
Protease Variants The present invention relates to nucleic acid and amino
acid sequences of variants of human neprilysin with altered substrate
specificity relative to wild-type human neprilysin and use of such variants
in pharmaceutical compositions. In particular, the present invention
relates to neprilysin variant polypeptides with increased specificity for
cleavage of amyloid beta (Ab) peptides compared to wild-type neprilysin.
The invention also relates to fusion proteins comprising such neprilysin
variant molecules. Polypeptides comprising neprilysin variants may be used
in the treatment of diseases associated with accumulation of amyloid beta,
in particular Alzheimer's disease . Background of the Invention Engineered
proteases are desirable as therapeutics because the cleavage of a substrate
peptide or protein associated with a disease will often lead to its
irreversible inactivation or activation. However, for use as a drug, a
protease must have a sufficient activity on the target, but must not cleave
other substrates to an extent that leads to unacceptable toxic side effects
under treatment conditions. The specificity of proteases, i.e. their
ability to recognize and hydrolyze preferentially certain peptide
substrates, can be expressed qualitatively and quantitatively.
Qualitatively, proteases that act on one or a small number of peptides have
a high specificity, whereas proteases that act on many different peptides
are deemed to have low specificity. In quantitative terms, the specificity
profile of a protease is given by the respective kcat/Km ratios for all
substrates, including potentially kcat/Km ratios for several cleavage sites
in a given substrate. Modern methods of protein engineering permit
modulation of the specificity of a given protease, potentially enabling the
generation of proteases with desired specificities for use as prophylactic
or therapeutic protein drugs. An accumulation or increase in the activity
of a polypeptide compared to the "normal" level may contribute to the cause
or symptoms of a disease; in such cases the inactivation of the polypeptide
by proteolytic cleavage may be beneficial for the patient. Many different
polypeptides can be envisioned as targets for proteolytic inactivation.
These include small peptides such as bioactive peptides of the endocrine
system, for example involved in the regulation of vasoactivity, pain,
appetite, cardiac function, immune functions, metabolicregulation,
circadian rhythm and others. Other examples include small and large
proteins or homo- and heteromeric multiprotein complexes such as soluble
and membrane bound proteins and receptors, structural proteins, cytokines,
enzymes, antibodies, transporters and others. Many peptides are known to
have potent regulatory functions including Angiotensin- 1 and -2, ANP, BNP,
bradykinin, Endothelin-1 and -2, Neuropeptide Y and Neurotensin, as well as
Adrenomedullin, Bombesin, BLP, CGRP, Enkephalins, FGF-2, fMLP, GRP,
Neurokinins, Neuromedin C, Oxytocin, PAMP, Substance P, VIP and others.
Increased activity of any of these may lead to undesirable effects in a
patient. For example, neurotensin stimulates the proliferation of prostate
cancer PC3 cells (Carraway et al (2007) Regul Pept. 141(1-3): 140- 53) and
its degradation in vivo may mitigate disease. Bradykinin is involved in
blood pressure regulation, but also in neuropathic pain and cardiac
remodeling. As will be shown, protease variants with increased specificity
towards neurotensin or bradykinin can be generated. Alzheimer's disease
(AD) is a progressive neurodegenerative disorder characterized by a loss of
neurons in discrete regions of the brain, particularly in the cortex and
hippocampus. The neuropathological hallmarks that occur in the brains of
individuals suffering from AD are senile plaques and profound cytoskeletal
changes coinciding with the appearance of abnormal filamentous structures.
The neuronal loss is accompanied by extracellular deposition of amyloid
beta (Ab) peptides in the form of senile plaques and intracellular
accumulation of neurofibrillary tangles made of a hyperphosphorylated form
of the microtubule-associated protein tau. Both familial and sporadic cases
share the deposition in brain of extracellular, fibrillary b-amyloid as a
common pathological hallmark that is believed to be associated with
impairment of neuronal functions and neuronal loss (Younkin S. G., Ann.
Neurol. 37, 287- 288, 1995; Selkoe, D. J., Nature 399, A23-A31, 1999;
Borchelt D. R. etal., Neuron 17, 1005-1013, 1996). b-amyloid deposits are
composed of several species of amyloid- b peptides (Ab); especially Abi
_42, which is deposited progressively in amyloid plaques. Genetic evidence
suggests that increased amounts of Abi _42 are produced in many, if not
all, genetic conditions that cause familial AD (Borchelt D. R. et al,
Neuron 17, 1005- 1013, 1996; Duff K. et al, Nature 383, 710-713, 1996;
Scheuner D. a/., Nat. Med. 2, 864-870, 1996; Citron M. et al, Neurobiol.
Dis. 5, 107-1 16, 1998), suggesting that amyloid formation may be caused
either by increased generation of Abi _42, or decreased degradation, or
both (Glabe, C , Nat. Med. 6, 133-134, 2000).Currently, there is no cure
for AD. However, Ab has become a major target for the development of drugs,
both with the aim to reduce formation (Vassar, R. et al., Science 286,
735-41, 1999), and to activate mechanisms that accelerate its clearance
from brain. Although considerable effort has focused on reducing the
generation of Ab, considerably less emphasis has been placed on the
clearance of these peptides. Bard et al. (Nature Medicine, Vol. 6, Number
8, 916-919, 2000) report that peripheral administration of antibodies
against Ab is sufficient to reduce amyloid burden. The passively 



administered antibodies were able to cross the blood-brain barrier and
enter the central nervous system, bind to ("decorate") plaques and induce
clearance of pre-existing amyloid. However, even a passive immunisation
against Ab may cause undesirable side effects in human patients. DeMattos
(PNAS 98: 8850-8855, 2001) have described the sink hypothesis, which states
that Ab peptides can be removed from CNS indirectly by lowering the
concentration of the peptides in the plasma. De Mattos used an antibody
that binds Ab in the plasma. By preventing influx of Ab from the plasma to
CNS and/or changing the equilibrium between the plasma and CNS (due to a
lowering of the free Ab concentration in plasma) Ab is sequestered from the
CNS. Two other Ab binding agents, gelsolin and GMl, unrelated to
antibodies, have also been shown through binding in plasma to be effective
in removing Ab from CNS and reducing or preventing brain amyloidosis
(Matsuoka et al. (J. Neuroscience 23: 29-33, 2003). An alternative approach
to remove Ab is to use an enzyme that degrades Ab into smaller fragments
that have lower toxicological effects and are more readily cleared. It is
postulated that this enzymatic digestion of the Ab will also work through
the sink hypothesis mechanism by lowering the free concentration of Ab in
plasma. However, this approach also provides a possibility of direct
clearance of Ab in the CNS and/or CSF. This approach will not only lower
the free concentration of Ab but also directly clear the full-length
peptide from the environment. This approach is advantageous because it will
not increase the total (free and bound) concentration of Ab in the plasma
as has been seen in cases when using Ab peptide binding agents such as
antibodies. Neprilysin is an enzyme described in the literature that
degrades the Ab -peptide at multiple cleavage sites generating small
fragments that are cleared from the blood stream easily (Leissring et al,
JBC. 278: 37314-37320, 2003).Neprilysin has also been reported to play a
key role in regulating the level of Ab peptide in the brain. Evidence
suggests that down-regulation of neprilysin at the early stages of AD
development, accompanied with aging, genetic deficiency (knockout), or
treatment with neprilysin inhibitors, results in increasing accumulation of
Ab peptide in the brain leading to memory impairment. Conversely,
overexpression of neprilysin, leads to a reduction of plaque accumulation
in the brain of transgenic AD mice. Several other proteases have been
described that degrade Ab peptide including insulin degrading enzyme,
plasmin, ACE and others. Anti-A b peptide antibodies have been applied to
effectively reduce free Ab levels in the blood leading to a decreased
plaque deposition in the brain. However, systemic application of proteases
that degrade and inactivate Ab peptide may be an alternative; but such
protease would need to be sufficiently specific Ab peptide to be effective
and to avoid induction of toxic side effects due to off-target activity.
Human neprilysin (also termed NEP, neutral endopeptidase, CDlO, common
acute lymphoblastic leukemia antigen (CALLA), enkephalinase; SwissProt
accession P08473) is a 94 kD, type two membrane-bound Zn-metallopeptidase
composed of 750 or 749 residues due to the removal of the initial
methionine (SEQ ID NO:1). The 749 aa nomenclature (pdb numbering) will be
used throughout this text. It is present in peptidergic neurons in the CNS,
and its expression in brain is regulated in a cell-specific manner (Roques
B. P. et ah, Pharmacol. Rev. 45, 87-146, 1993; Lu B. et al, J . Exp. Med.
181, 2271-2275, 1995; Lu B. et ah, Ann. N.Y. Acad. Sci. 780, 156-163,
1996). The proteolytic domain (extracellular catalytic domain, ECD)
comprises aa 51 to 749 and contains an active site containing a zincbinding
motif (HEXXH). A soluble form lacking the transmembrane and intracellular
domains is known to be present in the circulation. Neprilysin is capable of
degrading a number of peptidic substrates, including monomeric and
(possibly) oligomeric forms of Ab peptides and can act as an endopeptidase
as well as a carboxypeptidase, although the relevance of these different
activities under physiological conditions has not been determined in
detail. Peptides that are degraded include, but are not limited to, (Table
1):Table 1: [1] Leissring et al (2003) JBC 278:37314-20 [2] Shirotani et al
(2001) JBC 276:21895 [3] Rice et al (2004) Biochem. J . 383:45 [4] Dion et
al (1995) Biochem J . 3 11(2):623-7; Marie- Claire et al (2000) Proteins,
39:365-71 [5] Vanneste et al (1988) Biochem. J . 254:531-7 [6] Brenda
database The structure of neprilysin in complex with inhibitors has been
solved (Oefner et al (2000) J . MoI. Biol. 296:341-9; Sahli et al (2005)
HeIv.Chim.Acta. 88:731; PDB entries 1Y8J, IDMT, IRlH). Neprilysin belongs
to the M13 class of metallo proteinases and is characterized by a mostly
a-helical, two-domain structure. These two domains enclose an integral
cavity that includes the active site. The size of the cavity limits the
majority of natural substrates to <5kDa. However, it is largely unknown
which residues of neprilysin interact with the substrate and thus influence
protease specificity. A few amino acids in contact with the inhibitors
might be considered as part of the active site of the protease and include
(Table 2):[7] Dion et al. (1995) Biochem J . 311(2):623-7 [8] Beaumont et
al (1992) JBC 267:2138-41 [9] Marie-Claire et al (2000) Proteins,
39:365-71; [10] Voisin etal (2004) JBC 279:46172- 81; [11] Vijayaraghavan
etal, (1990) Biochemistry 29: 8052-8056 Neprilysin also degrades many
vasoactive peptides, including bradykinin, angiotensin 



II, endothelin I, and the natriuretic peptides (atrial natriuretic peptide
(ANP) and brain natriuretic peptide (BNP)) (Reid Ian A., Vasoactive
Peptides, in "Basic and Clinical Pharmacology", (1998), The McGraw-Hill
Companies). Angiotensin, bradykinin, endothelins and natriuretic peptides
(ANP and BNP) are involved in the regulation of arterial pressure.
Angiotensin II is a vasoconstrictive octapeptide. Bradykinin is a
vasodilator nonapeptide. Endothelins are vasoconstrictive polypeptides of
about 20 amino acids with two disulfide bridges connecting cysteine
residues. ANP (28-amino acid) and BNP (32-amino acid) are vasodilator
peptides synthesized in the heart and are primarily destroyed by neprilysin
in kidney brush-border cells, liver, and lungs (Rademaker M.T. and Richards
A.M. Clinical Science. 108, 23-36, 2005). ANP and BNP produce vasodilation
and decrease blood pressure. Thus, therapeutic administration of a
recombinant neprilysin molecule may shorten the half-life of natriuretic
peptides and thereby aggravate hypertension or chronic heart failure.
Neprilysin also degrades some signalling peptides, including neuropeptide Y
and neurotensin. Neuropeptide Y is a 36 amino acid polypeptide
neurotransmitter distributed in the mammalian central nervous system. Known
physiological functions within the CNS include the regulation of social and
feeding behaviour, circadian rhythm and central cardiovascular function
(Gray, W., Molecular and Cellular Endocrinology 288, 52-62, 2008).
Neurotensin (NT), is a 30 amino acid peptide. In the brain, NT is expressed
in neurons where it acts as a neuromodulator. The effects of centrally
administered NT include the interaction of the peptide with dopaminergic
(DA) systems, the ability to induce opioid-independent analgesia,
inhibition of food intake, and modulation of pituitary hormone release. In
the periphery, NT is primarily produced throughout the mucosa and regulates
a number of digestive processes. Other organs that produce NT include the
heart and adrenals (Sarret andKitabgi, Encyclopedia of Neuroscience,
1021-1034, 2009; Pons, J., et al, Current Opinion in Investigational Drugs
5, 957-962, 2004). In the development of a potential therapeutic agent,
because neprilysin cleaves a multitude of peptide substrates, many if not
all of which play important physiological roles, it would be desirable to
identify neprilysin variants that have enhanced specificity for cleavage of
one of the substrate peptides, such as Ab, relative to cleavage of the
other (off-target) peptide substrates. Mutants of neprilysin with a changed
specificity profile have been described. Namely, mutating arginine 102 to
glutamine (R102Q) leads to a differential catalytic efficiency with respect
to the carboxypeptidase activity of neprilysin (Beaumont et al. (1992) J.
Biol. Chem. 267:2138-41; Kim et al. (1992) J. Biol. Chem. 267:12330-35;
Barros et al. (2007) Biol. Chem. 388:447-455). R747 has been found to
influence selectivity as well (Beaumont et al. (1991) J. Biol. Chem.
266:214-220). Positions F563, F564, M579, F716 and 1718 have been described
to influence kcat/Km for the hydrolysis of an enkephalin derivative
(Marie-Claire et al (2000) Proteins 39:365-371). Positions R102 and N542
were also found to influence inhibition by small compounds (Dion et al.
(1997) FEBS Lett. 4 11:140: 144). WO 2007/040437 describes fusion proteins
of the form A-L-M, in which "A" is a protease capable of cleaving amyloid
beta peptide, "L" is a linker and "M" is a component that modulates in-vivo
half-life, such as the Fc part of an antibody; "A" may be human neprilysin.
WO 2008/1 18093 describes a fusion protein that cleaves amyloid beta
peptide wherein a half-life modulating moiety is attached to the N-terminal
end of human neprilysin, and a method to reduce Ab peptide concentrations
by administration of such a fusion protein as a medical therapy. WO
2005/123 119 provides a method of making a recombinant truncated mammalian
neprilysin and the method of treating inflammatory bowel disease in mammals
with a pharmaceutical composition comprising such truncated protein.
US2003/0083277 and US2003/0 165481 describe a method of preventing
formation of growth of amyloid fibrils by administration of effective
amounts of an inactivating enzyme, e.g. neprilysin. Treatment can be either
by administration of purified protein or viral or plasmid vector.
Administration is made to the brain. US2003/0083277 describes insulin
degrading enzyme for the same application.It would be desirable to produce
neprilysin variants with altered substrate specificity, in particular,
variants with increased specificity for amyloid beta (Ab) peptides, by
identification of amino acid positions where mutations influence the
substrate specificity of neprilysin as demonstrated herein for neprilysin
variants with increased specificity for Ab, bradykinin or neurotensin.
Summary of the Invention The present invention provides variant neprilysin
polypeptides, preferably variant human neprilysin polypeptides with
improved properties. In particular, compared to wild type neprilysin, the
variant neprilysin polypeptides of the invention have increased specificity
for one of the neprilysin substrate peptides relative to other neprilysin
substrate peptides. In particular, the present invention provides
mutant/variant forms of neprilysin that, compared to wild type neprilysin,
have an enhanced specificity for cleavage of Ab than other substrates of
wild type neprilysin. Such molecules, when administered as a therapeutic,
may have a similar 



