
InhA PROMOTERS CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit pursuant to 35 U.S.C.  119(e) of U.S.S.N.
61/169,848 filed April 16, 2009, which is incorporated herein by reference
in its entirety. FIELD OF THE INVENTION [0002] The present invention
relates to an isolated DNA sequence having promoter activity and to vectors
comprising the DNA sequence. The invention also relates to a method of
producing a protein in a host cell wherein the host cell comprises a vector
comprising a DNA sequence having promoter activity according to the
invention and a coding sequence encoding a protein of interest. BACKGROUND
OF THE INVENTION [0003] In the field of molecular biology researchers
frequently look for means of maximizing the expression of heterologous
genes in host cells with the goal of producing commercially relevant
amounts of a desired protein. Recombinant production of a desired protein
is often accomplished by constructing vectors suitable for use in host
cells wherein the vector comprises a polynucleotide which codes for a
desired protein and wherein the polynucleotide is placed under the control
of regulatory elements and in particular regulatory elements referred to as
promoters. The vector will be introduced into a host cell under suitable
conditions for the expression and production of the desired protein. There
are numerous promoters known in the art, however, there is a need for new
promoters which control the expression of heterologous genes. The present
invention fulfills this and other related needs. BRIEF SUMMARY OF THE
INVENTION [0004] The present invention has multiple aspects. [0005] In one
aspect, the invention relates to an isolated promoter comprising a
nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3; b) a truncated
nucleotide sequence ofSEQ ID NO: 1 or SEQ ID NO: 3; c) a nucleotide
sequence having at least 90% sequence identity (e.g., at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, and at least 99% sequence identity ) to a) or b); or d)
a variant nucleotide sequence or a truncated variant nucleotide sequence of
SEQ ID NO: 1, wherein said variant or truncated variant has between 1 and
10 substitutions when aligned with SEQ ID NO: 1 or the truncated sequence
thereof. In some embodiments, the isolated promoter will be a truncated
subsequence of SEQ ID NO: 1 or SEQ ID NO: 3, wherein the truncated
subsequence comprises a nucleotide sequence selected from SEQ ID NO: 4; SEQ
ID NO: 5; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26 and a nucleotide sequence having at least 90%
sequence identity (e.g., at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, and at least
99% sequence identity) to a sequence thereof. In some embodiments, the
promoter will be a variant nucleotide sequence or a truncated variant
nucleotide sequence of SEQ ID NO: 1. In some embodiments, the promoter
comprises SEQ ID NO: 2 and a truncated sequence or a variant sequence
thereof and further sequences having at least 95% sequence identity
thereto. [0006] In a further aspect, the invention relates to a vector
comprising a DNA sequence comprising a promoter encompassed by the
invention operably linked to a heterologous coding sequence. In some
embodiments, the coding sequence encodes a protein. In some embodiments,
the protein is an enzyme. In some embodiments, the enzyme is a cellulase, a
glucoamylase, an amylase, a protease, a phytase, a lipase, an esterase, a
xylanase, or a laccase. In some embodiments, the vector further comprises a
signal sequence. 



[0007] In another aspect, the invention relates to a recombinant microbial
host cell comprising a vector encompassed by the invention. In some
embodiments, the recombinant host cell will be a bacterial host cell. In
some embodiments, the bacterial host cell will be a Bacillus or
Streptomyces host cell. In some embodiments, the Bacillus will be a B.
subtilis, B. licheniformis, B. stearothermophilus, B. pumilus, B.
megaterium, B. clausii, or B. amyloliquefaciens. In some embodiments, the
Streptomyces will be S. avermitilis, S. coelicolor, S. griseus, or S.
lividans.[0008] In yet another aspect, the invention relates to a process
for producing a protein in a recombinant microbial host cell which
comprises transforming the microbial host cell with a vector encompassed by
the invention and culturing the transformed microbial host cell under
conditions suitable for the expression of the gene and production of the
protein. In some embodiments the protein will be recovered from the culture
media. BRIEF DESCRIPTION OF THE DRAWINGS [0009] Figs. IA - IE: [0010] Fig.
