
IMMUNOGLOBULIN CLEAVAGE FRAGMENTS AS DISEASE
INDICATORS AND COMPOSITIONS FOR DETECTING AND BINDING
SUCH BACKGROUND OF THE INVENTION Field of the
Invention The invention relates to diagnostic and
prognostic indicators and methods and reagents for
their detection. The invention further relates to
methods of monitoring the natural history of disease
in a patient. Description of the Related Art In
medicine, a biomarker is a biochemical substance that
can be used to measure the progress of disease or the
effects of treatment, that is, a diagnostic or
prognostic indicator. One biomarker which effectively
reflects the natural history of disease and disease
control is hemoglobin AIc for glycemic control in
diabetic patients. Due to the long half-life of HbAIc
in serum, it serves as a recent record of the
excursion of blood glucose away from ideal levels as
well as the duration of such excursions. A currently
used biomarker of systemic inflammatory conditions is
Creactive protein (CRP) (Pepys MB et al. J . Clin.
Invest. I ll; 1805-1812, 2003). CRP is an acute phase
reactant that is produced in response to a wide
variety of acute inflammatory conditions. CRP is
synthesized in the liver in response to cytokine
signals including TNF and IL-6 which themselves
migrate from the distant site of inflammation. An
increase in serum of CRP occurs in infection, stroke,
vascular disease, myocardial infarction and several
other acute inflammatory disorders. Circulating
immunoglobulins, and specifically those antibodies of
the IgG class, are major serum proteins. It is
well-known that human proteases are associated with
inflammatory, proliferative, metastatic, and
infectious diseases. Human proteases such as matrix
metalloproteinases (MMPs) and neutrophil elastase
cleave theIgGs heavy chain polypeptide at a residue
unique to each protesase as do bacterial proteases
such as glutamyl endopeptidase (Stap h aureus) or
immunoglobulin degrading enzyme of streptococcus
(Strep pyogenes). The cleavage sites in the heavy
chain are clustered around the region termed the hinge
domain, where the interchain disulfide linkage of the
two heavy chains occurs. The region below the hinge
constitutes the Fc region and comprises binding sites
responsible for the effector functions of IgG. In the
case of microorganisms, protease expression is a
potential adjunctive virulence pathway allowing
organisms to avoid opsonization (Rooijakkers et al.
Microbes and Infection 7 : 476-484, 2005) in so far as
the proteolytic release of the Fc domain by cleavage
below the hinge effectively neutralizes functions that
would otherwise lead to the targeting and killing of
that pathological cell. Thus, the elaboration of
specific proteases may be representative of a myriad
of diseases states including cancer, inflammation and
infectious diseases. That IgG degradation is enhanced
in pathologic in vivo environments as evidenced by the
presence of natural IgG autoantibodies that bind to
the cleaved hinge domain (Knight et al., 1995; Nasu et
al., 1980; Persselin and Stevens, 1985, Terness, et
al. 1995 J Imunol. 154: 6446-6452). These
autoantibodies also bind the Fab and F(ab') 2
fragments generated by several proteinases (including
papain and pepsin), with particularly strong
reactivity to the lower hinge domain remaining as
C-terminal residues in F(ab')2 molecules (Terness et
al., 1995). The detection of the actual cleavage
products have been reported (Fick et al., 1985;
Goldberg and Whitehouse, 1970; Waller, 1974) but a
robust assay which would allow these fragments to
serve as biomarkers has not been developed possibly
due to the low concentrations in serum resulting from
rapid clearance of the various fragments or to
technical problems in detecting the fragments amidst
the large amount of intact immunoglobulin in blood and
tissues. A specific antibody was prepared (Eckle, et
al. 1988. Adv. Exp. Med. Biol. 240: 531-534) for
detection of human neutrophil elastase cleaved Fc
domain which detected Fc at a median concentration of
0.62 ug/ml directly in synovial fluid of rheumatoid
arthritis patients but not in synovial fluid from
patients with other types of joint disease.Therefore,
the ability to assess the type and amount of IgG
cleavage product(s) in the bodily fluids or blood of
subjects could be used as a biomarker of 



specific disease activity. Specific reagents and
methods for such determinations would provide useful
tools for diagnostic and prognostic medical assays.
SUMMARY OF THE INVENTION The invention relates to
reagents and use of the reagents to detect a disease
process associated with elaboration of proteases,
which proteases are manifestations of the disease
pathology as well as agents which limit host
immunological defenses. In one aspect of the
invention, the reagents and use of the reagents in an
assay, detects anti-disease antibodies, which
antibodies are specific for targets related to the
disease pathology. The reagents are directed to
assessing an IgG breakdown product that is the result
of such proteolytic cleavage. In another embodiment of
the invention, the methods of the invention are
directed to detection of an IgG cleavage product which
is characterized by 1) having a molecular weight which
is comparable to an intact mammalian IgG under
physiological conditions and 2) being separable into
two fragments which comprise an antigen binding
fragment and a 32 kDa fragment under denaturing but
non-reducing conditions and 3) does not exhibit ADCC
activity in an in vitro assay. In one aspect of the
method of detecting the IgG cleavage product of the
invention, a specific reagent capable of detecting the
cleavage product is provided, which reagent is at
least one antibody capable of binding to said cleavage
product. In another embodiment of the invention, the
sequences for generating the reagents useful for
detection of the IgG cleavage product are provided
which are useful for immunizing, panning, and
selection of the anti-IgG cleavage product reagent of
the invention. In one aspect, the sequence is selected
from the group consisting of at least 5 contiguous
amino acids selected from the human IgG hinge region
sequences of SEQ ID NO: 1, 2, 3, or 4 that are on the
amino terminal side of a protease cleavage site. In
one embodiment, the sequences are selected from those
of SEQ ID NOs. 5-11 and N terminal truncations
thereof. In another aspect, a method of designing a
peptideimmunogen based on the proteolytic cleavage
site of a human IgG molecule is provided. In another
embodiment of the invention, methods of preparation of
an anti-IgG cleavage product antibody of the invention
are provided including nucleic acid sequences,
vectors, and host cells for the recombinant production
of anti-IgG cleavage product antibodies. In another
aspect of the method of manufacturing the anti-IgG
cleavage product antibodies, immune host animals are
provided which animals' serum is a source of the
antibodies of the invention from which the reagent is
prepared by methods described or known in the art. In
another embodiment of the invention, a kit for
detection of anti-IgG cleavage product is provided
comprising anti-IgG cleavage product antibodies of the
invention. A further embodiment of the invention, is a
method of administering an anti-IgG cleavage specific
antibody to treat a patient in order to restore
effector functions to an IgG cleavage product. BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING FIG. 1
depicts the various domains of a typical mammalian IgG
class antibody showing their relationship to the hinge
and the pepsin and papain cleavage products defined as
Fab, F(ab')2, and Fc. Fig. 2 shows four individual
Agilent Biosizing microcapillary electrophoresis
analyses as gel images at times during each of the
proteinase digests of a human IgG lk antibody, Mabl,
by 1% w/w of human MMP-3 (A), streptococcal IdeS (B),
staphylococcal glutamyl endopeptidase I (C) and human
neutrophil elastase (D) at 37 0C. Standards on each
gel (lane 1) correspond to an intact human/murine
chimeric IgGl and known cleavage fragments. Fig. 3
shows the sequence of the human IgGl heavy chain
around the hinge region; the positions of major
proteolytic cleavages are indicated by arrows. Fig. 4
is a western blot showing the time course of
biotinylated murine/human IgGdegradation by wound
exudate. Fig. 5 a graph showing the relative
specificity of the antisera generated in rabbits 



immunized with conjugated F(ab')2 degradation product
from three different proteases: MMP-3, V8, and IdeS
TCPPCPAP, residues 7-14 of SEQ ID NO: 1 corresponding
to the MMP-3 cleavage site, TCPPCPAPE, residues 7-15
of SEQ ID NO: 1 corresponding to the glutamyl
endopeptidase site, and TCPPCPAPELLG, residues 7-18 of
SEQ ID NO: 1 corresponding to the IdeS site. ELISA
reactivity of three individual rabbit polyclonal
anti-hinge peptide antibody preparations with F(ab')2
fragments of Mab3 IgGl k. The F(ab')2 fragments were
generated with human recombinant MMP-3, staphylococcal
glutamyl endopeptidase I and recombinant IdeS from
Strep pyogenes. A mixed pool of the rabbit antibody
preparations demonstrated nearly equivalent reactivity
with each of the Mab3 F(ab')2 fragments. Bars
correspond to the mean + standard deviation of three
replicate wells. Fig. 6 Western blot reactivity of
rabbit polyclonal antibody preparations with antibody
digests. Mab3 human IgGl intact or that had been
partially digested with MMP-3, glutamyl endopeptidase
(V8) or IdeS was separated by SDS-PAGE followed by
immunoblotting. (A) Blotted with anti-human IgG (H+L)
[lanes 1-4] or Anti. ..LLG rabbit polyclonal [lanes
6-10]. (B) Blotted with Anti. ..PAP [lanes 2-5] or
Anti. ..APE [lanes7-10]. Blots were cut prior to
incubation with antibodies through lane 5 in panel A
and lane 6 in panel B to allow for detection with the
individual antisera. Fig. 7 is a western blot
developed using the RAH-1 reagent on samples from an
analysis of IgG degradation in the synovial fluid from
5 RA patients and compared to samples from in vitro
proteolytic digests of a monoclonal IgGl with MMP-3,
glutamyl endopeptidase (V8) and IdeS. Fig. 8 shows the
serum concentration over time of various proteolytic
cleavage fragments, intact IgG, scIgG and F(ab')2;
after injection of the specified purified fragments
into mice, measured using the goat anti-human IgG
(H+L). Fig. 9 is a dot plot of the individual values
of scIgG detected by the reagent RAH-I in human serum
samples from patients diagnosed with the diseases as
indicated ascompared to that in a group of normal
human serum samples where the lines indicated mean
values in each group. Fig. 10 shows the concentration
of scIgG in diluted serum of 10 individuals with
rheumatoid arthritis (RA) and an equal number of
healthy, normal controls detected with reagent RAH-I
using an improved version of the ELISA; "(2)" in the
RA group signifies that the same value was obtained in
two separate individuals. Fig. 11 shows the relative
reactivity of rabbit monoclonal antibody targeting
cleavage fragments from human IgGl hinge as peptide
analogs and to antibody fragments terminating at the
residue specified (see Fig. 3). Fig. 12 shows the
concentration dependence of three different rabbit
monoclonal antibodies targeting cleavage fragments of
human IgGl hinge in restoring complementdependent cell
lysis (CDC) to F(ab')2 created by digesting IgGl with
IdeS compared to a rabbit polyclonal prepared to
cleavage peptide analogs (rb poly). BRIEF DESCRIPTION
OF THE SEQUENCE LISTING1 1 Papain cleavage peptide
DETAILED DESCRIPTION OF THE INVENTION Abbreviations
Abs = antibodies, ADCC =antibody-dependent
cell-mediated cytotoxicity; CDC =complement directed
cytoxicity; ; HNE =human neutrophil elastase; IdeS =
immunoglobulin degrading enzyme of S. pyrogenes; Ig =
immunoglobulin; Mab = monoclonal antibody; MMP =
matrix metalloprotease; scIgG = single cleaved IgG; SA
= streptavidin; V8 = glutamyl endopeptidase I from
Stap h aureus. Definitions Antibody fragments; Fab,
F(ab')2, and Fc are terms describing proteolytic
cleavage products of IgG antibodies which may be
further dissociated by reduction of the disulfide
bonds between the heavy chains (the core hinge
region). Classic proteolytically generated antibody
fragments, include: Fab (e.g., by papain digestion),
Fab' (e.g., by pepsin digestion and partial reduction)
and F(ab')2 (e.g., by pepsin digestion), facb (e.g.,
by plasmin digestion), pFc' (e.g., by pepsin or
plasmin digestion), Fd (e.g., by pepsin digestion,
partial reduction and reaggregation), where 



