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TREATING VIRAL INFECTIONS WITH KRILL
ENZYMES

[0001] This application is a continuation-in-part of U.S.
Application Ser. No. 08/486,820, filed Jun. 7, 1 995, which
is a continuation-in-part of U.S. application Ser. No. 08/385,
540, filed Feb. 8, 1995, titled “Crustacean and Fish Derived
Multifunctional Enzyme.”

[0002] The present invention relates to a krill-derived
multifunctional enzyme and a family of crustacean and fish
derived enzymes having substantial structural similarity to
the multifunctional enzyme derived from antarctic krill. The
invention additionally relates to the multifunctional enzyme,
to methods of purifying the multifunctional enzyme and
purified multifunctional enzyme, and to pharmaceutical,
cosmetic and other uses of the enzyme.

[0003] The enzymes that are substantially structurally
similar to the krill-derived multifunctional enzyme have the
same utility as the krill enzyme. In particular, these multi-
functional enzymes are useful for treating viral infections
such as herpes outbreaks, fungal, bacterial or parasitic
infections, including the primary and secondary infections
of leprosy, colitis, ulcers, hemorrhoids, corneal scarring,
dental plaque, acne, cystic fibrosis, blood clots, wounds,
immune disorders including autoimmune disease, such as
lupus erythematosus and multiple sclerosis, and cancer. The
entire disclosures of U.S. patent application Ser. Nos.
08/486,820, 08/338,501 (filed Nov. 22, 1994) and Ser. No.
08/385,540 are incorporated herein by reference.

[0004] U.S. Pat. Nos. 4,801,451 and 4,963,491 disclose a
mixture of exo- and endopeptidases isolated from antarctic
krill (Euphkasia superba) and the use of the mixture as
cleaning solutions. U.S. Pat. No. 4,801,451 discloses the use
of such enzymes to remove foreign matter and dead tissue
from wounds. Patent Application WO 85/04809 discloses
the use of krill enzymes as a digestion promotor. Furopean
Application EP-A1-0170115 discloses the use of krill
enzymes to dissolve blood clots. All of these references
employ impure or poorly characterized materials. A purified
multifunctional enzyme is desirable to provide a pharma-
ceutically useful product.

SUMMARY OF THE INVENTION

[0005] The present invention provides a multifunctional
enzyme that has been found to be useful in numerous
medical and cosmetic contexts. In particular, the invention
relates to an enzyme having multifunctional activity com-
prising at least one of a chymotrypsin, trypsin, collagenase,
elastase or exo peptidase activity, a molecular weight
between about 20 kd and about 40 kd as determined by SDS
PAGE, and substantial homology to krill-derived multifunc-
tional hydrolase. Preferably, the enzyme has a molecular
weight of from about 26 kd to about 32 kd as determined by
SDS (sodium dodecyl sulfate) polyacrylamide gel electro-
phoresis (“PAGE”), more preferably about 29 kd. Prefer-
ably, the enzyme is selectively reactive with cell-surface
receptors such as proteins or glycolipids. Preferably, the
enzyme is substantially purified. Preferably the enzyme has
a purity with respect to macromolecules of at least about
90%, more preferably least about 95%, more preferably
about 97%, still more preferably about 99%, yet more
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preferably 99.7% with respect to macromolecules. Prefer-
ably, the enzyme has an N-terminal sequence comprising:
I-V-G-G-X-E/D-B-X-X-X-X-7/B'-P-Z/H-Q-B-X-B/Z,
wherein X is any amino acid, Z is an aromatic amino acid,
B is an amino acid having a C2 to C6 alkyl side chain, and
B' is leucine or isoleucine. More preferably, all amino acids
represented by X, Z or B are natural amino acids. Preferably,
the enzyme has an N-terminal sequence comprising: I-V-G-
G-X-E/D-B wherein X is any amino acid, B is an amino acid
having a C2 to C6 alkyl side chain. A preferably, the enzyme
is the krill-derived multifunctional hydrolase. Preferably, the
enzyme has the N-terminal sequence: I-V-G-G-N/M-E-V-T-
P-H-A-Y-P-W-Q-V-G-L-F-1-D-D-M-Y-F (SEQ ID NO. 1).
For the purposes of this application, “substantially pure”
shall mean about 60% purity.

[0006] In another preferred embodiment, the multifunc-
tional enzyme shall have at least about 70% homology with
the krill derived multifunctional hydrolase, more preferably
at least about 80% homology, still more preferably at least
about 90% homology, yet still more preferably at least about
95% homology.

[0007] Homology measurements will score conservative
substitutions as homologous. The krill-derived multifunc-
tional hydrolase can be the multifunctional enzyme. The
krill-derived multifunctional hydrolase is 100% homologous
with itself.

[0008] The invention also provides a pharmaceutical com-
position comprising the multifunctional enzyme of claim 1
and a pharmaceutically acceptable diluent or carrier.

[0009] The invention further provides (a) methods relating
to certain conditions using effective amounts of the enzyme
described above, (b) compositions for use in such methods,
(c) pharmaceutical compositions containing effective
amounts of enzyme for use in such methods, and (d) uses of
the enzyme composition for manufacturing a medicament
for use in such methods. The methods are for:

[0010] (1) treating or prophylactically preventing a
microbial infection [e.g. viral such as: a herpes (e.g.
HSV-1, HSV-2, herpes zoster or genital herpes infec-
tion), HIV, hepatitis, influenza coronavirus, cytomega-
lovirus, rhinovirus or papilloma virus infection; an
infection causing a gastrointestinal disease such as
ulcer or diarrhoea; a fungal infection such as a sys-
temic, skin, oral, vaginal or esophageal fungal, includ-
ing, for example, yeast infection, including a fungal
nail infection and candida infections; microbial infec-
tions of the eye, preferably treated with occular admin-
istrations; bacterial infections including staphylococ-
cus, streptococcus,  klebsiella,  pseudomonas,
gonorrhea, haemophilus, chlamydia, syphilis and F.
coli infections and bacterial infections causing chan-
croid; opportunistic microbial infections in immuno-
compromised patients where preferably the adminis-
tered amount of the multifunctional enzyme, described
below, is a microbial infection treating or preventing
effective amount or has inhibitory activity against cell-
cell or cell-virus adhesion;

[0011] (2) treating or prophylactically preventing der-
matological conditions, such as, for example, acne,
psoriasis or eczema, including facial seborrheic eczema
or eczema of the hands, face or neck, hemorrhoids and
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the like, where preferably the amount of the multifunc-
tional enzyme administered is a dermatological condi-
tion treating or preventing effective amount;

[0012] (3) treating or prophylactically preventing cystic
fibrosis, COPD, cancer, for example, by administering
a tumor treating effective amount or a tumor metastasis
preventing or inhibiting amount of enzyme, atheroscle-
rosis, asthma, septic shock, toxic shock syndrome,
tissue adhesions such as tendon-sheath, abdominal
post-surgical or joint adhesions, reperfusion injury,
malaria, immune disorder such as an autoimmune
disease, apoptosis, colitis and enteritis, such as Crohn’s
disease, where preferably the amount of the multifunc-
tional enzyme administered is effective for treating or
preventing;

[0013] (4) treating or prophylactically preventing
wound infection (by applying to the wound a microbial
infection preventing effective amount of the enzyme or
by enhancing the healing of the wound by administer-
ing a microbe inhibiting effective amount of the
enzyme), when treated the wound can be substantially
free of necrotic tissue;

[0014] (5) treating or prophylactically preventing acute
or chronic inflammation, where preferably the amount
of the multifunctional enzyme administered is an acute
or chronic inflammation treating or preventing effective
amount;

[0015] (6) treating or prophylactically preventing an
indication selected from the group consisting of pain,
bronchitis, haemophilus influenzae infections, myco-
plasma in lungs, foreskin infections, athlete’s foot,
fistulae infections, infected topical ulcers, gastric
ulcers, navel infections in newborns, wrinkles, polyps,
scars and kelloids, lichen planus, boils, warts and
allergic itch, prostatitis, mastitis, gingivitis, sinusitis,
arthritis and inflamed joints, diarrhoea, eye disease,
such as glaucoma or cataracts, and hair-thinness, where
preferably the amount of the multifunctional enzyme
administered is a treating or preventing effective
amount;

[0016] (7) removing dead or peeling skin from othet-
wise healthy skin to improve the skin’s appearance,
where preferably the amount of the multifunctional
enzyme administered is a dead skin removing effective
amount;

[0017] (8) lysing blood clots, where preferably the
amount of the multifunctional enzyme administered is
a clot lysing effective amount; and

[0018] (9) removing dental plaque, where preferably the
amount of the multifunctional enzyme administered is
a dental plaque removing effective amount.

The method comprises administering a composition com-
prising a the multifunctional enzyme described above.
The composition of the invention can also be used to
remove dead of divergent cells.

[0019] The invention provides topical cosmetic composi-
tion comprising the multifunctional enzyme described
above; and cream, gel or suppository composition.

[0020] The invention also provides method of purifying
the multifunctional enzyme described above to obtain a
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composition containing substantially no other proteins that
bind a selected protease inhibitor other than the multifunc-
tional enzyme, the method comprising the steps of:

[0021] (a) applying a composition containing the mul-
tifunctional enzyme to an ion exchange column;

[0022] (b) eluting a first adsorbed material from the
column with a first aqueous solution of first ionic
strength 1,; and

[0023] (c) eluting the multifunctional enzyme from the
column with a second aqueous solution of second ionic
strength 12;

[0024] (d) applying the eluted multifunctional enzyme
from step (c¢) to an affinity matrix comprising the
protease inhibitor; and

[0025] (e) eluting the affinity matrix with a third aque-
ous solution that destabilizes the interaction between
the multifunctional enzyme and the protease inhibitor
wherein [, is selected so that the first aqueous solution
(1) elutes the first adsorbed material containing proteins
that can bind to the protease inhibitor, but which
proteins adhere to the anion exchange column more
weakly than the multifunctional enzyme and, (ii) does
not elute the multifunctional enzyme; and wherein I, is
greater than I1 and is selected so that the second
aqueous solution elutes the multifunctional enzyme and
substantially no other proteins that bind the selected
protease inhibitor. Preferably, the selected protease
inhibitor used in the affinity matrix is resistant to
digestion by the multifunctional enzyme, such as is a
mammalian trypsin inhibitor, for example, bovine
trypsin inhibitor.

[0026] The invention further provides (a) methods relating
to certain conditions using effective amounts of the enzyme
described above, (b) compositions or substances for use in
such methods, (c) pharmaceutical compositions containing
effective amounts of enzyme for use in such methods, and
(d) uses of the enzyme for manufacturing a medicament for
use in such methods. The methods are for:

[0027] (10) prophylactically preventing sexually trans-
mitted microbial infection, such as candida such as an
oral or vaginal candida infection, gonorrhea, chlamy-
dia, syphilis, trichomonas, chancroid, HIV, herpes, pap-
illoma or hepatitis infections, where the administering
of enzyme described below occurs before, in conjunc-
tion with, or after sexual activity, preferably in an
infection preventing effective amount;

[0028] (11) prophylactically preventing a cold or influ-
enza virus infection, where the enzyme is preferably
administered to the lungs, nasal passages or sinuses on
an animal at risk of infection in a microbial infection
preventing effective amount;

[0029] (12) treating or prophylactically preventing a
primary or secondary microbial infection in a patient
having leprosy, preferably administering in a primary
or secondary infection treating or preventing effective
amount;

[0030] (13) treating a tissue, body fluid or composition
of cells to remove or inactivate a cell adhesion com-
ponent comprising, wherein the enzyme is adminis-
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tered to the tissue, body fluid or composition of cells,
preferably a cell-adhesion component removing or
inactivating effective amount or an immune rejection
inhibiting amount of the enzyme is administered, pref-
erably the tissue, body fluid or composition of cells is
treated extra-corporally, although they may also be
treated in situ in an animal;

[0031] (14)cleaning a contact lens, preferably applying
to the lens a lens cleaning effective amount of the
enzyme, where the application can be done while the
lens is in the eye;

[0032] (15) treating or prophylactically preventing
coronavirus, such as the coronavirus causing feline
infectious peritonitis, cytomegalovirus, rhinovirus or
papilloma virus (such as human papilloma virus) infec-
tion, where preferably a viral infection treating or
preventing effective amount of enzyme is administered;

[0033] (16) treating or prophylactically preventing HIV
infection, preferably administering an HIV infection
treating or preventing effective amount of the enzyme;

[0034] (17) treating or prophylactically preventing an
oral or esophageal fungal, including yeast infection,
preferably by administering a microbial infection treat-
ing or preventing effective amount of the enzyme;

[0035] (18) treating or prophylactically preventing a
pseudomonas, lichen planus, candida, such as a vaginal
or oral candida infection, gonorrhea, chlamydia, syphi-
lis, trichomonas, or chancroid infection, preferably by
administering a microbial infection treating or prevent-
ing effective amount of the enzyme;

[0036] (19) prophylactically preventing, diminishing or
removing a corneal scar, preferably by administering a
corneal scar preventing, diminishing or removing
effective amount of the enzyme, preferably the enzyme
is administered in conjunction with occular surgery to
prevent the formation of a corneal scar;

[0037] (20) treating or prophylactically preventing con-
Junctivitis, such as viral, bacterial or allergic conjunc-
tivitis, preferably by administering a conjunctivitis
treating or preventing effective amount of the enzyme;

[0038] (21) treating or prophylactically preventing a
disease or cellular process selected from the group
consisting of cystic fibrosis, COPD, atherosclerosis,
asthma, toxic shock syndrome, reperfusion injury, coli-
tis, enteritis and malaria-infection associated pain, pref-
erably by administering a treating or preventing effec-
tive amount of the enzyme;

[0039] (22) prophylactically preventing or limiting rep-
erfusion injury, preferably by administering a reperfu-
sion injury preventing or limiting effective amount of
the enzyme;

[0040] (23) treating or prophylactically preventing the
process of apoptosis in cells at risk for apoptosis, such
as T-cells in HIV patients, preferably by administering
an apoptosis treating or preventing effective amount of
the enzyme;

[0041] (24) treating or prophylactically preventing an
autoimmune disease such as multiple sclerosis, rheu-
matoid arthritis, lupus erythematosus, vasculitis, tem-
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poral arteritis, primary biliary cirrhosis, active chronic
hepatitis, ulcerative colitis or scleroderma, preferably
by administering an autoimmune disease treating or
preventing effective amount of the enzyme; and

[0042] (25) treating hemorrhoids (for example, post-
partum hemorrhoids) preferably by administering a
hemorrhoids treating effective amount of the enzyme.

The method comprises administering a composition com-
prising a the multifunctional enzyme described above.

[0043] The invention further provides (a) methods for
treating or prophylactically preventing a cell-cell or cell-
virus adhesion syndrome comprising administering an anti-
adhesion effective amount of a hydrolase effective to remove
or inactivate a cellular or viral acceptor or receptor adhesion
component that is involved in the cell-cell or cell-virus
adhesion, (b) compositions or substances for use in such
methods, (c) pharmaceutical compositions containing effec-
tive amounts of enzyme for use in such methods, and (d)
uses of the enzyme composition for manufacturing a medi-
cament for use in such methods. Preferably, the syndrome
comprises inflammation, shock, tumor metastases, autoim-
mune disease, transplantation rejection reactions or micro-
bial infections. Preferably, (a) the syndrome is selected from
the group consisting of microbial infection, immune disor-
der, cystic fibrosis, COPD, atherosclerosis, cancer, asthma,
septic shock, toxic shock syndrome, conjunctivitis, reperfu-
sion injury and pain, and (b) a cell surface receptor, asso-
ciated with the cell-cell or cell-virus adhesion syndrome,
selected from the group consisting of ICAM-1, ICAM-2,
VCAM-1, CD4, CD8, CD11, CD18, CD28, CD29D, CD31,
CD44, CD 49, CD62L, CD102 and asialo GM1 ceramide is
removed or inactivated by the administered hydrolase.

[0044] Preferably, a microbial infection is treated or pre-
vented and the microbial infection is a herpes, HIV, hepatitis
or papilloma infection; an infection causing colitis, ulcer or
diarrhoea; a candida infection, such as an oral, vaginal or
esophageal candida infection; a cold or influenza infection;
a pseudomonas, haemophilus, staphylococcus, streptococ-
cus, klebsiella or E. coli infection; a primary or secondary
infection of leprosy; or an infection causing conjunctivitis.

[0045] The invention further provides (a) methods treating
or prophylactically preventing an infection by a drug-resis-
tant microbe by administering a treating or preventing
effective amount of the multifunctional enzyme described
above, (b) compositions or substances for use in such
methods, (¢c) pharmaceutical compositions containing effec-
tive amounts of enzyme for use in such methods, and (d)
uses of the enzyme composition for manufacturing a medi-
cament for use in such methods. Preferably. the microbe is
a methicillin or quinilone-resistant bacteria. In another pre-
ferred embodiment, the microbe is a fungus, such as a
fungus (e.g., a candida fungus) that is resistant to azole-type
drugs such as fluconazole.

[0046] The invention further provides a pharmaceutical
composition for removing or inactivating a cell-surface
adhesion molecule comprising a cell-surface adhesion mol-
ecule removing or inactivating effective amount of a mul-
tifunctional enzyme having: activity comprising at least one
of a chymotrypsin, trypsin, collagenase, elastase or exo
peptidase activity; a molecular weight between about 20 kd
and about 40 kd as determined by SDS PAGE; and substan-
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tial homology to the krill-derived multifunctional hydrolase,
and a pharmaceutically acceptable diluent or carrier.

[0047] The invention still further provides a pharmaceu-
tical composition for treating or prophylactically preventing
a cell-cell or cell-virus adhesion syndrome comprising a
cell-cell or cell-virus adhesion syndrome treating or pre-
venting effective amount of a composition comprising a
multifunctional enzyme having: activity comprising at least
one of a chymotrypsin, trypsin, collagenase, elastase or exo
peptidase activity; a molecular weight between about 20 kd
and about 40 kd as determined by SDS PAGE; and substan-
tial homology to the krill-derived multifunctional hydrolase,
and a pharmaceutically acceptable diluent or carrier.

[0048] Preferably, the multifunctional enzyme of the
invention has at least two of the identified proteolytic
activities, more preferably at least three, still more prefer-
ably at least four. Yet more preferably, the enzyme has all of
the identified proteolytic activities. Preferably, the multi-
functional enzyme has substantial anti cell-cell and cell-
virus adhesion activity. Preferably, the multifunctional
enzyme has substantial homology with the krill-derived
multifunctional hydrolase.

[0049] In a preferred embodiment, HIV-infected patients
are treated to slow the progression of the associated diseases
by the process of (1) isolating T-cells from the patient, (2)
treating the T-cells with a hydrolase effective to remove
CD4, and (3) injecting the T-cells into the patient.

