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ABSTRACT

The quantitation of fibronectin in human plasma has been based
exclusively on immunochemical methods to-date. An alternate method is
described which utilizes gelatin-coated Sepharose 4B beads to bind the
fibronectin present in plasma, and by a series of washings aided by
centrifugation to remove the unbound material. Elution of the protein
with 6 M urea followed by a colorimetric reaction with the Bio-Rad
protein dye reagent (Coomassie Blue G-250) produces a quantitative
estimation of fibronectin in plasma. Twenty-two human plasma samples
from healthy volunteers were analyzed by the microaffinity assay and by
a commercially available immuraturbidimetric assay kit. There was a
poor correlation (r = 0.5032) between the two assays. The concentration
of fibronectin in plasma was 356 * 87 ug/ml by the microaffinity assay,
and 270 § 57 ggfml by the immunoturbidimetric method.
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INTRODUCTION

Fibronectin is a normal circulating plasma protein which among its |
various biological properties (see References 1-3) has also been assigned
the role of major opsonic fraction for the reticuloendothelial system (4).
Therefore, there is an interest in methods of assaying levels of fibro-
nectin in human and animal plasma which may provide additional data to
further elucidate its involvement in hemorrhagic and septic shock resulting
from trauma, or burns (5,6).

Several methods exist for the quantitation of human plasma fibro-

é‘; nectin utilizing immunological principles. These include crossed immuno-
4

.52@ electrophoresis (7), radioimmunoassay (8), solid-phase radioimmunoassay

A\

(9,10), enzyme-linked immunoassay (11,12), and immunoturbidimetry (13,14).

. &

Review of the pertinent literature shows that there is no general

agreement among the various methods on the level of fibronectin in normal
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human plasma. Typical mean values range from 270 to 557 pg/ml depending

on the assay used.
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MATERIALS AND METHODS

Fibronectin Purification. Freshly prepared human plasma using CPD

(citrate-phosphate-dextrose) as anticoagulant was employed as the source
of fibronectin. The purification procedure was a modification of the
method of Vuento and Vaheri (15) which involves affinity chromatography
with Sepharose 4B immobilized gelatin and elution with arginine under
non-denaturing conditions.

The plasma sample (118 m1) was applied on a chromatographic column J
packed with 147 ml gelatin-coated Sepharose 4B beads (see below) equilibrated
with phosphate-buffered saline (PBS)/citrate buffer, pH 7.4. The PBS/
citrate buffer consists of 1.2 g NagHPO4, 0.22 g NaH2PO4 - H20, 8.5 g NaCl,
2.94 g sodium citrate + 2 H20, and 0.2 g sodium azide, adjusted to pH 7.4
and made up to 1000 ml with water. The unbound material was eluted with

the PBS/citrate buffer until the UV absorbance at 280 nm reached a baseline

T S Y

on the recorder. At this time 50 ml of 1 mM iodoacetamide in PBS/citrate
buffer solution was passed through the column to block the sulfhydryl groups

of fibronectin and, therefore, improve solubility and storage life (16). ]

Subsequently, the column was washed with PBS/citrate buffer and the bound
fibronectin was eluted with 1 M arginine in the same buffer. The UV
absorbing fractions were collected, pooled and dialyzed in sequence vs.
the PBS buffer without the citrate and vs. water, exhaustively. The
dialyzed material was freeze-dried and checked for purity by SDS poly-

acrylamide gel electrophoresis (17) in 5% T and 10% T gels. The fibronectin

preparation thus obtained was more than 957 pure.
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Preparation of Gelatin-Coated Beads. The gelatin-coated Sepharose 4B

beads were prepared by a minor modification of the method of Vuento and
Vaheri (15).

Cyanogen bromide activated Sepharose-4B (CNBr-4B) (Sigma) (45 gq)
was washed with nine liters of 10-3 N HC1. A gelatin solution (1 mg/m1)
was prepared by dissolving 0.225 g gelatin Type I (Siama) in 100 ml }
distilled water (900C) which was then added to a solution containing 1.89 g
NaHCO3 and 13.15 g NaCl, the combination being adjusted to pH 8 and made
up to 225 ml with H20. The washed CNBr-4B and the gelatin solution were
mixed together and incubated for 16 hours at 229C. The resulting gelatin
conjugated Sepharose-4B was then washed with 500 m1 of 0.1 M sodium
acetate, pH 4.5, followed by 500 m1 of 0.1, Tris/HCL, pH 8.5. The two
washes were repeated once more. The final conjugated product was
suspended in a PBS/citrate buffer and stored at 4°C.