reduction removes the disulfide linkage between
cysteine residues forming interchain linkages (refer
to Fig. 1). As the Fc fragment was described as a
papain cleavage fragment and which cleaves human IgG 1
at residue 224 (EU numbering), which is Nterminal to
the hinge, the Fc fragment is assumed to retain the
hinge and the disulfide linkages between the heavy
chains, however, due to the high degree of association
between the heavy chain CH2-CH3 dimers in the
antibody, a dimeric structure is retained even in the
absence of the disulfide (hinge) bonds. Thus, as used
herein "Fc" refers to the dimeric structure formed by
association of the heavy chain CH2-CH3 segments
whether covalently bound or not. It will be understood
that the noncovalently associated Fc may be
distinguished from the disulfide linked Fc by its
abilityto undergo dissociation into CH2-CH3 monomers
in the presence of a denaturant such as a detergent.
The terms "proteolytic", "proteolytic cleavage",
"protease", and "proteolytic enzyme" are used
interchangeably and mean an agent, e.g. enzyme, which
is able to cleave a polypeptide chain producing two or
more fragments, where the enzyme acts under normal
temperature and under physiological conditions or
physiologically compatible conditions. Physiological
conditions include any temperature, buffer, cation,
anion, substrate, catalyst, pH, cofactor, or the like
which is a naturally found in the body of a living
mammal whether in health or disease. However, the
protease may be derived from a non-mammalian source
such as from a pathogen which may be of any type of
life form. By "scIgG" or "single cleaved IgG" is meant
any immunoglobulin class G molecules having a
heterodimeric structure comprising two heavy chains
and two light chains, where one of the heavy chains
has been subjected to proteolytic cleavage on a single
heavy chain while the second heavy chain remains
intact. By "upstream" relative to an amino acid
sequence written from the Nterminal to the C-terminal
residue is meant the residues in the sequence towards
the Nterminus from a given residue. Conversely, by
"downstream" relative to an amino acid sequence is
meant the residues in the sequence towards the
C-terminus from a given residue. Antibody Functions by
Substructure In general, immunoglobulins, antibodies,
consist of regions of continuous polypeptide chain
comprising approximately 100 amino acids which show a
characteristically folded globular domain and
represent different elements of the structure. Each
100 of the amino acid regions represents a globular
domain which is about 10 - 11 kDa. For
immunogammaglobulins (IgGs), these domains are grouped
together into segments; the Fab segment is comprised
of a light chain variable joined to a light chain
constant region in a single chain linked through a
disulfide bond to the heavy chain first constant
region (CHl) which is contiguous with the heavy
chainvariable region; Fc is comprised of two
contiguous heavy chain constant regions (CH2 and CH3)
linked through two or three disulfide bonds in the
hinge region. Studies have shown that proteases, such
as papain and pepsin, preferentially cleave antibodies
at sites which are between the segments. Two identical
Fab segments connected via the hinge region to one Fc
segment, thus form a Y-shaped conformation of the 150
kDa structure (see Fig. 1). Fab segments generated
using papain typically have a molecular weight of 46
kDa, nonreduced F(ab') 2 typically have a molecular
weight of 90-100 kDa, and nonglycosylated, nonreduced
Fc will have an apparent molecular weight of
approximately 50-60 kDa. However, as each antibody
species, and each subclass of antibody within a
species, is slightly different, the exact nature and
location of the cleavage and cleavage products are
variant. Antigen binds to antibodies via an antigen
binding site in the variable domains of each pair of
light and heavy chains (Fig. 1). Other molecules,
known as effector molecules or cells, bind to other
sites in the remainder of the molecule, ie other than
the antigen binding sites, and this portion of
antibody includes the more invariant immunoglobulin
sequences, "the constant portion" of an antibody, such
sites being located particularly in the Fc region
constituted by the portions of the heavy chains
extending beyond the ends of the light chains. 



Antibodies have several effector functions mediated by
binding of effector molecules. For example, binding of
the Cl component of complement to antibodies activates
the complement system. Activation of complement is
important in the opsonisation and lysis of cell
pathogens (a process called complement-mediated
cytotoxicity or CDC). The activation of complement
stimulates the inflammatory response and may also be
involved in autoimmune hypersensitivity. Further,
antibodies bind to cells via the Fc region, with a Fc
receptor site on the antibody Fc region binding to a
Fc receptor (FcR) on a cell. There are a number of Fc
receptors which are specific for different classes of
antibody, including IgG (gamma receptors), IgE (eta
receptors), IgA (alpha receptors) and IgM (mu
receptors). Binding of antibody to Fc receptors on
cell surfaces triggers a number of important and
diverse biological responses including engulfment and
destruction of antibody- coated particles, clearance
of immunecomplexes, lysis of antibody-coated target
cells by killer cells (called antibodydependent
cell-mediated cytotoxicity, or ADCC), release of
inflammatory mediators, placental transfer and control
of immunoglobulin production. The sequences around the
hinge domain are conserved among IgG isotypes (SEQ ID
NO: 1-4) and among mammalian species generally. The
IgGl (SEQ ID NO: 1) and IgG3 (SEQ ID NO: 1) isotype
comprise a Leu-Leu pair that is a structural motif for
binding to Fcg receptor(s) and for Fc effector
functions. Other residues downstream of the "hinge
core" which typically comprises at least cysteine
separated by two non-cysteine residues, are also
conserved. Applicants have discovered that a cleavage
product, scIgG, of human IgGl is formed by human and
bacterial proteases when proteolysis occurs on one of
the two heavy chain polypeptides that comprise an IgG,
while not disrupting the overall composition of the
heterodimeric molecule. Secondly, applicants have
determined through kinetic analysis of proteolytic
attack on human heavy chain constant regioncontaining
IgG molecules, that scIgG is likely the more abundant
product of in vivo proteolysis. The existence of scIgG
as a proteolytic intermediate leading to F(ab') 2
during proteolysis of IgG has been noted previously
for the MMP-3 enzyme (Gearing AJH et al, Immunol.
Lett. 81: 41-48, 2002 ) . Cleavage of IgG by a
streptococcal protease, IdeS, was also noted to
produce a product resembling intact IgG by
sizeexclusion chromatography (Vincents B et al,
Biochemistry 43: 15540-15549, 2004). However, no
functional characterizations of this intermediate were
reported nor were methods for detecting the scIgG in
biological samples provided. Applicants have further
demonstrated that, in vivo, scIgG, exhibits a serum
half-life compatible with assessment of disease
activity over a period of several days to months,
thereby enabling the use of scIgG as a marker of
latent or suppressed disease processes, or could be
used to understand the recent natural history and
response or recovery from a disease. Briefly,
applicants have discovered that the kinetics of
proteolytic cleavage under physiological conditions
lead to a larger proportion of proteolyticallycleaved
IgG being in the scIgG conformation than species which
are products of multiply cleavage events, such as the
F(ab')2 (see Fig. 1). In the process of testing a
large number of proteases, it was determined that the
first cleavage of a heavy chain constant region in an
intact IgG proceeds more rapidly than the second, a
sequence that leads to a temporal accumulation of the
singly cleaved species. This single cleaved version of
the IgG molecule is indistinguishable from its intact
parent in many ways (e.g. molecular size, antigen
binding, ability to be recognized by protein A/G). In
accordance with the invention applicants have
generated reagents suitable for the detection of
proteolytic cleavage products including F(ab')2 and
scIgG. The reagents of the invention generated using
cleavage site analog peptides of the invention,
recognize human IgGl cleavage products but do not
recognize intact IgG. Applicants have further
demonstrated that antibodies recognizing IgG cleavage
products retaining antigen binding specificity can
restore effector functions such as CDC and ADCC to the
cleaved IgG.. Proteolytic Enzymes and Disease
Association Applicants demonstrate that antibody
cleavage products, including 



