
MODIFIED PROTEASES THAT INHIBIT COMPLEMENT ACTIVATION
RELATED APPLICATIONS Benefit of priority is claimed to
U.S. provisional application Serial No. 60/729,817,
filed October 21, 2005, entitled "MODIFIED PROTEASES
THAT INHIBIT COMPLEMENT ACTIVATION," to Edwin Madison.
Where permitted, the subject matter of this
application is incorporated by reference in it
entirety. This application is related to U.S. Patent
Application Serial No. (Attorney Docket No,
19049-003001/4903), filed October 20, 2006, entitled
"MODIFIED PROTEASES THAT INHIBIT COMPLEMENT
ACTIVATION," to Edwin Madison, Jack Nguyen, Sandra
Waugh Ruggles and Christopher Thanos, which also
claims priority to U.S. Provisional Application Serial
No. 60/729,817. This application is related to U.S.
application Serial No. 10/677,977, filed October 02,
2003, entitled Methods of Generating and Screeningfor
Proteases with Altered Specificity; to U.S.
application Serial No. 11/104,1 10, filed April 12,
2005, entitled Cleavage of VEGF and VEGFReceptor by
Wild-Type and Mutant MTSP-J; and to U.S. application
Serial No. 11/104,1 11, filed April 12, 2005, entitled
Cleavage of VEGF and VEGF Receptor by Wild-Typeand
Mutant Protease. Where permitted, the subject matter
of each of the above-noted applications is
incorporated by reference in its entirety. FIELD OF
INVENTION Provided are methods for and compounds for
modulating the complement system. In particular,
compounds are provided that inhibit complement
activation and compounds are provided that promote
complement activation. The compounds are therapeutics
by virtue of their effects on the complement system.
Hence, the compounds that inhibit complement
activation can be used for treatment of ischemic and
reperfusion disorders, including myocardial infarction
and stroke, sepsis, autoimmune diseases, inflammatory
diseases and diseases with an inflammatory component,
including Alzheimer's Disease and other
neurodegenerative disorders. BACKGROUND The complement
(C) system is part of the immune system and plays a
role in eliminating invading pathogens and in
initiating the inflammatory response. The RECTIFIED
SHEET (RULE 91}complement system of humans and other
mammals involves more than 30 soluble and
membrane-bound proteins that participate in an orderly
sequence of reactions resulting in complement
activation. The blood complement system has a wide
array of functions associated with abroad spectrum of
host defense mechanisms including anti-microbial and
anti-viral actions. Products derived from the
activation of C components include the non-self
recognition molecules C3b, C4b and C5b, as well as the
anaphylatoxins C3a, C4a and C5a that influence a
variety of cellular immune responses. These
anaphylatoxins also act as pro-inflammatory agents.
The complement system is composed of an array of
enzymes and nonenzymatic proteins and receptors.
Complement activation occurs by one of three primary
modes known as the "classical" pathway, the
"alternative" pathway and the "lectin" pathway (see
FIGURE 1). These pathways can be distinguished by the
process that initiates complement activation. The
classical pathway is initiated by antibody-antigen
complexes or aggregated forms of immunoglobulins; the
alternative pathway is initiated by the recognition of
structures on microbial and cell surfaces; and the
lectin pathway, which is an antibody-independent
pathway, is initiated by the binding of mannan binding
lectin (MBL, also designated mannose binding protein)
to carbohydrates such as those that are displayed on
the surface of bacteria or viruses. Activation of the
cascades results in production of complexes involved
in proteolysis or cell lysis and peptides involved in
opsonization, anaphylaxis and chemotaxis. The
complement cascade, which is a central component of an
animal's immune response, is an irreversible cascade.
Numerous protein cofactors regulate the process.
Inappropriate regulation, typically inappropriate
activation, of the process is a facet of or can occur
in a variety of disorders that involve inappropriate
inflammatory responses, such as those observed in
acute and chronic inflammatory diseases. These
diseases and disorders include autoimmune diseases,
such as rheumatoid arthritis and lupus, cardiac
disorders and other inflammatory diseases, such as
sepsis and ischemia-reperfusion injury. Because of the
involvement of the complement pathways in a variety of
diseases and conditions, components of the complement
pathways are targets for therapeutic intervention,
particularly for inhibition of the pathway. Examples
of suchtherapeutics include synthetic and natural
small molecule therapeutics, antibody inhibitors, and
recombinant soluble forms of membrane complement
regulators. There are limitations to strategies for
preparing such therapeutics. Small molecules have
short half-lives in vivo and need to be continually
infused to maintain complement inhibition thereby
limiting their role, especially in chronic diseases.
Therapeutic antibodies result in an immune response in
a subject, and thus can lead to complications in
treatment, particularly treatments designed to
modulate immune responses. Thus, there exists an unmet
need for therapeutics for treatment of
complement-mediated diseases and diseases in which
complement activation plays a role. These include
acute and chronic inflammatory diseases. Accordingly,
among the objects herein, it is an object to provide
such therapeutics to target the activation of the
complement cascade and to provide therapeutics and
methods of treatment of diseases. SUMMARY Provided
herein are therapeutics and methods that target the
activation of the complement cascade and methods of
treatment of diseases, including acute and chronic
inflammatory diseases. The therapeutics are
non-complement proteases that target complement
pathway substrates. Included among the non-complement
proteases are unmodified proteases that cleave their
native substrate as well as a complement substrate and
also proteases modified to have increased selectivity
or substrate specificity for a target substrate. The
modified proteases can exhibit reduced or altered
activity with respect to their native substrates.
Among the methods provided herein are methods of
modulating complement activation by contacting a
non-complement protease with any one or more, such as
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20,
25, 30 or more target substrates of a complement
pathway, whereby a target substrate protein is cleaved
such that complement activation in a pathway
comprising the target substrate is altered. Uses of
proteases for treatment and/or for formulation of
medicaments also are provided. Target substrates for
these methods and for any of the methods and uses
provide herein are complement proteins, including: CIq
3C2, C3, iC3, C4, iC4, C5, C6, C7, C8, C9, MBL, Factor
B, Factor D, Factor P, MASP-I, MASP-2, CIr, CIs, C4b,
C4a,C2b, C2a, C3b, C3a, Ba, Bb and ficolin. Contacting
can be effected ex vivo, in vitro and/or in vivo.
Exemplary targets include any of those having a
sequence of amino acids set forth in any of SEQ ID
NOS: 298, 299, 300, 302, 304, 305, 306, 311, 312, 313,
314, 315, 316, 317, 318, 319, 320, 321, 322, 326, 328,
330, 332, 334, 335, 338, 340, 344, 660-662 and a
fragment of any of the targets that exhibits a
complement pathway activity, or allelic or species
variants thereof or polypeptides having 60, 70, 80,
85, 90, 95, 96, 97, 98, 99% or more sequence identity.
For all and for any methods and uses provided herein,
the target substrates 



can be present in a body fluid or tissue sample, or
can be a collection of target substrates or any other
composition containing such substrates. Depending upon
the target substrate(s), complement activation can be
inhibited or activated. The methods target one or more
any complement pathway. Thus, the complement pathway
modulated can be selected from among one or more of
the classical, alternative and lectin pathways of
complement. The non-complement proteases contain
modifications at any one or more amino acid residues,
such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20, 25,
30, 35 or more residues, compared to an unmodified or
scaffold protease. The modified amino acid residue(s)
increases one or both of specificity for a target
substrate or activity towards a target substrate.
Exemplary unmodified or scaffold proteases include any
one of a serine protease, a cysteine protease, an
aspartic protease, a threonine protease and a
metallo-protease, such as, for example, granzyme B,
granzyme A, granzyme M, cathepsin G, MT-SPl,
neutrophil elastase, chymase, alpha-tryptase,
beta-tryptase I or II, chymotrypsin, collagenase,
factor XII, factor XI, factor CII, factor X, thrombin,
protein C, u-plasminogen activator (u-PA),
tplasminogen activator (t-PA), plasmin, plasma
kallikrein, chymotrypsin, trypsin, a cathepsin,
papain, cruzain, a metalloprotease and allelic
variations, isoforms and catalytically active portions
thereof. For example, the scaffold protease comprises
a sequence of amino acids set forth in any one of SEQ
ID NOS: 2, 4, 8, 77, 79, 83, 85, 87, 89, 93, 99, 117,
119, 121, 123, 132, 134, 138, 142, 144, 146, 148, 162,
166, 168, 170, 172, 174, 176, 178, 180, 182, 190, 192,
194, 196, 198, 200, 202, 204, 206, 208, 218, 220, 222,
224, 226, 238, 248, 250, 260, 262, 280, 282, 373, 375,
377, 379, 381, 383, 385, 387, 547, 549, and 551 and
catalytically active portions thereof, allelic
andspecies variants thereof and polypeptides having
60, 70, 80, 85, 90, 95, 96, 97, 98, 99% or more
sequence identity. MT-SPl or a fragment thereof, such
as the polypeptide sequence set forth in SEQ ID NO: 2
and 10, respectively, is exemplary of a scaffold
protease. C2 or C3 proteins of a complement pathway(s)
are exemplary target substrates of an MT-SPl protease,
modified MT-SPl protease, or catalytically active
portions thereof. Modification of an MT-SPl protease
or a catalytically active portion thereof include
modification(s) at positions 146, 224, 41, and/or 151,
based on chymotrypsin numbering. Such modified MT-SPl
proteases include those with any of the following
modifications: I41T/Y146D/G151L/K224F,
I41T/Y146D/G151L/Q175D/K224F,
I41T/Y146D/G151L/Q175D/K224L,
I41T/Y146D/G151L/Q175D/K224R, AND
I41T/Y146D/G151L/Q175D/K224N, I41T/Y146D/G151L/K224N,
Y146D/G151L/K224N, I41T/Y146D/G151L/Q175K/K224F,
I41Tm46D/G151L/Q175R/K224F,
I41T/Y146D/G151L/Q175H/K224F,
I41T/Y146D/G151L/Q175Y/K224F,
I41T/Y146D/G151L/Q175K/K224N,
I41T/Y146D/G151L/Q175R/K224N,
I41T/Y146D/G151L/Q175H/K224N, and
I41T/Y146D/G151L/Q175Y/K224N, based on chymotrypsin
numbering. In particular, a modified MT-SPl contains
amino acid modifications I41T/Y146D/G151L/K224F. The
modifications can be in any one or more amino acids
that contribute to extended substrate specificity or
secondary sites of interaction, such as, for example,
modifications in an MT-SPl protease or a catalytically
active portion thereof that correspond to any one or
more of amino acid positions 97, 146, 192, and 224 of
an MT-SPl protease, based on chymotrypsin numbering.
Exemplary of such modifications are one or more of
F97, Y146, Ql 92, and K224 of the MT-SPl protease,
based on chymotrypsin numbering, such as F97D, F97E,
F97A, F97W, Y146N, Y146D, Y146E, Y146A, Y146W, Y146R,
Q192R, Q192V, K224A, and K224F. Exemplary of such
modified MT-SPl proteases including those polypeptides
having a sequence of amino acids set forth in any of
SEQ ID NOS: 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 14, 38, and 40 and 405-418. Other examples of a
modified MT-SPl protease or a catalytically active
portion thereof include amino acidmodifications
Y146D/K224F or Y146E, such as those corresponding to a
modified MT-SPl polypeptide having a sequence of amino
acids as set forth in SEQ ED NOS:12, 404, 28 or412.
MT-SPl protease and catalytically active portion
thereof include polypeptides that contain one or more
of the following modifications: F97N, F97D, F97E,
F99Y, F99V, F99W, D217A, D217V, F97A, F97W, F99A,
Y146N, Y146D, Y146E, Y146A, Y146W, Y146R, W215F,
W215Y, Q192V, Q192R, Q192F, K224A, K224F, M180E,
Y146D/K224F, D96A, Y146E/K224N,
I41T/Y146E/Q175D/K224R, I41T/Y146D/K224F,
I41T/Y146E/Q175D/K224N, I41T/Y146E/G151L/Q175D/K224L,
Y146E/ Q221aE/K224F, 14 IT/ Y146E/ G151L/Q175D/K224R,
I41T/Y146E/G151L/Q175D/K224N, Q221aD, Y146E/K224R,
Y146E/ Q175D/ K224N, Y146D/K224R,
I41T/Y146E/G151L/Q175D/K224F, Y146E/Q175D/K224R,
Y146E/L224L, G147E, Y146D/Q175D/K224R,
Y146D/Q175L/K224L, Y146D/Q175L/K224L,
Y146D/Q175W/K224L, Y146D/K224L, Y146E/Q221aE/K224R,
Y146E/ K224A, Y146D/Q175H/K224L, Y146D/Q175Y/K224L,
Y146E/K224Y, Y146D/Q175F/K224L, Y146D/Q175F/K225L,
Y146D/Q221aL/K224S, I41E/Y146D/K224L,
Y146D/D217F/K224L, Y146D/D217F/K224L,
H143V/Y146D/K224F, Y146E/K224F, Y146A/K224F,
Y146E/K224T, I41T/Y146E/K224L, I41F/Y146D/K224F,
I41L/Y146D/K224F, I41T/Y146D/G151L/K224F,
I41A/Y146D/K224F, I41E/Y146D/K224F, I41D/Y146D/K224L,
I41D/Y146D/K224F, Y146N/K224F, I41T/Y146D/Q175D/K224F,
Q192F/K224F, Y146D/Q192A/K224F, Q192V/K224F,
I41T/Y146D/Q175D/K224L, I41T/Y146D/Q175D/K224R,
I41T/Y146D/Q175D/K224N, I41T/Y146D/G151L/Q175D/K224F,
I41T/Y146D/G1 51L/Q175D/K224L, I41T/Y146D/G15
1L/Q175D/K224R,
I41T/Y146D/G151L/Q175D/K224NJ41T/Y146E/Q175D/K224F,
I41T/Y146E/Q175D/K224L, I41T/Y146D/G151L/K224N,
Y146D/Q175D/K224N, Y146D/Q175D/K224N,
Y146D/G151L/K224N, Y146D/Q175R/K224N,
Y146D/Q175K/K224N, Y146D/Q175H/K224N,
I41T/Y146D/G151L/Q175K/K224F,
I41T/Y146D/G151L/Q175R/K224F,
I41T/Y146D/G151L/Q175H/K224F,I41Tm46D/G151L/Q175Y/K224
F, I41T/Y146D/G151L/Q175K/K224N, I41T/U
146D/G151L/Q175R/K224N, I41T/Y146D/G151L/Q175H/K224N,
and I41T/Y146D/G151L/Q175Y/K224N, based on
chymotrypsin numbering. Exemplary of such modified
MT-SPl proteases, or catalyticaliy active portions
thereof, include those polypeptides having a sequence
of amino acids set forth in any of SEQ ID NOS: 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40-69,
404-418, 419-447, 524- 533, 552-659, or 663-710. In
particular, a modified MT-SPl protease, or a
catalyticaliy active portion thereof, is one having a
sequence of amino acids set forth in SEQ ID NOS: 596
or 650. For all methods and uses provided herein, the
modification can be selected such that the modified
protease, such as MT-SPl, cleaves a substrate
recognition site of the target substrate. Target
substrate are any of the complement pathway
polypeptides noted above and known to those of skill
in the art, including for example, C2 and/or C3. For
example, where the target substrate is C2 the
substrate recognition site includes a sequence of
amino acids of SLGR (SEQ ID NO:392). Other recognition
sites targeted in the methods and uses provided herein
include a Factor I substrate recognition site, such as
LPSR (SEQ ID NO:388), SLLR (SEQ ID NO:389), or HRGR
(SEQ ID NO: 390). Modifications in the MT-SPl 



protease or a catalyticaliy active portion can
correspond to any one or more of amino acid positions
174, 217, 96, 192, 146, or 99 of an MT-SP1 protease,
based on chymotrypsin numbering., such as any one or
more of amino acids Q174, D217, D96, Q192, Yl 46, and
F99 of a MT-SPl protease, based on chymotrypsin
numbering. Exemplary of such modifications are
modifications selected from among one ore more of:
Q174H, D217Q, D217N, D217H, D96A, D96V, D96F, D96S,
D96T, Q192L, Q192I, Q192F, Y146F, F99A, F99V, F99S,
and F99G (see, eg., the polypeptides having a sequence
of amino acids set forth in any of SEQ ID NOS: 41- 57
or 419-435. Another recognition site includes the
sequence of amino acids LPSR. Exemplary of a modified
protease modified for recognition thereof are: an
MT-SPl protease or a catalyticaliy active portion
thereof having modifications at sites corresponding to
any one or more of amino acid positions 174, 180, 215,
192, or 99 ofan MT-SPl protease, based on chymotrypsin
numbering, such as, for example, any one or more of
amino acids Q174, M180, W215, Q192, or F99 of a MT-SPl
protease, based on chymotrypsin numbering. Exemplary
of such modifications is any one or more of Q174F,
Q174V, Q174L, Q174Y, M180E, W215F, W215Y, Q192K,
Q192R, Q192Y, and F99Y (see, e.g., modified MT-SPl
polypeptides having a sequence of amino acids as set
forth in any of SEQ ID NOS: 36, 58, 59, 61, 62, 69,
416, 436, 437, 439, 440, 447, or 524-533). Another
substrate recognition site for use in the methods
herein includes the sequence of amino acids HRGR.
Exemplary of a protease with modifications to
recognize such sites are an MT-SPl protease or a
catalytically active portion thereof that has
modifications that correspond(s) to modifications at
any one or more of amino acid positions 215, 174, 217,
192 and 99 of an MT-SPl protease, based on
chymotrypsin numbering, such as, for example, W215,
Q174, D217, Q192 and F99 of an MT-SPl protease, based
on chymotrypsin numbering. Examplary thereof are
modification selected from among: any one or more of
W215F, W215Y, Q174A, Q174V, Q174 F Q174R, Q174K,
D217A, D217V, Q192E, F99W and F99Y (e.g., an MT-SPl
protease or a catalytically active portion thereof
corresponding to a modified MT-SPl polypeptide
containing a sequence of amino acids as set forth in
any of SEQ ID NOS: 58-69 and 436-447. Methods for
treatment of complement-mediated disorders and
disorders whose symptoms are ameliorated by modulating
a complement pathway, including one or more of the
classical, alternative and lectin pathways, are
provided. In practicing the methods, one ore more
non-complement proteases is/are contacted with one ore
more target substrates, such as by administration in
vitro, in vivo or ex vivo, whereby the non-complement
protease cleaves any one or more target substrates of
a complement pathway such that complement activation
in a pathway comprising the target substrate is
altered. Uses of the non-complement proteases for
treatment of such diseases and disorders and/or for
formulation of medicaments for such treatment also are
provided. Modulation includes inhibition or
enhancement (increasing) complement activation.
Inhibition of complement activation can lead to a
reduction in inflammatory symptoms associated with a
complement-mediated disorder.Exemplary of inflammatory
disorders are neurodegenerative disorders and
cardiovascular disorders, such as, but are not limited
to, sepsis, Rheumatoid arthritis (RA),
membranoproliferative glomerulonephritis (MPGN),
Multiple Sclerosis (MS), Myasthenia gravis (MG),
asthma, inflammatory bowel disease, immune complex
(IC)-mediated acute inflammatory tissue injury,
Alzheimer's Disease (AD), Ischemiareperfusion injury
and Guillan-Barre syndrome. Complement-mediated
disorders can result from a treatment of a subject.
Ischemia-reperfusion injury can be caused by an event
or treatment selected from among myocardial infarct
(MI), stroke, angioplasty, coronary artery bypass
graft, cardiopulmonary bypass (CPB), and hemodialysis.
The methods of treatment provided herein can be
effected by administering to a subject a
non-complement protease effected prior to treatment of
the subject for the manifested disorder. As noted
administering can be effected by contacting a body
fluid or tissue sample in vitro, ex vivo, or in vivo
with a non-complement protease. Complement-mediated
ischemia-reperfusion injury is exemplary of such
disorders. The treatment causing such disorder is
angioplasty or coronary artery bypass graft. As noted
above, in any of the methods and uses provide herein,
target substrates include one or more of CIq, C2, C3,
iC3, C4, iC4, C5. C6, C7, C8, C9, MBL, Factor B,
Factor D, Factor P, MASP-I, MASP-2, CIr, CIs, C4b,
C4a, C2b, C2a, C3b, C3a, Ba , Bb and ficolin, such as
a substrate that contains a sequence of amino acids
set forth in any one of SEQ IDNOS: 298, 299, 300, 302,
304, 305, 306, 31 1, 312, 313, 314, 315, 316, 317,
318, 319, 320, 321, 322, 326, 328, 330, 332, 334, 335,
338, 340, or 344, or is fragment thereof that exhibits
a complement activity. In these methods and uses and
all methods and uses provided herein, the
noncomplement protease can include modifications at
any one or more amino acid residues compared to an
unmodified or scaffold protease, wherein the modified
amino acid residue(s) increases one or both of
specificity for a target substrate or activity towards
a target substrate. Unmodified or scaffold protease
include any one of a serine protease, cysteine
protease, aspartic protease, threonine protease, or
metalloprotease, such as granzyme B, granzyme A,
granzyme M, cathepsin G, MT-SPl, neutrophil elastase,
chymase, alpha-tryptase, beta-tryptase I or II,
chymotrypsin, collagenase, factor XII, factor XI,
factor CII, factor X, thrombin, protein C,
uplasminogen activator (u-PA), t-plasminogen activator
(t-PA), plasmin, plasma kallikrein, chymotrypsin,
trypsin, a cathepsin, papain, cruzain, a
metalloprotease and allelic variations, isoforms and
catalytically active portions thereof. Exemplary are
those that contain or have a sequence of amino acids
as set forth in any one of SEQ ID NOS: 2, 4 8 77, 79,
83, 85, 87, 89, 93, 99, 117, 119, 121, 123, 132, 134,
138, 142, 144, 146, 148, 162, 166, 168, 170, 172, 174,
176, 178, 180, 182, 190, 192, 194, 196, 198, 200, 202,
204, 206, 208, 218, 220, 222, 224, 226, 238, 248, 250,
260, 262, 280, 282, 373, 375, 377, 379, 381, 383, 385,
387, 547, 549, and 551 and catalytically active
portions thereof. MT-SPl is an exemplary scaffold
protease provided herein and is as described above.
Cleavage can be targeted to the recognition sequences
as described above. Any modified MT-SPl described
herein can be used in the methods of treatment
including such as any MT-SPl described above.
Exemplary of modified MT-SPl polypeptides or
catalytically active portions thereof for use in the
treatment provided herein include any having a
sequence of amino acids set forth in any of 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40-69,
404-418, 419-447, 524-533, 552-659, or 663-710. In
particular, an MT-SPl polypeptide or catalytically
active portion thereof for use in the treatments
provided herein has a sequence of amino acids set
forth in SEQ ID NOS:596 or 650. hi any or all of the
methods and uses provided herein, a non-complement
protease or a catalytically active portion thereof can
be administered in combination with a second agent or
treatment for treating a complement-mediated disorder
or any other disorder. The second agent or treatment
can be administered simultaneously, sequentially or
intermittently with the non-complement protease. The
second agent can be administered as a separate
composition or in the same composition as the
noncomplement protease. Exemplary of second agents are
anti-inflammatory agent and anticoagulants, such as,
but not limited to, any one or more of an NSAID,
antimetabolite, corticosteroid, analgesic, cytotoxic
agent, pro-inflammatory cytokine inhibitor,
anti-inflammatory cytokines, B cell targeting agents,
compounds targeting T 



antigens, adhesion molecule blockers, chemokines
receptor antagonists, kinase inhibitors, PPAR-g
ligands, complement inhibitors, heparin, warfarin,
acenocoumarol,phenindione, EDTA, citrate, oxalate,
argatroban, lepiradin, bivalirudin, and ximelagatran.
Also provided are combinations of the non-complement
proteases and other elements, such as reagents, second
agents, and devices and containers for administering
the proteases and/o agents and any other elements. The
combinations can be for practicing or effecting the
methods and uses provided herein. Hence provided, for
example, are combinations of elements that include:
(a) a noncomplement protease that cleaves any one or
more complement target substrates of a complement
pathway such that complement activation in a pathway
comprising the target substrate is altered; and (b) a
second agent or agents for treating a
complementmediated disorder, such as, but not limited
to anti-inflammatory agent(s) or anticoagulant(s),
such as, for example, any one or more of a NSAID,
antimetabolite, corticosteroid, analgesic, cytotoxic
agent, pro-inflammatory cytokine inhibitor, anti
inflammatory cytokines, B cell targeting agents,
compounds targeting T antigens, adhesion molecule
blockers, chemokines receptor antagonists, kinase
inhibitors, PPAR- g ligands, complement inhibitors,
heparin, warfarin, acenocoumarol, phenindione, EDTA,
citrate, oxalate, argatroban, lepirudin, bivalirudin,
and ximelagatran. As noted, the combinations are for
practicing or effecting any of the methods herein for
modulating a complement pathway, such as one or more
of the classical, alternative, or lectin pathways of
complement. Target substrates and scaffold proteases
include any of those set forth above. For example,
scaffold proteases include any set forth Table 14, and
allelic variations, isoforms and catalytically active
portions of the proteases set forth in Table 14.
Exemplary of such proteases, include any that has or
contains a sequence of amino acids set forth in any
one of SEQ ID NOS: 2, 4, 8, 71, 73, 75, 77, 79, 81,
83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105,
107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127,
128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148,
150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170,
172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192,
194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214,
216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236,
238, 240, 242, 244, 246, 248, 250, 252, 254, 256, 258,
260, 262, 264, 266, 268, 269, 270, 272,274, 276, 278,
280, 282, 284, 286, 287, 289, 291, 293, 295, 297, 373,
375, 377, 379, 381, 383, 385, 387, 544, 545, 547, 549,
and 551, or a catalytically active portion thereof or
an allelic or species variant thereof. In some
examples, the protease used in the combinations is an
MT-SPl or catalytically active portion thereof, such
as an MT-SPl set forth in SEQ ID NO: 2 or 10, and the
variants noted above. As noted above, MT-SPl protease
and catalytically active portion thereof include
polypeptides that contain one or more of the following
modifications: F97N, F97D, F97E, F99Y, F99V, F99W,
D217A, D217V, F97A, F97W, F99A, Y146N, Y146D, Y146E,
Y146A, Y146W, Y146R, W215F, W215Y, Q192V, Q192R,
Q192F, K224A, K224F, M180E, Y146D/K224F, D96A,
Y146E/K224N, I41T/Y146E/Q175D/K224R, I41T/Y146D/K224F,
I41T/Y146E/Q175D/K224N, I41T/Y146E/G151L/Q175D/K224L,
Y146E/ Q221aE/K224F, 141T/ Y146E/ G151L/Q175D/K224R,
I41T/Y146E/G151L/Q175D/K224N, Q221aD, Y146E/K224R,
Y146E/ Q175D/ K224N, Y146D/K224R,
I41T/Y146E/G151L/Q175D/K224F, Y146E/Q175D/K224R,
Y146E/L224L, G147E, Y146D/Q175D/K224R,
Y146D/Q175L/K224L, Y146D/Q175L/K224L,
Y146D/Q175W/K224L, Y146D/K224L, Y146E/Q221aE/K224R,
Y146E/ K224A, Y146D/Q175H/K224L, Y146D/Q175Y/K224L,
Y146E/K224Y, Y146D/Q175F/K224L, Y146D/Q175F/K225L,
Y146D/Q221aL/K224S, I41E/Y146D/K224L,
Y146D/D217F/K224L, Y146D/D217F/K224L,
H143V/Y146D/K224F, Y146E/K224F, Y146A/K224F,
Y146E/K224T, I41T/Y146E/K224L, I41F/Y146D/K224F,
I41L/Y146D/K224F, I41T/Y146D/G151L/K224F,
I41A/Y146D/K224F, I41E/Y146D/K224F, I41D/Y146D/K224L,
I41D/Y146D/K224F, Y146N/K224F, I41T/Y146D/Q175D/K224F,
Q192F/K224F, Y146D/Q192A/EC224F, Q192V/K224F,
I41TAr146D/Q175D/BC224L, I41T/Y146D/Q175D/K224R,
I41TA"146D/Q175D/K224N, I41T/Y146D/G151L/Q175D/K224F,
I41T/Y146D/G151L/Q175D/K224L,
I41T/Y146D/G151L/Q175D/K224R,
I41Tm46D/G151L/Q175D/O24N, I41Tm46E/Q175D/K224F,
I41T/Y146E/Q175D/K224L, I41T/Y146D/G151L/K224N,
Y146D/Q175D/K224N, Y146D/Q175D/K224N,
Y146D/G151L/K224N,
Y146D/Q175R/K224N,Y146D/Q175K/K224N,
Y146D/Q175H/K224N, I41T/Y146D/G151L/Q175K/K224F, 14
1T/Y146D/G151L/Q175R/K224F, I41T/Y146D/G1
51L/Q175H/K224F,
I41T/Y146D/G151L/Q175Y/K224FJ41T/Y146D/G151L/Q175K/K22
4N, I41T/Y146D/G151L/Q175R/K224N,
I41T/Y146D/G151L/Q175H/K224N, and
I41T/Y146D/G151L/Q175Y/K224N, based on chymotrypsin
numbering. Exemplary of such modified MT-SPl
proteases, or catalytically active portions thereof,
include those polypeptides having a sequence of amino
acids set forth in any of SEQ ID NOS: 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40-69,
404-418, 419-447, 524- 533, 552-659, or 663-710. In
particular, a modified MT-SPl protease, or a
catalytically active portion thereof, is one having a
sequence of amino acids set forth in SEQ ID NOS: 596
or 650. In some cases, the modifications in an MT-SPl
protease or a catalytically active portion thereof
include modifications of any one or more amino acids
that contribute to extended substrate specificity or
secondary sites of interaction. Exemplary of this
include, but are not limited to, any that correspond
to any one or more of amino acid positions 97, 146,
192, and 224 of an MT-SPl protease, based on
chymotrypsin numbering. Exemplary of such
modifications are modifications in any one or more of
amino acids F97, Y146, Q192, and K224 of the MT-SPl
protease, based on chymotrypsin numbering, such as
modifications) in an MT-SPl protease or a
catalytically active portion thereof are selected from
any one or more of F97D, F97E, F97A, F97W, Y146N,
Y146D, Y146E, Y146A, Y146W, Y146R, Q192R, Q192V,
K224A, and K224F (e.g., an MT-SPl protease or a
catalytically active portion thereof corresponds to a
modified MT-SPl polypeptide having a sequence of amino
acids as set forth in any of SEQ ID NOS: 16, 18, 20,
22, 24, 26, 28, 30, 32, 34, 36, 14, 38, and 40 and
405-418 and/or in an MT-SPl protease or a
catalytically active portion thereof with
modifications at positions Y146D and K224F or Y146E,
such as those modified MT-SPl polypeptides having a
sequence of amino acids as set forth in SEQ ID NO:12,
404, 28 or 412). In the combinations and methods and
uses provided herein, the noncomplement protease can
cleave a substrate recognition site of the target
substrate. Exemplary recognition sites are set forth
above.Also provided are particular modified
non-complement proteases. For example provided are
non-complement proteases containing modifications in
any one or more amino acids of a scaffold protease,
where the modified amino acid residue(s) increases one
or both of specificity for a target substrate or
activity towards a target substrate, where the target
substrate is a complement protein, such as any target
substrate and mixture thereof and source thereof set
forth above. The modified noncomplement protease
includes any suitable scaffold including any noted
above, such as a scaffold protease selected from among
granzyme B, granzyme A, granzyme M, cathepsin G,
MT-SPl, neutrophil elastase, chymase, alpha-tryptase,
beta-tryptase I or p, chymotrypsin, collagenase,
factor XII, factor XI, factor CII, factor X, thrombin,



protein C, u-plasminogen activator (u-PA),
t-plasminogen activator (t-PA), plasmin, plasma
kallikrein, chymotrypsin, trypsin, a cathepsin,
papain, cruzain, a metalloprotease and allelic
variations, isoforms and catalytically active portions
thereof. Target substrates include any set forth
above, such as, but not limited to C2 and/or C3.
Exemplary modified non-complement proteases include
those based on an MT-SPl scaffold (full-length or a
catalytically active portion thereof). The MT-SPl
scaffold can include one, or at least two or more
modifications, where one modification is at position
146 and the second modification is at position 224,
based on chymotrypsin numbering, provided that: (i)
where the protease includes only two modifications,
the protease does not include Y146D and K224F as the
two modification; and (ii) where the protease contains
three modifications, the protease does not include
F99V or I or L or T with Y146D and K224F. For example,
such modified non-complement protease can one
containing at least two or more modifications, where
one modification is a position 146 and the second is
at position 224, based on chymotrypsin numbering,
provided that: (i) where the protease includes only
two modifications, the protease does not include Y146D
and K224F as the two modification; and (ii) where the
protease contains three modifications, the protease
does not include F99V or I or L or T with Y146D and
K224F. An MT-SPl protease, or catalytically portion
thereof, also includes a modified protein containing
one, or at least two or more modifications at position
141and/or position 4 1. Exemplary of any of the above
modified MT-SPl proteases or catalytically active
portions thereof include a modified MT-SPl containing
modifications of any of I41T/Y146D/G151L/K224F,
I41T/Y146D/G151L/Q175D/K224F,
I41T/Y146D/G151L/Q175D/K224L,
I41T/Y146D/G151L/Q175D/K224R, AND
I41T/Y146D/G151L/Q175D/K224N, I41T/Y146D/G151L/K224N,
Y146D/G151L/K224N, I41T/Y146D/G151L/Q175K/K224F,
I41T/Y146D/G151L/Q175R/BC224F,
I41T/Y146D/G151L/Q175H/K224F,
I41T/Y146D/G151L/Q175Y/K224F,
I41T/Y146D/G151L/Q175K/K224N,
I41T/Y146D/G151L/Q175R/K224N,
I41T/Y146D/G151L/Q175H/K224N, and
I41T/Y146D/G151L/Q175Y/K224N based on chymotrypsin
numbering. Exemplary of such modified protease include
an MT-SPl protease or a catalytically active portion
thereof selected from any one or more of D96A, D96V,
D96F, D96F, D96S, D96T, F99S, F99G, Q174H, Q174A,
Q174V, Q174F, Q174R, Q174K, Q174L, Q174Y, Q192L, Ql
921, Q192E, Q192K, Q192Y, D217Q, D217N, D217H, K224A,
based on chymotrypsin numbering. Exemplary are MT-SPl
proteases that contain or have a sequence of amino
acids as set forth in any one of SEQ ID NOS: 41-51,
56, 57, 60-64, 67, 419-429, 431, 434, 435, 438-442, or
445. Exemplary modified MT-SPl proteases, or
catalytically active portion thereof, also include any
having any of the following modifications:
Y146E/K224N, I41T/Y146E/Q175D/K224R, I41T/Y146D/K224F,
I41T/Y146E/Q175D/K224N, I41T/Y146E/G151L/Q175D/K224L,
Y146E/ Q221aE/K224F, 14 IT/ Y146E/ G151L/Q175D/K224R,
I41T/Y146E/G151L/Q175D/K224N, Q221aD, Y146E/K224R,
Y146E/ Q175D/ K224N, Y146D/K224R,
I41T/Y146E/G151L/Q175D/K224F, Y146E/Q175D/K224R,
Y146E/L224L, G147E, Y146D/Q175D/K224R,
Y146D/Q175L/K224L, Y146D/Q175L/K224L,
Y146D/Q175W/K224L, Y146D/K224L, Y146E/Q221aE/K224R,
Y146E/ K224A, Y146D/Q175H/K224L, Y146D/Q175Y/K224L,
Y146E/K224Y, Y146D/Q175F/K224L, Y146D/Q175F/K225L,
Y146D/Q221aL/K224S, I41E/Y146D/K224L,
Y146D/D217F/K224L, Y146D/D217F/K224L,
H143V/Y146D/K224F, Y146E/K224F, Y146A/K224F,
Y146E/K224T,I41T/Y146E/K224L, I41F/Y146D/K224F,
I41L/Y146D/K224F, I41T/Y146D/G151L/K224F,
I41A/Y146D/K224F, I41E/Y146D/K224F, I41D/Y146D/K224L,
I41D/Y146D/K224F, Y146N/K224F, I41T/Y146D/Q175D/K224F,
Q192F/K224F, Y146O/Q192A/K224F, Q192V/K224F,
I41T/Y146D/Q175D/K224L, I41T/Y146O/Q175D/K224R,
I41T/Y146D/Q175D/K224N, I41T/Y146D/G151L/Q175D/K224F,
I41T/Y146D/G151L/Q175D/K224L.
I41T/Y146O/G151L/Q175D/BC224R,
I41T/Y146D/G151L/Q175D/K224N, I41T/Y146E/Q175D/K224F,
and I41T/Y146E/Q175D/K224L, , I41T/Y146D/G151L/K224N,
Y146D/Q175D/K224N, Y146D/Q175D/K224N, Y146D/G15
1L/K224N, Y146D/Q175R/K224N, Y146D/Q175K/K224N,
Y146D/Q175H/K224N, I41T/Y146D/G151L/Q175K/K224F,
I41T/Y146D/G151L/Q175R/K224F,
I41T/Y146D/G151L/Q175H/K224F,
I41T/Y146D/G151L/Q175Y/K224F, I41T/Y146O/G151L/Q175K
C224N5 I41T/Y146D/G151L/Q175R/K224N,
I41T/Y146D/G151L/Q175H/K224N, and I41T/Y146D/G15
1L/Q175Y/K224N, based on chymotrypsin numbering.
Exemplary of such proteases are any having a sequence
of amino acids set forth in any of SEQ ID NOS: 41-51,
56, 57, 60-64, 67, 69, 419-429, 431, 434, 435,
438-442, 445, 524, 525, 527-530, 532, 533, 552-659, or
663-710. In particular, a modified MT-SPl protease or
catalytically active portion thereof has a sequence of
amino acids set forth in SEQ ID NOS: 596 or 650.
Included among the modified MT-SPl proteases, or
catalytically active portions thereof, provided herein
are those that cleave a target substrate, typically,
at a substrate recognition site in the target
substrate. Exemplary of target substrates include C2
or C3. Cleavage of C2 can be at a substrate
recognition site SLGR (SEQ ID NO.392) in C2. Among the
modified non-complement protease that contain
modifications in any one or more amino acids of a
scaffold protease, where the modified amino acid
residue(s) increases one or both of specificity for a
target substrate or activity towards a target
substrate, wherein the target substrate is a
complement protein that are provided are such modified
non-complement protease that not cleave a VEGF or
VEGFR or that exhibit a reduction in any cleavage
activity of a VEGF or VEGFR or that exhibit greater
substrate specificity or activity for a target
substrate such as acomplement protein, than for VEGF
or VEGFR with the modification compared to without the
modification. For example, the non-complement protease
cleaves a complement protein with at least or about
1-fold, 1.5-fold, 2-fold, 5-fold, 10-fold, 20- fold,
50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or
more greater specificity or activity than it cleaves
VEGF or VEGFR. The target substrates include
complement proteins, such as, but not limited to any
one or more of CIq, C2, C3, iC3, C4, iC4, C5, C6, C7,
C8, C9, MBL, Factor B, Factor D, Factor P, MASP-I,
MASP-2, CIr, CIs, C4b, C4a, C2b, C2a, C3b, C3a, Ba, Bb
and ficolin. Exemplary target substrates include, but
are not limited to target substrates containing a
sequence of amino acids set forth in any one of SEQ ID
NOS: 298, 299, 300, 302, 304, 305, 306, 311, 312, 313,
314, 315, 316, 317, 318, 319, 320, 321, 322, 326, 328,
330, 332, 334, 335, 338, 340 and 344 or a fragment
thereof that exhibits a complement activity. Scaffold
proteases include any protease, including, a serine
protease, cysteine protease, aspartic protease,
threonine protease, or metallo-protease, such as any
set forth in Table 14, and allelic and species
variants thereof, isoforms and catalytically active
portions, and modified forms thereof that have 60, 65,
70, 75, 80, 85, 90, 95, 96, 97, 98, 99% or more
sequence identity to any provided in the Table or
elsewhere herein, such as a scaffold protease that
contains a sequence of amino acids as set forth in any
one of SEQ ID NOS: 2, 4, 8, 71, 73, 75, 77, 79, 81,
83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105,
107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127,
128, 