[0050] The method of treating tumors can be done by
administering orally or parenterally, including but not lim-
ited to intravenously, intra-arterially, intraperitoneally, sub-
cutaneously, intramuscularly or intra-tumorally. As a part of
this embodiment, the invention provides a method of pre-
venting or limiting tumor metastatic processes.

[0051] In one embodiment, the invention provides a
method of inhibiting or prophylactically preventing the
transmission of a pathogenic microbe by administering the
multifunctional enzyme. Preferably, the multifunctional
enzyme is applied to the portion of the body that comprises
the primary transmission entryway for the microbe in ques-
tion. In one preferred embodiment, a spray, ointment or
wash is applied to a body orifice involved in sexual activity,
for instance, to prevent HIV or hepatitis transmission. In
another preferred embodiment, the multifunctional enzyme
is applied to the upper airways, for example, via an aerosol,
to inhibit or prevent the transmission of a cold virus, such as
a rhinovirus or a corona virus.

[0052] In one aspect, the method of extra-corporeally
treating a tissue, body fluid or composition of cells to
remove cell adhesion components reduces the immune
rejection of a tissue, body fluid or composition of cells that
is transplanted from one individual to another. In another
aspect, such treatments remove or inactivate the cell adhe-
sion components found in the treated tissue, body fluid or
composition of cells involved a microbial infection.

[0053] In treating or prophylactically preventing septic
shock or toxic shock syndrome by administering the multi-
functional enzyme, appropriate routes of administration
would include without limitation systemic administration.
For vaginal infections associated with shock, vaginal
flushes, creams, gels or suppositories will preferably also be
used as a method of administration.
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[0054] The invention further relates to a method of pro-
phylactically preventing sexually transmitted disease by
applying a microbial infection preventing effective amount
of the multifunctional enzyme to a birth control device.
Further, the invention provides birth control devices com-
prising the multifunctional enzyme.

[0055] Ininhibiting or preventing the process of apoptosis,
or programmed cell death, the enzyme can be administered
in vivo or ex vivo.

[0056] In a preferred embodiment of the invention, the
multifunctional enzyme is isolated in a form that is essen-
tially free of any trypsin inhibitor. By “essentially free”, it is
meant that no such trypsin inhibitor is detectable by Coo-
massie Blue staining when 15 pg of isolated multifunctional
enzyme is analyzed by SDS,PAGE. Preferably, no trypsin
inhibitor is detectable by silver staining when 1 pg isolated
multifunctional enzyme is analyzed by SDS-PAGE.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] FIGS.1A and 1B show the temperature stability of
the poly-enzyme preparation of Example 1A when incubated
at various temperatures over time scales of hours or days.

[0058] FIG. 2 shows the temperature optimum of the
poly-enzyme preparation of Example 1A.

[0059] FIG. 3 shows the pH stability of the poly-enzyme
preparation of Example 1A.

[0060] FIG. 4 shows the weight gain of mice having a soft
ovarian-derived tumor that were either untreated or treated
with the multifunctional enzyme purified as described in
Example 1C.

[0061] FIG. 5 shows the survival of the enzyme-treated
and untreated mice containing the ovarian tumor.

[0062] FIG. 6 shows the increase in time between urina-
tions for urinary bladder infection patients treated with a
poly-enzyme preparation of Example 1A.

[0063] FIG. 7 shows the reduction in erythema/swelling
in patients with viral lung infections treated with the mul-
tifunctional enzyme purified as described in Example 1B.

[0064] FIG. 8 shows the protective effect of the multi-
functional enzyme, purified as described in Example 1C,
against HIV.

[0065] FIG. 9 shows the pH dependence of the multifunc-
tional enzyme, purified as described in Example 1C, when
tested against different substrates.

[0066] FIG. 10 shows the titration of the activity of the
multifunctional enzyme, purified as described in Example
1C, with 2 different protease inhibitors.

[0067] FIG. 11 shows the pain relief experienced by lame
race horses treated with the poly-enzyme preparation of
Example 1A.

[0068] FIG. 12 shows certain indicators of healing fol-
lowing the treatment necrotic wounds with the multifunc-
tional enzyme purified as described in Example 1B.

DETAILED DESCRIPTION

[0069] TIthas now been established that the multifunctional
enzyme of the invention effectively removes or inactivates
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certain cell-surface adhesion molecules, such as ICAM-1
(i.e, CD 54), ICAM-2, VCAM-1, CD4, CD8, CD28, CD31,
CD44 and the asialo GMI ceramide, without affecting cell
viability. This adhesion site removal or inactivation phe-
nomenon is believed to provide at least a partial explanation
for the enzyme’s effectiveness against many, though prob-
ably not all, of the indications against which the multifunc-
tional enzyme is effective. Other cell surface receptors have
been found to be substantially resistant to removal or
inactivation by the multifunctional protein, such as the T-cell
receptor, the Class I major histocompatibility complex or the
integrins CD11 and CDI18.

[0070] While not wishing to be restricted by any particular
theory, it is believed that the activity of the multifunctional
enzyme in preventing or treating infections by cold viruses
relates to the enzyme’s anti-adhesion activity. For instance,
rhinoviruses, which are responsible for the majority of colds,
infect by a pathway that utilizes an interaction between virus
and ICAM-1 cell-surface adhesion molecule. See
Lineberger at al., J. Virol. 64:2582-2587 (1990); Stauton et
al., Cell 61:243-254 (1990). The multifunctional enzyme
removes or inactivates [ICAM-1 from mammalian cell sur-
faces. Analogously, the infective pathway for coronaviruses,
which are responsible for most colds not caused by a
rhinovirus, utilizes the CDI13 cell-surface molecule. See
Delman et al., Nature, 357:417-420 (1992), Yeager et al.,
Nature, 357:420-422 (1992). It is believed that multifunc-
tional enzyme removes or inactivates a cell surface adhesion
molecule involved in the infective pathway for coronavi-
ruses. Because of the multifunctional enzyme’s stability and
the broad pH range over which it is effective, the enzyme can
function in a number of environments, such as the lungs,
sinuses, mouth, intestines and vagina, where it can be
applied.

[0071] While not wishing to be restricted by any particular
theory, the pain-relieving activity of the multifunctional
enzyme in malaria is believed to be due at least in part to the
enzyme’s activity against the [ICAM-1 cell-surface adhesion
molecule. ICAM-1 is involved in adhering infected red
blood cells (RBCs) to the endothelium and to uninfected
RBCs, causing obstructions in the patient’s capillaries and
venules and the pain associated with the crises of malarial
infections. Ockenhouse, “Cell Adhesion Molecules in Host
Parasite Interactors” in Adhesion Molecules, Craig Wegner,
Ed., Academic Press, San Diego, 1994, pp. 277-291. The
multifunctional enzyme removes or inactivates ICAM-1
from cell surfaces.

[0072] A number of cell-surface adhesion molecules are
involved in reperfusion injury, including the ICAM-1 mol-
ecule. Korthius and Granger, “Pathogenesis of Ischemial/
Reperfusion,” in Adhesion Molecules, Wegner, Ed., Aca-
demic Press, 1994, pp. 163-190. ICAM-1 specific antibodies
interfere with neutrophil adherence to and migration into
ischemic tissue, Id., thereby limiting the role of neutrophils
in re-perfusion injury. These antibodies can also limit the
size of a myocardial infarction. Id. at 177, FIG. 8.17. The
multifunctional enzyme interferes with ICAM-1 by remov-
ing it from the cell surface or by inactivating it.

[0073] Again not wishing to be limited by any particular
theory, the anti-CD4 cell surface adhesion molecule activity
of the multifunctional enzyme is believed to be responsible,
at least in part, for the enzyme’s HIV-transmission inhibitory
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activity. The HIV infective pathway utilizes the CD4 cell-
surface molecule. See, Lentz, “Molecular Interaction of
Viruses with Host-Cell Receptors,” in Adkesion Molecules,
Wegner, Ed., Academic Press, 1994, pp. 223-251 at p. 229.

[0074] In candida infections, the hyphal stage is believed
to be more infective. Ligands on the candida fungi that
possibly recognize a GalNAcp(1-4)Gal carbohydrate struc-
ture on asialo-GM1 ceramides of the infection host, are
believed to be involved in the process by which candida
infect. Such ligand molecules may also be involved in the
process by which candida yeast are converted to the hypal
stage. In pseudomonas infections of the lungs, a bacterial
cell-surface ligand that recognizes a GalNAc,8(1-4)Gal car-
bohydrate structure is believed to play a role in the lung
infection pathway. Abraham, “Bacterial Adhesions,” in
Adhesion Molecules, Wegner, Ed., Academic Press, 1994,
pp. 253-276. The same or similar glycolipid structure is
believed to be involved in adhering several pathogens to the
lungs, including Pseudomonas aeruginosa, Haemophilus
influenzae, Staphylococcus aureus, Streptococcus pneumo-
niae, Klebsiella pneumoniae and certain isolates of E. coli.
See, Krivan et al., Proc. Natl. Acad. Sci. U.S.A. 85: 6157-
6161, 1988.

[0075] Wrinkled skin to a major part is caused by free
radicals crosslinking collagen. The formation of free radi-
cals is believed to be caused by the interplay between dead
or dying cells and bacteria, which find such cells to provide
an excellent growth medium. While not wishing to be bound
to a particular theory, it is believed that the anti-adhesion
properties of the multifunctional enzyme decrease the adher-
ence to skin of the bacteria involved in free radical forma-
tion.

[0076] Bacteria flourishing on dead, dying or divergent
cells are believed to produce toxins that play a role in hair
thinning. The toxins trigger skin cells to produce factors
such as tumor necrosis factor, which in turn affect hair
growth negatively. While not wishing to be bound to a
particular theory, it is believed that the anti-adhesion prop-
erties of the multifunctional enzyme helps to stabilize or
reverse the hair thinning process.

[0077] CD4 and ICAM-1 are believed to be involved in
T-cell apoptosis. See, Okazaki et al., Cell. Immunol. 156:
135-45 (1994). Again not wishing to be limited to a par-
ticular theory, it is believed that the anti-adhesion properties
of the multifunctional enzyme play a role in inhibiting
apoptosis.

[0078] Gastric ulcer is a disease that is often associated
with bacterial infection with helicobacter pylori. While not
wishing to be limited to a particular theory, it is believed that
the multifunctional enzyme of the invention acts on ulcers
by inhibiting bacterial attachment to the gastro-intestinal
mucosa.

[0079] Studies on the destruction or inactivation of cell
surface molecules on T-cell exposed to as little as 10 pg/ml
of the krill hydrolase for four hours at 37° C. have deter-
mined that: CD3 and CD90 are largely unaffected; CD28,
CD49, CD29D, CD18 and CD11 are significantly destroyed
or inactivated, about 25% to about 40% reduction detectable
antigen; CD54, CD102, CD44, CD31, CD62L, CD4, and
CDR8 are substantially destroyed or inactivated, generally
about 70% to about 1 00% reduction in detectable antigen.



US 2006/0134641 Al

Additionally, antibodies against asialo GM-1 have indicated
reductions in the immunologically detectable amount of this
ceramide in the membranes of lung epithelial cells following
exposure to the multifunctional enzyme of the invention.
Further, such treatment of lung epithelial cells reduces the
level attachment of Pseudomonas bacteria to the lung epi-
thelial cells.

[0080] Tt is believed that the above discussed adhesion
molecules and others will prove to play a role in a number
of other diseases for which the multifunctional enzyme is an
effective treatment or preventative agent.

[0081] For the purposes of this application, the terms
listed below shall have the following meaning:

an animal is at risk of infection if some
feature of its environment or medical history
is correlated with an increased risk of one or
more infections.

a disease in which a receptor or acceptor cell
adhesion component plays a role in the
etiology of the disease, for instance by
playing a role in the development,
transmission, growth or course of the
disease.

cell adhesion a cell adhesion component used by a microbe
component involved in a to facilitate adherence to a tissue or cell at
microbial infection risk of infection.

dermatological condition a condition relating to lesions of the topical
surface of an animal, including without
limitation the skin, the vagina and the surface
of the eyes.

refers to an enzyme having the same
sequence as an enzyme isolated from fish or
crustacean.

a microbe of a type that is or once was
generally sensitive to given amounts of one
or more antimicrobial agents but which is not
sensitive to the agents or 1s only sensitive at
significantly higher amounts.

an enzyme that degrades bonds formed by
dehydration reactions such as amide, ester,
ot ether bonds, The term encompasses, but
is not limited to, proteases such as trypsin
and chymotrypsin.

any disorder caused by an immune reaction
to foreign substances, tissues or cells or to
autologous or transplanted tissue. The term
encompasses autoimmune diseases.
krill-derived a multifunctional enzyme having the same
multifunctional hydrolase sequence as the enzyme isolated from krill
having the properties of the protein described
in Examples 1B, 1C and 1D. This enzyme is
also referred to as the “krill multifunctional
hydrolase” or the “krill multifunctional
enzyme” or the “krill-derived multifunctional
enzyme.”

at risk of infection

cell-cell or cell-virus
adhesion syndrome

derived from fish or
crustacean

drug-resistant

hydrolase

immune disorder

macromolecule for determining purity, this means a biological
polymer such as a protein, nucleic acid or
carbohydrate of molecular weight greater
than about 1000.

microbes bacteria, mycoplasma, yeasts, fungi, virus,

protozoa, parasites (such as malaria

parasites) and the like.

an enzyme having activity comprising at least
one of a chymotrypsin, trypsin, collagenase,
elastase or exo peptidase activity, a
molecular weight between about 20 kd and
about 40 kd, and substantial homology to
krill-derived multifunctional hydrolase.

a portion of tissue made up of dead or
irreversibly damaged cells.

multifunctional enzyme

necrotic tissue
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-continued

protein for the purpose of determining purity, this
means a polypeptide of molecular weight
greater than about 1000.

means removes, destroys, inactivates or
disables the detectable presence of the cell-
surface molecule, by whatever mechanism.
means removes, destroys, inactivates or
disables a cell’s or a virus’ ability to interact
with a cell, virus, ligand, group or molecule,
regardless of the mechanism.

means polyacrylamide gel electrophoresis of
proteins in the presence of sodium dodecyl
sulfate.

selectively reactive with means removes, destroys, inactivates or

a cell-surface protein disables certain cell-surface proteins on the
surface of a cell but not others.

any microbial disease that is transmitted
during sexual contact.

at least about 60% sequence homology.

a composition contains substantially no cther
proteins that bind a selected protease
inhibitor if such proteins comprise no more
than about 5% w/w of the total protein in the
composition.

an administration of a biological agent, such
as the multifunctional enzyme, designed
deliver the agent to the blood or other
circulatory system (such as the lymphatic
system) of an animal.

reactive with a cell-
surface protein or
glycolipid

reactive with a cellular
or viral acceptor or
receptor adhesion
component
SDS-PAGE

sexually transmitted
microbial infection
substantial homology
substantially no other
proteins that bind a
selected protease
inhibitor

systemic administration

[0082] Crustaceans, including antarctic krill, are useful
sources for the multifunctional enzyme of the invention. For
instance, frozen krill can be homogenized in water or buffer,
preferably containing an antimicrobial agent. The supernate,
diluted if appropriate, can then be fractionated by ion
exchange chromatography (preferably anion exchange chro-
matography), gel filtration, chromatofocusing chromatogra-
phy, or other traditional separation process. Preferably, how-
ever, some part of the separation process will include affinity
chromatography using a matrix having attached molecules
of a trypsin inhibitor, such as soybean trypsin inhibitor. The
krill-derived multifunctional hydrolase used in the invention
can be desorbed from such a matrix by applying conditions
that will destabilize the interaction between the hydrolase
and the inhibitor. Such conditions include high salt, low pH
or the presence of denaturants such as urea. To add another
selective process, the destabilizing condition can be applied
to the matrix incrementally, as in a gradient. When affinity
chromatography is used, it will preferably be followed with
chromatography using a matrix having attached molecules
of the multifunctional enzyme used in the invention. This
enzyme aflinity step serves to remove molecules of trypsin
inhibitor that leach off the first affinity matrix. By these
methods, multifunctional enzyme with a purity in excess of
about 95%, such as a purity of about 99.7% or more, can be
isolated.

[0083] The multifunctional enzyme isolated from a non-
krill source can be compared to isolated krill multifunctional
hydrolase for molecular weight, sequence, temperature or
pH stability, temperature or pH optima and proteolytic
specificity, or for other properties of the krill-derived mul-
tifunctional enzyme exemplified in the examples.

[0084] Protease activity can be determined by incubating
an enzyme preparation with casein (concentration: 1 % w/v)
at 30° C. for 20 hours and measuring the release of amino
acids or peptides (which can be measured by the increase in
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colorometrically determinable amino groups). Isolated mul-
tifunctional enzyme of 95% purity will typically have a
specific activity of at least about 25 Casein Units per mg.
Casein Units are defined in Biochem. J., 173: 291-298, 1978
(using azocasein as the substrate).

[0085] Alternatively, tryptic protease activity can be mea-
sured against tyrosine-arginine-methyl-ester (“TAME”).
The multifunctional enzyme (of at least about 95% purity)
will preferably have specific activity of at least about 60
TAME Units per mg. Or, tryptic activity can be measured
using Benzoyl-Val-Gly-Arg-p-NO,-anilide as the substrate.
Using this substrate and the method of Biochemical J., 185:
423-433, 1980, the multifunctional enzyme will preferably
have specific activity of at least about 210 Units per mg.
Chymotryptic activity can be measured using Succinyl-Ala-
Ala-Pro-Phe-p-NO,-anilide as the substrate. Using this sub-
strate and the method of J. Biol. Chem., 269: 19565-19572,
1994, the multifunctional enzyme will preferably have spe-
cific activity at least about 260 Units per mg. Elastase
activity can be measured using Boc-Ala-Ala-Pro-Ala-p-
NO,-anilide as the substrate. Using this substrate and the
method of J. Biol. Chem., 269: 19565-19572, 1994, the
multifunctional enzyme will preferably have specific activ-
ity of at least about 270 Units per mg.

[0086] Protein purity is generally determined by SDS-
PAGE with Coomassie blue staining. The percent staining in
the appropriate band reflects the purity.

[0087] Protein concentrations are generally determined by
amino acid analysis or by absorbance at 280 nm.

[0088] Generally, the multifunctional enzyme will be suf-
ficiently stabile so that at least about 50% of the proteolytic
activity is retained after incubation at 50° C. for 24 hours at
pH 7.0 at a concentration of 5 mg/ml. Preferably at least
about 50% of the proteolytic activity is retained after incu-
bation at 60° C. for 5 hours at pH 7.0 at a concentration of
5 mg/ml.

