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A plasmin inhibitor fraction was obtained from a marine red alga, Porphyra yezoensis.
It was in partially purified by gel filtration on Sephadex G-100 and by ion exchange chro-
matography on DEAE-Sephacel at pH 7.4. The inhibitors fractionated on gel filtration were
eluted in the region of M.W. 5000-40000, which inhibit competitively the plasmin catalyzed

hydrosis of H-D-Valyl-L-leucyl-L-lysine-p-nitroanilide (S-2251). These inhibitors seemed to
be of protein property. They were also effective toward trypsin. Thus, it was found that
proteinlike protease inhibitors occur also on a marine red alga, Porphyra yezoensis.
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Proteinlike protease inhibitors are widely
distributed in the plant kingdom (BIRK 1976).
In cotrast to higher plants, protease inhibi-
tors of algae have never been studied in
detail except a few red algae (WATANABE
1979, 1980). In view of this fact, we in-
vestigated precisely the protease inhibitors
from marine red algae, Grateloupia livida
and Grateloupia elliptica, and found that
some of its properties are characteristic of
the red algae (WATANABE 1980).

Then we investigated the biochemical
properties of plasmin inhibitor of another
red alga, Porphyra yezoensis, to compare
the results with those from the former red
algae. The reason for choosing P. yezoensis
is based mainly on the fact we have recently
used this alga as the experimental material
for the investigation of specific immunother-
apy for cancer. This paper discribes the
separation procedure of the pharmacologi-
cally active fraction of P. yezoensis, and
these compounds to have a proteinaceous
nature.

Materials and Methods

Algal material; The frond of Porphyra
yezoensis were obtained from culture grounds
Harima and Akashi, Hydgo prefecture, in
January 1980. After dried in air, the fronds
were used for extraction of plasmin inhi-
bitors.

Chemicals; Plasmin, H-D-Valyl-Leucyl-L-
lysine-p-nitroanilide (S-2251), and N-Benzoyl-
L-phenyalanyl-L-valyl-L-arginine-p-nitroanili-
de (S-2160) are the products of the Kabi di-
agnostica. Trypsin is the product of the
Sigma Chemical Company. Coomassie Bril-
liant Blue G-250 (CBB G-250) was obtained
from Bio-rad Laboratories. All other chemi-
cals were purchesed from Nakarai Chemi-
cals Ltd.

Extraction of protease inhibitors; Algal
fronds (1 Kg) were ground with 2 liters of
cold distilled water in a Polytron homoge-
nizer. Homogenate was filtered through
five layers of gauze. The residue was
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treated again in the same way as above
and the extracts were combined to centri-
fuge at 10000X g for 30 min. To the superna-
tant was added solid ammonium sulfate to
a 65% saturation and the precipitate formed
was collected by centrifugation at 12000X g
for 30 min and dissolved in 25m/ of 0.0l M
Tris-HCl buffer at pH 7.4. The solution
was subject to gel filtration on Sephadex
G-100, following by ion exchange chroma-
tography on DEAE-Sephacel at pH 7.4.

Protein assay; Protein assay is based on
the observation that the absorbance ma-
ximum is changed from 465nm to 595 nm
when the inhibitor was bound to the CBB
G-250 occurs. Protein contents were de-
termined by the methods of Bradford (1976),
to obtain the plasmin specific inhibitory
activity, using lyophilized preparation of
bovine plasma gammaglobulin as standard.

Enzyme assay; Inhibitory activity for
plasmin was assayed spectrophotometrically
by measuring the degree of splitting the
substrate S-2251 because the rate of p-
nitroaniline formation thereby increased
linearly with increasing concentrations of
plasmin. Assays were performed in 10 mm
quartz of 1.0m/ capacity. The cuvettes
were placed at 37°C in a thermostatted
compartment of a Shimazu model UV-200S
double beam spectrophotometer and the
reaction was recorded automatically. In a
small test tube, 0.15m/ of 0.8C.U./ml
plasmin solution, 0.15m/ of 0.1M Tris-HCI
buffer, pH 7.4 and 0.9m!/ of sample were
placed and preincubated for 60 min at 37°C.
The reaction was started by addition of
0.8 m! of the preincubation mixture to 0.2 m!/
of 3.5mM substrate in a assay micro-cuvette
(Preheated to 37°C). Increase in the ab-
sorbance at 405 nm was recorded for about
5min. As a blank test, the activity of
plasmin without inhibitor was measured
under the same assay condition. Trypsin
activity was measured using S-2160 as
substrate.

Results

An extract from Porphyra yezoensis
prepared as described above was frac-
tionated on a Sephadex G-100 column
equilibrated with a 0.05M Tris-HCl buffer,
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Fig. 1. Gel filtration on Sephadex G-100 of

ammonium sulfate fraction from red alga,
Porphyra yezoensis.

