
HEPATOCYTEGROWTHFACTOR (HGF) BINDINGPROTEINS RELATED
APPLICATIONS [0001] This application claims the
benefit and priority to U.S. Provisional Application
Nos. 60/810,714, filed June 2, 2006, and 60/860,461,
filed November 21, 2006, the disclosures of which are
incorporated by reference herein. FIELD OF THE
INVENTION [0002] The field of the invention is
molecular biology, immunology and oncology. More
particularly, the field is antibody-based binding
proteins that bind human hepatocyte growth factor
(HGF). BACKGROUND [0003] Hepatocyte Growth Factor
(HGF), also known as Scatter Factor (SF), is a
multifunctional heterodimeric protein produced
predominantly by mesenchymal cells, and is an effector
of cells expressing the Met tyrosine kinase receptor
(Bottaro et a (1991) SCIENCE 251 : 802-804, Rubin et a
(1993) BlOCHlM. BlOPHYS. ACTA 1155: 357-371). The
human Met receptor is also known as "c-Met." Mature
HGF contains two polypeptide chains, the a-chain and
the b-chain. Published studies suggest it is the
a-chain that contains HGF's c-Met receptor binding
domain. [0004] When it binds to its cognate receptor,
HGF mediates a number of cellular activities. The
HGF-Met signaling pathway plays a role in liver
regeneration, wound healing, neural regeneration,
angiogenesis and malignancies. See, e.g., Cao et a
(2001) PROC. NATL. ACAD. SCI. USA 98: 7443-7448,
Burgess et a (2006) CANCER RES. 66: 1721-1729, and
U.S. Patent Nos. 5,997,868 and 5,707,624.
Investigators have been developing a number of HGF
modulators, including antibodies, to treat various
disorders that involve HGF activity, for example,
certain HGF responsive cancers. See, e.g.,
International Application Publication No. WO
2005/017107. [0005] The basic structure common to all
antibodies is shown schematically in Figure 1.
Antibodies are multimeric proteins that contain four
polypeptide chains. Two of the polypeptide chains are
called heavy or H chains and two of the polypeptide
chains are called light or L chains. The
immunoglobulin heavy and light chains are connected by
an interchaindisulfide bond. The immunoglobulin heavy
chains are connected by a number of interchain
disulfide bonds. A light chain is composed of one
variable region (VL in Figure 1) and one constant
region (CL in Figure 1), while the heavy chain is
composed of one variable region (VH in Figure 1) and
at least three constant regions (CH1, CH2 and CH3 in
Figure 1). The variable regions determine the
specificity of the antibody and the constant regions
have other functions. [0006] Amino acid and structural
information indicate that each variable region
comprises three hypervariable regions (also known as
complementarity determining regions or CDRs) flanked
by four relatively conserved framework regions or FRs.
The three CDRs, referred to as CDRi, CDR2, and CDR3,
are responsible for the binding specificity of
individual antibodies. When antibodies are to be used
as diagnostic and therapeutic agents, typically it is
desirable to create antibodies that have the highest
binding specificity and affinity to the target
molecule. It is believed that differences in the
variable regions can have profound effects on the
specificity and affinity of the antibody. [0007] U.S.
Patent No. 5,707,624 describes the use of anti-HGF
antibodies in the treatment of Kaposi's sarcoma.
Similarly, U.S. Patent No. 5,997,868 describes
treating a rumor by administering an anti-HGF antibody
to the patient to be treated so as to block the
ability of endogeneous HGF to promote angiogenesis in
the tumor. More recently, investigators propose that
antibodies that bind the b-chain of HGF may have
potential as therapeutic agents in patients with
HGF-dependent tumors (Burgess (2006) supra). [0008]
Notwithstanding, there is still a need for additional
HGF modulators that can be used as therapeutic and
diagnostic agents. SUMMARY OF THE INVENTION [0009] The
invention is based, in part, upon the discovery of a
family of binding proteins that specifically bind HGF,
in particular, human HGF. The binding proteins are
antibody-based in so far as they contain antigen
(i.e., HGF) binding sites based on the CDRs of a
family of antibodies that specifically bind HGF. The
CDRs confer the binding specificity of the binding
proteins to HGF. The binding proteins can be used as
diagnostic and therapeutic agents. When used as a
therapeutic agent, the binding proteins are engineered
(e.g., humanized) so as to reduce or eliminate the
risk of inducing an immune response against the
binding protein when administered to the recipient
(e.g., a human).[0010] The binding proteins neutralize
the activity of HGF and, therefore, can be used as a
therapeutic agent. In certain embodiments, the binding
proteins prevent HGF from binding to its cognate
receptor, c-Met, thereby neutralizing HGF activity. In
other embodiments, the binding proteins bind to HGF
and neutralize its biological activity but without
preventing HGF from binding to the c-Met receptor.
Because HGF has been implicated in the growth and
proliferation of cancer cells, the binding proteins
can be used to inhibit the proliferation of cancer
cells. Furthermore, when administered to a mammal, the
binding proteins can inhibit or reduce tumor growth in
the mammal. [0011] These and other aspects and
advantages of the invention will become apparent upon
consideration of the following figures, detailed
description, and claims. DESCRIPTION OF THE DRAWINGS
[0012] The invention can be more completely understood
with reference to the following drawings. [0013]
Figure 1 is a schematic representation of a typical
antibody. [0014] Figure 2 is a schematic diagram
showing the amino acid sequence defining the complete
immunoglobulin heavy chain variable region of the
antibodies denoted as 1A3, 1D3, 1F3, 2B8, 2F8, 3A12,
3B6 and 3Dl 1. The amino acid sequences for each
antibody are aligned 



against one another and the regions defining the
signal peptide, CDR1, CDR , and CDR3 are identified in
boxes. The unboxed sequences represent FR sequences.
[0015] Figure 3 is a schematic diagram showing the
CDRi, CDR2, and CDR3 sequences for each of the
immunoglobulin heavy chain variable region sequences
presented in Figure 2. [0016] Figure 4 is a schematic
diagram showing the amino acid sequence defining the
complete immunoglobulin light chain variable region of
the antibodies 1A3, 1D3, 1F3, 2B8, 2F8, 3Al 2, 3B6,
and 3Dl 1. The amino acid sequences for each antibody
are aligned against one another and the regions
defining the signal peptide, CDR], CDR2, and CDR3 are
identified in boxes. The unboxed sequences represent
FR sequences. [0017] Figure 5 is a schematic diagram
showing the CDRi, CDR2 and CDR3 sequences for each of
the immunoglobulin light chain variable region
sequences presented in Figure 4.[0018] Figure 6 is a
graph summarizing results from an experiment to
measure tumor inhibitory activity of anti-HGF
antibodies 1D3, 1F3, 1A3 and 2B8 in aU87MG xenograft
model. Diamonds correspond to PBS; triangles
correspond to anti-HGF antibody 1A3; X corresponds to
anti-HGF antibody 1D3; squares correspond to anti-HGF
antibody 1F3, and circles correspond to anti-HGF
antibody 2B8. [0019] Figure 7 is a graph summarizing
results from an experiment to measure tumor inhibitory
activity of anti-HGF antibodies 1D3, 1F3, 1A3 and 2B8
in a Ul 18 xenograft model. Diamonds correspond to
IgG; squares correspond to anti-HGF antibody 1F3,
triangles to anti- HGF antibody 1D3; X corresponds to
anti-HGF antibody 1A3; and circles correspond to anti-
HGF antibody 2B8. [0020] Figure 8 is a table
summarizing surface plasmon resonance data on
antigen-binding affinity and kinetics of interaction
between human HGF and chimeric, chimeric/humanized, or
humanized 2B8 antibodies. The table lists the pairs of
Kappa light chain and IgGl heavy chain tested. Those
antibodies with standard deviations (STDEV) listed
were analyzed in three independent experiments. [0021]
Figure 9 is a bar chart summarizing experimental data
indicating that Hu2B8 binds an epitope mutually
exclusive to murine monoclonal antibody 2B8. Humanized
or chimeric 2B8 was captured on an anti-human Fc chip.
HGF then was bound to the humanized or chimeric 2B8.
The ability of mouse 2B8 or the control antibody
(polyclonal goat anti-HGF antibody) to bind the
captured HGF was measured. Both humanized 2B8
antibodies and chimeric 2B8 prevent murine 2B8 from
binding HGF. White bars correspond to the chimeric 2B8
antibody; gray bars correspond to the humanized Hu2B8
antibody (kappa variable region Kvl-39. 1 and heavy
chain variable region Hv5-51 .1); black bars
correspond to the humanized Hu2B8 antibody (kappa
variable region Kv3-15.1 and heavy chain variable
region Hv5-51.1). DETAILED DESCRIPTION OF THE
INVENTION [0022] The invention is based, in part, upon
the discovery of a family of binding proteins that
specifically bind, and neutralize the activity of,
HGF, in particular, human HGF. The binding proteins
can be used in a variety of diagnostic and therapeutic
applications. The binding proteins are based upon the
antigen binding sites of certain monoclonal antibodies
that have been selected for their ability to bind, and
neutralize the activity of, HGF. In particular,the
binding proteins contain immunoglobulin variable
region CDR sequences that together define a binding
site for HGF. [0023] In view of the neutralizing
activity of these antibodies, they are particularly
useful in modulating the growth and/or proliferation
of HGF responsive cells, for example, cancer cells.
When used as a therapeutic agent, the binding proteins
can be engineered so as to minimize or eliminate the
risk of inducing an immune response against the
binding proteins when administered to the recipient.
Furthermore, depending upon the particular
application, it is contemplated that the binding
proteins can be conjugated to other moieties, for
example, detectable labels, for example, radiolabels,
and effector molecules, for example, other protein and
small molecule-based therapeutics. Each of these
features and aspects of the invention are discussed in
more detail below. I - Binding Proteins That Bind HGF
[0024] In one aspect, the invention provides an
isolated binding protein that binds human HGF. The
binding protein comprises (i) an immunoglobulin light
chain variable region comprising the structure
CDRLI-CDRL 2-CDRL 3, and (ii) an immunoglobulin heavy
chain variable region comprising three complementarity
determining regions (CDRs), wherein the immunoglobulin
light chain variable region and the immunoglobulin
heavy chain variable region together define a single
binding site for binding human HGF. CDRu comprises the
amino acid sequence X1X2 Ser X X5X X7 X X9 X10 Xn X12
X13 X14 XiS wherein amino acid Xi is Arg, Lys, or Ser,
X is Ala or Thr, X4 is GIu, Gin, or Ser, X5 is Asn,
Asp, or Ser, X is He or VaI, X7 is Asp, Lys, Ser, VaI,
or Tyr, Xg is a peptide bond or Tyr, X9 is a peptide
bond or Asp, Xio is a peptide bond or GIy, Xp is a
peptide bond or Asn, X12 is a peptide bond, He, or
Ser, Xi3 is Asn or Tyr, X 4 is He, Leu, Met, or VaI,
X15 is Ala, Asn, His, or Ser. CDRL comprises the amino
acid sequence Xi6 Xi7 X1SX 19X20 X21 X22, wherein
amino acid Xi is Ala, Asp, Arg, GIy, or VaI, X17 is
Ala, Thr, or VaI, Xis is Asn, Ser, or Thr, X] is Arg,
Asn, Lys, or His, X2O is Leu or Arg, X2 1 is Ala, Asn,
GIu, VaI, or Pro, X2 is Asp, Ser, or Thr. CDR L3
comprises the amino acid sequence X2 X24 X25 X26 X27
X28 Pro X30 Thr, wherein amino acid X23 is Leu, GIy,
or GIn, X2 is His or GIn, X25 is Phe, Ser, Tip, or
Tyr, X26 is Asp, He, Ser, Tip, or Tyr, X27 is GIy,
GIu, Asn, or Ser, X2 is Asp, Asn, Phe, Thr, or Tyr,
X30 is Leu, Phe, Pro, or Tyr.[0025] In another aspect,
the invention provides an isolated binding protein
that binds human HGF comprising (i) an immunoglobulin
heavy chain variable region comprising the structure
CDR HI-CDR.H2-CDR. H3 and (ii) an immunoglobulin light
chain variable region comprising three complementarity
determining regions (CDRs), wherein the immunoglobulin
heavy chain variable region and the immunoglobulin
light chain variable region together define a single
binding site for binding human HGF. CDR HI comprises
the amino acid sequence Xi 



Tyr X3 X4 X5, wherein amino acid Xi is Asp, Asn, Ser,
or Thr, X3 is Phe, Ser, Trp, or Tyr, X4 is lie, Leu,
or Met, X5 is Asn, His, or Ser. CDR H comprises the
amino acid sequence X He Xg X9 X1O Xu GIy X 3 X1 X15
Tyr X17 X X19 X20 X21 X22, wherein amino acid X is
Lys, GIn, GIu, VaI, or Tyr, X8 is Asn, GIy, Ser, Trp,
or Tyr, X9 is Ala, Pro or Ser, X10 is GIy or Thr, X1j
is a peptide bond, Asp, Asn, GIy, or Ser, X13 is Asp,
Asn, His, or Ser, X14 is Ser or Thr, X1 is Asn or Tyr,
X1 is Asn or Pro, Xi is Ala, Asp, GIy, GIn, GIu, Pro,
or Ser, X 19 is Asn, Lys, Met, or Ser, X20 is Leu, Phe
or VaI, X2 1 is Lys, Met, or GIn, X 2 is Asp, GIy or
Ser. CDR H3 comprises the amino acid sequence X23 X24
X25 X26 X27 X28 X29 X30 X31 X32 X33 X34 Tyr, wherein
amino acid X23 is Arg, Asn, GIn, or GIu, X24 is GIy,
Leu, Arg, or Tyr, X25 is a peptide bond, Asp, or GIy,
X2 is a peptide bond or GIy, X 7 is a peptide bond or
Tyr, X2 is a peptide bond, Leu, or Tyr, X2 is a
peptide bond, GIy, Leu, Arg, or VaI, X30is a peptide
bond, Asp, GIy, or GIu, X31 is a peptide bond, Asn,
Arg, Ser, or Tyr, X32 is peptide bond, Ala, GIy, He,
or Tyr, X33 is Met or Phe, X34 is Ala or Asp. [00261
It is understood that the binding protein can comprise
both the immunoglobulin light chain and the
immunoglobulin heavy chain sequences or the fragments
thereof, noted above. Furthermore, it is understood
that the binding protein can be an intact antibody or
an antigen binding fragment thereof, or a biosynthetic
antibody site. [00271 certain embodiments, the CDR
sequences of the immunoglobulin light chain and the
immunoglobulin heavy chain are interposed with
framework regions (FR). [0028] In certain other
embodiments, the CDR sequences of the immunoglobulin
light chain and the immunoglobulin heavy chain are
interposed between human or humanized framework
regions. [0029] In another aspect, the invention
provides an isolated binding protein that specifically
binds human HGF. The binding protein comprises: (a) an
immunoglobulin light chain variable region comprising
the structure CDRLI-CDRL2-CDRL3 and (b) immunoglobulin
heavy chainvariable region, wherein the immunoglobulin
light chain variable region and the immunoglobulin
heavy chain variable region together define a single
binding site for binding human HGF. The CDRn comprises
a sequence selected from the group consisting of SEQ
ID NO. 8 (1A3), SEQ ID NO. 18 (2B8), SEQ ID NO. 28
(2F8), SEQ ID NO. 38 (3B6), SEQ ID NO. 48 (3D11), SEQ
ID NO. 58 (1D3), SEQ ID NO. 68 (1F3), and SEQ ID NO.
78 (3A12). The CDR.L2 comprises a sequence selected
from the group consisting of SEQ ID NO. 9 (1A3), SEQ
ID NO. 19 (2B8), SEQ ID NO. 29 (2F8), SEQ ID NO. 39
(3B6), SEQ ID NO. 49 (3D11), SEQ ID NO. 59 (1D3), SEQ
ID NO. 69 (1F3), SEQ ID NO. 79 (3A12) and SEQ ID NO.
206 (LRMR2B8LC). The CDRu comprises a sequence
selected from the group consisting of SEQ ID NO. 10
(1A3), SEQ ID NO. 20 (2B8), SEQ ID NO. 30 (2F8), SEQ
ID NO. 40 (3B6), SEQ ID NO. 50 (3DH) SEQ ID NO. 60
(1D3), SEQ ID NO. 70 (1F3), and SEQ ID NO. 80 (3A12).
Throughout the specification and claims, the sequences
denoted by a particular SEQ ID NO. are followed in
parentheses by the antibody that was the origin of the
particular sequence. By way of example, SEQ ID NO. 8
(1A3) indicates that the sequence of SEQ ID NO. 8 is
based upon the sequence present in antibody 1A3.
[0030] In one embodiment, the binding protein
comprises an immunoglobulin light chain variable
region comprising a CDRu comprising the sequence of
SEQ ID NO. 8 (1A3), a CDRia comprising the sequence of
SEQ ID NO. 9 (1A3), and a CDRo comprising the sequence
of SEQ ID NO. 10 (1A3). [0031] In another embodiment,
the binding protein comprises an immunoglobulin light
chain variable region comprising a CDRLi comprising
the sequence of SEQ ID NO. 18 (2B8), a CDRL 2
comprising the sequence of SEQ ID NO. 19 (2B8) or SEQ
ID NO. 206 (LRMR2B8LC), and a CDR 3 comprising the
sequence of SEQ ID NO. 20 (2B8). [0032] In another
embodiment, the binding protein comprises an
immunoglobulin light chain variable region comprising
a CDRLi comprising the sequence of SEQ ID NO. 28
(2F8), a CDRu comprising the sequence of SEQ ID NO. 29
(2F8), and a CDRu comprising the sequence of SEQ ID
NO. 30 (2F8). [0033] In another embodiment, the
binding protein comprises an immunoglobulin light
chain variable region comprising a CDRu comprising the
sequence of SEQ ID NO. 38 (3B6), a CDRL2 comprising
the sequence of SEQ ID NO. 39 (3B6), and a CDRL3
comprising the sequence of SEQ ID NO. 40 (3B6).[0034]
In another embodiment, the binding protein comprises
an immunoglobulin light chain variable region
comprising a CDRn comprising the sequence of SEQ ID
NO. 48 (3D11), a CDR.L2comprising the sequence of SEQ
ID NO. 49 (3DIl) 5 and a CDRu comprising the sequence
of SEQ IDNO. 50 (3Dl 1). [0035] In another embodiment,
the binding protein comprises an immunoglobulin light
chain variable region comprising a CDRu comprising the
sequence of SEQ ID NO. 58 (1D3), a CDR L2 comprising
the sequence of SEQ ID NO. 59 (1D3), and a CDRu
comprising the sequence of SEQ IDNO. 60 (1D3). [0036]
In another embodiment, the binding protein comprises
an immunoglobulin light chain variable region
comprising a CDR L I comprising the sequence of SEQ ID
NO. 68 (1F3), a CDR L2 comprising the sequence of SEQ
ID NO. 69 (1F3), and a CDRu comprising the sequence of
SEQ ID NO. 70 (1F3). [0037] In another embodiment, the
binding protein comprises an immunoglobulin light
chain variable region comprising a CDRu comprising the
sequence of SEQ ID NO. 78 (3A12), a CDR L2 comprising
the sequence of SEQ ID NO. 79 (3A12), and a CDRL3
comprising the sequence of SEQ ID NO. 80 (3A12).
[0038] In each of the foregoing embodiments, the CDR
LI , CDR L2, and CDR L3 sequences preferably are
interposed between human or humanized immunoglobulin
FRs. It is understood that the binding protein can be
an intact antibody, an antigen binding fragment
thereof, or a biosynthetic antibody site. 