130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150,
152, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172,
174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194,
196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216,
218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238,
240, 242, 244, 246, 248, 250, 252, 254, 256, 258, 260,
262, 264, 266, 268, 269, 270, 272, 274, 276, 278, 280,
282, 284, 286, 287, 289, 291, 293, 295, 297, 373, 375,
377, 379, 381, 383, 385, 387, 544, 545, 547, 549, and
551, and catalytically active portions thereof. The
scaffolds can be used for preparing modified proteases
and in any method or use herein. As discussed above,
MT-SPl or a catalytically active fragment thereof is
exemplary of such proteases. An exemplary MT-SPl
protease or portion thereof has the sequence of amino
acids set forth in SEQ ID NO: 2 or 10. Modification
include any that alter substrate specificity
orselectivity, particularly those that increase
substrate specificity or selectivity for a complement
protein. Exemplary of such modifications are MT-SPl
proteases or a catalytically active portions thereof
with any of the following modifications D96A, D96V,
D96F, D96F, D96S, D96T, F97D, F97E, F97A, F97W, F99A,
F99S, F99G, F99W, F99Y, Y146N, Y146D, Y146E, Y146A,
Y146W, Y146R, Q174H, Q174A, Q174V, Q174F, Q174R,
Q174K, Q174L, Q174Y, M180E, Q192R, Q192V, Q192L,
Q192I, Q192F, Q192E, Q192K, Q192Y, W215F, W215Y,
D217Q, D217N, D217H, D217A, D217V, K224A, Y146E/K224N,
I41T/Y146E/Q175D/K224R, I41T/Y146D/K224F,
I41T/Y146E/Q175D/K224N, I41T/Y146E/G151L/Q175D/K224L,
Y146E/ Q221aE/K224F, 14 IT/ Y146E/ G151L/Q175D/K224R,
I41T/Y146E/G151L/Q175D/K224N, Q221aD, Y146E/K224R,
Y146E/ Q175D/ K224N, Y146D/K224R,
I41T/Y146E/G151L/Q175D/K224F, Y146E/Q175D/K224R,
Y146E/L224L, G147E, Y146D/Q175D/K224R,
Y146D/Q175L/K224L, Y146D/Q175L/K224L,
Y146D/Q175W/K224L, Y146D/K224L, Y146E/Q221aE/K224R,
Y146E/ K224A, Y146D/Q175H/K224L, Y146D/Q175Y/K224L,
Y146E/K224Y, Y146D/Q175F/K224L, Y146D/Q175F/K225L,
Y146D/Q221aL/K224S, I41E/Y146D/K224L,
Y146D/D217F/K224L, Y146D/D217F/K224L,
H143V/Y146D/K224F, Y146E/K224F, Y146A/K224F,
Y146E/K224T, I41T/Y146E/K224L, I41F/Y146D/K224F,
I41L/Y146D/K224F, I41T/Y146D/G151L/K224F,
I41A/Y146D/K224F, I41E/Y146D/K224F, I41D/Y146D/K224L,
I41D/Y146D/K224F, Y146N/K224F, I41T/Y146D/Q175D/K224F,
Q192F/K224F, Y146D/Q192A/K224F, Q192V/K224F,
I41T/Y146D/Q175D/K224L, I41T/Y146D/Q175D/K224R,
I41T/Y146D/Q175D/K224N, I41T/Y146D/G151L/Q175D/K224F,
I41T/Y146D/G1 51L/Q1 75D/K224L, I41T/Y146D/G1
51L/Q175D/K224R, I41T/Y146D/G151L/Q175D/K224N,
I41T/Y146E/Q175D/K224F, and I41T/Y146E/Q175D/K224L, ,
I41T/Y146D/G151L/K224N, Y146D/Q175D/K224N,
Y146D/Q175D/K224N, Y146D/G151L/K224N,
Y146D/Q175R/K224N, Y146D/Q175K/K224N,
Y146D/Q175H/K224N, I41T/Y146D/G151L/Q175K/K224F,
I41T/Y146D/G1 51L/Q1 75R/K224F, I41T/Y146D/G1
51L/Q175H/K224F,I41Tm46D/G151I7Q175Y/K224F,
I41T/Y146D/G151L/Q175K/K224N,
I41T/Y146D/G151L/Q175R/K224N,
I41T/Y146D/G151L/Q175H/K224N, and
I41T/Y146D/G151L/Q175Y/K224N, based on chymotrypsin
numbering, and allelic and species variants and
isoforms thereof and variants with 60, 65, 70, 75, 80,
85, 90, 95, 96, 97, 98, 99% or more sequence identity
therewith and including the corresponding
modification. For example, modified MT-SPl polypeptide
containing a sequence of amino acids as set forth in
any of SEQ ID NOS: 41-51, 56, 57, 60-64, 67, 69,
419-429, 431, 434, 435, 438-442, 445, 524, 525,
527-530, 532, 533, 552-659, or 663-710. Also provided
are pharmaceutical compositions containing any of the
modified non-complement proteases or elements of the
combinations provided herein. The pharmaceutical
compositions include, as needed, pharmaceutically
acceptable excipients and other components. The
compositions are formulated for any desired or
suitable route of administration, including, but not
limited to systemic, oral, nasal, pulmonary, local, or
topical administration. Kits are provided. The kits
can be used in practicing the methods. Kits containing
the combinations are provided. Kits containing the
pharmaceutical compositions also are provided. The
kits also can contain devices for administration of
the composition and/or proteases and, optionally,
instructions for administration and other reagents and
products employed in the methods. Also provided are
nucleic acid molecules that encode any of the modified
non-complement proteases. Included among these are
nucleic acid molecules that encode or that hybridize
under medium or high stringency to any nucleic acid
that encodes any of the polypeptides set forth in any
of SEQ ED NOS: 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38S40-69, 404-418, 419-447, 524-533,
552-659, or 663- 710. Also included among the nucleic
acid molecules are those selected from among: a) a
nucleic acid molecule comprising a sequence of
nucleotides set forth in any of SEQ ID NOS: 11, 13,
15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
451-455, 457-462, 464-479, and 534-538;b) a nucleic
acid molecule comprising at least 60, 65, 70, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 % sequence
identity to any of SEQ ID NOS: 11, 13, 15, 17, 19, 21,
23, 25, 27, 29, 31, 33, 35, 37, 451-455, 457-462,
464-479, 534-538; c) a nucleic acid that hybridizes
under conditions of medium or high stringency along at
least 70% of its full length to a nucleic acid
molecule comprising a sequence of nucleotides set
forth in any of SEQ ID NOS: 11, 13, 15, 17, 19, 21,
23, 25, 27, 29, 31, 33, 35, 37, 451-455, 457-462,
464-479, 534-538; d) a nucleic acid molecule that
comprises degenerate codons of a), b), or c); or e) a
nucleic acid molecule comprising splice variants or
allelic variants of any of SEQ ID NOS: 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 451-455,
457-462, 464-479, 534-538 or any of a)-d), or .
nucleic acid molecule is selected from among: a) a
nucleic acid molecule comprising a sequence of
nucleotides set forth in any of SEQ ID NOS: 480-493,
495-499, 501-506, 508-523, 539-543; b) a nucleic acid
molecule comprising at least 60, 65, 70, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99 % sequence
identity to any of SEQ ID NOS: 480- 493, 495-499,
501-506, 508-523, 539-543; c) a nucleic acid that
hybridizes under conditions of medium or high
stringency along at least 70% of its full length to a
nucleic acid molecule comprising a sequence of
nucleotides set forth in any of SEQ ID NOS: 480-493,
495-499, 501- 506, 508-523, 539-543; d) a nucleic acid
molecule that comprises degenerate codons of a), b),
or c); or e) a nucleic acid molecule comprising splice
variants or allelic variants of any of SEQ ID NOS:
480-493, 495-499, 501-506, 508-523, 539-543 or any of
a)- d). Vectors containing the nucleic acid molecules.
Vectors include eukaryotic and prokaryotic expression
vectors, including mammalian and yeast vectors. Cells
containing the nucleic acid molecules and/or vectors
also are provided. Exemplary expression vector include
but are not limited to: an adenovirus vector, an
adenoassociated virus vector, EBV, SV40,
cytomegalovirus vector, vaccinia virus
vector,herpesviras vector, a retrovirus vector, a
lentivirus vector and an artificial chromosome.
Methods for production or preparation of the encoded
non-complement 



proteases are provided. The vectors or nucleic acid
molecules are introduced into ceils and cultured under
conditions, whereby the protease is expressed. The
nucleic acid molecule can include sequence encoded a
signal sequence to direct trafficking of the expressed
protease, such as a signal sequence for secretion. The
expressed proteases can be purified by routine methods
known to those of skill in the art. Methods of
treatment by administering to a subject a nucleic acid
molecule, vector or cell are provided. The diseases
treated include any mediated by or involving a
complement protein or the complement pathway, such as
diseases with an underlying inflammatory component or
pathology. Vectors include an expression vector that
integrated into a host cell's chromosome or a vector
that remains episomal.. Administration can be in vivo
or ex vivo. Er vivo treatment includes administering
the nucleic acid into a cell in vitro, followed by
administration of the cell into the subject. The cell
can be from a suitable (compatible) donor or from the
subject, such as a human, to be treated. Also provided
are fusion proteins containing a catalytically active
portion of any of the non-complement proteases that is
fused to a non-protease polypeptide. Fusion can be by
insertion into the non-protease polypeptide or linkage
at either end. BRIEF DESCRIPTION OF THE FIGURES Figure
1 depicts an overview of the classical, lectin, and
alternative complement pathways and the activation of
the terminal complement complex, the membrane attack
complex (MAC). In particular, the figure depicts many
of the more than 30 proteins that participate in the
complement cascade, their action within the cascade,
aid where applicables their points of convergence
among the complement pathways. For example, the three
pathways converge upon the generation of a C3
convertase, which cleaves C3 to form a C5 convertase
yielding the formation of the MAC complex. The figure
also depicts the generation of many of the complement
cleavage products. All proteins depicted in the
pathways can serve as substrate targets. DETAILED
DESCRIPTION Outline A. DefinitionsB. TARGET:
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Unless defined otherwise, all technical and scientific
terms used herein have 



the same meaning as is commonly understood by one of
skill in the art to which the invention(s) belong. All
patents, patent applications, published applications
and publications, Genbank sequences, databases,
websites and other published materials referred to
throughout the entire disclosure herein, unless noted
otherwise, are incorporated by reference in their
entirety. In the event that there are a plurality of
definitions for terms herein, those in this section
prevail. Where reference is made to a URL or other
such identifier or address, it understood that such
identifiers can change and particular information on
the internet can come and go, but equivalent
information can be found by searching the internet.
Reference thereto evidences the availability and
public dissemination of such information. As used
herein, MBL (mannose binding lectin) also is
designated mannosebinding protein (MBP). As used
herein, complement activation refers to the sequential
activation of serum components Cl through C9,
initiated by a variety of activators including, for
example, antigen-antibody complex, lipopolysaccharide,
or microbial polysaccharides, and producing an
inflammatory response via any pathway. As used herein,
a "complement protein" or a "complement component" is
a protein of the complement system that functions in
the host defense against infections and in the
inflammatory process. Complement proteins constitute
target substrates for the proteases and modified
proteases provided herein.Complement proteins are a
group of interacting blood proteins and glycoproteins
found in all vertebrates. There are at least 30
soluble plasma proteins in addition to cell surface
receptors that bind complement reaction products and
that occur on inflammatory cells and cells of the
immune system. In addition, there are regulatory
membrane proteins that protect host cells from
accidental complement attack. Complement proteins
include those that function in the classical pathway,
for example, C2, those that function in the
alternative pathway, for example, Factor B, and those
that function in the lectin pathway, for example
MASP-I . Among the complement proteins are proteases
that participate in the complement pathways. In
addition, as used herein, complement proteins include
any of the "cleavage products" (also referred to as
"fragments") that are formed upon activation of the
complement cascade. Also included among complement
proteins are inactive or altered forms of complement
proteins, such as iC3 and C3a-desArg. Thus, complement
proteins include, but are not limited to: CIq, CIr,
CIs, C2, C3, C3a, C3b, C3c, C3dg, C3g, C3d, C3f, iC3,
C3a-desArg, C4, C4a, C4b, iC4, C4adesArg, C5, C5a,
C5a-des-Arg, C6, C7, C8, C9, MASP-I, MASP-2, MBL,
Factor B, Factor D, Factor H, Factor I, CRl, CR2, CR3,
CR4, properdin, Cllnh, C4br, MCP, DAF, CD59 (MIRL),
clusterin and HRF and allelic and species variants of
any complement protein. As used herein, a "native"
form of a complement protein is one which can be
isolated from an organism such as a vertebrate in the
absence of complement activation, and which has not
been intentionally modified by man in the laboratory.
Examples of native complement proteins include CIq,
CIr, CIs, C2, C3, C4, Factor B, Factor D, properdin,
C5, C6, C7, C6, and C9. Generally, native complement
proteins are inactive and acquire activity upon
activation. Activation can require activation
cleavage, maturation cleavage and/or complex formation
with other proteins. An exception to this is Factor I
and Factor D which have enzymatic activity in their
native form. In some examples, activation of a native
complement protein occurs following cleavage of the
protein. For example, complement zymogens such as C2
and Factor B are proteases which are themselves
activated by protease cleavage such that cleavage of
C2 by the protease CIs generatesC2b which associates
with C4b to form the proteolytically active C4b2b (C3
convertase) and cleavage of Factor B by the protease
Factor D generates Bb which associates with C3b to
form the proteolytically active alternative C3
convertase, C3bBb. In another example, cleavage of an
inactive native complement protein results in changes
in the structural stability of a protein resulting in
activation of the protein. For example, C3 and C4
contain an internal thioester bond which in the native
protein is stable, but can become highly reactive and
activated following conformational changes that result
from cleavage of the protein. Thus, the cleavage
products of C3 and C4 are biologically active.
Activation of C3 and C4 also can occur spontaneously
in the absence of cleavage. It is the spontaneous
conversion of the thioester bond in native C3 that is
an initiating event of the alternative pathway of
complement. In other example, activation of a native
complement protein occurs following the release of a
complexed regulatory molecule that inhibits the
activity of an otherwise active native complement
protein. For example, Clinh binds to and inactivates
CIs and CIr, unless they are in complex with CIq. As
used herein, maturation cleavage is a general term
that refers to any cleavage required for activation of
a zymogen. This includes cleavage that leads to a
conformational change resulting in activity (i.e.
activation cleavage). It also includes cleavage in
which a critical binding site is exposed or a steric
hindrance is exposed or an inhibitory segment is
removed or moved. As used herein, altered form of a
complement protein refers to a complement protein that
is present in a non-native form resulting from
modifications in its molecular structure. For example,
C3 reaction of the thioester with water can occur in
the absence of convertase cleavage, giving a
hydrolyzed inactive form of C3 and C4 termed iC3 and
iC4. In another example, anaphylatoxins including C3a,
C5a, and C4a can be desarginated by carboxypeptidase N
into more stable, less active forms. As used herein, a
"fragment" or "cleavage product" of a complement
protein is a subset of a complement protein that
contains a portion of the polypeptide sequence of a
native complement protein. A fragment of a complement
protein usually results following the activation of
any one or more, such 1, 2 or 3, of the complement
cascades. Generally, a fragment results from the
proteolytic cleavage of a nativecomplement protein.
For example, Factor B is enzymatically cleaved by
Factor D, resulting in two fragments: Ba which
constitutes the N-terminal portion of B; and Bb which
constitutes the C-terminal portion and contains the
serine protease site. A fragment of a complement
protein also results from the proteolytic cleavage of
another fragment of a complement protein. For example,
C3b, a fragment generated from the cleavage of C3, is
cleaved by Factor I to generate the fragments iC3b and
C3f. Generally cleavage products of complement
proteins are biologically active products and function
as cleavage effector molecules of the complement
system. Hence a fragment or portion of complement
protein includes cleavage products of complement
proteins and also portions of the proteins that retain
or exhibit at least one activity. As used herein,
"cleavage effector molecules" or "cleavage effector
proteins" refers to the active cleavage products
generated as a result of the triggered-enzyme cascade
of the complement system. A cleavage effector
molecule, a fragment or cleavage product resulting
from complement activation can contribute to any of
one or more of the complement-mediated functions or
activities, which include opsonization, anaphylaxis,
cell lysis and inflammation. Examples of cleavage or
effector molecules include, but are not limited to,
C3a, C3b, C4a, C4b, C5a, C5b-9, and Bb. Cleavage
effector molecules of the complement system, by virtue
of participation in the cascade, exhibit activities
that include stimulating inflammation, facilitating
antigen phagocytosis, and lysing some cells directly.
Complement 



cleavage products promote or participate in the
activation of the complement pathways. As used herein,
anaphylatoxins (such as, for example, C3a, C4a or C5a)
are cleavage effector proteins that trigger
degranulation of (release of substances from) mast
cells or basophils, which participate in the
inflammatory response, particularly as part of defense
against parasites. If the degranulation is too strong,
it can cause allergic reactions. Anaphylatoxins also
indirectly mediate spasms of smooth muscle cells (such
as bronchospasms), an increase in permeability of
blood capillaries, and chemotaxis.As used herein,
chemotaxis refers to receptor-mediated movement of
leukocytes towards a chemoattractant typically in the
direction of the increasing concentration thereof,
such as in the direction of increasing concentration
of an anaphylatoxin. As used herein, opsonization
refers to the alteration of the surface of a pathogen
or other particle so that it can be ingested by
phagocytes. A protein that binds or alters the surface
of a pathogen is termed an opsonin. Antibody and
complement proteins opsonize extracellular bacteria
for uptake and destruction by phagocytes such as
neutrophils and macrophages. As used herein, cell
lysis refers to the breaking open of a cell by the
destruction of its wall or membrane. Hemolysis of red
blood cells is a measure of cell lysis. As used
herein, "proteases," "proteinases" and "peptidases"
are interchangeably used to refer to enzymes that
catalyze the hydrolysis of covalent peptidic bonds.
These designations include zymogen forms and activated
single-, two- and multiple-chain forms thereof. For
clarity, reference to proteases refer to all forms.
Proteases include, for example, serine proteases,
cysteine proteases, aspartic proteases, threonine and
metallo-proteases depending on the catalytic activity
of their active site and mechanism of cleaving peptide
bonds of a target substrate. As used herein, a zymogen
refers to a protease that is activated by proteolytic
cleavage, including maturation cleavage, such as
activation cleavage, and/or complex formation with
other protein(s) and/or cofactor(s). A zymogen is an
inactive precursor of a proteolytic enzyme. Such
precursors are generally larger, although not
necessarily larger, than the active form. With
reference to serine proteases, zymogens are converted
to active enzymes by specific cleavage, including
catalytic and autocatalytic cleavage, or by binding of
an activating co-factor, which generates an active
enzyme. A zymogen, thus, is an enzymatically inactive
protein that is converted to a proteolytic enzyme by
the action of an activator. Cleavage can be effected
autocatalytically. A number of complement proteins are
zymogens; they are inactive, but become cleaved and
activated upon the initiation of the complement system
following infection. Zymogens, generally, are inactive
and can be convertedto mature active polypeptides by
catalytic or autocatalytic cleavage of the proregion
from the zymogen. As used herein, a "proregion,"
"propeptide," or "pro sequence," refers to a region or
a segment that is cleaved to produce a mature protein.
This can include segments that function to suppress
enzymatic activity by masking the catalytic machinery
and thus preventing formation of the catalytic
intermediate {i.e., by sterically occluding the
substrate binding site). A proregion is a sequence of
amino acids positioned at the amino terminus of a
mature biologically active polypeptide and can be as
little as a few amino acids or can be a multidomain
structure. As used herein, an activation sequence
refers to a sequence of amino acids in a zymogen that
is the site required for activation cleavage or
maturation cleavage to form an active protease.
Cleavage of an activation sequence can be catalyzed
autocatalytically or by activating partners.
Activation cleavage is a type of maturation cleavage
in which a conformational change required for activity
occurs. This is a classical activation pathway, for
example, for serine proteases in which a cleavage
generates a new Nterminus which interacts with the
conserved regions of catalytic machinery, such as
catalytic residues, to induce conformational changes
required for activity. Activation can result in
production of multi-chain forms of the proteases. In
some instances, single chain forms of the protease can
exhibit proteolytic activity as a single chain. As
used herein, domain refers to a portion of a molecule,
such as proteins or the encoding nucleic acids, that
is structurally and/or functionally distinct from
other portions of the molecule and is identifiable. As
used herein, a protease domain is the catalytically
active portion of a protease. Reference to a protease
domain of a protease includes the single, two- and
multi-chain forms of any of these proteins. A protease
domain of a protein contains all of the requisite
properties of that protein required for its
proteolytic activity, such as for example, its
catalytic center. As used herein, a catalytically
active portion of a protease refers to the protease
domain, or any fragment or portion thereof that
retains protease activity. Significantly, at least in
vitro, the single chain forms of the proteases and
catalyticdomains or proteolytically active portions
thereof (typically C-terminal trancations) exhibit
protease activity. As used herein, a "nucleic acid
encoding a protease domain or catalytically active
portion of a protease" refers to a nucleic acid
encoding only the recited single chain protease domain
or active portion thereof, and not the other
contiguous portions of the protease as a continuous
sequence. As used herein, recitation that a
polypeptide consists essentially of the protease
domain means that the only portion of the polypeptide
is a protease domain or a catalytically active portion
thereof. The polypeptide can optionally, and generally
will, include additional non-protease-derived
sequences of amino acids. As used herein, "S1-S4"
refers to amino acid residues that form the binding
sites for P1-P4 residues of a substrate (see, e.g.,
Schecter and Berger (1967) Biochem Biophys Res Commun
27:157-162). Each of S1-S4 contains one, two or more
residues, which can be non-contiguous. These sites are
numbered sequentially from the recognition site
N-terminal to the site of proteolysis, referred to as
the scissile bond. As used herein, the terms "P1-P4"
and "Pl'-P4"' refer to the residues in a substrate
peptide that specifically interact with the S1-S4
residues and Sl'-S4' residues, respectively, and are
cleaved by the protease. P1-P4 refer to the residue
positions on the N-terminal side of the cleavage site;
P1' -P4' refer to the residue positions to the
C-terminal side of the cleavage site. Amino acid
residues are labeled from N to C termini of a
polypeptide substrate (Pi, ..., P3, P2, Pl, Pl 1, P2',
P3', ..., Pj). The respective binding subsites are
labeled (Si,..., S3, S2, Sl, Sl 1, S2', S31,..., Sj).
The cleavage is catalyzed between Pl and Pl .' As used
herein, a "binding pocket" refers to the residue or
residues that interact with a specific amino acid or
amino acids on a substrate. A "specificity pocket" is
a binding pocket that contributes more energy than the
others (the most important or dominant binding
pocket). Typically, the binding step precedes the
formation of the transition state that is necessary
for the catalytic process to occur. S1-S4 and S1' -
S4' amino acids make up the substrate sequence binding
pocket and facilitate substrate recognition by
interaction with P1-P4 and Pl '-P4' amino acids of
apeptide, polypeptide or protein substrate,
respectively. Whether a protease interacts with a
substrate is a function of the amino acids in the
S1-S4 and ST-S4' positions. 



If the amino acids in any one or more of the Sl, S2,
S3, S4, Sl', S2', S3' and S4' subsites interact with
or recognize any one or more of the amino acids in the
Pl, P2, P3, P4, P1' , P2' , P3' and P4' sites in a
substrate, then the protease can cleave the substrate.
A binding pocket positions a target amino acid with a
protease so that catalysis of a peptide bond and
cleavage of a substrate is achieved. For example,
serine proteases typically recognize P4-P2' sites in a
substrate; others proteases can have extended
recognition beyond P4-P2'. As used herein, amino acids
that "contribute to extended substrate specificity"
refers to those residues in the active site cleft in
addition to the specificity pocket. These amino acids
include the S1-S4, Sl'-S4' residues in a protease. As
used herein, secondary sites of interaction are
outside the active site cleft. These can contribute to
substrate recognition and catalysis. These amino acids
include amino acids that can contribute second and
third shell interactions with a substrate. For
example, loops in the structure of a protease
surrounding the S1-S4. Sl '-S4' amino acids play a
role in positioning P1-P4, Pl '-P4' amino acids in the
substrate thereby registering the scissile bond in the
active site of a protease. As used herein, active site
of a protease refers to the substrate binding site
where catalysis of the substrate occurs. The structure
and chemical properties of the active site allow the
recognition and binding of the substrate and
subsequent hydrolysis and cleavage of the scissile
bond in the substrate. The active site of a protease
contains amino acids that contribute to the catalytic
mechanism of peptide cleavage as well as amino acids
that contribute to substrate sequence recognition,
such as amino acids that contribute to extended
substrate binding specificity. As used herein, a
catalytic triad of a serine or cysteine protease
refers to a combination of three amino acids that are
in the active site of a serine or cysteine protease
and contribute to the catalytic mechanism of peptide
cleavage. Generally, a catalytic triad is found in
serine proteases and provides an active nucleophile
and acid/base catalysis. The catalytic triad of serine
proteases contains three amino acids,which in
chymotrypsin are Asp102, His57, and Ser195 . These
residues are critical for the catalytic efficiency of
a serine protease. As used herein, the "substrate
recognition site" or "cleavage sequence" refers to the
sequence recognized by the active site of a protease
that is cleaved by a protease. Typically, for example,
for a serine protease, a cleavage sequence is made up
of the P1-P4 and Pl '-P4' amino acids in a substrate,
where cleavage occurs after the Pl position.
Typically, a cleavage sequence for a serine protease
is six residues in length to match the extended
substrate specificity of many proteases, but can be
longer or shorter depending upon the protease. For
example, the substrate recognition site or cleavage
sequence of MT-SPl required for autocatalysis is
RQARVV, where R is at the P4 position, Q is at the P3
position, A is at the P2 position and R is at the Pl
position. Cleavage in MT-SPl occurs after position R
followed by the sequence VVGG. As used herein, target
substrate refers to a substrate that is cleaved by a
protease. Typically, the target substrate is
specifically cleaved at its substrate recognition site
by a protease. Minimally, a target substrate includes
the amino acids that make up the cleavage sequence.
Optionally, a target substrate includes a peptide
containing the cleavage sequence and any other amino
acids. A full-length protein, allelic variant,
isoform, or any portion thereof, containing a cleavage
sequence recognized by a protease, is a target
substrate for that protease. For example, for purposes
herein in which complement inactivation is intended, a
target substrate is any one or more, such as for
example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40 or
more, complement proteins, or any portion or fragment
thereof of a complement protein containing a cleavage
sequence recognized by a protease. Such target
substrates can be purified proteins, or can be present
in a mixture, such as a mixture in vitro or a mixture
in vivo. Mixtures can include, for example, blood or
serum, or other tissue fluids. Additionally, a target
substrate includes a peptide or protein containing an
additional moiety that does not affect cleavage of the
substrate by a protease. For example, a target
substrate can include a four amino acid peptide or a
full-length protein chemically linked to a fluorogenic
moiety. The proteases can be modified to exhibit
greater substrate specificity for a target
substrate.As used herein, cleavage refers to the
breaking of peptide bonds by a protease. The cleavage
site motif for a protease involves residues N- and
C-terminal to the scissile bond (the unprimed and
primed sides, respectively, with the cleavage site for
a protease defined as ... P3-P2-Pl-Pr-P2'-P3' ..., and
cleavage occurs between the Pl and Pl 1residues).
Typically, cleavage of a substrate is an activating
cleavage or an inhibitory cleavage. An activating
cleavage refers to cleavage of a polypeptide from an
inactive form to an active form. This includes, for
example, cleavage of a zymogen to an active enzyme,
and/or cleavage of a progrowth factor into an active
growth factor. For example, MT-SPl can auto-activate
by cleaving a target substrate at the P1-P4 sequence
of RQAR. An activating cleavage also is cleavage
whereby a protein is cleaved into one or more proteins
that themselves have activity. For example, the
complement system is an irreversible cascade of
proteolytic cleavage events whose termination results
in the formation of multiple effector molecules that
stimulate inflammation, facilitate antigen
phagocytosis, and lyse some cells directly. Thus,
cleavage of C3 by convertase into C3a and C3b is an
activation cleavage. As used herein, an inhibitory
cleavage is cleavage of a protein into one or more
degradation products that are not functional.
Inhibitory cleavage results in the diminishment or
reduction of an activity of a protein. Typically, a
reduction of an activity of a protein reduces the
pathway or process for which the protein is involved.
In one example, the cleavage of any one or more
complement proteins that is an inhibitory cleavage
results in the concomitant reduction or inhibition of
any one or more of the classical, lectin, or
alternative functional pathways of complement. To be
inhibitory, the cleavage reduces activity by at least
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 99.9% or more compared to a native form of the
protein. The percent cleavage of a protein that is
required for the cleavage to be inhibitory varies
among proteins but can be determined by assaying for
an activity of the protein. As used herein, reference
to a protease that cleaves VEGF or a VEGFR refers to a
protease that is modified to cleave VEGF or a VEGFR or
that in its native form cleaves VEGF or a VEGFR to
thereby reduce or inactivate signaling of the VEGF or
VEGFR complex, particularly cell proliferation
signaling that can be manifested as abiological effect
such as angiogenesis, particular undesired
angiogenesis. Cleavage of VEGF or VEGFR by a protease
can be determined by assaying for the activity of a
VEGF or VEGFR using any method or assay known to one
of skill in the art to assess VEGF or VEGFR function.
As used herein, reference to a protease (modified or
unmodified) that does not cleave VEGF or a VEGFR
refers to a protease that does not reduce or
inactivate signaling of the VEGF or a VEGFR complex.
In particular, for purposes herein, the protease has
greater substrate specificity or activity to a target
substrate {i.e. a complement protein), such as or
about 1-fold, 1.5-fold, 2-fold, 5-fold, 10-fold, 20-
fold, 50-fold, 100-fold, 200-fold, 300-fold, 400-fold
or more, than for a VEGF or a VEGFR protein or a
peptide substrate that contains the corresponding
cleavage sequence {i.e. RRVR). For purposes herein,
comparison of cleavage of a complement protein with a
VEGF or VEGFR protein or peptide substrate is under
the same 