scIgGs, similar in size to those generated with in
vitro enzyme panel, are detectable in inflammatory
exudates such as synovial fluid from patients with
rheumatoid arthritis. Further, scIgG can be detected
in the serum of patients with a number of diseases in
which localized proteolytic activity is a known
characteristic of the pathology. The scIgG in these
disease states is at higher concentrations than in
healthy normal volunteers and is also higher than in
the serum of patients with less severely inflammatory
disease. The detection of scIgG was enabled by the
generation of affinitypurified polyclonal antibodies
(rabbit) that specifically bind to newly exposed
epitopes in the cleaved heavy chain at or around the
hinge disulfides, but do not react with the intact,
non-cleaved IgG molecule. Confirmatory support for the
detection of scIgG in serum is its prolonged
circulating lifespan similar to intact IgG. The
ability to detect scIgG in the bodily fluids or blood
of diseased individuals is a potentially
novelbiomarker strategy. It will be understood that
other species of antibody besides rabbit (such as
mouse, rat, and camel) may be used and monoclonal
antibodies produced, for example, by cloning of a
antibody gene coding for a specified antibody binding
region sequence which polyclonal or monoclonal
antibody retains the ability to bind human IgGl
cleavage products but that do not recognize intact IgG
are encompassed as reagents of the invention. Other
methods of producing antibodies, e.g. by selection
from antibody domain libraries, are well known to
those skilled in the art and may be used as a source
of the antibodies of the invention. Antibody Reagents
The antibodies of this invention can be prepared in
several ways well known in the art using criteria and
immunogens designed by applicants to raise or select
antibodies useful in the practice of the invention. In
one aspect, the antibodies are conveniently obtained
from hybridomas prepared by immunizing an animal with
the observed cleavage fragments or cleavage site
analog peptides derived therefrom. Thus, the
antibodies can be obtained by immunizing animals or
screening antibody libraries with antibody cleavage
fragments including F(ab')2 and scIgG, or N-terminal
truncations or structural analogs thereof. In one
embodiment, the peptides used for generating the
antibodies are selected from the 14-mer peptides
fragments of IgGl shown in SEQ ID NO: 5-1 1, where the
C-terminal residue of the polypeptide or peptide
represents the residue upstream (N-terminal side) of
the cleavage site as shown in Table 1 of the residue
cleavage pairs. Fragments comprising the hinge motif,
e.g. -T-C-P-P-C- of IgGl (residues 7-1 1 of SEQ ID NO:
1), will be multimeric due to disulfide bond
formation, unless the cysteine residues ( C) have been
replaced with e.g. alanine (A) residues. In a specific
embodiment, the antibody is generated using an 8-mer
peptide corresponding to the sequence of amino acids
on the amino terminal side of the MMP-3 cleavage site
(TCPPCPAP, residues 7-14 of SEQ ID NO: 1), or extended
peptides corresponding to the glutamyl endopeptidase
site (TCPPCPAPE, residues 7-15 of SEQ ID NO: 1); or
the IdeS site (TCPPCPAPELLG, residues 7-18 of SEQ ID
NO:1). When used as immunogens, the peptides can
conveniently be covalently attached to keyhole limpet
hemocyanin (KLH) via the N-terminus or through an
added linker residue or peptide. The antibodies can
thus be obtained using any of the hybridoma techniques
well known in the art, see, e.g., Ausubel, et al.,
ed., Current Protocols in Molecular Biology, John
Wiley & Sons, Inc., NY, NY (1987-2001); Sambrook, et
al., Molecular Cloning: A Laboratory Manual, 2nd
Edition, Cold Spring Harbor, NY (1989); Harlow and
Lane, antibodies, a Laboratory Manual, Cold Spring
Harbor, NY (1989); Colligan, et al., eds., Current
Protocols in Immunology, John Wiley & Sons, Inc., NY
(1994-2001); Colligan et al., Current Protocols in
Protein Science, John Wiley & Sons, NY, NY,
(1997-2001), each entirely incorporated herein by
reference. An antibody of the invention can include or
be derived from any mammal, such as but not limited to
a human, a mouse, a rabbit, a rat, a rodent, a
primate, or any combination thereof and includes
isolated human, primate, rodent, mammalian, chimeric,
humanized and/or CDR-grafted anti-integrin antibodies,
immunoglobulins, cleavage products and 



other specified portions and variants thereof.
Phage-displayed antibody libraries may also be used to
identify novel binding domains with the desired
specificity to scIgG and other antibody fragments. In
raising or selecting antibodies or other binders
useful in the present invention, the specific reagents
used for this purpose are a further aspect of the
invention. The specific immunogens or test reagents
developed for this purpose are characterized as
comprising residues around the hinge core of the IgGl,
including but not limited to the residues SCDKTHTCPP
CPAPELLGGP SVFLFP (SEQ ID NO: 1) as shown in Fig 3.
Hinge regions of other human isotype antibodies that
produce antibody fragments upon contact with
proteolytic enzymes may also serve as sources of
analog for the purposes of creating, selecting or
testing antibodies or other binding molecules to
enzymatic cleavage products. An analogous region of
the human IgG4 heavy chain includes residues
TCNVDHKPSN TKVDKRVESK YGPPCPSCPA PEFLGGPSVF LF (SEQ ID
NO: 2) and for IgG2 and IgG3 as shown in SEQ ID NOS: 3
and 4, respectively. In each case, the peptides
consist of at least 5 contiguous aminoacids selected
from the human IgG hinge region sequences of SEQ ID
NO: 1, 2, 3, or 4 that are on the amino terminal side
of a protease cleavage site. In one aspect, the
specific immunogen or peptide used for generating the
antibodies comprise at least the hinge core of the
IgGl, defined as the residues -T-C-P-P-C-. In a
specific embodiment, the peptide is a 12-mer peptide
analog of the human IgGl lower hinge and adjoining CH2
domain having the sequence TCPPCPAPELLG (residues 7-18
of SEQ ID NO: 1). A general method for creating
peptide fragments useful in creating, selecting or
testing antibodies or other binding molecules to
enzymatic cleavage products is to a) identify the
N-terminal residue of a pair of residues of an
antibody heavy chain cleaved by a protease as
exemplified by specific proteases in Example 1 and
shown in Table 1, b) define from 5-14 or more upstream
residues from that cleavage site where the N-terminal
residue will become the C-terminus of the defined
sequence and c) produce the peptide in sufficient
amounts for the desired purpose(s). Peptides such as
those described are those selected from SEQ ID NO:
5-11 or Nterminal truncations thereof. The peptides
may be labeled, conjugated or cross-linked or used in
admixture one with another or with adjuvants for the
purposes of testing binding or as immunogens or
panning targets for use e.g. in selecting binders from
a phage display library. The present invention further
provides, in one aspect, isolated nucleic acid
molecules comprising, complementary, or hybridizing
to, a polynucleotide encoding the aforementioned
specific peptides or antibodies thereto, comprising at
least one specified sequence, domain, portion or
variant thereof. The present invention encompasses
isolated nucleic acids encoding at least one isolated
monoclonal antibody having specificity for the scIgG
as described herein and a nucleic acid vector
comprising the isolated nucleic acid, and/or a
prokaryotic or eukaryotic host cell comprising the
isolated nucleic acid. The host cell can optionally be
at least one selected from E. CoIi, COS-I, COS-7,
HEK293, BHK21, CHO, BSC-I, Hep G2, 653, SP2/0, 293,
HeLa, myeloma, lymphoma, yeast, insect or plant cells,
or any derivative, immortalized or transformed cell
thereof. Also provided is a method for producing at
least one antibody of the invention, comprising
translating the antibody encodingnucleic acid under
conditions in vitro, in vivo or in situ, such that the
peptide or antibody is expressed in detectable or
recoverable amounts. Methods of Use The reagents of
the invention are useful in detecting disease
pathology when the disease process invokes, is a
result of, causes, or is otherwise associated with
proteolytic activity and proteolytic enzymes,
proteases. Such diseases and processes include those
precipitating or aggravating, produced by, or
resulting from infection, stroke, vascular disease,
myocardial infarction and several other acute and
chronic inflammatory disorders. Applicants have
demonstrated that one particularly useful biomarker of
the proteolytic activity is scIgG, which is detected
at increased levels in some of the aforementioned
disorders. As scIgG is generated locally at the site
of the pathology or pathological process or infection,
scIgG provides a unique and specific 



marker of such processes as a gauge of the involvement
of specific tissues or cell types at the disease site.
In one embodiment of the method of the invention, a
sample is obtained from a subject suspected of having,
having had, or having been treated for a disease
characterized by elevated levels of proteases. The
sample is contacted with a binding agent, such as an
antibody preparation, having specificity for IgG
cleavage fragments known to result from contact
between the disease stimulated protease and a
population of serum IgG. The method of the invention
can be used to assess whether patients previously
diagnosed with a disease or condition are at risk for
advanced disease (e.g. cancer metastases, aggressive
tumor growth, persistent infection, etc.). In some
cases, for example in the cancer patient, the
detection of scIgG may be useful to indicate advanced
disease progression involving metastatic spread which
is known to involve elaboration of proteolytic
enzymes, especially MMPs. In some aspects, neoplastic
disease shares these mechanisms generally with
inflammatory processes, tissue repair, and healing
(Coussens, L.M. and Werb, Z. 2002. Nature 420 (19):
860-867). Other studies have shown that, for example,
lipid lowering correlatesboth with a reduction in the
risk for cardiac and vascular events, e.g. thrombosis,
and with a reduction in MMPs such as MMP-2 and MMP-9
and that these enzymes are produced by atherosclerotic
plaques (Deguchi, J, Maanori, A., Ching-Hsuan, T. et
al. 2006 Circulation 114: 555-62). Thus, the methods
of the invention are particularly applicable but not
limited to patients with severe arthritic syndromes
(RA, ankylosing spondylitis), certain cancers
(especially inflammatory breast cancer), severe
coronary arterial settings (myocardial infarction and
congestive heart failure) and other diseases like
asthma. The method of the invention may be used to
distinguish those diseases and conditions in which the
pathophysiology involves or induces protease capable
of acting upon IgG from other pathologies not
characterized by enhanced elevated levels of secreted
proteases or wherein the proteases do not cleave IgG.
Thus, while the method of using the reagents described
herein are specific for detection of the cleaved
fragments, more specific analysis of the cleaved
fragments could include an analysis of the binding
specificity of the variable regions of the cleaved
antibody. For example, a solid phase assay which
combines antigen binding selectivity with fragmented
antibody detection could be used to determine whether
certain antigens and proteases are co-localized in a
subject thereby providing information about the nature
of the tissue, disease, or pathology at the site of
proteolytic activity. Drawing blood is the most
frequently practiced form of tissue sampling from
subjects, human or animal, healthy or ill. In so far
as scIgG is found systemically, and is not restricted
to the site of formation, that is, the site of the
protease activity, it is a reporter marker for disease
activity which may localized in specific compartments.
One such compartment is the synovial fluid. Thus,
blood or serum collection provides a convenient and
feasible source for detection of early disease using
the reagents and methods provided by the present
invention. Alternatively, sampling of local settings
like RA synovial fluid, lung exudates, biopsies, and
the like could also be applied to patients at any
stage including diagnosis or in patients with advanced
disease. Cleaved antibody fragments may be detected in
such tissue samples by direct staining
(immunohistochemical methods) or in fractioned samples
derived from the samples.Tissue samples, including
blood, should be treated so as to inhibit any residual
active proteases. Chelation of metals (e.g. EDTA)
effectively inhibits MMPs. Iodoacetamide blocks
cysteine proteases (e.g. IdeS), serine proteases can
be blocked with DFP and similar compounds. Active
proteases are present in synovial fluid and should be
processed accordingly. Samples may also be maintained
frozen until the time of assay. Once the samples have
been appropriately processed, the scIgG specific
reagents of the invention may be used in any
antibody-based techniques such as ELISA, bead-based
formats, RIAs, known to those skilled in the art or
yet to be developed. The anti-IgG proteolytic cleavage
fragment reagents of the invention 