[0039] In another aspect, the invention provides an
isolated binding protein that binds human HGF. The
binding protein comprises (a) an immunoglobulin heavy
chain variable region comprising the structure
CDRHI-CDR H2-CDR H3, and (b) an immunoglobulin light
chain variable region, wherein the immunoglobulin
heavy chain variable region and the immunoglobulin
light chain variable region together define a single
binding site for binding human HGF. The CDR Hi
comprises a sequence selected from the group
consisting of SEQ ID NO. 5 (1A3), SEQ ID NO. 15 (2B8),
SEQ ID NO. 25 (2F8), SEQ ID NO. 35 (3B6)5SEQ ID NO. 45
(3D11), SEQ ID NO. 55 (1D3), SEQ ID NO. 65 (1F3), and
SEQ ID NO. 75 (3A12); the CDRm comprises a sequence
selected from the group consisting of SEQ ID NO. 6
(1A3), SEQ ID NO. 16 (2B8), SEQ ID NO. 26 (2F8), SEQ
ID NO. 36 (3B6), SEQ ID NO. 46 (3D11),SEQ ID NO. 56
(1D3), SEQ ID NO. 66 (1F3), SEQ ID NO. 76 (3A12), SEQ
ID NO. 202 (Hu2B8 Hvlf.1), SEQ ID NO. 203 (Hu2B8
Hv5a.l or Hu2B8 Hv5-51.1), SEQ ID NO. 204 (LR2B8HC)
and SEQ ID NO. 205 (LRMR2B8HC); and the CDR H3
comprises a sequence selected from the group
consisting of SEQ ID NO. 7 (1A3), SEQ ID NO. 17 (2B8),
SEQ ID NO. 27 (2F8), SEQ ID NO. 37 (3B6), SEQ ID NO.
47 (3D11), SEQ ID NO. 57 (1D3), SEQ ID NO. 67 (1F3),
and SEQ ID NO. 77 (3A12). [0040] In one embodiment,
the binding protein comprises an immunoglobulin heavy
chain variable region comprising: a CDR H 1 comprising
the sequence of SEQ ID NO. 5 (1A3); a CDR H comprising
the sequence of SEQ ID NO. 6 (1A3); and a CDRr
comprising the sequence of SEQ ID NO. 7 (1A3). [004IJ
In another embodiment, the binding protein comprises
an immunoglobulin heavy chain variable region
comprising: a CDRm comprising the sequence of SEQ ID
NO. 15 (2B8); a CDR H2 comprising the sequence of SEQ
ID NO. 16 (2B8), SEQ ID NO. 202 (HuZBS Hvlf.l), SEQ ID
NO. 203 (Hu2B8 Hv5a.l or Hu2B8 Hv5-51.1), SEQ ID NO.
204 (LR2B8HC) or SEQ ID NO. 205 (LRMR2B8HC); and a
CDRH3 comprising the sequence of SEQ ID NO. 17 (2B8).
[0042] In another embodiment, the binding protein
comprises an immunoglobulin heavy chain variable
region comprising: a CDRm comprising the sequence of
SEQ ID NO. 25 (2F8); a CDR H2 comprising the sequence
of SEQ ID NO. 26 (2F8); and a CDR comprising the
sequence of SEQ ID NO. 27 (2F8). [0043] In another
embodiment, the binding protein comprises an
immunoglobulin heavy chain variable region comprising
a CDR HI comprising the sequence of SEQ ID NO. 35
(3B6); a CDR H2 comprising the sequence of SEQ ID NO.
36 (3B6); and a CDRr comprising the sequence of SEQ ID
NO. 37 (3B6). [0044] In another embodiment, the
binding protein comprises an immunoglobulin heavy
chain variable region comprising: a CDR H 1 comprising
the sequence of SEQ ID NO. 45 (3D11); a CDR H2
comprising the sequence of SEQ ID NO. 46 (3Dl 1); and
a CDRH3 comprising the sequence of SEQ ID NO. 47 (3Dl
1). [0045] In another embodiment, the binding protein
comprises an immunoglobulin heavy chain variable
region comprising: a CDR H1 comprising the sequence of
SEQ ID NO. 55 (1D3);a CDR.H2 comprising the sequence
of SEQ ID NO. 56 (1D3); and a CDR H3 comprising the
sequence of SEQ ID NO. 57 (1D3). [0046] In another
embodiment, the binding protein comprises an
immunoglobulin heavy chain variable region comprising:
a CDRm comprising the sequence of SEQ ID NO. 65 (1F3);
a CDR.H2 comprising the sequence of SEQ ID NO. 66
(1F3); and a CDR H comprising the sequence of SEQ ID
NO. 67 (1F3). [0047] In another embodiment, the
binding protein comprises an immunoglobulin heavy
chain variable region comprising: a CDRHi comprising
the sequence of SEQ ID NO. 75 (3A12); a CDR H2
comprising the sequence of SEQ ID NO. 76 (3A12); and a
CDRH3 comprising the sequence of SEQ ID NO. 77 (3A12).
[0048] In each of the foregoing embodiments, the CDRH
U CDR H and CDRr sequences preferably are interposed
between human or humanized immunoglobulin FRs. It is
understood that the binding protein can be an intact
antibody, an antigen binding fragment thereof, or a
biosynthetic antibody site. [0049] In another aspect,
the invention provides a binding protein that binds
human HGF. The binding protein comprises an
immunoglobulin heavy chain variable region selected
from the group consisting of residues 20-141 of SEQ ID
NO. 2 (1A3), residues 20-137 of SEQ ID NO. 12 (2B8),
residues 20-137 of SEQ ID NO. 22 (2F8), residues
20-139 of SEQ ID NO. 32 (3B6), residues 20-132 of SEQ
ID NO. 42 (3D11), residues 20-141 of SEQ IDNO. 52
(1D3), residues 20-141 of SEQ ID NO. 62 (1F3), and
residues 20-141 of SEQ ID NO. 72 (3A12) and an
immunoglobulin light chain variable region selected
from the group consisting of residues 21-127 of SEQ ID
NO. 4 (1A3), residues 21-127 of SEQ ID NO. 14 (2B8),
residues 20-131 of SEQ ID NO. 24 (2F8), residues
23-129 of SEQ ID NO. 34 (3B6), residues 23-128 of SEQ
ID NO. 44 (3D11), residues 21-127 of SEQ ID NO. 54
(1D3), residues 21-127 of SEQ ID NO. 64 (1F3), and
residues 21-127 of SEQ ID NO. 74 (3A12). [0050] In
another embodiment, the binding protein comprises an
immunoglobulin heavy chain variable region comprising
the amino acid sequence of residues 20-141 of SEQ ID
NO. 2 (1A3), and an immunoglobulin light chain
variable region comprising the amino acid sequence of
residues 21-127 of SEQ ID NO. 4 (1A3).[0051] In one
embodiment, the binding protein comprises an
immunoglobulin heavy chain variable region comprising
the amino acid sequence of residues 20-1 37 of SEQ ID
NO. 12 (2B8), and an immunoglobulin light chain
variable region comprising the amino acid sequence of
residues 21-127 of SEQ ID NO. 14 (2B8). [0052] In
another embodiment, the binding protein comprises an
immunoglobulin heavy chain variable region comprising
the amino acid sequence of residues 20-137 of SEQ ID
NO. 22 (2F8), and an immunoglobulin light chain
variable region comprising the amino acid sequence of
residues 20-131 of SEQ IDNO. 24 (2F8). 



[0053] In another embodiment, the binding protein
comprises an immunoglobulin heavy chain variable
region comprising the amino acid sequence of residues
20-139 of SEQ ID NO. 32 (3B6), and an immunoglobulin
light chain variable region comprising the amino acid
sequence of residues 23-129 of SEQ ID NO. 34 (3B6).
[0054] In another embodiment, the binding protein
comprises an immunoglobulin heavy chain variable
region comprising the amino acid sequence of residues
20-132 of SEQ ID NO. 42 (3D11), and an immunoglobulin
light chain variable region comprising the amino acid
sequence of residues 23-128 of SEQ ID NO. 44 (3D11).
[0055] In another embodiment, the binding protein
comprises an immunoglobulin heavy chain variable
region comprising the amino acid sequence of residues
20-141 of SEQ ID NO. 52 (1D3), and an immunoglobulin
light chain variable region comprising the amino acid
sequence of residues 21-127 of SEQ ID NO. 54 (1D3).
[0056] In another embodiment, the binding protein
comprises an immunoglobulin heavy chain variable
region comprising the amino acid sequence of residues
20-141 of SEQ ID NO. 62 (1F3), and an immunoglobulin
light chain variable region comprising the amino acid
sequence of residues 21-127 of SEQ ID NO. 64 (1F3).
[0057] In another embodiment, the binding protein
comprises an immunoglobulin heavy chain variable
region comprising the amino acid sequence of residues
20-141 of SEQ ID NO. 72 (3A12), and an immunoglobulin
light chain variable region comprising the amino acid
sequence of residues 21-127 of SEQ IDNO. 74 (3A12).
[0058] In each of the foregoing embodiments, the
binding protein can be an intact antibody, an antigen
binding fragment thereof, or a biosynthetic antibody
site.[0059] In another aspect, the invention provides
an isolated binding protein that binds human HGF. The
binding protein comprises (i) an immunoglobulin light
chain variable region selected from the group
consisting of SEQ ID NO. 173 (Hu2B8 Kvl-39.1 light
chain variable region), SEQ ID NO. 179 (Hu2B8 Kv3-15.1
light chain variable region), SEQ ID NO. 193 (LR2B8LC
light chain variable region), and SEQ ID NO. 199
(LRMR2B8LC light chain variable region); and (ii) an
immunoglobulin heavy chain variable region selected
from the group consisting of SEQ ID NO. 159 (Hu2B8
Hvlf.l heavy chain variable region), SEQ ID NO. 165
(Hu2B8 Hv a.l heavy chain variable region), SEQ ID NO.
169 (Hu2B8 Hv5-51.1 heavy chain variable region), SEQ
ID NO. 183 (LR2B8HC heavy chain variable region), and
SEQ ID NO. 189 (LRMR2B8LC light chain variable
region). The binding protein can be an intact
antibody, an antigen binding fragment thereof, or a
biosynthetic antibody site. [0060] In another aspect,
the invention provides an isolated binding protein
that binds human HGF. The binding protein comprises
(i) an immunoglobulin light chain selected from the
group consisting of SEQ ID NO. 177 (Hu2B8 Kvl-39.1 +
kappa constant (Km(3) allotype (allele 2)), SEQ ID NO.
181 (Hu2B8 Kv3-15.1 + Kappa constant (Km(3) allotype
(allele 2)), SEQ ID NO. 197 (LR2B8LC + Kappa constant
(Km(3) allotype (allele I)), and SEQ ID NO. 201
(LRMR2B8LC + Kappa constant (Km(3) allotype (allele
I)); and (ii) an immunoglobulin heavy chain selected
from the group consisting of SEQ ID NO. 163 (Hu2B8
Hvlf.l + IgGl Constant (Glm(17,l) allotype)), SEQ
IDNO. 167 (Hu2B8 Hv5a.l + IgGl Constant (Glm(17,l)
allotype)), SEQ ID NO. 171 (Hu2B8 Hv5-51.1 + IgGl
Constant (Glm(17,l) allotype)), SEQ ID NO. 187
(LR2B8HC + IgGl Constant (Glm(3) allotype) (allele
I)), and SEQ ID NO. 191 (LRMR2B8HC +IgGl Constant
(Glm(3) allotype) (allele I)). The binding protein can
be an intact antibody, an antigen binding fragment
thereof, or a biosynthetic antibody site. [0061] In
another aspect, the invention provides an isolated
binding protein that binds reduced human HGF. The
binding protein comprises (i) an immunoglobulin light
chain variable region comprising three CDRs, and (ii)
an immunoglobulin heavy chain variable region
comprising three CDRs. The CDRs typically are
interposed between FRs. The CDRs of the immunoglobulin
light chain and the immunoglobulin heavy chain
together define a binding site that binds reduced
human HGF, for example, the a-chain of reduced HGF.
Reduced HGF refers to HGF treated with an amount of
reducing agent, for example,dithiothreitol (DTT),
2-mercaptoethanol, or glutathione sufficient to reduce
the disulfide linkage between the a-chain and the
b-chain. Exemplary concentrations include, for
example, 100 mM DTT and 5% 2-mercaptoethanol. [0062]
In certain embodiments, the binding protein comprises
an immunoglobulin light chain variable region
comprising at least one CDR selected from the group
consisting of CDR U , CDR L2 and CDR L3 . Optionally,
the binding protein comprises two CDRs, for example,
CDR L1 and CDR L2, or CDR Li and CDR L3, or CDR L I
and CDR L3. Optionally, the binding protein comprises
all three CDRs, i.e., CDRL I, CDR L2 and CDRL 3- CDR L
I comprises the amino acid sequence X i X2 Ser X4 X5 X
X X X X10 Xn X12 X13 X14 X wherein amino acid Xi is
Arg or Lys, X2 is Ala or Thr, X4 is GIu or GIn, X5 is
Asn, Ser, or Asp, X is He or VaI 5X7 is Tyr, Asp, or
Lys, X is a peptide bond or Tyr, X9 is a peptide bond
or Asp, X1 is a peptide bond or GIy. X n is a peptide
bond or Asn, X1 is a peptide bond or Ser, X is Asn or
Tyr, X 14 is lie or Leu, X15 is Ala, Asn, or Ser.
CDRL2 comprises the amino acid sequence X1 Xi7 Xjs Xi9
Leu X21 X 22 wherein amino acid X1 is Ala, Asp, VaI,
or Arg, Xi7 is Ala or VaI, Xis is Asn, Ser, or Thr, X
19 is Arg, Asn, or His, X2 1 is Ala, GIu, VaI, or Pro,
X22 is Asp or Ser. CDRL3 comprises the amino acid
sequence X23 X2 X25 X26 X27 X28 Pro X30 Thr, wherein
amino acid X23 is Leu or GIn, X24 is His or GIn, X2s
is Phe, Ser, or Tyr, X26 is Asp, He, or Trp, X 7 is
GIy or GIu, X2 is Asp, Phe, or Thr, X30 is Phe, Pro,
or Tyr. [0063] In another embodiment, the binding
protein comprises an immunoglobulin heavy chain
variable region comprising at least one CDR selected
from the group consisting of CDRH 1, CDRH 2 and CDRH3.
Optionally, the binding protein comprises two CDRs,
for example, CDRHI and CDRH , or CDR H1 and CDR H3 or
CDR m and CDRr. Optionally, the binding protein
comprises all three CDRs, i.e., CDRHI, CDRH 2 and
CDRH3- CDRHI comprises 