[0089] Preferably, the pH optimum of the multifunctional
enzyme is substrate dependent. For the substrate azocasein,
the pH optimum is preferably from about 3.5 to about 6.5,
more preferably, from about 4.0 to about 6.0. For the
substrate Benzoyl-Val-Gly-Arg-p-nitroanilide, the pH opti-
mum is preferably in excess of about 8.0, more preferably in
excess of about 9.0. For the substrate Boc-Ala-Ala-Pro-Ala-
p-nitroanilide, the pH optimum is preferably between about
6.0 and about 7.0, more preferably about 7.0.

[0090] Using Benzoyl-Val-Gly-Arg-p-nitroanilide as the
substrate, the K at about pH 9.5 in the presence of 2 mM
Ca® is preferably between about 200 and about 240 uM.
Using Succinyl-Ala-Ala-Pro-Phe-p-nitroanilide as the sub-
strate, the K, at pH 9.5 in the presence of 2 mM Ca®* is
preferably between about 250 and about 290 pM.

[0091] Preferably, the multifunctional enzyme has a tem-
perature optimum for activity against casein of between
about 45° C. and about 60° C. Generally, the enzyme retains
at least about 50% of its activity when incubated at 5 mg/ml
for 18 hours at a pH ranging from about 5.0 to about 9.5 at
25° C.

[0092] When HL60 cells are pretreated with the krill
multifunctional hydrolase, their binding to TNFa stimulated
endothelial cells is inhibited by more than about 60%.
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Preferably, treatment of HL60 or endothelial cells with the
multifunctional enzyme of the invention will inhibit HL60
cell binding to TNFa stimulated endothelial cells by at least
about 20%, more preferably at least about 40%, still more
preferably at least about 60%, yet more preferably at least
about 80%. Alternately, the multifunctional enzyme will
preferably have at least about 30% of the adhesion-inhibit-
ing activity of the krill-derived multifunctional hydrolase.
More preferably, the multifunctional enzyme shall have at
least about 60% of the adhesion inhibiting activity of the
krill-derived multifunctional hydrolase, still more preferably
at least about 80%, yet more preferably at least about 100%.

[0093] The multifunctional enzyme of the invention is
administered orally, topically, rectally, vaginally, by instil-
lation (for instance into the urinary tract or into fistulas), by
pulmonary route by use of an aerosol, by application of
drops to the eye, or systemically, such as parenterally,
including, for example, intramuscularly, subcutaneously,
intraperitoneally, intraarterially or intravenously. The mul-
tifunctional enzyme is administered alone, or it is combined
with a pharmaceutically-acceptable carrier or excipient
according to standard pharmaceutical practice. For the oral
mode of administration, the multifunctional enzyme is used
in the form of tablets, capsules, lozenges, chewing gum,
troches, powders, syrups, elixirs, aqueous solutions and
suspensions, and the like. In the case of tablets, carriers that
1s used include lactose, sodium citrate and salts of phospho-
ric acid. Various disintegrants such as starch, and lubricating
agents such as magnesium stearate and talc, are commonly
used in tablets. For oral administration in capsule form,
useful diluents are lactose and high molecular weight poly-
ethylene glycols. If desired, certain sweetening and/or fla-
voring agents are added. For parenteral administration,
sterile solutions of the multifunctional enzyme are usually
prepared, and the pHs of the solutions are suitably adjusted
and buffered. For intravenous use, the total concentration of
solutes should be controlled to render the preparation iso-
tonic. For ocular administration, ointments or droppable
liquids may be delivered by ocular delivery systems known
to the art such as applicators or eye droppers. Such compo-
sitions can include mucomimetics such as hyaluronic acid,
chondroitin sulfate, hydroxypropyl methylcellulose or poly-
vinyl alcohol, preservatives such as sorbic acid, EDTA or
benzylchronium chloride, and the usual quantities of dilu-
ents and/or carriers. For pulmonary administration, diluents
and/or carriers will be selected to be appropriate to allow the
formation of an aerosol. For topical administrations, the
multifunctional enzyme is typically administered in aqueous
form or in a hydrogel. A preferred hydrogel comprises an
aqueous suspension of from about 1% (w/v) to about 10% of
low molecular weight hydrolyzed starch.

[0094] Suppository forms of the multifunctional enzyme
are useful for vaginal, urethral and rectal administrations.
Such suppositories will generally be constructed of a mix-
ture of substances that is solid at room temperature but melts
at body temperature. The substances commonly used to
create such vehicles include theobroma oil, glycerinated
gelatin, hydrogenated vegetable oils, mixtures of polyeth-
ylene glycols of various molecular weighty and fatty acid
esters of polyethylene glycol. See, Remington’s Pharmaceu-
tical Sciences, 16th Ed., Mack Publishing, Easton, Pa., 1980,
pp. 1530-1533 for further discussion of suppository dosage
forms. Analogous gels or cremes can be used for vaginal,
urethral and rectal administrations.



US 2006/0134641 Al

[0095] Numerous administration vehicles will be apparent
to those of ordinary skill in the art, including without
limitation slow release formulations, liposomal formulations
and polymeric matrices.

[0096] For topical treatments, a suitable dose of multi-
functignal enzyme per application ranges from about 0.1
ug/cm’ to about 1 mg/em?, preferably from about 1 pg/cm?
(for example, using about 10 pg/ml) to about 1 mg/cm* (for
example, using about 10 mg/ml), more preferably from
about 5 pg/cm? (for example, using about 50 pg/ml) to about
100 pg/em?® (for example, using about 1 mg/ml), yet more
preferably from about 10 pg/em? to about 250 pg/cm?, still
yet more preferably from about 10 pg/em® (for example,
using about 100 pg/ml) to about 50 pg/cm® (for example,
about 500 pg/ml). For systemic treatments, dosages will
generally be selected to maintain a serum level of multi-
functional enzyme between about 0.1 ug/100 cc and about 5
1g/100 cc, preferably between about 0.5 pg/100 cc and about
2.0 ug/100 cc. In an alternative measure of preferred sys-
temic administration amounts, preferably from about 0.1
mg/kg to about 10 mg/kg, more preferably about 1 mg/kg,
will be administered (although toxicology in animal models
suggests that in excess of 25 mg/kg is acceptable). For
ocular treatments, a suitable dose of multifunctional enzyme
per application ranges from about 0.01 mg per eye to about
5 mg per eye, preferably from about 0.1 mg per eye to about
2.0 mg per eye. For vaginal and urinary tract treatments,
suitable flushing/instillation solutions of the multifunctional
enzyme will generally have concentrations from about 1
pg/ml to about 15 mg/ml, preferably from about 100 pug/ml
to about 3 mg/ml. For oral treatments, suitable mouthwash
solutions will generally have concentration of multifunc-
tional enzyme from about 1 mg/ml to about 15 mg/ml
preferably from about 2 mg/ml to about 10 mg/ml. Lozenges
will typically contain from about 100 pg to about 10 mg of
multifunctional enzyme. Aerosols will generally be made
from solutions having enzyme concentrations from about
0.1 mg/ml to about 15 mg/ml, preferably from about 1
mg/ml to about 10 mg/ml. Generally, from about 0.1 ml to
about 2 ml of aerosol will be applied to the airways of the
patient, preferably from about 0.5 ml to about 1.0 ml. For
scar and keloid treatments, generally between about 0.1 mg
and about 5 mg of multifunctional enzyme will be injected
into each cm? of the lesion, preferably from about 0.5 mg to
about 3 mg. For treating adhered connective tissue or joints,
generally between about 0Q5 mg and about 10 mg of
multifunctional enzyme will be injected interstitially at the
adhesion, preferably between about 1 mg and about 5 mg.
For all treatments, the enzyme composition will generally be
applied from about 1 to about 1 0 times per day, preferably
from about 2 to about 5 times per day. These values, of
course, will vary with a number of factors including the type
and severity of the disease, and the age, weight and medical
condition of the patient, as will be recognized by those of
ordinary skill in the medical arts. It is believed that substan-
tially higher doses can be used without substantial adverse
effect.

[0097] For treating or preventing infection, the multifunc-
tional enzyme can be administered systemically or in a
manner adapted to target the affected tissue. For preventing
cold or influenza transmission, the composition is preferably
applied to the lungs or airways. For treating immune disor-
ders, the composition may be applied systemically or in a
manner adapted to target the affected tissue. For treating the
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primary and secondary infections of leprosy, the primary
administration route will generally be the topical route. For
treating scar or keloid tissue, generally the composition will
be injected into the scar or keloid, except that for corneal
scars the composition will generally be applied ocularly
without injection. For cancer treatment, the composition will
generally be administered systemically by a route or in a
manner adopted to target the affected tissue. For treating
atherosclerosis, the composition will generally be adminis-
tered systemically, although the site of administration may
be chosen to administer the highest dosages to the portion of
the circulatory system most at risk. For asthma, the general
route of administration will be pulmonary. For treating
pseudomonas infections, the infection will typically be a
lung infection and the administration route pulmonary. For
reperfusion injury, the composition will generally be admin-
istered systemically, although the site of administration may
be designed to administer the highest dosages to the portion
of the body that suffered an ischemic event. For treating the
painful symptoms of malaria, the administration mode will
generally by systemic.

[0098] For wound healing, the multifunctional enzyme is
preferably be applied more often than simply the time at
which the wound is first dressed. Preferably, the multifunc-
tional enzyme is applied at least about every time the wound
dressing is changed. The multifunctional enzyme can also be
applied at least about every other day, more preferably, every
day. In one embodiment, the multifunctional enzyme is
administered to a wound substantially free of necrotic tissue.
The phrase “substantially free of necrotic tissue” shall mean
sufficiently lacking in necrotic tissue so that an ordinarily-
skilled pathologist would consider any residue of necrotic
tissue to be irrelevant to determining a wound-healing
prognosis.

[0099] For organ transplants, the organ to be transplanted
will preferably be bathed in a solution of the multifunctional
enzyme for between about 10 minutes and about 5 hours.
The enzyme solution will preferably contain between about
0.01 mg/ml and about 25 mg/ml of the multifunctional
enzyme, more preferably, between about 0.5 mg/ml and
about 5 mg/ml. After transplantation, the multifunctional
enzyme will preferably be administered systemically using
the conditions described above.

[0100] For cleaning contact lenses in situ the solutions
described above for ocular treatments are preferred; For ex
vivo treatments, higher concentrations of enzyme will gen-
erally be used. Cleaning incubations of from about 5 to
about 30 minutes at from about 20° C. to about 50° C. are
also preferred. For ex vivo treatments, the higher end of the
temperature range is preferred.

[0101] For leprosy, many of the associated infections will
be appropriately treated with a topical application of the
multifunctional enzyme. For CF or COPD, the multifunc-
tional enzyme can be used to treat (a) the build up of viscous
fluids in the lungs and (b) associated pulmonary infections.
Preferably, treatments of CF and COPD patients include
pulmonary treatments with an aerosol of the multifunctional
enzyme, but can include other routes of administration
including systemic administrations.

[0102] Particularly important among the diseases relevant
to the transmission inhibitory embodiment of the invention
are sexually-transmitted diseases, such as candida, gonor-
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rhea, chlamydia, syphilis, trichomonas, chancroid, HIV,
herpes or hepatitis infections. Among these, viral diseases
are particularly preferred targets for transmission preven-
tion; HIV is a still more preferred target. For this use, the
body cavity involved in sexual activity is generally rinsed or
flushed with a composition containing the multifunctional
enzyme, or a creme, gel or suppository designed to localize
the composition to the body cavity is used. The composition
can be used soon before, in conjunction with, or soon after,
sexual activity, although prior or concurrent use is preferred.

[0103] For herpes infections, the viral targets include
HSV-1, which primarily manifests as oral herpes, HSV-2,
which primarily manifests as genital herpes, and herpes
zZoster.

[0104] For autoimmune diseases or diseases with autoim-
mune components, treatment targets include without limi-
tation rheumatoid arthritis, multiple sclerosis, primary bil-
iary cirrhosis, active chronic hepatitis, ulcerative colitis,
rheumatic arthritis, scleroderma, systemic lupus erythema-
tosus, Hashimoto’s thyroiditis, primary myxedema, thy-
roroxicosis, pernicious anemia, Addison’s disease, prema-
ture onset of menopause, autoimmune male infertility,
insulin-dependent diabetes, type B insulin resistance of
acanthosis nigricans, alopic allergy, myasthenia gravis,
Lambert-Eaton syndrome, Goodpasture’s syndrome, pem-
phigus vulgaris, pemphigoid. phacogenic uveitis, sympa-
thetic ophthalmia, autoimmune hemolytic anemia, idio-
pathic thrombocytopenic purpura, Siogren’s syndrome,
discoid lupus erythematosus, dermatomyositis and mixed
connective tissue disease.

[0105] For adhesion disorders, the cells or viruses
involved can include, without limitation, endothelial cells,
lymphocytes, including T-cells, tumor cells, microbial cells,
viruses, including HIV and herpes. Adhesion processes are
believed to be involved in tissue invasion, for instance, by
immune cells, microbes, and tumor cells.

[0106] As illustrated in many of the clinical examples
below, the multifunctional enzyme of the invention is effec-
tive to treat or prevent inflammation. Typically, inflamma-
tions are reduced to acceptable levels within 3 or 4 days of
the start of treatment. The examples also illustrate that the
enzyme is effective to alleviate pain. Pain relief is often
reported within 20 minutes to 2 hours of the start of
treatment. Pain relief was not accompanied by loss of feeling
in the treated tissue. More complete pain relief, such that the
patient only suffered mild pain or a feeling of tenderness,
was often experienced within 2 days of the start of treatment.
While measurement of this parameter is often subjective, the
examples include treatments of inflamed horse joints, for
which pain relief is more objectively measured by observing
the walking stride of the treated horse.

[0107] For many of diseases for which the multifunctional
enzyme of the invention is useful as a prophylactic treat-
ment, including those not caused by microbes, a patient’s
medical history, lifestyle or genetic background will often
indicate a predisposition to acquire the disease. This is true,
for instance, of atherosclerosis.

[0108] Preferred hydrolases are proteases. Particularly
preferred is the multifunctional enzyme of the invention.

[0109] Generally, the multifunctional enzyme will be
administered in an effective amount. An effective amount is
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an amount effective to either (1) reduce the symptoms of the
disease sought to be treated, (2) induce a pharmacological
change relevant to treating the disease sought to be treated,
(3) inhibit or prevent infection or re-infection by an infective
agent, or (4) prevent the occurrence of a non-infectious
disease (for instance a disease treatable by blocking a cell
adhesion phenomenon). For cancer, an effective amount
further includes an amount effective to: prevent or limit
metastasis, for instance, to reduce the level of metastasis;
reduce the size of a tumor; slow the growth of a tumor; and
increase the life expectancy of the affected animal. For
wound treatment, in one aspect, an effective amount
includes an amount which, if regularly applied, prevents the
occurrence of infection. In another aspect, for wound heal-
ing, an effective amount includes an amount effective to
reduce the average time it takes for a wound to heal.

[0110] Humans are the preferred subjects for treatment.
However, the multifunctional enzyme can be used in many
veterinary contexts to treat animals, preferably to treat
mammals, as will be recognized by those of ordinary skill in
light of the present disclosure.

[0111] Numerous methods for determining percent homol-
ogy are known in the art. One preferred method is to use
version 6.0 of the GAP computer program for making
sequence comparisons. The program is available from the
University of Wisconsin Genetics Computer Group and
utilizes the alignment method of Needleman and Wunsch, J.
Mol. Biol. 48, 443, 1970 as revised by Smith and Waterman,
Adv. Appl. Math., 2, 482, 1981. Another available method
uses the FASTA computer program.

[0112] The multifunctional enzyme has been observed to
treat infections.
[0113] However, its direct effect on the growth of

microbes in vitro is small. While not wishing to be limited
by any particular theory, it is believed that the enzyme
attacks the mechanisms by which microbes and tumors
invade tissues. These mechanisms include cell-cell or cell-
virus adhesion mechanisms by which a tumor or microbe
may establish itself in a tissue. The importance of cell-
surface adhesion molecules and adhesion processes in tumor
metastasis is illustrated by the discussion in a Albelda, “Role
of Cell Adhesion Molecules in Tumor Progression and
Metastasis,” in Adhesion Molecules, Craig Wegner, Ed.,
Academic Press, San Diego, 1994, pp. 71-88.

[0114] The disruption of other cell-cell or cell-virus adhe-
sion reactions by the multifunctional enzyme is believed to
be relevant to other conditions that are treatable with the
multifunctional enzyme, including dental plaque and
immune disorders.

[0115] The adhesion of HL60 cells (a hyman lymphocyte
cell line) to endothelial cells is believed to model a mecha-
nism for tumor cell invasion and infection more generally.
This adhesion is stimulated by tumor necrosis factor a
(“INF”) and inhibited by antibodies to the E-selectin
antigen on HL60 cells.

[0116] E-selectin is a cell surface adhesion protein that
appears to bind to a sialated carbohydrate. See, Bevilacqua
et al., Science (1989) 243:1160.

[0117] Preparations of the multifunctional enzyme are
active even when not purified to homogeneity. In an illus-
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trative purification set forth below in Example 1A, a “poly-
enzyme” composition containing at least six proteins was
prepared. This preparation was found to be active in numer-
ous contexts, as illustrated in many of the examples.

[0118] At least one of the enzymes present in the poly-
enzyme preparation is krill multifunctional hydrolase and
has at least one of chymotrypsin, trypsin, elastase, collage-
nase or exo peptidase activity. This hydrolase can be sub-
stantially purified by traditional methods to an apparent
purity of at least about 90%. The krill-derived multifunc-
tional hydrolase displays an apparent molecular weight of
about 29 kd.

[0119] Useful preparations of the poly-enzyme prepara-
tion will generally comprise, with respect to proteins, at least
about 1 0% of the multifunctional enzyme. Preferably prepa-
rations of poly-enzyme preparation will comprise at least
30% of the multifunctional enzyme.

[0120] In FIGS. 1A and B, the temperature stability
profiles the krill poly-enzyme preparation are displayed.
Preparations of enzyme (5 mg/ml, buffered at pH 7.0) were
incubated at 10, 20, 30, 40, 50, 60 or 70° C. for various times
and subsequently assayed for the ability to release amino
acids and peptides from bovine casein (available from
Bio-Rad Laboratories, Inc., Hercules, California) after 20
hours incubation at pH 7.0. At 60° C., the preparation has a
half-life in excess of 6 h; at 50° C., the half-life is well in
excess of 24 h; and, at 40° C., the half-life is about 6 days.
FIG. 2 displays a profile of the activity of the poly-enzyme
preparation at various temperatures.

[0121] The temperatures optimum is 55° C. FIG. 3 dis-
plays a profile of the activity of the poly-enzyme preparation
after incubation at room temperature at various pH values.
Following the incubation, the pH was adjusted to about pH
7.0, and the remaining activity determined as described
above. The optimum stability is achieved at about pH 7.0.
However, at least 50% of the original activity is retained
following about 1 8 h incubations in solutions having pH
values between about 5.0 and about 9.5.