may be packaged in a kit for research or diagnostic
use and for commercial sale along with other reagents
such as buffers and standards such as intact human IgG
and known quantitities of cleaved IgG along with
instructions for the measurement and, if desired,
quantitation of IgG proteolytic cleavage fragments in
tissue samples harvest from subjects. Antibodies of
the invention immunospecific for hinge peptide
cleavage fragments are capable of binding the remnants
of enzymatically cleaved IgG which retain antigen
binding domains, e.g. Fab, F(ab')2, scIgG , and thus
restore the Fc-related binding characteristics and
attendant effector functions by providing an intact
Fcregion. Thus, the antibodies created by the methods
taught herein or having the property of binding to
enzymatically created antibody fragments in vivo may
be useful as therapeutic molecules. The anti-IgG
cleavage fragment antibodies of the present invention
can be used to treat patients in which a disease
characterized by disease induced proteolytic cleavage
of IgG. In one aspect, the anti-IgG cleavage fragment
antibodies may be used to restore effector functions
to antibody fragments which retain target specific
binding capability. While having described the
invention in general terms, the embodiments of the
invention will be further disclosed in the following
examples.EXAMPLE 1: CLEAVAGEANALYSIS OF HUMAN IgG
HEAVY CHAIN Proteolysis of human IgG heavy chain by
matrix metalloproteinases, cathepsins, human
neutrophil elastase (HNE), and selected pathogen
enzymes such as staphylococcal glutamyl endopeptidase
(V8 protease), and immunoglobulin degrading enzyme of
streptococcus (IdeS) was studied. A purified
monoclonal antibody comprising a human IgG heavy chain
was contacted with the proteases described and
sampling was conducted over various durations of
contact. Fragmentation in the samples was evaluated
using the Agilent microfluidics "lab-on-a-chip"
technology for in vitro biosizing (Goetz H et al.
Biochemical and Biophysical Methods 60; 281-293,
2004). Antibody Substrates. Monoclonal antibodies were
either fully human, recombinant humanized murine
antibodies or human/murine chimeric antibodies
possessing human constant domains and hinge regions of
the IgGlkappa class/subclass and species: Mabl is a
human IgGl which binds a pathogen, Mab2
(anti-cytokine) is a human/murine chimeric IgGl
antibody possessing human constant regions and hinge
domain, and Mab3 is a CDR-grafted humanized IgGl. All
of the antibodies contain a kappa light chain.
Proteolytic Enzymes and Methods of Testing . Human
pro-MMP-2, MMP-7 and pro-MMP-9 were obtained from
Chemicon International (Temecula, CA) and were
activated by incubation with 1mMp-aminophenylmercuric
acetate (APMA; CalBiochem, San Diego, CA) for 16 hr at
37C prior to use (Marcy et al., 1991). Recombinant
human active MMP- 12 was obtained from R&D Systems.
Recombinant MMP-I was a generous gift from Dr. Hideaki
Nagase. Human pro-MMP-3 was transiently expressed in
HEK cells with a histidine tag in place of the hinge
and hemopexin domains. The pro-MMP-3 variant was
activated by incubation at 55 0C for 25 minutes as
described (Koklitis et al., 1991). Cathepsins B, D, G,
S and proteinase 3 were obtained from Athens Research
& Technology (Athens, GA). The coagulation enzymes
thrombin, F.Xa, F.IXa, F.XIIa and kallekrein, as well
as plasmin and plasminogen, were purchased from Enzyme
Research Laboratories (South Bend, IN).Tissue
plasminogen activator (Activase) was a product of
Genentech (South San Francisco, CA). Streptokinase and
activated protein C were obtained from Sigma (St.
Louis, MO). Staphylokinase was obtained from Affinity
BioReagents (Golden, CO). Staph aureus V8 glutamyl
endopeptidase I was obtained from Pierce Biotechnology
(Rockville, IL). Recombinant immunoglobulin degrading
enzyme of Streptococcus pyogenes (IdeS) was provided
by Dr. Lars Bjorck of the University of Lund (Lund,
Sweden). Proteinase digestions of purified IgGs were
carried out at pH 7.5 in phosphate-buffered saline
(PBS) or, for the metalloproteinases, in Tris-buffered
saline buffer at 37 0C. Calcium chloride was included
in the metalloproteinase reactions at 



ImM for MMP-12 and 10 mM for MMP-3; otherwise no
additives were used. Antibody concentrations were
typically 1 or 2 mg/mL and reactions were initiated by
addition of enzyme to a 1% (w/w) ratio to IgG.
Aliquots (10-20 mL) were removed at indicated times
and the reactions were stopped either by adjustment to
20 mM EDTA (metalloproteinase incubations) or to 1mM
iodoacetamide (cysteine proteinases) or by rapid
freezing. The major proteolytic cleavage positions in
the IgGl hinge were identified for enzyme-generated
fragments by N-terminal sequencing of the purified Fc
fragment (MMP-3 and MMP-12) and/or high resolution
mass spectrometric analyses of the purified Fab
(neutrophil elastase, plasmin) and F(ab')2 (cathepsin
G, glutamyl endopeptidase and IdeS) fragments.
Fragmentation was evaluated using the Agilent
microfluidics "lab-on-a-chip" technology. Results . A
list of proteinases that were examined and the results
of the analysis of the primary products of proteolytic
cleavage of human IgGl is presented in Table 1.
Several enzymes did not fragment IgGl under the
conditions used. Among the active proteinases,
relative specific activities under the conditions
described were: IdeS > MMP-12 > MMP-3, glutamyl
endopeptidase > neutrophil elastase > cathepsin G,
plasmin > MMP-2, MMP-9 > MMP-7. Figure 2 depicts
biosizing analyses of IgG before and during
proteolyticenzyme treatment. MMP-3, gluatamyl
endopeptidase I and IdeS were each observed to cleave
IgGl in a stepwise fashion (Figures 2A, 2B and 2C,
respectively). In each case, an early intermediate of
approximately 135,000 Da was generated which was
subsequently converted to a species of approximately
100,000 Da. A fragment of approximately 35 kDa,
presumably the Fc monomer, was also formed during
these reactions. The molecular weight (35 kDa) gauged
by gel migration is larger than that predicted by the
heavy chain fragment amino acid sequence which would
be 2 11 to 215 residues (between residue 232 and 237
to the 447 residue at the C-terminus of the heavy
chain) but consistent with the fragment containing the
glycosylation site in the CH2 domain. The
disappearance of intact IgG (160,000 Da) occurred over
a period of several hours with MMP-3 and glutamyl
endopeptidase I, and within a minute or less with IdeS
under these conditions. All digestions were carried
out under comparable conditions as described. The 135
kDa intermediate was found to result from a single
proteolytic cleavage in one of the heavy chains in the
lower hinge domain. Under non-denaturing conditions,
the intermediate is indistinguishable from intact IgG
in certain physical properties, such as migration in
size exclusion chromatography (data not shown).
However in SDS gels, and the present microcapillary
electrophoresis system, the cleavage fragment of the
Fc region (CH2-CH3 domains of the heavy chain)
separates from the rest of the structure to reveal the
reduced size intermediate (135 kDa). The size of this
species is consistent with a singly cleaved IgG as
reported by Gearing (2002 supra). Extended incubation
of IgGl with the three enzymes resulted in conversion
of the scIgG intermediate to the F(ab')2 fragment and
Fc. Among the enzymes exhibiting the ability to cleave
IgGl of the different monoclonal IgGl -based
substrates tested, was a consistent finding that the
initial cleavage to the single-cleaved intermediate
was relatively rapid, and extended times were required
for the second cleavage to F(ab')2 to occur. Also
shown in Figure 2D is a digest of Mabl with human
neutrophil elastase (FINE). FINE differed from the
three enzymes above in that it cleaved IgG in the
upper hinge to yield Fab fragment and a corresponding
disulfide-linked Fc dimer.The major proteolytic
cleavage positions in the IgGl hinge were identified
for the purified Fc fragment (MMP-3 and MMP- 12)
and/or high resolution mass spectrometric analyses of
the purified Fab (neutrophil elastase, plasmin) and
F(ab')2 (cathepsin G, glutamyl endopeptidase and IdeS)
fragments. The amino acid sequence of the human IgGl
hinge region is presented in Figure 3, with the
identified positions of enzymatic cleavages indicated.
Extended digestion with proteinases that cleaved in
the upper hinge yielded two Fab fragments; enzymes
that cleaved in the lower hinge (below the core hinge
disulfide bonds) yielded F(ab')2S. 



The dominant site of enzymatic cleavage were
identified or confirmed for each enzyme including
human MMP-3 and -12, human cathepsin G, human HNE,
staphylococcal glutamyl endopeptidase I and
streptococcal IdeS based on analysis of both the
carboxy- and amino-terminal residue in the F(ab')2 or
Fc fragment, respectively (Table 1). Secondary
cleavage sites were observed in some cases during
extended incubations (e.g. cathepsin G and HNE), and
it was uncertain if these are alternative cleavage
sites for the indicated proteinase or the result of
minor, proteinase contaminants in these enzyme
preparations. The MMP- 12 and HNE cleavage sites in
IgG have not been previously reported. For other
proteinases, the identified major IgG cleavage
positions agreed with previously reported results
(Chuba, 1994; Diemel et al, 2005; Gearing et al.,
2002; Vincents et al., 2004; Yamaguchi et al., 1995).
The cleavage positions differ slightly among the
enzymes; with proteolysis occurring after proline-245,
glutamic acid-246 and glycine-249 for MMP-3, V8 and
IdeS, respectively. These differences in cleavage
position do not impact molecular weight as detectable
using the micro-capillary electrophoretic biosizing
system (Agilent Technologies). Longer incubation times
with MMP-3, V8 and IdeS allow the complete conversion
to F(ab')2 fragments. The digestion of IgGl by HNE
differs from the other proteases as it cleaves before
the core hinge disulfides (cysteines 238 and 241) at
histidine 236 to yield a Fab product and disulfide
linked Fc (see Fig. 2D). The cleavage sites are based
on EU numbering and relate to the residues shown in
Fig. 3 and SEQ ID NO: 1 which encompasses from Ser219
through Phe243 of ahuman IgGl class antibody. Several
proteinases cleaved IgGl below the hinge domain, and
yielded F(ab')2 fragments of slightly different
lengths (spanning Ala231 to GIy237) . Many of the
IgG-degrading proteinases characterized in this study
have been reported to be expressed, or to be abundant,
at sites of inflammation (HNE, cathepsin G, MMP- 12),
in the tumor or wound-healing environment (MMP-2,
MMP-3, MMP-7, MMP-9, plasmin), and at sites of
infection (glutamyl endopeptidase, IdeS) (Dollery et
al, 2003; Kilian et al., 1996; Rooijakkers et al.,
2005; Schdnbeck et al., 1999; Shapiro, 1999; Sukhova
et al., 1998; van Kempen et al., 2006; Vincents et
al., 2004)). For many cases, it is unlikely that the
extracellular expression of specific proteinases is
primarily directed toward host IgG; rather, their
elaboration is associated with the physiology of
disease (e.g. matrix metalloproteinases in the tumor
environment). Nevertheless, these in vitro, purified
enzyme/monoclonal antibody degradation studies
indicated that human IgGs are not resistant to a
number of proteinases with potential relevance to
human disease. For enzymes that converted IgGl to
F(ab')2 (the majority), the cleavages were highly
specific and self limiting (unlike pepsin digestion
that reduces the Fc domain to small peptides). With
the exception of IdeS, the rates of IgGl cleavage with
most of these extracellular proteinases were generally
slower than that seen with pepsin under its optimal
conditions (e.g. pH 4.0). Proteolytic fragmentation to
F(ab')2 proceeded via single-cleaved intermediates in
a two-step process. The single-cleaved intermediate of
IgGl was previously proposed as a possible
intermediate during digestion of IgGs with MMP-3
(Gearing et al., 2002) and with IdeS (Vincents et al.,
2004). In the present studies, it was consistently
observed that the first cleavage to the single-cleaved
intermediate occurred relatively rapidly compared to
the second, slower cleavage that yields F(ab')2. The
studies reported here focused on IgGl because it is
the predominant isotype of IgG in human circulation. A
limited number of other human isotype experiments were
carried out to determine relative susceptibilities to
MMP-3 and IdeS. In these it was observed that IgG4 was
comparable in susceptibility to IgGl, whereas IgG2 and
IgG3 were more resistant under these conditions (data
not shown). Comparable investigations of IgA, IgM,
IgE, IgD degradation were not done.All of the
information is summarized in Table 1, where
"Coagulation proteinases" included F.XIIa, FIXa, F.Xa,
thrombin and activated protein C; plasmin was
plasminogen co-incubated with plasminogen activators;
tPA, streptokinase and staphylokinase; "plasminogen
activators alone" are without plasminogen; and the
MMPs were recombinant proteinases obtained either as
the active form or the pro 