IA illustrates an inhA promoter (SEQ ID NO: 1) which includes the ribosome
binding region in bold and underlined and the upstream sequence (SEQ ID NO:
3). The putative -35 region and -10 region are highlighted in bold and
italics. [0011] Fig. IB illustrates SEQ ID NO: 8 which includes an
inhA/celA construct incorporated into vector pBml-PG-celA. The inhA
promoter is in italics, the restriction sites are in bold and the signal
peptide, PenG is underlined. [0012] Fig. 1C illustrates SEQ ID NO: 9 which
includes the translated inhA/celA construct. The signal peptide is
underlined. [0013] Fig. ID illustrates SEQ ID NO: 10 which includes an
inhA/cbhll construct incorporated into vector pBmX-NM-cbhll. The inhA
promoter is in italics, the restriction sites are in bold and the signal
peptide, NprM is underlined. [0014] Fig. IE illustrates SEQ ID NO: 11 which
depicts the translated inhA/cbhll construct. The signal peptide is
underlined. [0015] Figs. 2A - B illustrate: (A) an SDS-PAGE of 7, 23, 26,
28.5 and 30-hour time points from 2L fermentation of a Bacillus megaterium
strain expressing CBHII from the inhA promoter and (B) an SDS-PAGE of 6,
24, 26, 29 and 32.5-hour time points of a 2L fermentation of B. megaterium
expressing CeIA from the inhA promoter.[0016] Fig 3. depicts CeIA secreted
protein activity as measured by pNPG hydrolysis activity over 5 to 32.5
hours. Hydrolysis (Ab405) is indicated by 0 and biomass (g/L) is indicated
by D. DEFINITIONS [0017] Unless defined otherwise, all technical and
scientific terms used herein generally have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention
belongs. Generally, the nomenclature used herein and the laboratory
procedures in analytical chemistry, cell culture, molecular genetics,
organic chemistry and nucleic acid chemistry and hybridization described
below are those well known and commonly employed in the art. Unless
indicated otherwise, the techniques and procedures as described herein are
generally performed according to conventional methods in the art and
various general references. See, e.g., Sambrook et al. Molecular Cloning: A
Laboratory Manual, 3rd ed. (2001) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. and Ausubel, ed., Current Protocols in Molecular
Biology, 1990-2008, John Wiley Interscience, which are provided throughout
this document. [0018] As used herein, the term "promoter" refers to a
polynucleotide sequence, 



particularly a DNA sequence that initiates and facilitates the
transcription of a gene. Usually the promoter is located on the same strand
as the gene it controls, in a close proximity upstream of the gene, i.e.,
towards the 5' region of the coding strand. Promoters may include DNA
sequence elements which insure proper binding and activation of RNA
polymerase, influence where transcription will start and affect the level
of transcription. The size of the promoter may be variable. While not meant
to limit the instant invention, in many cases promoter activity is confined
to about 150 base pairs (bp) of sequence in the 5' direction of the site of
transcript initiation. However, sequences out to about 500 bp 5' of a
structural gene may be involved in promoter activity. Most promoters have
conserved sequence elements at -10 bp and -35 bp (10 nucleotides and 35
nucleotides respectively 5' to the site of initiation of transcription). As
used herein a promoter of the invention will exhibit promoter activity.
[0019] The phrase "exhibiting or having promoter activity" means that a DNA
sequence functions as a promoter and that a gene or nucleotide sequence
which is operablylinked to the promoter DNA sequence has ability and
function for producing an expression product (e.g., a desired protein).
Promoter activity may be assayed by means known in the art and as further
described in the disclosure herein. In addition, the presence of promoter
activity can be determined by, for instance, confirmation of expression of
the gene product of the gene inside or outside of a transformed host.