reaction conditions as a protease cleaves a complement
protein. As used herein, the "scaffold" or "protease
scaffold" refers to a prototype protease that can be
modified to alter its target specificity. Scaffolds
include wildtype proteases, allelic variants and
isoforms. They can serve as the starting material for
modification to produce a protease that has a targeted
specificity. As used herein, a "modified protease," or
"mutein protease" refers to a protease polypeptide
(protein) that has one or more modifications in
primary sequence compared to a scaffold protease. The
one or more mutations can be one or more amino acid
replacements (substitutions), insertions, deletions
and any combination thereof. A modified protease
polypeptide includes those with 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or
more modified positions. A modified protease can be a
full-length scaffold protease, or can be a
catalytically active portion thereof of a modified
full length scaffold protease as long as the modified
protease contains modifications in regions that alter
the activity or substrate specificity of the protease
and the protease is proteolytically active. Generally,
these mutations change the specificity and activity of
the scaffold proteases for cleavage of any one or more
of the complement proteins. In addition to containing
modifications in regions that alter the substrate
specificity of a protease, a modified protease also
can tolerate othermodifcations in regions that are
non-essential to the substrate specificity of a
protease. Hence, a modified protease typically has
60%, 70%, 80 %, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or more sequence identity to a
corresponding sequence of amino acids of a wildtype or
scaffold protease. A modified full-length protease or
a catalytically active portion thereof of a modified
protease can include proteases that are fusion
proteins as long as the fusion itself does not alter
substrate specificity of a protease. As used herein,
chymotrypsin numbering refers to the amino acid
numbering of a mature chymotrypsin polypeptide of SEQ
ID NO:8. Alignment of a protease domain of another
protease, such as for example the protease domain of
MT-SPl, can be made with chymotrypsin. In such an
instance, the amino acids of MT-SPl that correspond to
amino acids of chymotrypsin are given the numbering of
the chymotrypsin amino acids. Corresponding positions
can be determined by such alignment by one of skill in
the art using manual alignments or by using the
numerous alignment programs available (for example,
BLASTP). Corresponding positions also can be based on
structural alignments, for example by using computer
simulated alignments of protein structure. Recitation
that amino acids of a polypeptide correspond to amino
acids in a disclosed sequence refers to amino acids
identified upon alignment of the polypeptide with the
disclosed sequence to maximize identity or homology
(where conserved amino acids are aligned) using a
standard alignment algorithm, such as the GAP
algorithm. For example, upon alignment of the serine
protease domain of MT-SPl (SEQ ID NO: 10) with mature
chymotrypsin, V at position 1 in MT-SPl is given the
chymotrypsin numbering of V16. Subsequent amino acids
are numbered accordingly. In one example, an F at
amino acid position 708 of full-length MT-SPl (SEQ ID
NO:2) or at position 94 of the protease domain of
MT-SPl (SEQ ID NO: 10), corresponds to F99 based on
chymotrypsin numbering. Where a residue exists in a
protease, but is not present in chymotrypsin, the
amino acid residue is given a letter notation. For
example, residues in chymotrypsin that are part of a
loop with amino acid 60 based on chymotrypsin
numbering, but are inserted in the MT-SPl sequence
compared to chymotrypsin, are referred to for example
as Asp60b or ArgOc.As used herein, "inhibiting
complement activation" or "complement inactivation"
refers to the reduction or decrease of a
complement-mediated function or activity of any one or
more of the complement pathways by a protease or in
the activity of any of the proteins in a pathway. A
function or activity of complement can occur in vitro
or in vivo. Exemplary functions of complement that can
be assayed and that are described herein include
hemolytic assays, and assays to measure any one or
more of the complement effector molecules such as by
SDS PAGE followed by Western Blot or Coomassie
Brilliant Blue staining or by ELISA. A protease can
inhibit complement activation by 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% or more. In other
embodiments, complement activation is inhibited by a
protease by 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or
99.9% compared to the activity of complement in the
absence of a protease. As used herein, specificity for
a target substrate refers to a preference for cleavage
of a target substrate by a protease compared to a
another substrate, referred to as a non-target
substrate. Specificity is reflected in the specificity
constant (kcat/Km), which is a measure of the affinity
of a protease for its substrate and the efficiency of
the enzyme. As used herein, a specificity constant for
cleavage is (kcat/Km), wherein Km is the
Michaelis-Menton constant ([S] at one half Vmac) and
kcat is the Vmax/[Et], where ET is the final enzyme
concentration. The parameters kcat, Km and kcat/Km can
be calculated by graphing the inverse of the substrate
concentration versus the inverse of the velocity of
substrate cleavage, and fitting to the Lineweaver-Burk
equation (l/velocity=(K m/Vmax)(l/[S]) + 1/Vmax; where
Vmax=[ET]kcat) . Any method to determine the rate of
increase of cleavage over time in the presence of
various concentrations of substrate can be used to
calculate the specificity constant. For example, a
substrate is linked to a fluorogenic moiety, which is
released upon cleavage by a protease. By determining
the rate of cleavage at different enzyme
concentrations, kcat can be determined for a
particular protease. The specificity constant can be
used to determine the site specific preferences of an
amino acid in any one or more of the S1-S4 pockets of
a protease for a concomitant P1-P4 amino acid in a
substrate using standard methods in the art, such as a
positional scanningcombinatorial library (PS-SCL).
Additionally, the specificity constant also can be
used to determine the preference of a protease for one
target substrate over another substrate. As used
herein, substrate specificity refers to the preference
of a protease for one target substrate over another.
Substrate specificity can be measured as a ration of
specificity constants. As used herein, a substrate
specificity ratio is the ratio of specificity
constants and can be used to compare specificities of
two or more proteases or a protease for two more
substrates. For example, substrate specificity of a
protease for competing substrates or of competing
proteases for a substrate can be compared by comparing
kcat/Km. For example, a protease that has a
specificity constant of 2 X 106M 1SeC 1 for a target
substrate and 2 X 104 M 1SeC 1 for a non-target
substrate is more specific for the target substrate.
Using the specificity constants from above, the
protease has a substrate specificity ratio of 100 for
the target protease. As used herein, preference or
substrate specificity for a target substrate can be
expressed as a substrate specificity ratio. The
particular value of the ratio that reflects a
preference is a function of the substrates and
proteases at issue. A substrate specificity ratio that
is greater than 1 signifies a preference for a target
substrate and a substrate specificity less than 1
signifies a preference for a non-target substrate.
Generally, a ratio of at least or about 1 reflects a
sufficient difference for a protease to be considered
a candidate therapeutic. As used herein, altered
specificity refers to a change in substrate
specificity of a modified protease compared to a
starting scaffold protease. Generally, the change 



in specificity is a reflection of the change in
preference of a modified protease for a target
substrate compared to a wildtype substrate of the
scaffold protease (herein referred to as a non-target
substrate). Typically, modified proteases provided
herein exhibit increased substrate specificity for any
one or more of the complement proteins compared to the
substrate specificity of a scaffold protease. For
example, a modified protease that has a substrate
specificity ratio of 100 for a target substrate versus
a nontarget substrate exhibits a 10-fold increased
specificity compared to a scaffold protease with a
substrate specificity ratio of 10. In another example,
a modifiedprotease that has a substrate specificity
ratio of 1 compared to a ratio of 0.1, exhibits a
10-fold increase in substrate specificity. To exhibit
increased specificity compared to a scaffold protease,
a modified protease has a 1.5-fold, 2-fold, 5-fold,
10-fold, 50- fold, 100-fold, 200-fold, 300-fold,
400-fold, 500-fold or more greater substrate
specificity for any one of more of the complement
proteins. As used herein, "selectivity" can be used
interchangeably with specificity when referring to the
ability of a protease to choose and cleave one target
substrate from among a mixture of competing
substrates. Increased selectivity of a protease for a
target substrate compared to any other one or more
target substrates can be determined, for example, by
comparing the specificity constants of cleavage of the
target substrates by a protease. For example, if a
protease has a specificity constant of cleavage of 2 X
106M 1SeC 1 for a target substrate and 2 X 104 M 1sec
1 for any other one of more substrates, the protease
is more selective for the former target substrate. As
used herein, activity refers to a functional activity
or activities of a polypeptide or portion thereof
associated with a full-length (complete) protein.
Functional activities include, but are not limited to,
biological activity, catalytic or enzymatic activity,
antigenicity (ability to bind to or compete with a
polypeptide for binding to an anti-polypeptide
antibody), immunogenicity, ability to form multimers,
and the ability to specifically bind to a receptor or
ligand for the polypeptide. As used herein, a
functional activity with reference to a complement
protein refers to a complement-mediated function
including, but not limited to, anaphylaxis,
opsonization, chemotaxis, or cell lysis. Nonlimiting
assays for testing activities of complement include
hemolysis of red blood cells, and detection of
complement effector molecules such as by ELISA or
SDS-PAGE. As used herein, catalytic activity or
cleavage activity refers to the activity of a protease
as assessed in in vitro proteolytic assays that detect
proteolysis of a selected substrate. Cleavage activity
can be measured by assessing catalytic efficiency of a
protease. As used herein, activity towards a target
substrate refers to cleavage activity and/or
functional activity, or other measurement that
reflects the activity of a protease on or towards a
target substrate. A functional activity of a
complement protein targetsubstrate by a protease can
be measured by assessing an IC50 in a complement assay
such as red blood cell lysis, or other such assays
known by one of skill in the art or provided herein to
assess complement activity. Cleavage activity can be
measured by assessing catalytic efficiency of a
protease. For purposes herein, an activity is
increased if a protease exhibits greater proteolysis
or cleavage of a target substrate and/or modulates
(i.e. activates or inhibits) a functional activity of
a complement protein as compared to in the absence of
the protease. As used herein, serine proteases or
serine endopeptidases refers to a class of peptidases,
which are characterized by the presence of a serine
residue in the active center of the enzyme. Serine
proteases participate in a wide range of functions in
the body, including blood clotting and inflammation,
as well as functioning as digestive enzymes in
prokaryotes and eukaryotes. The mechanism of cleavage
by serine proteases is based on nucleophilic attack of
a targeted peptidic bond by a serine. Cysteine,
threonine or water molecules associated with aspartate
or metals also can play this role. Aligned side chains
of serine, histidine and aspartate form a catalytic
triad common to most serine proteases. The active site
of serine proteases is shaped as a cleft where the
polypeptide substrate binds. As used herein, a
complement protease refers to a protease that is
involved in the generation and amplification of
complement cascade reactions in any of the complement
pathways. These proteases include the serine protease
factor I, factor D, MBL-associated serine protease
(MASP)-2, MASP-I, CIs, CIr, factor B, C2, and the
convertases and any other protease that occurs in a
complement pathway whereby complement activation is
effected, i particular, complement proteases are any
unmodified complement proteases, including factor I,
factor D, MASP-2, MASP-I, CIs, CIr, factor B and C2.
As used herein, a non-complement protease is any
protease that is not normally part of any one or more
of the complement pathways. As used herein, MT-SPl
refers to a serine protease that is part of the Sl
peptidase family of serine proteases (also containing
trypsin and chymotrypsin) based on the location of the
Ser, His, and Lys active site residues. MT-SPl is
characterized by a transmembrane domain, two CUB
domains, four LDLR repeats, and a serineprotease
domain (or peptidase S1 domain) that is highly
conserved among all members of the peptidase Sl family
of serine proteases, such as for example with
chymotrypsin. The sequence of an exemplary MT-SPl is
set forth in SEQ E) NO: 2. The protease domain occurs
between and includes amino acids 615-854. Reference to
an MT-SPl protease includes a full-length MT-SPl or
any catalytically active portion thereof and includes
allelic variants and species variants and variants
encoded by splice variants. An MT-SPl protease occurs
as a single chain zymogen, and as an activated
two-chain polypeptide. Reference to MT-SPl includes
active single-chain and two-chain forms thereof. Of
particular interest are MT-SPl proteases of mammalian,
including human, origin. An MT-SPl protease also can
include those of rat or mouse origin. Those of skill
in this art recognize that, in general, single amino
acid substitutions in non-essential regions of a
polypeptide do not substantially alter biological
activity (see, e.g., Watson et al. Molecular Biology
of the Gene, 4th Edition, 1987, The Benjamin/Cummings
Pub. co., p.224). Sequences of encoding nucleic
molecules and the encoded amino acid sequences of
exemplary MTSPl proteases of human origin and/or
catalytically active domains thereof are set forth in
SEQ ID NOS: 1, 2, 9 and 10. Exemplary MT-SPl
polypeptides of non-human origin are those having
amino acid sequences such as in mice (Mus musculus,
SEQ ID NO: 449) and rats (Rattus norvegicus, SEQ E)
NO: 450). Herein, an MT-SPl protease can be a scaffold
MT-SP1. As used herein, reference to a "catalytically
active portion thereof of an MT-SPl protease refers to
the protease domain, or any fragment or portion
thereof that retains protease activity. For example, a
catalytically active portion of an MTSPl can be an
MT-SPl protease domain including an isolated single
chain form of the protease domain or an activated
two-chain form. As used herein, a modified MT-SPl
protease refers to a protease that exhibits altered
activity, such as altered substrate specificity,
compared to the scaffold or unmodified form. Such
proteases include 1, 2, 3, 4, 5, 6, 7, 8, 9 , 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, or more
modifications (i.e. changes in amino acids) compared
to a scaffold MT-SPl such that an activity, such as
substrate specificity or selectivity, of the MT-SPl
protease for cleaving a complement protein is altered.
A modifiedMT-SPl can be a full-length scaffold MT-SPl,
or can be a portion thereof of a full length scaffold
protease, as long as the modified protease contains
modifications in regions that alter the activity or
substrate specificity of the protease and the protease
is 



proteolytically active. A modified MT-SPl protease
also can include other modifications in regions that
do not impact on substrate specificity of the
protease. Hence, a modified MT-SPl protease typically
has 60%, 70%, 80 %, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or more sequence identity to a
corresponding sequence of amino acids of a wildtype or
scaffold MT-SPl . A modified full-length MT-SPl
protease or a catalytically active portion thereof of
a modified MT-SPl can include proteases that are
fusion proteins as long as the fusion protein
possesses the target specificity. As used herein, a
human protein is one encoded by a nucleic acid
molecule, such as DNA, present in the genome of a
human, including all allelic variants and conservative
variations thereof. A variant or modification of a
protein is a human protein if the modification is
based on the wildtype or prominent sequence of a human
protein. As used herein, the residues of naturally
occurring a-amino acids are the residues of those 20
a-amino acids found in nature which are incorporated
into protein by the specific recognition of the
charged tKNA molecule with its cognate mRNA codon in
humans. As used herein, non-naturally occurring amino
acids refer to amino acids that are not genetically
encoded. As used herein, nucleic acids include DNA,
RNA and analogs thereof, including peptide nucleic
acids (PNA) and mixtures thereof. Nucleic acids can be
single or double-stranded. When referring to probes or
primers, which are optionally labeled, such as with a
detectable label, such as a fluorescent or radiolabel,
singlestranded molecules are contemplated. Such
molecules are typically of a length such that their
target is statistically unique or of low copy number
(typically less than 5, generally less than 3) for
probing or priming a library. Generally a probe or
primer contains at least 14, 16 or 30 contiguous
nucleotides of sequence complementary to oridentical
to a gene of interest. Probes and primers can be 10,
20, 30, 50, 100 or more nucleic acids long. As used
herein, a peptide refers to a polypeptide that is from
2 to 40 amino acids in length. As used herein, the
amino acids which occur in the various sequences of
amino acids provided herein are identified according
to their known, three-letter or one-letter
abbreviations (Table 1). The nucleotides which occur
in the various nucleic acid fragments are designated
with the standard single-letter designations used
routinely in the art. As used herein, an "amino acid"
is an organic compound containing an amino group and a
carboxylic acid group. A polypeptide contains two or
more amino acids. For purposes herein, amino acids
include the twenty naturally-occurring amino acids,
non-natural amino acids and amino acid analogs (i.e.,
amino acids wherein the a- carbon has a side chain).
As used herein, the "amino acids," which occur in the
various amino acid sequences appearing herein, are
identified according to their well-known, three-letter
or one-letter abbreviations (see Table 1). The
nucleotides, which occur in the various DNA fragments,
are designated with the standard single-letter
designations used routinely in the art. As used
herein, "amino acid residue" refers to an amino acid
formed upon chemical digestion (hydrolysis) of a
polypeptide at its peptide linkages. The amino acid
residues described herein are presumed to be in the
"L" isomeric form. Residues in the "D" isomeric form,
which are so designated, can be substituted for any
L-amino acid residue as long as the desired functional
property is retained by the polypeptide. NH2 refers to
the free amino group present at the amino terminus of
a polypeptide. COOH refers to the free carboxy group
present at the carboxyl terminus of a polypeptide. In
keeping with standard polypeptide nomenclature
described in J Biol. Chem., 243: 3552-3559 (1969), and
adopted 37 C F.R,  1.821-1.822, abbreviations for
amino acid residues are shown in Table 1: Table 1 -
Table of CorrespondenceIt should be noted that all
amino acid residue sequences represented herein by
formulae have a left to right orientation in the
conventional direction of aminoterminus to
carboxyl-terminus. In addition, the phrase "amino acid
residue" is broadly defined to include the amino acids
listed in the Table of Correspondence (Table 1) and
modified and unusual amino acids, such as those
referred to in 37 C.F.R.  1.821-1.822, and
incorporated herein by reference. Furthermore, it
should be noted that a dash at the beginning or end of
an amino acid residue sequence indicates a peptide
bond to a further sequence of one or more amino acid
residues, to an amino-terminal group such as NH2 or to
a carboxyl-terminal group such as COOH. As used
herein, "naturally occurring amino acids" refer to the
20 L-amino acids that occur in polypeptides. As used
herein, "non-natural amino acid" refers to an organic
compound that has a structure similar to a natural
amino acid but has been modified structurally to mimic
the structure and reactivity of a natural amino acid.
Non-naturally occurring amino acids thus include, for
example, amino acids or analogs of amino acids
otherthan the 20 naturally-occurring amino acids and
include, but are not limited to, the Disostereomers of
amino acids. Exemplary non-natural amino acids are
described herein and are known to those of skill in
the art. As used herein, an isokinetic mixture is one
in which the molar ratios of amino acids has been
adjusted based on their reported reaction rates (see,
e.g., Ostresh et al., (1994) Biopolymers 34:1681). As
used herein, a DNA construct is a single or double
stranded, linear or circular DNA molecule that
contains segments of DNA combined and juxtaposed in a
manner not found in nature. DNA constructs exist as a
result of human manipulation, and include clones and
other copies of manipulated molecules. As used herein,
a DNA segment is a portion of a larger DNA molecule
having specified attributes. For example, a DNA
segment encoding a specified polypeptide is a portion
of a longer DNA molecule, such as a plasmid or plasmid
fragment, which, when read from the 5' to 3' direction
, encodes the sequence of amino acids of the specified
polypeptide. As used herein, the term ortholog means a
polypeptide or protein obtained from one species that
is the functional counterpart of a polypeptide or
protein from a different species. Sequence differences
among orthologs are the result of speciation. As used
herein, the term polynucleotide means a single- or
double-stranded polymer of deoxyribonucleotides or
ribonucleotide bases read from the 5' to the 3' end.
Polynucleotides include RNA and DNA, and can be
isolated from natural sources, synthesized in vitro,
or prepared from a combination of natural and
synthetic molecules. The length of a polynucleotide
molecule is given herein in terms of nucleotides
(abbreviated "nt") or base pairs (abbreviated "bp").
The term nucleotides is used for single- and
double-stranded molecules where the context permits.
When the term is applied to double-stranded molecules
it is used to denote overall length and will be
understood to be equivalent to the term base pairs. It
will be recognized by those skilled in the art that
the two strands of a double-stranded polynucleotide
can differ slightly in length and that the ends
thereof can be staggered; thus all nucleotides within
a double-stranded polynucleotide molecule can not be
paired. Such unpaired ends will, in general, not
exceed 20 nucleotides in length.As used herein, a
protease polypeptide is a polypeptide having an amino
acid 



sequence corresponding to any one of the scaffold or
modified proteases described herein. As used herein,
"similarity" between two proteins or nucleic acids
refers to the relatedness between the sequence of
amino acids of the proteins or the nucleotide
sequences of the nucleic acids. Similarity can be
based on the degree of identity and/or homology of
sequences of residues and the residues contained
therein. Methods for assessing the degree of
similarity between proteins or nucleic acids are known
to those of skill in the art. For example, in one
method of assessing sequence similarity, two amino
acid or nucleotide sequences are aligned in a manner
that yields a maximal level of identity between the
sequences. "Identity" refers to the extent to which
the amino acid or nucleotide sequences are invariant.
Alignment of amino acid sequences, and to some extent
nucleotide sequences, also can take into account
conservative differences and/or frequent substitutions
in amino acids (or nucleotides). Conservative
differences are those that preserve the
physico-chemical properties of the residues involved.
Alignments can be global (alignment of the compared
sequences over the entire length of the sequences and
including all residues) or local (the alignment of a
portion of the sequences that includes only the most
similar region or regions). "Identity" per se has an
art-recognized meaning and can be calculated using
published techniques. (See, e.g.: Computational
Molecular Biology, Lesk, A.M., ed., Oxford University
Press, New York, 1988; Biocomputing: Informatics and
Genome Projects, Smith, D.W., ed., Academic Press, New
York, 1993; Computer Analysis of Sequence Data, Part
I, Griffin, A.M., and Griffin, H.G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press,
1987; and Sequence Analysis Primer, Gribskov, M. and
Devereux, J., eds., M Stockton Press, New York, 1991).
While there exist a number of methods to measure
identity between two polynucleotide or polypeptides,
the term "identity" is well known to skilled artisans
(Carrillo, H. & Lipman, D., SIAM J Applied Math
48:1073 (1988)).As used herein, by homologous (with
respect to nucleic acid and/or amino acid sequences)
means about greater than or equal to 25% sequence
homology, typically greater than or equal to 25%, 40%,
60%, 70%, 80%, 85%, 90% or 95% sequence homology; the
precise percentage can be specified if necessary. For
purposes herein the terms "homology" and "identity"
are often used interchangeably, unless otherwise
indicated. In general, for determination of the
percentage homology or identity, sequences are aligned
so that the highest order match is obtained (see, e.g.
: Computational Molecular Biology, Lesk, A.M., ed.,
Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed.,
Academic Press, New York, 1993; Computer Analysis of
Sequence Data, Parti, Griffin, A.M., and Griffin,
H.G., eds., Humana Press, New Jersey, 1994; Sequence
Analysis in Molecular Biology, von Heinje, G.,
Academic Press, 1987; and Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M Stockton Press,
New York, 1991; Carrillo et al. (1988) SIAM J Applied
Math 48:1073). By sequence homology, the number of
conserved amino acids is determined by standard
alignment algorithm programs, and can be used with
default gap penalties established by each supplier.
Substantially homologous nucleic acid molecules would
hybridize typically at moderate stringency or at high
stringency all along the length of the nucleic acid of
interest. Also contemplated are nucleic acid molecules
that contain degenerate codons in place of codons in
the hybridizing nucleic acid molecule. Whether any two
molecules have nucleotide sequences or amino acid
sequences that are at least 60%, 70%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% "identical" or "homologous"
can be determined using known computer algorithms such
as the "FASTA" program, using for example, the default
parameters as in Pearson et al. (1988) Proc. Natl.
Acad. Sd. USA 85:2444 (other programs include the GCG
program package (Devereux, J., et al, Nucleic Acids
Research 12(I):3%1 (1984)), BLASTP, BLASTN, FASTA
(Altschul, S.F., et al, JMolec Biol 215:403 (1990);
Guide to Huge Computers, Martin J . Bishop, ed.,
Academic Press, San Diego, 1994, and Carrillo et al.
(1988) SIAM J Applied Math 48:1013). For example, the
BLAST function of the National Center for
Biotechnology Information database can be used to
determine identity. Other commercially or publicly
available programsinclude the DNAStar "MegAlign"
program (Madison, WI) and the University of Wisconsin
Genetics Computer Group (UWG) "Gap" program (Madison
WI)). Percent homology or identity of proteins and/or
nucleic acid molecules can be determined, for example,
by comparing sequence information using a GAP computer
program (e.g., Needleman et al. (1970) J MoI. Biol.
48:443, as revised by Smith and Waterman (1981) Adv.
Appl. Math. 2:482). Briefly, the GAP program defines
simi larity as the number of aligned symbols (i.e.,
nucleotides or amino acids), which are similar,
divided by the total number of symbols in the shorter
of the two sequences. Default parameters for the GAP
program can include: (1) a unary comparison matrix
(containing a value of 1 for identities and 0 for
non-identities) and the weighted com parison matrix of
Gribskov et al. (1986) Nucl. Acids Res. 14:6745, as
described by Schwartz and Dayhoff, eds., ATLAS OF
PROTEIN SEQUENCE AND STRUCTURE, National Biomedical
Research Foundation, pp. 353-358 (1979); (2) a penalty
of 3.0 for each gap and an additional 0.10 penalty for
each symbol in each gap; and (3) no penalty for end
gaps. Therefore, as used herein, the term "identity"
or "homology" represents a comparison between a test
and a reference polypeptide or polynucleotide. As used
herein, the term "at least 90% identical to" refers to
percent identities from 90 to 99.99 relative to the
reference nucleic acid or amino acid sequence of the
polypeptide. Identity at a level of 90% or more is
indicative of the fact that, assuming for
exemplification purposes a test and reference
polypeptide length of 100 amino acids are compared, no
more than 10% (i.e., 10 out of 100) of the amino acids
in the test polypeptide differs from that of the
reference polypeptide. Similar comparisons can be made
between test and reference polynucleotides. Such
differences can be represented as point mutations
randomly distributed over the entire length of a
polypeptide or they can be clustered in one or more
locations of varying length up to the maximum
allowable, e.g. 10/100 amino acid difference
(approximately 90% identity). Differences are defined
as nucleic acid or amino acid substitutions,
insertions or deletions. At the level of homologies or
identities above about 85-90%, the result should be
independent of the program and gap parameters set;
such highlevels of identity can be assessed readily,
often by manual alignment without relying on software,
As used herein, an aligned sequence refers to the use
of homology (similarity and/or identity) to align
corresponding positions in a sequence of nucleotides
or amino acids. Typically, two or more sequences that
are related by 50% or more identity are aligned. An
aligned set of sequences refers to 2 or more sequences
that are aligned at corresponding positions and can
include aligning sequences derived from RNAs, such as
ESTs and other cDNAs, aligned with genomic DNA
sequence. As used herein, "primer" refers to a nucleic
acid molecule that can act as a point of initiation of
template-directed DNA synthesis under appropriate
conditions (e.g., in the presence of four different
nucleoside triphosphates and a polymerization agent ,
such as DNA polymerase, RNA polymerase or reverse
transcriptase) in an appropriate buffer and at a
suitable temperature. It will be appreciated that
certain 



nucleic acid molecules can serve as a "probe" and as a
"primer." A primer, however, has a 3' hydroxyl group
for extension. A primer can be used in a variety of
methods, including, for example, polymerase chain
reaction (PCR), reverse-transcriptase (RT)- PCR, RNA
PCR, LCR, multiplex PCR, panhandle PCR, capture PCR,
expression PCR, 3' and 51RACE, in situ PCR,
ligation-mediated PCR and other amplification
protocols. As used herein, "primer pair" refers to a
set of primers that includes a 5' (upstream) primer
that hybridizes with the 5' end of a sequence to be
amplified (e.g. by PCR) and a 3' (downstream) primer
that hybridizes with the complement of the 31 end of
the sequence to be amplified. As used herein,
"specifically hybridizes" refers to annealing, by
complementary base-pairing, of a nucleic acid molecule
(e.g. an oligonucleotide) to a target nucleic acid
molecule. Those of skill in the art are familiar with
in vitro and in vivo parameters that affect specific
hybridization, such as length and composition of the
particular molecule. Parameters particularly relevant
to in vitro hybridization further include annealing
and washing temperature, buffer composition and salt
concentration. Exemplary washing conditions for
removing non-specifically bound nucleic acid molecules
at high stringency are 0.1 x SSPE, 0.1% SDS, 650C, and
atmedium stringency are 0.2 x SSPE, 0.1% SDS, 5O0C.
Equivalent stringency conditions are known in the art.
The skilled person can readily adjust these parameters
to achieve specific hybridization of a nucleic acid
molecule to a target nucleic acid molecule appropriate
for a particular application. As used herein,
substantially identical to a product means
sufficiently similar so that the property of interest
is sufficiently unchanged so that the substantially
identical product can be used in place of the product.
As used herein, it also is understood that the terms
"substantially identical" or "similar" varies with the
context as understood by those skilled in the relevant
art. As used herein, an allelic variant or allelic
variation references any of two or more alternative
forms of a gene occupying the same chromosomal locus.
Allelic variation arises naturally through mutation,
and can result in phenotypic polymorphism within
populations. Gene mutations can be silent (no change
in the encoded polypeptide) or can encode polypeptides
having altered amino acid sequence. The term "allelic
variant" also is used herein to denote a protein
encoded by an allelic variant of a gene. Typically the
reference form of the gene encodes a wildtype form
and/or predominant form of a polypeptide from a
population or single reference member of a species.
Typically, allelic variants, which include variants
between and among species, have at least 80%, 90% or
greater amino acid identity with a wildtype and/or
predominant form from the same species; the degree of
identity depends upon the gene and whether comparison
is interspecies or intraspecies. Generally,
intraspecies allelic variants have at least about 80%,
85%, 90% or 95% identity or greater with a wildtype
and/or predominant form, including 96%, 91%, 98%, 99%
or greater identity with a wildtype and/or predominant
form of a polypeptide. As used herein, "allele," which
is used interchangeably herein with ""allelic variant"
refers to alternative forms of a gene or portions
thereof. Alleles occupy the same locus or position on
homologous chromosomes. When a subject has two
identical alleles of a gene, the subject is said to be
homozygous for that gene or allele. When a subject has
two different alleles of a gene, the subject is said
to be heterozygous for the gene. Alleles of a specific
gene can differ from each other in a single nucleotide
or several nucleotides, and can include substitutions,
deletions andinsertions of nucleotides. An allele of a
gene also can be a form of a gene containing a
mutation. As used herein, a splice variant refers to a
variant produced by differential processing of a
primary transcript of genomic DNA that results in more
than one type ofmRNA. As used herein, modification is
in reference to modification of a sequence of amino
acids of a polypeptide or a sequence of nucleotides in
a nucleic acid molecule and includes deletions,
insertions, and replacements of amino acids and
nucleotides, respectively. For purposes herein, amino
acid substitutions, deletions and/or insertions, can
be made in any of the proteases and protease domains
thereof provided that the resulting protein exhibits
protease activity or other activity (or, if desired,
such changes can be made to eliminate activity).
Modifications can be made by making conservative amino
acid substitutions and also non-conservative amino
acid substitutions. For example, amino acid
substitutions that desirably or advantageously alter
properties of the proteins can be made. In one
embodiment, mutations that prevent degradation of the
polypeptide can be made. Many proteases cleave after
basic residues, such as R and K; to eliminate such
cleavage, the basic residue is replaced with a
non-basic residue. Interaction of the protease with an
inhibitor can be blocked while retaining catalytic
activity by effecting a non-conservative change at the
site of interaction of the inhibitor with the
protease. Other activities also can be altered. For
example, receptor binding can be altered without
altering catalytic activity. Amino acid substitutions
contemplated include conservative substitutions, such
as those set forth in Table 2, which do not eliminate
proteolytic activity. As described herein,
substitutions that alter properties of the proteins,
such as removal of cleavage sites and other such sites
also are contemplated; such substitutions are
generally non-conservative, but can be readily
effected by those of skill in the art. Suitable
conservative substitutions of amino acids are known to
those of skill in this art and can be made generally
without altering the biological activity, for example
enzymatic activity, of the resulting molecule. Those
of skill in this artrecognize that, in general, single
amino acid substitutions in non-essential regions of a
polypeptide do not substantially alter biological
activity (see, e.g., Watson et al. Molecular Biology
of the Gene, 4th Edition, 1987, The Benjamin/Cummings
Pub. co., p.224). Also included within the definition,
is the catalytically active fragment of a serine
protease, particularly a single chain protease
portion. Conservative amino acid substitutions are
made, for example, in accordance with those set forth
in TABLE 2 as follows: TABLE 2 Original residue
Conservative Ala (A) GIy; Ser; Abu Arg(R) Lys; orn Asn
(N) GIn; His Cys (C) Ser GIn(Q) Asn GIu (E) Asp GIy(G)
Ala; Pro His (H) Asn; GIn He (I) Leu; VaI Leu (L) lie;
VaI Lys (K) Arg; GIn; GIu Met (M) Leu; Tyr; He
Ornithine Lys; Arg Phe (F) Met; Leu; Tyr 



Ser (S) Thr Thr(T) Ser Trp (W) Tyr Tyr(Y) Trp; Phe VaI
(V) He; Leu; Met Other substitutions also are
permissible and can be determined empirically or in
accord with known conservative substitutions. As used
herein, the term promoter means a portion of a gene
containing DNA sequences that provide for the binding
of RNA polymerase and initiation of transcription.
Promoter sequences are commonly, but not always, found
in the 5' non-coding region of genes. As used herein,
isolated or purified polypeptide or protein or
biologicallyactive portion thereof is substantially
free of cellular material or other contaminating
proteins from the cell of tissue from which the
protein is derived, or substantially free from
chemical precursors or other chemicals when chemically
synthesized.Preparations can be determined to be
substantially free if they appear free of readily
detectable impurities as determined by standard
methods of analysis, such as thin layer chromatography
(TLC)5 gel electrophoresis and high performance liquid
chromatography (HPLC), used by those of skill in the
art to assess such purity, or sufficiently pure such
that further purification would not detectably alter
the physical and chemical properties, such as
enzymatic and biological activities, of the substance.
Methods for purification of the compounds to produce
substantially chemically pure compounds are known to
those of skill in the art. A substantially chemically
pure compound, however, can be a mixture of
stereoisomers. In such instances, further purification
might increase the specific activity of the compound.
The term substantially free of cellular material
includes preparations of proteins in which the protein
is separated from cellular components of the cells
from which it is isolated or recombinantly-produced.
In one embodiment, the term substantially free of
cellular material includes preparations of protease
proteins having less that about 30% (by dry weight) of
non-protease proteins (also referred to herein as a
contaminating protein), generally less than about 20%
of non-protease proteins or 10% of non-protease
proteins or less that about 5% of non-protease
proteins. When the protease protein or active portion
thereof is recombinantly produced, it also is
substantially free of culture medium, i.e., culture
medium represents less than, about, or equal to 20%,
10% or 5% of the volume of the protease protein
preparation. As used herein, the term substantially
free of chemical precursors or other chemicals
includes preparations of protease proteins in which
the protein is separated from chemical precursors or
other chemicals that are involved in the synthesis of
the protein. The term includes preparations of
protease proteins having less than about 30% (by dry
weight), 20%, 10%, 5% or less of chemical precursors
or non-protease chemicals or components. As used
herein, production by recombinant means by using
recombinant DNA methods refers to the use of the well
known methods of molecular biology for expressing
proteins encoded by cloned DNA. As used herein, vector
(or plasmid) refers to discrete elements that are used
to introduce heterologous nucleic acid into cells for
either expression or replicationthereof. The vectors
typically remain episomal, but can be designed to
effect integration of a gene or portion thereof into a
chromosome of the genome. Also contemplated are
vectors that are artificial chromosomes, such as yeast
artificial chromosomes and mammalian artificial
chromosomes. Selection and use of such vehicles are
well known to those of skill in the art. As used
herein, an expression vector includes vectors capable
of expressing DNA that is operatively linked with
regulatory sequences, such as promoter regions, that
are capable of effecting expression of such DNA
fragments. Such additional segments can include
promoter and terminator sequences, and optionally can
include one or more origins of replication, one or
more selectable markers, an enhancer, a
polyadenylation signal, and the like. Expression
vectors are generally derived from plasmid or viral
DNA, or can contain elements of both. Thus, an
expression vector refers to a recombinant DNA or RNA
construct, such as a plasmid, a phage, recombinant
virus or other vector that, upon introduction into an
appropriate host cell, results in expression of the
cloned DNA. Appropriate expression vectors are well
known to those of skill in the art and include those
that are replicable in eukaryotic cells and/or
prokaryotic cells and those that remain episomal or
those which integrate into the host cell genome. As
used herein, vector also includes "virus vectors" or
"viral vectors." Viral vectors are engineered viruses
that are operatively linked to exogenous genes to
transfer (as vehicles or shuttles) the exogenous genes
into cells. As used herein, an adenovirus refers to
any of a group of DNA-containing viruses that cause
conjunctivitis and upper respiratory tract infections
in humans. As used herein, naked DNA refers to
histone-free DNA that can be used for vaccines and
gene therapy. Naked DNA is the genetic material that
is passed from cell to cell during a gene transfer
processed called transformation. In transformation,
purified or naked DNA is taken up by the recipient
cell which will give the recipient cell a new
characteristic or phenotype. As used herein, operably
or operatively linked when referring to DNA segments
means that the segments are arranged so that they
function in concert fortheir intended purposes, e.g.,
transcription initiates in the promoter and proceeds
through the coding segment to the terminator. As used
herein, protein binding sequence refers to a protein
or peptide sequence that is capable of specific
binding to other protein or peptide sequences
generally, to a set of protein or peptide sequences or
to a particular protein or peptide sequence. As used
herein, epitope tag refers to a short stretch of amino
acid residues corresponding to an epitope to
facilitate subsequent biochemical and immunological
analysis of the epitope tagged protein or peptide.
Epitope tagging is achieved by adding the sequence of
the epitope tag to a protein-encoding sequence in an
appropriate expression vector. Epitope tagged proteins
can be affinity purified using highly specific
antibodies raised against the tags. As used herein,
metal binding sequence refers to a protein or peptide
sequence that is capable of specific binding to metal
ions generally, to a set of metal ions or to a
particular metal ion. As used herein the term
assessing is intended to include quantitative and
qualitative determination in the sense of obtaining an
absolute value for the activity of a protease, or a
domain thereof, present in the sample, and also of
obtaining an index, ratio, percentage, visual or other
value indicative of the level of the activity.
Assessment can be direct or indirect and the chemical
species actually detected need not of course be the
proteolysis product itself but can for example be a
derivative thereof or some further substance. For
example, detection of a cleavage product of a
complement protein, such as by SDS-PAGE and protein
staining with Coomassie blue. As used herein,
biological activity refers to the in vivo activities
of a compound or physiological responses that result
upon in vivo administration of a compound, composition
or other mixture. Biological activity, thus,
encompasses 