enzyme as detailed in the Materials; and "None"
denotes no detectable cleavage in 24 hours. Except
where indicated all enzymes where human. The residue
designations are for the EU numbering system for the
IgGl antibody heavy chain where the 25 residues of SEQ
ID NO: 1 correspond to residues 219 through 243 of the
complete mature heavy chain. Table 1.A COMPOSITION
USEFUL IN THE CATALYTIC HYDROPROCESSING OF HYDROCARBON
FEEDSTOCKS, A METHOD OF MAKING SUCH CATALYST, AND A
PROCESS OF USING SUCH CATALYST This invention relates
to an oil-impregnated composition, a method of making
such a composition, and its use in the catalytic
hydroprocessing of hydrocarbon feedstocks . A s a
result of the recently reduced requirements on the
sulfur concentration limits for diesel fuels, there
has been a great effort by those in industry to find
new hydrotreating catalyst formulations and products
that may be used in the manufacture of low-sulfur
diesel and other products. One catalyst taught by the
art for use in the hydrotreating of certain
hydrocarbon feedstocks so as to meet some of the more
stringent sulfur regulations is disclosed in U . S .
Patent 5,338,717. In this patent, a hydrotreating
catalyst is disclosed that is made by impregnating a
Group V I (Mo and/or W ) heteropolyacid onto a support
followed by treating the impregnated support with an
aqueous solution of a reducing agent that may be dried
and thereafter impregnated with a Group VIII (Co
and/or Ni) metal salt of an acid having an acidity of
less than that of the Group V I heteropolyacid. This
impregnated support is then dried and sulfided to
provide a final catalyst. The catalyst composition
disclosed in the 717 patent may also be made by
impregnating a support with both the Group VIII metal
salt and the Group V I heteropolyacid followed by
drying and then treating with a reducing agent, drying
again, and sulfiding to form the final catalyst.
Another catalyst useful in the deep
hydrodesulfurization and other methods of
hydrotreating hydrocarbon feedstocks and a method of
making such catalyst and its activation are disclosed
in U . S . Patent 6,872,678. The catalyst of the
678patent includes a carrier upon which a Group VIB
hydrogenation metal component and/or a Group VIII
hydrogenation metal component and a sulfur-containing
organic compound additive are incorporated and further
which has been contacted with a petroleum fraction
organic liquid. The catalyst is treated with hydrogen
either simultaneously with or after the incorporation
of the organic liquid (petroleum fraction) . In U . S
. Patent 6,509,291 is disclosed a catalyst and a
process for sulfiding a catalyst composition that
comprises a hydrogenation metal component of either a
Group V I metal or a Group VIII metal, or both, and a
sulfur-containing organic additive and which has first
been contacted with an organic liquid (petroleum
fraction) before being sulfided. The organic liquid
ensures that the catalyst is able to withstand the
treatment conditions prevailing during the actual
sulfidation step. The sulfidation is done by
contacting the additive-containing catalyst that has
first been contacted 



with the organic liquid with gaseous hydrogen and a
sulfurcontaining compound that is either H2S and/or a
compound that is decomposable into H2S to provide the
sulfided catalyst. U . S . Patent 6,329,314 discloses
a process for the activation of a hydroconversion
catalyst that contains a Group VIII metal component
and optionally a Group V I metal component by
impregnating the catalyst with liquid phase petroleum
fraction, a thionic compound and a nitrogenous
compound under certain specified conditions. Many of
the prior art hydrotreating catalysts contain
additives in order to impart certain beneficial
properties, and they often will have incorporated into
them hydrocarbon oil prior to their activation by
contacting with a sulfur compound. There is an ongoing
need to find improved higher activity hydrotreating
catalysts, and it can be particularlyadvantageous to
find hydrotreating catalysts that do not require the
use of the aforementioned additives in order to
provide enhanced catalytic properties. There is also a
need to find more economical manufacturing methods and
improved methods of activating hydrotreating catalysts
so as to provide catalysts having better activity than
catalysts activated by alternative methods .
Accordingly, provided is a composition that comprises
a support material containing a metal component of a
metal salt solution and hydrocarbon oil . Another
embodiment of the inventive composition comprises a
support material that is loaded with an active metal
precursor and hydrocarbon oil, wherein said support is
thereafter treated with hydrogen. And yet, another
embodiment of the inventive composition comprises a
dried metal-impregnated support material, wherein said
dried metal-impregnated support material has a
volatiles content in the range of from 3 to 20 wt. %
LOI, and wherein into said dried metal-impregnated
support material is impregnated with hydrocarbon oil .
The aforedescribed inventive compositions may be made
by one of several embodiments of the inventive method
with one such embodiment comprising incorporating a
metal-containing solution into a support material to
provide a metalincorporated support material; and
incorporating hydrocarbon oil into said
metal-incorporated support material to provide an
oil-incorporated composition. Another embodiment of
the inventive method comprises impregnating a support
material with a metal-containing solution to provide a
metalimpregnated support material; drying said
metal-impregnated support material to remove therefrom
at least a portion of volatiles contained in said
metal-impregnated support material so as to provide a
dried metal-impregnated support material having a
volatiles content in the range of from 3 to20 wt. %
LOI; and incorporating hydrocarbon oil into said dried
metal-impregnated support material so as to fill a
significant portion of its pore volume with said
hydrocarbon oil to provide an oil-impregnated
composition. FIG.l presents two plots of the weighted
average bed temperature (WABT) required for the
hydrodesulfurization of a distillate feedstock to
yield a low sulfur distillate product having a 10 ppmw
sulfur concentration with one plot representing the
result of using the hydrocarbon oilimpregnated 



composition of the invention after its hydrogen
treatment and sulfiding, and the other plot
representing the result of using a similar composition
to that of the hydrocarbon oil-impregnated
composition, but which was not impregnated with
hydrocarbon oil, after its hydrogen treatment and
sulfiding. The composition of the invention is one
which is particularly useful in the catalytic
hydroprocessing of petroleum or other hydrocarbon
feedstocks, or the composition of the invention is one
which is convertible by the treatment with hydrogen or
a sulfur compound, or both, into a catalyst
composition having particularly good catalytic
properties in the hydroprocessing of hydrocarbon
feedstocks. It is a significant aspect of the
inventive composition that the use of many of the
typical prior art additives is not required in order
to provide certain catalytic properties including a
suitably high activity. Another beneficial feature of
the invention is that the composition does not need to
be calcined or to have sulfur added to it prior to its
placement into a reactor vessel or within a reactor
system for use in the hydrodesulfurization of a
hydrocarbon feedstock. This feature provides the
particular benefit of significantly reducing certain
costs that are associated with manufacturing and
treatment of the composition, and it allows for the
useof in situ activation methods that yield a catalyst
composition which exhibits significantly improved
hydrodesulfurization catalytic activity over certain
other hydrodesulfurization catalyst compositions. The
composition of the invention further allows for an
improved procedure in the start-up of
hydrodesulfurization reactor systems . The composition
of the invention includes a support material that has
incorporated therein or is loaded with a metal
component, which is or can be converted to a metal
compound that has activity towards the catalytic
hydrogenation of organic sulfur compounds or,
otherwise, has application in the hydrodesulfurization
of hydrocarbon feedstocks. This support material that
contains the metal component further has incorporated
therein hydrocarbon oil to thereby provide the
hydrocarbon oil-impregnated composition of the
invention. The support material of the inventive
composition can comprise any suitable inorganic oxide
material that is typically used to carry catalytically
active metal components. Examples of possible useful
inorganic oxide materials include alumina, silica,
silica-alumina, magnesia, zirconia, boria, titania and
mixtures of any two or more of such inorganic oxides.
The preferred inorganic oxides for use in the
formation of the support material are alumina, silica,
silica-alumina and mixtures thereof. Most preferred,
however, is alumina. In the preparation of various
embodiments of the inventive composition, the metal
component of the composition may be incorporated into
the support material by any suitable method or means
that provides the support material that is loaded with
an active metal precursor, thus, the composition
includes the support material and a metal component.
One 