or an enhanced effect at degrading Ab than wild type neprilysin, but a
reduced effect at degrading the other neprilysin ligand substrates,
compared to wild type neprilysin, thus minimising or reducing any unwanted
or disadvantageous or toxic effects that might arise through degradation of
these other substrates. With respect to a variant with enhanced specificity
for Ab peptide, such variant may be useful in the treatment of Alzheimer's
disease and other diseases mediated by Ab accumulation, due to excessive Ab
formation or decreased Ab degradation. The present invention also relates
to methods of preventing amyloid plaque formation and/or growth by reacting
amyloid peptides with a composition comprising a variant neprilysin
polypeptide with increased specificity for Ab peptide so as to inactivate
them through degradation or modification. The present invention in further
relates to a method of treating Alzheimer's disease by administering an
optimized variant neprilysin polypeptide with increased specificity and/or
catalytic activity and/or selectivity and/or prolonged activity for Ab
peptide in blood plasma. The present invention also relates to the field of
medical therapy, in particular to the field of neurodegenerative disease
and provides methods of eliciting clearance mechanisms for brain amyloid in
patients suffering fromneurodegenerative diseases, in particular
Alzheimer's disease. Furthermore, this invention relates to the use of
proteins and peptides effective in eliciting such mechanisms. The present
invention is also directed to using a recombinant protein to treat
Alzheimer's patients. In particular, to the use of a neprilysin polypeptide
of the invention or a fusion protein comprising a neprilysin variant
polypeptide of the invention. Compared to wild type neprilysin, the
neprilysin variants of the invention possess increased specificity for
binding and/or cleavage of the Ab-peptides than binding and/or cleavage of
other neprilysin substrates. It is perceived that reducing the specificity
for these other substrates will minimise any off-target effects (toxic)
that might arise upon administration of a neprilysin variant of the
invention to a patient. The present invention provides a polypeptide
comprising a variant human neprilysin extracellular domain or a fragment
thereof, said variant or fragment thereof having an amino acid sequence
that differs from the wild-type human neprilysin extracellular domain shown
in SEQ ID NO: 2 by at least one amino acid, wherein the polypeptide is
capable of digesting an amyloid beta polypeptide with a higher specificity
than wild-type neprilysin. The amyloid beta polypeptide can be human
Amyloid Bi_40, and/or human Amyloid Bi _42. In the variant human neprilysin
extracellular domain the amino acid G399 and / or G714 may be replaced by
another naturally occurring amino acid, said naturally occurring amino acid
may be an amino acid other than Ala; G399 may be replaced by Valine (V)
and/or G714 may be replaced by Lysine (K); the amino acid residue numbering
is based on the wild type human neprilysin sequence shown in SEQ ID NO: 1.
A polypeptide according to the invention may comprise a protease variant
human neprilysin extracellular domain or fragment thereof, that differs by
at least one of the amino acids at positions selected from: T99, SlOO,
SlOl, G104, D107, G195, T206, H211, H214, H217, D219, Q220, G224, S227,
R228, D229, F247, A287, R292, L323, Y346, M376, D377, L378, S380, S381,
F393, R394, A396, G399, E403, T404, A405, Y413, N415, G416, N417, E419,
V422, A468, 1485, 1510, L514, F516, S517, Q518, Q521, L522, K524, E533,
W534, S536, G537, V540, Y545, S546, S547, G548, D590, D591, N592, G593,
F596, G600, W606, Q624, A649, V692, W693, Y697, Y701, N704, S705, T708,
D709, V710, S712, G714, R735 and K745 such that the amino acid residue
present in the wild-type human neprilysin extracellular domain sequence has
been replaced by another naturally-occurring amino acid and wherein the
amino acid residue numbering is based on the wild-type human neprilysin
sequence shown in SEQ ID NO: 1. The variant protease humanneprilysin
extracellular domain or fragment thereof may differ from wild type human
neprilysin at one or more positions selected from: T99 by D, SlOO by I,
SlOl by L, V, Y, or I, G104 by L, M, R, V or W, D107 by N, V or W, G195 by
V, T206 by R, H211 by N, H214 by N, H217 byN, D219 by A, Q220 by K, G224 by
W, S227 by L or R R228 by G, D229 by N, F247 by C or L, A287 by S, R292 by
M, 



L323 by F, Y346 by W, M376 by Y, D377 by F, H, T, Y or G, L378 by E, K or
R, S380 by K or R, S381 by R, F393 by S , R394 by C ,E ,G ,M or P , A 396
by D , G399by V ,E403 by H, L or S T404 by D or F A405 by T, Y413 by D,
N415 by A, G416 by R or W N417 by W, E419 by L, M, F or K, V422 by M, A468
by S, 1485 by V, 15 10 by D, E, F or R, L5 14 by K or F, F516 by R, S517 by
D, F, R, W orY, Q518 by R or P, Q521 by R or E, L522 by Y, K524 by R, E533
by F, A or R, W534 by C, S536 by G, P, R, E, E or W, G537 by E or T, V540
by C, E, F or G, Y545 by S or V, 5546 by D, E, I, R, W or Y, 5547 by D, E,
F, G or K, G548 by C, E, R or W, D590 by F, M or W, D591 by E or L, N592 by
P, G593 by V or D,F596 by P, G600 by D, V or W, W606 by S, Q624 by H, A649
by G, V692 by M, W693 by C, F, N, Q, V or L, Y697 by G, Y701 by G or R,
N704 by E, G, R or W, S705 by R, T708 by K, D709 by K or V V710 by F, S712
by H, L, Q or G, G714 by H or K, R735 by H and K745 by N. A polypeptide in
accordance with this aspect of the invention may comprise a moiety capable
of extending half-life of the polypeptide in plasma, such as are described
herein, the moiety capable of extending half-life of the polypeptide in
plasma can be a human serum albumin, an Fc domain, or a fragment thereof,
provided N-terminal to the variant human neprilysin extracellular domain or
fragment thereof. The human serum albumin can be a variant HSA, such as the
variant HSA C34S in which a cysteine residue has been replaced by a serine.
The moiety capable of extending half-life of the polypeptide and protease
variant human neprilysin extracellular domain or fragment thereof can,
optionally, be connected via a linker. 



The linker can be a peptide linker, for example a glycine-serine linker
such as the peptide GGGGS or GGGGGS. The present invention further provides
a polypeptide comprising NHSA C34S, a GGGGS linker and a G399V / G714K
variant human neprilysin extracellular domain , such as is shown in SEQ ID
NO: 28A polypeptide according to the invention suitably is capable of
digesting one or more peptide selected from Angiotensin- 1 and -2, ANP,
BNP, bradykinin, Endothelin- 1 and -2, Neuropeptide Y, Neurotensin,
Adrenomedullin, Bombesin, BLP, CGRP, Enkephalins, FGF-2, fMLP, GRP,
Neurokinin A, Neuromedin C, Oxytocin, PAMP, Substance P and VIP with a
lower specificity than wild-type human neprilysin. The present invention
also provides a nucleic acid encoding a polypeptide described above, a
vector comprising said nucleic acid and a host cell comprising said vector.
Additionally the invention provides method for producing a polypeptide as
described above, comprising a protease variant, wherein the method
comprises the following steps: (a) culturing the host cell as described
above under conditions suitable for the expression of the polypeptide
comprising a variant human neprilysin extracellular domain or a fragment
thereof; and (b) recovering the polypeptide from the host cell culture. The
present invention yet further provides pharmaceutical composition
comprising a polypeptide comprising a variant human neprilysin
extracellular domain or a fragment therof in accordance with the invention
and a pharmaceutically acceptable excipient. The invention also provides a
polypeptide comprising a variant human neprilysin extracellular domain or a
fragment thereof in accordance with the invention for use in treatinga
disease associated with accululation of Ab, such as Alzheimer's disease.
Also provided is a method for treating a disease associated with
accumulation of Ab, such as Alzheimer's disease, comprising administering
to a patient in need thereof a therapeutically effective dose of a
polypeptide comprising a variant human neprilysin extracellular domain or a
fragment thereof in accordance with the invention. Detailed description of
key sequences SEQ ID NO: 1 shows the amino acid sequence of wild type human
neprilysin without the codon triplet for initial methionine (Wt-full length
neprilysin). The first amino acid (Y) of the human soluble Neprilysin
sequence occurs at position 51. SEQ ID NO:2 shows the amino acid sequence
of wild type soluble human neprilysin (Wt-sNeprilysin;), i.e., the
extracellular catalytic domain.SEQ ID NO: 3 shows the amino acid sequence
of soluble human neprilysin with amino terminal 3xHA-tag and
dipeptide-linker. The first amino acid (Y) of the human soluble Neprilysin
sequence occurs at position 30. SEQ ID NO:4 shows the nucleotide-sequence
of wild type soluble human neprilysin (Wt-sNeprilysin). SEQ ID NO: 5 shows
the nucleotide-sequence of soluble human neprilysin with amino terminal
3xHA-tag and dipeptide linker. The first codon triplet of the human soluble
Neprilysin sequence (TAC) occurs at positions 88-90. SEQ ID NO: 6 shows the
nucleotide-sequence of full-length wild type human Neprilysin without the
codon triplet for initial methionine. SEQ ID NO:7 shows the nucleotide
sequence of human soluble neprilysin sequence N-terminal fused to sequences
encoding a secretion leader, secretion site, triple HA-tag and a dipeptide
linker in expression vector pYES2. The alpha secretion leader sequence
including the secretion site is at position 507-773, the 3xHA tag sequence
is at position 774-854; the Gly/Ser linker (Dipeptide-linker) is at
position 855 -860; the sNeprilysin sequence is at position 861-2960; and
the CYYl terminator sequence is at position 3090-3338. SEQ ID NO: 28 shows
a human variant neprilysin extracellular domain that has two amino acid
changes from wild-type human neprilysin: Glycine 399 to Valine and Glycine
714 to Lysine; this variant has enhanced stability and specificity:
YDDGICKSSDCIKSAARLIQNMDATTEPCTDFFKYACGGWLKRNVIPETSSRYGNFDI
LRDELEVVLKDVLQEPKTEDIVAVQKAKALYRSCGNESAIDSRGGEPLLKLLPDGYGW
PVATENWEQKYGASWTAEKAIAQLNSKYGKKVLGNLFVGTDDKNSVNHVIHIDQPR
LGLPSRDYYECTGIYKEACTAYVDFMISVARLIRQEERLPIDENQLALEMNKVMELEK
EIANATAKPEDRNDPMLLYNKMTLAQIQNNFSLEINGKPFSWLNFTNEIMSTVNISITN
EEDVVVYAPEYLTKLKPILTKYSARDLQNLMSWRFIMDLVSSLSRTYKESRNAFRKA
LYVTTSETATWRRCANYVNGNMMNAVGRLYVEAAFAGESKHVVEDLIAQIREVFIQ
TLDDLTWMDAETKKRAEEKALAIKERIGYPDDIVSNDNKLNNEYLELNYKEDEYFEN
IIQNLKFSQSKQLKKLREKVDKDEWISGAAWNAFYSSGRNQIVFPAGILQPPFFSAQQ
SNSLNYGGIGMVIGHEITHGFFDNGRNPNKDDDLVDWWTQQSASNFKEQSQCMVYQ
YGNFSWDLAGGQHLNGGNTLGENIADNGGLGQAYRAYQNYIKKNGEEKLLPGLDLN
HKQLFFLNFAQVWCGTYRPEYAVNSIKTDVHSPKNFRIIGTLQNSAEFSEAFHCRKNS YMNPEKKCRVWSEQ
ID NO: 29 shows (N terminus to C-terminus) HSA (C34S variant) - GGGGS
linker - human neprilysin variant with two amino acid changes from wild
type neprilysin: G399V and G714K.
DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQSPFEDHVKLVNEVTEFAKTCVADE
SAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLP
RLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQ
AADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKA 



EFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLL
EKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPD
YSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQ
LGEYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYL
SVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHA
DICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETC
FAEEGKKLVAASQAALGLGGGGSYDDGICKSSDCIKSAARLIQNMDATTEPCTDFFK
YACGGWLKRNVIPETSSRYGNFDILRDELEVVLKDVLQEPKTEDGVAVQKAKALYRS
CINESAIDSRGGEPLLKLLPDIYGWPVATENWEQKYGASWTAEKAIAQLNSKYGKKV
LINLFVGTDDKNSVNHVIHIDQPRLGLPSRDYYECTGIYKEACTAYVDFMISVARLIR
QEERLPIDENQLALEMNKVMELEKEIANATAKPEDRNDPMLLYNKMTLAQIQNNFSL
EINGKPFSWLNFTNEIMSTVNISITNEEDVVVYAPEYLTKLKPILTKYSARDLQNLMS
WRFIMDLVSSLSRTYKESRNAFRKALYVTTSETATWRRCANYVNGNMMNAVGRLY
VEAAFAGESKHVVEDLIAQIREVFIQTLDDLTWMDAETKKRAEEKALAIKERIGYPD
DIVSNDNKLNNEYLELNYKEDEYFENIIQNLKFSQSKQLKKLREKVDKDEWISGAAV
VNAFYSSGRNQGVFPAGILQPPFFSAQQSNSLNYGGIGMVIGHEGTHGFFDNGRNPNKD
DDLVDWWTQQSASNFKEQSQCMVYQYGNFSWDLAGGQHLNGINTLGENIADNGGL
GQAYRAYQNYIKKNGEEKLLPGLDLNHKQLFFLNFAQVWCGTYRPEYAVNSIKTDV
HSPKNFRIIGTLQNSAEFSEAFHCRKNSYMNPEKKCRVW SEQ ID NO: 30 shows the sequence
for the human serum albumin variant HSA C34S:
DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQSPFEDHVKLVNEVTEFAKTCVADE
SAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLP RLVRPEVD
VMCTAFHDNEETFLKKYLYEIARRHP
YFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQR
FPKA EFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLL
EKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPD
YSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQ
LGEYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYL
SVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHA
DICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETC FAEEGKKLVAASQAALGL
Detailed description of the Figures Figure 1 shows the nucleotide sequence
of yeast expression vector pYES2 (Invitrogen, SKU# V825-20), 5856bp (SEQ ID
NO: 22). The pYES2 vector is designed for native expression of your protein
of interest in S. cerevisiae. It contains the URA3 gene for selection in
yeast and 2m origin for high-copy maintenance. Figure 2 shows nucleotide
sequences of yeast expression vector pESC-URA (Stratagen), 6631 bp (SEQ ID
NO:23). Figure 3 shows nucleotide sequence of expression vector p427-TEF
(Dualsystems Biotech), 6702 bp (SEQ ID NO:24). Figure 4 shows a Western
blot analysis of a culture supernatant of cells expressing human
sNeprilysin (detection antibody: goat-polyclonal anti-h neprilysin (R&D)).
Figure 5 shows the cleavage of five of the peptide substrates (peptide 5 =
angiotensin; peptide 3 = ANP; peptide 6a = one of the endothelin peptides;
peptide 1 = ABi_40 ; and, peptide 2 = ABi_ 2) by various mutants relative
to the G399V/G714K parent mutant (see Table 8), illustrating the increased
cleavage of the amyloid beta peptides (ABi_4oand ABi_42) and reduced
cleavage of the three off-peptides (ANP, endothelin and angiotensin).
Figure 6 shows the cleavage of six of the peptide substrates (peptide 5 =
angiotensin; peptide 4 = BNP; peptide 7 = neuropeptide Y; peptide 6a = one
of the endothelin peptides; peptide 1 = ABi_40 ; and, peptide 2 = ABi_42)
by various mutants from Table 10 relative to the G399V/G714K parent mutant.
Figure 7 : Abeta degradation of edogenous mouse Abeta 1-40 in plasma from
C57BL/6 mice after 1 hour incubation at RT0C using 1 uM to 0.1 nM of
enzyme. A) wildtypeneprilysin. B) neprilysin variant G399V/G714K fused to
HAS (N-HSA - hNepG399V/G714K-C in this and the following examples). Figure
8: Abeta degradation of human Abeta 1-42 in plasma from TG2576 mice after 1
hour incubation at RT0C using 1 uM to 1 nM of enzyme. A) wildtype
neprilysin. B) neprilysin variant G399V/G7 14K fused to HSA. Figure 9 :
Abeta degradation of human Abeta 1-40 in plasma from TG2576 mice after 1
hour incubation at RT 0C using 3 uM to 10 nM of enzyme. A) wildtype
neprilysin. B) neprilysin variant G399V/G714K fused to HSA. Figure 10:
Abeta degradation of rat Abeta 1-40 in plasma from Sprague Dawley rats
after 1 hour incubation at RT 0C using 1 uM to 0.1 nM of enzyme. A)
wildtype neprilysin. B) neprilysin variant G399V/G714K fused to HSA. Figure
11: Abeta degradation of Abeta 1-42 in human plasma after 1 hour incubation
at RT 0C using 3 uM to 0.1 nM of enzyme. A) wildtype neprilysin. B)
neprilysin variant G399V/G714K fused to HSA. Figure 12: Abeta degradation
of Abeta 1-40 in human plasma after 1 hour incubation at RT 0C using 1 uM
to 0.1 nM of enzyme. A) wildtype neprilysin. B) neprilysin variant 



G399V/G714K fused to HSA. Figure 13: Abeta degradation of Abeta 1-40 in
buffer after 1 hour incubation at RT 0C using 1 uM to 1 nM of enzyme. A)
wildtype neprilysin. B) neprilysin variant G399V/G714K fused to HSA.
Detailed description of the Invention In the framework of this invention
the following abbreviations, terms and definitions are used: aa amino acid
HA-tag Haemagglutinin epitope tag 3xHA tag 3-times the HA epitope Nt
nucleotide PCR Polymerase Chain Reaction sNeprilysin soluble Neprilysin wt
wild typeThe term "amyloid beta peptide", "Ab peptide" or "amyloid b
peptide" means any form of the peptide that correlates to amino acid
sequence (one letter code) DAEFRHDSG YEVHHQKLVF FAEDVGSNKG AIIGLMVGGV VIAT
in the human AbA4 protein [Precursor], corresponding to amino acid 672 to
714 in the sequence (amino acid 1-43; Abl - 43). It also includes any
shorter forms of this peptide, such as Abl-40, Abl-41, Abl-42, Abl - 39,
Abl-38, Abl-43, and modified peptides such as N-terminal truncated forms as
Ab3-42, Abl 1-40 and Abl 1-42, Ab peptides with pyroglutamyl formation as
Ab(py3-42) and Ab(pyl 1-42) and Ab peptides which are modified by
oxidation, isomerisation, racemization, and/or covalently linkage (ID
17274, ID17231, ID17850). The term comprises also Ab' s with substitutions
of residues such Glu22 for GIn (references in Soto, C. and Castano, M.,
(1996) Biochem. J. 314:701-707) and oligomeric forms and aggregates. The
term "polynucleotide" corresponds to any genetic material of any length and
any sequence, comprising single-stranded and double-stranded DNA and RNA
molecules, including regulatory elements, structural genes, groups of
genes, plasmids, whole genomes, and fragments thereof. The term "site" in a
polynucleotide or polypeptide refers to a certain position or region in the
sequence of the polynucleotide or polypeptide, respectively. The term
"position" in a polynucleotide or polypeptide refers to specific single
bases or amino acids in the sequence of the polynucleotide or polypeptide,
respectively. The term "region" in a polynucleotide or polypeptide refers
to stretches of several bases or amino acids in the sequence of the
polynucleotide or polypeptide, respectively. The term "polypeptide"
comprises proteins such as enzymes, antibodies and the like, medium-length
polypeptides such as peptide inhibitors, cytokines and the like, as well as
short peptides down to an amino acid sequence length below ten, such as
peptidic receptor ligands, peptide hormones, and the like. The term
"protease" means any protein molecule catalyzing the hydrolysis of peptide
bonds. It includes naturally-occurring proteolytic enzymes, as well as
protease variants and derivatives thereof. It also comprises any fragment
of a proteolytic enzyme, and variants engineered by insertion, deletion,
recombination and/or any other method, that leads to proteases that differ
in their amino acid sequence from the naturally-occurring protease or the
protease variants. It also comprises protein molecules with
posttranslational and/or chemical modifications, e.g. Glycosylation,
PEGylation, HESylation, gamma carboxylation andacetylation, any molecular
complex or fusion protein comprising one of the aforementioned proteins.
The term "protease variant" means any protease molecule obtained by
mutagenesis, preferably by site-directed or random mutagenesis with an
altered amino acid sequence compared to the respective wild type sequence,
which retains protease activity and may have a different substrate
specificity profile when compared to the wild-type sequence. The term
"specificity" means the ability of an enzyme to recognize and convert
preferentially certain substrates. The specificity of proteases, i.e. their
ability to recognize and hydrolyze preferentially certain peptide
substrates, can be expressed qualitatively and quantitatively.
Qualitatively, proteases that digest one or a small number of peptides have
a high specificity, whereas proteases that digest numerous polypeptides
have a low specificity. In quantitative terms, the specificity profile of a
protease is given by the respective kcat/Km ratios for all substrates,
including potentially kcat/Km ratios for several cleavage sites in a given
substrate. This equation with "Var" = protease (e.g. Neprilysin) variant
and "WT" = wild type (e.g. Neprilysin) protease describes the relative
activities of a protease variant on "Substrate_i" and "Substrate_k" in
comparison to the wild-type protease. An increased specificity is expressed
by ratios of 1.5, 2, 3, 4, 5, 7, 10, 20, 30, 40, 50, 100, 200 or higher. In
practice, the reaction velocity kapp=(kcat/Km)* [E] ([E] = enzyme
concentration) is measured. But since all measurements are done at the same
enzyme concentration, the specificity as defined is independent of [E]. By
enhanced specificity we mean that a variant enzymes is able to cleave
amyloid beta (Ab) peptides to a greater degree and/or other peptides
(including ANP, BNP, angiotensin- 1,bradykinin, endothelin 1, neuropeptide
Y, neurotensin, adrenomedullin and insulin b-chain) to 



a lesser degree as compared to the wild-type enzyme. By enhanced
specificity for amyloid beta (Ab), we mean that compared to wild type
neprilysin, the variant neprilysin cleaves Abi _40 and/or Abi-42 peptide to
a greater degree than any one of the following peptide substrates: ANP,
BNP, angiotensin- 1, bradykinin, endothelin 1, neuropeptide Y, neurotensin,
adrenomedullin and insulin b-chain. In certain embodiments it (the
neprilysin variant) exhibits at least 8-fold, such as at least 10-fold, at
least 20-fold, at least 30-fold, at least 50-fold, at least 60 fold, at
least 70-fold, at least 80-fold, at least 90-fold and at least 100-fold,
greater specificity (as measured by degree of cleavage) for Ab than any of
the other neprilysin substrate peptides. In other embodiments it exhibits
at least 8-fold, such as at least 10-fold, at least 20-fold, at least 30-
fold, at least 50-fold, at least 60 fold, at least 70-fold, at least
80-fold, at least 90-fold and at least 100-fold, greater specificity (as
measured by degree of cleavage) for Ab than any of: ANP, angiotensin- 1,
bradykinin, endothelin 1 or neurotensin. In other embodiments it exhibits
at least 8-fold, such as at least 10-fold, at least 20-fold, at least
30-fold, at least 50-fold, at least 60 fold, at least 70-fold, at least
80-fold, at least 90-fold and at least 100-fold, greater specificity (as
measured by degree of cleavage) for Ab than each of: ANP, angiotensin- 1,
bradykinin, endothelin 1 and neurotensin. In other embodiments it exhibits
at least 8-fold, such as at least 10-fold, at least 20-fold, at least
30-fold, at least 50-fold, at least 60 fold, at least 70-fold, at least
80-fold, at least 90-fold and at least 100-fold, greater specificity (as
measured by degree of cleavage) for Ab than each of: ANP, BNP, angiotensin-
1, bradykinin, endothelin 1, neuropeptide Y and neurotensin. The term
"catalytic activity" describes quantitatively the conversion of a given
substrate under defined reaction conditions and is proportional to kcat/Km.
The term "substrate" or "peptide substrate" comprises any peptide,
oligopeptide, or protein molecule of any amino acid composition, sequence
or length, and post-translational or chemically-modified forms of these
molecules, that contains a peptide bond that can be hydrolyzed
catalytically by a protease. The peptide bond that is hydrolyzed is
referred to as the "cleavage site". The term "modulator" refers to a
molecule that prevents degradation and/or increases plasma half-life,
reduces toxicity, reduces immunogenicity, or increases biological activity
of a therapeutic protein. Exemplary modulators include an Fc domain as well
as a linearpolymer (e.g., polyethylene glycol (PEG), polylysine, dextran,
etc.); a branched-chain polymer (see, for example, U.S. Pat. No. 4,289,872,
U.S. Pat. No. 5, 229,490; WO 93/21259); a lipid; a cholesterol group (such
as a steroid); a carbohydrate or oligosaccharide; or any natural or
synthetic protein, polypeptide or peptide that binds to a salvage receptor.
Glycosylation is also an example of modulator that through the increase in
size of the polypeptide can prolong the plasma half-life, mainly due to a
change in the clearance mechanism. A modulator can also include a human
serum albumin (HSA) binding component, such as wild type human HSA or a
variant human HAS, such as HSA C34S which thereby prolong the plasma
half-life of the polypeptide. The term "fusion" refers to a molecule that
is composed of a modulator molecule and a protein molecule. The modulator
may be covalently linked to the protein part to create the fusion protein.
A non-covalent approach can also be used to connect the protein to the
modulator part. The modulator part can be pegylation or glycosylation. The
term "degrade", "degrading" or "degradation" refers to a process where one
starting molecule is divided in two or more molecule(s). More specifically,
the amyloid b peptide (in any size from amino acid 1-43 and smaller) is
cleaved to generate smaller fragments compared to the starting molecule.
The cleavage can be accomplished through hydrolysis of peptide bonds or
other type of reaction, which split the molecule in smaller parts. The term
"native Fc" refers to molecule or sequence comprising the sequence of a
non-antigen-binding fragment resulting from digestion of whole antibody,
whether in monomeric or multimeric form. The original immunoglobulin source
of the native Fc may be of human origin and may be any of the
immunoglobulins, although IgGl is preferred. Native Fes are made up of
monomeric polypeptides that may be linked into dimeric or multimeric forms
by covalent (i.e., disulfide bonds) and non-covalent association. The
number of intermolecular disulfide bonds between monomeric subunits of
native Fc molecules ranges from 1 to 4 depending on class (e.g., IgG, IgA,
IgE) or subclass (e.g., IgGl, IgG2, IgG3, IgAl, IgGA2). One example of a
native Fc is a disulfide- bonded dimer resulting from papain digestion of
an IgG (see Ellison et al. (1982), Nucleic Acids Res. 10: 4071-9). The term
"native Fc" as used herein is generic to the monomeric, dimeric, and
multimeric forms. The term "Fc variant" refers to a molecule or sequence
that is modified from a native Fc but still comprises a binding site for
the salvage receptor, FcRn. Publications WO97/34631 and WO 96/32478
describe exemplary Fc variants, as well as interaction with the salvage
receptor, and are hereby incorporated by reference. Thus, the term "Fc
variant" comprises a molecule or sequence that is humanized from a
non-human native Fc. Furthermore, a native Fc comprises sites that may be
removed because they provide structural features or biological activity
that are not required for the fusion molecules of the present invention.
Thus, the term "Fc variant" comprises a molecule or sequence that lacks one
or 