[0122] The multifunctional enzyme can be purified from
tissue homogenates of fish or crustaceans or from homoge-
nates or supernates derived from a cell culture of trans-
formed or normal prokaryotic or eukaryotic cells that pro-
duce the multifunctional enzyme. The preferred purification
comprises the use of an affinity column comprising an
inhibitor reactive with the multifunctional enzyme. After the
multifunctional enzyme is eluted from the affinity column,
residual enzyme inhibitor in the preparation is removed. One
method of removal is to pass the preparation over an affinity
matrix comprising a molecule, typically a protease, with
which the inhibitor binds strongly (for instance, with an
affinity constant of at least about 10° M, preferably at least
about 10" M). More preferably, the affinity ligand is a
previously isolated preparation of the multifunctional
enzyme that the procedure seeks to purify.

[0123] Some amount of traditional protein purification
will preferably be done prior to the affinity chromatography
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step. This can include differential precipitation, gel filtration
chromatography, ion-exchange chromatography, chroma-
tography on weakly hydrophobic matrices such as dye
matrices, chromatofocusing and reversed phase liquid chro-
matography. Preferably, these one or more steps will be
sufficient to remove all proteins, other than the multifunc-
tional enzyme, that bind to the affinity ligand. Alternatively
or supplementally, one or more traditional protein purifica-
tion steps can be applied after the affinity chromatography
step.

[0124] A preferred purification procedure comprises the
steps of:
[0125] (a) applying a composition containing the mul-

tifunctional enzyme to an ion exchange column;

[0126] (b) eluting a first adsorbed material from the
column with a first aqueous solution of selected ionic
strength I;; and

[0127] (c) eluting the multifunctional enzyme from the
column with a second aqueous solution of selected
ionic strength I,; and wherein I, is selected so that the
first aqueous solution (i) elutes the first adsorbed mate-
rial containing proteins that can bind to the hydrolase
inhibitor, but which proteins adhere to the anion
exchange column more weakly than the multifunc-
tional enzyme and (ii) not elute the multifunctional
enzyme, and wherein I, is greater than I, and is selected
so that the second aqueous solution elutes the multi-
functional enzyme and substantially no other proteins
that bind a selected protease inhibitor.

[0128] The method also further comprises the steps of,
after step (¢):

[0129] (d) applying the eluted multifunctional enzyme
from step (c¢) to an affinity matrix comprising the
protease inhibitor;

[0130] (e) eluting the affinity matrix with a third aque-
ous solution that destabilizes the interaction between
the multifunctional enzyme and the protease inhibitor;
and

[0131] (1) collecting the eluted multifunctional enzyme.

These preferred methods surprisingly yield, after a few
steps, homogeneous preparations of multifunctional
enzyme.

[0132] The method optionally comprises the steps of, after
step (D):

[0133] (g) applying the second eluted solution to an
affinity matrix having a prior preparation of the multi-
functional enzyme; and

[0134] (h) collecting the effluent from the enzyme-
containing affinity matrix, the effluent comprising the
purified multifunctional enzyme.

[0135] Preferably, I, is about the ionic strength of 0.4M
NaCl and 1, is about the ionic strength of 0.6 M NaCl.
Preferably, the anion exchange chromatography is con-
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ducted at a pH between about 5.5 and about 7.5, more
preferably between about 6.0 and about 7.0, yet more
preferably about 6.2. Preferably, the anion exchange matrix
comprises a polysaccharide-based matrix comprising, in the
swelled state, between about 0.05 mmol and about 0.6 mmol
anion exchange sites per ml. Preferably, the matrix is a
cross-linked dextran of the type sold under the tradename
Sepharose. Preferably, the anion exchange groups comprise
diethylaminoethyl (DEAE) or quaternaryaminoethyl (QAFE)
groups, more preferably DEAE groups.

[0136] The affinity chromatography of steps (d)-(f) pref-
erably further comprise, between steps (d) and (e), washing
the inhibitor-containing column with a solution having ionic
strength of at least about that of 0.5 M NaCl, more prefer-
ably of about 0.8 M NaCl, yet more preferably of about 1 M
NaCl. This step and the prior eluting step will preferably be
conducted at a pH between about 5.5 and about 7.5, pref-
erably between about 6.0 and about 7.0. The eluting step (e)
preferably comprises applying a buffer having pH of about
2 to about 4, preferably about 3. Alternately, it may prefer-
ably comprise applying a buffer having pH of at least about
8. The eluting buffer will preferably have sufficient ionic
strength to suppress weak ionic interactions with the affinity
matrix.

[0137] Steps (g) and (h) of the method will preferably be
conducted at a pH between about 5.5 and about 7.5, more
preferably between about 6.0 and about 7.0. The buffer used
in these steps will preferably have sufficient ionic strength to
suppress weak ionic interactions with the affinity matrix.

[0138] The matrix used to create the affinity matrices will
preferably comprise a carbohydrate matrix such as cross-
linked dextran (e.g., that sold under the tradename
Sepharose) or agarose (e.g., that sold by Pharmacia, Sweden
as “Sephacry!”). The matrix should have pore sizes sufficient
to admit both the aflinity ligand that will be attached to the
matrix and the multifunctional enzyme of the invention.
Methods of synthesizing appropriate affinity columns are
well known. See, for instance, Axen et al, Nature,
214:1302-1304, 1967.

[0139] Preferably, the affinity ligand is selected to be
resistant to digestion by the multifunctional enzyme under
the conditions used in steps (d) and (e).

[0140] Such affinity ligands include bovine trypsin inhibi-
tor. Using such an inhibitor, optional steps (g) and (h) are
generally of less importance.

[0141] TIsolations and partial sequences of various fish or
crustacean hydrolases have been reported. A number of such
reports are identified in Table 1, below.

TABLE 1

Sequence Reports

Penaeus vanamelii 1
Sequence reported: ~ Van Wormoudt et al., Camp Biochem.
Physiol., 103B: 675-680, 1992 and Sellos
and Wormhoudt, FEBS, 39: 219-224, 1992.
Reported activities: chymotryptic
Apparent MW: 25 kd
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TABLE 1-continued

Sequence Reports

Panaeus vanameii 2
Sequence reported ~ Van Wormoudt et al., Comp Biochem.
Physiol., 103B: 675-680, 1992.
Reported activities  chymotryptic (tryptic)
Apparent MW: 25 kd
Panaeus monodon tryptic (shrimp)

Sequence reported:  Lu et al., Biol. Chem. Hoppe-Seyler, 371:
851-859, 1990.

Reported activities:  tryptic

Apparent MW: 27 kd
Ph optimum: 7.4-8.0
Pi: =24

Panaeus monodon chymotryptic - 1 (shrimp)

Sequence reported:  Tsai et at., Biochem et Biophys. Acta, 1080:

59-67, 1991
Reported activities:  chymotryptic

collagenase
Apparent MW: 27-28 kd

Panaeus monodon chymotryptic - 2

Tsai et al., Biochem. et Biophys. Acta,
1080: 59-67, 1991
Reported activities: chymotryptic
collagenase
25-26 kd
Uca pubilator (Fiddler Crab) 1

Sequence reported:

Apparent MW:

Sequence reported:  Tsai et al., Biochem. et Biophys. Acta,

1080: 59-67, 1991

Reported activities: chymotryptic
Apparent MW: 25 kd
Ph optimum 80-8.5

Uea pugilator 11

Sequence reported:  Grant et al., Biochemistry, 19: 4653-4659,
1980.
chymotryptic
collagenase
tryptic
elastase
Apparent MW: 25 kd
pl: 8.0-8.5
Kamchatka crab (at least four proteases)

Reported activities:

Sequence Reported: Grant et al., Biochemistry, 22: 354-358,

1983
Reported Activities: tryptic

collagenase
Apparent MW: 23-26 kd

Crayfish Protease

Sequence reported:  Titani et al., Biochemistry, 22: 1459-1465,

[0142] The sequence ofthe first 25 amino acids of the Krill
derived multifunctional enzyme is 1-V-G-G-N/M-E-V-T-P-
H-A-Y-P-(W)-Q-V-G-L-F-I-D-D-M-Y-F (SEQ ID NO. 1).
The parentheses indicate a weak recovery of the 14th amino
acid and “N/M” indicates heterogeneity at the Sth position.
A comparison of the N-terminal 20 to 25 amino acid
sequences of various serine hydrolases is presented in Table
2, below.
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TABLE 2
N-Terminal Sequences

SEQ

Db
Species NO Sequence
Penaeus 3IVGGVEATPHSWPHQAALFIDDMYTF
vanameii 1
(shrimp)
Penaeus 4AIVGGVEATPHSXPHQAALTFTI
vanaineii 2
P. monodon, 5IVGGTAVTPGEFPYQLSFQDSIEGYV
trypt.
(shrimp)
P. monodon, 6IVGGVEAVPGVWPYQAALFIIDMYTF
chym. 1
P. monodon, 7IVGGVEAVPHSWPYQAALFIIDMYTF
chym. 2
Uca 8IVGGVEAVPNSWPHQAALFIDDMYTF
pugilator I
(crab)
Uca 9IVGGQDATPGQFPYQLSFQD
pugilator
II
Kingcrab I0IVGGQEASPGSWP?QVGLTF
Kamchatka 11IVGGQEASPGSWPXQVGLVFTF
crab 12IVGGTEVTPGEIPYQLSLQD

13I VGGTEVTPGEIPYQLSFQD

14IVGGSEATSGQFPYQXSFQD
Crayfish ISIVGGTDATLGEFPYQLSFQN
krill l1IVGGNEVTPHAYPWQVGLFIDDMYF
Enzyme 2IVGGMEVTPHAYPWQVGLFIDDMYTF
Bovine 1l6IVNGEDAVPGSWPWQVSLQD
chymotrypsn
Salmon 18I VGGYECKAYSQAYQVSLNSGYHYC
Atlant. Cod 19 I VGGYECTEKHSQAHQVSLNSGYHYC
Atlantic 20I VGGYECTRHSQAHQVSLNSGYHYC
Cod

X = 32 unknown or undefined.

[0143] Ttwill be apparent to those of ordinary skill that the
enzyme can be manufactured by recombinate means. For
instance, the sequences recited herein can be used as the
basis of oligonucleotide probes for screening expression or
genomic libraries to isolate the complete structural gene.
See, e.g., Suggs et al., Proc. Natl Acad. Sci. USA, 78: 6613,
1981 or Berent et al., Biolechniques, 3: 208, 1985. Alter-
nately, known protein sequences can be used to design
primers for use in PCR-based amplification of nucleic acid
encoding a multifunctional enzyme. See generally, Molecu-
lar Cloning: A Laboratory Manual, second edition, Cold
Spring Harbor, 1989 and PCR Protocols, A Guide to Meth-
ods and Applications, edited by Michael et al., Academic
Press, 1990. Once fully identified, these structural genes can
be edited and appropriately inserted into expression vectors
by methods known to the art.

[0144] These structural genes can be altered by mutagen-
esis methods such as that described by Adelman et al., DNA,

2: 1 83, 1 983 or through the use of synthetic nucleic acid
strands. The products of mutant genes can be readily tested
for multifunctional enzymic activity. Conservative muta-
tions are preferred. Such conservative mutations include
mutations that switch one amino acid for another within one
of the following groups:

[0145] 1. Small aliphatic, nonpolar or slightly polar
residues: Ala, Ser, Thr, Pro and Gly;

[0146] 2. Polar, negatively charged residues and their
amides: Asp, Asn, Glu and Gln;

[0147] 3. Polar, positively charged residues: His, Arg
and Lys;
[0148] 4. Large aliphatic, nonpolar residues: Met, Leu,

lle, Val and Cys; and

[0149] 5. Aromatic residues: Phe, Tyr and Trp.
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[0150] A preferred listing of conservative substitutions is
the following:

Original Residue Substitution
Ala Gly, Ser

Arg Lys

Asn Gln, His

Asp Glu

Cys Ser

Gln Asn

Glu Asp

Gly Ala, Pro

His Asn, Gln

Tle Leu, Val

Leu Ile, Val

Lys Arg, Gln, Glu
Met Leu, Tyr, Ile
Phe Met, Leu, Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr Trp, Phe

Val Ile, Leu

The types of substitutions selected can be based on the
analysis of the frequencies of amino acid substitutions
between homologous proteins of different species developed
by Schulz et al., Principles of Protein Structure, Springer-
Verlag, 1978, pp. 14-16, on the analyses of structure-
forming potentials developed by Chou and Fasman, Bio-
chemistry 13, 211, 1974 or other such methods reviewed by
Schulz et al, Principles in Protein Structure, Springer-
Verlag, 1978, pp. 108-130, and on the analysis of hydro-
phobicity patterns in proteins developed by Kyte and
Doolittle, J. Mol. Biol. 1 57: 105-132, 1982.

[0151] Clinical trials with patients suffering from postpar-
tum hemorrhoids have shown that 1 ml of hydrogel (of
Example 1F) containing 500 pg/ml of the krill-derived
hydrolase of Example 1C applied to the hemorrhoids three
times daily is effective to cure the hemorrhoid outbreak
within two days, and usually within one day.

[0152] A double blind, placebo controlled trial with
patients suffering from genital herpes has shown that 1 ml of
hydrogel (of Example 1F) containing 500 pg/ml of the
krill-derived hydrolase of Example 1C applied three times
daily is effective to heal the sores of the herpes outbreaks
within an average of 5 days. In patients treated with placebo,
the outbreaks lasted an average of 12 days. In the patients
treated with the hydrolase, pain and itching were gone
within 36 hours, while these symptoms peaked at day 3 or
4 in the placebo controls.

[0153] Clinical trials with HIV patients suffering from oral
candida have shown that a lozenge (of Example 1H) con-
taining 3 mg of the krill-derived hydrolase of Example 1C
applied three times daily is effective to clear the infection
within 7 to 9 days.

[0154] Clinical trials with patients suffering from recur-
rent vaginal candidiasis that is resistant to traditional anti-
fungal drugs have shown that 1 ml of hydrogel (of Example
1F) containing either 100 pg/ml or 250 pg/ml of the krill-
derived hydrolase of Example 1C applied three times daily
is effective to clear the candida outbreak within an average
of four days and to reduce the recurrence rate.

13
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[0155] A topical methicillin-resistant Staphylococcus
aureus (“MRSA”) infection characterized by necrotic tissue,
erythematous and underlying tissues that were distended and
edematous and affecting an approximately 100 cm? area has
been effectively treated by applying 3 ml of hydrogel (of
Example 1 F) containing 500 pig/ml of the krill-derived
hydrolase of Example 1C three times daily. After applica-
tion, the infection was covered by a dressing. By the third
treatment on the second day, all necrotic tissue was removed,
the erythema substantially reduced, and exudate flowed
from the affected tissue. By day five, the edema was gone.
By day seven, the wound was 40% closed, and the MRSA
culture was negative. By day nine, the wound was 75%
healed.

[0156] Krill, including without limitation krill of the
genuses BEuphasia (such as superba, crystallorphias, frigida,
triacantha, vellantini, lougirostris, lucens, similis, spinifera,
recurva and the like), Meganyctiphanes (such as norvegica
and the like) and Tysanoessa (such as macurura, vicina,
gregaria and the like), are a preferred source of the multi-
functional enzyme.

[0157] The invention is exemplified with the following
nonlimiting examples. Although in all of the examples the
multifunctional enzyme derived from krill (i.e., the krill
multifunctional hydrolase) was used, other multifunctional
enzymes can be employed.

EXAMPLE 1A

Poly-Enzyme Preparation

[0158] Frozen krill were thawed and homogenized. An
equal volume of distilled water containing 0.02% (w/v)
sodium azide was added, and the admixture stirred for about
6 hours at about 4° C. Then, the supernate was collected by
centrifugation. The supernate was defatted by adding ethyl
acetate and stirring overnight at 4° C. The fat-containing
ethyl acetate layer was then decanted and the aqueous
extract evaporated sufficiently to remove the ethyl acetate.
Ammonium sulfate was added to the extract to about 60%
saturation at about 4° C. and the mixture stirred overnight.
The salted out precipitate was isolated by centrifugation.
The precipitate was dissolved in phosphate buffered saline
(“PBS”, 0.05 M sodium phosphate, pH 7.4, 0.05 M sodium
chloride) and dialyzed (using a 10 kd molecular weight
cutoff) against PBS.

[0159] The redissolved precipitate was applied to a cross-
linked agarose gel filtration column (Sephacryl 200, Phar-
macia, Sweden) and the fractions displaying absorbance at
about 280 nm were assayed for proteolytic activity. The
combined proteolytically active fractions were pooled and
lyophilized. A “poly-enzyme” preparation containing about
six bands with apparent molecular weights (by SDS PAGE)
ranging from 24 to 34 kd were isolated from antarctic krill
in this way. For storage, a lyophilized powder of this
preparation was alloquoted into ampules at 25 Casein Units
per ampule.

EXAMPLE 1B

Preparation of Krill-Derived Multifunctional
Enzyme

[0160] A poly-enzyme preparation prepared as described
in Example 1A was reapplied to a Sephacryl 200 column. A
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fraction that was substantially homogeneous and displayed
an apparent molecular weight of 29 kd was isolated. This
fraction was found, using the proteolysis assays described
below, to have multifunctional activity. The lyophilizate of
this krill-derived multifunctional enzyme was placed into
ampules at 1 5 Casein Units per ampule for sterile storage
without preservatives or anti-microbial additives.

EXAMPLE 1C

Multifanctional Enzyme Purification

[0161] A 100kg of frozen antarctic Krill were thawed, and
mixed with 100 kgs of distilled water, and stirred for 30
minutes. The krill used were harvested in the January
through March period. During this period, krill are largely
without pigment and are called “white” krill. (Due to dietary
changes, later in the season krill are harvested as “red” krill.
Multifunctional hydrolase yields from red krill are 30 to
40% less than from white krill. Still later in the season,
during June through August, “black” krill are harvested.
Black krill yield still less enzyme.) The supernate was
collected by centrifugation using a GL-sieve, starch centri-
fuge (Model 220, available from G. Larssons Mekaniska
Verkstad, Fjalkinge, Sweden) using a 125 micron spinning
cone at 1,000 rpm. The pH of the supernate was adjusted to
6.2. The supernate had turbidity of less than 4% and fat
content of less than 2%.

[0162] The supernate, 100 mls, was further clarified by
centrifugation at 17,000xg and mixed with 5 kg of DEAE-
sepharose gel (Pharmacia, Sweden), which had been previ-
ously been equilibrated to pH 6.2. The mixture was stirred
gently for 1 hour. The gel was collected on a filter bed and
washed with 5 volumes of 0.4 M NaCl. The gel was then
packed into a suitable column container using a 0.4 M NaCl
saline solution. The column was then washed overnight with
15 bed volumes of 0.4 M NaCl.