[0020] The term "inducible promoter" means a promoter which initiates
transcription only when the host cell comprising the inducible promoter is
exposed to some particular external stimulus. The activity of an inducible
promoter may be triggered by chemical, physical, nutritional or cell growth
factors. Non-limiting examples of inducing factors include environmental
factors (e.g., temperature or light), chemical factors (e.g., IPTG,
tetracycline or xylose), nutritional factors (e.g., carbon starvation), or
cell growth phase (e.g., exponential growth phase). In some embodiments,
the external stimulus may be a lack of a particular stimulus. In some
embodiments, the inhA promoters of the invention do not require the
addition of certain inducers, such as, but not limited to IPTG, xylose or
elevated temperature. In some embodiments, an inducible promoter according
to the invention may be a "glucose-starvation inducible promoter". A
glucose-starvation inducible promoter is a promoter that is active when
glucose concentrations are low. One advantage of a glucose-starvation
inducible promoter is that cells can grow on an alternative carbon source
(for example, but not limited to glycerol) and at the same time the
promoter remains active. [0021] An inducible promoter is distinguished from
a constitutive promoter. A "constitutive promoter" means a promoter by
which transcription is performed constantly at a given level irrelevant of
the growth conditions. A constitutive promoter is capable of expressing a
gene located downstream of the promoter without limitation. [0022] The term
"inhA promoter" is used herein to collectively refer to the various
promoters encompassed by the invention, including but not limited to a
promoter comprising a nucleic acid sequence of SEQ ID NO: 1 or SEQ ID NO:
3, truncations (subsequences) thereto and variants thereof wherein the
truncations and variants have at least 90% sequence identity when aligned
with SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, or SEQ ID NO:
26.[0023] The term "truncation" or "subsequence" used interchangeably
herein means a nucleotide sequence having one or more nucleotides deleted
from the 5' and/or 3' end of the sequence of SEQ ID NO: 1, wherein the
truncation or subsequence has promoter activity (that is the functional
part thereof). [0024] The term "variant" with reference to a promoter means
an inhA promoter which 



comprises one or more modifications such as substitutions, additions or
deletions of one or more nucleotides. The term "variant" as used herein is
recombinant (e.g. that has been engineered to include substitution,
additions or deletions of at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10
polynucleotides as compared to a reference or parent inhA promoter). [0025]
The term "reference promoter" or "parent promoter" means a promoter
sequence that is used as a basis for sequence comparison. The reference
promoter may be a subset of a larger sequence. Generally a reference
sequence is at least 25 nucleotides in length, at least 50 nucleotides in
length, at least 100 nucleotides in length, at least 150 nucleotides in
length, at least 200 nucleotides in length, at least 250 nucleotides in
length, at least 300 nucleotides in length, at least 350 nucleotides in
length, at least 400 nucleotides in length, at least 450 nucleotides in
length, at least 500 nucleotides in length. [0026] The term "nucleic acid"
"nucleotides" or "polynucleotide" refers to deoxyribonucleotides or
ribonucleotides and polymers thereof in either single- or doublestranded
form. Unless specifically limited, the term encompasses nucleic acids
containing known analogues of natural nucleotides which have similar
binding properties as the reference nucleic acid and are metabolized in a
manner similar to naturally occurring nucleotides. Unless otherwise
indicated, a particular nucleic acid sequence also implicitly encompasses
conservatively modified variants thereof (e.g., degenerate codon
substitutions) and complementary sequences as well as the sequence
explicitly indicated. Specifically, degenerate codon substitutions may be
achieved by generating sequences in which the third position of one or more
selected (or all) codons is substituted with mixed-base and/or deoxyinosine
residues (Batzer et al, Nucleic Acid Res., 19:5081 (1991); Ohtsuka a/. , J.
Biol. Chem., 260:2605-2608 (1985); and Cassol et al, (1992); Rossolini et
al, MoI. Cell. Probes, 8:91-98 (1994)). The termsnucleic acid and
polynucleotide are used interchangeably with gene, cDNA, and mRNA encoded
by a gene. [0027] The term "gene" means the segment of DNA involved in
producing a polypeptide chain. It may include regions preceding and
following the coding region (leader and trailer) as well as intervening
sequences (introns) between individual coding segments (exons). [0028] The
term "isolated" as used herein means a compound, protein, cell, nucleic
acid sequence or an amino acid sequence that is removed from at least one
component with which it is naturally associated. [0029] The terms
"polypeptide," "peptide," and "protein" are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid
polymers in which one or more amino acid residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid, as well as to
naturally occurring amino acid polymers and nonnaturally occurring amino
acid polymers. As used herein, the terms encompass amino acid chains of any
length, including full length proteins (i.e., antigens or enzymes), wherein
the amino acid residues are linked by covalent peptide bonds. [0030] As
used herein, the term "introduced" in the context of inserting a nucleic
acid sequence into a cell means transfected, transduced or transformed
(collectively "transformed") and includes reference to the incorporation of
a nucleic acid sequence into a eukaryotic or prokaryotic cell wherein the
nucleic acid is incorporated into the genome of the cell. [0031] As used
herein, the term "transformation" refers to a process during which
exogenous nucleic acid, such as a recombinant expression cassette, is
introduced into a host cell such that the nucleic acid is maintained either
as an extra chromosomal element or by integration into the host chromosome,
at least for the duration when the exogenous nucleic acid is expressed. 