method of incorporating the metal component into the
supportmaterial, includes, for example, co-mulling the
support material with the active metal or metal
precursor to yield a co-mulled mixture of the two
components. Or, another method includes the
co-precipitation of the support material and metal
component to form a co-precipitated mixture of the
support material and metal component. Or, in a
preferred method, the support material is impregnated
with the metal component using any of the known
impregnation methods such as incipient wetness to
incorporate the metal component into the support
material . When using the impregnation method to
incorporate the metal component into the support
material, it is preferred for the support material to
be formed into a shaped particle comprising an
inorganic oxide material and thereafter loaded with an
active metal precursor, preferably, by the
impregnation of the shaped particle with an aqueous
solution of a metal salt to give the support material
containing a metal of a metal salt solution. To form
the shaped particle, the inorganic oxide material,
which preferably is in powder form, is mixed with
water and, if desired or needed, a peptizing agent
and/or a binder to form a mixture that can be shaped
into an agglomerate. It is desirable for the mixture
to be in the form of an extrudable paste suitable for
extrusion into extrudate particles, which may be of
various shapes such as cylinders, trilobes, etc and
nominal sizes such as 1/16", 1/8", 3/16", etc. The
support material of the inventive composition, thus,
preferably, is a shaped particle comprising an
inorganic oxide material. The shaped particle is then
dried under standard drying conditions that can
include a drying temperature in the range of from 50
0C to 200 0C , preferably, from 75 0C to 175 0C , and,
most preferably, from 90 0C to 150 0C . After drying,
the shaped particle is calcined under standard
calcinationconditions that can include a calcination
temperature in the range of from 250 0C to 900 0C ,
preferably, from 300 0C to 800 0C , and, most
preferably, from 350 0C to 600 0C . The calcined
shaped particle can have a surface area (determined by
the BET method employing N2, ASTM test method D 3037)
that is in the range of from 50 m2/g to 450 m2/g,
preferably from 75 m2/g to 400 m2/g, and, most
preferably, from 100 m2/g to 350 m2/g. The mean pore
diameter in angstroms (A) of the calcined shaped
particle is in the range of from 50 to 200,
preferably, from 70 to 150, and, most preferably, from
75 to 125. The pore volume of the calcined shaped
particle is in the range of from 0.5 cc/g to 1.1 cc/g,
preferably, from 0.6 cc/g to 1.0 cc/g, and, most
preferably, from 0.7 to 0.9 cc/g. Less than ten
percent (10%) of the total pore volume of the calcined
shaped particle is contained in the pores having a
pore diameter greater than 350 A , preferably, less
than 7.5% of the total pore volume of the calcined
shaped particle is contained in the pores having a
pore diameter greater than 350 A , and, most
preferably, less than 5 % . The references herein to
the pore size distribution and pore volume of the
calcined shaped particle are to those properties as
determined by mercury intrusion porosimetry, 



ASTM test method D 4284. The measurement of the pore
size distribution of the calcined shaped particle is
by any suitable measurement instrument using a contact
angle of 140 with a mercury surface tension of 474
dyne/cm at 25 0C . In a preferred embodiment of the
invention, the calcined shaped particle is impregnated
in one or more impregnation steps with a metal
component using one or more aqueous solutions
containing at least one metal salt wherein the metal
compound of the metal solution is an active metal or
active metal precursor. The metal elements are those
selectedfrom Group 6 of the IUPAC Periodic Table of
the elements (e.g., chromium (Cr), molybdenum (Mo),
and tungsten (W)) and Groups 9 and 10 of the IUPAC
Periodic Table of the Elements (e.g., cobalt (Co) and
nickel (Ni)). Phosphorous (P) is also a desired metal
component. For the Group 9 and 10 metals, the metal
salts include Group 9 or 10 metal acetates, formats,
citrates, oxides, hydroxides, carbonates, nitrates,
sulfates, and two or more thereof. The preferred metal
salts are metal nitrates, for example, such as
nitrates of nickel or cobalt, or both. For the Group 6
metals, the metal salts include Group 6 metal oxides
or sulfides . Preferred are salts containing the Group
6 metal and ammonium ion, such as ammonium
heptamolybdate and ammonium dimolybdate. The
concentration of the metal compounds in the
impregnation solution is selected so as to provide the
desired metal content in the final composition of the
invention taking into consideration the pore volume of
the support material into which the aqueous solution
is to be impregnated and the amount of hydrocarbon oil
to be incorporated into the support material that is
loaded with a metal component. Typically, the
concentration of metal compound in the impregnation
solution is in the range of from 0.01 to 100 moles per
liter. The metal content of the support material
having a metal component incorporated therein may
depend upon the application for which the hydrocarbon
oil-impregnated composition of the invention is to be
used, but, generally, for hydroprocessing
applications, the Group 9 and 10 metal component,
i.e., cobalt or nickel, preferably, nickel, can be
present in the support material having a metal
component incorporated therein in an amount in the
range of from 0.5 wt. % to 20 wt. % , preferably from
1 wt . % to 15 wt. % , and, most preferably, from 2 wt
. % to 12 wt . % ; and the Group 6 metal component,
i.e., molybdenum or tungsten, preferably,molybdenum,
can be present in the support material having a metal
component incorporated therein in an amount in the
range of from 5 wt . % to 50 wt. % , preferably from 8
wt . % to 40 wt. % , and, most preferably, from 12 wt.
% to 30 wt. % . The above-referenced weight percents
for the metal components are based on the dry support
material and the metal component as the element
regardless of the actual form of the metal component .
To provide the hydrocarbon oil-impregnated composition
of the invention, a suitable hydrocarbon oil is
incorporated into the support material that also has
incorporated therein, as described above, the active
metal precursor. The hydrocarbon oil is used to fill a
significant portion of the pore volume of the pores of
the support material, which is 



already loaded with the active metal precursor, to
thereby provide a composition that comprises a support
material containing a metal component and hydrocarbon
oil, that may be installed, as is, into a reactor
vessel or within a reactor system that is to undergo a
start-up procedure in preparation of or prior to the
introduction of a sulfiding feed that can include a
sulfiding agent or a hydrocarbon feedstock containing
a concentration of an organic sulfur compound. It is a
significant aspect of the invention that the support
material loaded with an active metal precursor is not
calcined or sulfided prior to its loading into a
reactor vessel or system for ultimate use as a
hydrodesulfurization catalyst but that it can be
sulfided, in situ, in a delayed feed introduction
start-up procedure, as hereinafter more fully
described. Moreover, it has been determined that an
improvement in catalytic activity is obtainable when,
prior to hydrogen treatment and sulfiding, the support
material loaded with the active metal precursor is
filled with hydrocarbon oil. Thus, not only are
certain economic benefitsrealized by eliminating, or
at least not incurring, the costs associated with
calcination and sulfidation of the catalyst prior to
its delivery and use, but also a more active catalyst
is obtained. It has been found that the support
material, loaded with an active metal precursor, that
has been impregnated with a hydrocarbon oil followed
by treatment with hydrogen and, thereafter, with a
sulfur compound provides a hydrotreating catalyst
having a greater hydrodesulfurization activity than
the support material, loaded with an active metal
precursor, but which has not been impregnated with a
hydrocarbon oil prior to hydrogen treatment followed
by sulfur treatment. While the reason for this
improvement in activity is not known with certainty,
it is theorized that the presence of the hydrocarbon
oil during the heating-up of the hydrocarbon
oil-impregnated composition in the presence of
hydrogen gas protects the active catalyst sites from
reacting with the hydrogen thereby preventing active
phase degradation and sintering that cause activity
loss. The hydrocarbon oil used to fill the pores of
the support material loaded with an active metal
precursor can be any suitable hydrocarbon compound or
mixture of compounds that provides for the benefits as
described herein. Because the hydrogen treatment of
the support material that is loaded with an active
metal precursor and which is filled or impregnated
with the hydrocarbon oil includes exposure thereof to
a gaseous atmosphere containing hydrogen at a
temperature ranging upwardly to 250 0C , to obtain the
maximum benefit from the impregnation with the
hydrocarbon oil, its boiling temperature should be
such that it predominantly remains in the liquid phase
at the contacting temperature of the
hydrogen-containing gaseous atmosphere during
treatment therewith. In terms of boiling temperature
range, thehydrocarbon oil generally should includes
hydrocarbons having a boiling temperature in the range
of from 100 0C to 550 0C and, preferably, from 150 0C
to 500 0C . Possible suitable hydrocarbon oils for
impregnation or incorporation into the support
material loaded with an active metal precursor can 



include crude oil distillate fractions, such as, for
example, heavy naphtha, containing hydrocarbons
boiling, perhaps, in the range of from 100 0C to 210
0C , kerosene, diesel, and gas oil. Among these
distillate fractions, diesel is the preferred
hydrocarbon oil, which typically includes hydrocarbons
having a boiling temperature in the range of from 170
0C to 350 0C . The hydrocarbon oils that are
particularly suitable for use in filling the pores of
the support material containing a metal component
include olefin compounds that are liquid at the
elevated contacting temperature of the
hydrogencontaining gaseous atmosphere during treatment
therewith. The desirable olefins for use as the
hydrocarbon oil or a portion thereof are those olefin
compounds having a carbon number greater than 12 and,
generally, having a carbon number in the range of from
12 to 40 carbons. It is preferred for the olefin
compounds for use as the hydrocarbon oil to be those
having from 14 to 38 carbons, and, most preferably,
the carbon number is in the range of from 16 to 36
carbons. The olefins may be in an admixture with
non-olefinic hydrocarbons, such as alkanes or aromatic
solvents or any of the above-referenced petroleum
distillate fractions, such as, heavy naphtha,
kerosene, diesel, and gas oil. In general, the olefin
content of any hydrocarbon oil having an olefin
content is above 5 wt . % , and, in certain instances,
it can be desirable for the hydrocarbon oil to have an
olefin content exceeding 10 wt . % , and even
exceeding 30 wt . % . The olefin compounds may include
monoolefins or they may includeolefins with multiple
carbon double bonds. Particularly desirable olefins
for use as the hydrocarbon oil of the invention are
alpha-olef ins, which are monoolefins with the carbon
double bound being located at the alpha carbon of the
carbon chain of the olefin compound. An especially
preferred hydrocarbon oil is a mixture of alpha olefin
hydrocarbon molecules that have from 18 to 30 carbon
atoms per molecule. A particularly important aspect of
the invention is for the support material having a
metal component incorporated therein to be uncalcined
and non-sulfided when it is impregnated with the
hydrocarbon oil. Cost savings in the preparation of
the composition are realized by not having to perform
the calcination or sulfidation steps. But, moreover,
it has been found that, when the hydrocarbon
oil-impregnated composition is further subjected to a
hydrogen treatment and sulfur treatment, the resulting
catalyst composition exhibits enhanced catalytic
activity. Before the incorporation of the hydrocarbon
oil into the support material having a metal component
incorporated therein, particularly when the metal
component is added to the support material by
impregnation using an aqueous solution of a metal salt
(metal-impregnated support material), it is important
for this metal-impregnated support material to be
dried so as to remove at least a portion of the
volatile liquid contained within the pores of the
support material so as to provide pore volume that can
be filled with the hydrocarbon oil. The
metal-impregnated support material, thus, is dried
under drying conditions that include a drying
temperature that is less than a calcination 