Table 1. Effect of the fractions on plasmin
activity.

Residual Inhibitory
Protein activity activity
Fractions content of plasmin for plasmin

pg/ml % %
Bl 60 60 40
P-III 33 73 27
P-1V 12 63 37
P-V 3 42 58
P-VI 3 60 40
P-VII 5 60 40

Table 2. Thermostability of plasmin inhibitor
fractions.

Absorbance at Inhibitory

Fractions 450 nm/min activity
%
Inhibitor II .089 37
Inhibitor II at 95°C, 5min .128 5
Inhibitor V .076 4
Inhibitor V at 95°C, 5min .062 54

None .136 —
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Fig. 2. Chromatography of gel-filtrated inhibitor-V on a DEAE-Sephacel column (1.0x
30cm) equilibrated 0.05 M Tris-HCI buffer, pH 7.4 and eluted with a linear NaCl gradient,
represented by the solid line (—). The column was charged with 50 yg of the prepara-

tion.

Table 3. Plasmin-inhibitory activities of Peak-
I and II from DEAE-Sephacel ion exchange
chromatography of Inhibitor II from P. yezoensis.

Absorbance at Inhibitory
Fractions 405 nm/min activity
%
Peak-I .056 47
Peak-II .104 2
None .106 —

Table 4. Thermostability of Peak-I from DEAE-
Sephacel ion exchange column chromatography.

Absorbance at Inhibitory
Fraction 405 nm/min activity
%
Plasmin+ Peak-I .060 41
(Inhibitor V origin)
+Peak-I heated at 95°C
for 5min .057 44

None .103 —

pH 7.4. The result was shown in Fig. 1.
Peaks II and VII eluted in the fractions of
relatively low molecular weights showed a
clear inhibitory activity for plasmin. They
were found in the regions of molecular
weights estimated to be 30000-40000 and

5000-10000, respectively.

The inhibitors eluted as a symmetrical
peak in repeating gel filtration on Sephadex
G-100 column.

Table 1 shows the effect of fractions from
gel filtration on the activity of plasmin.
The fraction covered by peak V which was
eluted in a fairly lower molecular weight
region were called Inhibitor-V. It showed
a higher plasmin-inhibitory activity, but
it was stable on heating at 95°C for 5 min.

It seemed to be a thermostable inhibitor.
The fractions covered by peak II were
called Inhibitor-II. It was almost completely
inactivated by heating at 95°C for 5min,
suggesting that the inhibitor may be pro-
teinlike nature (Table 2).

Then, Inhibitor-II fraction was applied to
a 1.0x 30 cm column of DEAE-Sephacel equi-
librated with 0.05 M Tris-HCI buffer, pH 7.4,
and eluted by linear gradient elution with
buffers containg 0-0.5M NaCL

Two peaks clearly separated were ob-
tained, as shown in Fig. 2. Peak-I showed
inhibitory activity for plasmin, while Peak-
1l eluted thereafter showed practically no
inhibitory activity for plasmin (Table 3).
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The peak-I also effective toward trypsin.
It was, however, digestied by pepsin at 56°C
although the data were not shown here.
The peak-I derived from Inhibitor-V on the
similar gel filtration showed remarkable
stability to a high temperature (Table 4).

Discussion

Recently, the works on pharmaceutically
active substances in marine algae have been
increased. For examle, ZELENSKI and
WORTHEN (1974) reported that they sepa-
rated a compound possessing both anti-
inflammatory and anti-curare activities from
a crude fraction of FEisenia bicyclis and
found that it is a laminaran-like polymer.

Furthermore, there are also some reports
that extracts of the brown algae, in parti-
cular, showed larvicidal (CONOVER 1966),
antiviral (BERTI 1962) and antibacterial
(CONOVER 1964, SIEBURTH 1964, 1965) acti-
vities.

In this work, we also found the presence
of protein-like substances showing plasmin-
inhibitory activity in the extract from
Porphyra yezoensis, a red alga commonly
used as food in Japan. Purity of these
inhibitors was not high, but most of them
showed protein property upon the Bradford’s
staining reaction. Some of them were
unstable to heat while others, in particular,
Peak I from DEAE-Sephacel ion-exchange
chromatography of Peak V obtained from
gel filtration of a crude extract was very
stable to heat. Since the mother fraction
Peak V was eluted in a fairly lower mole-
cular weight region, the heat-stable inhibitor
may be of a small protein or a polypeptide.
Further investigations of the chemical pro-
perties and the physiological functions of
these inhibitors are in progress.
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