[0032] As used herein the term "culturing" refers to growing a population
of microbial cells under suitable conditions in a liquid or solid medium.
In some embodiments, culturing refers to fermentative bioconversion of a
carbon substrate to an end-product.[0033] The term "vector," as used
herein, refers to a recombinant nucleic acid designed to carry a coding
sequence of interest to be introduced into a host cell. This term
encompasses many different types of vectors, such as cloning vectors,
expression vectors, shuttle vectors, plasmids, phage or virus particles,
and the like. A typical expression vector may also include, in addition to
a coding sequence of interest, elements that direct the transcription and
translation of the coding sequence, such as a promoter, enhancer,
terminator, and signal sequence. [0034] An "expression cassette" is a
nucleic acid construct, generated recombinantly or synthetically, with a
series of specified nucleic acid elements that permit transcription of a
particular polynucleotide sequence in a host cell. An expression cassette
may be part of a plasmid, viral genome, or nucleic acid fragment.
Typically, an expression cassette includes a polynucleotide to be
transcribed, operably linked to a promoter. [0035] As used herein the term
"expression" includes any step involved in the production of a polypeptide
including but not limited to, transcription, post-transcriptional
modification, translation, post-translational modification and secretion.
[0036] A "signal sequence" is a DNA sequence that is a component of a
polynucleotide that encodes a polypeptide and which directs the polypeptide
through a secretory pathway of a cell in which it is synthesized. The
polypeptide is commonly cleaved to remove the secretory peptide during
transit through the secretory pathway. [0037] As used herein, the terms
"identical" or percent "identity," in the context of describing two or more
polynucleotide sequences, refer to two or more sequences or truncated
subsequences that are the same or have a specified percentage of
nucleotides that are the same when compared and aligned for maximum
correspondence over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms or by manual
alignment and visual inspection. [0038] For sequence comparison, typically
one sequence acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm, test and reference
sequences are entered into a computer, subsequence coordinates are
designated, if necessary, and sequence algorithm program parameters are
designated. Default programparameters can be used, or alternative
parameters can be designated. The sequence comparison algorithm then
calculates the percent sequence identities for the test sequences relative
to the reference sequence, based on the program parameters. For sequence
comparison of variants of the promoter sequences of this invention, e.g.,
SEQ ID NO: 3, SEQ ID NO: 1 and its variants, the BLAST and BLAST 2.0
algorithms and the default parameters discussed below are used. [0039] A
"comparison window" as used herein, includes reference to a segment of any
one of the number of contiguous positions selected from the group
consisting of from 20 to 500, usually about 50 to about 300, also about 50
to 250, and also about 100 to about 200 in which a sequence may be compared
to a reference sequence of the same number of contiguous positions after
the two sequences are optimally aligned. Methods of alignment of sequences
for comparison are well-known in the art. Optimal alignment of sequences
for comparison can be conducted, e.g., by the local homology algorithm of
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the homology alignment
algorithm of Needleman & Wunsch, J. MoI. Biol. 48:443 (1970), by the search
for similarity method of Pearson & Lipman, Proc. Nat 'I. Acad. Sd. USA
85:2444 (1988), by computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 



575 Science Dr., Madison, WI), or by manual alignment and visual inspection
(see, e.g., Current Protocols in Molecular Biology (Ausubel et ah, eds.
1995 supplement)). [0040] Examples of algorithms that are suitable for
determining percent sequence identity and sequence similarity are the BLAST
and BLAST 2.0 algorithms, which are described in Altschul et ah, (1990) J.