temperature . It is an important feature of the
invention that the drying temperature under which the
drying step is conducted does not to exceed a
calcination temperature. Thus, the drying temperature
should not exceed 400 0C , and, preferably, thedrying
temperature at which the metal-impregnated support
material is dried does not exceed 300 0C , and, most
preferably, the drying temperature does not exceed 250
0C . It is understood that the drying step will, in
general, be conducted at lower temperatures than the
aforementioned temperatures, and, typically, the
drying temperature will be conducted at a temperature
in the range of from 60 0C to 150 0C . The drying of
the metal-impregnated support material is preferably
controlled in a manner so as to provide the resulting
dried metal-impregnated support material having a
volatiles content that is in particular range. The
volatiles content of the dried metal-impregnated
support material should be controlled so that it does
not exceed 20 wt. % LOI. The LOI, or loss on ignition,
is defined as the percentage weight loss of the
material after its exposure to air at a temperature of
482 0C for a period of two hours, which can be
represented by the following formula: (sample weight
before exposure less sample weight after exposure)
multiplied by 100 and divided by (sample weight before
exposure) . It is preferred for the LOI of the dried
metal-impregnated support material to be in the range
of from 1 wt . % to 20 wt. % , and, most preferred,
from 3 wt .% to 15 wt . % . The dried metalimpregnated
support material is further impregnated with the
hydrocarbon oil as earlier described herein. The
hydrocarbon oil-impregnated composition of the
invention may be treated, either ex situ or in situ,
with hydrogen and with a sulfur compound, and, indeed,
it is one of the beneficial features of the invention
that it permits the shipping and delivery of a
non-sulfurized composition to a reactor in which it
can be activated, in situ, by a hydrogen treatment
step followed by a sulfurization step. A s earlier
mentioned, the hydrocarbon oil-impregnatedcomposition
can first undergo a hydrogen treatment that is then
followed with treatment with a sulfur compound. The
hydrogen treatment includes exposing the hydrocarbon
oil-impregnated composition to a gaseous atmosphere
containing hydrogen at a temperature ranging upwardly
to 250 0C . Preferably, the hydrocarbon
oil-impregnated composition is exposed to the hydrogen
gas at a hydrogen treatment temperature in the range
of from 100 0C to 225 0C , and, most preferably, the
hydrogen treatment temperature is in the range of from
125 0C to 200 0C . The partial pressure of the
hydrogen of the gaseous atmosphere used in the
hydrogen treatment step generally can be in the range
of from 1 bar to 70 bar, preferably, from 1.5 bar to
55 bar, and, most preferably, from 2 bar to 35 bar.
The hydrocarbon oil-impregnated composition is
contacted with the gaseous atmosphere at the
aforementioned temperature and pressure conditions for
a hydrogen treatment time period in the range of from
0.1 hours to 100 hours, and, preferably, the hydrogen
treatment time period is from 1 hour to 50 hours, and
most preferably, from 2 hours to 30 hours. 



Sulfiding of the hydrocarbon oil-impregnated
composition after it has been treated with hydrogen
can be done using any conventional method known to
those skilled in the art. Thus, the hydrogen treated
hydrocarbon oil-impregnated composition can be
contacted with a sulfur-containing compound, which can
be hydrogen sulfide or a compound that is decomposable
into hydrogen sulfide, under the contacting conditions
of the invention. Examples of such decomposable
compounds include mercaptans, CS2, thiophenes,
dimethyl sulfide (DMS) , and dimethyl disulfide (DMDS)
. Also, preferably, the sulfiding is accomplished by
contacting the hydrogen treated composition, under
suitable sulfurization treatment conditions, with a
hydrocarbon feedstock that contains a concentration of
asulfur compound. The sulfur compound of the
hydrocarbon feedstock can be an organic sulfur
compound, particularly, one which is typically
contained in petroleum distillates that are processed
by hydrodesulfurization methods. Suitable
sulfurization treatment conditions are those which
provide for the conversion of the active metal
components of the hydrogen treated hydrocarbon
oilimpregnated composition to their sulfided form.
Typically, the sulfiding temperature at which the
hydrogen treated hydrocarbon oil-impregnated
composition is contacted with the sulfur compound is
in the range of from 150 0C to 450 0C , preferably,
from 175 0C to 425 0C , and, most preferably, from 200
0C to 400 0C . When using a hydrocarbon feedstock that
is to be hydrotreated using the catalyst composition
of the invention to sulfide the hydrogen treated
composition, the sulfurization conditions can be the
same as the process conditions under which the
hydrotreating is performed. The sulfiding pressure at
which the hydrogen treated hydrocarbon oil-impregnated
composition is sulfided generally can be in the range
of from 1 bar to 70 bar, preferably, from 1.5 bar to
55 bar, and, most preferably, from 2 bar to 35 bar. A
s noted above, one of the benefits provided by the
hydrocarbon oil-impregnated composition of the
invention is that it can be utilized in a reactor
system that is started up using a so-called delayed
feed introduction procedure. In the delayed feed
introduction procedure, the reactor system, which
includes a reactor vessel containing the hydrocarbon
oil-impregnated composition, first undergoes a heating
step to raise the temperature of the reactor and the
hydrocarbon oil-impregnated composition contained
therein in preparation for the introduction of a
sulfiding agent or heated hydrocarbon feedstock for
processing. This heating step includes introducing
into the reactor the hydrogen-containinggas at the
aforementioned hydrogen treatment conditions. After
the hydrogen treatment of the hydrocarbon
oilimpregnated composition, it is thereafter treated
with a sulfur compound in the manner as earlier
described herein. It has been found that the
hydrocarbon oil-containing composition, after
undergoing the hydrogen treatment followed by
treatment with a sulfur compound, exhibits a greater
catalytic activity toward hydrodesulfurization of a
distillate feedstock than do other similar, but
non-oil impregnated, compositions. A s discussed
earlier herein, it is theorized that the presence of
the hydrocarbon oil contained 



in the pores of the support material having
incorporated therein a metal component serves to
protect the active catalytic sites from contact and
reaction with hydrogen during the hydrogen treatment
and thereby preventing degradation and sintering that
cause activity loss. It is recognized that the
hydrocarbon oil-impregnated composition of the
invention, after its treatment with hydrogen and
sulfur, is a highly effective catalyst for use in the
hydrotreating of hydrocarbon feedstocks. This catalyst
is particularly useful in applications involving the
hydrodesulfurization of hydrocarbon feedstocks, and,
especially, it has been found to be an excellent
catalyst for use in the hydrodesulfurization of
distillate feedstocks, in particular, diesel, to make
an ultra-low sulfur distillate product having a sulfur
concentration of less than 15 ppmw, preferably, less
than 10 ppmw, and, most preferably, less than 8 ppmw .
In the hydrotreating applications, the hydrocarbon
oilimpregnated composition, preferably used in a
delayed feed introduction procedure or otherwise
treated with hydrogen and sulfur, as described above,
is contacted under suitable hydrodesulfurization
conditions with a hydrocarbon feedstockthat typically
has a concentration of sulfur. The more typical and
preferred hydrocarbon feedstock is a petroleum middle
distillate cut having a boiling temperature at
atmospheric pressure in the range of from 140 0C to
410 0C . These temperatures are approximate initial
and boiling temperatures of the middle distillate.
Examples of refinery streams intended to be included
within the meaning of middle distillate include
straight run distillate fuels boiling in the
referenced boiling range, such as, kerosene, jet fuel,
light diesel oil, heating oil, heavy diesel oil, and
the cracked distillates, such as FCC cycle oil, coker
gas oil, and hydrocracker distillates . The preferred
feedstock of the inventive distillate
hydrodesulfurization process is a middle distillate
boiling in the diesel boiling range of from about 140
0C to 400 0C . The sulfur concentration of the middle
distillate feedstock can be a high concentration, for
instance, being in the range upwardly to about 2
weight percent of the distillate feedstock based on
the weight of elemental sulfur and the total weight of
the distillate feedstock inclusive of the sulfur
compounds. Typically, however, the distillate
feedstock of the inventive process has a sulfur
concentration in the range of from 0.01 wt .% (100
ppmw) to 1.8 wt .% (18,000) . But, more typically, the
sulfur concentration is in the range of from 0.1 wt .%
(1000 ppmw) to 1.6 wt .% (16,000 ppmw), and, most
typically, from 0.18 wt .% (1800 ppmw) to 1.1 wt .%
(11,000 ppmw). It is understood that the references
herein to the sulfur content of the distillate
feedstock are to those compounds that are normally
found in a distillate feedstock or in the
hydrodesulfurized distillate product and are chemical
compounds that contain a sulfur atom and which
generally include organosulfur compounds .The
hydrocarbon oil-impregnated composition of the
invention may be employed as a part of any suitable
reactor system that provides for contacting it or its
derivatives 



with the distillate feedstock under suitable
hydrodesulfurization conditions that may include the
presence of hydrogen and an elevated total pressure
and temperature. Such suitable reaction systems can
include fixed catalyst bed systems, ebullating
catalyst bed systems, slurried catalyst systems, and
fluidized catalyst bed systems. The preferred reactor
system is that which includes a fixed bed of the
inventive catalyst contained within a reactor vessel
equipped with a reactor feed inlet means, such as a
feed nozzle, for introducing the distillate feedstock
into the reactor vessel, and a reactor effluent outlet
means, such as an effluent outlet nozzle, for
withdrawing the reactor effluent or the treated
hydrocarbon product or the ultra-low sulfur distillate
product from the reactor vessel. The
hydrodesulfurization process generally operates at a
hydrodesulfurization reaction pressure in the range of
from 689.5 kPa (100 psig) to 13,789 kPa (2000 psig) ,
preferably from 1896 kPa (275 psig) to 10,342 kPa
(1500 psig), and, more preferably, from 2068.5 kPa
(300 psig) to 8619 kPa (1250 psig) . The
hydrodesulfurization reaction temperature is generally
in the range of from 200 0C (392 0F ) to 420 0C (788
0F), preferably, from 260 0C (500 0F ) to 400 0C (752
0F), and, most preferably, from 320 0C (608 0F ) to
380 0C (716 0F ) . It is recognized that one of the
unexpected features of the use of the inventive
hydrocarbon oil-impregnated composition of the
invention is that, in a delayed feed introduction
application, the resultant catalyst has a
significantly higher catalytic activity than certain
other alternative catalyst compositions, and, thus, it
will, in general,provide for comparatively lower
required process temperatures for a given amount of
desulfurization . The flow rate at which the
distillate feedstock is charged to the reaction zone
of the inventive process is generally such as to
provide a liquid hourly space velocity (LHSV) in the
range of from 0.01 hr 1 to 10 hr 1 . The term "liquid
hourly space velocity", as used herein, means the
numerical ratio of the rate at which the distillate
feedstock is charged to the reaction zone of the
inventive process in volume per hour divided by the
volume of catalyst contained in the reaction zone to
which the distillate feedstock is charged. The
preferred LHSV is in the range of from 0,05 hr 1 to 5
hr 1 , more preferably, from 0.1 hr~l to 3 hr 1 . and,
most preferably, from 0.2 hr l to 2 hr 1 . It is
preferred to charge hydrogen along with the distillate
feedstock to the reaction zone of the inventive
process. In this instance, the hydrogen is sometimes
referred to as hydrogen treat gas . The hydrogen treat
gas rate is the amount of hydrogen relative to the
amount of distillate feedstock charged to the reaction
zone and generally is in the range upwardly to 1781
m3/m3 (10,000 SCF/bbl) . It is preferred for the treat
gas rate to be in the range of from 89 rnVm3 (500
SCF/bbl) to 1781 m3/m3 (10,000 SCF/bbl), more
preferably, from 178 m3/m3 (1,000 SCF/bbl) to 1602
m3/m3 (9,000 SCF/bbl), and, most preferably, from 356
m3/m3 (2,000 SCF/bbl) to 1425 m3/m3 (8,000 SCF/bbl). 