Microaffinity Assay. The gelatin-coated Sepharose 4B beads (sufficient

amount to give 1 ml packed volume) were placed in a capped conically
graduated centrifuge tube (15 ml1, Corning MNo. 25310). The beads were

suspended in 10 m1 of the PBS/citrate buffer without sodium azide. A

good suspension was obtained by vortexing the mixture for approximately

&Eﬁ% 10 seconds. The suspension then was centrifuged at 4000 rpm, 4°C, for 2

Eéﬁi minutes in a Damon IEC PR-J centrifuge. The supernatant and excess beads

:ﬁé; were then removed by aspiration with care not to remove the gel particles
§§ below the 1 ml mark on the tube.

gifg A sample of 0.8 ml human plasma (or 0.2 ml1 human cryoprecipitate)

Lo

Pre was added to the gel particles and the resultant mixture was vortexed for
—~——v




10 seconds and thereafter allowed to stand for two minutes. PBS/citrate
buffer (10 m1) was added to the gel sample mixture, vortexed until evenly

suspended and then allowed to stand an additional two minutes. The gel

|
!
y
]
d

suspension then was centrifuged for two minutes at 4000 rpm and 4°C.

After centrifugation, the supernatant was removed by aspiration as
set forth above and the gel then was washed with 10 m1 of PBS/citrate
by the vortex and centrifugation p: ucedure described above. This step
was repeated for a total of 4 washes. After the last wash, the
supernatant was carefully removed so that the surface of the gel is
almost dried and none of the gel is removed. Exactly 2 ml of 6 M urea
in PBS/citrate buffer was added to the gel and vortexed until evenly

suspended (approximately 10 seconds) and the sample was allowed to stand

for two minutes. The resultant mixture was centrifuged for five minutes J
at 40C and 4000 rpm. The supernatant then was removed with a pipette
and saved.

Fibronectin concentration was determined by adding 0.2 ml of a
concentrated protein dye (Bio-Rad protein dye reagent; Coomassie Brilliant
Blue G-250) to 0.8 ml of the urea supernatant. After six minutes, the
1ight absorbance of the resultant mixture at 595 nm was determined. As .
a comparison, a blank consisting of 0.8 ml of the buffer was processed
similarly to the protein sample following all the steps of the assay.

Corresponding fibronectin concentration in the original sample then was
estimated by the exponential regression parameters shown under Results.

Standard Curve. A standard curve for the quantitation of fibronectin ;

was constructed as follows. Gelatin-coated Sepharose 4B beads equilibrated




with PBS/citrate buffer were packed to 1 ml aliquots by centrifugation
under the same conditions as described for the assay. Two ml of 6 M

urea were added, the gel beads were resuspended by vortexing, and packed
by centrifugation as per the assay. The supernatants, which contain

6 M urea diluted with the volume of PBS/citrate buffer originally present
in the beads, were combined and used as the solution for preparing the
fibronectin stock solution and subsequent dilutions for the standard curve.
This is necessary because the concentration of urea affects the absorbance
of the protein dye complex. A stock solution of 1.25 mg/ml was prepared
using the freeze-dried fibronectin preparation and diluted accordingly

with the above urea solution. Subsequently, 0.8 ml of the fibronectin
dilutions were mixed and 0.2 m1 of the protein reagent dye and the
absorbance was read as per the conditions of the assay. The amounts of
fibronectin present in the 0.8 ml of the standard were then plotted against

the absorbance at 595 nm to obtain the standard curve.
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RESULTS AND DISCUSSION

Preliminary considerations. Engvall and Ruoslahti (18) have

reported that preparative affinity chromatography of plasma on gelatin
coupled to Sepharose gives electrophoretically and immunologically pure
fibronectin after extraction with 8 M urea. Scott et al.(19) have :
established that fibronectin is completely removed from plasma although
some contaminant impurities are also recovered after urea elution. These
two observations set the prerequisite conditions for the development of

a quantitative microaffinity assay for fibronectin in plasma. The assay
depends on the binding of plasma fibronectin to gelatin-coated Sepharose
beads, washing of the unbound material, extraction of the bound fibro-

nectin with urea, and quantitation of fibronectin by a colorimetric

[
L)

procedure (20) utilizing a commercially available protein dye reagent. ~
Preliminary experiments attempting to scale down the preparative method

by using commercially available microcolumns gave inconsistent results,

probably because of poor quality control of the columns themselves,

especially the bottom filter part. Therefore, a method utilizing

centrifugation in conical tubes was developed and described below.

