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NZASS, BJORN, KARE FOSSUM and OLAV SANDVIK: The effects
of peptide-precipitating lignosulphonic acids on the in vitro proteo-
lytic activity of some animal and microbial proteinases. Acta vet.
scand. 1973, 14, 107—117. — It has been shown that lignosulphonic
acids have an inhibitory effect on various animal and microbial
proteinases. The activity of 0.005 mg swine trypsin, 0.007 mg bovine
a-chymotrypsin and the proteinase activity in 0.004 ml of jejunum
content from pig is inhibited 70—75 % by 0.25—0.30 ml of a solution
containing 250 diffusion units of peptide-precipitating lignosulphonic
acids per 50 pl.

The inhibitory effect is discussed in relation to the use of animal
foodstuffs containing lignosulphonic acids, and in relation to bio-
chemical reactions taking place in ecosystems in which lignosulphonic
acids comprise an important part.
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It has been shown that peptide-precipitating lignosulphonic
acids have an inhibitory effect on the activity of pepsin when
using the Anson procedure for the determination of proteolytic
activity (Ness et al. 1973). This result is of interest because
lignosulphonic acids have been under consideration for the treat-
ment of peptic stomach ulcers, and because they also comprise
part of certain animal foodstuffs (Nass et al.). The aim of the
present work was to study the effects of various lignosulphonic
acids on the proteolytic activity of some other animal and, in
addition, of some microbial proteinases.
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MATERIALS AND METHODS

Lignosulphonic acids. Lignosulphonic acids were prepared
by dialysis of a fermented sulphite spent liquor, kindly supplied
by Tofte Cellulosefabrik A/S, Hurum, Norway. The liquor used
in the present work was tested by the CP-method of Sandvik
(1962) and found not to contain detectable amounts of proteo-
Iytic enzymes. Dialysis was carried out against running tap
water at room temperature for 18 hrs. These lignosulphonic acids
are referred to as DSSL (dialyzed sulphite spent liquor). A stock

solution (pH 6) was prepared containing 250 diffusion units of
peptide-precipitating lignosulphonic acids per 50 pul liquor (Neass
1971a). The lignosulphonic acids have been characterized by gel
chromatography and determination of the peptide-precipitating
ability of the fractions (Hildrum & Nass 1972).

The sodium salt of lignosulphonic acids (LSA), prepared by
the procedure of Jantzen (1967) was kindly supplied by Alwa-
tech A/S, Oslo, Norway. These lignosulphonic acids have also
been characterized by gel chromatography and determination of
the peptide-precipitating ability of the fractions (Nass et al.
1973).

The pH of the LSA solutions used was adjusted to pH 6.
Various gel chromatography fractions of LSA were prepared as
described previously (Nass et al.). These fractions are hereafter
called LSA samples 1, 2, 3 and 4 and contain 4 % of lignosul-
phonic acids. LSA sample 1 contains mainly high-molecular
weight lignosulphonic acids, LSA samples 2 and 3 lignosulphonic
acids of middle molecular weight, and LSA sample 4, low-mole-
cular weight lignosulphonic acids (Hildrum & Nass).

Enzymes. The bacterial proteinases were produced according
to a procedure described by Sandvik, while endocellular yeast
proteinases were prepared as described by Fossum (1970b). The
following strains were used: Bacillus cereus (NVH* 322), Pseudo-
monas aeruginosa (NVH 982), Clostridium perfringens (NVH
839), Bacillus thuringiensis (ATCC** 10792), Vibrio cholerae
(ATCC 14035), Protcus vulgaris (NVH 418), Corynebacterium
pyogenes (NVH 431), Pseudomonas fluorescens (NVH 656), Ser-
ratia marcescens (NVH 2672), Saccharomyces cerevisiae var.

* The Culture Collection at the Department of Microbiology and
Immunology, Veterinary College of Norway, Oslo, Norway.
** American Type Culture Collection, Rockville, Maryland, USA.
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ellipsoideus (ATCC 7753). Aspergillus oryzae protease (Type II,
crude, lot 1320) and «-chymotrypsin from bovine pancreas (Type
II, 3 X crystallized, lot 86B-0470) were obtained from Sigma*.
Trypsin ex hog pancreas (crystallized, batch No. 36367) and
pronase ex Streptomyces griseus (Batch No. 45821) were obtain-
ed from Koch-Light**.