[0163] A protein containing fraction (approximately 1.5
liters collected) was desorbed from the gel with 0.6 M NaCl.
This fraction contained multiple proteins with molecular
weights ranging from 10 kd to greater than 90 kd, as
determined by SDS-PAGE. The protein content was 20 g/1,
as determined by absorbance at 280 nm. The protein fraction
was filter sterilized through a 0.20 micron filter and applied
to an affinity column comprising soybean trypsin inhibitor
coupled to agarose (200 ml of gel, substitution ratio 3:1
gel:inhibitor). The affinity gel was washed with 4 bed
volumes of | M NaCl. The multifunctional enzyme was
desorbed from the gel with 0.2 M sodium citrate, pH 3.0. (In
parallel procedures, equivalent preparations of a multifunc-
tional enzyme were prepared by using either 0.5 M TRIS-
HCI, pH 8.0 or 0.1 M ammonium solution, pH 11 to desorb
the multifunctional hydrolase). The yield of multifunctional
enzyme was 100 mg.

[0164] The multifunctional hydrolase preparation was
adjusted to pH 7.4 and applied to 200 ml of an agarose
affinity gel to which a prior preparation of the multifunc-
tional enzyme had been coupled (6:1 substitution ratio
gel:enzyme).

[0165] The purified multifunctional hydrolase preparation
was homogeneous by SDS-PAGE. The purified preparation
was filter sterilized and alloquoted into injection vials. The
injection vials were freeze dried. The freeze-dried powder is
stable when stored at 4° C.
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EXAMPLE 1D

Protein Characterization

[0166] The krill-derived multifunctional hydrolase was
purified by the protocol described above in Example 1C.
Three preparations the krill-derived multifunctional hydro-
lase were prepared. The three preparations differed only in
that the krill multifunctional hydrolase was eluted from the
trypsin inhibitor gel with buffer at pH 3, pH §, and pH 11,
respectively. These preparations shall be termed “Prep-3,
”“Prep-8,” and “Prep-11.” These preparations were dis-
solved in water to a concentration of 6 mg/ml.

[0167] Samples of each preparation were analyzed by
SDS-PAGE, and each preparation was found to contain a
single protein that banded with apparent molecular weight of
29 kd. The SDS bands were electroblotted onto PVDF
membranes and sequenced through 25 cycles of Edman
degradation. See, Matsudaira, J. Biol. Chem., 262: 10035-
10038, 1987. Each preparation yielded the identical
sequence: IVGGM/NEVTPHA-YPWQVGLFI
DD MY F. Accordingly, it is clear that all three preparations
are homogenous, although each is micro-heterogeneous at
position 5. The proteolytic activity of each of the three
preparations was tested against substrate benzoyl-val-gly-
arg-p-nitroaniline. Hydrolysis of this substrate can be moni-
tored at 210 nm, reflecting the release of p-nitroaniline.

[0168] The pH-dependence of the three preparations at an
ionic strength of 0.1 M is shown in FIG. 9. The profile for
Prep-3 (shown with filled squares), Prep-8 (shown with open
diamonds) and Prep-11 (shown with filled diamonds) are
identical. All three had a pH optimum for this substrate of
9.5.

[0169] With the elastase substrates succinyl-p-ala-pro-ala-
p-nitroanilide and boc-ala-ala-pro-ala-p-nitroanilide, the pH
optimum for Prep-8 was 7.0. See the profile in FIG. 9,
represented by the X’s. Similar model substrate studies
determined that the order of cleavage efficiencies for the krill

multifunctional hydrolase is
chymotrypsinZtrypsin=elastase.
[0170] For the substrate azocasein, the profile for pH

dependence was broad and in the acidic pH region. See the
profile in FIG. 9, represented by the open triangles.

[0171] K, values were determined using benzoyl-pal-gly-
arg-p-nitroanilide in 0.1 M in CAPS buffer containing 2 mM
Ca™ at pH 9.5. The K, values for Prep-3, Prep-8 and
Prep-11 were 210+8, 210+8 and 230+13 pM, respectively.
Against the substrate succinyl-ala-ala-pro-phe-p-nitroanil-
ide, under the same conditions, the K , values were 260+50,
270+50 and 27040 pM, respectively.

[0172] The effectiveness of three protease inhibitors was
tested at pH 9.5 against the three hydrolase preparations. The
results were as follows:

Prep-3 Prep-8 Prep-11
Protease inhibitor (% ACTIVITY REMAINING)
Antipain (1 pM) 2 5 5
Chymostatin (1 pM) 0 0 0
Bovine pancreatic trypsin 2 1 1

inhibitor (1 pM)
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[0173] The effectiveness of other protease inhibitors
against Prep-8 was tested in a 0.1 M Tris-HCl buffer pH 7.5.
Benzoyl-val-gly-arg-p-nitroanilide (“ARG-p-NA”) and suc-
cinyl-ala-pro-phe-p-nitroanilide (Phe-pNA) were used as
substrates. The results were as follows:

Substrate: Phe-pNA Arg-pNA
Inhibitor: (Activity remaining, %)
Phosphoramidon (10 pM) 94 87
Elastatinal (10 pM) 100 100
Eglin C fragment (8.4 pM) 100 Not done
Anti-Thrombin III (0.2 pM) 2 4
a-anti-chymotrypsin (0.2 uM) 1 7
a-proteinase inhibitor (0.2 uM) 0 0

[0174] Aliquots of a solution of Prep-8, with a nominal
concentration of 6 mg/ml, were titrated against either bovine
pancreatic trypsin inhibitor, o, -antichymotrypsin, a-pro-
tease inhibitor and soybean trypsin inhibitor. The results are
displayed in FIG. 10. Profile 1 is for a titration of bovine
pancreatic trypsin inhibitor tested at pH 9.5 using benzoyl-
val-gly-arg-p-nitroanilide as the substrate. For profile 2, the
pH was 7.0 and the substrate used was succinyl-ala-ala-pro-
phe-p-nitroanilide. Similar profiles have been obtained with
a-antichymotrypsin, o-protease inhibitor and soybean
trypsin inhibitor. These curves can be used to estimate the K;
for the inhibitor and the effective concentration of multi-
functional hydrolase.

EXAMPLE 1E

Hydrogel Preparation

[0175] The multifunctional enzyme is mixed with a hydro-
gel made up of low molecular weight hydrolyzed starch
containing 90% water by methods known in the art to obtain
a hydrogel formulation of the enzyme.

EXAMPLE 1F

Hydrogel Preparation

[0176] The multifunctional hydrolase according to
Example 1B was mixed with hydrocolloid gel comprising an
aqueous gel containing 0.8% w/v Carbopol™ (Dow Corn-
ing, Midland, Mich.) and 23.5% w/v glycerin prior to use.
(Carbopol™ is a vinyl polymer with active carboxy groups
described in Chem. Eng. News 36:64 (1958).)

EXAMPLE 1G

Hydrogel Preparation

[0177] The multifunctional enzyme according to Example
1C was mixed with hydrocolloid gel comprising an aqueous
gel containing 0.8% w/v Carbopol™ (Dow Corning, Mid-
land, Mich.), 23.5% w/v glycerin and 10% w/v Pluronic P85
(BASF, Wyandotte, Mich.) prior to use. (Carbopol™ is a
vinyl polymer with active carboxy groups. Ckem. Eng. News
36:64 (1958).)

EXAMPLE 1H

Lozenge Preparation

[0178] Lozenges containing 3 or 6 mg of the multifunc-
tional enzyme according to Example 1C were formed from
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50% lactose, 20%, Avicel (microcrystalline cellulose), 29%
sucrose and 1 % magnesium stearate.

EXAMPLE 2

Protease Activity

[0179] The multifunctional enzyme is compared to iso-
lated krill multifunctional protease for molecular weight,
sequence, temperature or pH stability, temperature or pH
optima and proteolytic specificity.

EXAMPLE 2A

Specificity

[0180] To study proteolytic specificity, the following sub-
strates are used:

Substrate Type of Activity
Succinyl-Ala-Ala-Pro-Phe-pNO, anilide Chymotrypsin
Boc-Ala-Ala-Pro-Ala-pNO, anilide Elastase
Benzoyl-Val-Gly-Arg-pNO,anilide Trypsin.

[0181] These substrates are used to measure the pro-
teolytic activities of the multifunctional enzyme in accor-
dance with Example 1 D. See, Biochemical J., 185:423-33,
1980; J. Biol. Chem., 269:19565-19572, 1994. These studies
include measurements of K and K ;.

EXAMPLE 2B

Exo Peptidase Activity

[0182] The krill multifunctional hydrolase purified as in
Example 1B (1 mg) was dissolved in 5 ml buffer together
with 1 % (wt/v) bovine casein and incubated at 20° C. for 24
hours. The buffer was 0.1M sodium phosphate, pH 7.5.

[0183] After 24 hours, 10% trichloroacetic acid was added
to precipate the proteins present in the solution. The super-
nate was collected and reacted with ninhydrin. The ninhy-
drin was used from a 2% solution in 3:1 DMSO: 4M Lithium
Acetate, pH 5.2, as instructed by the supplier, Sigma Chemi-
cal, Co., St. Louis. The reacted supernate was applied to a
cross-linked acrylamide column (Biorad P-2, Bio-Rad, Her-
cules, Calif.) to separate reacted amino acids from reacted
peptides. The concentration of amino acids in the amino acid
fraction was determined from the absorbance at 820 nm. A
1% solution of undigested casein was treated in the same
way as a control. The control had an absorbance of less than
0.01, while the amino acid fraction of the digest displays an
absorbance of 0.28 (at equivalent dilutions).

EXAMPLE 2C

pH Optima

[0184] The multifunctional enzyme is tested for pro-
teolytic activity against various substrates in solutions hav-
ing various pH values between 4 and 10 to determine the pH
optima against a given substrate, using buffer conditions that
are well known in the art. These optima can be compared to
the corresponding optima for the krill multifunctional hydro-
lase.
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EXAMPLE 2D

Protease Inhibitors

[0185] The effectiveness of various protease inhibitors is
used to examine the relatedness of the various candidate
multifunctional enzymes. These inhibitors are o, -protease
inhibitor, a.,-antichymotrypsin, anti-thrombin III, o,-mac-
roglobin, bovine pancreas protein inhibitor, and soybean
protein inhibitor. Conditions for conducting such studies are
described in Example 1D. These inhibitors are available
from Sigma Chemical Co, St. Louis, Mo. K, values are
determined in solutions of various pHs using the following
protease substrates, including TAME, Benzoyl-Val-Gly-
Arg-p-NO,-anilide, Succinyl-Ala-Ala-Pro-Phe-p-NO,-anil-
ide, Boc-Ala-Ala-Pro-Ala--p-NO,-anilide and azocasein.

EXAMPLE 3A

In Vitro Binding of HL60 Cells to Endothelial
Cells

[0186] Endothelial cells were first passaged onto 96 well
plates at a given concentration. The endothelial cells used in
the experiment are described in Edgell et al., Proc. Natl.
Acad. Sci. USA (1983) 80:3734. The cells were incubated at
37° C. under a DMEM cell culture medium containing 10%
fetal calf serum and under a 5% CO, atmosphere. Then, the
medium was removed and replaced with 100 pl of a sus-
pension of 200,000 HL60 cells (a human lymphocyte cell
line, available from the European Cell Culture Bank under
ECACC Accession No. 85011431) in RPMI medium con-
taining 10% fetal calf serum. The cells were incubated for 30
minutes. After this, the medium was removed and the
adherent cells were washed two times with DMEM medium.
The relative adherence of the HL.60 cells was measured by
measuring the difference in optical density at 450 nm
between the plates on which the ceells were co-incubated
and plates having endothelial cells alone.

[0187] Theeffect of TNFa was measured by adding TNFa
at 1500 units/ml to the endothelial cells 4 hours before the
incubation with HL60 cells. The effect of antibody to
E-selectin was measured by adding 25 pg/ml of monoclonal
antibody BBAZ (R&D Systems Europe, Oxford, England)
to the HL60 cells. The results of the experiments were:

Expt. No. HL60 Cells Endothelial Cells Absorbance*
1 no treatment no treatment 0.324
2 no treatment pretreated with 0.444
TNFa
3 added in the presence pretreated with 0.357

of mAb to E-selectin ~ TNFa

*Inerease over absorbance of endothelial cells alone

[0188] The effects ofthe krill multifunctional hydrolase on
this system were measured by:

[0189] (1) measuring the effect of adding to the endot-
helial cells 92.3 pg/ml krill multifunctional hydrolase
(prepared as in Example 1C) together with the HL60
cells;

[0190] (2) After pretreating the endothelial cells with
TNFo. for 2 hours, adding 92.3 pug/ml krill multifunc-
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tional hydrolase and incubating for 2 more hours prior
to the addition of HL60 cells; or

[0191] (3) Pretreating the HL60 cells with 92.3 pg/ml
krill multifunctional hydrolase prior to adding the
HL60 cells to the plates of endothelial cells.

[0192] The results of these experiments were as follows:

Expt. No. HL60 Cells Endoth Cells Absorbance*

4 Multifunctional enzyme pretreated with 0.425
added simultanecusly with TNFa
cells
5 1o treatment Four hours 0.247
pretreatment:
0-4 h TNFa
2-4h
multifunctional
enzyme
6 pretreated with pretreated with 0.160
multifunctional enzyme for TNFa
2h

~1

pretreated with Four hours 0.059
multifunctional enzyme for pretreatment:
2h 04 h TNFa

2-4h

multifunctional

enzyme

*ncrease over absorbance of endothelial cells alone.

[0193] To confirm these results, the number of adhering
HL60 cells were counted by removing them from the plate
and counting the cells. The number of HL60 cells was
determined by subtracting the cell numbers for control plates
having only endothelial cells. These counting results mir-
rored the optical density results, as follows:

EXPERIMENT HL60 CELL NUMBER
1 32,590
2 43,990
3 35,730
4 42,190
5 25,280
6 17,010

[0194] These adherence studies show that krill hydrolase
destroyed the cell-surface ligand and acceptor molecules
that facilitate cell-adhesion.

EXAMPLE 3B

Activity Against Certain Cell-Surface Adhesion
Molecules

[0195] Freshly isolated T-cells from the thymus of a
C57BL/6 mouse (bred by Institut Armaud Frappier) were
washed three times with serum-free medium. 1 ml alloquots
of the cells containing 5-10x10° cells were treated at 37° C.
for 4 hours with 0, 100 or 500 ug/ml of the krill-derived
multifunctional hydrolase prepared according to Example
1B dissolved in serum-free medium. Resulting cells were
labelled with one of fluorescent antibodies identified below:
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Antibody Source
CD4-PE Boehringer Mannheim, LaVal,

Quebec

CD8-Red613 GIBCO, Long Island, New York
ICAM-1 PharMingen, San Diego, CA
ICAM:-2 PharMingen, San Diego, CA
CD44 PharMingen, San Diego, CA
H-2K PharMingen, San Diego, CA

[0196] The amount of antibody binding was determined
using a fluorescence-activated cell sorter. From the results,
it was determined that the order of sensitivity to inactivation
or removal by the hydrolase was CD4, CD8<ICAM-
2<CD44<ICAM-1 <H-2K. Using these same methods with
appropriate cells, including endothelial cells, including the
s-end-1 endothelial cell line (Kinashi et al., J. Beukocyte
Biol. 57: 168, 1995) and T-cells isolated from the thymuses
of C57BL/6 mice, it was determined that the VCAM-I1,
CD28, CD 31 and asialo GM1 ceramide markers are sen-
sitive to the hydrolase. The antibodies used to make these
determinations were:

antibody specificity source

VCAM-1 PharMingen, San Diego, CA

CD28 PharMingen, San Diego, CA

CD31 PharMingen, San Diego, CA

asialoGM1 Wako Bioproduets, Richmend, VA
[0197] Insome cases, binding was detected with a labeled

second antibody, for instance, binding of the asialo GM1
antibody was detected with FITC-labeled Fab fragments that
were specific for rabbit IgG (heavy and light chains), which
was obtained from Caltag Laboratories, San Francisco,
Calif.

EXAMPLE 3C

Timecourse of Cell Surface Recovery of Adhesion
Molecules

[0198] DO-11.10 T cell hybrids (this cell line is described
by Shimonkevitz et al., J. Experimental Med. 158: 303,
1983) were treated with 500 pug/ml of the krill-derived
multifunctional hydrolase prepared according to Example

17
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1B and tested for the CD4 marker as described in Example
3B. Immediately after the treatment, well less than 1 % of
the amount of CD4 found in the controls was found on the
hydrolase-treated cells. 48 hours later, the levels in treated
cells were the same as those in untreated cells.

EXAMPLE 4

Cell Binding Comparisons

[0199] The effectiveness of various members of the mul-
tifunctional enzyme family, i.e., the non-krill multifunc-
tional enzymes having at least about 60% homology with the
krill-derived hydrolase, are compared with that derived from
krill using the HL60 binding assay of Example 3A.

EXAMPLE 5

Mouse Ovarian Tumor Treatment

[0200] 25,000 mouse ovarian tumor cells were injected
into the abdominal cavity of 12 C3H/hsd mice). On days 1,
2 and each of days 5-9, 1 ml of either saline or 200 pg of krill
multifunctional hydrolase (prepared as described in
Example 1C) dissolved in saline was injected into the
ascites. In FIG. 4, weight gains (an indication of tumor
growth) for saline treated (dark circles) and hydrolase
treated (open circles) mice are shown. In FIG. 5, the
percentage of the animals surviving over time for saline (line
A) and hydrolase (line B) treated mice. Solid tumors formed
in the control mice, but not in the enzyme-treated mice.

[0201] Tumor cells were recoverable from the ascites fluid
of the treated mice. 25,000 such recovered tumor cells were
injected into each of 6 C3H/hsd mice. In control experi-
ments, the same number of untreated mouse ovarian tumor
cells were injected into C3H/hsd mice. Tumors formed in the
control mice, but not in the mice injected with recovered
cells.

EXAMPLE 6A

Toxicology

[0202] Separate groups of male and female rats
(CrI:CD(SD) BR strain, Charles River Ltd, Margate, UK; 5
rats per group) were treated by the I.V. route with 0, 0.5, 5
and 50 mg/kg per day of the Krill-derived multifunctional
hydrolase prepared according to Example 1C over 7 days.
After seven days, these dosages resulted in small decreases
in hemoglobin (“Hb™), red blood cell count (“RBC”) and
packed cell volume (“PCV”), as shown in the table below:

Group  Dose Sex HB RBC PCV  MCV* MCH* MCHC*
1 0 M 14.8 6.79 44.3 65.4 21.8 33.4
F 14.7 6.76 43.7 64.6 217 33.6
2 0.5 M 14.0 6.35 41.8 65.9 222 33.6
F 13.8 6.12 40.5 66.3 225 33.9
3 5 M 13.8 6.25 41.1 65.8 221 33.6
F 134 5.94 39.9 67.2 22.6 33.6
4 50 M 13.1 6.19 39.1 63.3 213 33.6
F 13.0 6.01 38.8 64.6 217 33.6

*MCV = mean corpuscular volume
MCH = mean corpuscular hemoglobin
MCHC = mean corpuscular hemoglobin concentration
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[0203] None of the treated animals showed any visible
symptoms of illness or adverse reaction.