the amino acid sequence X i Tyr X3 X Xs5 wherein amino
acid X i is Asp, Asn, Ser, or Thr, X3 is Phe, Trp, or
Tyr, X is lie or Met, Xs is Asn, His, or Ser. CDR H2
comprises the amino acid sequence X He XgX9 GIy Xn GIy
X13 X14 X 15 Tyr X i7Xis X 19 X2o Lys X22" wherein
amino acid X6 is Lys, GIn, or Tyr, X is GIy, Ser, or
Tyr, X9 is Pro or Ser, Xn is Asp, GIy, or Ser, X i3 is
Asp or Ser, Xi4 is Ser or Thr, Xi5 is Asn or Tyr, Xi7
is Asn or Pro, Xis is Ala, Asp, GIy, or GIu, Xi9 is
Asn, Met, or Ser, X20 is Phe or VaI, X22 is Asp or
GIy. CDR comprises the amino acid sequence X23 X24 X25
X26 X27 X28 X2 X30 X3 1 X32 X33 Asp Tyr, wherein amino
acid X23 is Arg or GIn, X2 is GIy or Leu, X25 is Asp,
GIy, or a peptide bond, X2 is GIy or a peptide
bond,X27 is a peptide bond or Tyr, X is Leu, a peptide
bond or Tyr, X29 is a GIy Arg or Leu, X30 is Asp, GIy
or GIu, X31 is a Tyr, Arg or Asn, X32 is Ala, GIy or
Tyr, X33 is Met or Phe. [0064] It is understood that
the binding protein can comprise both the
immunoglobulin heavy chain and the immunoglobulin
light chain sequences or the fragments thereof, noted
above. Furthermore, it is understood that the binding
protein can be an intact antibody or an antigen
binding fragment thereof, or a biosynthetic antibody
site. [00651 In certain embodiments, the binding
protein comprises an immunoglobulin light chain
variable region comprising (i) a CDRu having a
sequence selected from the group consisting of SEQ ID
NO. 8 (1A3), SEQ ID NO. 28 (2F8), SEQ ID NO. 38 (3B6),
SEQ ID NO. 58 (1D3), and SEQ ID NO. 68 (1F3), (ii) a
CDRL2 having a sequence selected from the group
consisting of SEQ ID NO. 9 (1A3), SEQ ID NO. 29 (2F8),
SEQ ID NO. 39 (3B6), SEQ ID NO. 59 (1D3), and SEQ ID
NO. 69 (1F3), and (iii) a CDRu having a sequence
selected from the group consisting of SEQ IDNO. 10
(1A3), SEQ ID NO. 30 (2F8), SEQ ID NO. 40 (3B6) SEQ ID
NO. 60 (1D3), and SEQ ID NO. 70 (1F3). The CDR
sequences can be interposed between human or humanized
FRs. In other embodiments, the binding protein
comprises an immunoglobulin light chain variable
region comprising an amino acid sequence selected from
the group consisting of residues 21-127 of SEQ ID NO.
4 (1A3), residues 20-131 of SEQ ID NO. 24 (2F8),
residues 23-129 of SEQ ID NO. 34 (3B6), residues
21-127 of SEQ ID NO. 54 (1D3), and residues 21-127 of
SEQ ID NO. 64 (1F3). [0066] In certain other
embodiments, the binding protein comprises an
immunoglobulin heavy chain variable region comprising
(i) a CDR H1 having a sequence selected from the group
consisting of SEQ ID NO. 5 (1A3), SEQ ID NO. 25 (2F8),
SEQ ID NO. 35 (3B6), SEQ ID NO. 55 (1D3), and SEQ ID
NO. 65 (1F3), (ii) a CDRH2 having a sequence selected
from the group consisting of SEQ ID NO. 6 (1A3), SEQ
ID NO. 26 (2F8), SEQ ID NO. 36 (3B6), SEQ ID NO. 56
(1D3), and SEQ ID NO. 66 (1F3), and (iii) a
CDRH3having a sequence selected from the group
consisting of SEQ ID NO. 7 (1A3), SEQ ID NO. 27 (2F8),
SEQ ID NO. 37 (3B6), SEQ ID NO. 57 (1D3), and SEQ ID
NO. 67 (1F3). The CDR sequences can be interposed
between human or humanized FRs. In another embodiment,
the immunoglobulin heavy chain variable region
comprises an amino acid sequence selected from the
group consisting of residues 20-141 of SEQ ID NO. 2
(1A3), residues 20-137 of SEQ ID NO. 22(2F8), residues
20-139 of SEQ ID NO. 32 (3B6), residues 20-141 of SEQ
ID NO. 52 (1D3), and residues 20-141 of SEQ ID NO. 62
(1F3). [0067] In another aspect, the invention
provides an isolated binding protein that binds human
HGF and comprises an immunoglobulin light chain
variable region and an immunoglobulin heavy chain
variable region. The isolated binding protein competes
for binding to HGF with at least one reference
antibody selected from the group consisting of (i) an
antibody having an immunoglobulin light chain variable
region of residues 20-131 of SEQ ID NO. 24 (2F8), and
an immunoglobulin heavy chain variable region of
residues 20-137 of SEQ ID NO. 22 (2F8), (ii) an
antibody having an immunoglobulin light chain variable
region of residues 23-129 of SEQ ID NO. 34 (3B6), and
an immunoglobulin heavy chain variable region of
residues 20-139 of SEQ ID NO. 32 (3B6), and (iii) an
antibody having an immunoglobulin light chain variable
region of residues 23-128 of SEQ ID NO. 44 (3D11), and
an immunoglobulin heavy chain variable region of
residues 20-132 of SEQ ID NO. 42 (3Dl 1). Under
certain circumstances, the binding protein binds the
same epitope of HGF as one of the reference
antibodies. [0068] It is understood that each of the
binding proteins discussed above can be an intact
antibody, for example, a monoclonal antibody.
Alternatively, the binding protein can be an antigen
binding fragment of an antibody, or can be a
biosynthetic antibody binding site. Antibody fragments
include Fab, Fab', (Fab')2 or Fv fragments. Techniques
for making such antibody fragments are known to those
skilled in the art. A number of biosynthetic antibody
binding sites are known in the art and include, for
example, single Fv or sFv molecules, described, for
example, in U.S. Patent Nos. 5,476,786. Other
biosynthetic antibody binding sites include bispecific
or bifunctional binding proteins, for example,
bispecif c or bifunctional antibodies, which are
antibodies or antibody fragments that bind at least
two different antigens. For example, bispecific
binding proteins can bind HGF3 for example, human HGF,
and another antigen of interest. Methods for making
bispecific antibodies are known in art and, include,
for example, by fusing hybridomas or by linking Fab'
fragments. See, e.g., Songsivilai et al. (1990) CLIN.
EXP. IMMUNOL. 79: 315-325; Kostelny et al. (1992) J.
IMMUNOL. 148: 1547-1553. [0069] The binding proteins
of the invention can bind hHGF containing a cysteine
to arginine substitution at position 561 or a glycine
to glutamate substitution at position 555.[0070] In
another aspect, the invention provides an isolated
binding protein that binds human HGF with a kd of
4.OxIO 5 s 1 or lower, 3.OxIO 5 s 1 or lower, or
2.OxIO 5 s 1 or lower. The isolated binding proteins
can bind human HGF with a k from 5.OxIO 5 s 1 to
O.5xlO 5 s 1, or from 4.OxIO 5 s 1 to 1.OxIO 5 s 1, or
from 3,0xl0 5 s 1 to 1.5xlO 5 s 1 . In another aspect,
the invention provides an isolated binding protein
that binds human HGF with a K D of 100 pM or lower, or
20 pM or lower, or 10 pM or lower, or 5 pM or lower.
The isolated binding proteins can bind human HGF with
a K from 100 pM to 5 pM, or from 20 pM to 5 pM, or
from 15 pM to 10 pM, or from 20 pM to 10 pM, or from
15 pM to 5 pM. Unless otherwise specified, K values
are determined by the methods, and under the
conditions, described in Example 6. 



[0071] In another aspect, the invention provides an
isolated binding protein that binds human HGF, wherein
the antibody binds to human HGF with lower KD at 37C
than at 25C. The binding protein binding optionally
binds human HGF with a KD less than 5 pM at 37C.
[0072] In other aspects and embodiments, the binding
proteins can inhibit hHGF from binding to c-Met. For
example, the binding proteins can have an
IC50(concentration at 50% of maximum inhibition) of at
least about 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, and 7.0 nM
when assayed using the protocol described in Example
7(a). In certain other embodiments, the binding
proteins can neutralize HGF BrdU incorporation in 4
MBr-5 cells (ATCC, Catalog No. CCL208) using the
method described in Example 7(b). [0073] The binding
proteins have an IC50 of 50 nM or lower, preferably
45, 40, 35, 30, 25, 20, 15, 10, 5, 1, 0.5 nM or lower,
when assayed using the protocol described in Example
7(b). In certain other embodiments, the binding
proteins can be used to inhibit HGF stimulated c-Met
phosphorylation in PC-3 cells (ATCC, Manassus, VA
Catalog No. CRL- 1435) using the assay described in
Example 9. The binding proteins inhibit HGF-stimulated
(1.25 nM) c-Met phosphorylation in PC-3 cells with an
IC50 of 2 nM or less (Table 8), using the assay
described in Example 9. II - Production of Binding
Proteins [0074] Binding proteins of the invention can
be produced in various ways using approaches know in
the art. For example, DNA molecules encoding light
chain variable regions and heavy chain variable
regions can be chemically synthesized, using a
commercial synthesizer and sequence information
provided herein. Such synthetic DNA molecules can be
ligated to otherappropriate nucleotide sequences,
including, e.g., constant region coding sequences, and
expression control sequences, to produce conventional
gene expression constructs encoding the desired
binding proteins. Production of defined gene
constructs is within routine skill in the art.
Alternatively, the sequences provided herein can be
cloned out of hybridomas by conventional hybridization
techniques or PCR techniques, using synthetic nucleic
acid probes whose sequences are based on sequence
information provided herein or prior art sequence
information regarding genes encoding the heavy and
light chains of murine antibodies in hybridoma cells.
Production and use of such probes is within ordinary
skill in the art. [0075] The nucleic acids encoding
the desired binding proteins can be introduced
(ligated) into expression vectors, which can be
introduced into a host cell via standard transfection
or transformation techniques known in the art.
Exemplary host cells include, for example, E. coli
cells, Chinese hamster ovary (CHO) cells, HeLa cells,
baby hamster kidney (BHK) cells, monkey kidney cells
(COS), human hepatocellular carcinoma cells (e.g., Hep
G2), and myeloma cells that do not otherwise produce
immunoglobulin protein. Transfected host cells can be
grown under conditions that permit the host cells to
express the genes of interest, for example, the genes
that encode the immunoglobulin light or heavy chain
variable regions. The resulting expression products
can be harvested using techniques known in the art.
[0076] The particular expression and purification
conditions will vary depending upon what expression
system is employed. For example, if the gene is to be
expressed in E. coli, it is first cloned into an
expression vector. This is accomplished by positioning
the engineered gene downstream from a suitable
bacterial promoter, e.g., Trp or Tac, and a signal
sequence, e.g., a sequence encoding fragment B of
protein A (FB). The resulting expressed fusion protein
typically accumulates in refractile or inclusion
bodies in the cytoplasm of the cells, and may be
harvested after disruption of the cells by French
press or sonication. The refractile bodies then are
solubilized, and the expressed proteins refolded and
cleaved by the methods already established for many
other recombinant proteins. [0077] If the engineered
gene is to be expressed in eukayotic host cells, for
example, myeloma cells or CHO cells, it is first
inserted into an expression vector containing a
suitable eukaryotic promoter, a secretion signal,
immunoglobulin enhancers, and various introns. This
expression vector optionally can contain sequences
encoding all or part of a constant region, enabling an
entire, or a part of, a heavy or light chain to be
expressed. The gene construct canbe transfected into
myeloma cells or CHO cells using established
transfection protocols. Such transfected cells can
express V L or VH fragments, VL-V H heterodimers,
VH-VL or VL-VH single chain polypeptides, complete
heavy or light immunoglobulin chains, or portions
thereof, each of which may be attached to a protein
domain having another function (e.g., cytotoxicity).
HI - Modifications to the Binding Proteins [0078] It
is understood that the binding proteins can be
modified to optimize performance depending upon the
intended use of the binding proteins. For example,
when the binding protein is being used as a
therapeutic agent, the binding protein can be modified
to reduce its immunogenicity in the intended
recipient. Alternatively or in addition, the binding
protein can be fused or coupled to another protein or
peptide, for example, a growth factor, cytokine, or
cytotoxin. Such modifications can be achieved by using
routine gene manipulation techniques known in the art.
[0079] Various techniques for reducing the
antigenicity of antibodies and antibody fragments are
known in the art. These techniques can be used to
reduce or eliminate the antigenicity of the binding
proteins of the invention. For example, when the
binding proteins are to be administered to a human,
the binding proteins preferably are engineered to
reduce their antigenicity in humans. This process
often is referred to as humanization. Preferably, the
humanized binding proteins have the same or
substantially the same affinity for the antigen as the
original non-humanized binding protein it was derived
from. [0080] In one well known humanization approach,
chimeric proteins are created in which immunoglobulin
constant regions of antibodies from one species, e.g.,
mouse, are replaced with immunoglobulin constant
regions from a second, different species, e.g., a
human. In this example, the resulting antibody is a
mouse-human chimera, where the human constant region
sequences, in principle, are less immunogenic than the
counterpart murine sequences. This 