therapeutic effects and pharmaceutical activity of
such compounds, compositions and mixtures. Biological
activities can be observed in in vitro systems
designed to test or use such activities. Thus, for
purposes herein a biological activity of a protease is
its catalytic activity in which a polypeptide is
hydrolyzed.As used herein equivalent, when referring
to two sequences of nucleic acids, means that the two
sequences in question encode the same sequence of
amino acids or equivalent proteins. When equivalent is
used in referring to two proteins or peptides, it
means that the two proteins or peptides have
substantially the same amino acid sequence with only
amino acid substitutions (such as, but not limited to,
conservative changes such as those set forth in Table
2, above) that do not substantially alter the activity
or function of the protein or peptide. When equivalent
refers to a property, the property does not need to be
present to the same extent (e.g., two peptides can
exhibit different rates of the same type of enzymatic
activity), but the activities are usually
substantially the same. Complementary, when referring
to two nucleotide sequences, means that the two
sequences of nucleotides are capable of hybridizing,
typically with less than 25%, 15% or 5% mismatches
between opposed nucleotides. If necessary, the
percentage of complementarity will be specified.
Typically the two molecules are selected such that
they will hybridize under conditions of high
stringency. As used herein, an agent that modulates
the activity of a protein or expression of a gene or
nucleic acid either decreases or increases or
otherwise alters the activity of the protein or, in
some manner, up- or down-regulates or otherwise alters
expression of the nucleic acid in a cell. As used
herein, a "chimeric protein" or "fusion protein"
protease refers to a polypeptide operatively-linked to
a different polypeptide. A chimeric or fusion protein
provided herein can include one or more proteases or a
portion thereof, such as single chain protease domains
thereof, and one or more other polypeptides for any
one or more of a transcriptional/translational control
signals, signal sequences, a tag for localization, a
tag for purification, part of a domain of an
immunoglobulin G, and/or a targeting agent. These
chimeric or fusion proteins include those produced by
recombinant means as fusion proteins, those produced
by chemical means, such as by chemical coupling,
through, for example, coupling to sulfhydryl groups,
and those produced by any other method whereby at
least one protease, or a portion thereof, is linked,
directly or indirectly via linker(s) to another
polypeptide.As used herein, operatively-linked when
referring to a fusion protein refers to a protease
polypeptide and a non-protease polypeptide that are
fused in-frame to one another. The non-protease
polypeptide can be fused to the N-terminus or
C-terminus of the protease polypeptide. As used
herein, a targeting agent, is any moiety, such as a
protein or effective portion thereof, that provides
specific binding of the conjugate to a cell surface
receptor, which in some instances can internalize
bound conjugates or portions thereof. A targeting
agent also can be one that promotes or facilitates,
for example, affinity isolation or purification of the
conjugate; attachment of the conjugate to a surface;
or detection of the conjugate or complexes containing
the conjugate. As used herein, an antibody conjugate
refers to a conjugate in which the targeting agent is
an antibody. As used herein, derivative or analog of a
molecule refers to a portion derived from or a
modified version of the molecule. As used herein,
"disease or disorder" refers to a pathological
condition in an organism resulting from cause or
condition including, but not limited to, infections,
acquired conditions, genetic conditions, and
characterized by identifiable symptoms. Diseases and
disorders of interest herein are those involving
complement activation, including those mediated by
complement activation and those in which complement
activation plays a role in the etiology or pathology.
Diseases and disorders also include those that are
caused by the absence of a protein such as an immune
deficiency, and of interest herein are those disorders
where complement activation does not occur due to a
deficiency in a complement protein. As used herein, a
complement-mediated disorder is any disorder in which
any one or more of the complement proteins plays a
role in the disease, either due to an absence or
presence of the protein. A complement-mediated
disorder is one that is due to a deficiency in a
complement protein. A complement-mediated disorder
also is one that is due to the presence of any one or
more of the complement proteins and the continued
activation of the complement pathway. As used herein,
"treating" a subject with a disease or condition means
that the subject's symptoms are partially or totally
alleviated, or remain static followingtreatment. Hence
treatment encompasses prophylaxis, therapy and/or
cure. Prophylaxis refers to prevention of a potential
disease and/or a prevention of worsening of symptoms
or progression of a disease. Treatment also
encompasses any pharmaceutical use of a modified
interferon and compositions provided herein. As used
herein, a therapeutic agent, therapeutic regimen,
radioprotectant, or chemotherapeutic mean conventional
drugs and drug therapies, including vaccines, which
are known to those skilled in the art.
Radiotherapeutic agents are well known in the art. As
used herein, treatment means any manner in which the
symptoms of a condition, disorder or disease are
ameliorated or otherwise beneficially altered.
Treatment also encompasses any pharmaceutical use of
the compositions herein. As used herein, amelioration
of the symptoms of a particular disease or disorder by
a treatment, such as by administration of a
pharmaceutical composition or other therapeutic,
refers to any lessening, whether permanent or
temporary, lasting or transient, of the symptoms that
can be attributed to or associated with administration
of the composition or therapeutic. As used herein,
prevention or prophylaxis refers to methods in which
the risk of developing disease or condition is
reduced. As used herein an effective amount of a
compound or composition for treating a particular
disease is an amount that is sufficient to ameliorate,
or in some manner reduce the symptoms associated with
the disease. Such amount can be administered as a
single dosage or can be administered according to a
regimen, whereby it is effective. The amount can cure
the disease but, typically, is administered in order
to ameliorate the symptoms of the disease. Typically,
repeated administration is required to achieve a
desired amelioration of symptoms. As used herein,
"therapeutically effective amount" or "therapeutically
effective dose" refers to an agent, compound,
material, or composition containing a compound that is
at least sufficient to produce a therapeutic effect.
An effective amount is the quantity of a therapeutic
agent necessary for preventing, curing, ameliorating,
arresting or partially arresting a symptom of a
disease or disorder.As used herein, administration of
a non-complement protease, such as a modified
non-complement protease, refers to any method in which
the noncomplement protease is contacted with its
substrate. Administration can be effected in vivo or
ex vivo or in vitro. For example, for ex vivo
administration a body fluid, such as blood, is removed
from a subject and contacted outside the body with the
modified non-complement protease. For in vivo
administration, the modified noncomplement protease
can be introduced into the body, such as by local,
topical, systemic and/or other route of introduction.
In vitro administration encompasses methods, such as
cell culture methods. 



As used herein, an anticoagulant is a drug that helps
prevent the clotting (coagulation) of blood. These
drugs tend to prevent new clots from forming or an
existing clot from enlarging. As used herein, unit
dose form refers to physically discrete units suitable
for human and animal subjects and packaged
individually as is known in the art. As used herein,
"patient" or "subject" to be treated includes humans
and human or non-human animals. Mammals include;
primates, such as humans, chimpanzees, gorillas and
monkeys; domesticated animals, such as dogs, horses,
cats, pigs, goats, cows; and rodents such as mice,
rats, hamsters and gerbils. As used herein, a
combination refers to any association between two or
among more items. The association can be spacial or
refer to the use of the two or more items for a common
purpose. As used herein, a composition refers to any
mixture of two or more products or compounds (e.g.,
agents, modulators, regulators, etc.). It can be a
solution, a suspension, liquid, powder, a paste,
aqueous or non-aqueous formulations or any combination
thereof. As used herein, an "article of manufacture"
is a product that is made and sold. As used throughout
this application, the term is intended to encompass
modified protease polypeptides and nucleic acids
contained in articles of packaging. As used herein,
fluid refers to any composition that can flow. Fluids
thus encompass compositions that are in the form of
semi-solids, pastes, solutions, aqueous mixtures,
gels, lotions, creams and other such compositions.As
used herein, a "kit" refers to a packaged combination,
optionally including reagents and other products
and/or components for practicing methods using the
elements of the combination. For example, kits
containing a modified protease polypeptide or nucleic
acid molecule provided herein and another item for a
purpose including, but not limited to, administration,
diagnosis, and assessment of a biological activity or
property are provided. Kits optionally include
instructions for use. As used herein, a cellular
extract refers to a preparation or fraction which is
made from a lysed or disrupted cell. As used herein,
an agent is said to be randomly selected when the
agent is chosen randomly without considering the
specific sequences involved in the association of a
protein alone or with its associated substrates,
binding partners and/or other components. An example
of randomly selected agents is the use of a chemical
library or a peptide combinatorial library, or a
growth broth of an organism or conditioned medium. As
used herein, a prodrug is a compound that, upon in
vivo administration, is metabolized or otherwise
converted to the biologically, pharmaceutically or
therapeutically active form of the compound. To
produce a prodrug, the pharmaceutically active
compound is modified such that the active compound is
regenerated by metabolic processes. The prodrug can be
designed to alter the metabolic stability or the
transport characteristics of a drug, to mask side
effects or toxicity, to improve the flavor of a drug
or to alter other characteristics or properties of a
drug. By virtue of knowledge of pharmacodynamic
processes and drug metabolism in vivo, those of skill
in this art, once a pharmaceutically active compound
is known, can design prodrugs of the compound (see,
e.g., Nogrady (1985) Medicinal Chemistry A Biochemical
Approach, Oxford University Press, New York, pages
388-392). As used herein, a peptidomimetic is a
compound that mimics the conformation and certain
stereochemical features of a biologically active form
of a particular peptide. In general, peptidomimetics
are designed to mimic certain desirable properties of
a compound, but not the undesirable properties, such
as flexibility, that lead to a loss of a biologically
active conformation and bondbreakdown. Peptidomimetics
can be prepared from biologically active compounds by
replacing certain groups or bonds that contribute to
the undesirable properties with bioisosteres.
Bioisosteres are known to those of skill in the art.
For example the methylene bioisostere CH2S has been
used as an amide replacement in enkephalin analogs
(see, e.g., Spatola (1983) pp. 267-357 in Chemistry
and Biochemistry of Amino Acids, Peptides, and
Proteins, Weinstein, Ed. volume 7, Marcel Dekker, New
York). Morphine, which can be administered orally, is
a compound that is a peptidomimetic of the peptide
endorphin. For purposes herein, polypeptides in which
one or more peptidic bonds that form the backbone of a
polypeptide are replaced with bioisosteres are
peptidomimetics. As used herein, antibody includes
antibody fragments, such as Fab fragments, which are
composed of a light chain and the variable region of a
heavy chain. As used herein, a receptor refers to a
molecule that has an affinity for a particular ligand.
Receptors can be naturally-occurring or synthetic
molecules. Receptors also can be referred to in the
art as anti-ligands. As used herein, primer refers to
an oligonucleotide containing two or more
deoxyribonucleotides or ribonucleotides, typically
more than three, from which synthesis of a primer
extension product can be initiated. Experimental
conditions conducive to synthesis include the presence
of nucleoside triphosphates and an agent for
polymerization and extension, such as NA polymerase,
and a suitable buffer, temperature and pH. As used
herein, animal includes any animal, such as, but not
limited to; primates including humans, gorillas and
monkeys; rodents, such as mice and rats; fowl, such as
chickens; ruminants, such as goats, cows, deer, sheep;
ovine, such as pigs and other animals. Non-human
animals exclude humans as the contemplated animal. The
proteases provided herein are from any source, animal,
plant, prokaryotic and fungal. Most proteases are of
animal origin, including mammalian origin. As used
herein, genetic therapy or gene therapy involves the
transfer of heterologous nucleic acid, such as DNA,
into certain cells, target cells, of a mammal,
particularly a human, with a disorder or condition for
which such therapy is sought. The nucleic acid, such
as DNA, is introduced into the selected target cells,
such asdirectly or in a vector or other delivery
vehicle, in a manner such that the heterologous
nucleic acid, such as DNA, is expressed and a
therapeutic product encoded thereby is produced.
Alternatively, the heterologous nucleic acid, such as
DNA, can in some manner mediate expression of DNA that
encodes the therapeutic product, or it can encode a
product, such as a peptide or RNA that in some manner
mediates, directly or indirectly, expression of a
therapeutic product. Genetic therapy also can be used
to deliver nucleic acid encoding a gene product that
replaces a defective gene or supplements a gene
product produced by the mammal or the cell in which it
is introduced. The introduced nucleic acid can encode
a therapeutic compound, such as a protease or modified
protease, that is not normally produced in the
mammalian host or that is not produced in
therapeutically effective amounts or at a
therapeutically useful time. The heterologous nucleic
acid, such as DNA, encoding the therapeutic product
can be modified prior to introduction into the cells
of the afflicted host in order to enhance or otherwise
alter the product or expression thereof. Genetic
therapy also can involve delivery of an inhibitor or
repressor or other modulator of gene expression. As
used herein, heterologous nucleic acid is nucleic acid
that is not normally produced in vivo by the cell in
which it is expressed or that is produced by the cell
but is at a different locus or expressed differently
or that mediates or encodes mediators 



that alter expression of endogenous nucleic acid, such
as DNA, by affecting transcription, translation, or
other regulatable biochemical processes. Heterologous
nucleic acid is generally not endogenous to the cell
into which it is introduced, but has been obtained
from another cell or prepared synthetically.
Heterologous nucleic acid can be endogenous, but is
nucleic acid that is expressed from a different locus
or altered in its expression. Generally, although not
necessarily, such nucleic acid encodes RNA and
proteins that are not normally produced by the cell or
in the same way in the cell in which it is expressed.
Heterologous nucleic acid, such as DNA, also can be
referred to as foreign nucleic acid, such as DNA.
Thus, heterologous nucleic acid or foreign nucleic
acid includes a nucleic acid molecule not present in
the exact orientation or position as the counterpart
nucleic acid molecule, such as DNA, isfound in a
genome. It also can refer to a nucleic acid molecule
from another organism or species (i.e., exogenous).
Any nucleic acid, such as DNA, that one of skill in
the art would recognize or consider as heterologous or
foreign to the cell in which the nucleic acid is
expressed is herein encompassed by heterologous
nucleic acid; heterologous nucleic acid includes
exogenously added nucleic acid that also is expressed
endogenously. Examples of heterologous nucleic acid
include, but are not limited to, nucleic acid that
encodes traceable marker proteins, such as a protein
that confers drug resistance, nucleic acid that
encodes therapeutically effective substances, such as
anti-cancer agents, enzymes and hormones, and nucleic
acid, such as DNA, that encodes other types of
proteins, such as antibodies. Antibodies that are
encoded by heterologous nucleic acid can be secreted
or expressed on the surface of the cell in which the
heterologous nucleic acid has been introduced. As used
herein, a therapeutically effective product for gene
therapy is a product that is encoded by heterologous
nucleic acid, typically DNA, that, upon introduction
of the nucleic acid into a host, a product is
expressed that ameliorates or eliminates the symptoms,
manifestations of an inherited or acquired disease or
that cures the disease. Also included are biologically
active nucleic acid molecules, such as RNAi and
antisense. As used herein, a control refers to a
sample that is substantially identical to the test
sample, except that it is not treated with a test
parameter, or, if it is a plasma sample, it can be
from a normal volunteer not affected with the
condition of interest. A control also can be an
internal control. As used herein, recitation that a
polypeptide consists essentially of a recited sequence
of amino acids means that only the recited portion, or
a fragment thereof, of the full-length polypeptide is
present. The polypeptide can optionally, and generally
will, include additional amino acids from another
source or can be inserted into another polypeptide.
For example, for purposes herein, recitation that a
polypeptide consists essentially of the protease
domain means that the only portion of the polypeptide
is a protease domain or a catalytically active portion
thereof. Thepolypeptide can optionally, and generally
will, include additional non-protease derived
sequences of amino acids. As used herein, the
abbreviations for any protective groups, amino acids
and other compounds, are, unless indicated otherwise,
in accord with their common usage, recognized
abbreviations, or the IUPAC-IUB Commission on
Biochemical Nomenclature (see, (1972) Biochem.
11:1726). B. TARGET: COMPLEMENT The complement system
and its components are the target substrates for
modified proteases as provided herein. The proteases
are modified or selected or identified to cleave one
or more components of the system and to thereby
provide a way to modulate the activity of the system.
Such proteases can serve as therapeutics or as
candidate therapeutics to modulate the activity of the
complement system. The complement system is part of
the immune system and plays a role in the elimination
of invading foreign organisms and initiates
inflammatory responses. There are over 30 soluble and
cell-membrane proteins that are part of the complement
system. These proteins function not only in the
antibody-mediated immune response, but also in the
innate immune response to recognize and kill pathogens
such as bacteria, virus-infected cells, and parasites.
Complement proteins are produced constitutively by
macrophages and hepatocytes, and are present in the
circulation as inactive molecules. Several complement
proteins are pro-enzyme proteases (termed zymogens)
that are themselves activated by proteolytic cleavage
to become effector proteases that cut peptide bonds in
other complement proteins to activate them in turn.
Since each activated protease can activate many
substrate molecules, the initial activation is rapidly
amplified to produce millions of effector molecules (a
cascade). The complement system constitutes an
irreversible cascade of proteolytic events whose
termination results in the formation of multiple
effector molecules that stimulate inflammation,
facilitate antigen phagocytosis, and lyse some cells
directly, and, thus, can serve as a therapeutic point
of intervention for treatment of a variety of
disorders that share a common pathology or include
this system in the etiology or pathology.There are
three distinct pathways through which complement can
be activated on the pathogen surface: the classical
pathway, the alternative pathway, and the lectin
pathway. These pathways are distinct in that the
components required for their initiation are
different, but the pathways ultimately generate the
same set of effector molecules (see, e.g., Figure 1).
Likewise, the early events of each pathway are
governed by a similar mechanism of triggered-enzyme
cascades in which inactive complement zymogens are
cleaved to yield two fragments, the larger of which is
an active serine protease. The active protease is
retained at the pathogen surface so that the
subsequent complement zymogen is cleaved and activated
to continue the proteolytic cascade of complement
activation. The second fragment generated upon zymogen
cleavage is a smaller peptide fragment which can act
as a soluble mediator of complement functioning as an
opsonin or proinflammatory mediator. 1. Nomenclature
The complement pathway contains over 30 soluble
mediators (see Table 3), some of which are generated
from the cleavage of inactive protein zymogens to
yield two fragments. Table 3 depicts exemplary native
complement proteins and provides a description of
their polypeptide sequence, including the location in
the polypeptide of encoded complement fragments
thereof. For example, SEQ ID NO: 315 encodes a C5
complement protein and also encodes a C5a fragment of
a complement protein, encoded by residues 678-75 1 of
C5, that exhibits complement activity upon its
generation following cleavage of C5 by a C5
convertase. The native components of complement are
designated by a C followed by a number such as Cl, C2,
etc. .. The numbering of the complement components is
based on the order of their discovery rather than the
order of the sequence of reactions within the
complement cascade. As a result, the sequence of
reactions of the complement cascades is Cl, C4, C2,
C3, C5, C6, C7, C8, and C9. Following activation, the
products of the cleavage reactions are designated by
adding lower case letters, the larger fragment
generally being designated "b" and the smaller
fragment as "a" (i.e. C4 is cleaved to generate C4b
and C4a). In some instances C2a is designated as the
larger cleavage product, although more generally C2b
is considered the larger cleavage product.
Consequently, the C3 convertase C3b2b is sometimes
referred to as C3b2a. Inactive complement
cleavageproducts are designated with an "i" (Ie.
iC3b). The protein zymogen components specific to the
alternative pathway of complement are not designated
by a C, but are 



rather designated by different capital letters such as
Factor B, which upon cleavage becomes Bb or Ba. The
two initiating protease zymogens of the lectin pathway
are designated as MASP-I and MASP-2. Table 3:
Complement Proteins2. Pathways of Complement
Initiation The pathways of complement are distinct in
that they rely on different molecules and mechanisms
for their initiation, but the pathways are similar in
thatthey converge to generate the same set of effector
molecules. The convergence point of the C pathways is
the cleavage of C3 by C3 convertase (a C3 activating
enzyme). Convertase is a general name used for a
complement enzyme that converts an inactive complement
protein into an active one. For example, C3 convertase
converts inactive C3 to active C3a and C3b. Different
enzyme complexes have C3 convertase activity. For
example, in the classical pathway C4b2b acts as a C3
convertase, whereas in the alternative pathway, C3bBb
is a C3 convertase (see Table 4). Cleavage of C3
generates C3b, which acts as an opsonin and as the
main effector molecule of the complement system for
subsequent complement reactions, and C3a, which is a
peptide mediator of inflammation. The addition of C3b
to each C3 convertase forms a C5 convertase to
generate C5a and C5b. C5a, like C3a, is a peptide
mediator of inflammation. C5b mediates the "late"
events of complement activation initiating the
sequence of reactions culminating in the generation of
the membrane attack complex (MAC). Although the three
pathways produce different C3 and C5 convertases, all
of the pathways produce the split products of C3 and
C5 and form MAC. Table 4: a. Classical Pathway CIq is
the first component of the classical pathway of
complement. CIq is a calcium-dependent binding protein
associated with the collectin family of proteins due
to an overall shared structural homology (Malhotra R
et ah, Clin Exp Immunol. 1994, 97(2):4-9; Holmskov et
al. Immunol Today. 1994, 15(2) :67-74). Mannose
binding lectin (MBL), the first component of the
lectin pathway, also is a member of the collectin
family. Collectins are named because they contain a
collagen-like and lectin domain. The amino-terminal
collagen-like region of the collectin structure
interacts with cell surface receptors and confers
structural stability to the protein.
Thecarboxy-tepninal regions of the collectin structure
have a calcium-dependent lectin activity. The lectin
domain mediates the interaction of the collectins with
a wide variety of pathogens due to the recognition of
carbohydrate moieties on the surface of pathogens.
Collectins, often called pattern recognition
molecules, generally function as opsonins to target
pathogens for phagocytosis by immune cells. In
contrast to conventional collectins, such as MBL, the
carboxy-terminal globular recognition domain of CIq
does not have lectin activity but can serve as a
"charged" pattern recognition molecule due to marked
differences in the electrostatic surface potential of
its globular domains (Gaboriaud et al. J. Biol. Chem.,
2003, 278(47): 46974- 46982). CIq initiates the
classical pathway of complement in two different ways.
First, the classical pathway is activated by the
interaction of CIq with immune complexes (i.e.
antigen-antibody complexes or aggregated IgG or IgM
antibody) thus linking the antibody-mediated humoral
immune response with complement activation. When the
Fab portion (the variable region) of IgM or IgG binds
antigen, the conformation of the Fc (constant) region
is altered, allowing CIq to bind. CIq must bind at
least 2 Fc regions to be activated, so it takes two
IgG molecules to activate CIq. Serum IgM is a pentamer
of five IgM molecules with five Fc regions, so IgM
activates complement most efficiently. IgA, IgB and
IgD do not bind CIq and cannot activate complement.
CIq, however, also is able to activate complement in
the absence of antibody thereby functioning in the
innate or immediate immune response to infection.
Besides antibody, complement activation also is
achieved by the interaction of CIq with non-immune
molecules such as polyanions (bacterial
lipopolysaccharides, DNA, and RNA), certain small
polysaccharides, viral membranes, C reactive protein
(CRP), serum amyloid P component (SAP), and bacterial,
fungal and virus membrane components. CIq is part of
the Cl complex which contains a single CIq molecule
bound to two molecules each of the zymogens CIr and
CIs. Binding of more than one of the CIq globular
domains to a target surface (such as aggregated
antibody or a pathogen), causes a conformational
change in the (Clr:Cls) 2 complex which results in the
activation of the CIr protease to cleave CIs to
generate an active serine protease.Active CIs cleaves
subsequent complement components C4 and C2 to generate
C4b and C2b, which together form the C3 convertase of
the classical pathway. The C3 convertase cleaves C3
into C3b, which covalently attaches to the pathogen
surface and acts as an opsonin, and C3a, which
stimulates inflammation. Some C3b molecules associate
with C4b2b complexes yielding C4b2b3b which is the
classical cascade C5 convertase. Table 5 summarizes
the proteins involved in the classical pathway of
complement. Table 5: b. Alternative Pathway The
alternative pathway is initiated by foreign pathogens
in the absence of antibody. Instead, the initiation of
complement by the alternative pathway occurs through
the spontaneous hydrolysis of C3 into C3b. A small
amount of C3b is always present in body fluids, due to
serum and tissue protease activity. Host self-cells
normally contain high levels of membrane silica acid
which inactivate C3b if it binds, but bacteria contain
low external sialic acid and thereby bind C3b without
inactivatingit. C3b on pathogen surfaces is recognized
by the protease zymogen Factor B. Factor B is cleaved
by Factor D. Factor D is the only activating protease
of the C system that circulates as an active enzyme
rather than as a zymogen, but since Factor B is the
only substrate for Factor D the presence of low levels
of an active protease in normal serum is generally
safe for the host. Cleavage of Factor B by Factor D
yields the active product Bb which can associate with
C3b to form C3bBb, the C3 convertase of the
alternative pathway. Similar to the classical pathway,
the C3 convertase produces more C3b and C3a from C3.
C3b covalently attaches to the pathogen surface and
acts as an opsonin, while C3a stimulates inflammation.
Some C3b joins the complex to form C3bBb3b, the
alternative pathway C5 convertase. C3bBb3b is
stabilized by the plasma protein properdin or Factor P
which binds to microbial surfaces and stabilizes the
convertase. Table 6 summarizes the proteins involved
in the alternative pathway of complement. Table 6: c.
Lectin The lectin pathway (also referred to as the MBL
pathway) is initiated following recognition and
binding of pathogen-associated molecular patterns
(PAMPs; i.e. carbohydrates moieties) by lectin
proteins. Examples of lectin proteins that activate
the lectin pathway of complement include mannose
binding lectin (MBL) and ficolins (i.e. L-ficolin,
M-ficolin, and H-ficolin). As mentioned above, MBL is
a member of the collectin family of proteins and
thereby exists as an oligomer of subunits composed of
identical polypeptide chains each of which contains a
cysteinerich, a collagen-like, a neck, and a
carbohydrate-recognition or lectin domain. MBL acts as
a pattern recognition molecule to recognize
carbohydrate moieties, particularly neutral sugars
such as mannose or N-acetylglucosamine (GIcNAc) on the
surface of pathogens via its globular lectin domain in
a calcium-dependent manner. Besides a role in the
complement system, MBL also acts as an opsonin to
facilitate the phagocytosis of bacterial, viral, and
fungal pathogens by phagocytic cells. In 



addition, other initiators of the lectin pathway
include the ficolins including L-ficolin, M-ficolin,
and H-ficolin (see e.g., Liu et al. (2005) J Immunol.,
175:3150-6). Similar to MBL, ficolins recognize
carbohydrate moieties such as, for example, N-acetyl
glucosamine and mannose structures. The activation of
the alternative pathway by MBL or ficolins is
analogous to activation of the classical pathway by
CIq whereby a single lectin molecule interacts with
two protease zymogens. In the case of the lectin
proteins, the zymogens are MBL- associated serine
proteases, MASP-I and MASP-2, which are closely
homologous to the CIr and CIs zymogens of the
classical pathway. Upon recognition of a PAMP by a
lectin protein, such as for example by binding to a
pathogen surface, MASP-I and MASP-2 are activated to
cleave C4 and C2 to form the MBL cascade C3
convertase. C3b then joins the complex to form the MBL
cascade C5 convertase. MASP activation is implicated
not only in responses to microorganisms, but in any
response that involves exposing neutral sugars,
including but not limited to tissue injury, such as
that observed in organ transplants. Like the
alternative cascade, the MBL cascade is activated
independent of antibody; like the classical cascade,
the MBL cascade utilizes C4 and C2 to form C3
convertase. Table 7 summarizes the proteins involved
in the lectin pathway of complement. Table 7:3.
Complement-Mediated Effector functions Regardless of
which initiation pathway is used, the end result is
the formation of activated fragments of complement
proteins {e.g. C3a, C4a, and C5a anaphylatoxins and
C5b-9 membrane attack complexes). These fragments
mediate several functions including leukocyte
chemotaxis, activation of macrophages, vascular
permeability and cellular lysis (Frank, M. and Fries,
L. Complement. In Paul, W. (ed.) Fundamental
Immunology, Raven Press, 1989). A summary of some
effector functions of complement products are listed
in Table 8. Table 8: Complement Effector Molecules and
Functions a. Complement-mediated lysis: Membrane
Attack Complex The final step of the complement
cascade by all three pathways is the formation of the
membrane attack complex (MAC) (Figure 1). C5 can be
cleaved by any C5 convertase into C5a and C5b. C5b
combines with C6 and C7 in solution, and the C5b67
complex associates with the pathogen lipid membrane
via hydrophobic sites on C7. C8 and several molecules
of C9, which also have hydrophobic sites, join to form
the membrane attack complex, also called C5b6789 or
C5b-9. C5b-9 forms a pore in the membrane through
which water and solutes can pass, resulting in osmotic
lysis and cell death. If complement is activated on an
antigen without a lipid membrane to which the C5b67
can attach, the C5b67 complex can bind to nearbycells
and initiate bystander lysis. A single MAC can lyse an
erythrocyte, but nucleated cells can endocytose MAC
and repair the damage unless multiple MACs are
present. Gram negative bacteria, with their exposed
outer membrane and enveloped viruses, are generally
susceptible to complement-mediated lysis. Less
susceptible are Gram positive bacteria, whose plasma
membrane is protected by their thick peptidoglycan
layer, bacteria with a capsule or slime layer around
their cell wall, or viruses which have no lipid
envelope. Likewise, the MAC can be disrupted by
proteins that bind to the complex before membrane
insertion such as Streptococcal inhibitor of
complement (SIC) and clusterin. Typically, the MAC
helps to destroy gram-negative bacteria as well as
human cells displaying foreign antigens (virusinfected
cells, tumor cells, etc.) by causing their lysis and
also can damage the envelope of enveloped viruses. b.
Inflammation Inflammation is a process in which blood
vessels dilate and become more permeable, thus
enabling body defense cells and defense chemicals to
leave the blood and enter the tissues. Complement
activation results in the formation of several
proinflammatory mediators such as C3a, C4a, and C5a.
The intact anaphylatoxins in serum or plasma are
quickly converted into the more stable, less active
C3a-desArg, C4a-desArg, or C5a-desArg forms, by
carboxypeptidase N. C3a, C4a and C5a, and to a lesser
extent their desArg derivatives, are potent bioactive
polypeptides, termed anaphylatoxins because of their
inflammatory activity. Anaphylatoxins bind to
receptors on various cell types to stimulate smooth
muscle contraction, increase vascular permeability,
and activate mast cells to release inflammatory
mediators. Among the three anaphylatoxins, C5a is the
most potent. C5a primarily acts on white blood cells,
and in particular neutrophils. C5a stimulates
leukocyte adherence to blood vessel walls at the site
of infection by stimulating the increased expression
of adhesion molecules so that leukocytes can squeeze
out of the blood vessels and into the tissues, a
process termed diapedesis. C5a also stimulates
neutrophils to produce reactive oxygen species for
extracellular killing, proteolytic enzymes, and
leukotrienes. C5a also can further amplify the
inflammatory process indirectly by inducing the
production of chemokines, cytokines, and other
proinflammatorymediators. C5a also interacts with mast
cells to release vasodilators such as histamine so
that blood vessels become more permeable. C3a also
interacts with white blood cells, with major effects
on eosinophils suggesting a role for C3a in allergic
inflammation. C3a induces smooth muscle contraction,
enhances vascular permeability, and causes
degranulation of basophils and release of histamine
and other vasoactive substances. C2a can be converted
to C2 ldnin, which regulates blood pressure by causing
blood vessels to dilate. Although technically not
considered an anaphylatoxin, iC3b, an inactive
derivative of C3b, functions to induce leukocyte
adhesion to the vascular endothelium and induce the
production of the pro-inflammatory cytokine IL- 1 via
binding to its cell surface integrin receptors. C5b-9
also indirectly stimulates leukocyte adhesion,
activation, and chemotaxis by inducing the expression
of cell adhesion molecules such as E-selectin, and
inducing interleukin-8 secretion (Bhole et al. (2003)
Crit Care Med 31(1): 97-104). C5b-9 also stimulates
the release of secondary mediators that contribute to
inflammation, such as for example prostaglandin E2,
leukotriene B4, and thromboxane. Conversion of the
human complement components C3 and C5 to yield their
respective anaphylatoxin products has been implicated
in certain naturally occurring pathologic states
including: autoimmune disorders such as systemic lupus
erythematosus, rheumatoid arthritis, malignancy,
myocardial infarction, Purtscher's retinopathy, sepsis
and adult respiratory distress syndrome. In addition,
increased circulating levels of C3a and C5a have been
detected in certain conditions associated with
iatrogenic complement activation such as:
cardiopulmonary bypass surgery, renal dialysis, and
nylon fiber leukaphoresis. Elevated levels of C4a
anaphylatoxin is associated with the autoimmune
disorders mentioned above. c. Chemotaxis Chemotaxis is
a process by which cells are directed to migrate in
response to chemicals in their environment. In the
immune response, a variety of chemokines direct the
movement of cells, such as phagocytic cells, to sites
of infection. For example, C5a is the main chemotactic
factor for circulating neutrophils, but also can
induce chemotaxis of monocytes. Phagocytes will move
towards increasingconcentrations of C5a and
subsequently attach, via their CRl receptors, to the
C3b molecules attached to the antigen. The chemotactic
effect of C5a, observed with basophils, eosinophils,
neutrophils, and mononuclear phagocytes, is active at
concentrations as low as 10 10M. 



d. Opsonization An important action of complement is
to facilitate the uptake and destruction of pathogens
by phagocytic cells. This occurs by a process termed
opsonization whereby complement components bound to
target bacteria interact with complement receptors on
the surface of phagocytic cells such as neutrophils or
macrophages. In this instance, the complement effector
molecules are termed opsonins. Opsonization of
pathogens is a major function of C3b and C4b. iC3b
also functions as an opsonin. C3a and C5a increase the
expression of C3b receptors on phagocytes and increase
their metabolic activity. C3b and, to a lesser extent,
C4b help to remove harmful immune complexes from the
body. The C3b and C4b attach the immune complexes to
CRl receptors on erythrocytes. The erythrocytes then
deliver the complexes to fixed macrophages within the
spleen and liver for destruction. Immune complexes can
lead to a harmful Type III hypersensitivity e.
Activation of the Humoral Immune Response Activation
of B cells requires ligation of the B cell receptor
(BCR) by antigen. It has been shown, however, that
complement plays a role in lowering the threshold for
B cell responses to antigen by up to 1000-fold. This
occurs by the binding of C3d or C3dg, complement
products generated from the breakdown fragments of C3,
to CR2 receptors on B-lymphocytes which can co-ligate
with the BCR. Co-ligation occurs when antigenic
particles, such as for example immune complexes,
opsonized with C3d binds the CR2 receptor via C3d as
well as the BCR through antigen. Coligation of antigen
complexes also can occur when C3d binds to antigens
enhancing their uptake by antigen presenting cells,
such as dendritic cells, which can then present the
antigen to B cells to enhance the antibody response.
Mice deficient in CR2 display defects in B cell
function that result in reduced levels of natural
antibody and impaired humoral immune responses.4.
Complement Receptors The recognition of complement
effector molecules by cells for the initiation of
effector functions such as chemotaxis and opsonization
is mediated by a diverse group of complement
receptors. The complement receptors are distributed on
a wide range of cell types including erythrocytes,
macrophages, B cells, neutrophils, and mast cells.
Upon binding of a complement component to the
receptor, the receptors initiate an intracellular
signaling cascade resulting in cell responses such as
stimulating phagocytosis of bacteria and secreting
inflammatory molecules from the cell. For example, the
complement receptors CRl and CR2 which recognize C3b,
C4b, and their products are important for stimulating
chemotaxis. CR3 (CDl lb/CD18) and CR4 (CDl lc/CD18)
are integrins that are similarly important in
phagocytic responses but also play a role in leukocyte
adhesion and migration in response to iC3b. The C5a
and C3a receptors are G protein-coupled receptors that
play a role in many of the proinflammatory- mediated
functions of the C5a and C3a anaphylatoxins. For
example, receptors for C3a, C3aR, exist on mast cells,
eosinophils, neutrophils, basophils and monocytes and
are directly involved in the pro-inflammatory effects
of C3a. 5. Complement Regulation Although the
complement system is beneficial to the host by
protecting against foreign pathogens, the production
of inflammatory mediators can be toxic and damaging
leading to a wide variety of inflammatory disease
conditions as discussed below. Likewise, although most
of the active proteases of the complement system are
zymogens that only become activated locally upon
cleavage, nearly all components of complement are
spontaneously activated at low rates in serum and thus
their activity needs to be minimized. Consequently,
regulatory proteins of the complement system have been
identified. Their primary functions are to regulate
the activity of complement activating molecules for
prevention of excessive complement activation and
autolytic destruction of host tissues. These
complement regulators are either soluble plasma
proteins or integral membrane proteins expressed on a
variety of cell types. The former include C4b binding
protein (C4bp) and Factor H. The latter include the
C3b/C4b receptor (Complement receptor 1, CRl, CD35),
membrane cofactor protein (MCP, CD46), and decay
accelerating factor (DAF, CD55). Theseproteins possess
many structural similarities. Each is composed of
multiple short consensus repeats (SCRs) of
approximately 60 amino acids in length having
conserved cysteine, glycine and proline residues. The
genes encoding these proteins have been localized to
chromosome 1 and are collectively known as the
regulators of complement activation (RCA) gene cluster
(Hourcade et al. (1989) Adv. Immunol. 45:381). Cl
inhibitor (ClINH) is a serine proteinase inhibitor or
serpin which dissociates activated CIr and CIs from
CIq, limiting the time the complex is active. ClINH
also blocks spontaneous activation of Cl by plasma
proteases. Deficiency in ClINH is associated with
serious sudden edema (swelling) called Angioneurotic
Edema. Several inhibitory proteins dissociate the C3
and C5 convertases and promote degradation of C4b and
C3b by Factor I, a plasma protease. Factor I
circulates in an active form but it is only able to
cleave C3b and C4b when they are bound to a cofactor
protein. Factor I cleaves C3b leading to the
production of iC3b, C3c, C3d, C3f, and C3dg thereby
permanently inactivating C3b, although the degradation
products can act as effector molecules, since, for
example, iC3b acts as an opsonin. C4b is inactivated
upon cleavage into C4c and C4d. The inhibitory
proteins that serve as cofactors for Factor I include
plasma proteins C4 binding protein that dissociates
classical C3 convertase, and Factor H that dissociates
alternative C3 convertase, and membrane proteins
Complement Receptor 1 (CRl), Decay Accelerating Factor
(DAF), and Membrane Cofactor Protein (MCP) that
inhibit the activity of both pathways. Cofactors for
Factor I regulate its activity. For example, human
cells produce Factor H that binds to C3b and allows
Factor I to inactivate C3b. On the other hand,
substances such as LPS on bacterial cells, which
otherwise do not express Factor I cofactors,
facilitate the binding of Factor B to C3b and this
protects the C3b from inactivation by Factor I, Other
membrane and plasma proteins block the formation of
MAC on host cells to prevent the inappropriate
insertion of MAC into membranes. Several plasma
proteins, such as the soluble protein C8b, bind to the
C5b67 complex and inhibit its insertion into the cell
membrane. Host cell membranes also contain a
membranebound protein called HRF (CD59, protectin)
which inhibits the binding of C9 toC5b678 to prevent
formation of the membrane attack complex on autologous
or allogenic cells. Factor I Factor I (fl) is one of
several serine proteases (also including factor D,
MBLassociated serine protease (MASP)-2, CIs, CIr,
factor B, and C2) of the complement system that play a
role in the generation and amplification of the
complement cascade reactions. All of the complement
serine proteases share domain homology with the
trypsin family and share some of the structural
attributes that determine substrate specificity. The
C-terminus of Factor I is made up of a trypsin-like
serine protease light chain that, based on homology to
other serine proteases, contains the residues that
form the His-Asp-Ser catalytic triad. Additionally,
residues are present that define the specificity
pocket (D ) and the extended substrate binding site S
,W , and G529 (based on numbering of the mature
protein in the absence of the signal peptide, see for
example, Tsiftsoglou et al., (2005) Biochemistry
44:6239). 