EXAMPLE 7

Toxicity on Mice

[0204] The toxicity of poly-enzyme preparation has also
been tested on mice with s.c. implanted P388 murine leu-
kemia (a chemically induced cancer) and compared with
doxorubicin, a well known anti-cancer drug (abbreviation
DOX). The results are summarized in the following Table.
No mouse treated with the poly-enzyme preparation of
Example 1A or in the control group died or lost weight,
whereas all mice in the doxorubicin group, except for those
receiving the lowest dosage, lost weight and died. The
highest dose of poly-enzyme preparation (20 mg/kg) was far
higher than any of the doses used in the clinical examples
described below.

Toxicity of poly-enzyme preparation and DOX administered i.p. daily
during 9 consecutive days to mice with P388 murine leukemia

Dose Toxic Body wt.
Drug (mg'ke) death chg. (g)
Control 0 0/6 +2.3
Krill 20 0/6 +3.3
poly-enzyme 10 0/6 +3.3
preparation 5 0/6 +3.3
DOX 5 6/6 =23

2.5 6/6 -0.6

125 0/6 +0.5

EXAMPLE 8A

Infections in Post-Operative Surgical Wounds

[0205] Forty patients were included in this study and they
were divided into two groups of 20 patients each, represent-
ing 41 post-operative abdominal (34) and thoracic (7)
wounds. Preparations of krill multifunctional hydrolase pre-
pared according to Example 1B (3 Casein-Units/ml), and
krill poly-enzyme preparation of Example 1A (5 Casein-
units/ml) were tested in each group.

[0206] The enzyme solutions were prepared from the
ampule-stored lyophilized preparations described in
Examples 1A and 1B, which were reconstituted in saline
prior to use.

[0207] The patients had an average age of 5216 years,
and included 28 males and 12 females. Enzyme preparations
were applied to the wounds 2 times daily in an amount of 25
mg/treatment. Within 5 days all infections were brought to
a subclinical level and all apparent signs of clinical infec-
tions were gone. No notable difference between the two
preparations could be observed. There were no apparent
adverse reactions.

EXAMPLE 8B

Infected Wound

[0208] A 3 month old boy who had been operated on for
a hydro cele och scrotal hernia developed by 1 0 days after
surgery a serious infection at the site of the incision. The
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infected incision exuded pus. Parts of the incision threatened
to split open after the stitches were removed. The boy was
treated twice daily for 3 days with dressings which had been
soaked in the poly-enzyme preparation of Example 1A (4
mg per treatment). After 3 days of treatment the infection
was gone and the wound had healed.

EXAMPLE 8C

Necrotic Post-Operative Wounds

[0209] Fifteen patients with necrotic wounds were treated
with 3 Casein Units/ml solutions of the krill multifunction
hydrolase according to Example 1B. The wounds were
cleaned by rinsing prior to applying the hydrolase. Twice
daily an ampoule of the dry form of the multifunctional
enzyme described in Example 1B was diluted in 5 ml saline
and poured onto a gauze dressing which covered the wound
completely. The drained gauze was fixed to the wound by a
self-adhesive semi-occlusive dressing. At every change of
dressing the wound was visually inspected for erythema,
oedema, bleeding, swelling, heat, exudation, pus, necrotic
tissue, pain, smell, possible adverse reactions and general
status of patient. The treatment was terminated when all
necroses, fibrin, pus and blood clots were decomposed but
for no longer than 7 days.

[0210] The patient population was heterogeneous with
respect to the etiology of the wounds, i.e. scheduled opera-
tions, traumas, burns, shots and diabetes patients. All
patients were treated on an outpatient basis twice a day. No
adverse reaction were observed from the test preparations.
The results are summarized in FIG. 12. The points indicated
by “Y” symbols are for scoring of yellow fibrinous and
purulent tissue. The points indicated by “B” symbols are for
black necrotic tissue. And, the points indicated by “R”
symbols are for granulation tissue and epithelium. Necroses,
fibrin, pus, blood clots, and plaques were effectively decom-
posed within a week and some wounds healed within a
week. Burns, shots, and post-operative wounds in diabetes-
patient initially showed very poor efficacy, but at termination
of the study, 7 days, the necroses were completely decom-
posed from underneath and what remained was only the top
surfaces of the necroses, like a lid, and the wounds were
partially healed within a week.

EXAMPLE 9

Abscesses in Calves

[0211] Abscesses of approximately 25 to 40 ml volume
were formed on the neck of each of two calves by injecting
calcium-chloride solution. The abscesses were treated once
daily by instillation of 10 ml of the poly-enzyme preparation
of Example 1A (5 mg/ml) using a drainage tube. For each
treatment, the tube was sealed to keep the enzyme solution
in place for a minimum of 4 hours. Then the tube was then
opened, allowing the abscess to drain. After the third treat-
ment the drainage fluid was clear and after the sixth treat-
ment the tubes were removed. The “pockets” healed com-
pletely after 9 and 12 days, respectively.

EXAMPLE 10

Scleroderma

[0212] The patient suffered from chronic hardening and
thickening of the skin, i.e., scleroderma in his fingertips on
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his right hand. He was treated by twice daily applying 0.5 ml
of hydrogel (described in Example 1F) containing 0.5 mg/ml
of the krill multifunctional hydrolase according to Example
1B. The pain associated with the condition was substantially
reduced within 48 hours, and after three weeks all cracks
were healed. Treatment was discontinued after three weeks.
No recurrence occurred during six weeks of follow up.

EXAMPLE 11

Prophylactic Treatment of Post-Surgical Wounds

[0213] Krill multifunctional hydrolase according to
Example 1B (1) and krill poly-enzyme preparation of
Example 1A (2) were tested against a sterile 0.9% NaCl
control solution (3) as a prophylactic anti-microbial rinsing
solution on post-op wounds. Each of the treatment groups
included 20 patients.
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respond to antibiotics and silver sulfadiazine cream were
included in this study. 5 patients were treated with krill
multifunctional hydrolase according in a hydrocolloid cream
as described in Example 1F (3 Casein-Units/ml) and 6
patients with the krill poly-enzyme preparation of Example
1A in isotonic saline solution (5 Casein-Units/ml).

[0217] Wounds were treated two times daily with 25
mg/treatment of multifunctional hydrolase. All wounds were
completely free from all signs of infection within 5 days
treatment. The lack of infection was confirmed by microor-
ganism (MO) cultivation. Necrotic tissue, pus and fibrinous
fibrils in the granulation tissue were effectively decomposed
by both preparations and no perceptible difference in effi-
cacy between the preparations could be observed. No
adverse reactions were observed. The test results were:

Wound MO- MO- Healed
No./ status Visual Percentage of status Visual percentage of day
Size before ¥/ Prepa- Day of after ¥ post-
(em?)  Strain (10 Necr. Pus brin  Gramul. Epith. ration termin. (10%) Necr. Pus  brin  Gramu. Epith. treatm
I 1.5 F aerig. 16 20 60 20 Solution 35 <1 30 70 3
I 4.0 F aerig. 18 50 10 40 Gel 5.0 <1 10 60 30 11
I 3.6 S. aureus 22 10 90 Gel 3.0 <1 10 40 50 6
v 2.4 F aerig. 14 40 10 50 Gel 3.0 <1 50 50 —
A% 2.8 S. aureus 17 100 Solution 4.0 <1 30 70 7
VI 1.9 S. aureus 16 100 Solution 25 <1 20 80 4
VII 4.5 S. aureus 15 10 80 10 Gel 5.0 <1 10 60 30 15
VIII 3.2 F aerig. 12 40 40 20 Solution 3.0 <1 60 40 6
X 1.8 S. aureus 16 10 90 Solution 25 <1 20 80 —
X 1.3 F airig. 17 30 30 40 Gel 35 <1 40 60 8
XI 3.1 F aerig. 20 30 30 40 Solution 5.0 <1 10 80 10 18
[0214] Non-bleeding post-operative wounds were treated EXAMPLE 13
twice daily with saline, multifunctional hydrolase (3 Casein
Units/ml) or poly-enzyme preparation (5 Casein Units/ml). Infected Decubitus Ulcera
The wounds were rinsed thoroughly with the respective i .
solution and covered with sterile gauze under a semi occlu- [0218]  Fourteen elderly patients with a total of 18 decu-

sive dressing. At each redressing, the wounds were inspected
for infection, inflammation, erythema, swelling, heat,
necrotic tissue, fibrin, pus, bleeding, pain and possible
adverse reactions.

[0215] No post-operative clinical infections occurred in
the groups treated with multifunctional hydrolase or poly-
enzyme preparation, nor was acute inflammation or
erythema observed in any of the patients in these two
groups. For both groups treated with one of the enzyme
compositions, 18 wounds were healed (>90% epithelializa-
tion) within 10 days treatment. No adverse reactions were
observed. In the control group, 4 patients developed severe
invasive infections and additional 2 patients developed acute
inflammations. Erythema, swelling and pain were frequent
observations in this group. In the control group, 14 wounds
healed within 10 days of treatment.

EXAMPLE 12

Small-Sized Burns

[0216] Eleven patients with small, full thickness burns
infected by S. aureus and P. aeruginosa and who did not

bitus ulcers on their heels or lower back were included in
this study. Ulcers were rinsed thoroughly with saline and
emptied as much as possible and irrigated with 5 ml, krill
poly-enzyme preparation of Example 1A dissolved in saline
(5 Casein Units/ml). The ulcers were then covered with
semi-occlusive dressing. The procedure was repeated twice
daily for 7 days and ulcera were inspected for inflammation,
erythema, heat, swelling, necrotic tissue, pus, pain and
possible adverse reactions. Infections were gone within 4
days of treatment. Six wounds healed completely within 7
days, and a total of eleven have healed within 14 days. Seven
wounds did not heal probably due to the overall condition of
the patients, but the wounds showed some progress. No
adverse reactions were observed.

EXAMPLE 14

Fistulae Infections

[0219] Krill multifunctional hydrolase according to
Example 1B and the krill poly-enzyme preparation of
Example 1A were used to treat anal fistulae. Prior to use, one
ampoule of the multifunctional hydrolase was reconstituted
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in 5 ml of hydrogel to a final concentration of 3 Casein-
Units/ml. The poly-enzyme preparation was reconstituted in
hydrogel to a final concentration of 5 Casein-Units/ml. The
fistulae were rinsed with sterile solution and emptied as far
as possible, and then irrigated with hydrogel containing
multifunctional hydrolase or poly-enzyme preparation. The
procedure was repeated once daily and patients were
inspected for erythema, heat, swelling, pus, pain and adverse
reactions. The treatment continued until all signs of infection
and inflammation were gone, but for no longer than 10 days.
For each gel preparation, two patients with anal fistulae,
with no passages to rectum, were used and treated with
multifunctional hydrolase and poly-enzyme preparation,
respectively. For both sets of patients, total pain relief was
reported within 48 hours and all signs of infections and
inflammations were gone after 4 days. All fistulae were
healed between day 6 and day 9, and no recurrence was
reported within 6 months of follow-up. No adverse reactions
were observed.

EXAMPLE 15

Athlete’s Foot (Epidermophytosis)

[0220] The purpose was to study the effectiveness of krill
poly-enzyme preparation treating epidermophytosis of the
foot. Forty-one patients with fungal infections were included
in this study. Patients soaked their feet for thirty minutes
once a day for three successive days in an aqueous solution
contain 5 Casein Units/ml of poly-enzyme preparation of
Example 1A for 30 minutes. Also, a hydrogel (described in
Example 1F) containing 5 Casein Units/ml of the krill
poly-enzyme preparation was applied to the affected areas
each evening immediately before bedtime for 7 nights. The
pain relief was instant in many patients and pain was totally
gone within 2 days for others. Plaques over open surfaces,
in cracks and under nails were readily removed by the
poly-enzyme preparation and all signs of plaque, smell and
infections were gone after three days.

EXAMPLE 16A

Foreskin Infection

[0221] The foreskin infections of two infants, 4 and 6
weeks old, respectively, were treated twice daily with a
solution of poly-enzyme preparation of Example 1A con-
taining 1 Casein Unit/ml. 10 ml of the solution was flushed
under the foreskin morning and evening, using a standard
syringe with a soft catheter. After 3 days both the infants
were free from symptoms and the infections did not recur
during a 2 month follow-up.

EXAMPLE 16B

Foreskin Infections in Dogs

[0222] Six dogs with foreskin infections were flushed
under the prepuce ornce daily with a solution of poly-enzyme
preparation of Example 1A containing 1 Casein Unit/ml. A
soft silicone catheter attached to a syringe was inserted
under the foreskin and used to slowly flush the affected area
with 10 ml of the poly-enzyme solution. Approximately 1 ml
of the solution was kept under the foreskin for minimum of
2 minutes and the dogs were kept from licking the affected
area for 30 minutes. Purulent exudation stopped within 2
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days in all the cases and all signs of infection and inflam-
mation were gone within 4 days.

EXAMPLE 17A

Opportunistic Infections

[0223] Two patients with uterine cancer in stage IV with
opportunistic infections in non-healing post-operative
wounds and one patient with an opportunistic infection of an
irradiation wound were treated twice daily with dressings
saturated with a solution of 5 mg/ml of the poly-enzyme
preparation of Example 1A. The infections were believed to
be bacterial infections. After 12, 14 and 17 days, respec-
tively, the wounds had healed.

EXAMPLE 17B

MycoDlasma Infection

[0224] A 55 years old man contracted an acute myco-
plasma infection 3 years ago and was treated with different
kinds of antibiotics. However, these treatments became
ineffective when a resistant form developed. Some weeks
after the infection the man contracted high fever with a very
severe cough as a result and in X-ray examination water in
the pleura was observed.

[0225] The complaints of the man manifested themselves
in the form of respiration complaints, difficulty to walk
longer distances than 100 meter without a break and severe
tiredness as well as annoying hacking cough.

[0226] The patient was treated with 2 mls of a 2 mg/ml
solution (4 mg total) of the krill multifunctional hydrolase
according to Example 1B. The wash solution was kept in the
mouth for about 4 minutes and then was slowly swallowed.
This treatment was repeated during the first two weeks every
second day. During this time, 0.5 ml of an aerosol of the
wash hydrolase solution was inhaled on a daily basis. During
the first two weeks no improvement was observed but after
two weeks’ treatment the lymph gland on the left side of the
neck swelled resulting in pain. During this time the treat-
ment was continued 3 times (every second day). After 1.5
weeks all problems regarding the lymph nodes had disap-
peared and the bronchitis complaints of the patient began to
subside. After further 3 weeks’ treatment with mouth washes
every fourth day the bronchitis complaint had completely
disappeared. After this total treatment extending over 6.5
weeks the patient had recovered completely and after a short
time he could walk 5 kilometers with no problems.

EXAMPLE 18

Boils in Dogs

[0227] Three boxers with painful, infected and excudat-
ing/bleeding boils between the toes were treated twice daily
with poly-enzyme solution. A gauze was soaked with 2 ml
of a solution of poly-enzyme preparation of Example 1A (5
Casein Units/ml) and then applied over the boil. The paw
was bandaged to keep the gauze fixed in place and a rubber
boot was used to protect the dressing. Apparent relief from
pain was observed after 1 day of treatment. The flow of
exudant and blood stopped within two days. After 5 to 7 days
of treatment, inflammation was substantially reduced, and
after 11 to 15 days, all indications of boils were gone.
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EXAMPLE 19

Urinary Bladder and Urethra Infections

[0228] Twelve female patients with painful urinary infec-
tions were included in this study. Before use, 6 ampoules of
krill poly-enzyme preparation described in of Example 1A
were reconstituted in 50 ml saline to a final concentration of
3 Casein-Units/ml. At the start of treatment, the first dis-
charge of urine from all patients was very turbid and the
second discharge was clear to weakly turbid. Patients were
treated with 50 ml of the saline solution by instillation 2
times daily. Pain relief was instant and improved ability to
retain urine was obvious after two days of treatment. Micro-
organism (MO) samples confirmed no bacteria after 4 days
of treatment and all treatments were terminated after 4 days.
No adverse reactions were observed. The results are sum-
marized in FIG. 6. The average MO-status values are shown
in the table below.

BEFORE
TREATMENT DAY 2 DAY 4

MO Status: 1.4 x 104 43 x 103 <1.0 x 107
(average)
Relative MO 100% 31% 1%
Status:
(% of initial
status)

EXAMPLE 20

Eye Infections

[0229] Fifteen patients with purulent eye infections were

treated twice daily with eye-drops of the poly-enzyme
preparation from krill. Before use, an ampoule of poly-
enzyme preparation as described in Example 1A was recon-
stituted in 25 ml water to a final concentration of 1 Casein-
Unit/ml. The infected eye was treated morning and evening
with two drops, 0.4 ml, of the solution. At each application,
the eye was inspected for erythema, swelling, pus, lacrimal
secretion and possible adverse reactions. The patient was
treated until all signs of infection were gone; but not for
longer than 10 days. All patients were free from infections
within 3 days of treatment. Erythema and swelling around
the eyes faded away within 2 days and excess lacrimal
secretion ceased within 2 days. After the first application all
patients experienced a soothing feeling in the infected eye
and irritation and tenderness around the eyes disappeared
within a few minutes. No adverse reactions were reported.

EXAMPLE 21

Gum Infections

[0230] Twenty-two patients with acute or chronic gum
infections/inflammations were included in this study. Three
times a day (morning, mid-day and evening) one of the
ampoules of poly-enzyme preparation described in Example
1A was reconstituted in 5 ml tap water (yielding 5 Casein
units/ml) and used to rinse a patient’s mouth cavity for 5
minutes. No eating and drinking within 2 hours after treat-
ment was allowed. The treatment went on for 7 days
independent of results. Pain relief was reported after 20
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minutes to 1 2 hours of treatment. Infections and inflam-
mations vanished within 4 days and did not reoccur during
a follow-up period of 3 weeks. No adverse reactions were
reported.

EXAMPLE 22A

Viral Infections in the Upper Airways

[0231] Eleven patients with influenza virus infections and
secondary bacterial infections in the upper airways, such as
sinusitis, were included in this study.