MoI. Biol. 215: 403-410 and Altschul et a (1977) Nucleic Acids Res. 25:
3389-3402, respectively. Software for performing BLAST analyses is publicly
available at the National Center for Biotechnology Information website,
ncbi.nlm.nih.gov. The BLAST algorithm also performs a statistical analysis
of the similarity between two sequences (see, e.g., Karlin & Altschul,
Proc. Natl. Acad. ScL USA 90:5873-5787 (1993)). One measure of similarity
provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a match between
two nucleotide or amino acid sequences would occur by chance. For example,
a nucleic acid is considered similar to a reference sequence if the
smallest sum probability in a comparison of the test nucleic acid to the
referencenucleic acid is less than about 0.2, more preferably less than
about 0.01, and most preferably less than about 0.001. [0041] The term
"heterologous," when used to describe an operably linked pair of promoter
and coding sequences, refers to the relationship between the promoter and
the coding sequence as one not found in nature. In other words, a
heterologous coding sequence and a promoter may be from two different
organisms, or a heterologous coding sequence and a promoter may be from the
same organism, so long as the particular promoter does not, in any
naturally occurring organisms, direct the transcription of the particular
coding sequence. [0042] When two elements, e.g., a promoter and a coding
sequence, are said to be "operably linked," it is meant that the
juxtaposition of the two allows them to be functionally active
relationship. In other words, a promoter is "operably linked" to a coding
sequence when the promoter controls the transcription of the coding
sequence. [0043] The term "recombinant" when used with reference to, e.g. ,
a cell, nucleic acid, or polypeptide, refers to a material, or a material
corresponding to the natural or native form of the material, that has been
modified in a manner that would not otherwise exist in nature, or is
identical thereto but produced or derived from synthetic materials and/or
by manipulation using recombinant techniques. Non-limiting examples
include, among others, recombinant cells expressing genes that are not
found within the native (non-recombinant) form of the cell or express
native genes that are otherwise expressed at a different level. [0044] A
"host cell" is a cell that has the capability to act as a host and
expression vehicle for a vector of the present invention. A transformed
host cell includes any progeny thereof. [0045] As used herein "a", "an",
and "the" include plural references unless the context clearly dictates
otherwise. [0046] The term "comprising" and its cognates are used in their
inclusive sense; that is, equivalent to the term "including" and its
corresponding cognates.DETAILED DESCRIPTION OF THE INVENTION I.
Introduction - [0047] The present invention relates to the identification
of inhA promoters. In some embodiments, the inhA promoters may be inducible
promoters. The inhA promoters can be used for the expression of
heterologous genes and recombinant protein production in host cells and
particularly in bacterial host cells such as Bacillus and Streptomyces. II.
The promoters of this invention - [0048] A promoter region of a B.
megaterium inhA gene was identified by bioinformatics 



analysis and is illustrated in SEQ ID NO: 1, wherein the putative ribosome
binding region or site ("RBS") is indicated by underlining and in bold.