Factor I plays a role in modulating complement
activation by cleaving C3b and C4b, components of the
C3 convertase in the classical, alternative, and
lectin pathways thereby inactivating the pathways.
Cleavage of fl substrates, C3b and C4b, requires a
conformational change in the substrates caused by the
formation of a thioester bond. For example,
proteolytic activation of C3 to C3b by convertase
results in a conformational change from the latent
form to the C3b form which leads to reaction of an
intramolecular thiolester with nucleophiles, such as
water, thereby rendering C3b susceptible to fl
cleavage (Ogata et al, (1998) J Immunol 161:4785).
Reaction of the thioester with water can occur in the
absence of convertase cleavage, giving a hydrolyzed
inactive form of C3 and C4 termed iC3 and iC4. For
example, the iC3 species is a mimic of C3b; iC3 is
sensitive to fl cleavage and can substitute for C3b in
the C3 and C5 convertases. Generally, cleavage of the
C3b and C4b substrates by Factor I requires the
formation of a ternary complex with a cofactor
protein, such as factor H or C4-binding protein, and
MCP. Cleavage of synthetic substrates by Factor I,
however, does not require the presence of cofactors
(Tsiftsoglou et al, (2004) J Immunol 173:367-375).
Cleavage by fl is restricted to cleavage of arginyl
bonds in the substrate, fl cleavage sites in C3 are
LPSR (SEQ IDNO: 388) and SLLR (SEQ ID NO: 389) and a
cleavage site in C4 is HRGR (SEQ ID NO:390). 6.
Complement-Mediated Diseases and Disorder By virtue of
the pivotal role of the complement system in the
etiology of diseases and disorders, the system can
serve as a point of therapeutic intervention in such
diseases and disorders. The proteases provided herein
target this system and permit modulation thereof. The
skilled artisan understands the role of the complement
system in disease processes and is aware of a variety
of such diseases. The following is a discussion of
exemplary diseases and the role of the complement
system in their etiology and pathology. Modulation of
the complement system by the proteases provided herein
can serve to treat such diseases. Diseases can involve
complement activation or inhibition. a. Disease
mediated by Complement activation The complement
cascade is a dual-edged sword, causing protection
against bacterial and viral invasion by promoting
phagocytosis and inflammation. Conversely, even when
complement is functioning normally, it can contribute
to the development of disease by promoting local
inflammation and damage to tissues. Thus, pathological
effects are mediated by the same mediators that are
responsible for the protective roles of complement.
For example, the anaphylactic and chemotactic peptide
C5a drives inflammation by recruiting and activating
neutrophils, C3a can cause pathological activation of
other phagocytes, and the membrane attack complex can
kill or injure cells. In one example, such as in many
autoimmune diseases, complement produces tissue damage
because it is activated under inappropriate
circumstances such as by antibody to host tissues. In
other situations, complement can be activated
normally, such as by septicemia, but still contributes
to disease progression, such as in respiratory
distress syndrome. Pathologically, complement can
cause substantial damage to blood vessels
(vasculitis), kidney basement membrane and attached
endothelial and epithelial cells (nephritis), joint
synovium (arthritis), and erythrocytes (hemolysis) if
it is not adequately controlled.Complement has a role
in immuno-pathogenesis of a number of disorders,
including autoimmune diseases such as rheumatoid
arthritis (see, e.g., Wang et al. (1995) Proc. Natl.
Acad. ScL U.S.A. 92:8955-8959; Moxley et al. (1987)
Arthritis & Rheumatism 30:1097-1 104), lupus
erythematosus (Wang et al. (1996) Proc. Natl. Acad.
Sd. U.S.A. 90:8563-8568; and Buyon et al (1992)
Arthritis Rheum. 35:1028- 1037) and acute
glomerulonephritis (Couser et al. (1995) JAm Soc
Nephrol. 5:1888- 1894). Other pathologies that involve
activation of the complement system include sepsis
(see, e.g., Stove et al. (1996) Clin DiagLab Immunol
3:175-183; Hack et al. (1989) Am.J.Med. 86:20-26),
respiratory distress syndrome (see, e.g., Zilow et al.
(1990) Clin.Exp.Immunol. 79:151-157; and Stevens et
al. (1986) J.Clin.Invest. 77:1812-1816), multiorgan
failure (see, e.g., Hecke et al. (1997) Shock 1:1A;
and Heideman et al. (1984) J.Trauma 24:1038-1043) and
ischemia-reperfusion injury such as occurs in
cardiovascular disease such as stroke or myocardial
infarct (Austen WG et al. (2003) Int J Immunopathol
Pharm 16(l):l-8). Some exemplary examples of
complement-mediated disease are described below. i.
Rheumatoid arthritis Rheumatoid arthritis (RA) is a
chronic inflammatory illness. It is an autoimmune
disease in which the immune system attacks normal
tissue components as if they were invading pathogens.
The inflammation associated with rheumatoid arthritis
primarily attacks the linings of the joints. The
membranes lining the blood vessels, heart, and lungs
also can become inflamed. RA is characterized by
activated B cells and plasma cells that are present in
inflamed synovium, and in established disease lymphoid
follicles and germinal centers. This results in high
levels of local immunoglobulin production and the
deposition of immune complexes, which can include IgG
and IgM rheumatoid factors, in the synovium and in
association with articular cartilage which can serve
as initiators of the complement cascade. Elevated
levels of complement components, such as C3a, C5a, and
C5b-9 have been found within the inflamed rheumatoid
joints. These complement components can exacerbate the
inflammation associated with RA by inducing a variety
of proinflammatory activities such as for example,
alterations in vascular permeability, leukocyte
chemotaxis, and the activation and lysis of multiple
cell types.ii. Sepsis Sepsis is a disease caused y a
serious infection, such as a bacterial infection,
leading to a systemic inflammatory response. The
bacterial cell wall component, lipopolysaccharide, is
often associated with sepsis, although other
bacterial, viral, and fungal infections can stimulate
septic symptoms. Septic shock often results if the
natural immune system of the body is unable to defend
against an invading microorganism such that, for
example, the pro-inflammatory consequences of the
immune response is damaging to host tissues. The early
stages of sepsis are characterized by excessive
complement activation resulting in increased
production of complement anaphylatoxins, such as C3a,
C4a, and C5a which act to increase vascular
permeability, stimulate superoxide production from
neutrophils and stimulate histamine release. The
actions of C5a can contribute to a productive immune
response to a bacterial infection, but if left
unregulated, C5a also can be severely damaging. In an
E.co/z-induced model of inflammation, blockade of C5a
improved the outcome of septic animals by limiting
C5a-mediated neutrophil activation that can lead to
neutrophil-mediated tissue injury. The continued
impairment of the innate immune response to a
bacterial infection often leads to chronic sepsis or
septic shock, which can be life-threatening. In the
late stage of sepsis, it is the "dormant" activity of
neutrophils, as opposed to the hyperactivity that
occurs in the early phases, that contributes to
continued disease. In the late stage, the major
functions of neutrophils including chemotaxis,
respiratory burst activity, and ability for bacterial
killing are reduced. Complement, and in particular
C5a, also play a role in the later stages of sepsis.
Excessive production of C5a during sepsis is
associated with the "deactivation" of blood
neutrophils, a process that has been linked to
C5a-induced downregulation of its own receptor, C5aR,
on 



neutrophils (Guo et al. (2003) FASEBJ 13:1889). The
reduced levels of C5aR on neutrophils correlates with
a diminished ability of blood neutrophils to bind C5a,
impaired chemotactic responses, a loss of superoxide
productions, and impaired bactericidal activity. C5aR
levels, however, can begin to "recover" at later
stages of sepsis and correlate with instances of
beneficial disease outcome.iii. Multiple Sclerosis
Multiple sclerosis (MS) and its animal model
experimental allergic encephalomyelitis (EAE) are
inflammatory demyelinating diseases of the central
nervous system (CNS). In MS, inflammation of nervous
tissue causes the loss of myelin, a fatty material
which acts as a sort of protective insulation for the
nerve fibers in the brain and spinal cord. This
demyelination leaves multiple areas of scar tissue
(sclerosis) along the covering of the nerve cells,
which disrupts the ability of the nerves to conduct
electrical impulses to and from the brain, producing
the various symptoms of MS. MS is mediated by
activated lymphocytes, macrophages/microglia and the
complement system. Complement activation can
contribute to the pathogenesis of these diseases
through its dual role: the ability of activated
terminal complex C5b-9 to promote demyelination and
the capacity of sublytic C5b-9 to protect
oligodendrocytes (OLG) from apoptosis. iv. Alzheimer's
disease Alzheimer's disease (AD) is characterized by
tangles (abnormal paired helical filaments of the
protein tau, which normally binds to microtubules) and
plaques (extracellular deposits composed primarily of
beta-amyloid protein) within the brain. Although, it
is not entirely clear the what the precise cause of AD
is, chronic neuroinflammation in affected regions of
AD brains suggest that proinflammatory mediators can
play a role. The tangles and plaques within an AD
brain are deposited with activated complement
fragments, such as for example, C4d and C3d. Likewise,
dystrophic neurites in AD brain can be immunostained
for MAC, indicating autocatalytic attack of these
neurites and concomitant neurite loss in AD.
Activation of complement in AD occurs by an
antibody-independent mechanism induced by aggregated
beta-amyloid protein. Further, the complement cascade
can be activated by the pentraxins, C-reactive protein
(CRP), and amyloid P (AP) which are all upregulated in
AD (McGeer et al, (2002) TrendsMoI Med 8:519). The
activation of complement in AD, marked by increases in
complement mediators, is not adequately controlled by
a compensatory upregulation of complement regulatory
proteins such as, for example, CD59. Thus, the
proinflammatory consequences of complementactivation
exacerbates AD disease progression and likely
contributes to neurite destruction. v.
Ischemia-Reperfusion Injury Ischemia-reperfusion
injury is the injury sustained after an ischemic event
and subsequent restoration of blood flow and results
from the inflammatory response to a hypoxic insult.
Ischemia-reperfusion damage can be acute as during
cardiac surgery procedures, such as for example
following open heart surgery or angioplasty, or
chronic as with congestive heart failure or occlusive
cardiovascular disease. Examples of injuries that can
cause ischemia-reperfusion injury include myocardial
infarct (MI) and stroke. The initiation of an
inflammatory response is likely caused by the increase
in tissue oxygen levels that occur with reperfusion
and the concomitant accumulation of metabolites that
can generate oxygen free radicals which are
immunostimulatory. It is associated with a variety of
events including severity of myocardial infarction,
cerebral ischemic events, intestinal ischemia, and
many aspects of vascular surgery, cardiac surgery,
trauma, and transplantation. The injury is manifested
by inflammatory events of the innate immune system,
particularly activation of the complement system, in
response to newly altered tissue as non-self. As such
ischemia-reperfusion injury is characterized by tissue
edema caused by increased vascular permeability, and
an acute inflammatory cell infiltrate caused by influx
of polymorphonuclear leukocytes. Activation of the
complement system plays a role in the inflammatory
events of ischemia-reperfusion injury. The ischemia
injury results in alterations of the cell membrane,
affecting lipids, carbohydrates, or proteins of the
external surface such that these exposed epitopes are
altered and can act as neo-antigens (modified self
antigens). Circulating IgM recognize and bind the
neo-antigens to form immune complexes on the injured
cell surface. The antigen-antibody complexes formed
are classic activators of the classical pathway of
complement, although all pathways are likely involved
in some way to the exacerbating effects of the injury.
The involvement of the classical pathway of complement
to ischemia-reperfusion injury is evidenced by mice
genetically deficient in either C3 or C4 that display
equal protection from local injury in a hindlimb and
animal model of injury (Austen et al.(2003) Int J
Immunopath Pharm 16:1). Conversely, in a kidney model
of ischemia injury, C3-, C5-, and C-deficient mice
were protected whereas C4-defcient mice were not,
suggesting the importance of the alternative
complement pathway (Guo et al. (2005) Ann Rev Immunol
23:821). Mediators induced upon complement activation
initiate an inflammatory response directed at the cell
membrane at the site of local injury. A major effector
mechanism of complement in ischemia-reperfusion injury
is the influx and activation of neutrophils to the
inflamed tissue by complement components, such as for
example C5a. Activation of neutrophils results in
increased production of reactive oxygen species and
the release of lysosomal enzymes in local injured
organs which ultimately results in apoptosis,
necrosis, and a loss or organ function. The generation
of the terminal MAC, C5b-9, also contributes to local
tissue injury in ischemia-reperfusion injury. b.
Disease mediated by Complement deficiencies The
development of disease also can occur due to the
absence of complement components that are important
for controlling infection. Complement deficiencies are
linked with frequent infections and immune complex
diseases. Deficiencies have been identified in all of
the complement factors except C9, including Factor D
and properdin. Deficiencies also have been identified
in the complement regulatory proteins C1INH, Factor I,
Factor H, DAF, and HRF. In general, deficiencies in
complement components result in increased bacterial
infections due to reduced opsonization and
phagocytosis. Typically, deficiencies in complement
components that function as opsonins, such as for
example C3b, result in increased susceptibility to
infection. For example, whereas individuals deficient
in any of the late components of complement are
relatively unaffected, individuals lacking C3 or any
of the molecules that catalyze C3b deposition show
increased susceptibility to infection by a wide range
of extracellular bacteria. Likewise, people deficient
in MBL, which normally functions as a traditional
opsonin and as the initiator of the lectin pathway of
complement following recognition of foreign pathogens,
have increased susceptibility to infection,
particularly during early childhood. The role of
deficiencies in the late components ofcomplement,
including C5-C9 that are involved in the formation of
the membrane attack complex, to bacterial infection is
more limited. Deficiencies in C5-C9 have only been
shown to be associated with susceptibility to
infection by Neisseria species, the bacteria that
causes gonorrhea and bacterial meningitis. Another
consequence of complement deficiency is immune complex
disease. Immune complex disease is caused by
complement-mediated inflammation in response to
persisting antigen-antibody complexes in the
circulation and the tissues. 



Since the early components of the classical complement
pathway initiate complement in response to the
recognition of antigen-antibody complexes,
deficiencies of these early components, such as for
example CIq, can cause significant pathology in
autoimmune disease such as systemic lupus
erythematosus. Deficiencies in complement regulatory
proteins such as Factor H, DAF, and HRF also can
result in complement-mediated disease. For example,
uncontrolled complement activation can result in
depletion of complement proteins resulting in an
increased infection by bacteria, particularly
ubiquitous pyogenic bacteria. This is the case in
genetic factor I deficiency where factor I is not
present and unable to inhibit the activation of the C3
convertase. Other examples include the complement
regulatory proteins DAF or HRF, which normally
function to protect a person's own cell surfaces from
complement activation, but when deficient result in
the destruction of host red blood cells resulting in
the disease paroxysmal nocturnal hemoglobinuria.
Deficiencies in Cl -inhibitor causes the disease
hereditary angioneurotic edema which is a result of
the unregulated activity of serine proteinase enzymes
including the complement components CIr and CIs, as
well as other serine proteinases such as factor XIIa
and kallikrein. The result of the unregulated activity
of these serine proteinases is the production of a
variety of vasoactive mediators, such as C2 kinin that
is produced by the activity of CIs and C2a, resulting
in fluid accumulation in the tissues and epiglottal
swelling that can lead to suffocation. C. PROTEASES
Provided herein are proteases and methods of using the
proteases to cleave (thereby inactivating) proteins
involved in disease processes. Typically, a protease
provided herein is a non-complement protease that does
not normally participate inthe complement pathways.
Exemplary proteases provided herein cleave any one or
more proteins or components of the complement pathway
and allelic variants thereof. Cleavage of a complement
protein can be an activating cleavage whereby the
activity of the complement pathway is enhanced, such
as by cleavage of a zymogen to an activated fopn of a
protease or cleavage of a complement protein into its
cleavage effector molecules. Cleavage of a complement
protein also can be an inhibitory cleavage whereby the
activity of the complement protein is diminished.
Provided herein are proteases that cleave a complement
protein in an inhibitory manner, thereby inhibiting
complement activation of any one or more of the
complement pathways. The proteases provided herein can
be used for modulating complement activation. A
protease provided herein can cleave any one or more
complement proteins in vitro or in vivo thereby
affecting complement activation in vitro or in vivo. A
protease can be any portion of a full-length protease
as long as the portion of the protease retains
proteolytic activity. For example, a protease can
include only the protease domain of a polypeptide or
any catalytically active portion thereof. The protease
domain can include a single chain protease domain
thereof and can be a fusion protein or a conjugate as
long as the resulting fusion protein or conjugate
retains proteolytic activity. If a protease, or
portion thereof, recognizes a substrate sequence
within a target protein or proteins, such as for
example a complement protein, (i) that would alter the
function i.e. by inactivation of the target protein(s)
upon catalysis of peptide bond hydrolysis, and (ii)
the target proteins(s) is a point of molecular
intervention for a particular disease or diseases,
than the engineered protease has a therapeutic effect
via a proteolysis-mediated inactivation event.
Complement activities that can be altered include, but
are not limited to, hemolysis of red blood cells
and/or the generation of effector complement cleavage
products such as but not limited to C3a, C3b, C4a,
C5a, C5b-9, and Bb. Biological activities of
complement can be altered in vitro or in vivo.
Generally, a complement activity is altered by a
protease at least 0.1, 0.5, 1, 2, 3, 4, 5, or 10 fold
compared to the absence of a protease. Typically, a
biological activity is altered 10, 20, 50, 100 or 1000
fold or more compared to the activity in the absence
of the protease. For purposes herein with reference
tocomplement activity, a protease modulates complement
activation or a complementmediated activity. A
protease provided herein can be from any one or more
of the serine, cysteine, aspartic, metallo-, or
threonine classes or proteases. A protease can be
tested to determine if it cleaves any one or more of
the complement proteins and/or it can be used as a
scaffold to make modifications in any one or more of
the amino acid residues that modulates specificity
towards a target substrate and/or modulates an
activity of a target substrate. Exemplary classes of
proteases and amino acid determinants that contribute
to substrate specificity are described below. 1.
Classes of Proteases Proteases (also referred to as
proteinases or peptidases) are protein-degrading
enzymes that recognize sequences of amino acids or a
polypeptide substrate within a target protein. Upon
recognition of the substrate sequence of amino acids,
proteases catalyze the hydrolysis or cleavage of a
peptide bond within a target protein. Such hydrolysis
of a target protein, depending on the location of the
peptide bond within the context of the full-length
sequence of the target sequence, can inactivate a
target. Proteases are classified based on the way they
attack the protein, either exo- or endo- proteases.
Proteinases or endopeptidases attack inside the
protein to produce large peptides. Peptidases or
exopeptidases attack ends or fragments of protein to
produce small peptides and amino acids. The peptidases
are classified on their action pattern: aminopeptidase
cleaves amino acids from the amino end:
carboxypeptidase cleaves amino acids from the carboxyl
end, dipeptidyl peptidase cleaves two amino acids;
dipeptidase splits a dipeptide, and tripeptidase
cleaves an amino acid from a tripeptide. Most
proteases are small from 21,000 to 45,000 Daltons.
Many proteases are synthesized and secreted as
inactive forms called zymogens and subsequently
activated by proteolysis. This changes the
architecture of the active site of the enzyme. Several
distinct types of catalytic mechanisms are used by
proteases ( Barret et al. (1994) Meth. Enzymol.
244:18-61; Barret et al. (1994) Meth. Enzymol 244:461-
486; Barret et al. (1994) Meth. Enzymol. 248:105-120;
Barret et al. (1994) Meth. Enzymol. 248:183-228).
Based on their catalytic mechanism, the
carboxypeptidasesare subdivided into serine-, metallo
and cysteine- type carboxypeptidases and the
endopeptidases are the serine-, cysteine-, aspartic-,
threonine- and metalloendopeptidases. Serine
peptidases have a serine residue involved in the
active center, the aspartic have two aspartic acids in
the catalytic center, cysteine-type peptidases have a
cysteine residue, threonine-type peptidases have a
threonine residue, and metallo-peptidases use a metal
ion in the catalytic mechanism. Generally, proteases
can be divided into classes based on their catalytic
activity such that classes of proteases can include
serine, cysteine, aspartic, threonine, or
metalloproteases. The catalytic activity of the
proteases is required to cleave a target substrate.
Hence, modification of a protease to alter the
catalytic activity of a protease could affect (i.e.
enhance specificity/ selectivity) the ability of a
protease to cleave a substrate. Each protease has a
series of amino acids that lines the active site
pocket and makes direct contact with the substrate.
Crystallographic structures of peptidases show that
the active site is commonly located in a groove on the
surface of the molecule between adjacent structural
domains, and the substrate specificity is dictated by
the properties of binding sites arranged along the
groove on one or both sides of 



the catalytic site that is responsible for hydrolysis
of the scissile bond. Accordingly, the specificity of
a peptidase is described by the ability of each
subsite to accommodate a sidechain of a single amino
acid residue. The sites are numbered from the
catalytic site, Sl, S2...Sn towards the N-terminus of
the substrate, and Sl', S2'...Sn' towards the
C-terminus. The residues they accommodate are numbered
Pl, P2...Pn, and Pl 1, P2'...Pn', respectively. The
cleavage of a target protein is catalyzed between Pl
and Pl ' where the amino acid residues from the N to C
terminus of the polypeptide substrate are labeled (Pi,
..., P3, P2, Pl, Pl', P2', P3', ..., Pj) and their
corresponding binding recognition pockets on the
protease are labeled (Si,..., S3, S2, Sl, Sl 1, S2',
S3',..., Sj) (Schecter and Berger (1967) Biochem
Biophys Res Commun 27:157-162). Thus, P2 interacts
with S2, Pl with Sl, Pl' with Sl', etc. Consequently,
the substrate specificity of a protease comes from the
S1-S4 positions in the active site, where the protease
is in contact with the P1-P4 residues of the peptide
substrate sequences. In some cases, there is little
(if any) interaction between the S1-S4 pockets of the
activesite, such that each pocket appears to recognize
and bind the corresponding residue on the peptide
substrate sequence independent of the other pockets.
Thus, the specificity determinants can be changed in
one pocket without affecting the specificity of the
other pocket. Based upon numerous structures and
modeling of family members, surface residues that
contribute to extended substrate specificity and other
secondary interactions with a substrate have been
defined for many proteases including proteases of the
serine, cysteine, aspartic, metallo-, and threonine
families (see e.g. Wang et al., (2001) Biochemistry
40(34): 10038-46; Hopfner et al., (1999) Structure
Fold Pes. 7(8):989-96; Friedrich et al. (2002) J Biol
Chem. 277(3):2160-8; Waugh et al., (2000) Nat Struct
Biol. 7(9):762-5; Cameron et al, (1993) J Biol Chem.
268:11711; Cameron et al, (1994) J Biol Chem. 269:
11170). A protease can be tested to determine if it
cleaves any one or more of the complement proteins
and/or it can be used as a scaffold to make
modifications in any one or more of the amino acid
residues that modulates specificity towards a
complement protein target substrate and/or modulates
an activity of a complement protein target substrate.
To make a modified protease with an altered substrate
recognition profile, the amino acids in the
three-dimensional structure that contribute to the
substrate selectivity (specificity determinants) can
be targeted for mutagenesis. Exemplary proteases
include, but are not limited to, any protease such as
a serine, cysteine, aspartic, metallo-, or threonine
protease as described below and provided herein. a.
Serine Proteases Serine proteases (SPs), which include
secreted enzymes and enzymes sequestered in
cytoplasmic storage organelles, have a variety of
physiological roles, including roles in blood
coagulation, wound healing, digestion, immune
responses and tumor invasion and metastasis. For
example, chymotrypsin, trypsin, and elastase function
in the digestive tract; Factor 10, Factor 11,
Thrombin, and Plasmin are involved in clotting and
wound healing; and CIr, CIs, and the C3 convertases
play a role in complement activation as discussed
above. A class of cell surface proteins designated
type II transmembrane serine proteases are proteases
which are membrane-anchored proteins with
extracellulardomains. As cell surface proteins, they
play a role in intracellular signal transduction and
in mediating cell surface proteolytic events. Other
serine proteases are membrane bound and function in a
similar manner. Others are secreted. Many serine
proteases exert their activity upon binding to cell
surface receptors, and hence, act at cell surfaces.
Cell surface proteolysis is a mechanism for the
generation of biologically active proteins that
mediate a variety of cellular functions. Serine
proteases, including secreted and transmembrane serine
proteases, are involved in processes that include
neoplastic development and progression. While the
precise role of these proteases has not been fully
elaborated, serine proteases and inhibitors thereof
are involved in the control of many intra- and
extracellular physiological processes, including
degradative actions in cancer cell invasion and
metastatic spread, and neovascularization of tumors
that are involved in tumor progression. Proteases are
involved in the degradation and remodeling of
extracellular matrix (ECM) and contribute to tissue
remodeling, and are necessary for cancer invasion and
metastasis. The activity and/or expression of some
proteases have been shown to correlate with tumor
progression and development. The activity of proteases
in the serine protease family is dependent on a set of
amino acid residues that form their active site. One
of the residues is always a serine; hence their
designation as serine proteases. For example,
chymotrypsin, trypsin, and elastase share a similar
structure and their active serine residue is at the
same position (Ser-195) in all three. Despite their
similarities, they have different substrate
specificities; they cleave different peptide bonds
during protein digestion. For example, chymotrypsin
prefers an aromatic side chain on the residue whose
carbonyl carbon is part of the peptide bond to be
cleaved (R-group colored blue below). Trypsin prefers
a positively charged Lys or Arg residue at this
position. Serine proteases differ markedly in their
substrate recognition properties: some are highly
specific (i.e. the proteases involved in blood
coagulation and the immune complement system); some
are only partially specific (i.e. the mammalian
digestive proteases trypsin and chymotrypsin); and
others, like subtilisin, a bacterial protease, are
completely non-specific. Despite these differences in
specificity, the catalytic mechanism of serine
proteases is well conserved.The mechanism of cleavage
of a target protein by a serine protease is based on
nucleophilic attack of the targeted peptidic bond by a
serine. Cysteine, threonine or water molecules
associated with aspartate or metals also can play this
role. In many cases the nucleophilic property of the
group is improved by the presence of a histidine, held
in a "proton acceptor state" by an aspartate. Aligned
side chains of serine, histidine and aspartate build
the catalytic triad common to most serine proteases.
For example, the active site residues of chymotrypsin,
and serine proteases that are members of the same
family as chymotrypsin, such as for example MT-SPl,
are AsplO2, His57, and Serl95. Over 20 families
(denoted S1-S27) of serine protease have been
identified, these being grouped into 6 clans (SA, SB,
SC, SE, SF and SG) on the basis of structural
similarity and other functional evidence (Rawlings ND
et al. (1994) Meth. Enzymol. 244: 19-61). There are
similarities in the reaction mechanisms of several
serine peptidases. Chymotrypsin, subtilisin and
carboxypeptidase C clans have a catalytic triad of
serine, aspartate and histidine in common: serine acts
as a nucleophile, aspartate as an electrophile, and
histidine as a base. The geometric orientations of the
catalytic residues are similar between families,
despite different protein folds. The linear
arrangements of the catalytic residues commonly
reflect clan relationships. For example the catalytic
triad in the chymotrypsin clan (SA) is ordered HDS,
but is ordered DHS in the subtilisin clan (SB) and SDH
in the carboxypeptidase clan (SC). Throughout the
chymotrypsin family of serine proteases, the backbone
interaction between the substrate and enzyme is
completely conserved, but the side chain interactions
vary considerably. The identity of the amino acids
that contain the S1-S4 pockets of the active site
determines the substrate specificity of that
particular pocket. Grafting the amino acids of one
serine protease to another of the same fold modifies
the specificity of one to the other. Typically, the
amino acids of the protease that contain the S1-S4
pockets are those that have side chains within 4 to 5
angstroms 



of the substrate. The interactions these amino acids
have with the protease substrate are generally called
"first shell" interactions because they directly
contact the substrate. There, however, can be "second
shell" and "third shell" interactions that ultimately
position the first shell amino acids. First shell and
second shell substratebinding effects are determined
primarily by loops between beta-barrel domains.
Because these loops are not core elements of the
protein, the integrity of the fold is maintained while
loop variants with novel substrate specificities can
be selected during the course of evolution to fulfill
necessary metabolic or regulatory niches at the
molecular level. Typically for serine proteases, the
following amino acids in the primary sequence are
determinants of specificity: 195, 102, 57 (the
catalytic triad); 189, 190, 191, 192, and 226 (Sl);
57, the loop between 58 and 64, and 99 (S2); 192, 217,
218 (S3); the loop between Cysl68 and Cysl80, 215, and
97 to 100 (S4); and 4 1 and 151 (S2'), based on
chymotrypsin numbering, where an amino acid in an Sl
position affects Pl specificity, an amino acid in an
S2 position affects P2 specificity, an amino acid in
the S3 position affects P3 specificity, and an amino
acid in the S4 position affects P4 specificity.
Position 189 in a serine protease is a residue buried
at the bottom of the pocket that determines the Sl
specificity. Structural determinants for various
serine proteases are listed in Table 9 with numbering
based on the to the numbering of mature chymotrypsin,
with protease domains for each of the designated
proteases aligned with that of the protease domain of
chymotrypsin. The number underneath the Cysl68-Cysl82
and 60' s loop column headings indicate the number of
amino acids in the loop between the two amino acids
and in the loop. The yes/no designation under the
Cysl91-Cys220 column headings indicates whether the
disulfide bridge is present in the protease. These
regions are variable within the family of
chymotrypsin-like serine proteases and represent
structural determinants in themselves. Modification of
a protease to alter any one or more of the amino acids
in the S1-S4 pocket affect the specificity or
selectivity of a protease for a target substrate.i.
MT-SPl Exemplary of the scaffold protease contemplated
for use in modulating complement activation or as a
scaffold for further modification to increase its
activity in modulating the complement pathway is
membrane-type serine protease MT-SPl (also called
matriptase, TADG-15, suppressor of tumorigenicity 14,
ST14); see SEQ ID NOS: 1, 2 and GenBank Accession Nos:
AFl 18224 and AAD42765; (1999) J. Biol. Chem.
274:18231-18236; U.S. Patent No. 5,792,616; see, also
Takeuchi (1999) PrVC Natl. Acad. Sd. U.S.A. 96:
11054-1 161 . The protein designated herein as an
exemplary scaffold is a 855 amino acid MT-SPl protease
(see SEQ ID NOS: 1 and 2). The nucleic acid molecule
whose sequence is set forth in SEQ ID NO:1 (see, also
Genbank AFl 18224) encodes the 855 amino acid MT-SPl
(SEQ ID NO: 2, GenBank AAD42765). It is multidomain
proteinase with a C-terminal serine proteinase domain
(Friedrich et al. (2002) J Biol Chem 277(3) :2 160). A
683 amino acid variant of the protease has been
isolated, but this protein appears to be a truncated
form or an ectodomain form.MT-SPl is highly expressed
or active in prostate, breast, and colorectal cancers
and it may play a role in the metastasis of breast and
prostate cancer. MTSPl also is expressed in a variety
of epithelial tissues with high levels of activity
and/or expression in the human gastrointestinal tract
and the prostate. Other species of MT-SPl are known.
For example, a mouse homolog of MT-SPl has been
identified and is called epithin. MT-SPl contains a
transmembrane domain, two CUB domains, four LDLR
repeats, and a serine protease domain (or peptidase Sl
domain) between amino acids 615-854 (set forth as SEQ
I NOS:9 and 10), which is highly conserved among all
members of the peptidase Sl family of serine
proteases, such as for example with chymotrypsin (SEQ
ID NOS:7 and 8). MT-SPl is synthesized as a zymogen,
and activated to double chain form by cleavage. In
addition, the single chain proteolytic domain alone is
catalytically active and functional. MT-SPl belongs to
the peptidase Sl family of serine proteases (also
referred to as the chymotrypsin family), which also
includes chymotrypsin and trypsin. Generally,
chymotrypsin family members share sequence and
structural homology with chymotrypsin. MT-SPl is
numbered herein according to the numbering of mature
chymotrypsin, with its protease domain aligned with
that of the protease domain of chymotrypsin and its
residues numbered accordingly. Based on chymotrypsin
numbering, active site residues are AsplO2, His57, and
Serl95. The linear amino acid sequence can be aligned
with that of chymotrypsin and numbered according to
the b sheets of chymotrypsin. Insertions and deletions
occur in the loops between the beta sheets, but
throughout the structural family, the core sheets are
conserved. The serine proteases interact with a
substrate in a conserved beta sheet manner. Up to 6
conserved hydrogen bonds can occur between the
substrate and enzyme. All serine proteases of the
chymotrypsin family have a conserved region at their
N-terminus of the protease domain that is necessary
for catalytic activity (i.e. IIGG, VVGG, or IVGG3where
the first amino acid in this quartet is numbered
according to the chymotrypsin numbering and given the
designation Ilel . This numbering does not reflect the
length of the precursor sequence).The substrate
specificity of MT-SPl in the protease domain has been
mapped using a positional scanning synthetic
combinatorial library and substrate phage display
(Takeuchi et al. (2000) J Biol Chem 275: 26333).
Cleavage residues in substrates recognized by MT-SPl
contain Arg/Lys at P4 and basic residues or GIn at P3,
small residues at P2, Arg or Lys at Pl, and Ala at Pl
' , Effective substrates contain Lys-Arg-Ser-Arg in
the P4 to Pl sites, respectively. Generally, the
substrate specificity for MT-SPl reveals a trend
whereby if P3 is basic, then P4 tends to be non-basic;
and if P4 is basic, then P3 tends to be non-basic.
Known substrates for MT-SPl, including, for example,
proteinase-activated receptor-2 (PAR-2), singlechain
uPA (sc-uPA), the proform of MT-SPl, and hepatocyte
growth factor (HGF), conform to the cleavage sequence
for MT-SPl specific substrates. MT-SPl can cleave
selected synthetic substrates as efficiently as
trypsin, but exhibit a more restricted specificity for
substrates than trypsin. The catalytic domain of
MT-SPl has the overall structural fold of a
(chymo)trypsin-like serine protease, but displays
unique properties such as a hydrophobic/acidic S2/S4
subsites and an exposed 60 loop. Similarly, MT-SPl
does not indiscriminately cleave peptide substrates at
accessible Lys or Arg residues, but requires
recognition of additional residues surrounding the
scissile peptide bond. This requirement for an
extended primary sequence highlights the specificity
of MT-SPl for its substrates. For example, although
MT-SPl cleaves proteinase activated receptor-2 (PAR-2)
(displaying a P4 to Pl target sequence of
Ser-Lys-Gly-Arg), the enzyme does not activate
proteins closely related to this substrate such as
PAR-I, PAR-3, and PAR-4 that do not display target
sequences matching the extended MT-SPl specificity
near the scissile bond (see Friedrich et al. (2002) J
Biol Chem 277: 2160). The protease domain of MT-SPl
(see, e.g, SEQ ID NOS: 9 and 10) is composed of a
pro-region and a catalytic domain. The catalytically
active portion of the polypeptide begins after the
autoactivation site at amino acid residue 6 11 of the
mature protein (see, e.g., SEQ ID NOS: 1 and 2 at RQAR
followed by the residues WGG). The Sl pocket of MT-SPl
and trypsin are similar with good complementarity for
Lys as well as Arg Pl residues, thereby accounting for
some 