type of antibody engineering is described, for
example, Morrison, et al. (1984) PROC. NAT. ACAD. SCI.
81: 6851-6855, Neuberger et /. (1984) NATURE 312:
604-608; U.S. Patent Nos. 6,893,625 (Robinson);
5,500,362 (Robinson); and 4,816,567 (Cabilly). [0081]
In another approach, known as CDR grafting, the CDRs
of the light and heavy chain variable regions of an
antibody of interest are grafted into frameworks (FRs)
from another species. For example, murine CDRs can be
grafted into human FR sequences. In someembodiments,
the CDRs of the light and heavy chain variable regions
of an anti-HGF antibody are grafted into human FRs or
consensus human FRs. In order to create consensus
human FRs, FRs from several human heavy chain or light
chain amino acid sequences are aligned to identify a
consensus amino acid sequence. CDR grafting is
described, for example, in U.S. Patent Nos. 7,022,500
(Queen); 6,982,32 1 (Winter); 6,180,370 (Queen);
6,054,297 (Carter); 5,693,762 (Queen); 5,859,205
(Adair); 5,693,761 (Queen); 5,565,332 (Hoogenboom);
5,585,089 (Queen); 5,530,101 (Queen); Jones et al.
(1986) NATURE 321: 522-525; Riechmann et al. (1988)
NATURE 332: 323-327; Verhoeyen et al. (1988) SCIENCE
239: 1534-1536; and Winter ( 1998) FEBS LETT 430:
92-94. [0082] In an approach called
"superhumanization," antibodies in which human
immunogen city is reduced or eliminated are created by
an alternative form of grafting. In superhumanization,
human FR sequences are chosen from a set of human
germline genes based on the structural similarity of
the human CDRs to those of the mouse antibody to be
humanized. This approach is described, for example, in
U.S. Patent No. 6,881,557 (Foote) and in Tan et al.
(2002) J. IMMUNOL 169:11 19-1125. [0083] Other
approaches to reduce immunogenicity include,
techniques are known as "reshaping,"
"hyperchimerization," or "veneering/resurfacing" to
produce humanized antibodies. See, e.g., Vaswami et
al. ( 1998) ANNALS OF ALLERGY,ASTHMA, & IMMUNOL. 8 1:
105; Roguska et al. (1996) PROT. ENGINEER 9: 895-904;
and U.S. Patent No. 6,072,035 (Hardman). In the
veneering/resurfacing approach, the surface accessible
amino acid residues in the murine antibody are
replaced by amino acid residues more frequently found
at the same positions in a human antibody. This type
of antibody resurfacing is described, for example, in
U.S. Patent No. 5,639,641 (Pedersen). [0084] One
exemplary approach for converting a mouse antibody
into a form suitable for medical use in humans is
known as ACTIVMAB rM technology (Vaccinex, Inc.,
Rochester, NY), which involves a vaccinia virus-based
vector to express antibodies in mammalian cells. High
levels of combinatorial diversity of immunoglobulin
heavy and light chains are said to be produced. See,
e.g., U.S. Patent Nos. 6,706,477 (Zauderer); 6,800,442
(Zauderer); and 6,872,518 (Zauderer). [0085] Another
exemplary approach for converting a mouse antibody
into a form suitable for use in humans is technology
practiced commercially by KaloBios Pharmaceuticals,
Inc.(PaIo Alto, CA). This technology involves the use
of a proprietary human "acceptor" library to produce
an "epitope focused" library for antibody selection.
[0086] Another exemplary approach for modifying a
mouse antibody into a form suitable for medical use in
humans is HUMAN ENGINEERING(tm) (HE(tm)) technology,
which is practiced commercially by XOMA (US) LLC. See,
e.g., International Application Publication No. WO
93/11794 and U.S. Patent Nos. 5,766,886; 5,770,196;
5,821,123; and 5,869,619. [0087] Any suitable
approach, including any of the above approaches, can
be used to reduce or eliminate human immunogenicity of
a binding protein of interest. [0088] In addition, it
is possible to create fully human antibodies in mice.
In this approach, human antibodies are prepared using
a transgenic mouse in which the mouse' s
antibodyproducing genes have been replaced by a
substantial portion of the human antibody producing
genes. Such mice produce human immunoglobulin instead
of murine immunoglobulin molecules. See, e.g., WO
98/24893 (Jacobovitz et al.) and Mendez et al. (1997)
NATURE GENETICS 15: 146-156. Fully human anti-HGF
monoclonal antibodies can be produced using the
following approach. Transgenic mice containing human
immunoglobulin genes are immunized with the antigen of
interest, e.g., HGF. Lymphatic cells from the mice
then are obtained from the mice, which are then fused
with a myeloid-type cell line to prepare immortal
hybridoma cell lines. The hybridoma cell lines are
screened and selected to identify hybridoma cell lines
that produce antibodies specific to HGF. [0089]
Binding proteins of the invention can be conjugated
with other molecules, depending upon their intended
use. For example, if the binding protein is going to
be used as a therapeutic, then the binding protein can
be conjugated with another agent, for example, an
effector molecule that modulates or otherwise promotes
the therapy. To the extent that the effector is
non-protein based agent, for example, a small molecule
drug, a radiolabel or toxin, then, the agent can be
chemically coupled to the binding protein using
standard in vitro coupling chemistries. If, on the
other hand, the effector molecule is a protein or
peptide, for example, an enzyme, receptor, toxin,
growth factor, cytokine or other immunomodulator, then
the binding protein can either be chemically coupled
to the effector using in vitro coupling chemistries or
can be coupled to the effector as a fusion protein.
Fusion proteins can be constructed and expressed using
the techniques similar to those discussed in section
II.IV-Use of Binding Proteins [0090] The binding
proteins described herein can be used as a diagnostic
agent or a therapeutic agent. (I) Therapeutic
Applications [0091} Because the binding proteins of
the invention neutralize the activity of HGF, they can
be used in various therapeutic applications. For
example, certain binding proteins of the invention are
useful in the prevention or treatment of
hyperproliferative diseases or disorders, e.g.,
various forms of cancer. [0092J The binding proteins
can be used to inhibit or reduce the proliferation of
tumor cells. In such an approach, the tumor cells are
exposed to a therapeutically effective amount of 



the binding protein so as to inhibit or reduce
proliferation of the tumor cell. In certain
embodiments, the binding proteins inhibit tumor cell
proliferation by at least 50%, 60%, 70%, 80%, 90%, 95%
or 100%. [0093] In certain embodiments, the binding
protein is used to inhibit or reduce proliferation of
a tumor cell wherein the binding protein reduces the
ability of hHGF to bind to c-Met. In other
embodiments, the binding protein is used to inhibit or
reduce the proliferation of a tumor cell even when the
binding protein binds hHGF but does not substantially
inhibit hHGF binding to c-Met, as shown by antibody
3B6 in Tables 5 and 6. [0094] In addition, the binding
protein can be used to inhibit, or slow down tumor
growth or development in a mammal. In such a method,
an effective amount of the binding protein is
administered to the mammal so as to inhibit or slow
down tumor growth in the mammal. Accordingly, the
binding proteins can be used to treat tumors, for
example, in a mammal. The method comprises
administering to the mammal a therapeutically
effective amount of the binding protein. The binding
protein can be administered alone or in combination
with another pharmaceutically active molecule, so as
to treat the tumor. [0095] It is contemplated that the
binding proteins of the invention can be used in the
treatment of a variety of HGF responsive disorders,
including, for example, HGF responsive tumor cells in
lung cancer, breast cancer, colon cancer, prostate
cancer, ovarian cancer, head and neck cancer, ovarian
cancer, multiple myeloma, liver cancer, gastric
cancer, esophagealcancer, kidney cancer,
nasopharangeal cancer, pancreatic cancer,
mesothelioma, melanoma and glioblastoma. [0096] As
used herein, "treat, "treating" and "treatment" refer
to the treatment of a diseasestate in a mammal,
particularly in a human, and include: (a) preventing
the disease-state from occurring in a mammal, in
particular, when such mammal is predisposed to the
disease-state but has not yet been diagnosed as having
it; (b) inhibiting the disease-state, i.e., arresting
its development; and/or (c) relieving the
disease-state, i.e., causing regression of the disease
state. [0097] Generally, a therapeutically effective
amount of active component will be in the range of
from about 0.1 mg/kg to about 100 mg/kg, optionally
from about 1 mg/kg to about 100 mg/kg, optionally from
about 1mg/kg to 10 mg/kg. The amount administered will
depend on variables such as the type and extent of
disease or indication to be treated, the overall
health status of the particular patient, the relative
biological efficacy of the binding protein delivered,
the formulation of the binding protein, the presence
and types of excipients in the formulation, and the
route of administration. The initial dosage
administered may be increased beyond the upper level
in order to rapidly achieve the desired blood-level or
tissue level, or the initial dosage may be smaller
than the optimum and the daily dosage may be
progressively increased during the course of treatment
depending on the particular situation. Human dosage
can be optimized, e.g., in a conventional Phase I dose
escalation study designed to run from 0.5 mg/kg to 20
mg/kg. Dosing frequency can vary, depending on factors
such as route of administration, dosage amount and the
disease condition being treated. Exemplary dosing
frequencies are once per day, once per week and once
every two weeks. A preferred route of administration
is parenteral, e.g., intravenous infusion. Formulation
of monoclonal antibody-based drugs is within ordinary
skill in the art. In some embodiments of the
invention, the binding protein, e.g., monoclonal
antibody, is lyophilized and reconstituted in buffered
saline at the time of administration. [0098] The
binding proteins may be administered either alone or
in combination with other pharmaceutically active
ingredients. The other active ingredients, e.g.,
immunomodulators, can be administered together with
the binding protein, or can be administered before or
after the binding protein. [0099] Formulations
containing the binding proteins for therapeutic use,
typically include the binding proteins combined with a
pharmaceutically acceptable carrier. As used
herein,"pharmaceutically acceptable carrier" means
buffers, carriers, and excipients, that are, within
the scope of sound medical judgment, suitable for use
in contact with the tissues of human beings and
animals without excessive toxicity, irritation,
allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. The
carrier(s) should be "acceptable" in the sense of
being compatible with the other ingredients of the
formulations and not deleterious to the recipient.
Pharmaceutically acceptable carriers, in this regard,
are intended to include any and all buffers, solvents,
dispersion media, coatings, isotonic and absorption
delaying agents, and the like, compatible with
pharmaceutical administration. The use of such media
and agents for pharmaceutically active substances is
known in the art. [0100] The formulations can be
conveniently presented in a dosage unit form and can
be prepared by any suitable method, including any of
the methods well known in the pharmacy art. A
pharmaceutical composition of the invention should be
formulated to be compatible with its intended route of
administration. Examples of routes of administration
include parenteral administration or non-parenteral
administration, for example, intravenous, intradermal,
inhalation, transdermal (topical), transmucosal, and
rectal administration. Useful solutions for oral or
parenteral administration can be prepared by any of
the methods well known in the pharmaceutical art,
described, for example, in Remington's Pharmaceutical
Sciences, 18th ed. (Mack Publishing Company, 1990).
[0101] Formulations suitable for oral administration
can be in the form of: discrete units such as
injectables, capsules, gelatin capsules, sachets,
tablets, troches, or lozenges, each containing a
predetermined amount of the binding protein; a powder
or granular composition; a solution or a suspension in
an aqueous liquid or non-aqueous liquid; or an
oil-in-water emulsion or a water-in-oil emulsion.
[0102] Formulations suitable for parenteral
administration include, for example, the following
components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial 



agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such
as hydrochloric acid or sodiumhydroxide. The
parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of
glass or plastic. [0103] In general, compositions
suitable for injectable use include aqueous solutions
(where water soluble) or dispersions and powders for
the extemporaneous preparation of sterile injectable
solutions or dispersion. For intravenous
administration, suitable carriers include
physiological saline, bacteriostatic water, Gremophor
ELTM (BASF, Parsippany, NJ) or phosphate buffered
saline (PBS). It should be stable under the conditions
of manufacture and storage and should be preserved
against the contaminating action of microorganisms
such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyetheylene glycol),
and suitable mixtures thereof. [0104] Pharmaceutical
formulations preferably are sterile. Sterilization can
be accomplished, for example, by filtration through
sterile filtration membranes. Where the composition is
lyophilized, sterilization using this method can be
conducted prior to or following lyophilization and
reconstitution. Once the pharmaceutical composition
has been formulated, it can be stored, for example, in
vials as a solution, suspension, gel, emulsion, solid,
or as a dehydrated or lyophilized powder. (2)
Diagnostic Applications [0105] Whenever the binding
proteins are used for diagnostic purposes, either in
vitro or in vivo, the binding proteins typically are
labeled either directly or indirectly with a
detectable moiety. The detectable moiety can be any
moiety which is capable of producing, either directly
or indirectly, a detectable signal. For example, the
detectable moiety may be a radioisotope, such as
3Hydrogen (3H), 14Carbon (14C), 32Phosphorus (32P),
35SuIfUr (35S), or 125Iodine (125I); a fluorescent or
chemiluminescent compound, such as fluorescein
isothiocyanate, rhodamine, or luciferin; an enzyme,
such as alkaline phosphatase, beta-galactosidase, or
horseradish peroxidase; a spin probe, such as a spin
label; or a colored particle, for example, a latex or
gold particle. It is understood that the binding
protein can be conjugated to the detectable moiety
using a number of approaches known in the art, for
example, as described in Hunter etal. (1962) NATURE
144: 945; David etal (1974) BIOCHEMISTRY 13: 1014;
Pain et al. (1981) J. IMMUNOL. METH. 40: 2 19; and
Nygren ( 1982) J. HiSTOCHEM. AND CYTOCHEM. 30: 407.
The labels may be detected, e.g., visually or with the
aid of a spectrophotometer or other detector.[0106]
The binding proteins can be employed in a wide range
of immunoassay techniques available in the art.
Exemplary immunoassays include, for example, sandwich
immunoassays, competitive immunoassays,
immunohistochemical procedures. [0107] In a sandwich
immunoassay, two antibodies that bind an analyte or
antigen of interest are used, e.g., one immobilized
onto a solid support, and one free in solution and
labeled with a detectable moiety. When a sample
containing the antigen is introduced into this system,
the antigen binds to both the immobilized antibody and
the labeled antibody, to form a "sandwich" immune
complex on the surface of the support. The complexed
protein is detected by washing away non-bound sample
components and excess labeled antibody, and measuring
the amount of labeled antibody complexed to protein on
the support's surface. Alternatively, the antibody
free in solution can be detected by a third antibody
labeled with a detectable moiety which binds the free
antibody. A detailed review of immunological assay
design, theory and protocols can be found in numerous
texts, including Butt, ed., (1984) PRACTICAL
IMMUNOLOGY, Marcel Dekker, New York; Harlow et al.
eds. (1988) ANTIBODIES, A LABORATORYAPPROACH, Cold
Spring Harbor Laboratory; and Diamandis et al. , eds.
( 1996) IMMUNOASSAY,Academic Press, Boston. [0108] It
is contemplated that the labeled binding proteins are
useiul as in vivo imaging agents, whereby the binding
proteins can target the imaging agents to particular
tissues of interest in the recipient. A preferred
remotely detectable moiety for in vivo imaging
includes the radioactive atom Technetium 99"1 (""
1Tc), a gamma emitter with a half-life of about six
hours. Non-radioactive moieties also useful in in vivo
imaging include nitroxide spin labels as well as
lanthanide and transition metal ions all of which
induce proton relaxation in situ. In addition to
immunoimaging, the complexed radioactive moieties may
be used in standard radioimmunotherapy protocols to
destroy the targeted cell. Preferred nucleotides for
high dose radioimmunotherapy include the radioactive
atoms 90Yttrium (90Yt), 131Iodine ( 131I) and 1n
Indium (l ' 1In). The binding protein can be labeled
with 131 I, 1 1In and 99mTC using coupling techniques
known in the imaging arts. Similarly, procedures for
preparing and administering the imaging agent as well
as capturing and processing images are well known in
the imaging art and so are not discussed in detail
herein. Similarly, methods for performing
antibody-based immunotherapies are well known in the
art. See, for example, U.S. Patent No.
5,534,254.[0109] Throughout the description, where
compositions are described as having, including, or
comprising specific components, it is contemplated
that compositions also consist essentially of, or
consist of, the recited components. Similarly, where
processes are described as having, including, or
comprising specific process steps, the processes also
consist essentially of, or consist of, the recited
processing steps. Except where indicated otherwise,
the order of steps or order for performing certain
actions are immaterial so long as the invention
remains operable. Moreover, unless otherwise noted,
two or more steps or actions may be conducted
simultaneously. EXAMPLES [0110] The following Examples
discuss the production and characterization of a
number of anti-hHGF monoclonal antibodies. Example
1-Production of Anti-hHGF Monoclonal Antibodies 