GAGCTGGAAAAGAAAGGGAAATCCGTGAGTTATGAAGGGGATTTCTTGTTTAAAATTGA
TGAAAAACCTTATGAAATCGCAGCGCGCAATATGTCTATTTGGAGCATGTCGCTCTATC
ATATCTTGCTGCAGCGTCAAAAAGAACATTCTTAAAATTTATTTGTATACAGAGATTAT
CGCTTCTCGTCTATTGAGAAGTGATTTTTTTATCTTTCTGTATCCATAATGGGGAATTT
TTTGTTTTTATATAATAGTAATACGGAAAAGATAGTTCTAATTCCCTAAAAAAATACAC
TTCATATATTTTTAGTTTTGGTTATCGATTTGGCATGGAATTTGCATGTGTAAGAAGGG
TTTATCAGACATTTTAATTGTCAGGAAAAGAAAACTAGTTACATACTATAAAACTATTT
TACATTATCTACTAGAATCAAAAAATTTTAATAATATAGTAAAATGTAGTTGACCTTCC
TAGTTTTAGAATATAAAATAAATCTTGCTAATAGTTTGAAAATTCTAAAATGGAGGGGT TTACT (SEQ ID
NO: 1) [0049] In one embodiment, an inhA promoter will include the nucleic
acid sequence of nucleotides 1 - 523 of SEQ ID NO: 1 and this DNA sequence
is referred to as SEQ ID NO: 3 (e.g. starting with 5' GAGCT ) . In some
embodiments, an inhA promoter will comprise the nucleic acid sequence of
SEQ ID NO: 2 which includes the nucleic acid sequence of SEQ ID NO: 1 and
the following nucleotides, GTACA, at the 3' end of SEQ ID NO: 1. [0050] In
some embodiments, an inhA promoter will include additional nucleotides at
the 5' end of the promoter, for example an inhA promoter may include, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 15, 18, or more nucleotides. In some
embodiments, the inhA promoter will include thenucleotides CCTTCATAT 5' of
nucleotides depicted in SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID NO: 2. [0051]
In some embodiments, the inhA promoter will include truncations
(subsequences) from the 5' end of SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID NO:
2, for example, in some embodiments the promoter will include about 400
nucleotides, about 375 nucleotides, about 350 nucleotides, about 325
nucleotides, about 300 nucleotides, about 275 nucleotides, about 250
nucleotides, about 225 nucleotides, about 200 nucleotides, about 175
nucleotides, about 150 nucleotides, about 125 nucleotides, about 100
nucleotides, and about 75 nucleotides and still possess promoter activity.
[0052] In some embodiments, a truncated inhA promoter will include less
than 500 nucleotides, less than 450 nucleotides, less than 400 nucleotides,
less than 350 nucleotides, less than 300 nucleotides, less than 250
nucleotides, less than 200 nucleotides and also less than 150 nucleotides
of the promoter of SEQ ID NO: 1. [0053] For example, in one embodiment an
inhA promoter of the invention will comprise the nucleotide sequence of
TTATCGCTTCTCGTCTATTGAGAAGTGATTTTTTTATCTTTCTGTATCCATAATGGGGA
ATTTTTTGTTTTTATATAATAGTAATACGGAAAAGATAGTTCTAATTCCCTAAAAAAAT
ACACTTCATATATTTTTAGTTTTGGTTATCGATTTGGCATGGAATTTGCATGTGTAAGA
AGGGTTTATCAGACATTTTAATTGTCAGGAAAAGAAAACTAGTTACATACTATAAAACT
ATTTTACATTATCTACTAGAATCAAAAAATTTTAATAATATAGTAAAATGTAGTTGACC
TTCCTAGTTTTAGAATATAAAATAAATCTTGCTAATAGTTTGAAAATTCTAAAA (SEQ ID NO: 4).
[0054] In another embodiment, the inhA promoter of the invention will
comprise the nucleotide sequence of
CTAATTCCCTAAAAAAATACACTTCATATATTTTTAGTTTTGGTTATCGATTTGGCATG
GAATTTGCATGTGTAAGAAGGGTTTATCAGACATTTTAATTGTCAGGAAAAGAAAACTA 



GTTACATACTATAAAACTATTTTACATTATCTACTAGAATCAAAAAATTTTAATAATAT
AGTAAAATGTAGTTGACCTTCCTAGTTTTAGAATATAAAATAAATCTTGCTAATAGTTT GAAAATTCTAAAA
(SEQ ID NO: 5).[0055] In another embodiment, the inhA promoter of the
invention will comprise the nucleotide sequence of
TTTGGCATGGAATTTGCATGTGTAAGAAGGGTTTATCAGACATTTTAATTGTCAGGAAA
AGAAAACTAGTTACATACTATAAAACTATTTTACATTATCTACTAGAATCAAAAAATTT
TAATAATATAGTAAAATGTAGTTGACCTTCCTAGTTTTAGAATATAAAATAAATCTTGC
TAATAGTTTGAAAATTCTAAAA (SEQ ID NO: 6). [0056] In another embodiment, the
inhA promoter of the invention will comprise the nucleotide sequence of
ACTATAAAACTATTTTACATTATCTACTAGAATCAAAAAATTTTAATAATATAGTAAAAT
GTAGTTGACCTTCCTAGTTTTAGAATATAAAATAAATCTTGCTAATAGTTTGAAAATTCT AAAA (SEQ ID
NO: 7). [0057] In other embodiments, a truncated inhA promoter of the
invention will comprise the nucleotide sequence illustrated in SEQ ID NO:
23, SEQ ID NO: 24, SEQ ID NO: 25 and SEQ ID NO: 26 and reference is made to
Example 4. [0058] It is understood that the promoters of this invention are
not limited to SEQ ID NO:1, SEQ ID NO: 3 or SEQ ID NO: 2; rather, the