more native Fc sites or residues that affect or are involved in (1)
disulfide bond formation, (2) incompatibility with a selected host cell (3)
N-terminal heterogeneity upon expression in a selected host cell, (4)
glycosylation, (5) interaction with complement, (6) binding to an Fc
receptor other than a salvage receptor, or (7) antibody-dependent cellular
cytotoxicity (ADCC). Fc variants are described in further detail
hereinafter. The term "Fc domain" encompasses native Fc and Fc variant
molecules and sequences as defined above. As with Fc variants and native
Fes, the term "Fc domain" includes molecules in monomeric or multimeric
form, whether digested from whole antibody or produced by other means. The
term "pharmacologically active" means that a substance so described is
determined to have activity that affects a medical parameter (e.g., blood
pressure, blood cell count, cholesterol level) or disease state (e.g.,
cancer, autoimmune disorders, dementia). The term "half-life" is defined as
the time taken for the removal of half the initial concentration of the
protein or polypeptide from the plasma. This invention describes ways of
modulating the half-life of neprilysin variant polypeptides in plasma. Such
modification can produce fusion proteins with improved pharmacokinetic
properties (e.g., increased in vivo serum half-life). Prolong the half-life
means that it takes longer time for clearance of half of the initial
concentration of the protein from the plasma. The half-life of a
pharmaceutical or chemical compound is a well defined and well known term
of the art. The term "connect" means a covalent or a reversible linkage
between two or more parts. A covalent linkage can for example be a peptide
bond, disulfide bond, carbon-carbon coupling or any type of linkage that is
based of a covalent linkage between to atoms. A reversible linkage can for
example be biotin-streptavidin, antibody-antigen or a linkage which is
classified as a reversible linkage known in the art. For example, a
covalent linkage is directly obtained when the half-life modulator part and
protease part of the fusion protein isproduced in a recombinant form from
the same plasmid, thus the connection is designed on DNA level. The term
"covalently connected" means a chemical link between two atoms in which
electrons are shared between them. Examples of bonds covalently connected
are a peptide bond, disulfide bond, carbon-carbon coupling. A fusion
protein can be linked together by a polypeptide bond where the linkage can
be accomplished during the translational process on the ribosome when the
fusion protein is produced. Other type of covalently connected component
could be modification with a pegylation reagent that is covalently linked
to an amino residue (for example lysine) on the protein. The chemical
coupling reaction can, for example, be acylation or other suitable coupling
reaction which link the two components together into a fusion protein.
Covalently connected can also mean a linkage of a linker at two sites in
which the modulator is linked together with the protein part. The term
"cleavage sites" means a specific location/site in a peptide sequence that
can be cleaved by a protein or an enzyme. Cleavage is normally produced by
hydrolysis of the peptide bond connecting two amino acids. Cleavage can
also take place at multiple sites in the same peptide using a single or a
combination of proteins or enzymes. A cleavage site can also be other site
than the peptide bond. This invention describes the cleavage of the amyloid
b peptide in detail. In some embodiments, the protease variant, or
polypeptide comprising the protease variant, e.g. a fusion polypeptide, or
a derivative of any of the aforesaid, or a nucleic acid encoding same is
isolated. An isolated biological component (such as a nucleic acid molecule
or protein such as a protease) is one that has been substantially separated
or purified away from other biological components in the cell of the
organism in which the component naturally occurs, e.g., other chromosomal
and extra-chromosomal DNA and RNA, proteins and organelles. Nucleic acids
and proteins that have been "isolated" include nucleic acids and proteins
purified by standard purification methods. The term also embraces nucleic
acids and proteins prepared by recombinant expression in a host cell as
well as chemically synthesized nucleic acids. Amino acids are referred to
herein using the name of the amino acid, the three-letter abbreviation or
the single letter abbreviation. The table below provides a list of the
standard amino acids together with their abbreviations.In addition to the
specific amino acid variations and nucleic acids encoding the variations,
conservative amino acid substitutions of the variations are provided
herein. Such substitutions are those, which are conservative, for example,
wherein the variant amino acid is replaced by another amino acid of the
same class. Amino acids can be classified as acidic, basic, neutral and
polar, or neutral and nonpolar and/or aromatic, depending on their side
chain. Preferred substitutions of a variant amino acid position include
those that have one or more classifications that are the same as the
variant amino acid at that position. Thus, in general, amino acids Lys,
Arg, and His are basic; amino acids aspartic and glutamic are acidic; amino
acids Ser, Thr, Cys, GIn, and Asn are neutral polar; amino acids GIy, Ala,
VaI,He, and Leu are non-polar aliphatic, and amino acids Phe, Trp, and Tyr
are aromatic. GIy and Ala are small amino acids and VaI, He and Leu are
aliphatic amino acids. It is well known to one of ordinary skill in the art
that the genetic code is degenerate, that a particular amino acid can be
encoded by more than one codon triplet. Therefore, the nucleic acids
provided herein also include alternate sequences that use different codons
to 



encode the same amino acid sequence. Furthermore, the nucleic acids
provided herein also include both the coding sequence and the complementary
sequence of nucleic acids encoding a variant neprilysin polypeptides
provided herein. A protease variant or derivative thereof provided herein
can be prepared by recombinant expression of nucleic acid sequences
encoding the same in a host cell. To express a protease or derivative
thereof recombinantly, a host cell can be transfected with one or more
recombinant expression vectors carrying DNA fragments encoding the protease
or derivative thereof such that the protease or derivative are expressed in
the host cell. Standard recombinant DNA methodologies are used prepare
and/or obtain nucleic acids encoding the protease or derivative thereof,
incorporate these nucleic acids into recombinant expression vectors and
introduce the vectors into host cells, such as those described in Sambrook,
Fritsch and Maniatis (eds), Molecular Cloning; A Laboratory Manual, Second
Edition, Cold Spring Harbor, N.Y., (1989), Ausubel, F.M. et al. (eds.)
Current Protocols in Molecular Biology, Greene Publishing Associates,
(1989). To create a polynucleotide sequence that encodes a protease or
derivative thereof fused to another polypeptide, protease-encoding nucleic
acids can be operatively linked to another fragment encoding a flexible
linker such that the protease and other polypeptide sequences can be
expressed as a contiguous single-chain protein, with the protease and other
polypeptide regions joined by the flexible linker. To express the proteases
or derivatives thereof standard recombinant DNA expression methods can be
used (see, for example, Goeddel; Gene Expression Technology. Methods in
Enzymology 185, Academic Press, San Diego, Calif. (1990)). For example, DNA
encoding the desired polypeptide can be inserted into an expression vector
which is then transfected into a suitable host cell. It is understood that
the design of the expression vector, including the selection of regulatory
sequences is affected by factors such as the choice of the host cell, the
level of expression of protein desired and whether expression is
constitutive or inducible.Preferred regulatory sequences for mammalian host
cell expression include viral elements that direct high levels of protein
expression in mammalian cells, such as promoters and/or enhancers derived
from cytomegalovirus (CMV) (such as the CMV promoter/enhancer), Simian
Virus 40 (SV40) (such as the SV40 promoter/enhancer), adenovirus, (e.g.,
the adenovirus major late promoter (AdMLP)) and polyoma. For further
description of viral regulatory elements, and sequences thereof, see e.g.,
U.S. 5,168,062 by Stinski, U.S. 4,5 10,245 by Bell et al. and U.S.
4,968,615 by Schaffner et al. The recombinant expression vectors can also
include origins of replication and selectable markers (see e.g., U.S.
4,399,216, 4,634,665 and U.S. 5,179,017, by Axel et al). Suitable
selectable markers include genes that confer resistance to drugs such as
G418, hygromycin or methotrexate, on a host cell into which the vector has
been introduced. For example, the dihydrofolate reductase (DHFR) gene
confers resistance to methotrexate and the neo gene confers resistance to
G418. Transfection of the expression vector into a host cell can be carried
out using standard techniques such as electroporation, calcium-phosphate
precipitation, and DEAE-dextran transfection. Suitable mammalian host cells
for expressing the variant protease polypeptides provided herein include
Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, described in
Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA 77:4216-4220, used
with a DHFR selectable marker, e.g., as described in R. J . Kaufman and P.
A. Sharp (1982) MoI. Biol. 159:601-621), NSO myeloma cells, COS cells and
SP2 cells. In some embodiments, the expression vector is designed such that
the expressed protein is secreted into the culture medium in which the host
cells are grown. The proteases or derivatives thereof can be recovered from
the culture medium using standard protein purification methods. The variant
protease polypeptides can also be produced in prokaryotic cells using
suitable vectors as described, for example, in U.S. 6,204,023 to Robinson,
et al. and in (Carter et al., Bio/Technology 10:163-167 (1992). The
expression vector can be designed to allow the expressed polypeptide to be
secreted into the periplasmic space, or the polypeptide can be retained
within the cell, for example, in inclusion bodies. The expressed
polypeptide can be isolated from the periplasmic space or the inclusion
bodies can be isolated from the host cell, respectively. Suitable host
cells for cloning or expressing the DNA in the vectors described herein are
the prokaryote, yeast, or higher eukaryote cells described above. In
addition toprokaryotes, eukaryotic microbes such as filamentous fungi or
yeast are suitable cloning or expression hosts for the antibodies, antigen
binding portions, or derivatives thereof provided herein. Saccharomyces
cerevisiae, is a suitable eukaryotic host microorganism. Another suitable
yeast host is Schizosaccharomyces pombe. Suitable host cells for the
expression of a glycosylated protease or derivative thereof provided herein
include mammalian, plant, and insect cells. Host cells are transformed with
the above-described expression or cloning vectors for the variant protease
polypeptide and cultured in conventional nutrient media modified as
appropriate for inducing promoters, selecting transformants, or amplifying
the genes encoding the desired sequences. Commercially available media such
as Ham's FlO, Minimal Essential Medium ((MEM), RPMI- 1640, and Dulbecco's
Modified Eagle's Medium (DMEM), are 



suitable for culturing the host cells. The culture conditions, such as
temperature, pH, and the like, are those previously used with the host cell
selected for expression, and will be apparent to the ordinarily skilled
artisan. Where the protease or derivative thereof is secreted into the
medium, supernatants from such expression systems are generally first
concentrated using a commercially available protein concentration filter,
for example, an Amicon or Millipore Pellicon ultrafiltration unit. The
protease or derivative thereof composition prepared from the cells can be
purified using, for example, hydroxylapatite chromatography, gel
electrophoresis, dialysis, and affinity chromatography. In general, the
protease variants described herein have pharmacological activity resulting
from their ability to process/degrade pharmacological active substrates. An
altered activity and/or specificity by a factor of two is sufficient to
change the pharmacological activity of the variant compared to wild type.
The activity/specificity of the protease variants can be determined by
assays known in the art. In vivo assays are known in the art and further
described in the examples section. Such pharmaceutical compositions may be
for administration for injection, or for oral, pulmonary, nasal,
transdermal, sub-cutaneous or other forms of administration. In general,
the invention encompasses pharmaceutical compositions comprising effective
amounts of a variant protease polypeptide of the invention together with
pharmaceutically acceptable diluents, preservatives, solubilisers,
emulsifiers, adjuvants and/or carriers. Such compositions include diluents
of various buffer content, pH and ionic strength; additives such as
detergents and solubilising agents, anti-oxidants, preservatives and
bulking substances; incorporation of the material into particulate
preparations of polymericcompounds such as polylactic acid, polyglycolic
acid, etc. or into liposomes acid may also be used, and this may have the
effect of promoting sustained duration in the circulation. Such
compositions may influence the physical state, stability, rate of in vivo
release, and rate of in vivo clearance of the present protease variants and
derivatives thereof. See, e.g. Remington's Pharmaceutical Sciences, 18th
Ed. (1990, Mack Publishing Co., Easton, Pa. 18042) pages 1435-1712 which
are herein incorporated by reference. The variant protease polypeptides may
be prepared in liquid form, or may be in dried powder, such as lyophilized
form. Implantable sustained release formulations are also contemplated, as
are transdermal formulations. These administration alternatives are well
known in the art. The variant protease polypeptides provided herein can be
administered to a patient in need thereof. A variety of routes can be used
to administer the protease or derivative thereof. Any mode of
administration that is medically acceptable, meaning any mode that produces
effective levels of the active compounds without causing clinically
unacceptable adverse effects can be used to administer the protease or
derivative thereof. Such modes of administration include oral, sublingual,
topical, nasal, transdermal or parenteral routes. The term "parenteral"
includes subcutaneous, intravenous, intramuscular, or infusion. The variant
protease polypeptides can be administered once, continuously, such as by
continuous pump, or at periodic intervals. The periodic interval may be
weekly, bi-weekly, or monthly. The dosing can occur over the period of one
month, two months, three months or more to elicit an appropriate response.
Desired time intervals of multiple doses of a particular composition can be
determined without undue experimentation by one skilled in the art. Other
protocols for the administration of a protease or derivative thereof will
be known to one of ordinary skill in the art, in which the dose amount,
schedule of administration, sites of administration, mode of administration
and the like vary from the foregoing. The present invention relates to
protease variant polypeptides, which are derived from human neprilysin
having an altered activity and/or specificity. In a preferred embodiment
the protease variants are derived from human neprilysin having an improved
activity against certain proteins and peptides. In one embodiment the
neprilysin variant has an improved specificity or activity against Ab
peptide. In other embodiments, the protease variants, which are derived
from human neprilysin have an improved activity against certain proteins
and peptides other than Ab peptide. Examples of the certain non-Ab peptide
proteins and peptides cleavable by the protease variants are Angiotensin- 1
and -2, ANP, BNP, bradykinin,Endothelin-1 and -2, Neuropeptide Y and
Neurotensin, as well as Adrenomedullin, Bombesin, BLP, CGRP, Enkephalins,
FGF-2, fMLP, GRP, Neurokinin A, Neuromedin C, Oxytocin, PAMP, Substance P
and VIP. Yet another embodiment is a protease variant according to any of
the aforementioned variants having an altered specificity against at least
one substrate selected from the group consisting of Amyloid B O, Amyloid
B42, Angiotensin- 1 and -2, ANP, BNP, bradykinin, Endothelin-1 and -2,
Neuropeptide Y, Neurotensin, Adrenomedullin, Bombesin, BLP, CGRP,
Enkephalins, FGF-2, fMLP, GRP, Neurokinin A, Neuromedin C, Oxytocin, PAMP,
Substance P or VIP. A further embodiment is a protease variant according to
any of the aforementioned variants having an altered specificity against at
least one substrate selected from the group consisting of Amyloid b4o,
Amyloid B42, Angiotensin- 1 and -2, ANP, BNP, bradykinin, Endothelin-1 and
-2, Neuropeptide Y or Neurotensin. A further embodiment is a protease
variant according to any of the aforementioned variants having an altered
specificity against at least Amyloid B4o or Amyloid B42 The following table
lists relative activities of protease variants vs. wild type neprilysin on
different substrates determined from the ratio of the two corresponding
kapp-values (see 