[0232] Viral infections in the lungs cause harm to lung
cilia and inflammatory reactions that lead to erythema,
swelling and increased mucus secretion. The harmed cilia
can no longer wipe away inhaled bacteria, which often leads
to secondary bacterial infections. Viruses are dependent on
host-cells for their survival and multiplication and it is
difficult to kill a virus without harming or killing host cells.
Prior to treatment, one of the ampoules of krill multifunc-
tional hydrolase described in Example 1B was reconstituted
in 5 ml of saline to a final concentration of 5 Casein-Units
per ml. 0.25 ml of this reconstituted solution was sprayed in
each nostril and the mouth-cavity was rinsed for 5 minutes
with 4.5 ml of the solution. The procedure was repeated
three times daily and erythema, swelling, mucus-secretion,
pain and adverse reactions were recorded once daily.

[0233] The treatment was continued until all signs of
infection were gone but not for longer than 10 days. 8
patients were free from symptoms after 6 days of treatment
and the remaining three patients after 9 days. Pain relief was
experienced by all patients and occurred within 2 hours to
two days. Sputum became clear within three days in patients
with purulent discharges. Erythema and swelling disap-
peared within 4 days. The results are summarized in FIG. 7.
No adverse reactions were observed.

EXAMPLE 22B

Common Cold

[0234] Five patients in the age of from 30 to 63 years were
treated with the krill multifunctional hydrolase according to
Example 1B only a few hours after the outbreak of the first
cold symptoms. The treatment was carried out with nasal
sprays of 0.5 mg/ml aqueous solutions of the hydrolase (0.1
mg per nostril inhaled) every 4 hours and with 0.5 mg/ml
mouth wash solutions (1.5 mg per wash) every 6 hours. The
mouth wash solution was kept in the mouth for about 2-4
minutes and then swallowed. After 12 hours the common
cold symptoms had disappeared and the patients were free of
complaints.

EXAMPLE 23

Haemophilus Influenzae Infections

[0235] A woman of 34 had recurring sinusitis caused by
infection of Haemophilus influenzae. A few hours after the
appearance of the symptoms of pressure and pain in the
nasal sinus, her mouth was washed for 3 minutes with 4.5 ml
of a 5 mg/ml solution of krill multifunctional hydrolase
according to Example 1B and 0.5 ml of the hydrolase
solution was sprayed into each of her nostrils. This com-
bined treatment was repeated three times at 2 hour intervals.
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After which, the spray treatment was repeated every three
hours over a total of 3 days. The pressure caused by the nasal
sinus infection disappeared within a few hours after the first
treatment and the flow of nasal secretions strongly
increased. After 3 days of treatment the woman was free of
complaints.

EXAMPLE 24

Bronchitis

[0236] A 55 year old man having severe bronchitis com-
plaints was treated. The man had respiration complaints,
difficulty in walking more than 100 meters, severe tiredness,
and a chronic hacking cough. His physician believed his
bronchitis was caused by a mycoplasma which had first
infected the patient 3 years earlier and had developed
antibiotic resistance. The infection led to the formation of
water in the pleura, as was verified by X-ray examination.
The patient was treated with mouth washes containing 4
mg/ml saline of krill multifunctional hydrolase according to
Example 1B. The hydrolase solution was kept in the mouth
for about 4 minutes and then it was slowly swallowed. This
treatment was repeated on every alternative day for the first
two weeks of treatment. Also during this time, small
amounts (0.5 ml) of an aerosol of the hydrolase solution was
inhaled.

[0237] During the first two weeks no improvement was
observed. After two weeks treatment the lymph gland on the
left side of the patient’s neck swelled, resulting in pain.
Following this, the treatment was repeated about 3 times.
About 1.5 weeks after this, the lymph node swelling had
disappeared and the bronchitis complaints of the patient
began to subside. After a further 3 weeks of treatment with
mouth washes on every fourth day the bronchitis complaint
had disappeared. After a treatment extending over 6.5 weeks
the patient had recovered completely, and after a short time
he could walk substantial distances without problems.

EXAMPLE 25A

Gastric Ulcer

[0238] A man of 40 having recurring complaints charac-
teristic of a mild form of gastric ulcer was treated with
acid-resistant gelatin capsules containing 5 mg of the krill
poly-enzyme preparation of Example 1A per capsule. No
filler was added to the encapsulated preparation. The patient
swallowed 1 capsule a day with a glass of water for 2 weeks.
After about 4 days the stomach complaints disappeared and
the patient’s intestines functioned normally.

[0239] A 55 years old man having recurring gastric ulcer
complaints over 20 years was treated with the same dosage
described above. After a few day’s treatment the complaints
had disappeared and his intestines worked normally.

EXAMPLE 25B

Colitis Ulcerative

[0240] The patient had a fifteen year medical history of
Colitis Ulcerative, which had been treated with the antiphlo-
gistic Salazopyrine (Pharmacia, Sweden). For six weeks she
swallowed once daily an acid resistant capsule containing 1
mg of Iyophilized, krill multifunctional hydrolase according
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to Example 1B. Concurrently she maintained her Salazopy-
rine treatment. Two hours after her first treatment with the
multifunctional hydrolase, she experienced an attack of
gastric pain, gas and diarrhea and these symptoms remained
for approximately six hours. After her second treatment she
experienced slight pain for about 30 minutes. After this, she
experienced no further adverse reactions. On days 16 and 29
she experienced gastric pain and diarrhea in connection with
unusual meals. However, these episodes where shorter and
less severe than her previous episodes. Through the course
of the treatment, she recorded improved comfort. During the
3-4 months following treatment, her symptoms slowly
returned to the severity reported pre-treatment.

EXAMPLE 26

Herpes Genitalis

[0241] A man of 62 having a long established case of
Herpes genitalis was treated. Outbreaks recurred regularly
every 4 months, and during acute outbreaks the man
abstained from sexual intercourse. During an acute outbreak,
the affected area was bandaged with a bandage soaked with
a solution of krill multifunctional hydrolase according to
Example 1B until it contained 3 mg of hydrolase. The
bandaging treatment was repeated twice a day for 2 days.
His complaints disappeared after the second treatment. The
man had no outbreaks during the 10 months following
treatment.

EXAMPLE 27

Herpes Simplex Infection in the Mouth Cavity

[0242] Eight patients with relapsed herpes simplex blisters
in the mouth cavity were treated twice daily with mouth-
wash. Prior to use, each ampoule of krill poly-enzyme
preparation (described in Example 1A) was reconstituted in
5 ml of saline to a final concentration of 5 Casein-Units/ml.
The patient rinsed his or her mouth cavity with the solution
for 5 minutes. No eating or drinking was allowed within 2
hours after each treatment. The procedure was repeated
twice daily and clinical parameters, erythema, swelling, pain
and adverse reactions were recorded once daily. The treat-
ment was continued until all signs of infection were gone,
but not for longer than 10 days.

[0243] Pain relief was experienced within 2 hours after the
first treatment. In some patients the pain recurred between
treatments during the first two days, but never thereafter.
After 5 days, all patients were free from symptoms and all
blisters had healed. No adverse reactions were observed.

EXAMPLE 28

Herpes Zoster

[0244] A 70 year old man who had had a very painful
herpes zoster infection in his face for 10 months was treated
topically with a gauze bandage soaked to absorb a solution
containing 1-2 mg of krill poly-enzyme preparation of
Example 1A every three days. After the first treatment the
itch and pain were reduced. The pain disappeared com-
pletely after 12 days. Due to the pain associated with the
infection, the man had had difficulties in chewing, but after
12 days he was able to chew food with no problems.
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EXAMPLE 29

Acne

[0245] Two women, aged 29 and 30 years, were treated for
facial acne. The 29 year old woman had severe acne,
whereas the 30 years old woman had moderate acne. The
patients were treated with 0.1 mg of krill multifunctional
hydrolase according to Example 1B several times a day for
4-6 days by applying 0.5 g/cm? to 2 g/em?® of a hydrogel
(described in Example 1 F) containing 5 mg/ml of krill
multifunctional hydrolase. Improvement was apparent after
the first treatment, and after a week of treatment only
pigment traces of the acne were evident.

EXAMPLE 30

Psoriasis and Dry Eczema

[0246] Psoriasis plaques and dry eczema plaques were
readily decomposed with hydrogel (described in Example 1
F) preparations of the krill multifunctional hydrolase accord-
ing to Example 1B. 0.5g/cm® of hydrogel (described in
Example 1 F) containing 5 Casein Units/ml hydrolase was
applied to the sites in need of treatment and the site was
covered with a semi-occlusive dressing. The treatments
were repeated two times daily. Within 24 hours the plaques
were completely gone and the sensitive skin, especially in
psoriasis patients, showed reduced inflammation. Following
treatment, the affected areas were responsive to steroid
creams.

EXAMPLE 31A

Eczema Infections

[0247] Forty patients with eczematous seborrheic and pso-
riasis infections were treated once to twice daily with
poly-enzyme hydrogel (described in Example 1 F) contain-
ing 2.5 Casein Units/ml of the poly-enzyme preparation of
Example 1A. Patients with dry eczema/plaque showed no
signs of inflammation or infection after 2-4 treatments. The
fatty type of seborrheic plaques disappeared after 6-9 days,
though the associated inflammations/infections had van-
ished within the initial 2-4 days of treatment.

[0248] Patients with psoriasis plaque experienced an
improved responsiveness to steroid creams, probably due to
removal of plaque by the poly-enzyme preparation, resulting
in better access to the skin.

EXAMPLE 31B

Lichen Planus—With Associated Infection

[0249] The patient suffered from lichen planus of the
lower gum. The affected areas showed papules and lesions,
and were covered with yeast plaque. Each day at that time
1 g of a hydrogel (described in Example 1F) containing 0.5
mg/ml of krill multifunctional hydrolase according to
Fxample 1B was applied to the affected areas. After three
days, the plaques and papules were gone. On day 7, all
lesions were healed and the treatment was stopped.

EXAMPLE 32

Thrombolytic/Anti-Embolic Properties

[0250] Thrombi were caused by applying an artificial
stasis to the main ear vein of a rabbit until a proper thrombus

Jun. 22, 2006

had developed krill multifunctional hydrolase according to
Example 1B was injected (0.5 mg dissolved in 0.2 ml of
isotonic solution), into the ear vein in the direction of the
thrombus, at a location 2 cm from the ischemic area. Within
30 minutes the thrombus had completely dissolved and the
blood had free passage. Small necroses developed in the
treated area but these were resorbed within 7 days. In the
control animals the ischemic area turned necrotic within 4-5
days.

EXAMPLE 33

Dental Plague in Dogs

[0251] The krill poly-enzyme preparation was used to
remove dental plaque in beagles. Before use, ampoules of
the poly-enzyme preparation (described in Example 1A)
were reconstituted in S ml of saline to a final concentration
of 5 Casein-Units/ml. The content from a freshly prepared
ampoule was carefully painted over teeth and gingiva. The
tongue was fixated for 2 minutes and food and beverage
were not allowed for 2 hours post-treatment. The treatment
was repeated twice daily until all plaque was completely
decomposed. The dogs were inspected for status of plaque,
saliva secretion and adverse reactions once daily. Eight
beagles with abnormal plaque formation due to special
feeding and housing were included in this study. After 4 days
all signs of plaque were gone and the study was terminated.
No adverse reactions could be observed.

EXAMPLE 34

Human Dental Plaque

[0252] The krill poly-enzyme preparation was used to
remove dental plaque in humans. One ampoule of poly-
enzyme preparation of Example 1A was reconstituted, in 5
ml of saline to a final concentration of 5 Casein-Units/ml,
before each treatment and used to rinse the patient’s mouth
cavity for 5 minutes. Food and beverage were not allowed
for 2 hours post-treatment.

[0253] The treatment was repeated twice daily and the
patients were inspected once daily for plaque, saliva secre-
tion, dryness, and adverse reactions. The patients were not
allowed to brush their teeth during the study period. The
treatment was continued until all signs of plaque were gone,
but not for longer than 7.days. Two hours after the first
treatment all patients experienced a soft and smooth sense
over their teeth but visual inspection showed remnants of
plaque. Two hours after the third treatment, all signs of
plaque were gone and treatments were terminated. No
adverse reactions were observed.

EXAMPLE 35

Cancer

[0254] The krill poly-enzyme preparation of Example 1A
was used to treat Yoshida Sarcoma tumors in juvenile rats.
Yoshida sarcoma cells are described in Micotina et al.,
Tumour Biology, 12: 225, 1991, and Goseki et al., Cancer,
69: 1865, 1992. The poly-enzyme preparation was admin-
istered by three different routes (intraperitoneally (ip.),
intratumorally (i.t.) and subcutaneously (s.c.)) to white
Wistar rats that had been implanted Yoshida Sarcoma cells.
The treatment groups were as follows:
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[0255] A. A single administration i.p. of 5 mg/kg.

[0256] B. A single administration i.t. of 5 mg/kg.

[0257] C. A single administration s.c. of 5 mg/kg.

[0258] D. Twice daily administration s.c. of 1.25 mg/kg
for seven days.

[0259] E. S.c. administrations of 5 mg/kg on four alter-
nating days.

[0260] F. S.c. administrations of 1 2.5 mg/kg on four
alternating days.

[0261] Before use, ampules of the poly- enzyme prepara-
tion powder were reconstituted in isotonic saline at a con-
centration of 5 mg/ml solution. 1x10* Yoshida Sarcoma cells
were implanted subcutaneously on the back of white Wistar
rats. When the implanted cells had generated a 10 mmx10
mm tumor, the rats were either treated with poly-enzyme
preparation or used as untreated controls. The rats were
sacrificed 7 days after the last treatment. The size of the
tumors was measured and compared with the tumors of
untreated control rats.

[0262] The relative reduction of the size of the tumor was
46% for group A, 56% for group B and 49% group C. In the
group treated with repeated doses of 1.25 mg/kg twice a day
over 7 days (group D), the reduction was 72%. In the groups
receiving 5 mg/kg and 12.5 mg/kg s.c. every second day
(groups E & F), the tumor reductions were 53% and 69%,
respectively. In all treated rats, the portion of the tumors that
was necrotic was substantially higher than for tumors from
untreated rats. Also, the treated rats gained weight more
rapidly than did untreated rats.

[0263] One rat in the group receiving 12.5 mg/kg every
second day showed an absolute loss of tumor mass (rather
than a relative loss). The degree of metastasis in the treat-
ment groups was very small compared to the control rats.
The treated rats showed normal behavior regarding drinking
and eating, in contrast to the control rats, which were
subdued and exhibited no appetite. No adverse reactions
could be observed during this trial.

EXAMPLE 36

Anti-Viral Effect on HIV-Contaminated Cell Lines,
In Vitro

[0264] The krill multifunctional hydrolase was tested for
anti-HIV using the National Cancer Institute’s standard
assay. See Weislow et al., . Natl.

[0265] Cancer Inst. 81:577-586, 1989. The procedure
comprises:
[0266] (1) The multifunctional hydrolase according to

Example 1C was dissolved in dimethyl sulfoxide, diluted
1:100 in cell culture medium, and then subjected to serial
dilutions. Virus infected T4 lymphocytes (CEM cell line)
were added to the various dilutions. Matched controls com-
prise uninfected cells treated with the hydrolase for HIV-
infected cells paralellelly treated without the presence of the
multifunctional hydrolase.
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[0267] (2) The cell cultures were incubated at 37° C. under
5% carbon dioxide atmosphere for 6 days.

[0268] (3) Tetrazolium salt, XTT, was added to the culture
wells, and the cultures were incubated to allow color devel-
opment by viable cells. Four of the cultures were analyzed
spectrophotometrically and microscopically to quantitate the
number of viable cells present. FIG. 8 shows a run of the
assay. Line A is for the cells treated with multifunctional
hydrolase, while Line B is the uninfected control. No
activity is seen until concentrations in excess of 10 pg/ml, at
which point a sharp transition in activity occurs and the
hydrolase begins to show near total protective activity. The
concentrations at which the hydrolase shows substantial
protection are at least ten-fold less than the blood serum
concentrations known to be safe.

EXAMPLE 37

Grey Cataract in Doe

[0269] Theright eye of a dog suffering from grey cataracts
was treated with 2 drops of a 5 Casein Unit/ml solution of
the poly-enzyme preparation of Example 1A. The left eye
was identically treated except that a 3 Casein Unit/ml
solution of the multifunctional hydrolase according to
Example 1B was used. The procedure was repeated once
daily for each eye and the dog was inspected for changes in
opacity and adverse reactions. After 5 days an obvious
diminishing in the opacity could be noted in both eyes and
after 10 days both eyes looked very clear and the treatment
was terminated. No adverse reactions were observed.

EXAMPLE 38

Cataract in Human

[0270] A woman in her 80’s with day/night vision on one
eye due to gray cataract was treated every three days with
0.4 ml of solution a 0.1 mg/ml of the poly-enzyme prepa-
ration of Example 1A. After 5 treatments the study had to be
terminated due to other medical reasons but an obvious
reduction in opacity was observed and the lady reported
improved vision on the affected eye. No irritation, pain or
other discomfort could be observed during the treatment or
1 month post-treatment.

EXAMPLE 39

Glaucoma

[0271] A man, age 74, experienced a slight pain/discom-
fort in the right eye and it was found that he suffered from
an increased intraocular pressure that was found to be
permanent and not caused by acute reasons. Every four days
a solution containing 0.1 mg of the poly-enzyme preparation
of Example 1A was dropped into the affected eye for a total
of three times. Two weeks post-treatment the intraocular
pressure was normal and remained normal 4 months post-
treatment. The man experienced immediate pain relief,
within 20 minutes, at the first treatment. No adverse reac-
tions were observed.

EXAMPLE 40

General Purpose Eye Drops

[0272] Twelve patients with no record of eye diseases,
allergic reactions to air pollutants or eye infections/inflam-
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mation were treated for “tired and irritated eyes”. Two drops
of a 0.1 Casein Unit/ml solution of the poly-enzyme prepa-
ration of Example 1A were dropped into the eyes whenever
needed. All patients experienced an alleviation of tension
and pain within 30 minutes. No one reported any change in
light sensitivity, focusing or any dilatation of the pupils.
Occasionally a transitory dryness was experienced. No irri-
tation, increase in lacrimal secretion or other adverse reac-
tions were observed.

EXAMPLE 41

Tendon-Sheath Adhesions

[0273] The left Achilles tendon of each of two rabbits was
ruptured and immediately sutured in a split/overlapping
technique. On Day 5 post-operation, there was an evident
adhesion between the tendon and the tendon sheath. One mg
of the poly-enzyme preparation (of Example 1A) dissolved
in 0.25 ml was injected interstitially in the sheath on Day 5,
Day 7 and Day 9 post-operation. One day (24 hours) after
the first injection there was no evident adhesion between
tendon and sheath. Six weeks post-operation the adhesion
had not recurred. Eight months post-operation the animals
were sacrificed and the tendons were macroscopically
inspected for adhesions, surplus of fibrin and collagen. The
tendons and sheaths had healed separately and no signs of
adhesions could be observed. The tensile strength of the
operated left leg tendons were compared to the unoperated
right leg tendons and no difference could be detected. It is
believed that the preparation specifically decomposed the
surplus of fibrin without affecting the fibrin needed for a
proper healing of tendon and sheath, respectively.