promoters encompass variants and truncations of SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5 SEQ ID NO: 6 or SEQ ID NO: 7, SEQ ID NO: 23, SEQ ID NO: 24,
SEQ ID NO: 25 and SEQ ID NO: 26 or truncations thereof, and also include
promoters having at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, and at
least 99% sequence identity to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5, SEQ ID NO: 6; SEQ ID NO: 7, SEQ ID NO: 23, SEQ ID NO: 24, SEQ
ID NO: 25; SEQ ID NO: 26; SEQ ID NO: 2 and truncations thereof having
promoter activity. In some embodiments, a DNA sequence comprising promoter
activity will have at least 95%, 96%, 97%, or 98% sequence identity to the
DNA sequence illustrated in SEQ ID NO: 6. In some embodiments, the inhA
promoter comprising a DNA sequence having at least 95% sequence identity to
SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 7, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25; SEQ ID NO: 26 or SEQ
ID NO: 2 will include one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or
more) changes relative to said sequence.[0059] As noted herein, the nucleic
acid sequence of SEQ ID NO: 1 (which includes SEQ ID NO: 3) was obtained
from Bacillus megaterium. As would be readily apparent to one of skill in
the art, variants of SEQ ID NO: 1 or SEQ ID NO: 3 and truncated sequences
thereof that retain promoter activity can be identified by identifying
sequences that are similar to SEQ ID NO: 1 or SEQ ID NO: 3 in other
bacterial species and particularly other Bacillus strains. [0060] In some
embodiments, an inhA promoter of the invention will be one that hybridizes
under high or very high stringency conditions to the sequence of SEQ ID NO:
3 or a truncated sequence thereof. "Hybridization conditions" refer to the
degree of "stringency" of the conditions under which hybridization is
measure. Hybridization conditions can be based in the melting temperature
(TM) of the nucleic acid binding complex, as taught by Berger and Kimmel
(1987, Guide to Molecular Cloning techniques, Methods in Enzymology, Vol.
152, Academic Press, San Diego, CA). High stringency conditions typically
occurs at about 5C to 100C below the Tm. Hybridization conditions may also
be based on washing conditions employed after hybridization as known in the
art. For example, high stringency conditions refer to washing with a
solution of 0.2 x SSC/0.1% SDS at 37C for 45 minutes. 



[0061] In some embodiments, an inhA promoter will be a variant inhA
promoter. Standard library construction methods which are well known in the
art can be used for the generation of promoter variants. For example,
mutagenesis and directed evolution methods can be readily applied to
polynucleotides (such as, for example, the wild-type inha promoter sequence
(e.g., SEQ ID NO: l).See specifically, e.g., Ling, et al., "Approaches to
DNA mutagenesis: an overview," Anal. Biochem., 254(2):157-78 (1997);
Hemsley et al., "A simple method for site-directed mutagenesis using the
polymerase chain reaction." Nucleic Acids Res. 17(16): 6545 - 5 1 (1989);
and Matsmura, et al., "Optimization of heterologous gene expression for in
vitro evolution." Biotechniques 30(3): 474-6 (2001). Other general
references include the following Dale, et al., "Oligonucleotide-directed
random mutagenesis using the phosphorothioate method," Methods MoI. Biol.,
57:369-74 (1996); Smith, "In vitro mutagenesis," Ann. Rev. Genet.,
19:423-462 (1985); Botstein, et al., "Strategies and applications of in
vitro mutagenesis," Science, 229:1 193-1201 (1985); Carter, "Site-directed
mutagenesis," Biochem. J., 237:1-7 (1986); Kramer, et al., "Point Mismatch
Repair," Cell, 38:879-887 (1984); Wells, et al.,"Cassette mutagenesis: an
efficient method for generation of multiple mutations at defined sites,"
Gene, 34:315-323 (1985); Minshull, et al, "Protein evolution by molecular
breeding," Current Opinion in Chemical Biology, 3:284-290 (1999);
Christians, et al., "Directed evolution of thymidine kinase for AZT
phosphorylation using DNA family shuffling," Nature Biotechnology,