2 ABE -

Optimum Urea Concentration. When human plasma is subjected to the

microaffinity assay conditions as described under Materials and Methods,
but different concentrations of urea are used for the extraction, results
as shown in Figure 1 are obtained. Maximum dye absorbance is observed
with 6 M urea extraction. This is due to two reasons. Increasing urea

concentration interferes with the dye absorbance and lower urea concentrations
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;v extract less protein. Thus, a balance between protein extracted and urea
;:ﬁ interference is achieved at the 6 M concentration.

Eg Optimum Absorbance Wavelength. Human plasma fibronectin extracted
2 from the beads with 6 M urea and reacted with the protein-dye reagent

3 using the blank as per the assay exhibits the absorbance spectrum of

:§’ Figure 2. A plateau is obtained between 575 to 595 nm which can be

b utilized to quantitate the protein optimally.

;i Standard Curve. A standard curve was prepared by using purified

f} fibronectin as described under Materials and Methods. The relationship
ffﬂ between absorbance at 595 nm and amount of fibronectin reacted with the
:§ _ dye was not linear. An exponential regression of the type

3 Y = AedX (1)

g was performed which produced the following values: A = 5,93, B = 4.76,
’)% and correlation coefficient of 0.9663, where Y represents the amount of
ii fibronectin (ug) in the dye reaction mixture and X the absorbance at

= 595 nm.

vg The Y value obtained by regression has to be multiplied by 2.5 and
Eﬁ divided by V (where V is the volume of plasma in ml applied to the beads)
= to obtain the amount of fibronectin in the 2 m1 urea extract. The factor
zf 2.5 derives from the fact that only 0.8 ml of the 2 ml urea supernatant
Sg are utilized for the dye assay (thus, 2/0.8 = 2.5). A further correction
= has to be made for the distribution of the extracted fibronectin between
l\j the urea supernatant and the urea solution remaining in the beads. For
E\ these experiments, the dilution factor (L) was 0.683, i.e., 68.3% of the
i

fibronectin was found in the supernatant and the rest in the 1liquid of the
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beads. In other words, although 2 ml1 6 M urea are added to 1 ml of packed
beads, the total amount of extracted fibronectin is distributed in a larger
than 2 m1 volume because of the PBS/citrate volume contained in the beads.
The dilution factor (L) was determined by preparing a bovine serum
albumin solution in 6 M urea, reading the absorbance at 280 nm, adding ]
2 m1 of this solution to 1 ml of the packed beads, vortexing and centrifuging é

and reading the absorbance again of the supernatant. Under these

conditions, 68.3% of the original absorbance was found in the supernatant.
Taking into consideration the aforementioned, the final formula for
determining the amount of fibronectin (F) in plasma in micrograms/ml is:

F=2.5Y/VL (2)
with all parameters as explained above

Quantitation in Human Plasma. When different dilutions of the

same plasma are made with the PBS/citrate buffer and these samples are
subjected to the microaffinity assay, a linear relationship is obtained
between plasma dilution and amount of fibronectin as determined
colorimetrically (Figure 4). Furthermore, when various human plasma
samples are processed through the assay, and the final urea extract is
analyzed by SDS polyacrylamide gel electrophoresis, the results shown in
Figure 5 are obtained. Fibronectin is the predominant component in the
extract. Minor, probably gelatin binding peptide contaminants, constitute
less than 5% of the electrophoresed protein. Thus, the assay provides a
reasonable estimate of fibronectin in human plasma.

Correlation with ‘he Immunoturbidi metric Assay. Twenty-two human

plasma sample. .. W .ealthy volunteers were assayed simultaneously by the




microaffinity method and by the commercially available kit for the immuno-
turbidimetric assay as supplied by Boehringer-Mannheim. A poor correlation
(i.e., r = 0.5032) was obtained between the two assays (Figure 6). The
reason for the lack of good correlation is unknown. It is possible that
immunoreactivity and gelatin binding are not expressed proportionally
within a sample of plasma fibronectin. Binding of plasma fibronectin by a
substance which limits its immunoreactivity has been suggested after burn
injury ( 21).

The concentration of fibronectin in CPD anticoagulated human plasma
was 270 57 ug/ml by the immunoturbidimetric method and 356% 87 ug/ml
by the microaffinity assay.

Comments. The microaffinity assay described in this report provides
a quantitative determination of fibronectin in human plasma which does
not require the use of specific antisera, or radioisotopes. All the reagents
are commercially available, and the beads can be obtained coated with
gelatin from at least three sources (Bio-Rad Laboratories, Pharmacia, and
Sigma). A further advantage of the method is that the assayable fibro-
nectin exhibits gelatin binding properties which have been proposed to be
involved in the opsonization of collagen covered microaggregates (6).
Thus, the assay measures fibronectin which is able to bind collagen and,
therefore, may have some relevance to its biological activity.
As determined in preliminary experiments, this assay is also applicable

to the quantitative estimation of fibronectin in mouse, rat, rabbit, dog,

and baboon plasma. Other species have not been examined as yet.