example 3). These variants are representatives of the set of all protease
variants defined by one mutation or a combination of mutations at
position(s) named in column 1. For the purpose of exemplary illustration:
Protease variant G399V shows a 1.43-fold increased activity on Peptide-1
(Ab peptide derivative), a 1.2 1-fold increased activity on Peptide-2 (Ab
peptide derivative), a 1.32-fold increased activity on Peptide-7 (NPY
derivative), a 50-fold decreased activity on Peptide-8 (neurotensin
derivative) and Peptide-13 (Bradykinin derivative), and a 12. 5-fold
decrease on Peptide-5 (angiotensin derivative). With the specificity
definition above comparing a protease variant with the wild type protease
this variant G399V shows an approximate 70-fold increased specificity for
Peptide-1 vs. Peptide-13. Protease variant G714K shows a 6.91 -fold
increased activity on Peptide-1 (Ab peptide derivative), a 3.99-fold
increased activity on Peptide-2 (Ab peptide derivative), a 1.31 -fold
increased activity on Peptide-6 (endothelin derivative), and a 5-fold
decreased activity on Peptide-13 (Bradykinin derivative) and Peptide-4 (BNP
derivative). With the specificity definition above comparing a protease
variant with the wild type protease this variant G714K shows an approximate
35-fold increased specificity for Peptide-1 vs. Peptide-13.Protease variant
G600W shows a 1.91 -fold increased activity on Peptide- 1 (Ab peptide
derivative), a 1.95-fold increased activity on Peptide-4 (BNP derivative),
and a 100- fold decreased activity on Peptide- 13 (Bradykinin derivative),
With the specificity definition above comparing a protease variant with the
wild type protease this variant G600W shows a nearly 200-fold increased
specificity for Peptide-1 vs. Peptide-13 and a nearly 200-fold increased
specificity for Peptide-4 vs. Peptide-13, however, the ratio of the
activities on Peptide-1 and Peptide-4 is nearly one meaning no change in
specificity regarding Peptide-1 vs. Peptide-4. Protease variant N592P shows
a 1.49-fold increased activity on Peptide-6 (Endothelin derivative), a
1.35-fold decreased activity on Peptide-8 (Neurotensin derivative), and a
2.84- fold decreased activity on Peptide-13 (Bradykinin derivative). This
variant shows a 4-fold increased specificity for Peptide-6 vs. Peptide-13
and a 2-fold increased specificity for Peptide-6 vs. Peptide-8 and for
Peptide-8 vs. Peptide-13. Protease variant W693L shows a 2.15-fold
increased activity on Peptide-13 (Bradykinin derivative), a 6.25-fold
decreased activity on Peptide-4 (BNP derivative), and a nearly unchanged
activity on Peptide-5 (Angiotensin- 1 derivative). This variant shows a 13-
fold increased specificity for Peptide-13 vs. Peptide-4 and a 2-fold
increased specificity for Peptide-13 vs. Peptide-5 and a 6.5-fold increased
specificity for Peptide-5 vs. Peptide-4. The protease variant with a
combination of the mutations W693L and G399V, however, shows a 6.7-fold
decreased activity on Peptide-13 (Bradykinin derivative), shows a 6.7-fold
decreased activity on Peptide-13 (Bradykinin derivative), and a 3.3-fold
decreased activity on Peptide-4 (BNP derivative), resulting in a 2-fold
increased specificity for Peptide-4 vs. Peptide-13. Protease variant S536E
shows a 1.37-fold increased activity on Peptide-5 (Angiotensin derivative),
a 3-fold decreased activity on Peptide-13 (Bradykinin), and a 4-fold
decreased activity on Peptide-1 (Ab peptide derivative). This variant shows
a 5-fold increased specificity for Peptide-5 vs. Peptide-1 and a 4-fold
increased specificity for Peptide-5 vs. Peptide-13. However, a protease
variant with a basic instead of a acidic residue in position 536, namely
variant S536R, shows a 2.3-fold decreased activity on peptide-5 and a
3.85-fold increased activity on peptide-1, hence an inverse specificity
regarding this pair of substrates. Surprisingly mutations at position 102
resulting in residues other than the GIn (Q) described in the literature
showed different specificities than wt or the R102Q mutation, forexample
the specificity of the mutant R102P on Peptide-5 vs. - 1 0.66-fold
decreased, whereas R102Q and R102M show a 3- and 3.6-fold increased
specificity, respectively. Surprisingly two mutations other than I->A at
pos 718 described in the literature showed different specificities, I718L
shows a 9-fold and 17 18V a 2.5-fold increased specificity on Peptide- 1vs.
-6. Table 3Engine Oil Formulations for Biodiesel Fuels BACKGROUND OF THE
INVENTION [0001 1 The disclosed technology relates to lubricants for
internal combustion engine particularly those fueled with biodiesel fuels.
[0002J Biodiesel is a general term for fuel-grade materials derived from
natural sources such as vegetable oils. They are often fatty acid methyl
esters ("FAME") such as rapeseed methyl ester ( 'RME") or soya methyl ester
("SME"). Biodiesel fuels are becoming more prevalent for fueling of diesel
engines. The increased use of diesel passenger vehicles in Europe and else
where is in part a cause of this increase. Current European diesel standard
(EN 590) allows for 5% biodiesel component to be incorporated into fuels,
which will soon rise to 7%, with indications that 10% biodiesel content
will be introduced by 2012. [0003] Simultaneously, there is continued
pressure for reducing particulate matter emissions from diesel engines.
Euro 5 requirements, scheduled for implementation in 2009, require
reduction in particulate matter to 0.05 g/km. 



Such levels can only be attained, practically, by use of a diesel
particulate filter. These filters require regeneration once they are full
of soot, and this is typically achieved by increasing the filter
temperature to bum off the soot. The tempera ture increase is often
achieved by post-injection of fuel into the engine cylinder. [0004]
However, post-injection of fuel can have the undesirable effect of
fuel-dilution of the engine lubricant, as more cylinder wall wetting by the
fuel allows more fuel to migrate to and accumulate in the lubricant sump
Biodiesel components are typically less volatile than conventional mineral
diesel fuel, and thus concentration of such components in the sump is
exacerbated. Sn fact, use of biodiesel fuel (B05. i.e., containing 5%
ester) along with post-injection may result in 40% fuel dilution of the
lubricant, and the biodiesel component may account for 50% of the diluent.
These high levels of biodiesel in the oil may lead to increased oxidation
and deposit formation associated with the lubricant. [0005] U.S. Patent
Publication 2008 ''0 182768, Devlin et al, July 3 1, 2008, discloses a
lubricant composition for biodiesel fuel engine applications, contain ing
an oil of lubricating viscosity and a highly grafted, multi-functional
olefin copolymer. The lubricating oil may contain a conventional
dispersant/inhibitor package, which may contain a detergent such as oil
soluble neutral and overbased sulfonates and phenates, among others.[0006]
U.S. Patent Publication 2009''Ol 11720, Boffa, April 30, 2009, dis closes
lubricating oi! compositions contaminated with a biodiesel fuel, compri s
ing a base oil of lubricating viscosity an a diarylamine compound. It
further comprises at least one additive which may be (among others)
detergents. Suitable metal detergents include phcnates and sulfonates,
among others. Generally the amount of the detergent is from about 0.001
wt.% to about 5 wt %. In an example, a base-line comparison is prepared
containing, among other materials, 0.24 wt. % actives of an overbased
magnesium sulfonate and 0.65 wt. % actives of an overbased calcium phenate
detergent. [0007] U.S. Patent Publication 2009/01 11721, Boffa, April 30,
2009, dis closes lubricating oil compositions comprising a base oil, a
biodiesel fuel, and a detergent. The detergent can be a metal phenate
detergent such as alkaline metal phenates. An additional additive or
modifier may also be present, includ ing detergents. Suitable metal
detergents include phenates and sulfonates. In an example, a baseline
formulation contains 0.18 wt. % actives of a low overbased calcium
sulfonate detergent. [0008] PCT Publication WO 2009/013275, January 29,
2009, discloses lubricating composition for use in diesel engines
compatible with biofuel. containing certain antioxidants. The lubricant may
also contain an additives package containing detergent. [0009] The
disclosed technology provides a lubricant composition suitable for sump
lubricated engines fueled by a liquid fuel which includes a biodiesel
component, which exhibits improved oxidation resistance and'Or reduced
deposit formation in lubricants which contain a portion of the biodiesel
component. This is accomplished by the presence of the described sulfonate
material. SUMMARY OF THE INVFNTI ON [0010] The disclosed technology
provides a method of reducing oxidative degradation of a lubricant
composition which contains an oil of lubricating viscosity and at least
about 1 percent by weight of a C 1-C4 (or Cl -C3) alkyl ester of a
carboxylic acid of 12 to 24 carbon atoms (that is, the carboxylic acid
component of the ester contains 12 to 24 carbon atoms) comprising including
within said lubricant composition a sulfonate detergent in an amount
sufficient to provide at least 0.2 (or 0.4) percent by weight sulfonate
soap to the lubricant composition, wherein the weight ratio of sulfonate
soap to phenate soap in the lubricant composition is at least .0.35:1 (or
0.7:1). [001 1] Further provided is a method for lubricating a
sump-lubricated internal combustion engine fueled by a liquid fuel which
comprises a C 1-C4 (orCl-C'3) alkyl ester of a carboxylic acid of 12 to 24
carbon atoms, comprising supplying to the sump a lubricant comprising an
oil of lubricating viscosity and a sulfonate detergent in an amount
sufficient to provide at least 0.2 (or 0.4) percent by weight sulfonate
soap to the lubricant composition, wherein the weight ratio of sulfonate
soap to phenate soap in the lubricant composition is at least 0.35:1 (or
0.7:1). {0012] Also provided is a lubricant composition comprising: (a) an
oil of lubricating viscosity; (b) at least about 1 percent by weight of a
C1-C4 (or Cl- C3) alkyl ester of a carboxylic acid of 12 to 24 carbon
atoms; and (c) a sulfonate detergent in an amount sufficient to provide at
least about 0.2 (or 0.4) percent by weight sulfonate soap to the lubricant
composition, wherein the weight ratio of sulfonate soap to phenate soap in
the lubricant composition is at least about 0.35:1 (or 0.7:1). The presence
of the ester typically arises from dilution of the 



