.9, and then, with solution 100
mM sodium acetate 220 mM NaCl, pH 5 and so-
lution 20 mM Tris-HCI 500 mM NacCl, pH 8
(three times with each solution). Gelatin-
Sepharose was washed with balance solution 20
mM Tris-HCI 0.9% NaCl, pH 7.4. Protein concen-
tration was determined in the washings by
Lowry method 14 and it was verified the immo-
bilization efficiency, comparing the amount of
gelatin released in the washings with the
amount applied at the begining. Gel was
packed in a column of 26 x 400 mm (Pharma-
cia, Sweden) and conserved to 4 °C, until use.

Affinity chromatography in Gelatin
Sepharose 2B CL

Human plasma was filtered through filter pa-
per and dialized against a balance solution 20
mM Tris HCI 0.9% NaCl, pH 7.4, at 4 °C. Sixty
mL were applied in Gelatin-Sepharose 2B with a
volumetric flow of 0.8 mL/min, using a FPLC
system (Pharmacia, Sweden). Fractions were
meassured to 280 nm by a detector SII (Pharma-
cia, Sweden). It was made first washing with
three volumes of column with balance solution
and second washing with equal volume of 20
mM Tris-HCI 5.8% NaCl, pH 7.4. Finally, it was
eluted with 20 mM Tris-HCI 0.9% NaCl 1M
arginin, pH 7.4. Fractions were analyzed by
SDS-PAGE method (gel 7.5%). Protein concen-
tration was considered by means of absorbance
to 280 nm, considering a molar extinction coef-
ficient as 1.3 for the human fibronectin 4. Sever-
al purification variants under the same condi-
tions previously described were made with dif-
ferent solutions for elution: a) 20 mM Tris-HCI
0.9% NaCl 1 M arginin pH 7.4, b) 20 mM Tris-
HCI 0.9% NaCl 0.5 M arginin pH 7.4, ¢) 20 mM
Tris-HCI 1 M NaCl 2 M urea pH 7.4, d) 20 mM
Tris-HCI 1 M NaCl 300mM glycin pH 3, and e)
20 mM sodium acetatel M NaCl pH 5.4.



Immobilization of heparin

Immobilization of heparin in Sepharose 4B-
CNBr (Pharmacia, Sweden) was made according
to recommended by Delfin et al. 5. Sepharose
4B-CNBr (10 g) was resuspended in 200 mL of 1
mM HCI, during 15 min and it was washed with
800 mL of this solution. In the second step, gel
was washed with distilled water and 200 mL of
solution 50 mM sodium borate pH 8.9, and
then, was resuspended in a solution of 117 mg
of heparin (dissolved in 20 mL of the same solu-
tion of washing) with slow starring, overnigt at
room temperature.

Free reactive sites of the matrix were
blocked with solution 50 mM sodium borate 1
M glycin 220 mM NaCl, pH 8.9; during 2 hours
at 18-20 °C. Gel was washed with solution 50
mM sodium borate 220 mM NaCl pH 8.9, with
solution 100 mM sodium acetate 220 mM NaCl
pH 5 and solution 20 mM Tris HCI 500 mM NaCl
pH 8 (three times with each solution). Protein
concentration was determined to the washings
by the Lowry method 4. Efficiency of immobi-
lization was evaluated comparing the amount of
heparin released in the washings with the
amount applied at the begining. Matrix was
equilibred with a solution 50 mM Tris HCI 1 mM
EDTA pH 7.4 and was packed in a column of 16
x 120 mm and conserved to 4 °C, until use.

Affinity chromatography in Heparin -
Sepharose 4B CNBr

Fraction purified by the Gelatin - Sepharose
chromatography was concentrated and dialized
against a solution of 50 mM Tris HCI 1 mM ED-
TA, pH 7.4. Ten mL were applied in the column
of Heparin-Sepharose 4B-CNBr with a volumet-
ric flow equivalent to 0.5 mL/min. After the ap-
plication of the sample the flow was increased
to 1 mL/min and washings with three volumes
of column of the balance solution were made.
Material bound to the column was eluted with a
solution 50 mM Tris HClI 1 mM EDTA 150 mM
NaCl, pH 7.4 and it was analyzed by SDS-PAGE
(separating gel 7.5%). Protein concentration was
determined spectrophotometrically at 280 nm
using an extinction coefficient of 1.3 for fi-
bronectin 4.