VTS TR TN TR TR NN N e L
VTN TN TN TS TS S TN N e e T

- 12.
‘f * ']

be >0,

eE&

o)

o

; ACKNOWLEDGMENT

A\

'\':.

IE: The research reported here has been supported under the Office of
:.".\

Naval Research Contracts N00014-79-C-0168 and 100014-81-K-0722 with the
ffi; funds provided by the Naval Medical Research and Development Command,
25 and by NIH Grant No. 1-ROT-HL24876.

The opinions or assertions contained herein are those of the authors

‘3: and are not to be construed as official or reflecting the views of the
-

N Navy Department or Naval Service at large.

"1‘-\

\ 4
3

e d
¢

\':

~ue
.

T

-

SO )

1]
« i.’ o~

Al e
{

Y S
p e

- Rl .
£'.' . RO
. Lt

Pd

‘."

DLTRCRS
: :"A."i' N,

Qv

s LeAly
* A AP AN

J
s.eLa e

-
2 _'u 4 Ty A




‘ .. '.-4
Eﬁ -
13 .
. !
Ay )
N
o N
X
! REFERENCES
‘?? 1. Pearlstein, E., Gold, L.I., and Garcia-Pardo, A. (1980) Mol. Cell.
b Biochem. 29, 103-128.
’;: 2. Mosesson, M.K.. and Amrani, D.L. (1980) Blood 56, 145-158.
-:_..
o
L 3. Mosher, D.F., and Furcht, L.T. (1981) J. Invest. Dermatol. 77, 175-180.
l:
N 4. Saba, T.M., Blumenstock, F.A., Wever, P., and Kaplan, J.E. (1978)
s Ann. N.Y. Acad. Sci. 312, 43-55.
- . 5. Saba, T.M., Blumenstock, F.A., Scovill, W.A., and Bernard, H. (1978)
i Science 201, 622-624.
.‘)
‘51 6. Scovill, W.A., Saba, T.M., Blumenstock, F.A., Bernhardt, H., and
;? Powers, S.R., Jr. (1978) Ann. Surg. 188, 521-529.
Y
7. Blumenstock, F.A., Saba, T.M., and Weber, P. (1978) J. Reticuloendothel.
)5 Soc. 23, 119-134,
:Z ,
o 8. Ruoslahti, E., Vuento, M., and Engvall, E. (1978) Biochim. Biophys.
o Acta 534, 210-218.
4
-
o 9. Todd-Kulikowski, H.D. and Parsons, R.G. (1981) J. Immunol. Meth. 44,
, 333-341.
2
> 10. Pearlstein, E. and Baez, L. (1981) Analyt. Biochem. 116, 292-297.




Rennard, S.I., Berg, R., Martin, G.R., Foidart, J.M., and Robey, P.G.

i (1980) Analyt. Biochem. 104, 205-214.
AR
-:-7;:
:;: 12, Vuento, M., Salonen, E., Pasanen, M., and Stenman, U. H. (1981).
. J. Immunol. Meth. 40, 101-108.
!
~Ne
\}: 13. Gressner, A.M. and Wallraff, P. (1981) Clin. Chim. Acta 113, 207-212.
2
. 14. Saba, T.M., Albert, W.H., Blumenstock, F.A., Evanega, G., Stachler, F.,
. 3o
;§:§ and Cho, E. (1981) J. Lab. Clin. Med. 98, 482-491,
L
w 15. Vuento, M., and Vaheri, A. (1979) Biochem. J. 183, 331-337.
A .\::.
?tj 16. Gonda, S.R., and Shainoff, J.R. (1980) Thromb. Res. 20, 581-586.
o
. 17. Laemli, U.K. (1970) Nature (Lond.) 227, 680-685.
Y
15&‘ 18. Engvall, E., and Ruoslahti, E. (1977) Int. J. Cancer 20, 1-5.
N 19. Scott, D.L., Bedford, P.A., and Walton, K.W. (1981) J. Immunol. Meth.
e e
- 43, 29-33.
oy 20. Bradford, M.M. (1976) Analyt. Biochem. 72, 248-254.

21. Deno, D,C., MacCafferty, M.H., Saba, T.M., and Blumenstock, F.A. (1983)
o Fed. Proc. 42, 1035.

.3
i

e @
NN R U N T

e
1%

.