The jejunum content of a pig (randomly selected at a slaugh-
ter-house) was collected after necropsy, and after centrifugation
the supernatant was used as an enzyme source without further
purification.

The content of proteinases in mud extracts from sulphite
spent liquor recipients is considerable (Nass 1971b). Proteinase
solutions from mud were prepared by collection of mud samples
from two river recipients (Andelva, near Eidsvoll, and Dram-
menselva, Drammen, Norway) with a perforated metalbox fixed
to the end of a rod. Samples of 20 ml of mud were added 1 M-
NaOH to pH 10 and centrifuged after shaking thoroughly. The
PH of the supernatant was adjusted to pH 7. The content of
proteinases in the mud was calculated by the method of Sandvik
to be 10000—20000 diffusion units per ml packed centrifuged
mud. The proteinases in the mud are assumed to be of microbial
origin. Among the proteinase-producing bacteria in the mud,
Bacillus cereus and Pseudomonas aeruginosa were identified in
the samples.

Dry weight of enzymes is given only for the commercially
obtained proteinases.

Determination of proteinase activity. For the qualitative
detection of the proteinase inhibitory effect, the casein precipi-
tating method (CP-method) of Sandvik, adapted for the deter-
mination of proteinase inhibitors as in the crosswise casein pre-
cipitating inhibition test (crosswise CPI-test) (Fossum 1970b),
was used. Filter paper strips (Schleicher & Schiill No. 2043 bmgl)
moistened with the inhibitor-containing material were placed on
an agar layer (2 mm thick) containing 1 % sodium caseinate
(pH 6.5) in 14 % agar (Bacto-Agar, 0140-01, Difco***) with
0.01 % merthiolate and 0.003 M-MgCl,, and incubated for about
3 hrs. at 37°C. After removal of these strips, similar strips

* Sigma Chemical Company, St. Louis, Missouri, USA.
** Koch-Light Laboratories Ltd., Colnbrook, Bucks., England.
*** Difco Laboratories Inc., Detroit, Michigan, USA.
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Figure 1. Crosswise CPl-test with different concentrations of

jejunum content from pig and various concentrations of lignosul-

phonic acids in dialysed sulphite spent liquor (DSSL). The dilutions

of DSSL are (from left to right as marked by arrows): 1, 1,4, 4 and

ts- The dilutions of jejunum Con;f:itlare (downwards) : 1355, 5bo
’ l‘

Ths
moistened with solutions of the proteolytic enzymes to be used
were applied to the surface of the agar at right angles to the
direction of application of the inhibitors, and the plates in-
cubated for a further 12—18 hrs. at 37°C. Proteolytic activity
is indicated by white zones in the otherwise clear agar, and the
inhibition is indicated by interruption of these white precipi-
tation zones (Fig. 1). The casein digestion method of Kunitz
(1947), as modified by Fossum (1970a), was also used. The
digestion of 1 ml 2 % casein solution (Hammarsten quality,
Merck*) by 0.005—0.007 mg of crystalline enzyme or 0.004 ml
of jejunum content, and with 0.3 ml 0.5 M Tris-HCI buffer, pH
7.0, and various amounts of DSSL, was carried out by incubating
the mixtures for 20 min. at 37°C, after which 3 ml 5 % trichloro-

* Merck, Darmstadt, Germany.
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Figure 2. Crosswise CPI-test with different enzymes and various
concentrations of the sodium salt of lignosulphonic acids (LSA). LSA
concentrations are (from left to right as marked by arrows): 5 %
¥), 2.5 %, 1.2 %, 0.6 % and 0.3 %. The enzyme solutions used are
v

(downwards) : Swine trypsin (0.01 mg per ml), bovine a-chymo-
trypsin (0.005 mg per ml), proteinases from Clostridium perfringens,

Bacillus cereus, Pseudomonas aeruginosa, Aspergillus oryzae (0.03 mg
per ml), Saccharomyces cerevisiae and mud extract.