lubricant by a liquid fuel. DETAILED DESCRIPTION OF THE INVENTION [0013]
Various preferred features and embodiments will be described below by way
of non-limiting illustration. [0014] The lubricant as described herein is
particularly useful for lubricating diesel engines that are fueled with a
liquid fuel that comprises a biodiesel fuel, that is that contains a
certain amount, e.g., at least 2 percent by weight, of a Cl - C3 or C 1-C4
alkyl ester of a carboxylic acid of 12 to 24 carbon atoms. Such alkyl
groups may include methyl ethyl, 1-propyl, 2-propyl, n-butyl, sec-butyl,
isobutyl. or tert-butyl. When the alkyl group is Cl -C3, the groups may be
methyl, ethyl, 1-propyl, or 2-propyl. In certain embodiments the alkyl
group is methyl or ethyl, or alternatively, methyl. The amount of such
ester in the liquid fuel may be 2 to 100% by weight, or 4 to 100% or 5 to
100% or 10 to 100%, for instance, 4 to 12% or 5 to 10% or generally 2, 4,
5. 10 or 12% up to 100 or 90 or 80 or 50 or 30%. These percentages are
normally calculated on the basis of the liquid fuel excluding any
performance additives that may be present. The balance of the fuel may be a
petroleum-derived fuel or fraction, such as a middle distillate fuel or
other petroleum fuel conventionally used to fuel a diesel e gine. The
amount of sulfur in the fuel may be less than 300 parts per million by
weight for low sulfur fuels, or less than 50 ppm or less than 10 ppm, e.g.,
1 to 10 ppm S for ultra-low sulfur fuels. Fuels may also contain higher
levels of sulfur, such as up to 1000 ppm or 300 to 500 ppm. Any sulfur
which is present may come from the biodiesel component or from a petroleum
fraction.[0015] Biodiesei fuels can be derived from animal fats and/or
vegetable oils to include biomass sources such as plant seeds as described
in U.S. Pat. No. 6,1 66,23 1. The esters may thus include, as described
above, methyl, ethyl, propyl, or isopropyl esters. The carboxylic acids may
be derived from natural or synthetic sources and may contain a relatively
pure or single component of acid in terms of chain length, branching, and
the like, or they may be mixtures of acids characteristic of acids obtained
from animal or especially vegetable sources, [0016] Biodiesei fuels thus
include esters of naturally occurring fatty acids such as the methyl ester
or other lower ester of rapeseed oil which can generally be prepared by
transesterifying a triglyceride of a natural fat or oil with an aliphatic
alcohol having 1 to 3 or 1 to 4 carbon atoms. Other suitable materials
include the methyl esters of soybean oil, sunflower oil, coconut oil, corn
oil, olive oil, palm oil, jatropha oil, peanut oil, canola oil, babassu
oil, castor oil, and sesame seed oil. Other materials include used
vegetable oils (e.g., used cooking oil) and animal fats. Such materials
comprise a mixture of acids most typically of 8 to 24 or 12 to 22 or 16 to
18 carbon atoms, with varying degrees of branching or unsaturation. In one
embodiment, the acid is unsaturated. Rapeseed oil, for instance, is
believed to comprise largely oleic acid (Cl 8), linolcic acid (Cl 8),
linolenic acid (C 18), and in some cases erucic acid (C22). Certain amounts
of vegetable oils (triglycerides) may also b e included in some
embodiments. (0017] The lubricant composition described herein comprises an
oil of lubricating viscosity. In one embodiment, the oil of lubricating
viscosity is an API Group 1, Group II, Group 111, Group IV, or Group V oil,
including a synthetic oil, or mixtures thereof. In another embodiment, the
oil is Groups II, III, IV, or V. These are classifications established b y
the API Base Oil Interchangeability Guidelines. Group III oils contain
<0.03 percent sulfur and >90 percent saturates and have a viscosity index
of > 120. Group I I oils have a viscosity index of 80 to 120 and contain
<0.03 percent sulfur and >90 percent saturates. Polyalphaolcfins are
categorized as Group IV. The oil can also b e an oil derived from
hydroisomerization of wax such as slack wax or a Fischer-Tropsch synthe
sized wax. Such ' Gas-to-Liquid" oils are typically characterized as Group
III. Group V is encompasses "all others" (except for Group I, which
contains >0.03% S and/or <90% saturates and has a viscosity index of 80 to
120). [0018 j The oil of lubricating viscosity, then, can include natural
or synthetic lubricating oils and mixtures thereof. Mixture of mineral oil
and synthetic oils particularly polyalphaolefin oils and polyester oils,
are often used. Natural oilsinclude animal oils and vegetable oils (e.g.
castor oil, lard oil and other vegeta ble oils) as well as mineral
lubricating oils such as liquid petroleum oils and solvent-treated or acid
treated mineral lubricating oils of the paraffinic, naphthenic or mixed
paraffinic-naphthenic types, Hydrotreated or hydrocracked oils are included
within the scope of useful oils of lubricating viscosity. [0019] Oils of
lubricating viscosity derived from coal or shale are also useful. Synthetic
lubricating oils include hydrocarbon oils and halosubstituted hydrocarbon
oils such as polymerized and interpolymerized olefins and mixtures thereof,
alkylbenzenes, polyphenyl, (e.g., biphenyls. terphcnyls, and alkylated 



polyphenyls), alkylated diphenyl ethers and alkylated diphenyl sulfides and
their derivatives, analogs and homologues thereof. Alkylene oxide polymers
and interpolymers and derivatives thereof, and those where terminal
hydroxyl groups have been modified by, for example, esterification or
etherification, constitute other classes of known synthetic lubricating
oils that can b e used. Another suitable class of synthetic lubricating
oils that can be used comprises the esters of dicarboxylic acids and those
made from C5 to C12 monocarboxylic acids and polyols or polyol ethers.
[0020] Other synthetic lubricating oils include liquid esters of
phosphoruscontaining acids, polymeric tetrahydrofurans, silicon-based oils
such as the polyalky!--, polyaryl-, polyalkoxy-, or polyaryloxy-siloxane
oils, and silicate oils. [0021 [ Unrefined, refined and rerefmed oils,
either natural or synthetic (as well as mixtures of two or more of any of
these) of the type disclosed hereinabove can be used in the compositions of
the present invention. Unrefined oils are those obtained directly from a
natural or synthetic source without further purification treatment. Refined
oils are similar to the unrefined oils except they have been further
treated in one or more purification steps to improve one or more
properties. Rerefmed oils are obtained by processes similar to those used
to obtain refined oils applied to refined oils which have been already used
in service. Such rere fined oils often are additionally processed by
techniques directed to removal of spent additives and oil breakdown
products. [0022] When a lubricant is used in connection with a biodiesei
fuel, a portion of the ester component of the fuel will typically migrate
into the lubricant, as described above. Thus, in some embodiments in which
the present invention is employed, the lubricant will contain at least 1
percent by weight or at least 2 or 4 or 5 percent by weight of the ester
component. The amount of ester compo nent in the lubricant may be as high
as 15 or 20 or 30 or 40 percent or possibly even higher.[0023] The
lubricant will contain various additives, including one or more sulfonate
detergents. Detergents are generally basic alkali or alkaline earth metal
salt of an acidic organic compound, in the present instance, of a sulfonic
acid. The detergents may be neutral salts or they may be overbased
materials. Overbased materials are single phase, homogeneous Newtonian
systems charac terized by a metal content in excess of that which would be
present according to the stoichiometry of the metal and the particular
acidic organic compound reacted with the metal. [0024] The amount of excess
metal in an overbased detergent is commonly expressed in terms of metal
ratio. The term "metal ratio" is the ratio of the total equivalents of the
metal to the equivalents of the acidic organic compound. A neutral metal
salt has a metal ratio of 1. A salt having 4.5 times as much metal as
present in a normal salt will have metal excess of 3.5 equivalents, or a
ratio of 4.5. The basic salts may, for instance, have a metal ratio of 1.5
or 3 or 7, up to 40 or to 25 or to 20. The basicity of the overbased
materials may be ex pressed as total base number (TBN), e.g., ASTM D 4739.
[0025] Overbased detergents are typically prepared by reacting an acidic
material such as carbon dioxide with a mixture of an acidic organic
compound {in the present case, a sulfonic acid), an inert reaction medium
comprising at least one inert organic solvent such as mineral oil a
stoichiometric excess of a metal base compound, and a promoter [0026] The
acidic organic compounds useful in making overbased composi tions,
sometimes referred to as the "substrate," include in a general sense
carboxylic acids (such as hydrocarbyl-substituted salicylic acids),
sulfonic acids (such as hydrocarbyl-substituted benzenesulfonic acids),
phosphorus-containing acids, phenols, and mixtures thereof. In the present
technology, the acidic organic compound will include a sulfonic acid.
[0027] Illustrative examples of sulfonic acids include mono-, di-, and
tri-alkylated benzene and naphthalene (including hydrogenated forms
thereof) sulfonic acids illustrative of synthetically produced alkylated
benzene and naphthalene sulfonic acids are those containing alkyl
substituents having 8 or 12 to 30 carbon atoms, such as about 24 carbon
atoms. Such acids include di-isododecyl -benzenesulfonic acid. Also
included are polyisobutenesubstituted benzenesulfonic acids derived from
polyisobutene having an M of 300-3000, or 500 to 1500 or 1500 to 2500.
Others include benzenesulfonic acids or toluenesulfonic acids, substituted
by polypropylene or by mixed iso mers of linear olefins, of similar
molecular weights. A mixture of monoalkylated aromatics (benzene) may be
utilized to obtain the salt (e.g., monoalkylated benzene sulfonate).
Mixtures wherein a substantial portion of the salt contains polymers of
propylene as the source of the alkyl groups may assist in solubility.
[0028] The production of sulfonates from detergent manufactured 



by-products by reaction with, e.g.. SO3, is well known to those skilled m
the art. See, for example, the article "Sulfonates" in Kirk-Othmer
"Encyclopedia of Chemical Technology", Second Edition, Vol. IQ, pp. 291 et
seq. published by John Wiley & Sons, N.Y. ( 1969). [0029] The metal
compounds useful in making detergents are generally any Group 1 or Group 2
metal compounds (CAS version of the Periodic Table of the Elements). The
Group 1 metals of the metal compound include Group I a alkal metals
(sodium, potassium, lithium) as well as Group Ib metals such as copper. The
Group 2 metals of the metal base include the Group 2a alkaline earth metals
(magnesium, calcium, barium) as well as the Group 2b metals such as zinc or
cadmium. Generally the metal compounds are delivered as metal salts. The
anionic portion of the salt can be hydroxide, oxide, carbonate, borate, or
nitrate. [0030] Patents disclosing techniques for making basic salts of the
abovedescribed sulfonic acids, as well as carboxylic acids and mixtures
thereof include U.S. Patents 2,501 ,73 1; 2,61 6.905; 2,616,91 1;
2,616,925; 2,777,874; 3.256,186; 3,384,585: 3,365,396; 3,320,162; 3,3
18.809; 3,488,284; and 3,629, 109. [0031] The sulfonate may also be a
borated complex, or alternatively it may be non-boratcd. Borated complexes
of this type can be prepared by heating a basic metal salt with boric acid
at about 50 1000C, the number of equivalents of boric acid being up to
roughly equal to the number of equivalents of metal in the salt. U.S.
Patent No. 3.929,650 discloses borated complexes and their preparation.
[0032] For purposes of the present invention, the sulfonate, m one embodi
ment, may be or include an alkali metal detergent, which may be (but need
not necessarily be) an ovcrbased alkali metal detergent. The alkali metal
may be sodium. The detergent may be an uverbased sodium sulfonate
detergent. Alternatively, the sulfonate may include an alkaline earth metal
detergent, which may be (but need not be) ovcrbased. The alkaline earth
metal may be calcium, or, alternatively, magnesium. In one embodiment the
detergent is an overbased calcium sulfonate detergent and there may also be
present a sodium or magnesium sulfonate detergent. The TBN of any such
detergent may be, for instance, 50 to 900 or 100 to 800 or 200 to 750 or
300 to 700 (being calculatedon an oil-free basis. The measured TBN will be
proportionally lower if the conventional amount of diluent oil is included.
[0033} In the disclosed technology, the overbased metal sulfonate detergent
comprises an oil-soluble neutral metal sulfonate component and a metal
carbonate component. By "neutral metal sulfonate" is meant the salt
represented by a stoichiometric neutralization of the oil-soluble acidic
material, that is, the sulfonic acid, said salt having a metal ratio of 1,
regardless of whether such a salt would be strictly neutral or might
measure as somewhat acidic or basic by any given test or titration. This
material is also referred to as a sulfonate soap. The "amount of neutral
sulfonate" or "amount of sulfonate soap" is intended as a measure related
to the amount of acidic sulfonate substrate that has been overbased, which
will differ from the amount of sulfonate anion by the mass of the
neutralizing metal in a manner that may be readily calculated. The amount
of the neutral metal sulfonate, or sulfonate soap component, may be readily
determined by the person skilled in the art from a knowledge of the total
amount of the corresponding detergent present and the extent of overbasing
or metal ratio or TBN of the detergent. In one embodiment, the TBN
measurement is used to calculate or define the amount of metal sulfonate
soap. For example, 1 g (oil free) of an overbased calcium sulfonate
detergent having a TBN (oil free) of 5 17 will contain about 0.46 g CaCO3
([51 7 rag KOH/g] x [ 1 eq KOH/56, 100 mg KOH] x [50 g CaCO l eq KOH]). By
subtraction, the amount of neutral sulfonate, that is, the sulfonate soap,
is about 0.54 g or 54%. (Any inherent residual basicity of the substrate
should be discounted from the measured TBN before calculating the amount of
neutral soap, as will be apparent to the person skilled in the art.) [0034]
The amount of the sulfonate detergent is typically an amount to provide at
least 0.2 or 0.3 or 0.4 percent by weight of sulfonate soap to the
lubricant composition. Alternative amounts of the sulfonate soap may be 0.5
to 5 weight percent. 0.6 to 3 weight percent, and 0.65 to 2 weight percent
sulfonate soap. (These amounts will correspond to approximately the same
amounts of sulfonate anion.) The sulfonate soap may also be said to
correspond to the total amount of the detergent (on an active chemical
basis, without conventional diluents oil) and minus the amount of metal
carbonate or other metal salts, but including the amount of metal cation
associated with the anion. An alternative approaach would also be to also
subtract the amount of metal cation associated 