Wi

“ ' - “f .
P )
TS

¥
N

.
L

YT RE R A R T O 0 T T, Uy A, R T o o R B S T A G LR Gy

-ARPR - &

A




N o A A P R R D P A o S N DA TP A S I I S0P R L R A R P R R A T

15.

FIGURE LEGEMDS

FIGURE 1 Absorbance at 595 nm of human plasma fibronectin extracted
with different concentrations of urea after binding to
gelatin-coated Sepharose 4B beads and reacted with the Bio-

Rad dye reagent (Coomassie Blue G-250).

FIGURE 2 Absorbance spectrum of human plasma fibronectin extracted
from the gelatin-coated Sepharose 4B beads with 6 M urea
and reacted with the Bio-Rad protein dye reagent. A plateau

region is obtained between 575 and 595 nm.

FIGURE 3 Absorbance at 595 nm of different amounts of isolated human
plasma fibronectin reacted with the Bio-Rad protein dye
reagent. An exponential regression of the type Y = AeBX

exhibited a correlation coefficient of 0.9663.

FIGURE 4 Linear relationship between amount of fibronectin as determined
by the microaffinity assay and dilution of human plasma samples

(A,B and C) subjected to the analytical procedure.

FIGURE 5 SDS polyacrylamide gel electrophoresis in 5% T gels of samples
of human plasma from various healthy donors subjected to the

microaffinity assay and electrophoresing the final 6 M urea

extract. The major band corresponds to the fibronectin subunits.
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16.

FIGURE 6 Correlation scattergram between human plasma fibronectin
determined by the microaffinity assay and by the Boehringer-
Mannheim immunoturbidi metric kit. The bars show () one
standard deviation from the mean (center of the cross). The

correlation coefficient is 0.5032.

‘o AT Y
¥ W

WS RS R (R




.

S T, -
'1' - "
- » a #

k]
[y
/) A

Ay

Py 7'

LA

.

PN

A,

L)

vy

l'l_.

al &
1
6

-

. A

PPr
A,

Ll &

4.
UREA MOLARITY

A A
© < N o
o .

]
a

o
(Wu g6S) IONVENOSaY

7,

5 - QIS
(i ‘ .f“.. -

g » il At ST UL VR e B S TR Sl T b VR W - Tay e, [P ., St T te - LT LA
- D "‘\v o q.n. ' \.\',- \. RS \'.\..'_\)\,s o _,\._'. b e e e ,‘-.._ RN '.\.:...'.

B Vo LN I



1
4

640 660

620

600
WAVELENGTH (nm)

w2 0

580

oy NGRS
575-595 nm
540 560

O - | RS OAA

::} 79}
i . 1 | | 1 1 J

3 © © © i N O
N - @) (@) @) @

N JONVEN0oSav

!
¢
LI
‘b.

RIS 3 TN AT N T TR s Ry N (K R T T T e A A LA G, T



Y = AeBx
A=593

B =4.76

r =0.9663

,.,._‘.._
DAPOn
PALNER ORI,

140

120
FIBRONECTIN (Pg/O.B mi urea extract)

100

80

RN

'y
- |

i E—
60

""n'

'y
LAY

R v N

r b

":Lb!.:-LL1%1}3}5?]ﬁ’b.'i\}}3)5?1&2-?}:'}33}})}}‘



NOILNIA VYWSVd ;
X0°1 XSL'0 X06'0 Xg2'0 w.w
T T T T 0 ¥
; ’,
. _“
00l
/
-
002 » .
.
o o
Z ’
m
: :
00€ 5 .m.
- %

«Q

S

3

oov~

100G

ORS00, VW, IRYINNR  WASOAR  IOGRE | SO ARl R Ry ——




~

" e

LY

4

AT WAL SR Y

R SR

-
. o
*

*e

" oo N il . PRRTRY Lo N
" . W : , AL LA ; . o]

A N e ey
. c.-.w\ﬁ\ e -\W 1 -'lr-.




S S . T

(lw/6d) 214 L3N 1QIUNLONNWWI N4

00S 00y O0OE 002 00!
' ' 1 L

RARACRA N A tad i AT Gt et )

ChS IR

(A e) ek d et

Ty
- e

Sl a e hAd

A B Rt Wla JiAn Bk A R a0 1

¥l 5l

2£06°0=1

001

Nd

002X

< o
o) O
< (12)
) ALINIZdVO¥ND

o
o
Gw/od




Fod

S sl Y R
S Ata ! y
- ’ o ?’u”i,*b.ﬂ.v&w w

L