EXAMPLE 42

Detachment of an Adhered Wrist

[0274] A woman in her 40’s suffered from a stiff wrist due
to a long period of immobilization within a hard plaster cast.
She exhibited about 25% of normal mobility. Despite a
training program the mobility of the affected joint improved
poorly and the diagnosis was fixation due to fibrin coating
inside the joint. A solution of the poly-enzyme preparation
of Example 1A was injected intraarticularily (2 mg/0.5 ml)
every three days for a total of four injections. Joint mobility
improved successively over 14 days to 50-60% mobility.
The woman recovered a mobility to 70-80% after 4 months
of rehabilitative training. No adverse reactions were
observed.

EXAMPLE 43

Decomposition of Scars and Keloids

[0275] A solution of the poly-enzyme preparation of
Example 1A was injected once daily into 5 facial scar
formations and 3 keloid formations on hands and forearms.
For every centimeter of the scar/keloid 0.2 ml of the solution
(containing 5 Casein Units/ml) was injected to a maximum
volume of 1 ml per scar or keloid per day. The procedure was
repeated once daily and the scar/keloid was inspected for
erythema, swelling, heat, bleeding, necroses and adverse
reactions. The treatment was terminated at 80% decompo-
sition of scar/keloid but for no longer than 7 days. Fibrinous
scars were reduced to 25% of their initial volumes and
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collagenous keloids to 70% after 7 days of treatment. No
adverse reactions were observed during this trial.

EXAMPLE 44

Wrinkle Reduction

[0276] A33 year old woman was treated each night for 60
days by applying for 30 minutes a gauze bandage moistened
with a solution of the multifunctional hydrolase according to
Example 1B. The total amount of multifunction hydrolase
used per application was 0.15 mg. The area below one of the
patient’s eyes was treated, while the other side was served
as a control. After 15 days of treatment one could observe a
difference in the elasticity of the skin and after 60 days of
treatment there was a visually apparent difference in
wrinkles. The treated skin area was very soft and elastic and
the number and depth of the wrinkles had decreased con-
siderably compared to the untreated skin area.

EXAMPLE 45A

Polyps

[0277] Aman of 62 having a polyp in his anus was treated.
The man had suffered from the polyp for 3 years and had
been treated by a physician. He had been treated with
different kinds of medicines but no improvement was
observed. He was treated with a gauze bandage containing
about 5 mg of the multifunctional hydrolase according to
Example 1B dissolved in 5 ml of saline. The treatment was
repeated for a total of 5 times. All trouble disappeared and
at the next visit to the physician it was observed that the
polyp had disappeared. Eight months after the treatment, the
man is still free of complaints.

EXAMPLE 45B

Warts

[0278] A 35 years old man having a wart on his neck was
treated for one week with a plaster (“Hansaplast”) contain-
ing a solution of the multifunctional hydrolase according to
Example 1B (0.1 mg/plaster). The treatment was repeated
daily for a week. After one week’s treatment, the wart had
completely disappeared.

EXAMPLE 45C

Hemorrhoids

[0279] Two persons were treated for hemorrhoids, a man
of 55 years and a woman of 30 years. The woman had had
complaints for about 3 years with pain and minor bleedings.
She was treated with dry powder of the multifunctional
hydrolase according to Example 1B, which was wrapped in
gauze bandage that was applied onto the area concerned.
Each dose was 5 mg. Five treatments were needed before the
patient’s complaints disappeared. She was free of com-
plaints for one year following the treatment.

[0280] The man had been troubled with hemorrhoids off
and on for a number of years. When his symptoms, including
bleeding and strong pain, became acute, the man was treated
once with a gauze bandage soaked with about 4 mg of the
dry powder form of the multifunctional hydrolase according
to Example 1B. The pain disappeared within about 20
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minutes and after this single treatment all complaints dis-
appeared and have not recurred since then.

EXAMPLE 46

Treating Infection in an Infant’s Navel

[0281] A4 days old boy was treated with the multifunction
hydrolase to remove necrotic tissue and to avoid upcoming
infection. A gauze saturated with a solution of the multi-
functional hydrolase according to Example 1B (2 mg/piece
of gauze) was wound around the navel-string so that it
covered both healthy, infected and necrotic navel-string
tissue. The gauze bandage was changed 4 times every 12
hours. After about 12 hours, the treatment had removed the
necrotic and the infected part of the tissue, whereas the
healthy part of the navel-string was completely unaffected.
No degradation of the healthy skin on the navel-string could
be observed; neither could any infection or any skin irrita-
tion or inflammation be observed. The healthy navel was
treated 4 more times. Day 6 after the birth the baby was
checked at the hospital and it was found that the baby had
a fine navel without any infection, in contrast to the majority
of the babies who were examined on the same occasion.

EXAMPLE 47

Allergic Itch

[0282] A woman, age 28, had allergic problems in the
form of intense itch with nettle rashes above one of the knees
and also on and below the chin.

[0283] The rash exhibited white, somewhat spread eleva-
tions on the knee whereas the chin was totally spotted with
small rash of the same color as the skin. A gauze bandage
was wetted with a solution containing 2 mg of the krill
multifunctional hydrolase according to Example 1B. The
gauze was applied to the rash on the area above the knee.
After 10 minutes the gauze bandage was removed. 45
minutes later the itch began to fade out and had completely
disappeared after 1.5 hours. The white elevations had also
disappeared and the nettle rash had faded.

[0284] One day later the area under and on the chin was
treated. This area now itched intensively and was more
irritated than before owing to the woman’s scratching.
Directly upon application of the gauze bandage with the
solution of krill multifunction hydrolase, the itch increased
and the gauze bandage was removed after 7 minutes owing
to a very intense itch. During the following 1.5 hours the itch
declined and completely disappeared after 2.95 hours. Two
days after the initial treatment to the knees, no adverse
reactions were observed on the treated areas.

EXAMPLE 48

Prostatitis

[0285] A man of 52 years suffered from prostatitis com-
plaints each winter since the age of 20. During the last 4
years the complaints became more acute resulting in
extremely severe abdominal pain. In every acute phase he
was treated with different kinds of antibiotics but as soon as
the antibiotic treatment was completed, the complaints
recurred within about a week. During one episode, the man
received acid-resistant capsules containing 5 mg/capsule of
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the dry form of the multifunction hydrolase according to
Example 1B. He took 2 capsules/day for a week. All
symptoms disappeared and the man had no recurrence
during the following 12 months.

EXAMPLE 49

Mastitis (Inflammation of the Breast) in Human

[0286] A 28 years old mother of a newborn suffered severe
galactostasis 3 days after delivery, the disease manifesting
itself in hard, lactiferous glands and intense pain. These
complaints set in half an hour after breast-feeding.

[0287] She was hospitalized and treated with the standard
methods available, but nothing helped. A solution containing
0.1 mg of the krill multifunction hydrolase according to
Example 1B was dropped onto the nipple of the woman
when the intense pain began. All pains disappeared within
about 15 minutes and after about 45 minutes the hard
lactiferous glands had become soft. This treatment was
repeated after each breast-feeding for more than 3 months.
To check the continuing need for the treatment, the woman
occasionally refrained from treatment directly after breast-
feeding. Each time this check was made the intense pains
and the hard lactiferous glands recurred.

EXAMPLE 50

Inflamed Joints in Horse

[0288] 16 lame trotters with inflamed foreleg knees were
included in this study. Ampules of the poly-enzyme prepa-
ration of Example 1A were reconstituted in 10 ml water for
injection at a final concentration of 2.5 Casein-Units/ml
solution and 2 ml of the was injected into the painful joints
of the trotters on Day 1, 2, 4 and 7. After the injections, the
horses were observed for any adverse reactions or deterio-
rations in general condition. Clinical parameters were
observed once daily. Nine cases responded with pain relief
within 30 minutes to 2 hours after the first treatment, four
more cases responded within 6 hours, and two more cases
within 2 hours after the second injection. One case showed
pain relief after the third injection and this case had an
extreme swelling over the knee. Heat and swelling were
reduced rapidly and no signs of inflammation could be
observed after two days for 15 of the cases. No adverse
reactions were observed. The averaged results are summa-
rized in FIG. 11. One week post-treatment the horses were
back on easy training.

EXAMPLE 51

Tourist Diarrhoea

[0289] A 41 years old man acutely developed food poi-
soning (probably from Staphylococcus) with diarrhoea and
vomiting. One hour after the man had fallen ill he was
treated with a solution containing 5 mg of the krill multi-
function hydrolase according to Example 1B by keeping it
in the mouth for about 3 minutes, whereupon it was slowly
swallowed. This procedure was repeated 3 times every other
hour. After the fourth treatment the stomach pains had
disappeared and the vomiting and severe diarrhoea had
ended.

EXAMPLE 52

Hair Thinness

[0290] Two men, 55 years old and 62 years old, respec-
tively, were treated. They both had suffered from hair
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thinness for the last 10 years. The treatment was carried out
by soaking the entire scalp with a solution containing 5 mg
of the krill multifunction hydrolase according to Example
1B. To maintain the humidity in the scalp, it was covered
with a shower cap for 30 minutes. The treatment was
repeated once a week for about 3 months. After this time of
treatment fresh hair began to grow out.
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EXAMPLE 53

Treatments With Non-Krill Enzymes

[0291] For each of Examples 8-52, the krill-derived mul-
tifunctional hydrolase is substituted with the multifunctional
enzyme from another source and is comparably effective.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Euphasia superba

<400> SEQUENCE: 1

Ile Val Gly Gly Asn Glu Val Thr Pro His Ala Tyr Pro Trp Gln Val

1 5 10

Gly Leu Phe Ile Asp Asp Met Tyr Phe
20 25

<210> SEQ ID NO 2

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Euphasia superba

<400> SEQUENCE: 2

15

Ile Val Gly Gly Met Glu Val Thr Pro His Ala Tyr Pro Trp Gln Val

1 5 10

Gly Leu Phe Ile Asp Asp Met Tyr Phe
20 25

<210> SEQ ID NO 3

<211> LENGTH: 25

«212> TYPE: PRT

<213> ORGANISM: Penaeus vanameii

<400> SEQUENCE: 3

15

Ile Val Gly Gly Val Glu Ala Thr Pro His Ser Trp Pro His Gln Ala

1 5 10

Ala Leu Phe Ile Asp Asp Met Tyr Phe
20 25

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Penaeus vanameii

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (1)...(20)

<223> OTHER INFORMATICN: Xaa = Any Amino Acid

<400> SEQUENCE: 4

15

Ile Val Gly Gly Val Glu Ala Thr Pro His Ser Xaa Pro His Gln Ala

1 5 10

Ala Leu Phe Ile
20

<210> SEQ ID NO 5

15
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-continued
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<211> LENGTH: 25
<212> TYPE: PRT
<213> ORGANISM: Penaeus

<400> SEQUENCE: 5

Ile Val Gly Gly Thr Ala
1 5

Ser Phe Gln Asp Ser Ile
20

<210> SEQ ID NO 6

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Penaeus

<400> SEQUENCE: 6

Ile Val Gly Gly Val Glu
1 5

Ala Leu Phe Ile Ile Asp
20

<210> SEQ ID NO 7

<211l> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Penaeus

<400> SEQUENCE: 7

Ile Val Gly Gly Val Glu
1 5

Ala Leu Phe Ile Ile Asp
20

<210> SEQ ID NO 8
<211> LENGTH: 25
<212> TYPE: PRT

monodon

Val Thr Pro Gly Glu Phe Pro Tyr Gln Leu
10 15

Glu Gly Val
25

monodon

Ala Val Pro Gly Val Trp Pro Tyr Gln Ala
10 15

Met Tyr Phe
25

monodon

Ala Val Pro His Ser Trp Pro Tyr Gln Ala
10 15

Met Tyr Phe
25

<213> ORGANISM: Uca pugilator

<400> SEQUENCE: 8

Ile Val Gly Gly Val Glu
1 5

Ala Leu Phe Ile Asp Asp
20

<210> SEQ ID NO 9
<211> LENGTH: 20
<212> TYPE: PRT

Ala Val Pro Asn Ser Trp Pro His Gln Ala
10 15

Met Tyr Phe
25

<213> ORGANISM: Uca pugilator

<400> SEQUENCE: 9

Ile Val Gly Gly Gln Asp
1 5

Ser Phe Gln Asp
20

<210> SEQ ID NO 10
<211> LENGTH: 19
«212> TYPE: PRT

Ala Thr Pro Gly Gln Phe Pro Tyr Gln Leu
10 15

<213> ORGANISM: King crab

<220> FEATURE:
<221> NAME/KEY: VARIANT

<222> LOCATION: (1)...(19)



US 2006/0134641 Al
29

-continued

Jun. 22, 2006

<223> OTHER INFORMATICON: Xaa = Any Amino Acid
<400> SEQUENCE: 10

Ile Val Gly Gly Gln Glu Ala Ser Pro Gly Ser Trp Pro Xaa Gln Val
1 5 10 15

Gly Leu Phe

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Kamchatka crab

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (1)...(20)

<223> OTHER INFORMATICN: Xaa = Any Amino Acid

<400> SEQUENCE: 11

Ile Val Gly Gly Gln Glu Ala Ser Pro Gly Ser Trp Pro Xaa Gln Val
1 5 10 15

Gly Leu Phe Phe
20

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Kamchatka crab

<400> SEQUENCE: 12

Ile Val Gly Gly Thr Glu Val Thr Pro Gly Glu Ile Pro Tyr Gln Leu
1 5 10 15

Ser Leu Gln Asp
20

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Kamchatka crab

<400> SEQUENCE: 13

Ile Val Gly Gly Thr Glu Val Thr Pro Gly Glu Ile Pro Tyr Gln Leu
1 5 10 15

Ser Phe Gln Asp
20

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Kamchatka crab

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (1)...(20)

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 14

Ile Val Gly Gly Ser Glu Ala Thr Ser Gly Gln Phe Pro Tyr Gln Xaa
1 5 10 15

Ser Phe Gln Asp
20

<210> SEQ ID NO 15
<211> LENGTH: 20
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<212> TYPE: PRT
<213> ORGANISM: Crayfish

<400> SEQUENCE: 15

Ile Val Gly Gly Thr Asp Ala Thr Leu Gly Glu Phe Pro Tyr Gln Leu
1 5 10 15

Ser Phe Gln Asn
20

<210> SEQ ID NO 16
<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Bovine

<400> SEQUENCE: 16

Ile Val Asn Gly Glu Asp Ala Val Pro Gly Ser Trp Pro Trp Gln Val
1 5 10 15

Ser Leu Gln Asp
20

<210> SEQ ID NO 17
<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Salmon

<400> SEQUENCE: 17

Ile Val Gly Gly Tyr Glu Cys Lys Ala Tyr Ser Gln Ala Tyr Gln Val
1 5 10 15

Ser Leu Asn Ser Gly Tyr His Tyr Cys
20 25

<210> SEQ ID NO 18

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Atlantic cod

<400> SEQUENCE: 18

Ile vVal Gly Gly Tyr Glu Cys Thr Lys His Ser Gln Ala His Gln Val
1 5 10 15

Ser Leu Asn Ser Gly Tyr His Tyr Cys
20 25

<210> SEQ ID NO 18

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Atlantic cod

<400> SEQUENCE: 19

Ile Val Gly Gly Tyr Glu Cys Thr Arg His Ser Gln Ala His Gln Val
1 5 10 15

Ser Leu Asn Ser Gly Tyr His Tyr Cys
20 25

«210> SEQ ID NO 20

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Euphasia superba

«220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (1)...(25)

<223> OTHER INFORMATION: Xaa = Any Amino Acid
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-continued

<400> SEQUENCE: 20

Ile Val Gly Gly Xaa Glu Val Thr Pro His Ala Tyr Pro Trp Gln Val

1 5 10

Gly Leu Phe Ile Asp Asp Met Tyr Phe
20 25

15

1-141. (canceled)
142. A method of treating a viral infection comprising:

contacting the viral infection with an effective amount of
a poly-enzyme mixture comprising enzymes from krill.

143. The method of claim 142, wherein the poly-enzyme
mixture has endo- and exo-peptidase activities.

144. The method of claim 142, wherein the poly-enzyme
mixture has at least two of a chymotrypsin, trypsin, colla-
genase, elastase or exo-peptidase activities.

145. The method of claim 142, wherein the poly-enzyme
mixture comprises enzymes having molecular weights
between about 24 kd and about 34 kd as determined by SDS
PAGE.

146. The method of claim 142, wherein the viral infection
is a herpes infection.

147. The method of claim 146, wherein the herpes infec-
tion is a herpes simplex infection.

148. The method of claim 146, wherein the herpes infec-
tion is a herpes zoster infection.

149. The method of claim 144, wherein the poly-enzyme
mixture has at least three of said proteolytic activities.

150. The method of claim 144, wherein the poly-enzyme
mixture has all of said proteolytic activities.

148. The method of claim 142, wherein the poly-enzyme
mixture is isolated from krill of the genus Euphausia,
Meganyctiphanes or Tysanoessa.

149. The method of claim 142, wherein the poly-enzyme
mixture has a purity of at least about 95% with respect to
macromolecules.

150. A method of treating a viral infection comprising:

applying an effective amount of an enzyme having mul-
tifunctional activity to the viral infection, wherein the
enzyme is isolated from krill and wherein the enzyme

has a molecular weight between about 20 kd and about
40 kd as determined by SDS PAGE.

151. The method of claim 150, wherein the multifunc-
tional enzyme has a purity of at least about 95% with respect
to macromolecules.

152. The method of claim 150, wherein the multifunc-
tional enzyme has at least one of a chymotrypsin, trypsin,
collagenase, elastase or exo-peptidase activity.

153. The method of claim 152, wherein the multifunction
enzyme has at least two of said proteolytic activities.

154. The method of claim 152, wherein the multifunction
enzyme has at least three of said proteolytic activities.

155. The method of claim 152, wherein the multifunction
enzyme has at least four of said proteolytic activities.

156. The method of claim 152, wherein the multifunction
enzyme has all of said proteolytic activities.

157. The method of claim 152, wherein the multifunc-
tional enzyme has an N-terminal sequene comprising I V G
GMINEVTPHAYPWQVGLFIDDMYF (SEQ
ID NO: 17).

158. The method of claim 152, wherein the multifunc-
tional enzyme has a molecular weight between about 26 kd
and about 32 kd as determined by SDS PAGE.

159. The method of claim 158, wherein the viral infection
is a herpes infection.

160. The method of claim 159, wherein the herpes infec-
tion is a herpes genitalia infection.

161. The method of claim 159, wherein the herpes infec-
tion is a herpes simplex infection.

162. The method of claim 159, wherein the herpes infec-
tion 1is a herpes zoster infection.
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