[0111] This Example describes the production of a
number of anti-hHGF monoclonal antibodies. [0112]
Immunizations, fusions, and primary screens were
conducted at MBS Inc. (Portland, ME), following the
Repetitive Immunization Multiple Sites (RIMMS)
protocol. Five AJ mice and Five Balb/c mice were
immunized with recombinant human HGF (R&D Systems,
Minneapolis, MN; Catalog No. 294-HGN-025). Two mice
with sera displaying highest anti- HGF activity by
Enzyme Linked Immunosorbent Assay (ELISA) were chosen
for subsequent fusion. Spleens and lymph nodes from
the appropriate mice were harvested. B-cells then were
harvested and fused with an myeloma line. Fusion
products were serially diluted on one or more plates
to near clonality. Supernatants from the resulting
fusions were screened for their binding to hHGF by
ELISA. Supernatants identified as containing
antibodies to HGF were further characterized by in
vitro functional testing as discussed in the following
examples. A panel of hybridomas was selected and the
hybridomas were subcloned and expanded. The monoclonal
antibodies then were purified by affinity
chromatography on Protein A/G resin under standard
conditions. Example 2-Sequence Analysis of anti-hHGF
Monoclonal Antibodies [0113] This Example describes
isotype and sequence analyses of the anti-hHGF
monoclonal antibodies produced in Example
1.Determination of HGF Murine Monoclonal Antibody
Isotvpes [01 14] The light-chain type and heavy chain
isotype of each monoclonal antibody were determined
using the IsoStrip Mouse Monoclonal Antibody Isotyping
Kit in accordance the manufacturer's instructions
(Roche Applied Science). [0115] All the antibodies
were determined to contain a Kappa immunoglobulin
light chain and an IgGl immunoglobulin heavy chain.
Determination of Nucleotide Sequences Encoding
Immunoglobulin Heavy and Light Chain Variable Regions
[0116] Total RNA was extracted from each monoclonal
hybridoma cell line using the RNeasy Miniprep kit
according to the manufacturer's instructions (Qiagen
Venlo, The Netherlands). Full-length first strand cDNA
was generated using the BD SMART(tm) RACE cDNA
Amplification Kit according to the manufacturer's
instructions (Clontech) using the oligonucleotide
primers BD SMART II A (5'
aagcagtggtatcaacgcagagtacgcggg 3') (SEQ ID NO. 85) and
5'-RACE CDS Primer (5' UlUlllLlUlllUllimuvn 3\ where v
= a, g, or c and n = a, g, c, or t) (SEQ ID NO. 86)
for the purpose of 5' RACE (Rapid Amplification of
cDNA Ends). [0117] The variable regions of the Kappa
and Heavy (IgGl) immunoglobulin chains were amplified
by PCR (Polymerase Chain Reaction) using the Expand
High-Fidelity PCR System (Roche Applied Science)
according to the manufacturer's instructions. Heavy
chain variable regions were amplified with the 5'
oligonucelotide primer mix Universal Primer Mix A (mix
of 5' ctaatacgactcactatagggcaagcagtggtatcaacgcagagt 3'
(SEQ ID NO. 87) and 5' ctaatacgactcactatagggc 3'(SEQ
ID NO. 88)) and a 3' IgGl Constant Region specific
primer, either 5' tatgcaaggcttacaaccaca 3' (SEQ ID NO.
89) or 5 gccagtggatagacagatgggggtgtcg 3' (SEQ ID NO.
90). Kappa chain variable regions were amplified with
the 5' oligonucleotide primer mix Universal Primer Mix
A and a 3' Kappa Constant Region specific primer,
either 5' ctcattcctgttgaagctcttgacaat 3' (SEQ ID NO.
91) or 5' cgactgaggcacctccagatgtt 3' (SEQ ID NO. 92).
[0118] Individual PCR products were fractionated by
agarose gel electrophoresis and purified using the
Qiaquick Gel Purification kit according to the
manufacturer's instructions (Qiagen), The PCR products
were subsequently cloned into the pCR2.1 TOPO plasmid
using the topoisomerase based cloning kit TOPO TA
Cloning(r) Kit (with pCR(r)2. 1-TOPO(r)
vector)according to the manufacturer's instructions
(Invitrogen, Carlsbad, CA) and transformed into DH5
bacteria using standard transformation techniques.
Plasmid DNA isolated from transformed bacterial clones
was sequenced using T7 (5' TAATACGACTCACTATAGGG 3')
(SEQ ID NO. 93), M13 Forward (5' GTAAAACGACGGCCAGT 3')
(SEQ ID NO. 94), and M13 Reverse primers (5'
CAGGAAACAGCTATGACC 3') (SEQ ID NO. 95) by Agencourt
Bioscience using standard dideoxy DNA sequencing
methods to identify the sequence of the variable
region sequences. The sequences were analyzed using
Vector NTI software (Invitrogen, Carlsbad, CA) and the
IMGT/V-Quest webserver
(http://imgt.cines.fr/textes/vquest) to identify and
confirm variable region sequences. Determination of
Nucleotide Sequences Encoding Immunoglobulin Heavy and
Light Chain Constant Region Sequences for 1A3 1D3,
1F3. and 2B8 Kappa and IgGl chains [0119] Full Length
cDNAs for the 1A3, 1D3, and 1F3 IgGl chains were PCR
amplified from the cDNA created above using the
forward primer 5'
ggggacaagtttgtacaaaaaagcaggctgccaccatgaactttgggctcagat
tgattttcc 3' (start codon underlined) (SEQ ID NO. 96)
and the reverse primer 5'
ggggaccactttgtacaagaaagctgggttcatttaccaggagagtgggagagg
3' (stop codon underlined) (SEQ ID NO. 97). Full
Length cDNA for the 2B8 IgGl chain was amplified from
the cDNA created above using the forward primer 5'
ggggacaagtttgtacaaaaaagcaggctgccaccatgggatggagctatatca
tcctcttt 3' (start codon underlined) (SEQ ID NO. 98)
and reverse primer '
ggggaccactttgtacaagaaagctgggttcatttaccaggagagtgggagag
3' (stop codon underlined) (SEQ ID NO. 99). [0120]
Full Length cDNA for the 2B8 Kappa Chain was amplified
using the forward primer 5'
ggggacaagtttgtacaaaaaagcaggctgccaccatggaatcacagactctgg
tcttcata 3' (start codon underlined) (SEQ ID NO. 100)
and the reverse primer '
ggggaccactttgtacaagaaagctgggtctaacactcattcctgttgaagctc
3' (stop codon underlined) (SEQ ID NO. 101). PCR
fragments were subcloned into pDONR221 (Invitrogen,
Carlsbad, CA) by 



Gateway BP recombination reaction (Invitrogen,
Carlsbad, CA) and sequenced by Agencourt Bioscience
using standard dideoxy DNA sequencing methods to
identify the sequence of the constant region and
further confirm variable region sequences.Sequence
Analysis [0121] Variable Regions (normal text) were
identified using IMGT/V-QUEST webserver software
(http://imgt.cines.fr/textes/vquest/). Signal Peptide
sequences were predicted based on identification of
the in frame start codon (ATG) that was upstream of
the identified Variable Region. Signal Peptide
sequences were identified and are underlined below.
[0122] The last nucleotide of each variable region is
the first base of the next codon generated by the
variable/constant region junction. This nucleotide is
included in the variable region because it is part of
that exon. Amino acid sequences of the constant
regions listed below include the translation of this
junction codon. [0123] In order to create the complete
heavy or kappa chain antibody sequences, the variable
region sequences noted below are combined with their
respective constant region sequences (the signal
sequences are underlined). [0124] f1) 1A3 Heavy Chain
Variable Region (SEQ ID NO. 1) 1 atgaactttg ggctcaeatt
gattttcctt gtccttgttt taaaaggtgt gaagtgtgaa 6 1
gtgcagctgg tggagtctgg gggaggctta gtgcagcctg gagggtccct
gaaactctcc 121 tgtgcagcct ctgaattcac tttcagtaac
tattacatgt cttgggttcg ccagactcca 181 gagaagaggc
tgcagtgggt cgcatacatt agtcctggtg gtggtagctc ctactatcca
241 gccagtgtga agggtcgatt caccatctcc agagacaatg
ccaagaacac cctgtacctg 301 caaatgagca gtctgaagtc
tgaggacaca gccatgtatt actgtgcaag acaaggggat 361
ggttactacg gggactatgc tatggactac tggggtcaag gaacctcagt
caccgtctcc 421 tcag [0125] (2) 1A3 Kappa Light Chain
Variable Region (SEQ ID NO. 3) 1 atgagtgtgc ccactcaggt
cctggggttg ctgctgctgt ggcttacaga tgccagatgt 6 1
gacatccaga tgactcagtc tccagcctcc ctatctgttt ctgtgggaga
aactgtcacc 121 atcacatgtc gagcaagtga gaatatttat
agtaatttag catggtatca gcagaaacag 181 ggaaaatctc
ctcagctcct ggtctatgct gcaacaaact tagcagatgg tgtgccatca
241 aggttcagtg gcagtggatc aggcacacag ttttccctca
agatcaacag cctgcagtct 301 gaagattttg ggacttatta
ctgtcaacat ttttggggta ctccgtacac gttcggaggg 361
gggaccaagc tggaaataaa ac[0126] (3) 2B8 Heavy Chain
Variable Region (SEQ ID NO. 11) 1 atgggatgga
gctatatcat cctctttttg gtagcaacag ctacagatgt ccactcccag
6 1 gtccaactgc agcagcctgg ggctgaactg gtgaagcctg
ggacttcagt gaagctgtcc 121 tgcaaggctt ctggctacac
cttcaccacc tactggatgc actgggtgaa tcagaggcct 181
ggacaaggcc ttgagtggat tggagagatt aatcctacca acggtcatac
taactacaat 241 gagaagttca agagcaaggc cacactgact
gtagacaaat cctccagcac agcctacatg 301 caactcagca
gcctgacatc tgaggactct gcggtctatt actgtgcaag aaactatgtt
361 ggtagcatct ttgactactg gggccaaggc accactctca
cagtctcctc ag [0127] (4) 2B8 Kappa Light Chain
Variable Region (SEQ ID NO. 13) 1 atggaatcac
agactctggt cttcatatcc atactgctct ggttatatgg tgctgatggg
6 1 aacattgtaa tgacccaatc tcccaaatcc atgtccatgt
cagtaggaga gagggtcacc 121 ttgagctgca aggccagtga
gaatgtggtt tcttatgtat cctggtatca acagaaacca 181
gcgcagtctc ctaaactgct gatatacggg gcatccaacc ggaacactgg
ggtccccgat 241 cgcttcacag gcagtggatc tgcaacagat
ttcactctga ccatcagcag tgtgcgggct 301 gaagaccttg
cagattatca ctgtgggcag agttacaact atccgtacac gttcggaggg
361 gggaccaggc tggaaataaa ac [0128] (5) 2F8 Heavy
Chain Variable Region (SEQ ID NO. 21) 1 atggaatgga
gctgggtctt tctcttcctc ctgtcagtaa ctgcaggtgt ccactgccag
6 1 gtccagctga agcagtctgg agctgagctg gtgaggcctg
ggacttcagt gaagatgtcc 121 tgcaaggctt ctggctacac
cttcactacc tactatatac actgggtgaa tcagaggcct 181
ggacagggcc ttgagtggat tggaaagatt ggtcctggaa gtggtagtac
ttactacaat 241 gagatgttca aagacaaggc cacattgact
gtagacacat cctccagcac agcctacatg 301 cagctcagca
gcctgacatc tgacgactct gcggtctatt tctgtgcaag aaggggactg
361 ggacgtggct ttgactactg gggccaaggc accactctca
cagtctcctc ag [0129] (6) 2F8 Kappa Light Chain
Variable Region (SEQ ID NO. 23) 1 atggagacag
acacaatcct gctatgggtg ctgctgctct gggttccagg ctccactggt
6 1 gacattgtgc tgacccaatc tccagcttct ttggctgtgt
ctctagggca gagggccacc 121 atctcctgca aggccagcca
aagtgttgat tatgatggta atagttatat caactggtac 181
caacagaaac caggacagcc acccaaagtc ctcatctatg ttgcatccaa
tctagaatct 241 gggatcccag ccaggtttag tggcagtggg
tctgggacag acttcaccct caacatccat301 cctgtggagg
aggaggatgc tgcaacctat tactgtcagc aaagtattga ggatcctccc
361 acgttcggtg ctgggaccaa gctggagctg aaac [0130] 7 3B6
Heavy Chain Variable Region (SEQ ID NO. 3 1) 1
atggaatggc cttgtatctt tctcttcctc ctgtcagtaa ctgaaggtgt
ccactcccag 6 1 gttcagctgc agcagtctgg ggctgaaGtg
gtgaggcctg ggtcctcagt gaagatttcc 121 tgcaaggctt
ctggctatgt attcagtagc tactggatga actgggtgaa gcagaggcct
181 ggacagggtc ttgagtggat tggacagatt tatcctggag
atggtgatag taactacaat 241 ggaaacttca agggtaaagc
cacactgact gcagacaaat cctccagtac agcctacatg 301
cagctcagca gcctaacatc tgaggactct gcggtctatt tctgtgcatc
ccagctcggg 361 ctacgtgaga actactttga ctactggggc
caaggcacca ctctcacagt ctcctcag [0131] (8) 3B6 Kappa
Light Chain Variable Region (2 possible ATG start
codons (uppercase)^ (SEQ ID NO. 33) 1 ATGgacATGa
ggacccctgc tcagtttctt ggaatcttgt tgctctggtt tccaggtatc
6 1 aaatgtgaca tcaagatgac ccagtctcca tcttccatgt
atgcatctct aggagagaga 121 gtcacaatca cttgcaaggc
gagtcaggac attaaaagct atttaagctg gttccagcag 