Affinity chromatography with fibronectin
as ligand

Immobilization of fibronectin in Sepharose
4B-CNBr (Pharmacia, Sweden) was made ac-
cording to recommended by Delfin et al. 15. Im-
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mobilization process was carried out in the
same way for heparin in Sepharose 4B-CNBr;
12.5 mL of the gel were incubated with 1.45
mg/mL of fibronectin and it was packed in a
column 16 x 100 mm, which was balanced with
the solution 20 mM Tris HCI-0.9% NaCl pH 7.4.
The capacity of the column was evaluated ap-
plying a solution of 4 mL and 7.5 mL of gelatin
2 mg/mL in 20 mm Tris HCI-0.9% NaCl pH 7,4.
The amount of gelatin applied and eluted of the
column was determined using the method of
Lowry 14,

RESULTS

The First step of the purification strategy re-
queried of an affinity column of Gelatin-
Sepharose 2B CL preparation. The selected pro-
cess for gelatin immobilization in this gel guar-
anteed a binding density of 5.86 mg gelatin/mL
of gel. Manufacturer of commercial column rec-
ommends this value as acceptable if it is be-
tween 4.5 and 8 mg of gelatin/mL of gel 5.

Human plasma was evaluated previously by
unidimensional SDS-PAGE, in order to identify
the components in the protein mixture. Elec-
trophoretic pattern shown three majority bands,
one corresponding to 66 kDa, another one be-
tween 116 and 170 kDa and a third band with a
high molecular weight that as soon as it mi-
grates of the application point (Fig. 1).

These bands could be seric albumin, im-
munoglobulins and fibronectin, respectively 17.
Fibronectin subunits, with a molecular size be-
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Figure 1. SDS- Polyacrylamide gel electrophoresis of
human plasma (1.8 mg/mL) on 7,5% gel. The gel was
stained with Coomassie blue. (1) Molecular mass
standard markers (in kDa). (2) Human Plasma.
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A 280 Il

Fractions
Figure 2. Chromatography profile of human plasma
on Gelatin-Sepharose 2B CL column (26 x 400 mm).
(A) At 20 mM Tris HCI 0,9% NaCl pH 7.4 (Fraction 1).
(B) Washing: 20 mM Tris HCI 5.8% NaCl pH 7.4
(Fraction 11). (C) Elution: 20 mM Tris HCI 0.9% NaCl
1 M arginin pH 7.4 (Fraction IlI). Flow: 0.8 mL/min.

tween 200 and 250 kDa 56 could be interacting
with other plasma proteins, forming a complex
of high molecular weight and slow migration.
Chromatographic profile obtained after the ap-
plication of the human plasma in Gelatin-
Sepharose 2B CL (Fig. 2) demonstrated the pres-
ence of a protein fraction without affinity by
gelatin (Fraction ).

Electrophoretic pattern of this fraction (Fig.
3) indicated the presence of contaminant pro-
teins and a band with a similar size to fi-
bronectin, probably, because all the fibronectin
available is not bound to gelatin. The results in-
dicated the absence of proteins in this fraction
(Fraction 1l) by SDS-PAGE (Fig. 3) and by ab-
sorbance to 280 nm measure. We obtained a
third fraction (Fraction I11) applying different
elution conditions (Table 1), being the best re-
covery with 0.5 M and 1 M arginin. Third frac-
tion consisted of four bands of different molecu-
lar weighs: a mayority band with 205 kDa (as fi-
bronectin) and three bands (100, 70 and 53
kDa) (Figure 3), which could correspond with
fragments of proteolytic degradation of the fi-
bronectin in the human plasma with affinity
sites to the gelatin 4.

—
Figure 3. SDS- Polyacrylamide gel electrophoresis of
chromatographic fractions from Gelatin - Sepharose
2B CL, on 7.5% gel. The gel was stained with silver

staining. (1) Molecular mass standard markers (in
kDa). (2) Fraction I. (3) Fraction Il. (4) Fraction III.

Fractions
Figure 4. Chromatography profile of Fraction 11l
(from Gelatin - Sepharose 2B CL) on Heparin-
Sepharose 4B-CNBr column (16 x 100 mm). (A) At
50 mM Tris HCI 1mM EDTA pH 7.4. (B): Elution 50
mM Tris HCl 1mM EDTA 150 mM NaCl pH 7.4. Flow:
1 mL/min.