similarities in substrate cleavage with trypsin. The
accommodation of the Pl -Lysresidues is mediated by
Ser190 whose side chain provides an additional
hydrogen bond acceptor to stabilize the buried
a-ammonium group (see Friedrich et al. (2002) J Biol
Cheni 211: 2160). The S2 pocket is shaped to
accommodate small to medium-sized hydrophobic side
chains of P2 amino acids and generally accepts a broad
range of amino acids at the P2 position. Upon
substrate binding, the S2 sub-site is not rigid as
evidenced by the rotation of the Phe" benzyl group.
Association of the substrate amino acids at positions
P3 (for either GIn or basic residues) and P4 (for Arg
or Lys residues) appears to be mediated by
electrostatic interactions in the S3 and S4 pockets
with the acidic side chains of Asp-217 and/or Asp-96
which could favorably preorient specific basic peptide
substrates as they approach the enzyme active site
cleft. The side chain of a P3 residue also is able to
hydrogen bond the carboxamide group of GIn192 or
alternatively, the P3 side chain can extend into the
S4 sub-site to form a hydrogen bond with Phe97 thereby
weakening the inter-main chain hydrogen bonds with
GIy216. In either conformation, a basic P3 side chain
is able to interact favorably with the negative
potential of the MT-SPl S4 pocket. The mutual charge
compensation and exclusion from the same S4 site
explains the low probability of the simultaneous
occurrence of Arg/Lys residues at P3 and P4 in good
MT-SPl substrates. Generally, the amino acid positions
of MT-SPl (based on chymotrypsin numbering) that
contribute to extended specificity for substrate
binding include: 146 and 151 (Sl'); 189, 190, 191,
192, 216, 226 (Sl); 57, 58, 59, 60, 61, 62, 63, 64, 99
(S2); 192, 217, 218, 146 (S3); 96, 97, 98, 99, 100,
168, 169, 170, 170A, 171, 172, 173, 174, 175, 176,
178. 179, 180, 215, 217, 224 (S4). Table 10 summarizes
the residues in MT-SPl for some of the amino acid
positions important for specificity interactions with
a targeted substrate. Typically, modification of an
MT-SPl protease to alter any one or more of the amino
acids in the extended specificity binding pocket or
other secondary sites of interaction affect the
specificity or selectivity of a protease for a target
substrate. Table 10: Structural determinants for
MT-SPl substrate cleavage Residues that Determine
Specificity S4 S3 S2 Slii. Granzyme B Granzyme B also
is exemplary of the scaffold proteases contemplated
for use in modulating complement activation or for
further modification to increase its activity in
modulating a complement pathway. Granzyme B is a
serine protease (Sltype) necessary for target cell
lysis in cell-mediated immune responses. Granzyme B is
linked to an activation cascade of caspases
(aspartate-specific cysteine proteases) responsible
for apoptosis execution and cleaves caspase-3,
caspase-7, caspase-9 and casrase-10 to give rise to
active enzymes mediating apoptosis. Granzyme B (SEQ ID
NO:3, GenBank #:M17016) encodes a 247 amino acid
polypeptide (SEQ ID NO: 4, GenBank #:P10144). The
precursor granzyme B polypeptide has a signal sequence
and propeptide activation peptide at amino acids 1 to
20. The mature granzyme B protein is characterized by
a peptidase Sl or protease domain at amino acids
21-245. Granzyme B is a member of the family of
chymotrypsin fold serine proteases, and has greater
than 50% identity to other members of the granzyme
family including granzymes C-G, cathepsin G, and rat
mast cell protease IL The protein is a sandwich of two
six stranded, anti-parallel beta-barrel domains
connected by a short alpha-helix. A substrate cleavage
site of wildtype granzyme B has a consensus
recognition site ofFV (P4)-E/Q/M (P3)-P/T (P2)-D (Pl).
These amino acids line the P1-P4 pocket of the
substrate for recognition and cleavage by granzyme B.
Generally granzyme B has a preference for cleaving
after Asp in its consensus recognition. The structural
determinants for granzyme B substrate cleavage have
been identified by the three-dimensional structure of
rat granzyme B (SEQ ID NOS: 5 and 6) in complex with
ecotin (IEPD), a macromolecular inhibitor with a
substrate-like binding loop (Waugh et al, (2000)
Nature Struct. Biol 7:762). The catalytic triad is
composed of AsplO2, His57 and Serl95. The surface
loops are numbered according to the additions and
deletions compared to alpha-chymotrypsin and represent
the most variable regions of this structural family.
Other structural determinants of specificityinclude
Lys 41, Ile99, Argl92, Asn218, Tyr215, Tyrl74, Leul72,
Arg226, and Tyrl51, by chymotrypsin numbering. The
other members of the granzyme family of serine
proteases share only two of these amino acids with
granzyme B. They are Tyr215 and Leul72, two residues
that vary very little across the entire structural
family. This indicates that while the sequence
identity of the granzymes is high, their substrate
specificities are very different. The structural
determinants for granzyme B substrate specificity are
listed in Table 11 with chymotrypsin numbering.
Typically, modification of a granzyme B protease to
alter any one or more of the amino acids in the
extended specificity binding pocket, or other
secondary sites of interactions, affects the
specificity or selectivity of a protease for a target
substrate including a complement protein target
substrate. Table 11: Structural determinants for
Granzyme B substrate cleavage The importance of
granzyme B structural determinants to specificity has
been profiled using a combinatorial substrate library
to determine the effect of a mutation on extended
specificity. Mutation of Ile99, Argl92, Asn218 and
Tyrl74 to the amino acid alanine have shown that Ile99
contributes to P2 specificity, Asn218 and Argl92 to P3
specificity, and Tyr 174 to P4 specificity. Since the
Pl specificity of a protease represents the majority
of its specificity, the modifications do not destroy
unique specificity of granzyme B towards Pl aspartic
acid amino acids but modulate specificity in the
extended P2 to P4 sites. For the P3 and P4 subsites,
mutations at Tyrl74, Argl92 and Asn218 did not
significantly affect the specificity. Y174A increases
the activity towards Leu at P4, but the rest of the
amino acids continue to be poorly selected. Rl 92A and
N218A both broaden the specificity at P3. Instead of a
strong preference for glutamic acid, Ala, Ser, GIu and
GIn are introduced into a modified protease. The
overall activity (koat/Km) of the mutant is less than
10% below the wild-type activity toward an ideal
wild-type substrate,N-acetyl-Ile-Glu-Pro-Asp-AMC
(7-amino-4-methylcoumarin) (Ac-IEPD-AMC). A greater
effect is observed at the P2 subsite. In wildtype
granzyme B, the preference is broad with a slight
preference for Pro residues. I99A narrows the P2
specificity to Phe and Tyr residues. Phe narrows
specificity by nearly 5 times over the average
activity of other amino acids at this position. Within
the chyrnotrypsin family of serine proteases, more
than a dozen proteases have a small residue at this
structural site, either an asparagine, serine,
threonine, alanine or glycine. From this group, two
proteases have been profiled using combinatorial
substrate libraries, (plasma kallikrein and plasmin),
and both show strong preferences towards Phe and Tyr.
These two results suggest that any serine protease
that is mutated to an Asn, Ser, Thr, GIy or Ala at
position 99 will show the same hydrophobic specificity
found in plasma kallikrein, plasmin and the I99A
granzyme B mutant. P2 specificity determinants can be
expanded to the contrasting mutation and substrate
preference. For example, nearly two dozen
chymotrypsin-fold serine proteases have an aromatic
amino acid at position 99. Four of these proteases
have been profiled using combinatorial substrate
libraries: human granzyme B, tissue type plasminogen
activator, urokinase type plasminogen activator, and
membrane type serine protease 1. All but granzyme B
have a preference for serine, glycine and alanine
amino acids at the substrate P2 position. 



b. Cysteine Proteases Cysteine proteases have a
catalytic mechanism that involves a cysteine
sulfhydryl group. Deprotonation of the cysteine
sulfhydryl by an adjacent histidine residue is
followed by nucleophilic attack of the cysteine on the
peptide carbonyl carbon. A thioester linking the new
carboxy-terminus to the cysteine thiol is an
intermediate of the reaction (comparable to the
acyl-enzyme intermediate of a serine protease).
Cysteine proteases include papain, cathepsin,
caspases, and calpains. Papain-like cysteine proteases
are a family of thiol dependent endo-peptidases
related by structural similarity to papain. They form
a two-domain protein with the domains labeled R and L
(for right and left) and loops from both domains form
a substrate recognition cleft. They have a catalytic
triad made up of the amino acids Cys25, Hisl59, and
Asnl75. Unlike serine proteases which recognize and
proteolyzea target peptide based on a beta-sheet
conformation of the substrate, this family of
proteases does not have well-defined pockets for
substrate recognition. The main substrate recognition
occurs at the P2 amino acid (compared to the Pl
residue in serine proteases). The substrate
specificity of a number of cysteine proteases (human
cathepsin L5V, K, S, F, B, papain, and cruzain) has
been determined using a complete diverse positional
scanning synthetic combinatorial library (PS-SCL). The
complete library contains Pl, P2, P3, and P4
tetrapeptide substrates in which one position is held
fixed while the other three positions are randomized
with equal molar mixtures of the 20 possible amino
acids, giving a total diversity of ~ 160,000
tetrapeptide sequences. Overall, Pl specificity is
almost identical between the cathepsins, with Arg and
Lys being strongly favored while small aliphatic amino
acids are tolerated. Much of the selectivity is found
in the P2 position, where the human cathepsins are
strictly selective for hydrophobic amino acids.
Interestingly, P2 specificity for hydrophobic residues
is divided between aromatic amino acids such as Phe,
Tyr, and Tip (cathepsin L, V), and bulkly aliphatic
amino acids such as VaI or Leu (cathepsin K, S, F).
Compared to the P2 position, selectivity at the P3
position is significantly less stringent. Several of
the proteases, however, have a distinct preference for
proline (cathepsin V, S, and papain), leucine
(cathepsin B), or arginine (cathepsin S, cruzain). The
proteases show broad specificity at the P4 position,
as no one amino acid is selected over others. The S2
pocket is the most selective and best characterized of
the protease substrate recognition sites. It is
defined by the amino acids at the following spatial
positions (papain numbering): 66, 61, 68, 133, 157,
160, and 205. Position 205 plays a role similar to
position 189 in the serine proteases - a residue
buried at the bottom of the pocket that determines the
specificity. The other specificity determinants
include the following amino acids (numbering according
to papain): 6 1 and 66 (S3); 19, 20, and 158 (Sl). The
structural determinant for various cysteine proteases
are listed in Table 12. Typically, modification of a
cysteine protease, such as for example a papain
protease, to alter any one or more of the amino acids
in the extended specificity binding pocket or other
secondary sites of interaction affect the
specificityor selectivity of a protease for a target
substrate including a complement protein target
substrate. c. Aspartic Proteases Aspartate proteases
include the digestive enzyme pepsin, some proteases
found in lysosomes, the kidney enzyme renin, and the
HIV-protease. Two aspartate residues participate in
acid/base catalysis at the active site. In the initial
reaction, one aspartate accepts a proton from an
active site H2O5which attacks the carbonyl carbon of
the peptide linkage. Simultaneously, the other
aspartate donates a proton to the oxygen of the
peptide carbonyl group. They can exhibit a variety of
specificities, but typically cleave between two
hydrophobic amino acids. Well defined S4, S3, S2, Sl,
Sl', S2', S3', and S4' subsite pockets for the amino
acid side chains of the substrate are hallmarks for
these enzymes (see e.g. Brinkworth et al, (2001) J
Biol Chem 276:38844). Exemplary aspartic proteases
include retroviral proteases, such as the human
immunodeficiency virus, type 1 (HIV-I) PR, or the
avian myeloblastosis/Rous sarcoma virus (AMV/RSV) PR
(Cameron et al, (1993) J Biol Chem. 268:1 171 1). The
PRs possess substrate binding pockets that contain at
least seven subsites (S4- S3') which interact with 7
amino acids of the substrate (P4-P3') (Cameron et al,
(1993) J Biol Chem. 268:11711; Cameron et al., (1994)
JBiol Chem. 269: 11170). Residues that contribute to
substrate specificity of the AMV/RSV PR include
P62,142, M73, R105', H7', Q63, RlO', D41, 164 (S4);
H65, V104', R105', G106', Q63, RlO', L35', D37' 5 G39,
D41, G66, 167, 1108', Rl I l (S3); 142, 144, H65, M73,
AlOO, A40, D41, 164, G66, 167', 1108 (S2); H65, V104',
R105', G106', S107', RlO', L35', D37', D37, G39, G66,
167, 1108' (Sl); H65', V104, R105, G106, S107, RlO,
L35, D37, D37', G39', G66', 167', 1108 (Sl'), 142',
144', H65\ M73', AlOO', V104', A40', D41', 164', Q66',
167, 1108' (S2'); and S38', H65', V104, Rl 05, G106,
Q63', RlO, L35, G39', D41', 164', G66', 167', 1108, Rl
Il' (S3'), where the amino acid residues in the second
subunit of the dimer are indicated by a prime.
Residues that contribute to substrate specificity of
the HIV-I PR include D30, V56, P81', R8', D29, 147
(S4); G48, T80', P81' V82', R8', \2V, D25', G27, D29,
G49, 150, 184', R87 (S3); D30, V32, G48, V56, L76,
A28, D29, 147, G49, 150', 184 (S2); G48, T80', P81',
V82', N83', R8', \1V D25', D25, G27, G49, 150, 184'
(Sl); G48', T80, P81, V82, N83, R8, L23, D25, D25',
G27', G49', 150', 184 (Sl'); D30', V32', G48', V56',
L76', T80' (S2'); and R8, L23, G27', D29', 147', G49',
150', 184, R87' (S3'), where the amino acid residues
in the second subunit of the dimer are indicated by a
prime. Typically, modification of an aspartic
protease, such as for example a retroviral protease,
to alter any one or more of the amino acids in the
extended specificity binding pocket, or other
secondary sites of interaction, affects the
specificity or selectivity of a protease for a target
substrate including a complement protein target
substrate. d. Metalloproteases Metalloproteases (also
called Zinc proteases) include the digestive enzymes
carboxypeptidases, various matrix metalloproteases
(MMPs) that are secreted by cells, ADAMs (a
disintegrin and metalloprotease domain), and lysosomal
proteases. These enzymes, including ADAMs and MMPs
have roles in embryonic development, cell growth and
proliferation, inflammatory responses, wound repair,
multiple sclerosis, arthritis, and cancer progression
and metastasis (Manzetti et ah, (2003) J of
Computer-AidedMoL Design, 17: 551). Some MMPs (e.g.,
collagenase) are involved in degradation of the
extracellular matrix during tissue remodeling. For
example, many of these enzymes can cleave components
of the basement membrane and extracellular matrix.
Some MMPs have roles in cell signaling relating to
their abilityto release cytokines or growth factors,
such as TNFa, TGFb, and interleukins, from the cell
surface by cleavage of membrane-bound pre-proteins. A
zinc binding motif at the active site of a
metalloprotease includes two histidine residues whose
imidazole side-chains are ligands to the Zn++. During
catalysis, the Zn++ promotes nucleophilic attack on
the carbonyl carbon by the oxygen atom of a water
molecule at the active site. An active site base (a
glutamate residue in carboxypeptidase) facilitates
this reaction by extracting a proton from the
attacking water molecule. Generally, these enzymes
have a common zinc binding motif (HExxHxxGxxH) in
their active site, and a conserved methionine turn
following the active site. Mutation of any one of the
histidines ablates catalytic activity. The active 



site specificity differs between metalloproteases to
accommodate different peptide backbones of substrates
around the scissile bond. A crucial molecular
determinant of MMP substrate specificity is the side
chain of the amino acid at the Pl' position. Thus, the
Sl ' subsite is important in determining the peptide
bond preference for cleavage. For example, the small
S1' pocket of MMP-1and MMP-7 promotes a preference for
small hydrophobic residues while other MMPs have large
Sl' pockets (Overall et al, (2002) MoI Biotech 22:51).
The S2 position also is a molecular determinant of
specificity. For example, between MMP-2 and MMP-9, the
S2 subsite is one of the few differences between the
catalytic clefts of the MMPs where the presence of
GIu412 in MMP-2 versus Asp410 in MMP-9 play important
roles in altering substrate specificity. In fact,
among the larger MMP family the GIu412 position is
highly variable where it is occupied by acidic
residues, large hydrophobic residues, and even
glycine. In contrast, most of the residues surrounding
the S2 subsite are strictly conserved among all MMPs
(Chen et al, (2003) J Biol Chem 278:17158). Other
molecular determinants of specificity are described in
Table 13 below (see e.g., Manzetti et al., (2003) J
Computer-Aided MoI Design 17:551). Typically,
modification of a metalloprotease, such as for example
a MMP or ADAM protease, to alter any one or more of
the amino acids in the extended specificity binding
pocket, or other secondary sites of interaction,
affect the specificity or selectivity of a protease
for a target substrate including a complement protein
target substrate.Table 13: The structural determinants
for various metalioproteases e. Threonine Threonine
proteases include the proteasome hydrolase. The
proteasome is a large barrel-shaped protein complex
made up of alpha and beta subunits. The beta subunits
supply the catalytic machinery found within the two
central rings of the complex. Typically, the mechanism
of catalysis of the catalytically active beta subunit
involves a conserved N-terminal threonine at each
active site. The beta subunits become activated when
the N-terminus is cleaved off, making threonine the
N-terminal residue such that catalytic threonines are
exposed at the lumenal surface. Hydrolysis is
initiated by attack of an amide bond by the hydroxyl
nucleophile on the catalytic machinery. The structural
determinants of specificity of the beta subunits of
the proteasome have been determined, such as, for
example by using libraries of peptide-based covalent
inhibitors of the proteasome (see e.g., Groll et al.,
(2002) Chem Biol 9:655; Zhang et al., (2003) EMBOJ 22:
1488). D. SCAFFOLD PROTEINS Scaffold proteins are
provided. Scaffold proteins include any wild-type
protease so long as they are non-complement proteases,
and also include allelic or species variants, or
catalytically active portions thereof. The scaffold
proteases can be used to target (i.e. cleave) any one
or more complement pathway substrates. Typically, such
cleavage results in inactivation of a complement
pathway. In some instances, such cleavage can result
in activation of complement. Hence, such scaffold
proteases can be used as therapeutics by targeting
complement pathway substrates to, for example, inhibit
complement activation which is associated with the
etiology of various diseases or disorders. Scaffold
proteins also are any proteins that can be modified to
cieave a target substrate. Among them are scaffold
proteases, whosetarget substrate specificity can be
modified. Scaffold proteins, including proteases, can
be modified in any one or more amino acids such that
the resulting protease exhibits altered specificity or
selectivity for any one or more protein components of
the complement pathway and/or modulates an activity of
a complement protein or pathway. For example, a
modified protease can have an altered substrate
specificity such that the modified protease
preferentially cleaves a targeted substrate component
of the complement pathway compared to a non-targeted
substrate, such as for example a native substrate of a
wildtype scaffold protease. In one embodiment, the
specificity can be increased compared to the
specificity of a wildtype or scaffold protease for a
targeted substrate. In another example, a modified
protease can exhibit a selectivity for a complement
component such that the ability of a modified protease
to cleave a particular substrate is greater than any
other target substrate for which the modified protease
also can exhibit specificity. Additionally, a modified
protease can cleave a target substrate, such as for
example any one or more proteins of a complement
pathway, and modulate an activity of a complement
pathway. Exemplary scaffold proteases that can be used
to cleave any one or more complement protein or can be
used as a template to make modifications in the
protease to increase substrate specificity or activity
towards any one or more of the complement proteins are
described. Protease scaffolds include any
non-complement protease that is any one of the serine,
cysteine, aspartic, metallo-, or threonine classes of
proteases. Exemplary scaffold proteases are listed in
Table 14 and described herein. Protease scaffolds
include allelic variant and isoform of any one
protein, including the scaffold protease polypeptides
exemplified in any of SEQ ID NOS: 2, 4, 8, 71, 73, 75,
77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101,
103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123,
125, 127, 128, 130, 132, 134, 136, 138, 140, 142, 144,
146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166,
168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188,
190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210,
212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232,
234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254,
256, 258, 260, 262, 264, 266, 268, 269, 270, 272, 274,
276, 278, 280, 282, 284, 286, 287, 289, 291, 293, 295,
297, 373, 375, 377, 379, 381, 383, 385, 387, 544, 545,
547, 549, and 551.A scaffold protein or scaffold
protease can be produced or isolated by any method
known in the art including isolation from natural
sources, isolation of recombinantly produced proteins
in cells, tissues and organisms, and by recombinant
methods and by methods including in silico steps,
synthetic methods and any methods known to those of
skill in the art. Table 14 sets forth exemplary
scaffold proteases (see also e.g.,
www.merops.sanger.ac.uk). The sequence identifiers
(SEQ ID NO) for the nucleotide sequence and encoded
amino acid precursor sequence for each of the
exemplary candidate proteases is depicted in the
Table. The encoded amino acids corresponding to the
signal peptide or propeptide sequence to yield a
mature protein also are noted in the Table. In
addition, amino acids designating the protease domain
(i.e. peptidase unit) also are noted, as are the
active site residues that make up, for example, the
catalytic triad of the respective protease. Since
interactions are dynamic, amino acid positions noted
are for reference and exemplification. The noted
positions reflects a range of loci that vary by 2, 3,
4, 5 or more amino acids. Variations also exist among
allelic variants and species variants. Those of skill
in the art can identify corresponding sequences by
visual comparison or other comparisons including
readily available algorithms and software. Table 14:
Exemplary Scaffold Proteases22188/07218 Fitting for
Tube and Pipe Related Applications [0001] This
application claims the benefit of United States Patent
Application Publication No. 2006/0138774 (App. Serial
No. 11/255,499), filed on October 20, 2005, for
FITTING FOR TUBE AND PIPE WITH CARTRIDGE, the entire
disclosure of which is fully incorporated herein by
reference. This application also claims the benefit of
United States Patent Application Serial No.
11/375,843, filed on March 14, 2006, for TOOL FOR
PREPARING FITTING AND CONDUIT CONNECTION, the entire
disclosure of which is fully incorporated by
reference. 



Background of the Invention [0002] Flareless fittings
have been in use for decades for conduits such as
tubes and pipes. A flareless fitting is used to
connect or join two tube or pipe ends or to connect a
conduit end to another assembly such as a tank, a
valve, a manifold and so on. The applications are as
varied as the types of assemblies with which the
fittings are used. One very common type of flareless
fitting is a ferrule type fitting, hi a ferrule type
fitting, one or more ferrules are used to join or
connect a conduit end to a fitting member, typically
called a fitting body. The fitting body may then be
joined to (or be part of) another assembly, hi a
ferrule type fitting, the ferrule or ferrules must
establish a fluid tight seal, particularly under
pressure, as well as adequate grip of the conduit and
protection against vibration fatigue. High performance
fittings, such as are available from Swagelok Company,
Solon, Ohio, are capable of withstanding pressures
many times the rated pressure of the fitting without
leaking, without vibration fatigue and without conduit
blow out to the point that the conduit will burst
before a seal is compromised or the ferrule(s) can
lose their grip on the conduit. [0003] Ferrule style
fittings have an advantage over other end connections
in that they do not rely on any special preparation of
the tube or pipe end, other than low cost squaring and
deburring. This is because the ferrules create the
seals and tube grip.[0004] Flareless fittings that use
ferrules are commonly used in sophisticated chemical
processing apparatus because of their high
reliability. For example, in the semiconductor
industry, such fittings assure containment of
expensive or toxic chemicals. Typically, these
applications are high purity and therefore, rely on
conduits made of stainless steel or other low
corrosion, high strength alloys. [0005] Lower cost
markets, such as the automotive industry, have their
own performance requirements for fluid connections.
Most notably, automotive assembly requires simpler
assembly procedures. The automotive industry has
resisted using ferrule type fittings not only for cost
reasons, but also for assembly needs. Ferrules are
fairly small annular members that can be dropped or
lost in low cost, high throughput facilities. Typical
ferrule type fittings are also assembled by what is
commonly known as pull-up by turns. Two threaded
components, such as a nut and body, enclose the
conduit end and one or more ferrules. The assembly is
first tightened to a finger tight condition and then a
prescribed number of turns, such as one and a quarter
or one and a half turns, are used to pull-up the
fitting to its final assembled condition. The number
of turns is carefully prescribed to prevent over
torque or inadequate pull-up. The automotive industry
on the other hand typically wants to assemble parts by
torque. This allows a simple torque wrench or tool to
be used to make the final assembly with the assurance
that the fitting has been properly assembled. [0006]
The next generation of motor vehicles, especially for
passenger use, will likely be in the area of
alternative fuels such as high pressure hydrogen. The
pressure ratings that will be required significantly
exceed current rated pressure for ferrule type,
flareless fittings (although not the pressure
capability of high performance ferrule type, flareless
fittings.) For example, it is expected that gaseous
hydrogen will need to be contained at a pressure of
15,000 psi (15ksi). Current flareless tube fittings
are rated below lOksi. [0007] For current high
pressure flareless fittings, the material used for the
fluid components of the fitting, in at least some
applications, must be hardened. To this end, the block
of material from which the fitting body is made may be
a material hardened by heat treating or, in the
example of an austenite stainless steel, may be
manufactured from work hardened bar stock. For a
straight union fitting, manufacturing the fitting from
work hardened bar stock is suitable. More complex
configurations, such as elbows and tee shapes,
however,require substantially larger blocks of
material. For these types of fittings, a substantial
amount of material must be removed, which can drive up
manufacturing costs. [0008] Some threaded tube
fittings, on the other hand are made from compact
forgings which save material and cost. The use of
forged fitting components is well accepted for low
pressure applications. The forging process, however,
can cause material annealing which eliminates any
prior work hardening. Thus, forged components are
typically unsuitable for high pressure applications.
Summary of the Invention [0009] In accordance with an
inventive aspect of the application, a fitting is
provided with a first component that has a portion
adapted to at least partially retain a conduit
gripping device hi one embodiment, an exemplary tube
fitting includes a male threaded nut and a female
threaded body, a front ferrule and a back ferrule. The
nut includes a socket at one end that at least
partially retains the ferrules. [0010] In accordance
with another inventive aspect of the application, a
fitting assembly may include a tool for retaining a
conduit gripping device to a first fitting component
as an assembly prior to joining the first fitting
component to a second fitting component, hi one
embodiment, a tool provides a portion for retaining
one or more components of a fitting assembly prior to
assembly to a conduit end, and a portion for
protecting or at least partially covering at least one
of the fitting component or the conduit end after the
fitting component has been assembled to the conduit
end. Brief Description of the Drawings [0011] FIG. 1
is a half longitudinal cross-section of a fitting;
[0012] FIGS. IA, IB, and 1C illustrate different
thread options for the fitting components of the
exemplary fitting shown in FIG. 1; [0013] FIG. 2 is an
enlarged half longitudinal cross section of a first
ferrule of the exemplary fitting shown in FIG. 1;I.-
[0014] FIG. 3 is an enlarged half longitudinal cross
section of a second ferrule of the exemplary fitting
shown in FIG. 1; [0015] FIG. 4 is a cross section of a
nut of the exemplary fitting shown in FIG. 1; [0016]
FIG. 5 is a partial cross section of the nut of FIG.
4, enlarged in the area of the cartridge; [0017] FIG.
6 is a partial cross section of a body of the
exemplary fitting shown in FIG. 1; [0018] FIG. 7 is a
half longitudinal cross-section of the exemplary
fitting shown in FIG. 1 in a finger tight condition,
enlarged in the area of the ferrule; [0019] FIG. 8 is
a half longitudinal cross-section of the exemplary
fitting shown in FIG. 1 in a pulled-up condition,
enlarged in the area of the ferrule; [0020] FIG. 9 is
a graph of illustrative data for torque versus nut
displacement for the exemplary fitting shown in FIG.
1; [0021] FIG. 10 is a longitudinal cross section of
the nut and two ferrules of the exemplary fitting
shown in FIG. 1 where the nut and two ferrules are
installed on a tool; [0022] FIG. 11 is a perspective
view of the tool shown in FIG. 10; [0023] FIGS. 12A-B
are partial side cross-sectional views of the
exemplary fitting shown in FIG. 1 illustrating various
steps in the use of the tool for making-up the
fitting; [0024] FIG. 13 is a half longitudinal
cross-section a fitting shown in a finger tight
condition; [0025] FIG. 13A is a half longitudinal
cross-section of another fitting shown in a
finger-tight condition; [0026] FIG. 14 is a half
longitudinal cross-section of the exemplary fitting
shown in FIG. 13 in a pulled-up condition, enlarged in
the area of the ferrule; [0027] FIG. 14A is a half
longitudinal cross-section of the exemplary fitting
shown in FIG. 13A in a pulled-up condition, enlarged
in the area of the ferrules;[0028] FIG. 15 is a cross
section of a nut; [0029] FIG. 16 is a partial cross
section of the nut of FIG. 15, enlarged in the area of
the cartridge; [0030] FIG. 17 is an enlarged half
longitudinal cross section of a first ferrule of the
exemplary fitting shown in FIG. 13; 