181 aaaccaggga aatctcctaa gaccctgatc tatcgtgtaa
acagattggt agatggggtc 241 ccatcaaggt tcagtggcag
tggatctggg caagattctt ctctcaccat caccagcctg 301
gagaatgaag atatgggaat ttattattgt ctacagtatg atgagtttcc
gttcacgttc 361 ggagggggga ccaagctgga aataaagc [0132]
(9~) 3Dl 1 Heavy Chain Variable Region (SEQ ID NO. 41)
1 atggctgtcc cggtgctgtt cctctgcctg gttgcatttc
caagctgtgt cctgtcccag 6 1 gtacagctga aggagtcagg
acctggcctg gtggcgccct cacagagcct gtccatcact 121
tgcactgtct ctgggttttc attaaccagc tatagtttac actgggttcg
ccagcctcca 181 ggaaagggtc tggaatggct gggagtaata
tgggctggtg gaaacacaaa ttataattcg 24 1 tctctcatgt
ccagactgac catcaggaaa gacaactcca agagccaagt tttcttaaaa
301 atgaacagtc tgcaaactga tgacacagcc atgtactact
gtgccagaga gaggtttgct 361 tactggggcc aagggactct
ggtcactgtc tctgcag[0133] (IG) 3Dl 1 Kappa Light Chain
Variable Region (SEQ ID NO. 43) 1 atggattttc
aagtgcagat tttcagcttc ctgctaatca gtgcctcagt caaaatatcc
6 1 agaggacaaa ttgttctcac ccagtctcca gcaatcatgt
ctgcatatcc aggggagaag 121 gtcaccatga cctgcagtgc
cagctcaagt gtaagttaca tgcactggta ccagcagaag 181
tcaggcacct cccccaaaag atggatttat gacacatcca aactggcttc
tggagtccct 241 gctcgcttca gtggcagtgg gtctgggacc
tcttactccc tcacaatcag tagtatggag 301 gctgaagatg
ctgccactta ttactgccag cagtggagta gtaacccact cacgttcggt
361 gctgggacca agctggagct gaaac [0134] l n 1D3 Heavy
Chain Variable Region (SEQ ID NO. 51) 1 atgaactttg
ggctcagatt gattttcctt gtccttgttt taaaaggtgt gaagtgtgaa
6 1 gtgcagctgg tggagtctgg gggaggctta gtgcagcctg
gagggtccct gaaactctcc 121 tgtgcagcct ctggattcac
tttcagtgac tattacatgt cttgggttcg ccagactcca 181
gagaagaggc tggagtgggt cgcatacatt agtagtggtg gtggtagcac
ctactatcca 241 gacagtgtga agggtcgatt caccatctcc
cgagacaatg ccaagaacac cctgtacctg 301 caaatgagca
gtctgaagtc tgaggacaca gccatatatt actgtgtgag acaaggggat
361 ggttattacg gggactatgc tatggactac tggggtcaag
gaacctcagt catcgtctcc 421 tcag [0135] (12 1D3 Kappa
Light Chain Variable Region (SEQ ID NO. 53) 1
atgagtgtgc ccactcaggt cctggggttg ctgctgctgt ggcttacaga
tgtcagatgt 6 1 gacatccaga tgactcagtc tccagcctcc
ctatctgtat ctgtgggaga aactgtcacc 121 atcacatgtc
gaacaagtga gaatatttac agtaatttag cgtggtatca gcagaaacag
181 ggaaaatctc ctcagctcct aatctatgct gcaacaaact
tagcagatgg tgtgccatca 241 aggttcagtg gcagtggatc
aggcacacag ttttccctca ggatcaacag cctgcagtct 301
gaagattttg ggaggtatta ctgtcaacat ttttggggga ctccgtacac
gttcggaggg 361 gggaccaaac tggaaataaa ac [0136] (13 )
1F3 Heavy Chain Variable Region (SEQ ID NO. 61) 1
atgaactttg ggctcagatt gattttcctt gtccttgttt taaaaggtgt
gaagtgtgag 61 gtgcagctgg tggagtctgg gggaggctta
gtgcagtctg gagggtccct gaaactctcc 121 tgtgcggcct
ctggattcac tttcagtaac tatttcatgt cttgggttcg ccagactcca
181 gagaagaggc tggagtgggt cgcatatatt agtagtggtg
gtggtagcac ctactatcca241 gacagtgtga agggtcgatt
caccatctct agagacaatg ccaagaacac cctgtacctg 301
caaatgagca gtctgaagtc tgaggacaca gccatgtatt actgtgtaag
acaaggggat 361 ggttactacg gggactatgc tatggactac
tggggtcaag gaacctcagt caccgtctcc 421 tcag [0137] ri 4
1F3 Kappa Light Chain Variable Region (SEQ ID NO. 63)
1 atgagtgtgc ccactcaggt cctggggttg ctgctgctgt
ggcttacaga tgccagatgt 6 1 gacatccaga tgactcagtc
tccagcctcc ctatctgtat ctgtgggaga aactgtcacc 121
atcacatgtc gagcaagtga gaatatttac agtaatttag catggtatca
gcagaaacag 181 ggaaaatctc ctcagctcct ggtctatgat
gcaacacact taccagatgg tgtgccatca 241 aggttcagtg
gcagtggatc aggcacacag ttttccctca agatcaacag cctgcagtct
301 gaagattttg ggagttatta ctgtcaacat ttttggggta
ctccgtacac gtttggaggg 361 gggaccagac tggaaattaa ac
[0138] 5 3A12 Heavy Chain Variable Region (SEQ ID NO.
71) 1 atgaactttg ggctcagatt gattttcctt gtccttgttt
taaaaggtgt gaagtgtgaa 6 1 gtgcagctgg tggagtctgg
gggaggctta gtgcagcctg gagggtccct gaaaatctcc 121
tgtgcagcct ctggatttac tttcagtaac tatttcatgt cttgggttcg
ccagactcca 181 gagaagaggc tggagtgggt cgcatacatt
agtagtggtg gtggtagcac ctactatcca 241 gacagtgtga
agggtcgatt caccatctcc agagacaatg ccaagaacac cctgtacctg
301 caaatgaaca gtctgaagtc tgaggacaca gccatgtatt
actgtgtaag acaaggagat 361 ggttactatg gggactatgc
tatggactac tggggtcaag gaacctcagt caccgtctcc 421 tcag
[0139] (16) 3A12 Kappa Light Chain Variable Region
(SEQ ID NO. 73) 1 atgagtetgc ccactcaggt cctggggttg
ctgctgctgt ggcttacaga tgccagatgt 6 1 gacatccaga
tgactcagtc gccagcctcc ctatctgtat ctgtgggaga aactgtcacc
121 atcacatgtc gagcaagtga gaatatttac attaatttag
catggtatca gcagaaacag 181 ggaaaatctc ctcagctcct
ggtccatgct gcaacaaagt tagcagatgg tgtgccatca 241
aggttcagtg gcagtggatc aggcacacag tattccctca agatcaacag
cctgcagtct 301 gaagattttg ggagttatta ctgtcaacat
ttttggggta ctccgtacac gttcggaggg 361 gggaccaaac
tagaaataaa ac[0140] (17 Reference Mouse IgGl Heavy
Chain Constant Region (700453) (SEQ ID NO. 81) 1
ccaaaacgac acccccatct gtctatccac tggcccctgg atctgctgcc
caaactaact 6 1 ccatggtgac cctgggatgc ctggtcaagg
gctatttccc tgagccagtg acagtgacct 121 ggaactctgg
atccctgtcc agcggtgtgc acaccttccc agctgtcctg gagtctgacc
181 tctacactct gagcagctca gtgactgtcc cctccagccc
tcggcccagc gagaccgtca 



241 cctgcaacgt tgcccacccg gccagcagca ccaaggtgga
caagaaaatt gtgcccaggg 301 attgtggttg taagccttgc
atatgtacag tcccagaagt atcatctgtc ttcatcttcc 361
ccccaaagcc caaggatgtg ctcaccatta ctctgactcc taaggtcacg
tgtgttgtgg 421 tagacatcag caaggatgat cccgaggtcc
agttcagctg gtttgtagat gatgtggagg 481 tgcacacagc
tcagacgcaa ccccgggagg agcagttcaa cagcactttc cgctcagtca
541 gtgaacttcc catcatgcac caggactggc tcaatggcaa
ggagttcaaa tgcagggtca 601 acagtgcagc tttccctgcc
cccatcgaga aaaccatctc caaaaccaaa ggcagaccga 661
aggctccaca ggtgtacacc attccacctc ccaaggagca gatggccaag
gataaagtca 72 1 gtctgacctg catgataaca gacttcttcc
ctgaagacat tactgtggag tggcagtgga 781 atgggcagcc
agcggagaac tacaagaaca ctcagcccat catgaacacg aatggctctt
841 acttcgtcta cagcaagctc aatgtgcaga agagcaactg
ggaggcagga aatactttca 901 cctgctctgt gttacatgag
ggcctgcaca accaccatac tgagaagagc ctctcccact 961
ctcctggtaa atga [0141] (18) Mouse IgGl Heavy Chain
Constant Region Determined for 1A3. 1D3. 1F3. and 2B8
(derived from AJ strain mice ) (SEQ ID NO. 82) 1
ccaaaacgac acccccatct gtctatccac tggcccctgg atctgctgcc
caaactaact 6 1 ccatggtgac cctgggatgc ctggtcaagg
gctatttccc tgagccagtg acagtgacct 121 ggaactctgg
atccctgtcc agcggtgtgc acaccttccc agctgtcctg cagtctgacc
181 tctacactct gagcagctca gtgactgtcc cctccagcac
ctggcccagc gagaccgtca 241 cctgcaacgt tgcccacccg
gccagcagca ccaaggtgga caagaaaatt gtgcccaggg 301
attgtggttg taagccttgc atatgtacag tcccagaagt atcatctgtc
ttcatcttcc 361 ccccaaagcc caaggatgtg ctcaccatta
ctctgactcc taaggtcacg tgtgttgtgg 421 tagacatcag
caaggatgat cccgaggtcc agttcagctg gtttgtagat gatgtggagg
481 tgcacacagc tcagacgcaa ccccgggagg agcagttcaa
cagcactttc cgctcagtca 541 gtgaacttcc catcatgcac
caggactggc tcaatggcaa ggagttcaaa tgcagggtca601
acagtgcagc tttccctgcc cccatcgaga aaaccatctc caaaaccaaa
ggcagaccga 661 aggctccaca ggtgtacacc attccacctc
ccaaggagca gatggccaag gataaagtca 721 gtctgacctg
catgataaca gacttcttcc ctgaagacat tactgtggag tggcagtgga
781 atgggcagcc agcggagaac tacaagaaca ctcagcccat
catggacaca gatggctctt 841 acttcgtcta cagcaagctc
aatgtgcaga agagcaactg ggaggcagga aatactttca 901
cctgctctgt gttacatgag ggcctgcaca accaccatac tgagaagagc
ctctcccact 961 ctcctggtaa atga [0142] 19 Reference
Mouse Kappa Light Chain Constant Region (V00807) and
Mouse Kappa Light Chain Constant Region Determined for
1D3. 1F3, and 2B8 (derived from AJ strain mice) (SEQ
ID NO. 83) 1 gggctgatgc tgcaccaact gtatccatct
tcccaccatc cagtgagcag ttaacatctg 6 1 gaggtgcctc
agtcgtgtgc ttcttgaaca acttctaccc caaagacatc aatgtcaagt
121 ggaagattga tggcagtgaa cgacaaaatg gcgtcctgaa
cagttggact gatcaggaca 181 gcaaagacag cacctacagc
atgagcagca ccctcacgtt gaccaaggac gagtatgaac 241
gacataacag ctatacctgt gaggccactc acaagacatc aacttcaccc
attgtcaaga 301 gcttcaacag gaatgagtgt tag [0143] (20)
Mouse Kappa Light Chain Constant Region Determined for
1A3 containing one altered nucleotide compared to 1D3.
1F3. and 2B8 (underlined) (SEQ ID NO. 84) 1 .
gggctgatgc tgcaccaact gtatccatct tcccaccatc cagtgagcag
ttaacatctg 6 1 gaggtgcctc agtcgtgtgc ttcttgaaca
acttctaccc caaagacatc aatgtcaagt 121 ggaagattga
tggcagtgaa cgacaaaatg gcgtcctgaa cagttggact gatcaggaca
181 gcaaagacag cacctacagc atgagcagca ccctcatgtt
gaccaaggac gagtatgaac 241 gacataacag ctatacctgt
gaggccactc acaagacatc aacttcaccc attgtcaaga 301
gcttcaacag gaatgagtgt tag [0144] Each of the amino
acid sequences defining the immunoglobulin heavy chain
variable regions for the antibodies produced in
Example 1 are set forth in Figure 2. Each of the
sequences are aligned with one. another and the
sequences defining the signal peptide, CDRi, CDR2 and
CDR3 are identified by boxes. Figure 3 shows an
alignment of the separate CDRi, CDR2 and CDR3
sequences for each of the antibodies.[0145] Each of
the amino acid sequences defining the immunoglobulin
light chain variable regions for each of the
antibodies produced in Example 1 are set forth in
Figure 4. Each of the sequences are aligned with one
another and the sequences defining the signal peptide,
CDRi, CDR and CDR3 are identified by boxes. Figure 5
shows an alignment of the separate CDRi, CDR and CDR3
sequences for each of the antibodies. [0146] For
convenience, Table 1 provides a concordance chart
showing the correspondence between the antibody
sequences discussed in this Example with those
presented in the Sequence Listing. TABLE lTITLE
POTASSIUM MONOPERSULFATE SOLUTIONS FIELD OF THE
INVENTION This invention relates to a high-strength
solution of potassium monopersulfate triple salt
having a high active oxygen content, a process for its
preparation, and its use in the manufacture of printed
wiring boards and semiconductors. BACKGROUNDOF THE
INVENTION Trademarks are hereinafter shown in upper
case. The term "potassium monopersulfate" is commonly
used in the trade, and is used herein to refer to the
mixed triple salt 2KHSO5 -KHSO4.-K2SO4. The term
"KHSO5", the formula of the active component in the
triple salt, is used herein specifically to denote
potassium hydrogen peroxymonosulfate. Potassium
monopersulfate as a solid has a theoretical active
oxygen content of 



5.2%, but as the commercially available solid mixed
triple salt, has a typical active oxygen content of
about 4.7%. It is recognized that the purity of
commercially available potassium monopersulfate is
about 95% to about 98% due to the presence of minor
impurities, minor amounts of additives (such as an
anticaking agent), and variations in manufacturing
processes. "Active oxygen" (AO) is defined as the
amount of oxygen in the potassium monopersulfate
triple salt in excess of that required to form the
corresponding bisulfate. It may be calculated as a
percentage from the equation for the decomposition of
the monopersulfate, KHSO5 (r) KHSO4 + [O] Percent AO =
Weight of TOI x 100 Weight OfKHSO5 wherein AO
represents the active oxygen and [O] is the oxygen
liberated by the decomposition shown. In applying the
formula given, the weight OfKHSO is replaced by the
weight of sample where impure material is used. Active
oxygen can, of course, be determined from many
reactions, the displacement of iodine from potassium
iodide, for example, being quantitative. The active
oxygen inpotassium monopersulfate is available for
production of molecular oxygen or for use in various
oxidation reactions. Potassium monopersulfate has a
number of uses, including in the microetching of
printed wiring boards, also known as printed circuit
boards. Tufano, et al., in U.S. Patent 6,818,142
describe a composition and a microetching process
using potassium monopersulfate microetching solutions
having low inert sulfate concentrations and high
weight percent active oxygen. The composition
comprised a solution of potassium monopersulfate
having a minimum active oxygen content, at an
equivalent temperature, equal to from about 1.5 to
about 5.5 times the active oxygen content of the
triple salt potassium monopersulfate when the
potassium monopersulfate is completely dissolved. This
is an active oxygen content of 0.7% to 3.36 % for the
Tufano et al. solutions. The process for the
preparation of the solution comprised mixing solid
potassium monopersulfate with a quantity of water
insufficient to completely dissolve the solid, mixing
to form an equilibrated slurry, and separating
undissolved solids to obtain a solution. However, it
is desired to have potassium monopersulfate solutions
having even higher active oxygen content. Further, the
storage stability of the Tufano et al. solutions has
not been maximized. The insolubility of inert solids
that precipitate during storage or shipping remains a
problem. It is desirable to have stable solutions of
potassium monopersulfate that have a higher active
oxygen content for various uses. It is also desirable
to improve the process for microetching of printed
wiring boards through use of concentrated aqueous
microetching solutions providing lower inert sulfate
concentrations and higher weight percent active
oxygen. It is also desirable to eliminate the
insolubility of components that precipitate as inert
solids during storage and/or shipping of potassium
monopersulfate solutions. In all applications, the
availability of higher active oxygen solutions is more
desirable along with minimized inert sulfate salts.
The present invention provides such solutions.SUMMARY
OF THE INVENTION The present invention comprises a
composition comprising a solution of potassium
monopersulfate having an active oxygen content of from
about 3.4% to about 6.8%. The present invention
further comprises a process for the preparation of a
solution of potassium monopersulfate having an active
oxygen content of from about 3.4% to about 6.8%
comprising a) mixing to form an equilibrated slurry i)
solid 2KHSO5-KHSO4-K2SO4, ii) a quantity of water
insufficient to completely dissolve the solid, and
iii) an alkaline material, and b) separating
undissolved solids to obtain a solution. The present
invention further comprises an improved method of
microetching a surface wherein the improvement
comprises contacting the surface to be etched with a
microetching solution containing a potassium
monopersulfate solution having an active oxygen
content of from about 3.4% to about 6.8%. DETAILED
DESCRIPTION The present invention comprises an aqueous
high strength solution of potassium monopersulfate
having an active oxygen content of from about 3.4% to
about 6.8% by weight, and a neutralization process for
its preparation. The process comprises mixing solid
potassium monopersulfate triple salt
(2KHSO5,KHSO4,K2SO4), a quantity of water insufficient
to completely dissolve the solid, and an alkaline
material to form an equilibrated slurry, and then
separating undissolved solids to obtain the solution
of the present invention. Alternatively, the triple
salt and water are combined to form a slurry, and then
the alkaline material is added to neutralize the
potassium bisulfate present in the slurry. Undissolved
solids are then separated to obtain the high active
oxygen solution of potassium monopersulfate of the
present invention. Hereinafter all solubilities and
concentrations are provided in grams of solid
dissolved in 100 g of water and all concentrations as
weight percent or g/lOOg solution. As an example for
the approximate interconversion, 10 g solute/ 100 g
water corresponds to 100x10/(10 + 100) or 9.1 weight
percent since the specific gravity of water
approximates 1.0 at or near room temperature.
Thesolubility of the potassium monopersulfate triple
salt in water at 200C is about 30 