acetic acid was added to stop enzymatic activity and to precipi-
tate the undigested proteins. The amounts of certain amino acids
released during the protein digestion were estimated by adding
5 ml of 0.5 M-NaOH and 1.5 ml Folin-Ciocalteus Phenolreagent
(Merck) to 2.5 ml of the supernatant, and measuring the absor-
bances at 480 nm (Nass et al.) in a Spectronic 20 photometer*.
The absorbance at 280 nm without added phenolreagent was not

* Bausch & Lomb Inc., Rochester, USA.
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Figure 3. Crosswise CPI-test of different concentrations of bovine

a-chymotrypsin (left) and swine trypsin (right) with undiluted

DSSL. The enzyme solutions used are (downwards): a-chymotrypsin,

0.005 mg per ml, 0.05 mg per ml, 0.25 mg per ml and 0.5 mg per ml.

Trypsin, 0.01 mg per ml, 0.1 mg per ml, 0.5 mg per ml and 1.0 mg
per ml

used because of the great absorbance of lignosulphonic acids in
this region (Hildrum & Ness).

RESULTS

Fig. 1 shows the inhibitory effect of DSSL upon proteinases
present in the jejunum content of a pig. It can be seen that the

inhibitory effect can be demonstrated for the dilutions of DSSL
used including [1-. This inhibitory effect also occurred for all

the dilutions of jejunum content tested. When LSA were used
an inhibitory effect could be detected with concentrations of LSA
as low as 1.2 %.

The inhibitory effect of LSA upon eight different proteolytic
enzymes is shown in Fig. 2. All the enzymes were inhibited to
some extent by a 5 % solution, but no inhibition could be seen
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Figure 4. Crosswise CPI-test with different enzymes and various

gel chromatography fractions of LSA. The LSA fractions (4 % solu-

tions) used are (from left to right as marked by arrows) : LSA sample

1, 2, 3 and 4. The enzymes used are the same as listed downwards
for Fig. 2.

for any of the enzymes when the solution contained less than
1.2 % LSA. The other proteinases listed under materials and
methods were inhibited similarly to those shown in Fig. 2. An
inhibitory effect of DSSL could be demonstrated using great
variations in the concentrations of the enzymes, as shown for
a-chymotrypsin and trypsin (Fig. 3). In Fig. 4 the inhibiting
effect of various gel chromatography fractions of LSA upon the
activity of eight different proteinases is shown. The activity of
all the enzymes was inhibited by the four samples of LSA, but
the degree of inhibition decreased with decreasing molecular
weight of the lignosulphonic acids.

When using the Kunitz method for the demonstration of
enzyme activity in the presence of lignosulphonic acids, it can
be seen that the activity of 0.005 mg trypsin, 0.007 mg «-chymo-
trypsin and the proteinase activity in 0.004 ml of jejunum con-
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Figure 5. Per cent inhibition of swine trypsin o—o, bovine

a-chymotrypsin A—4 and jejunum content from pig e—e by different

amounts of DSSL as determined by the Kunitz method. The amounts

of enzymes used are 0.005 mg of swine trypsin, 0.007 mg of a-chymo-
trypsin and 0.004 ml of jejunum content.

tent can be 70—75 % inhibited by 0.25—0.30 ml of DSSL (Fig.
5). As lignosulphonic acids also give a blue colour with the
phenolreagent, it was not possible, with the photometer used, to
measure the absorbances when more than 0.25—0.30 ml of DSSL
was used with the amounts of enzymes mentioned above.