[0031] FIG. 18 is an enlarged half longitudinal cross
section of a second ferrule of the exemplary fitting
shown in FIG. 13; [0032] FIG. 19 is a half
longitudinal cross-section of a fitting shown in a
finger tight condition; [0033] FIG. 20 is a half
longitudinal cross-section of the exemplary fitting
shown in FIG. 19 in a pulled-up condition, enlarged in
the area of the ferrule; [0034] FIG. 2 1 is a half
longitudinal cross-section of another fitting shown in
a finger tight condition; [0035] FIG. 22A is a top
view of a drive tool for use with the exemplary
fitting shown in FIG. 21; [0036] FIG. 22B is a side
view of the drive tool of FIG. 22B; [0037] FIG. 22C is
a perspective view of another drive tool for use with
the exemplary fitting shown in FIG. 21; [0038] FIG.
22D is a perspective view of the drive tool of FIG.
22C in an assembled condition; [0039] FIG. 23 is a
half longitudinal cross-section of another fitting
shown in a pulled-up condition; [0040] FIG. 24 is a
half longitudinal cross-section of another fitting
shown in a finger tight condition, enlarged in the
area of the ferrule;[0041] FIG. 25 is a half
longitudinal cross-section of another fitting shown in
a finger tight condition, enlarged in the area of the
ferrule; [0042] FIG. 26 is a half longitudinal
cross-section of another fitting shown in a finger
tight condition, enlarged in the area of the ferrule;
[0043] FIG. 27 is a half longitudinal cross-section of
another fitting shown in a finger tight condition,
enlarged in the area of the ferrule; [0044] FIG. 28 is
a cross section of a nut and ferrules assembled to a
tool; [0045] FIG. 29A is a perspective view of a tool
for retaining one or more components of a fitting
assembly; [0046] FIG. 29B is a perspective view of
another tool for retaining one or more components of a
fitting assembly; [0047] FIG 29C is a perspective view
of another tool for retaining one or more components
of a fitting assembly; [0048] FIG. 30 is a cross
sectional view of a nut and ferrules assembled to an
exemplary tool similar to the tool of FIG. 29A; [0049]
FIG. 31 is a perspective view of a nut, ferrules, and
tube end assembled to the exemplary tool of FIG. 29A;
[0050] FIG. 32 is a cross sectional view of a cover
portion of the exemplary tool and fitting assembly of
FIG. 31; [0051] FIG. 33 is a cross sectional view of a
nut and ferrules assembled to a tool; [0052] FIG. 34
is a cross sectional view of a nut, ferrules and tube
end assembled to a cover portion of the exemplary tool
of FIG. 33; [0053] FIG. 35 is a cross sectional view
of a nut and ferrules assembled to a tool;[0054] FIG.
36 is a cross sectional view of a nut, ferrules and
tube end assembled to a cover portion of the exemplary
tool of FIG. 35; [0055] FIG 37 is a perspective view
of a nut and ferrules assembled to a two piece tool;
[0056] FIG. 38 is a cross sectional view of the
exemplary tool and nut and ferrules of FIG. 37; and
[0057] FIG. 39 is a cross sectional view of a nut,
ferrules, and tube end assembled to one piece of the
two piece tool of FIG. 37. Detailed Description of the
Invention [0058] While the invention is described
herein with specific reference to a variety of
structural and material features, such descriptions
are intended to be exemplary in nature and should not
be construed in a limiting sense. A tool in accordance
with the invention can be used with any fitting that
includes fitting components to be held together for
assembly, including but not limited to the fittings
disclosed in the present application, such as, for
example, single ferrule tube fittings, two ferrule
tube fittings, male threaded tube fittings with female
threaded nuts, and female threaded tube fittings with
male threaded nuts. For example, the exemplary
embodiments are described primarily in terms of a
stainless steel tube fitting for automotive
applications. Those skilled in the art, however, will
readily appreciate that any one or more of the aspects
and features of the invention may be used outside of
the automotive industry, can be used with materials
other than stainless steel and can be used with many
conduits including, but not limited to, tube or pipe.
Moreover, many of the aspects of the invention may be
used for lower pressure fittings, or the higher rated
pressure concepts disclosed herein may be used in a
fitting even when the fitting itself will be used in a
lower pressure application. Still further, the
exemplary embodiments herein illustrate what is
commonly known as a female-style fitting, meaning that
a female (i.e. internally) threaded component receives
and abuts the conduit end. Many aspects of the
invention will find application in male-style fittings
as will be apparent to those skilled in the art. The
invention will also find application for fitting
assemblies that do not require threaded connections
between the fitting components, for example clamped or
bolted fittings may be used. The invention will also
find application far beyond the exemplary embodiments
herein as to connections that can be made to a wide
and everexpansive variety of fluid components
including, but not limited to, other conduits, flow
control devices, containers, manifolds and so on. As
such, the terms "tube" and "conduit" are used broadly
herein and are intended to encompass all fluid
components to which such fitting connections described
herein may be assembled, including, but not limited
to, metal tubing and pipe, plastic tubing and pipe,
valve, fitting, and manifold end connections, and
clamp ends. [0059] While various aspects of the
invention are described and illustrated herein as
embodied in combination in the exemplary embodiments,
these various aspects may be realized in many
alternative embodiments, either individually or in
various combinations and sub-combinations thereof.
Unless expressly excluded herein all such combinations
and sub-combinations are intended to be within the
scope of the present invention. Still further, while
various alternative embodiments as to the various
aspects and features of the invention, such as
alternative materials, structures, configurations,
methods, devices, software, hardware, control logic
and so on may be described herein, such descriptions
are not intended to be a complete or exhaustive list
of available alternative embodiments, whether
presently known or later developed. Those skilled in
the art may readily adopt one or more of the aspects,
concepts or features of the invention into additional
embodiments within the scope of the present invention
even if such embodiments are not expressly disclosed
herein. Additionally, even though some features,
concepts or aspects of the invention may be described
herein as being a preferred arrangement or method,
such description is not intended to suggest that such
feature is required or necessary unless expressly so
stated. Still further, exemplary or representative
values and ranges may be included to assist in
understanding the present invention however, such
values and ranges are not to be construed in a
limiting sense and are intended to be critical values
or ranges only if so expressly stated. [0060] Although
various embodiments are described herein with specific
reference to the fitting components being made of
stainless steel, such description is intended to be
exemplary in nature and should not be construed in a
limiting sense. Those skilled in the art will readily
appreciate that the invention may be realized using
any number of different types of metals material for
the fitting components, as well as metal tubing
materials, including but not limited to 316, 316L,
304, 304L, any austenitic or ferritic stainless steel,



any duplex stainless steel, any nickel alloy such as
HASTALLOY, INCONEL, MONEL,alloy 825, alloy 625, any
precipitation hardened stainless steel such as 17-4PH
for example, brass, copper alloys, any carbon or low
allow steel such as 12Ll 4 steel for example. An
important aspect of the choice of materials is that
the tube gripping device preferably should be case or
through hardened to a ratio of at least 3.3 and
preferably 4 or more times harder that the hardest
tubing material that the fitting will be used with.
Therefore, the tube gripping device need not be made
of the same material as the tubing itself. For
example, the tube gripping device may be selected from
the stainless steel material noted above, or other
suitable materials that can be case hardened, such as
magnesium, titanium and aluminum, to name some
additional examples. [0061] In accordance with one
inventive aspect of the application, an exemplary
fitting may be provided for performance at a high
pressure rating without compromising leakage, grip and
vibration performance achieved by earlier two ferrule
tube fittings, even while in some embodiments using
lower cost manufacturing processes and materials. In
one embodiment, a male fitting component, such as a
nut, includes a structure, which constrains a tube
gripping device, such as a ferrule or ferrules. As a
result, the mating female fitting component need not
be formed from a hardened material. The application
thus contemplates, in accordance with additional
aspects, a high pressure fitting that utilizes a
fitting body of one material, with a mating nut that
is made of a harder material. For example, the body
may be annealed stainless steel and the nut may be
work hardened stainless steel. This combination can be
used in higher pressure applications that can have
rated pressures greater than 8 ksi, even greater than
12 ksi. This in part arises from the use of a nut that
has a hardness ratio relative to the body of about
1.3:1 to about 2:1 (Vickers scale) or greater. In
another embodiment, the ferrules are case hardened,
for example by a low temperature carburization process
to provide very hard ferrules. hi another embodiment,
the nut provides a secondary pressure seal against a
surface of the fitting body. [0062] To facilitate
proper assembly and installation of a fitting
including multiple components, such as, for example, a
ferrule style fitting connection, it may be
advantageous to store one or more fitting components
together as an assembly, such as, for example a
cartridge nut and ferrule set as a cartridge nut
assembly, thereby enabling quicker assembly of the nut
and ferrules to a fitting body and ensuring inclusion
of and proper orientation of the ferrule or ferrules.
In some applications, it may be desirable to
pre-assemble one ormore fitting components to a tube
or conduit end, thereby preparing a conduit assembly
to allow for quicker and/or easier pull-up of a fluid
connection at the conduit end in the future. For
example, in preparing a conduit for assembly to a
ferrule style fitting connection, a corresponding
fitting body or threaded tool may be tightened with
the nut to partially or fully tighten the ferrules to
the conduit, thereby retaining the nut and ferrules on
the conduit as a conduit assembly. By preparing this
conduit assembly in advance, the future assembly of a
fitting body to the conduit, nut, and ferrules may be
performed more quickly and with less torque applied.
This pre-tightened conduit assembly, with nut and
ferrules assembled to the tube end, may be stored or
transported for future installation in a fluid system.
Additionally, the conduit may be removed from a fluid
system by disassembling the nut from the fitting body,
with the nut and ferrules being retained on the
conduit end. The removed conduit assembly may be
stored or transported for future installation in the
same fluid system or in a different fluid system. In
either circumstance, it may be desirable to cover or
protect at least a portion of the conduit assembly,
either to protect the exposed surfaces from damage or
contamination, or, in the case of a conduit assembly
removed from service, to prevent fluid residue or
other contaminants from leaking out of the conduit
assembly. [0063] With reference to FIG. 1, an
exemplary fitting 10 includes a first fitting
component 12 that can be realized in the form of a
female threaded body having internal threads 14. The
first fitting component 12 joins or connects with a
second fitting component 16 that can be realized in
the form of a male threaded nut having external
threads 18 that threadably mate with the threads 14 of
the first component 12 when the fitting 10 is made-up
or assembled. Different thread options and
non-threaded coupling designs may be used for the
first and second fitting components. [0064] FIGS. IA,
B and C illustrate different thread options for a
threaded coupling between the body 12 and nut 16. Fig.
IA illustrates 30 from normal (i.e. 60 degrees
included angle) symmetrical thread flanks 19a and 19b.
Fig. IB illustrates the optional use of a buttress
thread design in which the thread flanks are
asymmetrical with one flank 19a typically in the range
of about 45 degrees and the adjacent flank in the
range of about 3 degrees to about 7 degrees from
normal. The buttress thread design provides high
strength loading on one side to help reduce flaring of
the nut during high torque assembly and in high
pressure applications. Fig. 1C illustrates the use of
acme threads wherein the flanks again aresymmetrical
but of a steeper angle such as about 3 degrees to
about 7 degrees from normal. The acme thread design
provides higher strength loading uniformly compared to
the 60 degrees threads. [0065] The fitting 10 further
includes a tube gripping device. Ferrules are an
example of a tube gripping device and, in this
example, two ferrules are included; a front or first
ferrule 20 and a back or second ferrule 22. The
fitting, however, can be designed for using a single
ferrule or alternative tube gripping device. The nut
16 and ferrules 20, 22 fit onto a conduit end T that
is received by the body 12. [0066] FIG. 2 is an
enlarged cross section of a first or front ferrule of
the exemplary fitting shown in FIG. 1. The first
ferrule 20 is a generally annular part with a
generally cylindrical interior wall 24 that slips over
the outer surface S of the tube end T (see FIG. 1).
The first ferrule 20 has an outer surface 26 that
tapers outwardly in a generally conical manner from a
forward portion 28 to a rearward portion 30. The
forward portion 28 may include a sharp front edge 32
and a rounded nose portion 34. The rearward portion 30
includes a frustoconical recess 36 that forms a
camming surface 38. The tapered outer surface 26 may
converge to an axially aligned flange 40 (wherein the
axis X is the central longitudinal axis of the conduit
and the fitting 10). [0067] FIG. 3 is an enlarged
cross section of a second or back ferrule of the
exemplary fitting shown in FIG. 1. The second ferrule
22 is a generally annular part with a generally
cylindrical interior wall 42 that slips over the outer
surface S of the tube end T (see FIG. 1). The second
ferrule 22 further includes a nose portion 46 and an
axially extending outer surface 44 that extends about
a rearward portion 48 of the ferrule. The nose portion
46 includes a sharp front edge 50 and a first tapered
portion 52 that extends toward the rear portion 48
from the sharp edge 50 at a rake angle a of about
fifteen degrees, for example. The first tapered
portion 52 merges or blends to a second tapered
portion 54 along a first curved portion 56 such as a
radius, for example. The second tapered portion 54
merges or blends to the axial portion 44 at a corner
or edge 58 which may alternatively be a radius. The
second tapered portion 54 extends at an angle b, such
as about thirty-five degrees, for example. [0068] The
second ferrule 22 further includes a back end portion
60 that has a driven surface 62. The driven surface 62
extends radially outwardly at an angle d, such as
about fiveIdegrees (referenced from normal to the axis
X), for example. The driven surface 62 merges or
blends with the axial portion 44 along a second curved
portion 64. [0069] FIGS. 4-5 illustrate a cross
section of a nut of the exemplary fitting shown in
FIG. 1. The nut 16 has an overall cylindrical
configuration defining a central bore 66 that receives
the tube end T during assembly. The nut 16 has a front
end 68 that defines a socket, recess or cage 70. The
socket 70 is defined by a cylindrical first portion 72
and a frusto-conical portion 74 that tapers radially
inwardly towards a back end 75 of the nut 16. The
frustoconical 



portion 74 forms a drive surface that contacts the
driven surface 62 of the second or back ferrule during
pull-up. The drive surface 74 is formed at an angle r,
such as about fifteen degrees, for example. Because
the angle Tis different from the angle d, the driven
surface 62 of the back ferrule 22 initially contacts
the drive surface 74 at the outer radius 64 (see FIG.
7). The difference angle F, where F = T - d, assures
that the initial contact between the nut 16 and the
second ferrule 22 is radially spaced from the tube end
T; thus, the contact between the driven and the drive
surfaces 62, 74 is not flush. [0070] The socket 70 is
formed within an axially extending and generally
cylindrical wall or cartridge 76. The cartridge 76 is
sized to retain the back ferrule 22 and at least a
portion of the rearward portion 30 of the front
ferrule 20 therein, to form a nut and ferrule assembly
or cartridge nut assembly 78 (see FIG. 10). The term
cartridge as used herein is a shorthand reference to
the concept of a fitting component, in this example a
male threaded nut 16 having a structure that can
retain one or more ferrules therewith even when the
assembly is uninstalled with the mating fitting
component. Thus, the cartridge nut assembly 78, which
includes the cartridge nut 16 and one or more ferrules
20, 22, may be used to retain the ferrules and nut
together when the assembly is either uninstalled or
only installed in the body 12 in a finger tight
condition. [0071] Many different techniques may be
used to retain the ferrule or ferrules 20, 22 within
the cartridge nut 16 prior to final pull-up or even
initial assembly into the mating fitting component.
For example, a non-contaminating glue or adhesive may
be used to hold the ferrules 20, 22 in place, with the
glue releasing its grip under the force of pull-up.
Alternatively, the cartridge wall 76 may be slightly
crimped radially inwardly to retain the ferrules 20,
22 therein. Still further, an adhesive may be used
that breaks down into alubricant upon pull-up to help
reduce pull-up torque. In an embodiment disclosed
herein, a tool is used to hold the parts together as a
cartridge nut assembly 78 (see FIG. 10). [0072] With
reference to FIG. 5, the cartridge 76 may include a
tapered portion 82 that tapers radially outwardly
towards the back end 75 of the nut 16. The tapered
portion 82 extends at an angle q, such as for example
about forty-five degrees. [0073] The nut 16 further
includes a tool engagement portion 80 that allows a
torque wrench or other tool to be used to tighten and
pull-up the fitting 10. The tool engagement portion 80
in the exemplary embodiment of FIG. 1 is realized as a
hex portion 80. The tool engagement portion 80 can be
formed in variety of ways. For example, the nut 16 may
include a key hole that allows a corresponding keyed
wrench to be used to tighten and pullup the fitting,
as described in relation to FIGS. 2 1 and 22A-D.
[0074] The nut 16 may further include a neck 77 of
somewhat reduced outer diameter between the threads 18
and the tool engagement portion 80. The neck 77 may be
used to provide an intrinsic gauging function to
verify proper pull-up for both pull-up by torque and
pull-up by turns. By intrinsic gauging is meant a
structure or feature associated with the fitting
itself (as contrasted with a separate tool or gauge)
that provides an indication to the assembler that the
fitting has been properly assembled and pulled up. A
large variety of structures or features can perform
the intrinsic gauging function, some examples of which
are disclosed in International Application No.
03/07739 and U.S. Patent Application No. 10/711,353,
and United States Patent No. 6,640,457 B2, the entire
disclosures of which are fully incorporated herein by
reference. A gap gauge may also be used in a known
manner to confirm proper pull-up of the fitting 10.
[0075] With reference to FIG. 6, the female threaded
body 12 is a generally cylindrical part centered on
the axis X. The body 12 has an opening 83 at a forward
end 84 adapted to receive the tube end T. A central
bore 86 extends through the body 12 and forms a port
88 which defines a fluid flow path. The port 88 may be
used to establish fluid communication with another
part such as a valve, tee, elbow, manifold, etc. It
should be noted that although the female threaded
fitting component 12 is shown as a separate stand
alone part, the features of the component by which it
can make a fluid connection with the male threaded
fitting component could, alternatively, be
incorporated into a bulk body 85 such as a manifold,
valve, pump, tank, and so on, commonly referred to as
a fluid port.[0076] The female body further includes a
counterbore 89 that forms a shoulder 90. The tube end
T bottoms against the shoulder 90 when received by the
body 12. The counterbore 89 may have a slight taper to
it to help form a seal about the tube end T upon
pull-up of the fitting 10. [0077] The female fitting
component 12 further includes a first tapered surface,
such as for example frusto-conical surface 92 and a
second tapered surface, such as for example
frustoconical surface 94. The first frusto-conical
surface 92 forms a first or ferrule camming surface in
the body 12 and may be axially adjacent the forward
end of the counterbore 89. The second frusto-conical
surface 94 forms a second or cartridge camming surface
in the body 12 and may be axially adjacent or near the
forward end of the first camming surface 92. The first
or ferrule camming surface is formed at an angle s.
The angle a may be selected to optimize the camming
action with the nose portion 34 of the first ferrule
20. In typical two ferrule and one ferrule fittings,
this angle is about twenty degrees but may be any
suitable value from about 10 degrees to about
forty-five degrees. [0078] The second or cartridge
camming surface 94 is formed at an angle p. hi this
example, the angle is about forty-five degrees, but
this angle is not required. The angles s and p may be
the same or different from each other hi the
illustrations herein, the angles are different,
therefore there is a radial step 96 that joins the two
camming surfaces 92, 94. This step may be radial or
may have its own angle or taper or other profile as
needed. [0079] The body 12 further includes female
threads 14 which threadably mate with the threads 18
on the male nut 16. It should be noted that the body
84 may also be formed into a cap by closing off or
eliminating the port 86, such as for example can be
used to cap the end of a fluid line. The body 12 may
be provided with hex flats to facilitate holding the
body while the nut 16 is being tightened down during
pull-up. Of course, pull-up involves relative axial
translation between the fitting components, the nut 16
and body 12, in this case effected by relative
rotation between the nut and body, regardless of which
fitting component is being held and which is being
turned. In a non-threaded coupling, pull-up involves
relative axial translation between the two fitting
components by means other than two threaded
components, such as for example two components forced
together by a clamping device.[0080] The body 12 may
also include a work hardened portion 8 1 formed
generally radially outward of the ferrules 20, 22. In
addition to being radially outward of the tube
gripping device 20, 22, the amount and location of
work-hardening can be selected, as appropriate, for a
given application. The work hardened portion
preferably extends from the forward end 84 of the
fitting body 12 to at least a location radially
outward of the radial step 96. The work hardening
portion, however, may extend, for example, to a
location radially outward of the rearward end of the
first camming surface 92 or extend the entire length
of the exterior surface of the body 12. The work
hardening is accomplished by plastically deforming the
material on an exterior portion of the fitting
component 12. The material can be plastically deformed
in a variety of ways. For example, the work hardening
may be accomplished by creating a series of generally
rolled circumferential ribs or by rolling an exterior
male thread 98 on the fitting body 12. [0081] FIGS. 7
and 8 illustrate the fitting 10, enlarged in the area
of the ferrules, in a finger tight condition and a
pulled-up condition, respectively. In the finger tight
condition of FIG. 7, the first or front ferrule nose
portion 28 is positioned partially within the camming
mouth formed by the ferrule camming surface 92. Note
that the back ferrule 22 engages the drive surface 74
of the nut 16 at the difference angle F. This assures
that during pull-up the back end portion 60 of the
second ferrule 22 will move or remain radially outward
from the outer surface S of the tube end T. At the
same time, the nose portion 46 of the back ferrule 22
is 



plastically deformed so that the sharp edge 50 bites
or indents into the tube surface S, producing a strong
tube gripping shoulder 100 and a fluid tight seal. The
ferrule nose 46 also hinges so that a portion 102 of
the cylindrical wall 42 is radially compressed against
the tube wall surface S to swage or collet the back
ferrule 22 against the surface axially spaced from the
bite 100. This region of high radial compression and
colleting of the back ferrule 22 provides excellent
protection of the bite or indent 100 from vibration.
The back ferrule 22 thus is designed to hinge in
deformation and effect upon pull-up the colleting
region 102 between the bite or indent 100 and the back
end 60 of the ferrule while having the back end
portion 60 moved radially outward or kept radially
outward from the outer surface S of the tube end T.
The exact location of the colleting region 102 will be
determined by, among other things, the size of the
ferrule 22. Li some cases, the collet region 102 can
be adjacent the bite or indent 100 while in other
cases the colleting region may occur axially spaced
from the bite or indent. The collet region 102 may in
some case be further characterized by a convex profile
that swages the tube end.I- [0082] The relative axial
translation between the two fitting components 12, 16
is performed so that the forward tapered surface 82 of
the cartridge 76 contacts and cams against the second
tapered surface 94 of the body 12. The contact between
the cartridge 76 and the v surface 94 produces a
coining like action so that the cartridge tapered
surface 82 forms a strong fluid tight seal against the
camming surface 94. At the same time, the front
ferrule surface, especially at the radius 34, forms a
seal against the first camming surface 92. The front
ferrule 20 may optionally swage or bite into the tube
wall S to provide tube grip. [0083] The primary
functions of the ferrules 20, 22 are to create fluid
tight seals and tube grip, along with resistance to
fatigue from outboard system induced vibration. The
front ferrule 20 is used primarily to provide a fluid
tight seal against the body 12 and the tube outer
surface S, while the back ferrule 22 is used for a
back-up seal against the tube outer surface S and to
provide excellent tube grip. The particular geometry
and operation of the ferrules, or a single ferrule in
such applications, can be selected as required for a
particular application and dependent on the types of
materials being used. The back ferrule 22, for
example, may be provided with one or more recesses in
the interior cylindrical wall 42 of the ferrule, and
the driven surface 62 of the ferrule may be contoured.
Still further, one or both of the ferrules 20, 22 may
be case hardened, for example by a low temperature
carburization process to provide very hard ferrules
that are corrosion resistant. The case hardening may
be applied over a portion or all of the ferrule
surface. A number of issued patents disclose such case
hardening and geometry concepts that may be applied to
the ferrules, such as United States Patent Nos.
6,629,708; 6,547,888; 6,165,597; and 6,093,303 issued
to the assignee of the present invention, the entire
disclosures of which are fully incorporated herein by
reference, as well as PCT International Publication
Nos. WO 02/0631 95A2 and WO 02/063 194A3 also
incorporated herein by reference. Such patents and the
concepts therein, however, are exemplary in nature as
to the present invention and should not be construed
in a limiting sense. Many different case hardening
processes and a wide variety of geometric
configurations may be used to properly control the
plastic deformation of the ferrules during pull-up to
assure adequate seal and tube grip. [0084] Under
elevated pressures, for example 15 ksi, the tube wall
will tend to be radially expanded, pushing outward on
the ferrules 20, 22. The cartridge 76 serves to
radially contain the ferrules 20, 22 and prevent loss
of seal and tube grip. Note that the body 12 does not
constrain much if any of the front ferrule 20. The
stress of containing the frontferrule 20 radially
under pressure is achieved by the cartridge 76, as is
the case with the back ferrule 22. This is significant
for reasons that will be discussed hereinbelow. Note
further, particularly in Fig. 1, that the optional
work hardened exterior 8 1 will also function to
contain higher pressure by radially constraining and
supporting the cartridge 76 in an assembled condition.
[0085] Upon pull-up, when the cartridge 76 engages the
second camming surface 94 in the body 12, not only
will the cartridge form a seal against fluid pressure,
but the assembler will also notice a sharp and
dramatic increase in pull-up torque. FIG. 9 is a graph
of illustrative data for torque versus nut 16
displacement. Note that in region A the torque rises
somewhat slowly and steadily as a result of the
ferrules 20, 22 plastically deforming while biting
into the tube T and camming against the body camming
surface 92 and the front ferrule camming surface 38.
As soon as the cartridge 76 contacts the second
camming surface 94 in the body 12, however, the torque
in region B increases sharply and dramatically. By
selecting an appropriate torque value that corresponds
to proper pull-up, the fitting 10 can be pulled-up by
torque rather than by turns. Thus, a simple torque
wrench can be used to make-up the fitting 10. Note
from FIG. 9 that the cartridge concept provides a very
tight or steep torque to nut displacement ratio. This
is in significant contrast to prior fittings wherein
the torque gradually increases as the ferrules deform.
Since too many factors can influence the gradual
torque readings, torque cannot always be used to
accurately gauge proper pull-up of prior fittings.
Instead prior fittings typically are pulledup by
counting turns or displacement of the nut relative to
the body. For example, region A in FIG. 9 shows that
torque can increase rather little over significant
displacement of the nut relative to the body, thus
preventing torque from correlating well with turns or
displacement. [0086] Angling the camming surface 94,
such as at the angle p, allows the fitting 10 to be r
e made. Each remake of the fitting 10 progresses the
cartridge subassembly further into the body for each
re-make, even if only slightly. For very sharp torque
increases, the angle p may approach ninety degrees
(relative to the axis X). This alternative arrangement
would provide a dramatic increase in torque for
pull-up by torque, but in some cases may lessen the
ability to remake the fitting 10 after the initial
pull-up.[0087] Referring to Fig. 8, as well as the
alternative embodiment of Figs. 14 and 2 1 for
example, the contact between the cartridge forward
surface 82 and the body tapered surface 94 to effect
pull-up by torque also produces a radial support of
the body for the cartridge after pull-up. This feature
of these embodiments when used further facilitates the
use of the fitting at higher pressures along with the
pull-up by torque functionality. [0088] Other
embodiments may be used to effect pull-up by torque
rather than having the cartridge 76 engage the body
12. For example, a ferrule can be designed to engage
the body in a manner to effect pull-up by torque, as
described below with regard to FIGS. 19- 20. hi
addition, any two generally radial surfaces of the nut
16 and the body 12 can be designed to engage upon
proper pull-up of the fitting 10 to provide the sharp
torque increase. For example, an exterior surface on
the fitting body may be designed to engage an exterior
surface of the nut upon complete pull-up. These
surfaces, as with the camming surface 94 and cartridge
tapered surface 82, may be angled to allow for remake
of the fitting. [0089] A fitting in accordance with
the invention may be used in pressure applications
below 12 ksi, even 8 ksi, but more notably may be used
as a higher pressure rated fitting above 8 ksi, even
above 12 ksi. A number of features and aspects of the
invention relate to the ability of the fitting to
withstand higher rated pressures, as will now be
discussed. [0090] Unlike traditional female style
fittings, the invention provides a fitting 10 in which
the ferrules 20, 22, and especially the front ferrule
20, are radially constrained against pressure by the
male fitting component rather than the female fitting
component, hi other words, the front ferrule 20
engages with the camming surface 92 in a manner
similar to prior female fitting designs, but is
radially constrained and held against pressure by the
cartridge 76. [0091] For fittings that are made of
stainless steel, the nut 16 can be a work hardened
part, such as can be machined from bar stock, for
example, because it must be strong enough to constrain
the ferrules 20, 22 under higher pressures. The female
body 12, however, does 



not need to be a formed from work hardened material
because it is not necessarily utilized to protect the
ferrules 20, 22 under pressure. Therefore, the body 12
may be formed from an annealed material, such as by
forging or casting, for example. Forming the fitting
body 12 by forging or casting, for example austenite
stainless steel, can be significantly less expensive
than forming it by machining from hardened bar stock.
This is especially true ifli the fitting body is (or
is part of) a complex shape, such as a tee or an
elbow. As a result, significant cost savings can be
realized with the present invention. Further,
austenite stainless steel, which cannot be hardened by
heat treating, can be utilized to form the body
without needing to work harden the steel. Forming the
body from austenite stainless steel is advantageous in
many applications due to its excellent corrosion
resistance. [0092] The ability to provide a fitting 10
that can function at higher pressure rating or working
pressures with an annealed body also greatly expands
its available applications. For example, the fitting
body 12 can be formed by providing a female port in a
variety of fluid components that are made of softer
annealed metals, such as pump housings, cylinder
heads, manifolds, tanks, and so on. Still a further
alternative embodiment, however, provides that the
body 12 may also be formed from work hardened material
or have a portion of the body work hardened, if so
required, particularly for even higher pressure
ratings or working pressures. [0093] Selectively work
hardening a portion of the fitting body 12 makes the
fitting withstand high internal pressures without
deformation or damage that would cause leakage of the
fitting 10. Thus, selectively work hardening the
fitting body provides a similar advantage to not
utilizing the body to protect the tube gripping device
20, 22 under pressure. Specifically, the body 12 may
be formed from an annealed material, rather than
hardened bar stock. Doing so results in a fitting 10
that can function at higher pressure rating or working
pressures but be realized at a significant cost
savings over prior high pressure fittings. [0094] If,
for example, the fitting 10 is to be rated at 15 ksi,
then it is, by industry convention, tested typically
under hydraulic pressure up to and exceeding four
times that pressure rating (a 4-to-l tube grip
performance factor), or 60 ksi. A statistically
significant number of fittings are tested up to and
exceeding 60 ksi to reliably predict with high
confidence that the fitting will go to at least four
times the prospective working pressure without
leakage. Applicants have found that the fitting 10 in
accordance with the present invention can hold
pressures up to about 75 ksi and greater, thus
providing at least a 5-to-l tube grip performance
factor. Thus, selectively work hardening a portion of
the fitting 10 also allows the use of a relatively
soft forging for the fitting body 20.[0095] As
described hereinabove, the fitting 10 may be
selectively work hardened by plastically deforming a
portion 8 1 of the fitting. A portion of the fitting
10, radially outward of the ferrules 20, 22, is work
hardened by rolling a set of circumferential ribs or
an external male thread 98 on the fitting body 12. The
work hardening can be performed concurrently with the
machining of the fitting body 12 or other part.
Specifically, a piece, such as the fitting body 12, is
typically machined on a multiple spindle machine
having multiple index positions at which various
machining operations are done sequentially. With one
of these operations being the rolling of the ribs or
thread 98, to work harden the fitting body 12, the
body need not be subjected to a separate work
operation (off the one machine) to harden it. The part
12 can be loaded once onto the machine, machined
including the work hardening to form the thread 98,
then unloaded. [0096] In addition, the male thread 98
that may be formed in the work hardening process can
provide a more useful configuration to the fitting 10.
In particular, the thread 98 can be used to attach
certain fitting enhancements to the fitting 12. For
example, one or more lock nuts can be threaded onto
the male thread 98 to further strengthen the fitting
10. Additional examples can include using the thread
98 to mount the fitting body 12 to a panel or to
attach a means that can support the tube T, assist
retaining the tube in the fitting 10, assist
attenuating the effects of outside tube vibration, or
other functions. [0097] The higher pressure rating, 15
ksi or higher, may be further achieved with the
fitting i 10 disclosed herein because of the ability
to case harden or carburize the ferrules. This allows
the ferrules 20, 22 to bite and seal against work
hardened conduits such as for example heavy walled
tubing or 1/8 hard or strain hardened material that is
needed for higher pressure applications. The fitting
10 provides a back ferrule 22 that has substantial
bulk material to make the ferrule stronger in gripping
the conduit as well as being able to bite into the
conduit. Still further, the seal formed by the
cartridge 76 against the second camming surface 94
provides a secondary or backup seal to the body seal
formed by the front ferrule 20 against the first
camming surface 92. The cartridge seal against the
second camming surface 94 may be facilitated by use of
the softer annealed body. [0098] The invention,
however, is not limited to use with stainless steel
materials. For example, the automotive industry,
especially for alternative fuel vehicles, may decide
to pursue carbon steel rather than stainless steel for
various fittings and conduits. TheIIinvention provides
advantages in the use of carbon steel as well, even
though carbon steel can be hardened by annealing.
These advantages include but are not limited to the
cartridge concept for easier assembly (to be described
further hereinbelow), providing a seal with the
cartridge against the body, and providing a fitting
that can be pulled up to torque rather than by turns.
[0099] FIG. 10 is a longitudinal cross section of the
nut 16 and two ferrules 20, 22 of the exemplary
fitting shown in FIG. 1 where nut and two ferrules are
installed on a tool 103. The tool 103 provides a
convenient way to hold the cartridge nut 16 and one or
more ferrules 20, 22 together as a single assembly 78
prior to make-up of a fitting 10. Thus, the assembly
78 and tool 103 together provide a single unit 104
that can be installed in a mating fitting component,
such as for example the female fitting component 12,
so that an assembler only needs to handle two fitting
parts. As a result, there are no loose ferrules to
assemble, and the ferrules can be installed at the
manufacturer to avoid installation errors. Other
techniques for providing a cartridge nut assembly such
as the use of an adhesive have been described
hereinabove. [00100] FIG. 11 illustrates a perspective
of an exemplary embodiment of the tool 103. With
reference to FIGS 10 and 11, the tool 103 includes a
head 105 that can be manually gripped or can be
gripped by a simple tool such as pliers. The tool 103
is a single plastic element but other materials may be
used as required. Flexible fingers 106a and 106b
extend from the head 105 and include at their
respective distal end, a raised lip 107a and 107b. The
lips 107a,b and head 105 define a slot or carriage 108
onto which the cartridge nut 16 and the ferrules 20,
22 can be installed. The flexible fingers 106a,b
radially compress enough to allow the nut 16 and then
the ferrules 20, 22 to move over the lips 107a,b
toward the head 105. Once past the lips 107a,b, the
fingers 106a,b snap back outward, thus retaining the
ferrules 20, 22 and nut 16 together on the tool 103 as
a single assembly 78. [00101] FIGS. 12A and 12B
illustrate various steps in the use of the tool 103 to
make up the fitting 10. To make up the fitting 10, the
assembly 78 is inserted into the female body 12 and
the assembler can easily use finger pressure to rotate
and threadably engage the nut 16 and the body 12 (or
rotate the nut into a female port in another body). As
the nut 16 is threaded into the body 12, the lips
107a,b will engage a surface inside the body 12,
inthis case the first camming surface 92. Further
axial displacement of the assembly 78 and tool 103
into the body 12 causes the fingers 106a,b to be
radially compressed due to a camming action against
the body 12. [00102] The continued axial displacement
of the assembly 78 and tool 103 causes the 



fingers 106a, 106b to compress sufficiently for the
lips 107a, 107b to be dimensionally smaller than the
inside diameter of the ferrules 20, 22 and the nut 16.
The tool 103 thus self disengages from the ferrules.
When this occurs, the tool 103 can be easily extracted
from the assembly 78 and body 12. Note that the tool
103 can be easily adapted to any size fitting, and
also can be color coded or provided with other indicia
to indicate information about the assembly 78, such as
the size, materials, pull-up torque and so on. For
example, a groove 109 or other suitable marking,
indicia or structure may be provided on the tool 103
to provide a visual indication to the user that the
fitting has been adequately made up in the finger
tight position to allow easy removal of the tool. As
illustrated in Fig. 12B, the forward ends of the lips
107a and 107b of the tool may optionally engage a
surface of the body 12 to retard further axial
advancement of the tool into the body 12. This event
will be readily identified by the operator as a
significant increase in torque so that the operator
tactually knows that the tool can be removed. [00103]
FIGS. 13-18 illustrate another exemplary fitting of
the present invention. Many of the functional features
of this embodiment are similar to the above embodiment
except as otherwise noted. The exemplary fitting 110
of FIGS. 13-18 includes a female threaded body 112 and
a male threaded nut 114. The body 112 includes a first
camming surface 116 and a second camming surface 118.
The second camming surface 118 engages with an angled
surface 120 on the interior end 122 of a cartridge 124
formed as part of the nut 114 during pull-up (FIG.
14). The angle q of the surface 120 may be about
forty-five degrees relative to the central
longitudinal axis X of the fitting 110, but other
angles may be used as required. In this embodiment,
however, the cartridge 124 includes a tapered or
conical wall 126 that forms a tapered socket 128 for a
back ferrule 130 and at least a portion of a front
ferrule 132. The tapered socket 128 provides for
easier withdrawal of the nut 114 during disassembly
because the ferrules can disengage from contact with
the wall 126 during withdrawal of the nut. The wall
126 may taper at an angle e of about five to about
twenty degrees relative to a central longitudinal axis
X but other angles may be used as required. The back
ferrule 130 may include a tapered outer wall portion
134 to facilitatedisassembly, and the front ferrule
132 may also include a tapered outer wall portion 136.
The back and front ferrule tapered outer walls 134,
136 may be formed at an angle suitable to achieve the
desired effect, for example, about five to about
twenty degrees relative to the axis X, but other
angles may be used as needed. Thus, the invention
contemplates a cartridge design in which upon
disassembly the entire assembly of the nut 114 and two
ferrules 130, 132 can be withdrawn or where the nut
can be separately removed. The inclusion of a tapered
socket may be especially useful for higher pressure
applications because the ferrules will not bind or
"weld" to the socket wall upon pull-up or application
of high pressure. The ferrules will disengage from the
tapered socket wall as the nut is withdrawn so that
torque will not be applied to the ferrules during
disassembly. This will help assure that a proper
remake of the fitting can be effected. [00104] Figs.
13A and 14A illustrate an alternative embodiment of
the invention. The embodiment shares some features
with the embodiment of FIGS. 13-18 and like reference
numerals are used to designate like features hi this
case, there is a front ferrule 132 a back ferrule 130,
a nut 114 and a body 112. The nut 114 includes a
forward cartridge 124 having a tapered or conical wall
126. The cartridge wall 126 is formed at an angle e
relative to the central longitudinal axis X of the
fitting. The front ferrule includes a contoured outer
wall portion 136 which in this example is formed at an
angle m relative to the longitudinal axis X. The angle
m may be equal or about equal to the angle e, but in
some cases it will be desirable to have m e. For
example, typically the back end of the front ferrule
tends to move radially away from the tube wall T
during pull-up due to forces applied by the back
ferrule 130. By including a difference angle w -e, the
contoured surface 136 will contact the cartridge wall
126 over a greater surface area, thus reducing stress
concentrations to help reduce the likelihood of the
front ferrule galling the surface 126 and 'sticking'
to the cartridge nut after re-makes. This is
especially so when the front ferrule is a hardened
part, such as having a case hardened surface. The
angle w may be any suitable angle, such as for example
two degrees, but may be greater or less than two
degrees for a particular design. The surface 136 thus
acts as a load bearing surface to support the ferrules
under high pressure and reduce galling with the
cartridge nut 114. [00105] The contoured surface 136
of the front ferrule may be formed as illustrated by a
generally radially extending flange 137. This provides
more bulk to the front ferrule andhoop strain load,
helping it to withstand higher pressures and to help
contain the back ferrule at higher pressures. [00106]
In many applications, the body and nut may be strain
hardened or annealed with selective strain hardening
(as described herein above), in order for the fitting
to support higher rated pressures. To further reduce
galling and sticking, the cartridge nut, and in
particular the interior surface 126 may be case
hardened such as using the processes described herein
above or other suitable case hardening process. The
processes described herein above in the incorporated
references are especially well suited as they provide
excellent corrosion resistance and very hard surfaces
to eliminate galling. In some applications the entire
nut 114 may be case hardened. This has the benefit of
helping to prevent the tube bore TB (see FIG. 14A) of
the nut 114 from collapsing onto the tube end T during
fitting remake. Up to fifty remakes or more without
galling have been observed using a body 114 that has
been case hardened as described herein. The case
hardened surface 126, especially a low temperature
carburized surface for example, may also eliminate the
need for expensive lubricants because a simple oil or
other suitable lubricant can be used with the oxide
formed on the case hardened surfaces. [00107] FIGS. 19
and 20 illustrate another embodiment of the present
invention wherein FIG. 19 is a longitudinal
cross-section of a fitting in a finger tight position
and FIG. 20 illustrates the fitting in the pulled-up
position. In this embodiment the fitting 150 includes
a nut 152 and body 154 that may be similar in design
to the embodiments described herein above hi this
embodiment, however, the axial length 155 of the
cartridge 156 is shortened because the cartridge 156
is only being used to retain the back ferrule 158. The
front ferrule 160 is no longer contained within the
cartridge 156. A tool, similar to the tool shown in
FIGS. 10-12, may be used to maintain a single
component assembly as in the above described
embodiments. [00108] hi this example, the front
ferrule 160 includes an enlarged radially extending
flange 162. The flange 162 is sized to fit within a
bore 164 of the fitting body 154. The flange 162
further includes a driven rear surface 166 and a seal
surface 168 at a forward portion 169 of the flange.
The seal surface 168 extends at an angle q, such as
about fortyfive degrees, for example. The seal surface
168 engages a first camming surface 170 of the body
154 during pull-up. This provides a dependable
secondary pressure seal and pull-upI to torque design
similar in function to the engagement of the front end
of the cartridge of the above embodiments. [00109] The
driven surface 166 in this example is generally radial
and engages the front end 172 of the cartridge 156
during pull-up so that the cartridge directly drives
the front ferrule 160 forward. The back ferrule 158
also drives the front ferrule 160 forward until the
cartridge 156 engages the front ferrule flange 162.
The front ferrule 160 further includes a tapered nose
portion 174 that engages a second camming surface 176
of the body 154. The flange 162 may be appropriately
dimensioned so that the flange is supported by the
body wall 178, particularly under pressure. The body
154, thus, may be formed of work hardened raw
material, or may have work hardening selectively
applied to an annealed body. [00110] FIG. 2 1 is a
half longitudinal cross-section of another exemplary
fitting of the 