g/100g water (more detail at varying temperatures is
shown in Table 1 below), providing an active oxygen
concentration of about 1.0 to about 1.1%. Table 1 *
Complete saturated solution of commercially available
2KHSO 5 -KHSO K SO The term "complete saturated
solution" as applied to potassium monopersulfate is
used herein to mean potassium monopersulfate solutions
of the prior art wherein the salts are completely
(100%) dissolved. Potassium monopersulfate solutions
have more limited stability than the anhydrous triple
salt in granulated form. For example, a solution
containing 0.5% active oxygen will show loss of 10% of
its active oxygen in 57 days at 22 C, or a half life
of 910 days, compared with a loss of 10% active
oxygen, for solid potassium monopersulfate, in 304
days or a half life of 1520 days stored at room
temperature. This stability of the potassium
monopersulfate solutions is only sufficient for uses
where the solution is to be used within a few weeks,
depending upon storage temperature. The composition of
the present invention provides a more concentrated
solution having better storage stability than a
complete saturated solution of the triple salt. Table
1 shows the solubility limits of complete saturated
solutions of OXONE and of each component in the triple
salt. The active oxygen generated by the triple salt
is much lower than what is attainable from the limit
of the KHSO5 independently. From Table 1 it can be
seen that at 200C a completesaturated solution of the
triple salt (30 g in 100 g deionized water) would have
an active oxygen concentration of (0.47 x 30)/(100 +
30) = 0.0108 (1.08%) The compositions of US Patent
6,818,142 have an active oxygen content of 0.7% to
3.36%. In contrast, the composition of the present
invention comprises a solution of potassium
monopersulfate having an enhanced level of KHSO5, and
having an active oxygen level from about 3.4% to about
6.8% by weight, while also containing reduced
concentrations of other inert salts. Preferably the
active oxygen content of the composition of the
present invention is from about 3.5% to about 6.8%
percent by weight, alternatively from about 3.6% to
about 6.8% percent by weight, alternatively from about
3.6% to about 6.0% percent by weight, alternatively
from about 3.6% to about 5.4% percent by weight,
alternatively from 3.8% to about 5.4% percent by
weight, or alternatively from about 4.0% to about 5.0%
percent by weight. Active oxygen content higher in the
range is preferred. Compared with complete saturated
solutions of potassium monopersulfate and the
solutions described in U.S. Patent 6,818,142, the
solution of the present invention has higher KHSO5
concentrations, and thus higher active oxygen
concentration. On an active oxygen basis, the
high-strength or concentrated solutions of the present
invention also have a lower inert sulfate salt
concentration. The compositions of the present
invention have a maximum SO4 content of about 5.5%,
preferably a maximum of about 5.0%. Lower inert
sulfate salts and higher active oxygen provide a
composition with commercial advantages for several end
uses. The composition has greater storage stability,
and requires fewer steps to eliminate undesirable
precipitation of inert solids in the drummed or
packaged product. With lower inert sulfates values,
greater printed circuit board microetching solution
life span is realized because of reduced sulfate build
up as active oxygen is replenished. This extends the
number of printed circuit boards that can be
microetched before staining will occur. The present
invention further comprises a process for preparation
of the composition of the present invention described
above having high active oxygen levels. The process of
the present invention comprises slurrying solid
potassiummonopersulfate, a quantity of water
insufficient to completely dissolve the solid, and an
alkaline material, followed by mixing to form an
equilibrated slurry, and removal of undissolved
solids. Optionally, the solid potassium monopersulfate
and water are mixed to form an equilibrated slurry,
and then the alkaline material is added. Suitable
alkaline materials include sodium hydroxide, potassium
hydroxide, barium hydroxide, magnesium hydroxide,
sodium carbonate, potassium carbonate, sodium
bicarbonate or potassium bicarbonate. Potassium
hydroxide is the preferred alkaline material. The
following description is a specific embodiment of the
process of the present invention based on the use of
the preferred potassium hydroxide as the alkaline
material. From about 25 g to about 70 g of water per
100 g of triple salt is employed. The minimum
processing temperature is greater than 5 0C to
maintain sufficiently high KHSO5 solubility. In the
preparation of the slurry, deionized water is
preferred, with low concentrations of metal ions and
low levels of oxidizable organic and inorganic
contaminants. Certain heavy metal ions, such as Co,
Fe, and Ni, catalyze the decomposition of KHSO5 in
aqueous solutions. The amount of alkaline material is
sufficient to neutralize from about 1.0% to about 100
% of the KHSO4 content of the triple salt. The slurry
is stirred and equilibrated for a length of time
sufficient to solubilize the maximum concentration of
active KHSO5 component. The slurry time is dependent
on such factors as the batch size and agitation, but
typically about 3 hours is sufficent, preferably about
2 hours. Neutralization takes place with good
agitation and is 



conducted at a temperature of less than about 400C,
preferably about 150C, to minimize loss of active
oxygen from localized hot spots. Potassium hydroxide
solution is preferred as the alkaline material, using
a concentration of about 35% to about 40% KOH, again
to minimize hot spots. During the neutralization step
of the process of the present invention, KHSO4 is
converted to the less soluble K2SO4. As the solubility
of the K2SO4 is exceeded, the salt precipitates.
Excess solids are separated from the clear filtrate by
any suitable separation technique, including but not
limited to filtration, centrifugation, sedimentation
and decantation, and the like. The filtrate or
decanted liquid is the high active oxygen solution of
the present invention containing elevated levels of
KHSO5. The filtrate is typically stored in suitable
acid- and oxidation-resistant containers, e.g.,high
density poly(ethylene), high density poly(propylene)
and stainless steel for future use. Since, in the
triple salt 2KHSO5.KHSO4.K2SO4, the KHSO5 component is
the most soluble and the K2SO4 component is the least
soluble (see Table 1), most of the original potassium
sulfate (K2SO4) and the potassium sulfate formed by
the partial neutralization of the potassium hydrogen
sulfate (KHSO4) remain undissolved or precipitate. The
neutralization step utilizes the differing solubilites
of the three components of the triple salt to enhance
extraction of the active oxygen concentration. From
Table 1, when potassium hydroxide is used as the
alkaline material, the solubility of KHSO4 is about
4.5 to about 5 times that of K2SO4. Thus the partial
neutralization of the KHSO4 component increases the
content of the less soluble K2SO4, which, in a limited
volume of water, precipitates and is removed. These
undissolved solids are then separated from the slurry
by any of a number of suitable means as discussed
above. The neutralizing technique results in a high
active oxygen solution with various benefits. The
process provides four benefits, (i) high active oxygen
concentration, (ii) low concentration of inert sulfate
salts, (iii) high metal salt solubilities, and (iv) a
high active oxygen content availability in the
solution when used in various applications, such as
metal microetchant and/or cleaner. The concentration
ratio of active potassium hydrogen peroxymonosulfate
(KHSO5) to inert sulfates is significantly greater
than has been made available in the prior art. While
increasing the ratio of potassium monopersulfate
triple salt to water results in progressively higher
active oxygen values, the yield of KHSO5 progressively
decreases. This is due to solution hold-up or filtrate
retention in the progressively larger filter cake and,
in the highest potassium monopersulfate to water
ratio, to the limiting solubility of K2SO4. In end use
or applications of the solutions of the present
invention where the highest active oxygen is required,
some yield loss of KHSO5 is acceptable. Conversely,
decreasing the weight ratio of potassium
monopersulfate triple salt to water below about 100:60
provides a high KHSO5 yield but a diminishing
advantage in terms of active oxygen content over the
prior art. Depending upon the end use or application
of the solution, it is desirable to maximize either
the percent active oxygen or the yield of KHSO5. The
process ofthe present invention permits such
maximization. The amount of deionized water used is
from about 7% to about 21% of the amount required to
produce the complete saturated solutions of the triple
salt shown in Table 1, and preferably from about 10%
to about 21%. Lower percentages of deionized water
produce progressively more of the four benefits
described above, but the mass of active oxygen yielded
based on the mass of the active oxygen in the original
triple salt, decreases. It should be noted that yields
can be improved by using better "dewatering"
separation techniques such as a recessed chamber
filter press. Wet cake size plays a large role in
simple vacuum filtration. The high active oxygen
solutions of the present invention have stability
comparable to the solutions of US Patent 6,818,142 and
to complete saturated solutions. Moreover, based
strictly on shelf life, because the starting active
oxygen of the compositions of the present invention is
higher, it takes longer to degrade to a minimum useful
or acceptable level. This provides for a longer shelf
life for the compositions of the present invention
from the same weight of starting material. Table 2 in
the Examples below shows the stability of the active
oxygen versus time at 35C for examples of solutions of
the present invention. Loss of active oxygen from the
potassium hydrogen peroxymonosulfate (KHSO5) molecule
follows first order reaction represented by Equation
1: logeC/Co = -Kt Equation 1 where C is concentration,
t is time, and K is the rate constant. The rate
constant can be found by plotting the natural log of
C/Co vs time, where the negative slope = K. To
represent stability as loss of active oxygen one may
substitute, for example, C = (9/1O)CQ to represent a
10% loss value. By substituting in Equation 1, one
gets tl0% = lge (10/9)/K to represent the number of
days it takes to reduce the starting active oxygen by
10%. The pH of the solution of the present invention
can be adjusted by adding acid to obtain a range of pH
of from about 0.4 to about 1.5 if desired for
particular uses. Conventional acids are suitable for
this purpose, but sulfuric acid and phosphoric acid
are preferred. There is a balance between higher
active oxygenand stability. Lowering of the pH
increases stability in terms of producing a 



smaller rate constant K, but decreases active oxygen
through dilution by addition of the acid. Those using
the solution of the present invention who require only
a short shelf life may prefer the highest active
oxygen possible. Another user who wants the active
oxygen to remain more consistent for a longer period
of time may reduce the active oxygen slightly through
dilution by adding acid to lower the pH, but improve
stability. Additional adjuvants may be dissolved in
the solutions of the present invention either after
the separation from undissolved solids as described
above during the preparation process, or at the point
of use, to meet specific end-product requirements.
Adjuvants are selected having appropriate solubility
and stability in the highly acidic and oxidative
solution. Types and examples of adjuvants suitable for
use in the solutions of the present invention when
used as microetch solutions include, but are not
limited to, the following examples: mineral acids such
as sulfuric, phosphoric and nitric, (but not
hydrochloric due to the potential for hazardous
chlorine generation); C to C4 organic acids;
surfactants to improve wettability (such as nonionic,
anionic, cationic and amphoteric surfactants);
stabilizers such as sodium phenolsulfonate; and etch
rate modifiers such as nitrogen-containing
heterocyclic compounds such as azole compounds, e.g.,
benzotriazole. The high active oxygen solutions of the
present invention also have a low concentration of
inert sulfate salts. This is measured or calculated
after undissolved sulfate salts have been removed, but
before any addition of adjuvants such as those listed
above. Dilution does not affect the ratio of active
oxygen to inert sulfate salts. The active oxygen to
sulfate salt weight ratio for the solid potassium
monopersulfate triple salt and all complete saturated
solutions prepared from commercially available
potassium monopersulfate in the prior art is
approximately 0.15:1. This is slightly lower than the
calculated theoretical value due to the presence of
impurities, additives and manufacturing process
variations. Since, in the high active oxygen solutions
of the present invention, undissolved sulfate salts
are removed, the active oxygen to inert sulfate salt
weight ratios are significantly higher, ranging from
about 0.8:1 to about 1.7:1. Active oxygen andsulfate
values for examples of the solutions of the present
invention are shown in Tables 2, 3 and 4 in the
Examples. The composition of the present invention is
especially useful in preparing microetch concentrates
for use in printed wiring board manufacturing. The
composition and process of the present invention
provide several advantages. High strength potassium
hydrogen monopersulfate (KHSO5) concentrates are
provided that can be diluted as needed for specific
end-uses. The composition of this invention produces
solutions having an active oxygen content of about
3.4% to about 6.8%. The higher active oxygen content
and reduced inert sufates allows for the addition of
water back to the concentrate to improve shipping
stability by alleviating saturation, yet provides a
high active oxygen liquid material. Lower inert solids
content is provided versus the triple salt solutions
of the prior art. This is especially useful in
microetch applications where bath life can be
extendend to improve productivity. The triple salt is
typically shipped in its more stable solid form, then
converted to a solution form for "just in time" use by
regional tollers skilled in chemical handling. Use of
the solutions of the present invention eliminates
solid dusts from the end user's working environment
and provides better industrial hygene through enhanced
worker safety, especially in those cases where proper
personal protective equipment is less utilized. The
solution of the present invention is also useful as an
auxiliary oxidant or water shock treatment for pools,
spas, and other recreational and ornamental waters,
including fountains, reflecting pools, ornamental
ponds, and the like. It is used to reduce the
non-microbial waste content and restore the sparkle
and clarity of such bodies of water. It does so
without forming the irritating and malodorous
chloramines associated with chlorinating products such
as calcium hypochlorite. The solutions of the present
invention are used in conjunction with EPAregistered
sanitizers. In contrast to chlorine bleaches such as
calcium hypochlorite, the solution of the present
invention provides oxidation without undesirable side
effects such as bleaching or fading of vinyl liners,
painted surfaces, or swimsuit fabrics. Other uses of
the composition of the present invention include its
use as the active bleach component in cleaning
compositions, a paper repulping aid for the
destruction of wet strength resins, an oxidizer in
antimicrobial compositions, laundry products,
recreational pools, spas, denturecleaners,
semiconductor processing, disinfection, waste water
treatment, and as a selective oxidizer for functional
groups in organic syntheses. The present invention
further comprises an improved method of microetching a
surface wherein the improvement comprises contacting
the surface to be etched with a microetching solution
containing potassium monopersulfate solution of the
present invention having an active oxygen content of
from about 3.4% to about 6.8%. This improved method is
useful for etching metal surfaces, for example in
processes to etch printed wiring boards or
semiconductors. The production of modern printed
wiring boards, for developing desired electrically
conductive patterns onto plastic or other insulator
substrates clad with copper foil is a complex process,
often involving 100 or more individual steps. Careful
removal (termed "microetching") of excess copper,
reagents remaining from the 