Therefore, we included a second step based
on the interation of binding sites to heparin in
the native fibronectin, absent in proteolytic frag-
ments of fibronectin. Fraccion Il (from Gelatin -
Sepharose) was analized by Heparin-Sepharose
4B-CNBr column (4.68 mg of heparin/mL), ob-

Elution conditions

Recovery of protein (mg)

20 mM Tris HCI 0.9 % NaCl 1 M Arginin pH 7.4
20 mM Tris HCI 0.9 % NaCl 0.5 M Arginin pH 7.4
20 mM Tris HCI 1M NaCl 300 mM Glicin pH 3
20 mM Tris HCI 1M NaCl 2 M Urea pH 7.4

20 mM sodium acetate 1M NaCl pH 5.4

24.00
28.30
4.26
2.38
1.08

Table 1. Protein recovery from Gelatin - Sepharose 4B CNBr column, with different elution conditions.
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Figure 5. SDS- Polyacrylamide gel electrophoresis of
chromatographic fractions from Heparin -Sepharose
4B-CNBr. The gel was stained with Coomassie blue.
A. (1) Molecular mass standard markers (in kDa). (2)
Fraction eluted with 50 mM Tris HCI- 150 mM NaCl-1
mM EDTA pH 7.4 from Heparin-Sepharose 4B-CNBr,
treated with B-mercaptoetanol. B. (1) Molecular mass
standard markers (in kDa). (2) Fraction eluted with
50 mM Tris HCI- 150 mM NaCl-1 mM EDTA pH 7.4
from Heparin-Sepharose 4B-CNBr without -mercap-
toetanol. (3) treated with 3-mercaptoetanol.

taining the chromatographic profile showed in
Fig. 4.

Electrophoretic characterization of the frac-
tion corresponding to the elution demonstrated
a homogenous band of 205 kDa characteristic of
a fibronectin subunit from the treatment with
buffer sample with B-mercaptoethanol, free of
contaminant fragments (Fig. 5).

Identity of fibronectin was determined by
that comparison when the sample was treated
with and without reductive conditions. Fig. 5 B
shows absence of a band in native fibronectin
sample (without 3-mercaptoethanol) and a band
of 205 kDa when the sample was treated with
B-mercaptoethanol. The recovery of the pro-
possed strategy for purification was 0.11 mg of
fibronectina/mL of plasma. Similar results were
obtained by Poulouin et al. &, after applicating of
the double affinity principle of gelatin/heparin
for the purification of native fibronectin.

Immobilization of native fibronectin in
Sepharosa 4B-CNBr provided a sustitution de-
gree of 0.98 mg fibronectin/mL of gel. Since the
binding site of the fibronectin to adhesins is the
same one related with the binding site to the
gelatin 3, it turned out interesting to verify the
binding capacity of the column. Results indicat-
ed that the column allowed the retention of at
least 8 mg of gelatin.

DISCUSSION
Fibronectin is a protein component of soluble

Latin American Journal of Pharmacy - val. 26 (2) - 2007

fluids in the human plasma and as associated
form to the extracellular matrix of multiple cel-
lular types, could be related to the mechanism
that mediate the adhesion and colonization of
numerous pathogenic microorganisms 18, Both
types of fibronectin are similar in the structure
but extracellular matrix fibronectin purification
is more expensive and complex process. There-
fore, the soluble fibronectin of plasma is the
most used as ligand in the affinity chromatogra-
phy to purify fibronectin - binding proteins 18,

Immobilization of gelatin in Sepharose ac-
cording our strategy allowed to prepare a big
column to purify a sufficient amount of protein,
in one step by affinity chromatography. We
evaluated some elution conditions in order to
sustitute arginin because it is very expensive. It
is evident, arginin is the best elution agent and
when we reduced the amount of arginin to 0.5
M we obtained similar results (Table 1). Pres-
ence of protein with similar size to fibronectin
in the first fraction (Fig. 3) could be due to both
proteins (gelatin and fibronectin) present a great
molecular size, which can cause a marked steric
impediment that disables the suitable interaction
ligand - protein and as result low yields can be
obtained. Vuento & Vaheri 4 proposed a second
solution of washing corresponding to an in-
crease of the ionic strength, allowing the elimi-
nation of some polypeptides and small frag-
ments of fibronectin with slow affinity by the
gelatin.

In fact, presence of an heparin-binding site
in fibronectin structure allowed the purification
of native molecules with both sites (for gelatin/
heparin) and the elimination of smaller frag-
ments. We evaluated fibronectin concentration
by absorbance to 280 nm because there was in-
terference by Lowry methods, probably because
the fibronectin precipitated with alcalin medium
in the assays. We obtained similar recovery
(0.11 mg fibronectin/mL plasma) according to
the results of Poulouin et al. ¢ (0,16 mg fi-
bronectin /mL plasma).

Gelatin recouvered by Fibronectin-Sepharose
4B-CNBr (8 mg), demonstrated the existence of
sufficient sites for available adhesin binding that
would allow an appropriate recovery of the in-
terest protein (microbial adhesin).

CONCLUSION

Human plasma fibronectin was obtained by
two affinity chromatography steps using our im-
mobilized matrix, with suitable purity and a re-
covery like Poulouin et al. strategy.
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