with the anion. As an example of the latter calculation, a calcium
carbonate overbased sulfonate detergent may be available at 53% actives
with 47% diluentoil. The overall material may contain 42% sulfonate anion
and 4.8% calcium, present predominantly as Ca(COO , a s well as the calcium
counterion associated with the sulfonate anion. The anion may have a
molecular weight of around 600 (being derived from a sulfonic acid having a
molecular weight of also around 600, plus the weight of a single acidic
proton). Thus if 5 percent by weight of the oil diluted detergent is used,
it will supply 2.1 weight percent sulfonate anion. Therefore, if the amount
is expressed in terms of sulfonate anion, suitable amounts thereof may
include 0.2 or 0.3 or 0.4 or 0.5 to 5 weight p er cent, 0.6 to 3 weight
percent, and 0.65 to 2 weight percent. The present technology may thus
provide to 0.8 to 8 percent by weight or 1.2 to 6 percent or 2 to 4 percent
of an overbased detergent {oil free basis) in the lubricant, depending on
the amount of carbonate salt present, to supply the corresponding amounts
of sulfonate soap. [0035] The amount of sulfonate soap or soaps will be at
least a significant fraction of the amount of phenatc soap or soaps and in
some embodiments will exceed the amount of the phenate soap(s), on a weight
basis. The weight ratio of sulfonate soap : phenate soap will be at least
0.35:1 or at least 0.5:1 or at least 0.7: 1 and may be at least 0.75: 1 or
1:1 or 1.2:1 . The upper limit of this ratio may be unbounded if there is
no phenate detergent present, but i f relatively minor amounts are present,
upper ratios may be 500: 1 or 100: 1 or 30: 1 or 10:1 or 3 :1 or 1.5:1 . In
one embodiment, the amount of the sulfonate soap is at least 0.4 percent by
weight and the weight ratio of sulfonate soap to phenate soap is at least
0.7: 1. [0036] In certain embodiments, the total amount of detergents of
all types of anions in the lubricant composition (including carbonate
component but exclud ing diluent oil) may be at least 0.5%, or at least 1%,
or 1 to 8%, or 1.2 to 5%, or 1.5 to 3%. The detergent or detergents may
also be presented in the form of a concentrate for subsequent addition to
base oil to form a final lubricant product. In such a concentrate, the
amount of detergent will be correspondingly increased, such as 1 to 50
percent or 10 to 30 percent by weight. [0037] Other detergents than
sulfonate detergents may optionally also be present in the lubricant,
subject to the limitations described above on the amount of phenate
detergent. Examples include phenates, salicylates, salige pins, and
salixarates. as well as other known types of detergents, e.g., glyoxylates,
phosphonates, carboxylates. [0038] The phenols useful in making phenate
detergents can be represented by the formula (R') a-Ar-(OH) b, wherein R!
is an aliphatic hydrocarbyl group of4 to 400 carbon atoms, or 6 to 80 or 6
to 30 or 8 to 25 or 8 to 15 carbon atoms; Ar is an aromatic group (which
can be a benzene group or another aromatic group such as naphthalene); a
and b are independently numbers of at least one. the sum of a and b being
in the range of two up to the number of displaceable hydrogens on the
aromatic nucleus or nuclei of Ar. In one embodiment, a and b are
independently numbers in the range of i to 4, or 1 to 2. R1 and a are typi
cally such that there is an average of at least 8 aliphatic carbon atoms
provided by the R1 groups for each phenol compound. Phenate detergents are
also some times provided as sulfur-bridged species. [0039] Salicylate
detergents may be an alkali metal salt or an alkaline earth metal salt of
an alkyl salicylic acid. The salicylic acids may be hydrocarbylsubstitutcd
salicylic acids wherein each substituent contains an average of at least 8
carbon atoms per substituent and 1 to 3 substituents per molecule. The
substituents can be polyalkene substituents, where poiyalkenes include
homopolymers and interpolymers of polymerizable olefin monomers of 2 to 16,
or 2 to 6, or 2 to 4 carbon atoms. The olefins may be monoolefins such as
ethylene, propylene. 1-butene. isobutene, and 1-octene; or a polyolcfinic
monomer, such as diolef  nic monomer, such 1,3-butadiene and isoprene. In
one embodiment, the hydrocarbyl substituent group or groups on the
salicylic acid contains 7 to 300 carbon atoms and can be an alkyl group
having a molecular weight of 150 io 2000. The poiyalkenes and polyalkyl
groups (i.e., (polyalkylene)yl groups) are prepared by conventional
procedures, and substitution of such groups onto salicylic acid can be
effected by known methods. Alkyl salicylates may be prepared from an
alkylphenol by Kolbe-Schmitt reaction; alternatively, calcium salicylate
can be produced by direct neutralization of alkylphenol and subse quent
carbonation. Overbased salicylate detergents and their methods of prepa
ration are disclosed in U.S. Patents 4,719,023 and 3,372,1 16. [0040]
Saligenin detergents are commonly overbased magnesium salts which are based
on saligenin derivatives. A general example of such a saligenin derivative
can be represented by the formulawherein X is -CHO or -CH2OH, Y is -CH 2-
or -CH OCH2-, wherein such -CHO 



groups typically comprise at least IO mole percent of the X and Y groups; M
represents hydrogen, ammonium, or a metal ion, R' is a hydrocarbyl group of
1 to 60 carbon atoms, m is Oto typically 10. and each p is independently 0,
1, 2, or 3. At least one aromatic ring contains an R1 substituent and the
total number of carbon atoms in all R groups is at least 7. When m is 1 or
greater, one of the X groups can be hydrogen. Saligenin detergents are
disclosed in greater detail in U.S. Patent 6,3 10,009. {0041] Salixarate
detergents include overbased materials prepared from salicylic acid (which
may be unsubstituted) and a hydrocarbyl-substituted phenol, such entities
being linked through -CH 2 or other alkyleue bridges. It is believed that
the salixarate derivatives have a predominantly linear, rather than
macrocyclic, structure, although both structures are intended to be
encompassed by the term "salixarate." Salixarate derivatives and methods of
their preparation are described in greater detail in U.S. patent number
6,200.936 and PCT Publi cation WO 01/56968. [0042] The sulfonate detergent
may be supplied to the lubricant of an engine in a variety of ways. In one
embodiment, the sulfonate detergent is added to a concentrate of other
lubricant additives that is then blended into a finished lubricant. In
another embodiment, the sulfonate detergent is added, as a toptreat, to a
finished lubricant containing other lubricant additives. In both of the
foregoing methods, the detergent is added directly to the lubricant and is
typi cally present in the lubricant from the beginning of its actual use as
a lubricant. That is, in such methods it is not added to the lubricant
during the course of the use of the lubricant. However, in yet another
embodiment, the sulfonate metal detergent is added to the lubricant in a
controlled or slow release method which may be during the course of the use
of the lubricant. [0043] The sulfonate detergent (which may be, e.g.. an
alkali metal detergent or an alkaline earth metal detergent) can thus be
part of a slow release lubricant additive package in the form of a
lubricant additive gel which is formulated to meet the performance
requirements of the system, whereby the slow release of the component of
the gelled lubricant additive conditions the fluid. Gels are materials that
comprise mixtures of two or more substances and which exist in a semi-solid
state more like a solid than a liquid. See, for instance, Parker,
"Dietionary of Scientific and Technical Terms," Fifth Edition, McGraw Hill,
1994, and, Larson, "The Structure and Rheology of Complex Fluids," Chapter
5, Oxford University Press, New York, N.Y., 1999. I IA category of gels
suitable for use in accordance with the present invention are those in
which gelation occurs through the combination of an overbased detergent and
an ashless succinimidc dispersant. Examples of this method of supplying an
additive to lubricating oil in such a manner can be found in U.S. Patents
6,843,916 and 7,000,655 as well as U.S. Patent Applica tion 2005-0085399.
[0045] Another means of supplying the sulfonate detergent to the lubricant
is by addition thereof to the fuel used to operate an engine, whence it may
migrate or leak or be carried into the lubricant system. The detergent may
be added to the bulk fuel as part of a concentrate used to provide a
finished formulated fuel or as a top treat Examples of providing a benefit
to lubricating oil via a fuel additive can be found in U.S. Patent
Applications 200501 15146 and 2005- 0215441 . The fuel additive may be a
solid additive composition as described in U.S. Patent Application
20060229215. [0046] In one embodiment, the sulfonate detergent can be added
to the fuel via contacting the fuel with a gel comprising the detergent,
where the gel is appropriately positioned within the fuel system to permit
contact with the fuel. The gel can be added also to the fuel by the fuel
supplier at a refinery, terminal, or a refueling station by premixing the
gel with the fuel. Alternatively, the vehicle operator can add the gel to
the fuel tank by dosing the tank during refueling. The gel additive may be
dosed to the fuel using a fuel dosing system that provides a controlled
level of the additive to the fuel (storage) tank. Exam ples of additizing
fuel by means of contacting the fuel with a gel comprising a fuel or
lubricant additive can be found in U.S. Patent Application 20060272597.
[0047] The present lubricant compositions may also contain a dispersant
such as a nitrogen-containing dispersant. Dispersants are well known in the
field o f lubricants and include primarily what is known as ashless
dispersants and polymeric dispersants. Ashless dispersants are so-called
because, as sup plied, they do not contain metal and thus do not normally
contribute to sulfated ash when added to a lubricant. However they may, of
course, interact with ambient metals once they are added to a lubricant
which includes metalcontaining 



species. Ashless dispersants are characterized by a polar group attached to
a relatively high molecular weight hydrocarbon chain. Typical ashless
dispersants include N-substituted long chain alkenyl succinimides, having a
variety of chemical structures including typicallywhere each R1 is
independently an alkyl group, frequently a polyisobutylene group derived
from polyisobutylene with a molecular weight of 500-5000, and R are
alkylene groups commonly ethylene (C ) groups. Such molecules are commonly
derived from reaction of an alkcnyl acylating agent with a polyamine, and a
wide variety of linkages between the two moieties is possible beside the
simple imide structure shown above including a variety of amides and
quaternary ammonium salts. Also, a variety of modes of linkage of the R
groups onto the imide structure arc possible, including various cyclic
linkages. The ratio of the carbonyl groups of the acylating agent to the
nitrogen atoms of the amine may be 1:0.5 to 1:3, and in other instances 1:
1 to 1:2.75 or 1:1.5 to 1:2.5. Succinimidc dispersants are more fully
described in U.S. Patents 4,234,435 and 3, 172.892. [0048] Succiiiimide
dispersants employed in the present lubricant composition may be those
prepared by the thermal route or by the so-called chlorine route, or
mixtures of detergents from both routes. The two types of materials arc
described in greater detail m US Patent Application 2005-0202981. Briefly,
dispersants from the chlorine route are typically prepared by reacting a
polymer such as polyisobutylene. less than 20 percent of the chains thereof
containing a terminal vinylidene end group with maleic anhydride in the
presence of chlo rine and reacting the product with an amine. Typically in
such product at least one succinic moiety is attached to the polyisobutcne
substituent through a cyclic linkage, for instance 85-93 or up to 95
percent or up to 98 percent of such attachments may be cyclic. Dispersants
from the thermal "ene" route are typically prepared by reacting a
polyisobutylene, at least 70 percent of the chains thereof containing a
terminal vinylidene end group, with maleic anhy dride in the substantial
absence of chlorine and reacting the product with an amine. Typically in
such product at least one succinic anhydride moiety is attached to the
polyisobutene substituent through a non-cyclic linkage, and, for instance
at least 90 percent or 95 percent or 98 percent of such attachments may be
non-cyclic. It is also believed that the product from the chlorine reaction
may contain a certain percentage of internal succinic functionality, that
is. along thebackbone of the polymer chain, while such internal succinic
functionality is believed to be substantially absent from the thermal "ene"
material. [0049] Another class of ashless dispersant is high molecular
weight esters. These materials are similar to the above-described
succinimides except that they may be seen as having been prepared by
reaction of a hydrocarbyl acylating agent and a polyhydric aliphatic
alcohol such as glycerol, pentaerythritol, or sorbitol. Such materials are
described in more detail in U.S. Patent 3,38 1,022. [0050] Another class of
ashless dispersant is Mannich dispcrsants. These are materials which are
formed by the condensation of a higher molecular weight, alkyi substituted
phenol, an alkylene polyamine, and an aldehyde such as formaldehyde. Such
materials may have the general structure (including a variety of isomers
and the like) and are described in more detail in U.S. Patent 3,634,515.
[0051] Other dispersants include polymeric dispersant additives, which are
generally hydrocarbon-based polymers which contain polar functionality to
impart dispersancy characteristics to the polymer. [0052] Dispersants can
also be post-treated by reaction with any of a variety of agents. Among
these are urea, thiourea, dimercaptothiadiazoles, carbon disulfide,
aldehydes, ketones carboxylic acids, hydrocarbon-substituted suc cinic
anhydrides, nitriles, epoxides, boron compounds, and phosphorus com pounds.
References detailing such treatment are listed in U.S. Patent 4,654,403.
[0053] The amount of dispersant, if present in the lubricant, may be 1 to
10 weight percent or 2 to 8 or 4 to 7 weight percent, or correspondingly
larger amounts if presented as a concentrate. In certain embodiments the
amount of thermal "ene" dispersant in the lubricant is at least 2 or at
least 3 percent by weight. [0054] The lubricant may also contain other
additives that are known for use in engine lubricants. The lubricant may
thus contain a metal salt of a phospho rus acid. Metal salts of the formula
[(R 8O)(R O)P(=S)-S] p-M where Rs and Rg are independently hydrocarbyl
groups containing 3 to 30 carbon atoms, are readily obtainable by heating
phosphorus pentasulfide (P S ) and an alcohol or phenol to form an
0,0-dihydrocarbyl phosphorodithioic acid.The alcohol which reacts to
provide the R and R groups may be a mixture of alcohols, for instance, a
mixture of isopropanol and 4-methyl-2-pentanol, and in some embodiments a
primary alcohol, a secondary alcohol, or a mixture of a 



secondary alcohol and a primary alcohol, such as isopropanol and 2-
ethyJhexanol. The resulting acid may be reacted with a basic metal compound
to form the salt. The metal M, having a valence n, generally is aluminum,
lead, tin, manganese cobalt, nickel, zinc, or copper, and in many cases,
zinc, to form zinc dialkyldithiophosphates. Such materials are well known
and readily available to those skilled in the art of lubricant formulation.
[0055] The lubricant may also contain a viscosity modifier. Most modern
engine lubricants are multigrade lubricants which contain viscosity index
improvers to provide suitable viscosity at both low and high temperatures.
While the viscosity modifier is sometimes considered a part of the base
oil, it is more properly considered as a separate component, the selection
of which is within the abilities of the person skilled in the art. [0056]
Viscosity modifiers generally are polymeric materials characterized as
being hydrocarbon-based polymers generally having number average molecu lar
weights between 25,000 and 500,000, e.g., between 50,000 and 200,000.
[0057] Hydrocarbon polymers can be used as viscosity index improvers.
Examples include homopolymers and copolymers of two or more monomers of C2
to C30, e.g., C2 to C8 olefins, including both alpha olefins and internal
olefins, which may be straight or branched, aliphatic, aromatic,
alkyl-aromatic, or cycloaliphatic. Examples include ethylene-propylene
copolymers, generally referred to as OCP's, prepared by copolymerizing
ethylene and propylene by known processes. [0058] Hydrogenated
styrene-conjugated diene copolymers are another class of viscosity
modifiers. These polymers include polymers which are hydrogen ated or
partially hydrogenated homopolymers, and also include random, tapered,
star, and block interpolymers. The term "styrene" includes various
substituted styrenes. The conjugated diene may contain four to six carbon
atoms and may include, e.g.. piperylene, 2,3-dimethyl-l,3-butadiene,
chloroprene, isoprene, and 1,3 -butadiene. Mixtures of such conjugated
dienes are useful. The styrene content of these copolymers may be 20% to
70% by weight or 40% to 60%, and the aliphatic conjugated diene content may
be 30% to 80% or 40% Io 60%. These copolymers can be prepared by methods
well known in the art and are typically hydrogenated to remove a
substantial portion of their olefinic double bonds.[0059] Esters obtained
by copolymerizing styrene and maleic anhydride in the presence of a free
radical initiator and thereafter esterifying the copolymer with a mixture
of C4-18 alcohols also are useful as viscosity modifying addi tives in
motor oils. Likewise, polymethacrylates (PMA) are used as viscosity
modifiers. These materials are typically prepared from mixtures of
methacrylate monomers having different alkyl groups, which may be either
straight chain or branched chain groups containing 1 to 18 carbon atoms.
[0060] When a small amount of a nitrogen-containing monomer is
copolymerized with alkyl methacrylates, dispersancy properties are
incorporated into the product. Thus, such a product has the multiple
function of viscosity modifi cation, pour point depressancy and dispersancy
and are sometimes referred to as dispersant- viscosity modifiers. Vinyl
pyridine, N-vinyl pyrrolidone and N,NTdimethylaminoethyl methacrylate are
examples of nitrogen-containing mono mers. Polyacrylates obtained from the
polymerization or copolymerization of one or more alkyl acrylates also are
useful as viscosity modifiers. Dispersant viscosity modifiers may also be
interpolymers of ethylene and propylene which are grafted with an active
monomer such as maleic anhydride and then derivatized with an alcohol or an
amine or grafted with nitrogen compounds. [0061] The lubricant may also
comprise an antioxidant. Antioxidants en compass phenolic antioxidants,
which may be of the general the formula wherein R i an alkyl group
containing 1 to 24, or 4 to 18, carbon atoms and a is an integer of 1 to 5
or 1 to 3, or 2. The phenol may be a butyl substituted phenol containing 2
or 3 t-butyl groups, such as The para position may also be occupied by a
hydrocarbyl group or a group bridging two aromatic rings. In certain
embodiments the para position is occupied by an ester-containing group,
such as, for example an antioxidant of the formula t-aJkyl wherein R~ is a
hydrocarbyl group such as an alkyl group containing, e.g., 1 to 18 or 2 to
32 or 2 to 8 or 2 to 6 carbon atoms; and t-alkyl can be t-hutyl. Such
antioxidants are described in greater detail in U.S. Patent 6,559,105.
[0062] Antioxidants also include aromatic amines, such as those of the
formula wherein R can be an aromatic group such as a phenyl group, a
naphthyl group, or a phenyl group substituted by R7, and R6 and R can be
independently a hydrogen or an alkyl group containing 1 to 24 or 4 to 20 or
6 to 12 carbon 