copper deposition, powder, dust, oxides, and other
debris or residuals after each construction step is
required. The microetching process involves contacting
the printed wiring boards with a solution containing
the potassium monopersulfate solution of the present
invention (typically as a bath, or conveyorized spray
process), microetching and cleaning of copper clad
printed wiring board substrates, and removing the
solution together with undesired residues. The KHSO5
active ingredient is consumed during microetching,
forming sulfate salts. Thus, the copper sulfate
concentration in the solution increases. While
additional potassium monopersulfate may be added to
supplement decreasing active oxygen, the sulfate salts
build up. The useful life of the bath is limited by
the buildup of sulfate salts and must then be
replaced, else staining of the boards occurs and
quality declines. The higher active oxygen and lower
inert sulfate concentrations of the solutions of the
present invention result in a higher metal loading
capacity in such processes when used as microetching
solutions. Also, the useful life of the solution when
used as a microetching bath is extended in time due to
the lower initial SO4 content of the solution. The
solutions of the present invention have a copper
loading capacity of at least 27 g per liter of
solution, preferably at least 29 g per liter solution,
and more preferably 30 g per liter solution. Bath
activity and throughput are increased, and bath life
is extended since sulfate (SO4) concentrations are
substantially reduced as shown in Table 3 through
higher active oxygen to sulfate ratios. Bath life is
increased when using the solutions ofthe present
invention compared to prior art complete saturated
solutions and to the solutions of US Patent 6,818,142.
The copper or copper alloy clad substrates subjected
to microetching comprise any plies of plastic, fiber
glass or other material to which copper foil is
adhered or upon which copper is deposited,
electrolessly or electrolytically. The substrates can
be single or multiple plies in the form of composite
or layered structures such as laminates and other
materials. Such copper clad substrates and laminates
are conventional in the printed wiring board art. The
substrates may contain through-holes on the walls of
which copper has been deposited for electrical
connection, or miniaturized interlayer through-hole
(microvia) technology. In modern high-density circuit
boards, microvia have replaced through-holed to
provide better space utilization. Single laminates or
multilayer boards must be microetched and cleaned,
usually numerous times during printed wiring board
fabrication. Application of the microetching and
cleaning solution is usually by spraying or immersion
of copper clad substrates in a bath formed with the
etching solution, and the solution can be applied in
any other convenient manner. The high active oxygen
solutions of the present invention are also useful as
a component of chemical-mechanical polishing slurries.
Such slurries are used for polishing metal layers and
thin films associated with semiconductor manufacture.
Typical semiconductor integrated circuits are made up
of millions of active devices formed in or on a
silicon substrate. The active devices, which are
initially isolated from one another, are united to
form functional circuits and components. The devices
are interconnected through the use of well-known
multilevel interconnections. Interconnection
structures normally have a first layer of
metallization, an interconnection layer, a second
level of metallization, and sometimes a third and
subsequent levels of metallization. Interlevel
dielectrics, such as doped and undoped silicon dioxide
(Siq 2), are used to electrically isolate the
different levels of metallization in a silicon
substrate or well. The electrical connections between
different interconnection levels are made through the
use of metallized vias. Metal contacts are used to
form electrical connections between interconnection
levels and devices formed in a well.In a typical
chemical mechanical polishing process, the substrate
is placed in direct contact with a rotating polishing
pad. A carrier applies pressure against the backside
of the substrate. During the polishing process, the
pad and table are rotated while a downward force is
maintained against the substrate back. An abrasive and
chemically reactive solution, commonly referred to as
a "slurry", is deposited onto the pad during
polishing. The slurry initiates the polishing process
by chemically reacting with the film being polished.
The rotational movement of the pad relative to the
substrate facilitates the polishing process as slurry
is provided to the wafer/pad interface. Polishing is
continued in this manner until the desired film on the
insulator is removed. The slurry composition is an
important factor in the chemical mechanical polishing
step. Depending on the choice of the oxidizing agent,
the abrasive, and other useful additives, the
polishing slurry can be tailored to provide effective
polishing to metal layers at desired polishing rates
while minimizing surface imperfections, defects,
corrosion and erosion. Furthermore, the polishing
slurry may be used to provide controlled polishing
selectivity to other thin-film materials used in
current integrated circuit technology such as
titanium, titanium nitride and the like. The
concentrated solution of the present invention is an
excellent oxidizing agent in such a slurry. MATERIALS
AND TEST METHODS The following materials and test
methods were used in the Examples herein. 



Materials OXONE brand of potassium monopersulfate
compound available from E. I. du Pont de Nemours and
Company, Wilmington, DE, was employed. Active Oxygen
Measurement In all examples, active oxygen
concentrations are expressed in weight % and are
determined by standard iodometric titration as
described in the "OXONE Monopersulfate Compound
Technical Information" Bulletin, No. H-42434-5, dated
April 2000, published by E. I. du Pont de Nemours and
Company. Briefly, a weighed aliquot of the solution to
be analyzed is diluted with cold deionized water,
acidified, treated with potassium iodide, and titrated
with standardized0.1N sodium thiosulfate reagent to an
endpoint visualized by a starch indicator. The active
oxygen (AO) content is calculated as follows: % AO =
(mLtJtrant x Normalitytjtrant x 0.8)/ (Gramssamp ie )
Equivalently, the % KHSO5 concentration may be
calculated by: % KHS0 5 % AO/0.105 EXAMPLES Example 1
OXONE (600 g) was slurried in deionized water (325 g)
and potassium hydroxide solution (37.9%, 120.9 g) was
slowly added with mixing over about 10 min. to
neutralize 90% of the KHSO4 present. The total
OXONE:water ratio was 600:400 (including water added
in the potassium hydroxide solution). Mixing was
continued for 2 h. After mixing solids were separated
from the filtrate with a fritted glass funnel using
vacuum filtration. The resulting filtrate solution
contained 34.71% KHSO5, and had 3.65% active oxygen,
an AO/SO4 ratio of 1.05:1, a %SO4 content of 3.5, an
active oxygen yield of 85.1%, and an active oxygen
stability of t o% = days, where tjQ% is the time for a
10% loss of active oxygen. Example 2 OXONE (600 g) was
slurried in deionized water (334 g) and potassium
hydroxide solution (37.9%, 106.3 g) was slowly added
with mixing over about 10 min. to neutralize 79.4% of
the KHSO4 present. The total OXONE:water ratio was
600:400 (including water added in the potassium
hydroxide solution). Mixing was continued for 2 h.
After mixing, the solid was separated from the
filtrate with a fritted glass funnel using vacuum
filtration. The resulting filtrate solution contained
35.23% KHSO5, and had 3.71% active oxygen, a % SO4 of
4.7, an AO/SO4 ratio of 0.79:1, an active oxygen yield
of 85.83%, and an active oxygen stability of tjo% = 14
days, where tjo% is the time for a 10% loss of active
oxygen.Example 3 OXONE ( 1100 g) was slurried in
deionized water (403 g) and potassium hydroxide
solution (37.9%, 186.32 g) was slowly added with
mixing over about 10 min. to neutralize 76% of the
KHSO4 present. The total OXONE:water ratio was
1100:228 (including water added in the potassium
hydroxide solution). Mixing was continued for 2 h.
After mixing, the solid was separated from the
filtrate with a fritted glass funnel using vacuum
filtration. The resulting filtrate solution contained
42.66% KHSO5, and had 4.49% active oxygen, and had an
AO/SO4 ratio of 0.83:1, an active oxygen yield of
60.24%, and an active oxygen stability of tjo% = 16
days, where tjo% is the time for a 10% loss of active
oxygen. Example 4 The pH of a high strength liquid
OXONE solution, prepared as in Example 2, was adjusted
with 85% H3PO4%, to apH of 0.63 and diluted with
deionized water to an active oxygen concentration of
3.0% for comparative stability testing. The resulting
solution had an %Sq 4 of 3.8, an AO/SO4 ratio of
0.71:1. The active oxygen was 3.71% at preparation,
and the active oxygen stability was ti% = 20 days.
Example 5 OXONE (600 g) was slurried in deionized
water (320.73 g) and potassium hydroxide solution
(37.9%, 127.7 g) was slowly with mixing added over
about 10 min. to neutralize 95% of the KHSO4 present.
The total OXONE:water ratio was 600:400 (including
water added in the potassium hydroxide solution).
Mixing was continued for 2 h. After mixing, the solid
was separated from the filtrate with a fritted glass
funnel using vacuum filtration. A sample of the
resulting filtrate was diluted to 3.0% active oxygen
and the pH was lowered to 0.44 using 20% sulfuric acid
(92.82 g). The active oxygen stability of this
adjusted solution was 10% = 8 davs - %SO4 was 2.7, the
AO/SO4 ratio was about 1.35: 1, the active oxygen was
3.68% as prepared before any adjustment.Example 6
Example 6 was prepared using a mechanical stirrer to
slurry OXONE (653.25 g) with water (266.83 g).
Potassium hydroxide solution of about 36% was slowly
added over 20 minutes to neutralize 80% of the
available KHSO 4, and the solution mixed for 2 h. The
temperature was maintained at 60  5F (0C  0C). The
total water present was 346.75 g, including 79.92 g
from the potassium hydroxide solution. After mixing,
the solid was separated from the filtrate with a
fritted glass funnel using vacuum filtration. The
process produced 530.6 grams of filtrate and 497.5
grams of wet cake. The resulting filtrate had a pH of
0.69, contained 4.2% active oxygen, and had a tio% =
13 days. 



Example 7 Example 7 was prepared as described in
Example 6, except that the pH of the filtrate was
adjusted with aqueous sulfuric acid (19.4%) and water.
102.18 grams material prepared in Example 6 was mixed
with 17.84 grams of water and 4.04 grams of a 19.4%
sulfuric acid solution. The acid was added to maintain
the same pH as example 6. The resulting solution had
an active oxygen content of 3.5% and a pH of 0.66.
Example 8 Examples 8 was prepared as described in
Example 6, except that the pH of the filtrate was
adjusted with aqueous sulfuric acid (19.4%) and water.
88.45 grams material prepared in Example 6 was mixed
with 31.55 grams of water and 5.02 grams of a 19.4%
sulfuric acid solution. The acid was added to maintain
the same pH as Example 6. The resulting solution had
an active oxygen content of 3.0% and a pH of 0.64.
Comparative Example A Comparative Example A was
prepared as for the "Conventional Complete Solution"
described in Table 2 of Example 1 of US Patent
6,818,142. A 11.2% potassium monopersulfate solution
was prepared by dissolving OXONE (12.6 g) potassium
monopersulfate in deionized water (100 g) at a
temperature of 22C. The OXONE was mixed until
completely dissolved. The resulting solution produced
was prepared below the saturation limit expressed in
Table 1 above.The resulting solution contained 0.51%
active oxygen, 5.00% KHSO5, 2.54% KHSO4, pH = 1.2,
10.56% total dissolved solids (TDS), and a 0.15:1
weight ratio of AO/SO4. A rate constant was derived
from the data in Table 2 of US Patent 6,818,142 and
found to be k = 0.0062. Using Equation 1 above, the
value of tj% was 17 days, where tj% is the time it
takes to loose 10% of the active oxygen. Comparative
Example B Comparative Example B was prepared as
described in Example 1 of US Patent 6,818,142. OXONE
potassium monopersulfate (104 g, 4.52% active oxygen
as the solid) was slurried with deionized water (52
g), equivalent to 200 g OXONE per lOOg water). The
slurry was stirred overnight at ambient room
temperature (22C +/- 2C) and then filtered through a
coarse glass filter funnel to remove undissolved
potassium sulfate and bisulfate salts. The clear
filtrate was analyzed. The resulting solution
contained 2.98% active oxygen, 28.4% KHSO5, 13.5%
KHSO4, pH = 0.9, 49.4% total dissolved solids (TDS),
and a 0.22:1 weight ratio of AO/SO4. The rate constant
was derived from the data in Table 2 of US Patent
6,818,142 and found to be k = 0.0062. Using Equation 1
the t o% = 18 days, where tjo% i m e tmie it takes to
loose 10% of the active oxygen. Comparative Example C
A complete saturated solution was prepared by
dissolving OXONE potassium monopersulfate to the
solubility limit, expressed in Table 1, at a
temperature of 200C. OXONE (30 g) was dissolved in
water (100 g) at 200C and mixed until completely
dissolved. The resulting solution had 1.08% active
oxygen, 10.34% KHSO5 , 4.74% KHSO4, 21.89% TDS, and an
AO/SO4 weight ratio of 0.1 5:1Table 2 * Calculated
from Equation 1 wherein, t = ln(C()/C)/K, using C =
2.7, and CO= as tested AO] (a) The starting %AO for
Comparative Example A is already below the 2.7% AO
specification. Table 2 shows the higher percent active
oxygen obtained in the solutions of the present
invention. The rate of active oxygen loss (K)
increased with higher percent active oxygen solutions
and also increasing pH. It is also shown that addition
of acid back to the filtrate to reduce the pH down to
about 0.6 was useful to increase active oxygen
stability over the higher pH from the KHSO4
neutralizing step. Table 2 shows that both pH and
concentration influenced the rate at which active
oxygen was lost (stability). Moreover, it is shown in
Table 2 that the pH had a greater effect than
concentration in the active oxygen stability.
Solutions of the present invention produced solutions
with better rate constants and with tripled shelf life
as measured by the time to decrease to 2.7% active
oxygen.Table 3 TDS: Total dissolved solids Table 3
shows the solutions of the present invention provided
lower percent SO4 . The Examples of the present
invention resulted in lower sulfate concentrations in
use than the Comparative Examples. During microetching
for example, KHSO5 is consumed to form sulfates. Since
bath life is determined by sulfate concentration and
residual active oxygen, the lower percent sulfate
provided longer bath life. Example 9 A l 000-gram
batch size was slurried at 100C using OXONE (642 g)
and water (358 g). Potassium hydroxide solution (122.7
g of a 36.4 %) was used to neutralize 80% of the KHSO4
to K2SO4. The water in the potassium hydroxide
solution was included when calculating the OXONE:water
ratio. The slurry mixture was then mechanically
stirred for 2 h. After mixing, solids were separated
from the filtrate with a fritted glass funnel using
vacuum filtration. The filtrate composition results
and active oxygen are shown in Table 4. 



Examples 10 to 12 Examples 10 to 12 were prepared as
described in Example 9 using the indicated OXONE:water
ratio and the corresponding temperature of 10 C or
200C indicated in Table 4. The amount of KOH was
varied slightly corresponding to the amount of OXONE
used so as to neutralize 80% of theKHSO4 present in
the triple salt. The filtrate composition results and
active oxygen are shown in Table 4. Table 4 *K2SO4 has
been calculated by difference using: K2SO4 = %TDS -
(KHSO5 + KHSO4), because of additives and impurities
actual values are slightly less than shown. * % TDS is
% total dissolved solids. Table 4 shows how the active
oxygen concentration as well as the percent SO4 was
affected by the ratio of OXONE:water. Table 4 also
shows how, by performing the slurry extraction of the
KHSO5 at a slightly higher temperature, a higher
percentage of KHSO5 was transferred to the aqueous
solution if mixed for equal times. The higher mixing
temperature helped overcome the endothermic heat of
solution of the triple salt.CLAIMS What is claimed is:
1. A composition comprising a solution of potassium
monopersulfate having an active oxygen content of from
about 3.4% to about 6.8%. 2. A composition comprised
of claim 1 having a maximum SO4 content of 5.5%. 3.
The composition of claim 2 having a pH of from about
0.4 to about 1.5. 4. The composition of claim 1
further comprising an adjuvant selected from the group
consisting of a mineral acid other than hydrochloric
acid, a C\ to C4 organic acid, a surfactant, a
stabilizer, and an etch rate modifier. 5. A process
for the preparation of a solution of potassium
monopersulfate having an active oxygen content of from
about 3.4% to about 6.8% comprising a) mixing to form
an equilibrated slurry: i) solid 2KHSO5 KHSO4-K2SO4
ii) a quantity of water insufficient to completely
dissolve the solid, and iii) an alkaline material; and
b) separating undissolved solids to obtain a solution.
6. The process of claim 6 wherein the alkaline
material is added after the solid 2KHSq 5 KHSq 4-K2Sq
4and water have been mixed, and is selected from the
group consisting of sodium hydroxide, potassium
hydroxide, barium hydroxide, magnesium hydroxide,
sodium carbonate, potassium carbonate, sodium
bicarbonate or potassium bicarbonate. 7. The process
of claim 6 wherein from about 25 g to about 70 g of
water is employed per lOOg of 2KHSO5 KHSO4 K2SO4, and
wherein during the addition of the alkaline material a
temperature at or below 40 C is maintained. 8. An
improved method of microetching a surface wherein the
improvement comprises contacting the surface to be
etched with a microetching solution containing
potassium monopersulfate solution having an active
oxygen content of from about 3.4% to about 6.8%. 9.
The method of claim 8 wherein the surface to be etched
is a metal coated semiconductor or printed wiring
board which is clad with copper or copper alloy.10.
The method of claim 8 wherein the solution has a
copper loading capacity of at least 25 g copper per
liter of solution, and an active oxygen content of
from about 3.5% to about 6.8%. 11. An improved method
of mechanically polishing a substrate wherein the
improvement comprises use of a polishing slurry
containing a potassium monopersulfate solution having
an active oxygen content of from about 3.4% to about
6.8%. 12. An improved method of treating recreational
and ornamental water wherein the improvement comprises
use of a potassium monopersulfate solution having an
active oxygen content of from about 3.4% to about
6.8%. 