DISCUSSION

The observation that lignosulphonic acids have an inhibitory
effect on animal proteinases is of particular interest because
lignosulphonic acids comprise parts of certain animal foodstuffs
Neass et al. 1973). On the other hand, it has previously been
demonstrated that peptide- and protein-lignosulphonic acid com-
plexes can serve as substrates for certain proteolytic enzymes
(Naess 1971c). Relatively high concentrations of proteinases were,
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however, used when neopeptone-lignosulphonic acid complexes
were incorporated as the substrate in an agar gel. The relative
concentrations of the proteinases and the lignosulphonic acids
seem to be of particular importance for the activity of proteinases
in the presence of such acids. As the proteolytic activity of both
pepsin (Nass et al.), and as shown in the present work, of tryp-
sin, a-chymotrypsin and extracellular Clostridium perfringens
proteinase is reduced in the presence of adequate amounts of
lignosulphonic acids, it is possible that the digestion by animals
of protein foodstuffs in the presence of lignosulphonic acids is
hindered. Another possibility is that the normal production of
proteinases is sufficient for adequate digestion in the presence
of proteinase inhibiting substances in the concentrations of in-
terest, or also that a decreased protein digestion would stimulate
the production of enzymes as compensation. Melmed & Bouchier
(1969) have shown that the oral ingestion of naturally occurring
purified trypsin inhibitors from soy bean, ovomucoid, and bovine
pancreas is potent stimuli to pancreatic digestive enzyme syn-
thesis which may lead to impairment of growth in rat and
chicken through the fecal loss of essential amino acids. This
is thought to be due to the markedly potentiated secretion of
pancreatic digestive enzyme protein overwhelming the normal
digestive capacity of the gastrointestinal tract and resulting in
a pancreatogenous protein-losing enteropathy. It would, there-
fore, be of great interest to study the effects of adding ligno-
sulphonic acids in various concentrations to the diet of animals
during a longer period. Of particular importance would be a
study of the growth rate, analyses of total nitrogen in the feces
and in the fodder compared to that of the controls, and to search
for signs of hyperactivity of the enzyme-producing cells in the
pancreas.

The observation that all the proteinases tested are inhibited
by lignosulphonic acids, supports the theory previously discussed
(Naess et al.) that the affinity of the lignosulphonic acids for
substrate or enzyme, or both, is unspecific. However, no pre-
cipitation of substrate by lignosulphonic acids in the CP-agar
was observed at the pH value used (pH 6.5). This result differs
from that seen in the study of pepsin with hemoglobin as sub-
strate, as the hemoglobin was obviously precipitated by the ligno-
sulphonic acids (pH 2.1). On the other hand, soluble lignosulpho-
nic acid complexes with substrate, or enzyme or both, may occur
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in the present system, and be responsible for the enzyme-inhibit-
ing effect, or some part of it.

The observation that the high-molecular weight lignosul-
phonic acids have the greatest inhibitory effect upon the enzymes
used is in accordance with the findings for pepsin.

In a previous study (Neass 1971d), it was found that protein-
ase-digested peptide-lignosulphonic acid precipitates could be
reprecipitated with peptides and proteins when the enzymes were
inhibited. These reactions are considered as a cycle. Microbial
proteinases are considered to be important in the degradation
of peptide- and protein-lignosulphonic acid complexes. Such
complexes, under certain conditions, probably comprise parts of
the bottom mud and suspended material in sulphite spent liquor
recipients, especially where waste liquors from dairies, slaughter-
houses and other food industries are also discharged. The signi-
ficance of the inhibitory effect of the lignosulphonic acids upon
the mud proteinases, as demonstrated in the present work, is not
known, but it is probable that they are of importance in relation
to the biochemical activity of the ecosystems in which ligno-
sulphonic acids comprise an important part. Blocking substances
such as amino acids, certain amines and peptides (Naess 1971d)
may, however, also be of importance for the degree of enzyme
inhibition caused by lignosulphonic acids in this connection.
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SAMMENDRAG

Virkningen av peptidpresipiterende ligninsulfonsyrer in vitro pd den
proteolytiske aktivitet av noen animalske og mikrobielle proteinaser.
Det er vist at ligninsulfonsyrer har hemmende virkning pa for-
skjellige animalske og mikrobielle proteinaser. Aktiviteten av 0,005 mg
svinetrypsin, 0,007 mg a-chymotrypsin fra storfe og proteinaseaktivi-
teten i 0,004 ml jejunuminnhold fra gris kan inhiberes 70—75 % med
0,25—0,30 ml av en lgsning som inneholder 250 diffusjonsenheter
peptidpresipiterende ligninsulfonsyrer per 50 pl.

En har diskutert den hemmende virkningen i forhold til bruken
av visse forstoffer som inneholder ligninsulfonsyrer og i forhold til
biokjemiske reaksjoner som finner sted i gkosystemer hvor lignin-
sulfonsyrer utgjgr en viktig del.

(Received April 138, 1972).
Reprints may be requested from: Bjgrn Neess, Department of Micro-

biology and Immunology, Veterinary College of Norway, Postbox 8146,
Oslo Dep., Oslo 1, Norway.