atoms. In one embodiment, an aromatic amine antioxidant can comprise an
alkylated diphenylamine such as nonylated diphenyl amine of the formula or
a mixture of a di-nonyl amine and a mono-nonyl amine. [0063] Antioxidants
also include sulfurized olefins such as mono-, or disul fides or mixtures
thereof. These materials generally have sulfide linkages having 1 to 10
sulfur atoms, for instance, 1 to 4, or 1 or 2. Materials which can be
sulfurized to form the sulfurized organic compositions of the present inven
tion include oils, fatty acids and esters, olefins and polyolefns made
thereof, terpenes, or Diels-Alder adducts. Details of methods of preparing
some such sulfurized materials can be found in U.S. Pat. Nos. 3,471,404 and
4, 191,659.Molybdenum compounds can also serve as antioxidants, and these
materials can aiso serve in various other functions, such as friction
modifiers and antiwear agents. The use of molybdenum and sulfur containing
composi tions in lubricating oil compositions as antiwear agents and
antioxidants is known. U.S. Pat. No. 4,285,822, for instance, discloses
lubricating oil composi tions containing a molybdenum and sulfur containing
composition prepared by ( 1) combining a polar solvent, an acidic
molybdenum compound and an oilsoluble basic nitrogen compound to form a
molybdenum-containing complex and (2) contacting the complex with carbon
disulfide to form the molybdenum and sulfur containing composition. [0065 1
Typical amounts of antioxidants will of course, depend on the specific
antioxidant and its individual effectiveness, but illustrative total
amounts can be 0.01 to 5 percent by weight or 0. 15 to 4.5 percent or 0.2
to 4 percent. [0066] Titanium compounds of various types may also be
present, and they may serve as deposit control agents and f lterability
improvers as well as antioxidants. Examples of titanium compounds in
lubricants, and their preparation, are described in greater detail in U.S.
patent publication 2006- 0121 7271 , September 28, 2006. Examples of
titanium compounds include titanium (IV) alkoxides such as titanium
methoxide, titanium ethoxide, titanium propoxide, titanium isopropoxidc.
titanium butoxide; and other titanium compounds or complexes including
titanium phenates; titanium carboxylates such as titanium (IV) 2-ethyl-i
.3-hexanedioate or titanium citrate or titanium oleate; titanium (IV)
2-ethylhexoxide; and titanium (IV) (tr ethanolaminato)- isopropoxide. Other
forms of titanium include the reaction product of titanium compounds with
various acid materials to form salts, especially oil-soluble salts. In
another embodiment, the titanium can be supplied as a Ti-modified
dispersant, such as a succinimide dispersant. Such materials may be
prepared by forming a titanium mixed anhydride between a titanium alkoxide
and a hydrocarbyl-substituted succinic anhydride, such as an alkenyl- (or
alkyl) succinic anhydride. In another embodiment, the titanium can be
supplied as a tolyltriazole oligomer salted with and/or chelated to
titanium. Other forms of titanium can also be provided, such as
surface-modified titanium dioxide nanoparticles. The amount of titanium
present in the lubricant may typically be 1 to 1000 parts per million by
weight (ppm), alternatively 10 to 500 ppm or 10 to 150 ppm or 20 to 500 ppm
or 20 to 300 ppm or 30 to 100 ppm or, again, alternatively, 50 to 500
ppm.[0067] The lubricants may also include antiwear agents other than or in
addition to those materials mentioned above that may have antiwear
properties. Examples of anti-wear agents include phosphorus-containing
antiwear/extreme pressure agents such as phosphorus acids, metal
thiophosphates, phosphoric acid esters and salts thereof
phosphorus-containing carboxylic acids, esters, ethers, and amides; and
phosphites. The phosphorus acids include phosphoric, phosphonic, phosphinic
and thiophosphoric acids including dithiophosphoric acid as well as
monothiophosphoric acids, thiophosphinic acids, and thiophosphonic acids.
Non-phosphorus-containing anti-wear agents include borated esters,
molybdenum-containing compounds (aiready described), and sulfur zed
olefins. [0068] Other additives that may optionally be used in the
lubricating oils of this invention include pour point depressing agents,
extreme pressure agents, anti-wear agents, color stabilizers and anti-foam
agents. [0069] The lubricant may also contain a certain amount of the fatty
esters described above as biodiesel fuels. These may or may not be
intentionally included in the lubricant composition, but, as discussed
above, lubricants in diesel engines burning biodiesel-containing fuels will
typically accumulate a certain amount of the esters in the sump along with
the rest of the lubricant. The lubricants of the present invention
containing the alkali metal detergent, show superior performance when the
lubricant contains the long chain ester, compared to the same lubricants
without the alkali metal detergent. Examples 



[0070] Fully formulated lubricant samples are prepared containing
conventional components as well as certain sulfonate, phenate, and/or
salixarate detergents, as reported in the Table below. Each lubricant is
prepared in a mineral base oil containing a viscosity modifier to provide a
5W-40 viscosity grade. Each also contains (on an oil free basis) 0.9%
antioxidants, 0.8% zinc dialkyldithiophosphates, 3.2% succinimide
dispersant, and a trace of antifoam agent. [0071] The lubricants are
subjected to a biodiesel oil oxidation and deposit test. This test
simulates oxidation of engine oils in the presence of fuel dilution by
biodiesel fuel, in this case 100% rapeseed methyl ester. A 100 mL sample of
the lubricant is additized with 75 ppm iron naphthenate and with 5 mL of
the biodiesel fuel and placed into a glass tube with an air inlet. The tube
is immersed in a bath at 170 0C and air is blown through the tube at 5
L/hr. Samples, 10 mL, are removed for viscosity analysis (100 0C) at 72,
96, 120. 144, and 168 hours. The time required for the viscosity of the
sample to reach60 ITUTT/S (cSt) is estimated by interpolation from the
measuied values and is set as the time for the oil to fail Longer times
rcpiesent improved stability of the sample Also reported are the measuied
viscosities at 72, 96, and 120 hour (lower values are bettei) [0072] Ihe
results show that mci easing sulfonate soap level leads o irnpro\ ed
peiformance I ovver amount of phenate soap also correlates with im prov ed
performance [0073] As used herein, the term 'hydiocaibyl substituent" or
"hydrocarbyl group" is used m its ordinal y sense, which is well-known to
those skilled in the ait Specifically , it iefeis to a gioup having a
carbon atom directly attached to the remainder of the molecule and having
predominantly hydiocarbon chaiactei Examples of hydrocaibyl groups include
[0074 [ hydrocarbon subbtituents, that is, aliphatic (e g , alkyl oi
alkenyl), alicytlic (e g , cycloalkyl, cycloalkenyl) substituents, and
aromatic-, aliphatic-, and a cyclic-substituted aromatic substituents, as
well as cyclic substituents wherein the ling is completed thiough another
poition of the molecule (e g , two substituents together foim a
ring),[0075] substituted hydrocarbon substituents, that is. substituents
containing non-hydrocarbon groups which, in the context of this invention,
do not alter the predominantly hydrocarbon nature of the substitucnt (e.g.,
halo (especially chloro and fiuoro), hydroxy, alkoxy, mercapto,
alkylmercapto, nitro, nitroso, and sulfoxy); [0076] hetero substituents,
that is, substituents which, while having a pre dominantly hydrocarbon
character, in the context of this invention, contain atoms other than
carbon in a ring or chain otherwise composed of carbon atoms. Heteroatoms
include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl,
furyl, thienyl and imidazolyl. In general, no more than two, or no more
than one, non-hydrocarbon substituent will be present for every ten carbon
atoms in the hydrocarbyl group; typically, there will be no non-hydrocarbon
substituents in the hydrocarbyl group. [0077] It is known that some of the
materials described above may interact in the final formulation, so that
the components of the final formulation may be different from those that
are initially added. For instance, metal ions (of, e.g., a detergent) can
migrate to other acidic or anionic sites of other molecules. The products
formed thereby, including the products formed upon employing the
composition of the present invention in its intended use. may not be
susceptible of easy description. Nevertheless, all such modifications and
reaction products are included within the scope of the present invention;
the present invention encom passes the composition prepared by admixing the
components described above. |0078] Each of the documents referred to above
is incorporated herein by reference. The mention of any document is not an
admission that such document qualifies as prior art or constitutes the
general knowledge of the skilled person in any jurisdiction. Except in the
Examples, or where otherwise explicitly indicated, all numerical quantities
in this description specifying amounts of materials, reaction condition
molecular weights, number of carbon atoms, and the like, are to be
understood as modified by the word "about." Unless otherwise indicated each
chemical or composition referred to herein should b e interpreted as being
a commercial grade material which may contain the i so mers, by-products,
derivatives, and other such materials which are normally understood to be
present in the commercial grade. However, the amount of each chemical
component is presented exclusive of any solvent or diluent oil, which may
be customarily present in the commercial material, unless otherwise indi
cated. It is to be understood that the upper and lower amount, range and
ratio limits set forth herein may be independently combined. Similarly, the
rangesand amounts for each element of the invention can be iused together
with ranges or amounts for any of the other elements. As used herein, the
expression "con 



sisting essentially of permits the inclusion of substances that do not
materially affect the basic and novel characteristics of the composition
under consideration. ?3662-01 What is claimed is: 1. A method of reducing
oxidative degradation of a lubricant composi tion which contains an oil of
lubricating viscosity and at least about 1 percent by weight of a C1-C4
alkyl ester of a carboxylic acid of about 12 to about 24 carbon atoms,
comprising including within said lubricant composition a su l fonate
detergent in an amount sufficient to provide at least about 0.2 percent by
weight sulfonate soap to the lubricant composition, wherein the weight
ratio of sulfonate soap to phenate soap in the lubricant composition is at
least about 0.35: 1. 2. The method of claim 1 wherein the presence of the C
l -C3 alkyl ester of a carboxylic acid of about 12 to about 24 carbon atoms
arises from dilution of the lubricant composition by a liquid fuel. 3. The
method of claim 1 or claim 2 wherein the total amount of deter - gent soap
in the lubricant composition is at least 1.0 percent by weight. 4. A method
for lubricating a sump-lubricated internal combustion engine fueled by a
liquid fuel which comprises a C 1-C4 alkyl ester of a carbox ylic acid of
about 12 to about 24 carbon atoms, comprising supplying to the sump a
lubricant comprising an oil of lubricating viscosity and a sulfonate
detergent in an amount sufficient to provide at least about 0.2 percent by
weight sulfonate soap to the lubricant composition, wherein the weight
ratio of sul fonate soap to phenate soap in the lubricant composition is at
least about 0.35:1 . 5. The method of any of claims 1 through 4 wherein the
alkyl ester comprises a methyl ester of a fatty acid derived from an animal
or vegetable source. 6. The method of claim 4 or claim 5 wherein the liquid
fuel comprises at least about 2 percent by weight of the alkyl ester. 7 .
The method of any of claims 4-6 wherein a portion of the alkyl ester has
accumulated in the lubricant. S. The method of any of claims 4-7 wherein
the liquid fuel further comprises a middle distillate fuel. 9 The method of
any of claims 1-8 wherein the sulfonate detergent comprises an overbased
calcium sulfonate detergent.10. The method of any of claims 1-9 wherein the
lubricant further comprises about 1 to about 10 weight percent of a
nitrogen-containing dispersant. 11. A lubricant composition comprising (a)
an oil of lubricating viscosity; (b) at least about 1 percent by weight of
a Cl -C4 alkyl ester of a carboxylic acid of about 12 to about 24 carbon
atoms; and (c) a sulfonate detergent in an amount sufficient to provide at
least about 0.2 percent by weight sulfonate soap to the lubricant
composition, wherein the weight ratio of sulfonate soap to phenate soap in
the lubricant composition is at least about 0.35: 1. 12. The lubricant of
claim 11 wherein the presence of the alkyl ester arises from dilution of
the lubricant by a liquid fuel. 13. The lubricant of claim 11 or claim 12
wherein the alkyl ester comprises a methyl ester of a fatty acid derived
from an animal or vegetable source. 14. The lubricant of any of claims 11-
13 wherein the sulfonate detergent comprises an overbased calcium
sulfonate. 15. The lubricant of any of claims 11- 14 further comprising
about 1 to about 10 weight percent of a nitrogen-containing dispersant. 16.
The lubricant of any of claims 14-1 5 further comprising a sodium or
magnesium sulfonate detergent. 