present invention. In this embodiment, the fitting 180
includes a body 182 and ferrules 184, 186 that may be
similar in design to the embodiments described
hereinabove. In this embodiment, however, fitting 180
includes a different nut 188. The nut 188 has a
generally cylindrical configuration that defines a
passage 190 for receiving a tube end T. The nut 188
has an external thread 192 for engagement with the
internal thread 194 of a female fitting component,
such as the fitting body 182, for example. The nut 188
has a rear face or outer face 196 that includes one or
more key holes 198. Each key hole 198 is adapted to
receive and be driven by a key tab 200 of a keyed
drive tool 202, 202'. [00111] The keyed drive tool
202, 202' may take a wide variety of different forms.
Examples of suitable drive tools include, but are not
limited to, the drive tools 202, 202' shown in FIGS.
22A-D. Any drive tool that includes a keyed tab or
tabs configured to engage the hole or holes 198 in a
nut 188 may be used. [00112] In the embodiment
illustrated by FIGS. 22A and 22B, the drive tool is a
keyed wrench 202 having an elongated handle portion
203 with a generally rectangular crosssection. The
cross-sectional shape of the handle portion 203 can be
other than rectangular. For example, the handle
portion 203 could have an oval or circular cross
section. The key tab 200 extends from the handle
portion 203 at about a right angle. The key tab 200
may extend from the handle portion 203 at an angle
other than a right angle, though a right angleis
preferred. The key tab 200 is adapted to mate with the
key hole 198 to allow the keyed wrench 202 to rotate
the nut 188 sufficiently to pull up the fitting 180.
[00113] The key wrench 202 also includes a clearance
opening 204 extending along a central axis 206 of the
handle portion 203. The clearance opening 204 is sized
and positioned to allow the key wrench 202 to straddle
the conduit and engage the nut 188 without the tube
interfering. [00114] In an embodiment illustrated by
FIGS. 22C and 22D, the drive tool 202' is a hex tool
adapted to engage with the key holes 198 on the nut
188. The hex tool 202' allows the nut 188 to be
tightened or loosened with a more conventional hex
wrench. The hex tool 202' of the illustrated
embodiment includes two body halves 243a, 243b
provided with corresponding alignment pins 246a, 246b
and mating holes 245a, 245b for joining the two body
halves 243a, 243b. When joined, the two body halves
243a, 243b define an internal bore or clearance
opening 244 for receiving the tube T (see FIG. 21).
The two-piece construction of the hex tool 202' allows
the tool to be assembled around tubing for which a
free tube end is not accessible, such as tubing that
has already been installed in a fluid system. The
alignment pins 246a, 246b and mating holes 245a, 245b
may, but need not, be provided with a slight
interference fit to allow the body halves 243a, 243b
to remain joined once assembled around the
circumference of the tube T. Both body halves are
provided with protruding key tabs 240a, 240b that are
adapted to align with and be inserted into
corresponding key holes 198 in the nut 188, shown in
FIG. 21. [00115] To tighten or loosen the cylindrical
nut 188, the body halves 243a, 243b are joined around
the tube T and the tangs 240a, 240b are inserted into
the key holes 198. A hex wrench (not shown) is then
applied to the hex flats of the hex tool and turned in
a tightening or loosening direction to adjust the nut
188 accordingly. Upon completing the adjustment, the
hex tool 202' is removed from the fitting assembly to
prevent subsequent adjustments of the nut 188. [00116]
The length of the nut 188 is selected so that, when
the nut is fully screwed into the fitting body 182,
the rear face 196 of the nut 96 is flush with the end
of the body 182, or is recessed. There is no standard
hex configuration projecting from the fitting body
182. As a result, the chance of inadvertent loosening
or removal of the nut 188 is reduced since the ability
to disassemble the fitting 180 is restricted to only
those personnel that have thespecific keyed wrench
202. In addition, providing different positions for
the key hole 198 on the nut 188 may allow specific
products (sizes, etc.) to be manufactured in
combination with specific wrenches. [00117] Further,
because the nut 188 does not project from the fitting
body 182, the assembled fitting 180 is smaller. This
can be beneficial in applications in which space is at
a premium, for example, automotive applications.
Finally, the nut 188 is also beneficial as it may
allow for cost reduction, since the complete nut can
be silver plated (for lubrication of the threads 192)
without the need to selectively plate the threads or
to strip plating off of the hex area (as is done for
standard female nuts) for cosmetic effect. Thus,
silver platting can be accomplished by dipping the
entire nut 188. [00118] FIG. 23 is a half longitudinal
cross-section of another exemplary fitting of the
present invention shown in the pulled-up condition. In
this embodiment, the fitting 210 includes a body 212,
a nut 216, and ferrules 220 and 222 that may be
similar in design to the embodiments described
hereinabove. In this embodiment, however, body 212
includes an exterior camming surface 224 that engages
a tapered surface 226 on the nut 216 upon proper
pull-up. The exterior camming surface 224 may be
located on a forward end 228 of the body 212. The
tapered surface 226 of the nut 216, tapers outward
from the axis X away from the body 212. The tapered
surface 226 may be located, for example, on a tool
engagement portion such as a hex portion 230. [00119]
FIG. 24 is a half longitudinal cross-section of
another exemplary fitting of the present invention
shown in the finger tight condition. In this
embodiment, the fitting 250 includes a body 252, a nut
256, and a first ferrule 260 that may be similar in
design to the embodiments described hereinabove. In
this embodiment, however, the nut 256 includes an
integral ferrule 262 that can either replace the first
ferrule 260 or, as shown in FIG. 24, function as a
second ferrule. The geometry of the integral ferrule
262 (such as, for example, a tapered outer surface
portion 264, radius portions 266 and 268, a nose
portion 270, and so on) is selected so as to effect an
appropriate radially inward hinging action of the
integral ferrule in response to the nose portion being
driven into a camming surface, such as a camming
surface 272 on a rearward portion 274 of the first
ferrule 260. The concept of a integral ferrule
utilized in a fitting has been disclosed in
International Publication Number WO 02/063194A2, the
entire disclosure of which is fully incorporatedherein
by reference. The publication and the concepts
therein, however, are exemplary in nature as to the
present invention and should not be construed in a
limiting sense. [00120] FIG. 25 is a half longitudinal
cross-section of another exemplary fitting of the
present invention shown in the finger tight condition.
In this embodiment, the fitting 280 includes a body
282, a nut 286, and a first ferrule 290 that may be
similar in design to the embodiments described
hereinabove. In this embodiment, however, the nut 286
includes a separable ferrule 292 that can either
replace the first ferrule 290 or, as shown in FIG. 25,
function as a second ferrule. The separable ferrule
292 is attached to the nut 286 by a frangible web
portion 294. Upon partial pull-up of the fitting 280,
the separable ferrule 292 engages a camming surface,
such as a camming surface 296 on a rearward portion
298 of the first ferrule 290, and breaks off or
separates from the nut 286. Once separate, the
separable ferrule 292 functions similar to the
ferrules described in the embodiments hereinabove. The
concept of a separable ferrule utilized in a fitting
has been disclosed in International Publication Number
WO 02/063195A2, the entire disclosure of which is
fully incorporated herein by reference. The
publication and the concepts therein, however, are
exemplary in nature as to the present invention and
should not be construed in a limiting sense. [00121]
With reference to FIGS. 26 and 27, the cartridge nut
assembly concept may also be used with a single
ferrule tube fitting 300. The illustrated embodiments
are similar except that in the embodiment of FIG. 27
the interior surface that forms the cartridge socket
is tapered. Thus in both embodiments a female threaded
body 302 receives a male threaded nut 304. The nut 304
includes at one end a cartridge 306 formed by an
axially extending generally cylindrical extension 308.
The cartridge 306 thus forms a socket 310 that 



receives part or all of a ferrule 312. The ferrule 312
includes a tapered forward end that engages a tapered
camming surface 314 during pull-up of the fitting so
as to cause the ferrule to plastically deform into
tight gripping and sealing engagement with a tube end
(not shown) received in the body 302 and that bottoms
against the counterbore 316. The socket 310 is defined
by an interior surface 318 that is generally
cylindrical in the embodiment of FIG. 26 and tapered
in the embodiment of FIG. 27. The ferrule 312 may
include a contoured outer surface 320 as described
herein above and further may include a difference
angle between the outer surface 320 and the inner
surface of the socket 310 as described herein above.
The ferrule and cartridge nut may be fully or
selectively case hardened orotherwise hardened for
particular applications. The ferrule 312 may further
include a driven surface 322 that engages a drive
surface 324 in the socket 310 of the cartridge 306.
The ferrule driven surface 322 may be contoured so as
to facilitate deformation of the ferrule during final
pull-up so that the ferrule exhibits a hinging effect
to collet the tube end. The contoured surface 322 may
for example be a convex shape. The driven surface 322
may also engage the drive surface 324 with a
difference angle so as to further facilitate colleting
and hinging of the ferrule. [00122] FIG. 28
illustrates another embodiment of use of the tool or
arbor 103. In this embodiment, the tool 400 is sized
so as to receive and retain a female threaded nut 402
and associated front and back ferrules 404 and 406.
The arrangement may also be used with a single ferrule
design. The operation and use of the tool 400 may be
as described herein before with the embodiment of FIG.
10. Use of the tool 400 allows the manufacturer to
provide the end user with a nut and ferrule assembly
with the ferrules and nut already combined properly in
a single subassembly 410 of parts for installation
onto a tube end having an associated male threaded
body (not shown). The tool 400 may include a grip 408
to allow easier manual grasping of the tool for
removing the tool after the nut 402 and ferrules have
been assembled onto an associated body. [00123] FIGS.
29A-C and 30-39 illustrate additional embodiments of a
tool of the type shown in FIGS. 10 and 11, in which
the tool is adapted to provide a protective device for
protecting the nut, ferrules, and/or tube end after
the ferrules have been at least partially tightened on
the tube end. Often the nut and ferrules of a fitting
assembly are preassembled with a tube end using a
corresponding fitting body or a pre-tightening tool
having threads for assembly with the nut, in order to
facilitate future installation of the tube end in a
fitting, as illustrated in FIG. 32. The protective
device, such as, for example, a cap or protective
cover, may at least partially cover the nut, the
ferrules, and/or the tube end of this assembly, which
may prevent damage to or contamination of the surfaces
of these components during storage or transportation
of the assembly prior to installation in a fluid
system. [00124] The tool contemplated by the invention
may be used with any fitting that includes fitting
components to be held together for assembly with a
conduit or other connection, including but not limited
to the fittings disclosed in the present
application,such as single ferrule tube fittings, two
ferrule tube fittings, male threaded tube fittings
with female threaded nuts, and female threaded tube
fittings with male threaded nuts. [00125] In the
exemplary embodiments of FIGS. 29A, 29B, 29C, and 30,
a tool 500 includes a head 505 that can be manually
gripped or can be gripped by a tool such as, for
example, pliers. The tool 500 may be a single plastic
element, but other materials or combinations of
components may be used as required. A retaining
portion of the tool may be in any configuration that
holds the nut and ferrules for future assembly to a
tube end. In the examples, flexible fingers 506a and
506b extend from the head 505 to form a retaining
portion or arbor 506. The fingers 506a, 506b may
include at their respective distal ends, raised lips
507a, 507b. The lips 507a, 507b and head 505 define a
slot or carriage 508 onto which the cartridge nut 16
and the ferrules 20, 22 can be installed, as shown in
FIG. 30. The flexible fingers 506a, 506b radially
compress enough to allow the nut 16 and then the
ferrules 20, 22 to move over the lips 507a, 507b
toward the head 505. Once past the lips 507a, 507b,
the fingers 506a, 506b snap back outward, thus
retaining the ferrules 20, 22 and nut 16 together on
the tool. [00126] In the exemplary embodiment, there
is a protective portion. The protective portion may
take a wide variety of different configurations. For
example, the protective portion may be adapted to
completely cover one or more of the nut, ferrules, and
conduit end, or the protective portion may be adapted
to partially cover one or more of the nut, ferrules
and conduit end, which may provide sufficient
protection for the fitting components by preventing
damage or contamination resulting from contact with
another surface. The tool 500 of the exemplary
embodiments shown in FIGS. 29A, 30, 31, and 32
includes a pair of prongs 510a, 510b which extend from
the head 505 to form a protective portion 510. The
prongs 510a, 510b may include at their respective
distal ends, inward protrusions or tangs 512a, 512b.
The tangs 512a, 512b may be positioned and dimensioned
to align with a recess in the external surface of the
nut 16, such as the thread relief 17, or the space
between the male threads and the nut hex, thereby
preventing the protective portion from falling off
when assembled to the nut 16, as shown in FIGS. 3 1
and 32. The prongs 510a, 510b may be in any
orientation with respect to the retaining portion 506.
For example, in the exemplary embodiment of FIG. 29A
and 31, the prongs 510a, 510b are oriented
perpendicular to the fingers 506a, 506b, while in the
exemplary embodiment of FIG. 30, the prongs 510a, 510b
are oriented parallel with the fingers 506a, 506b. The
headIIU- ot te tool OU may torni an upper or covering
surface of the protective portion 510. In the example
illustrated by FIG. 29A, the head 505 may be provided
,with a bore 515 positioned to receive the tube end T
when the protective portion 510 is assembled over the
nut 16, ferrules 20, 22, and tube end T, as shown in
FIGS. 3 1 and 32. It should be noted that the
protective portion may comprise any structure that at
least partially encloses, covers, or protects the nut
16, ferrules 20, 22, or tube end T, such as a
cup-shaped extension 510' or plug 510", as shown in
FIGS. 29B and 29C, respectively. The cup-shaped
extension 510' of the tool 500' of FIG 29B may be
adapted to completely cover a nut 16 and ferrules 20,
22 assembled to a tube end T, and may be provided with
female threads on an internal surface (not shown) for
engaging the male threads of the nut 16. The plug 510"
of the tool 500" of FIG. 29C may be sized to fit
snugly in the tube bore, and/or may be surrounded by a
lip or ridge 512" adapted to engage or grip the outer
diameter of the tube end T. [00127] As with the tool
103 shown in FIGS. 10, 11, 12A, and 12B and described
above, the assembly 78 may be inserted into the socket
of a corresponding female fitting body 12, with the
tool 500 self-disengaging from the assembly 78 upon
finger-tight installation of the assembly 78 in the
fitting body 12, allowing the tool 500 to be removed
and the tube end T to be inserted into the assembly
78. By tightening the nut 16 into the fitting body 12,
the ferrules are secured to the tube end T, as shown,
for example, in FIG. 2 1. To assemble the nut and
ferrules to the tube end T, the nut may be fully
tightened to the fitting body, as if a fitting
connection were being made up with the fitting body,
or the nut may be only partially tightened to the
fitting body, or not fully pulled up, with sufficient
torque applied to deform the ferrules enough to grasp
the tube end T. The fitting body 12 may then be
disassembled from the pre-tightened conduit assembly
79, which includes the nut 16, ferrules 20, 22, and
tube end T. In a method of preparing a conduit end for
installation in a fitting according to exemplary
embodiments shown in FIGS. 29A, 29B, 29C, and 30-32, a
first fitting component or nut 16 and one or more tube
gripping devices or ferrules 20, 22 are retained on a
retaining portion or arbor 506 of the tool 500. The
nut 16, ferrules 20, 22 and the retaining portion 506
are engaged with a second fitting component or fitting
body 12 by threading the nut 16 and body 12 together,
thus creating a 



single fitting assembly. As the nut 16 is threaded
into the body 12, the lips 507a, 507b will engage a
surface inside the body 12, in this case the first
camming surface 92. Further axial displacement of the
assembly 78 and tool 500 into the body 12 causes the
fingers 506a,"!)., 5U6b to be radially compressed due
to a camming action against the body 12. The continued
axial displacement of the cartridge nut assembly 78
and tool 500 causes the fingers 506a, 506b to compress
sufficiently for the lips 507a, 507b to be
dimensionally smaller than the inside diameter of the
ferrules 20, 22 and the nut 16. The tool 500 thus self
disengages from the ferrules. When this occurs, the
tool 500 can be easily extracted from the cartridge
nut assembly 78 and body 12 while the ferrules are
retained by the fitting body 12 and the nut 16.
[00128] Once the tool has been extracted from the
single fitting assembly, a conduit end may be inserted
through the nut 16 and into the body 12 for assembly
with the nut 16 and ferrules 20, 22. By tightening the
nut 16 and fitting body 12, the ferrules 20, 22 are
deformed to grip the conduit end T, forming a conduit
assembly 79 including the nut 16, ferrules 20, 22, and
tube end T. This tightening may prepare the conduit
end T, ferrules 20, 22, and nut 16 for future assembly
to a fitting body 12, either the same body 12 used to
secure the nut and ferrules to the conduit end T or a
different body 12, such as a fitting body 12 already
installed in a fluid system. [00129] To protect this
conduit assembly 79, the protective portion 510 of the
tool 500 may be assembled over the tube end T,
ferrules 20, 22, and/or nut 16, as shown in FIG. 14.
The protective portion 510 may cover only portions of
one or more of the conduit end T, ferrules 20, 22, and
nut 16, as is shown in FIG. 29A. Alternatively, the
protective portion may completely cover one or more of
the conduit end T, ferrules 20, 22, and nut 16, as is
shown in FIG. 29B. Also, the protective portion may
serve to plug the tube end T to prevent contaminants
from entering the conduit, as is shown in FIG. 12C.
The tangs 512a, 512b of the exemplary embodiment of
FIG. 3 1 align with the thread relief of the nut 16,
holding the prongs 510a, 510b to the sides of the nut
16. The conduit end T is inserted in the bore 515,
further aligning and securing the protective portion
510 on the conduit assembly 79. Additionally, the tool
500 may be provided with any type of separable
connection between the protective portion and the
retaining portion to allow the retaining portion to be
separated from the protective portion by separating or
dividing the tool at the separable connection. In the
exemplary embodiment, the separable connection is a
neckeddown portion or groove 518 between the
protective portion 510 and the retaining portion 506,
which allows the retaining portion 506 to be separated
or broken off from the protective portion 510 by
fracturing the tool at the groove 518. In other
embodiments (notshown), this separable connection may
include any type of a pinched, necked-down, or
perforated cross-section, an adhesive or similar
breakable joint, by fasteners, or a threaded
connection (not shown). By separating the retaining
portion 506 from the protective portion 510 after the
nut 16 and ferrules 20, 22 have been assembled to the
tube end T, the capped assembly may take up less
space, making it easier to store and transport the
conduit assembly 79. FIG. 32 shows a cross section of
the capped conduit assembly 79 after the retaining
portion 506 has been separated from the protective
portion 510. [00130] FIGS. 33-36 illustrate exemplary
embodiments of a retaining tool configured to be used
with a fitting assembly having a male threaded fitting
body and a female threaded nut. However, it should be
noted that the tool contemplated by the invention can
be used with any fitting that includes fitting
components to be held together for assembly, including
but not limited to the fittings disclosed in the
present application, such as single ferrule tube
fittings, two ferrule tube fittings, male threaded
tube fittings with female threaded nuts, and female
threaded tube fittings with male threaded nuts.
[00131] In the exemplary embodiment of FIGS. 33 and
34, a tool 600 includes a head 605 that can be
manually gripped or can be gripped by a simple tool
such as pliers. The tool 600 may be a single plastic
element, but other materials or combinations of
components may be used as required. A retaining
portion of the tool may be in any configuration that
holds the nut and ferrules in a pre-assembled
arrangement. In the example, flexible fingers 606a and
606b extend from the head 605 to form a retaining
portion or arbor 606. The fingers 606a, 606b may
include at their respective distal ends, raised lips
607a, 607b. The lips 607a, 607b and head 605 define a
slot or carriage 608 onto which the female nut 402 and
the ferrules 404, 406 can be installed, as shown in
FIG. 33. The flexible fingers 606a, 606b radially
compress enough to allow the nut 402 and then the
ferrules 404, 406 to move over the lips 607a, 607b
toward the head 605. Once past the lips 607a, 607b,
the fingers 606a, 606b snap back outward, thus
retaining the ferrules 404, 406 and nut 402 together
on the tool 500 as a single assembly 678. [00132] hi
the exemplary embodiment, there is a protective
portion, which may be used to protect one or more of
the nut, ferrules, and conduit end after the nut and
ferrules have been secured to the conduit end to form
a conduit assembly. The protective portion can take a
wide variety of different configurations. For example,
the protective portion can- completely cover one or
more of the nut, ferrules, and conduit end, or the cap
can partially cover one or more of the nut, ferrules
and conduit end, which may provide sufficient
protection for the fitting components by preventing
damage or contamination resulting from contact with
another surface. The tool of the exemplary embodiment
shown in FIGS 33 and 34 includes a pair of prongs
610a, 610b which extend from the head 605 to form a
protective portion 610. The prongs 610a, 610b may
include at their respective distal ends, inward
protrusions or tangs 612a, 612b. The tangs 612a, 612b
may be positioned and dimensioned to align with a
recess or shoulder in the external surface of the nut
402, such as the edge of the female nut hex 417,
thereby preventing the protective portion from falling
off when assembled to the nut 402, as shown in FIG.
34. The head 605 of the tool 600 may form an upper or
covering surface of the protective portion 610. As
such, the head 605 may be provided with a bore 615
positioned to receive the tube end T when the
protective portion 610 is assembled over the nut 402,
ferrules 404, 406, and tube end T. [00133] It should
be noted that the protective portion may comprise any
structure that at least partially encloses, covers, or
protects the nut 402, ferrules 404, 406, or tube end
T. One such alternative exemplary embodiment is the
tool 600' illustrated in FIGS. 35 and 36. While the
exemplary retaining portion 606' functions in the same
manner as the exemplary retaining portion 606 of the
exemplary tool 600 of FIGS. 33 and 34, the exemplary
protective portion 610' is a plug type configuration
provided with a male threaded portion 612' adapted to
threadably engage with the female threads of the nut
402. A socket 614' in the protective portion 610'
provides clearance for the ferrule 404, while a bore
615' in the head 605' at the base of the socket 614'
is positioned to receive the tube end T. [00134] As
with the tool 500 of FIGS. 29A-32, the tools 600, 600'
of FIGS. 33-34 and 35-36, respectively, may be
provided with a necked-down portion or groove 618,
618' between the respective protective portions 610,
610' and the retaining portions 606, 606', which
allows the retaining portion 606, 606' to be separated
or broken off from the protective portion 610, 610' by
fracturing the tool at the groove 618, 618'. This
groove 618, 618' may include any type of a pinched,
necked-down, or perforated cross-section of the tool
600, 600' as would facilitate such a fracture.
Alternatively, the protective portion and retaining
portion of the tool may be separably attached by other
separable connections, such as, for example, by
fasteners, adhesive, break-away tabs, or a threaded
connection (not shown). By breaking the retaining
portion 606, 606' from the protective portion 610,
610'Lafter the nut 402 and ferrules 404, 406 have been
assembled to the tube end T, the capped conduit
assembly may take up less space, as shown in FIG. 34
for tool 600 and in FIG. 36 for tool 600', making it
easier to store and transport the conduit assembly. 



[00135] FIGS. 37-39 illustrate yet another embodiment
of a fitting assembly and retaining tool. This
exemplary embodiment employs a two piece arrangement
in which the retaining portion is provided on a
separate retaining piece 700A and the protective
portion is provided on a separate protective piece
700B. The retaining piece 700A and the protective
piece 700B may each be provided with flush end
surfaces 701A, 701B for easier storage and stacking of
the nut 16 and ferrule 20, 22 sets. A retaining
portion of the retaining piece 700A may be in any
configuration that holds the nut 16 and ferrules 20,
22 in a pre-assembled arrangement. In the example, as
shown in FIG. 38, flexible fingers 706a and 706b
extend from a head 705A to form a retaining portion or
arbor 706. The fingers 706a, 706b may include at their
respective distal ends, raised lips 707a, 707b. The
lips 707a, 707b and head 705 define a slot or carriage
708 onto which the cartridge nut 16 and the ferrules
20, 22 can be installed, as shown in FIG. 38. The
flexible fingers 706a, 706b radially compress enough
to allow the nut 16 and then the ferrules 20, 22 to
move over the lips 707a, 707b toward the head 705.
Once past the lips 707a, 707b, the fingers 706a, 706b
snap back outward, thus retaining the ferrules 20, 22
and nut 16 together on the retaining piece as a single
assembly 78. [00136] The protective piece of the
exemplary embodiment of the invention can take a wide
variety of different configurations. For example, the
protective portion can completely cover one or more of
the nut, ferrules, and conduit end, or the cap can
partially cover one or more of the nut, ferrules and
conduit end, which may provide sufficient protection
for the fitting components by preventing damage or
contamination resulting from contact with another
surface. The protective piece 700B of the exemplary
embodiment shown in FIGS 37-39 includes a pair of
prongs 710a, 710b which extend from the head 705B to
form a protective portion 710. The prongs 710a, 710b
may include at their respective distal ends, inward
protrusions or tangs 712a, 712b. The tangs 712a, 712b
may be positioned and dimensioned to align with a
recess in the external surface of the nut 16, such as
the thread relief 17, or the space between the male
threads and the nut hex, thereby preventing the
protective portion from falling off when assembled to
the nut 16, as shown in FIGS. 37-39. The head 705B of
the protective piece 700B may form an upper orcovering
surface of the protective portion 710. As such, the
head 705B may be provided with a bore 715 positioned
to receive the conduit end T when the protective
portion 710 is assembled over the nut 16, ferrules 20,
22, and tube end T, as shown in FIG. 39. It should be
noted that the protective portion may comprise any
structure that at least partially encloses, covers, or
protects the nut 16, ferrules 20, 22, or tube end T,
such as a cup-shaped extension or plug (not shown). As
with the tool 500 of FIGS. 29A-32, the retaining piece
700A may be discarded after the nut 16 and ferrules
20, 22 have been assembled to the tube end and the
protective piece 700B has been assembled to the
conduit assembly, as shown in FIG. 39. In an
alternative embodiment, the retaining piece 700A and
the protective piece 700B may be provided as an
integral plastic component with adjoining flush
breakaway ends to maintain a reduced size for either
the retained cartridge nut assembly 78 or the capped
conduit assembly 79. 0137] The invention has been
described with reference to the preferred embodiments.
Modification and alterations will occur to others upon
a reading and understanding of this specification. It
is intended to include all such modifications and
alterations insofar as they come within the scope of
the appended claims or the equivalents thereof.CLAIMS:
1. A tube fitting, comprising: a male threaded nut and
a female threaded body, a front ferrule and a back
ferrule, said nut having a socket at one end thereof
that at least partially retains said ferrules, said
socket defined by a tapered surface, said front
ferrule having an outer surface at a rearward portion
thereof that engages said tapered surface when the
fitting is assembled onto a tube end, wherein said
front ferrule outer surface forms a difference angle
with said tapered surface when the fitting is in a
finger tight position. 2. The tube fitting of claim 1
wherein said front ferrule is case hardened and bites
a tube end outer surface after the tube fitting is
installed on the tube end in a pulled-up condition. 3.
The tube fitting of claim 1 wherein said front ferrule
outer surface tapers at an angle relative to a central
longitudinal axis of the tube fitting. 4. The tube
fitting of claim 1 wherein said socket tapered surface
is case hardened. 5. A tube fitting component
assembly, comprising: a male threaded nut and at least
one ferrule, said nut having a socket at one end
thereof that at least partially receives said ferrule,
wherein said nut is case hardened stainless steel at
least in the region of said socket. 6. The assembly of
claim 5 wherein said socket is defined in part by a
tapered surface that tapers relative to a central
longitudinal axis of the nut. 7. The assembly of claim
5 wherein said ferrule is case hardened. 8. The
assembly of claim 5 comprising a tool that releasably
retains said ferrule with said nut as an assembly. 9.
A tube fitting, comprising: a male threaded nut and a
female threaded body, a front ferrule and a back
ferrule, said nut having a socket at one end thereof
that at least partially retains said ferrules, said
socket defined by a tapered surface, said front
ferrule having an outer surface at a rearwardportion
thereof that engages said tapered surface when the
fitting is assembled onto a tube end, wherein said
socket tapered surface is case hardened. 10. The tube
fitting of claim 9 wherein said front ferrule is case
hardened and bites a tube end outer surface after the
tube fitting is installed on the tube end in a
pulled-up condition. 11. The tube fitting of claim 9
wherein said front ferrule outer surface tapers at an
angle relative to a central longitudinal axis of the
tube fitting. 12. An assembly of a female threaded nut
adapted to join to a second fitting component of a
fitting, and a tube gripping device, the assembly
comprising: a tool for retaining the tube gripping
device to the female threaded nut as an assembly. 13.
The assembly of claim 12 wherein said tube gripping
device comprises two ferrules. 14. The assembly of
claim 12 wherein said tube gripping device comprises
at least one ferrule. 15. The assembly of claim 12
wherein said tube gripping device comprises a ferrule
and said nut and ferrule comprise metal. 16. The
assembly of claim 15 wherein said tool is plastic and
includes flexible members that receive said ferrule
that slides onto said members and is releasably
retained thereon. 17. A tool for holding one or more
fitting components together prior to assembly of the
fitting components to a conduit end and for protecting
at least one of the one or more fitting components and
the conduit end after assembly of the one or more
fitting components to the conduit end, the tool
comprising: a retaining portion adapted to retain the
one or more fitting components on the tool; and a
protective portion adapted to at least partially cover
at least one of the one or more fitting components and
the conduit end after the fitting components have been
assembled to the conduit end. 18. The tool of claim
17, wherein the retaining portion and the protective
portion extend in opposite directions.19. The tool of
claim 17, wherein the protective portion further
comprises a bore adapted to receive the conduit end.
20. The tool of claim 17, wherein the tool is adapted
such that the retaining portion may be separated from
the protective portion. 21. The tool of claim 20,
further comprising a groove between the retaining
portion and 



the protective portion, wherein the retaining portion
may be separated from the protective portion by
fracturing the tool at the groove. 22. The tool of
claim 17, wherein the cap comprises a plurality of
prongs, adapted to engage an external surface of the
fitting component. 23. The tool of claim 22, wherein
each of the plurality of prongs comprises a tang for
gripping the external surface of the fitting
component. 24. The tool of claim 17, wherein the
protective portion comprises a cup adapted to
completely cover at least one of the fitting component
and the tube gripping device. 25. The tool of claim
17, wherein the protective portion is adapted to at
least partially cover male threads on the fitting
component. 26. The tool of claim 17, wherein the
protective portion is adapted to at least partially
cover female threads on the fitting component. 27. A
tool for holding a fitting component having a central
through bore together with a tube gripping device as a
single assembly prior to assembly of the fitting
component and tube gripping device to a conduit end,
and for at least partially covering at least one of
the fitting component, tube gripping device, and
conduit end after assembly of the fitting component
and tube gripping device to the conduit end, the tool
comprising: retaining means for retaining the fitting
component and the tube gripping device on the tool as
a single assembly; and covering means for receiving
and at least partially covering at least one of the
fitting component and the tube gripping device after
the fitting component and tube gripping device have
been assembled to the conduit end.I 28. A system for
installing a fitting on a conduit end, the system
comprising: a first fitting component having a bore
for receiving the conduit end; a tube gripping device;
a second fitting component having a socket for
receiving the tube gripping device and at least part
of the first fitting component, the first and second
fitting components being adapted to secure the tube
gripping device to the conduit end when the conduit
end is inserted in the bore of the first fitting
component and the first fitting component is tightened
into the second fitting component; and a tool,
comprising a retaining portion and a protective
portion; wherein the retaining portion is adapted to
retain the first fitting component and the tube
gripping device; the retaining portion is further
adapted to insert the first fitting component and the
tube gripping device into the socket; and the
protective portion is adapted to at least partially
cover at least one of the first fitting component and
the tube gripping device after the first fitting
component and the tube gripping device have been
assembled to the conduit end. 29. The system of claim
28, wherein the retaining portion and the protective
portion extend in opposite directions. 30. The system
of claim 28, wherein the protective portion further
comprises a bore adapted to receive the conduit end.
31. The system of claim 28, wherein the tool is
adapted such that the retaining portion may be
separated from the protective portion. 32. The system
of claim 28, wherein the tool further comprises a
groove between the retaining portion and the
protective portion, wherein the retaining portion may
be separated from the protective portion by fracturing
the tool at the groove. 33. The system of claim 28,
wherein the protective portion of the tool comprises a
plurality of prongs.34. The system of claim 33,
wherein each of the plurality of prongs comprises a
tang for gripping the fitting component. 35. A system
for installing a fitting on a conduit end, the system
comprising: a first fitting component having a bore
for receiving the conduit end; a tube gripping device;
a second fitting component having a socket for
receiving at least a portion of the tube gripping
device and the conduit end, the first and second
fitting components being adapted to secure the tube
gripping device to the conduit end when the conduit
end is inserted in the bore of the first fitting
component and the first fitting component is tightened
onto the second fitting component; and a tool,
comprising a retaining portion and a protective
portion; wherein the retaining portion is adapted to
retain the first fitting component and the tube
gripping device; the retaining portion is further
adapted to insert the tube gripping device into the
socket when the first fitting component is assembled
to the second fitting component; and the protective
portion is adapted to at least partially cover at
least one of the first fitting component and the tube
gripping device after the first fitting component and
the tube gripping device have been assembled to the
conduit end. 36. A method of preparing a conduit end
for installation in a fitting having a tube gripping
device, a first fitting component, and a second
fitting component, the method comprising: retaining
the first fitting component and the tube gripping
device together; engaging the first fitting component
and the tube gripping device with the second fitting
component; inserting the conduit end through the first
fitting component and the tube gripping device and
into the second fitting component;4 tightening the
first fitting component with the second fitting
component to secure the tube gripping device to the
conduit end; disassembling the second fitting
component from the first fitting component, the tube
gripping device, and the conduit end; and covering at
least one of the conduit end, the tube gripping
device, and the first fitting component. 37. The
method of claim 36, further comprising providing a
tool with a retaining portion for retaining the first
fitting component and the tube gripping device
together. 38. The method of claim 37 further
comprising providing a protective portion on the tool,
wherein covering at least one of the conduit end, the
tube gripping device, and the first fitting component
comprises assembling the protective portion over at
least one of the conduit end, the tube gripping
device, and the first fitting component. 39. The
method of claim 38, further comprising separating the
retaining portion from the protective portion after
the first fitting component and the tube gripping
device have been engaged with the second fitting
component. 40. The method of claim 39, further
comprising providing a separable connection between
the retaining portion and the protective portion of
the tool, wherein separating the retaining portion
from the protective portion comprises separating the
tool at the separable connection. 4 1. The method of
claim 38, further comprising providing a bore in the
protective portion of the tool, wherein assembling the
protective portion over at least one of the conduit
end, the tube gripping device, and the first fitting
component comprises receiving the conduit end in the
bore. 42. The method of claim 38, further comprising
providing a plurality of prongs in the protective
portion of the tool, wherein assembling the protective
portion over at least one of the conduit end, the tube
gripping device, and the first fitting component
comprises engaging the prongs with an external surface
of the first fitting component. 