The desulfurized distillate product yielded from the
process of the invention has a low or reduced sulfur
concentration relative to the distillate feedstock. A
particularly advantageous aspect of the inventive
process is that it is capable of providing a deeply
desulfurized diesel product or an ultra-low sulfur
diesel product. A s already noted herein, the low
sulfur distillate product can have asulfur
concentration that is less than 50 ppmw or any of the
other noted sulfur concentrations as described
elsewhere herein (e.g., less than 15 ppmw, or less
than 10 ppmw, or less than 8 ppmw) . The following
examples are presented to further illustrate certain
aspects of the invention, but they are not to be
construed as limiting the scope of the invention.
EXAMPLE 1 This example describes the preparation of
the hydrocarbon oil-impregnated composition of the
invention and the non-oil impregnated composition.
Non-oil impregnated composition An amount of dried and
calcined standard alumina 1.3 mm trilobe extrudate was
impregnated with a nickel/molybdenum/phosphorous
containing impregnation solution. This impregnation
solution was an aqueous solution made by dissolving
nickel oxide (NiO) , molybdenum trioxide (M0O3) and
phosphoric acid in de-ionized water with heating and
stirring. A volume of the impregnation solution was
used to fill the pores of the extrudate so as to load
it with 4.2 wt% nickel, 18.5 wt% molybdenum, and 3.3
wt% phosphorous, with the weight percents being on a
dry basis. The impregnated extrudate was allowed to
age for two hours, and, then, it was dried in air at
100 0C to reduce the volatiles therein to a content of
7.3 wt% to provide the non-oil impregnated
composition. Hydrocarbon oil-impregnated composition
The hydrocarbon oil-impregnated composition was made
by impregnating an amount of the non-oil impregnated
composition, as described above, with a volume of
alpha olefinic oil, containing alpha olefins having
from 18 to 30 carbon atoms, and having a density of
0.7 9 gm/cc. Approximately 90 % of the pore volume of
the non-oil impregnated composition was filledwith the
alpha olefinic oil. The alpha olefinic oil, having a
temperature in the range of from 100 to 110 0C , was
impregnated into the non-oil impregnated composition,
which had been pre heated to about 85 0C , to provide
the hydrocarbon oilimpregnated composition. EXAMPLE 2
This example describes the procedure used to treat the
hydrocarbon oil-impregnated and the non-oil
impregnated compositions of Example 1 , and it
presents performance results from their use in the
hydrodesulfurization of a diesel feedstock. Trickle
flow micro-reactors were used to test the
hydrodesulfurization activity of the hydrocarbon
oilimpregnated and non-oil impregnated compositions
described in Example 1 . A 50 cc volume, based on
compacted bulk density of whole pellets, of each
composition was used in the testing. The reactors were
packed with extrudates of each composition, 



which were diluted with 80-60 mesh SiC in the
volumetric composition-to-diluent ratio of 1:2.8. The
compositions were conditioned and sulfided using a
delayed-feed introduction procedure whereby the
composition was first heated up and conditioned by
contacting it with pure hydrogen at the operating
pressure and at a temperature in the range of from 149
0C (300 0F ) to 204 0C (400 0F ) for a time period of
about 12 hours. Following this hydrogen treatment, the
composition was sulfided using a liquid hydrocarbon
containing DMDS to provide a sulfur content of 2.5%.
The activity of the compositions were tested by
charging the reactor with a blended feedstock of a
diesel boiling range having the distillation
properties (per ASTM test D-2287) that are presented
in Table 1 . The feedstock had a sulfur content of 1.8
wt.%, and it was charged to the reactor, which was
operated at a pressure of 1075 psig, at arate so as to
provide a liquid hourly space velocity (LHSV) of 0.86
hr 1 . The hydrogen gas rate charged to the reactor
was 4,500 scf H2/bbl. The weight average bed
temperature (WABT) was adjusted to provide a treated
product having a sulfur content that was 10 ppmw.
FIG.l presents the results of the testing with plots
of the WABT as a function of run length (in hours) for
the nonoil impregnated composition and for the
hydrocarbon oilimpregnated composition. It can be
observed from these plots that the hydrocarbon
oil-impregnated composition exhibits a significantly
better hydrodesulfurization catalytic activity than
does the non-oil impregnated composition by requiring
a much lower temperature to achieve the specified
sulfur reduction of the feedstock. The also show that
the hydrocarbon oil-impregnated composition exhibits
good catalytic stability over time. Table 1 -
Distillation (D-2287) of Diesel Feedstock With 1.8 wt.
% SulfurC L A I M S 1 . A composition, comprising: a
support material containing a metal component of a
metal salt solution and hydrocarbon oil, wherein said
hydrocarbon oil comprises hydrocarbons having a
boiling temperature in the range of from 100 0C to 550
0C and can be selected from hydrocarbon mixtures of
the group consisting of heavy naphtha, kerosene,
diesel, gas oil, olefins having carbon numbers in the
range of from 12 to 40 carbons, mixtures of alpha
olefins having carbon numbers in the range of from 18
to 30. 2 . A composition as recited in claim 1 ,
wherein said support material containing said metal
component of said metal salt solution and said
hydrocarbon oil is further treated with hydrogen, and
wherein said treatment with hydrogen is conducted at a
hydrogen treatment temperature in the range upwardly
to 250 0C , in a gaseous atmosphere having a hydrogen
partial pressure in the range of from 1 bar to 70 bar,
and for a hydrogen treatment time period in the range
of from 0.1 hours to 100 hours. 3 . A composition as
recited in claim 2 , wherein said support material
containing said metal component of said metal salt
solution and said hydrocarbon oil that is further
treated with hydrogen is further treated with a sulfur



compound, and wherein said treatment with a sulfur
compound is conducted by contacting said support
material containing said metal component of said metal
salt solution and said hydrocarbon oil that is further
treated with hydrogen with a sulfur-containing
compound under contacting conditions that include a
sulfiding temperature in the range of from 150 0C to
450 0C and a sulfiding pressure in the range of from 1
bar to 70 bar.4 . A composition as recited in any one
of claims 1-3, wherein said metal component includes a
Group 9 and 10 metal component selected from the group
consisting of cobalt and nickel, and wherein said
Group 9 and 10 metal component is present in an amount
in the range of from 0.5 wt . % to 20 wt 5 . A
composition as recited in any one of claims 1-4,
wherein said metal component further includes a Group
6 metal component selected from the group consisting
of molybdenum and tungsten, and wherein said Group 6
metal component is present in an amount in the range
of from 5 wt . % to 50 wt. % . 6 . A composition as
recited in any one of claims 1-5, wherein said support
material containing said metal component of said metal
salt solution and said hydrocarbon is uncalcined and
non-sulfided prior to said treatment with hydrogen . 7
. A composition, comprising: a support material that
is loaded with an active metal precursor and
hydrocarbon oil, wherein said support material is
thereafter treated with hydrogen, wherein said
treatment with hydrogen is conducted at a hydrogen
treatment temperature in the range upwardly to 250 0C
, in a gaseous atmosphere having a hydrogen partial
pressure in the range of from 1 bar to 70 bar, and for
a hydrogen treatment time period in the range of from
0.1 hours to 100 hours, and wherein said hydrocarbon
oil comprises hydrocarbons having a boiling
temperature in the range of from 100 0C to 550 0C and
can be selected from hydrocarbon mixtures of the group
consisting of heavy naphtha, kerosene, diesel, gas
oil, olefins having carbon numbers in the rangeof from
12 to 40 carbons, and mixtures of alpha olefins having
carbon numbers in the range of from 18 to 30 8 . A
composition as recited in claim 7 , wherein said
support material treated with hydrogen is thereafter
treated with a sulfur compound, and wherein said
treatment with a sulfur compound is conducted by
contacting said support material treated with hydrogen
with a sulfur-containing compound under contacting
conditions that include a sulfiding temperature in the
range of from 150 0C to 450 0C and a sulfiding
pressure in the range of from 1 bar to 70 bar. 9 . A
composition as recited in any one of claims 7-8,
wherein said metal component of said active metal
precursor includes a Group 9 and 10 metal component
selected from the group consisting of cobalt and
nickel, and wherein said Group 9 and 10 metal
component is present in an amount in the range of from
0.5 wt . % to 20 wt . % . 10. A composition as recited
in any one of claims 7-9, wherein said metal component
of said active metal precursor further includes a
Group 6 metal component selected from the group
consisting of molybdenum and tungsten, and wherein
said Group 6 metal component is present in an amount
in the range 



of from 5 wt . % to 50 wt. % . 11. A composition as
recited in any one of claims 7-10, wherein said
support material containing said active metal precusor
is uncalcined and non-sulfided prior to said treatment
with hydrogen.12. A method of making a composition,
wherein said method comprises : incorporating a
metal-containing solution into a support material to
provide a metal-incorporated support material; and
incorporating hydrocarbon oil into said
metalincorporated support material to provide an
oilimpregnated composition. 13. A method as recited in
claim 12, further comprising: contacting said
oil-impregnated composition under suitable hydrogen
treatment conditions with hydrogen to thereby provide
a hydrogen-treated composition. 14. A method as
recited in claim 13, further comprising; contacting
said hydrogen-treated composition under suitable
sulfur treatment conditions with a sulfur compound to
thereby provide a sulfided composition. 15. A method
as recited in any one of claims 12-14, wherein prior
to said incorporating said hydrocarbon oil into said
metal-incorporated support material, said
metal-incorporated support material is dried so as to
contain a volatiles content in the range of from 3 to
20 wt. % LOI. 16. A composition made by any one of the
methods of claims 12 through 15. 17. A process,
comprising: contacting under hydrodesulfurization
process conditions a hydrocarbon feedstock with any
one of the compositions of claims 1 through 11 and 16.