17:259-264 (1999); Crameri, et al., "DNA shuffling of a family of genes
from diverse species accelerates directed evolution," Nature, 391:288-291;
Crameri, et al., "Molecular evolution of an arsenate detoxification pathway
by DNA shuffling," Nature Biotechnology, 15:436-438 (1997); Zhang, et al.,
"Directed evolution of an effective fucosidase from a galactosidase by DNA
shuffling and screening," Proceedings of the National Academy of Sciences,
U.S.A., 94:45-4- 4509; Crameri, et al., "Improved green fluorescent protein
by molecular evolution using DNA shuffling," Nature Biotechnology,
14:315-319 (1996); Stemmer, "Rapid evolution of a protein in vitro by DNA
shuffling," Nature, 370:389-391 (1994); Stemmer, "DNA shuffling by random
fragmentation and reassembly: In vitro recombination for molecular
evolution," Proceedings of the National Academy of Sciences, U.S.A.,
91:10747-10751 (1994); WO 95/22625; WO 97/0078; WO 97/35966; WO 98/27230;
WO 00/42651; and WO 01/75767. [0062] In some embodiments, the promoter
encompassed by the invention is a variant promoter or a truncated variant
promoter comprising a nucleotide sequence of any one of the sequences
selected from SEQ ID NOs: 27 - 63 (e.g. those variants listed in Table 5)
when said sequence is aligned with the ribosome binding site of SEQ ID NO:
1 or a truncated sequence thereof, for example but not limited to SEQ ID
NO: 23. In some embodiments, a variant inhA promoter or a truncated variant
inhA promoter will include 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different
polynucleotides as compared to the inhA promoter of SEQ ID NO: 1 or SEQ ID
NO: 3. In some embodiments, a variant inhA promoter will include
substitutions, additions and/or deletions in the -35 to -10 region of the
inhA promoter depicted in SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID NO: 2. In
some embodiments, the variant will include 1, 2, 3, 4 or 5 substitutions,
and/or additions in the -35 to -10 region. In some embodiments, a variant
promoter of the invention includes a substitution, addition or deletion
(e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 substitutions, additions or
deletions) between the start codon (ATG) and the RBS (e.g. TGGAGGGG). In
some preferred embodiments, a variant promoter of the invention will
include between 1 and 5additions, substitutions and/or deletions in the
region between the start codon and the RBS. In some embodiments, a variant
promoter of the invention includes a substitution, addition or deletion
(e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 substitutions, additions or
deletions) between -10 region and the RBS (e.g. TGGAGGGG) when compared
with the promoter sequence of SEQ ID 



NO: 1 or a truncated sequence thereof for example but not limited to SEQ ID
NO: 23. [0063] In some embodiments, a variant, a truncated variant or a
truncated inhA promoter will have at least the same level of promoter
activity as the activity exhibited by SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID
NO: 2. In some embodiments, the promoter activity will be greater, for
example at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 40% and at least 50% greater promoter activity
as compared to the activity exhibited by SEQ ID NO: 1, SEQ ID NO: 3 or SEQ
ID NO: 2. In some embodiments, the promoter activity will be greater, for
example at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 40% and at least 50% greater promoter activity
as compared to the activity exhibited by SEQ ID NO: 1, SEQ ID NO: 3 or SEQ
ID NO: 2. [0064] In some preferred embodiments, the inhA promoters of the
invention comprise the same ribosome binding region (RBS) as set forth in
SEQ ID NO:2 (e.g., an inhA promoter of SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26 or a sequence having at least 97% sequence identity
thereto). In some embodiments, the RBS may be different than the RBS of SEQ
ID NO: 2. III. Constructing Expression Vectors [0065] To produce a vector
such as an expression cassette utilizing the inhA promoters of this
invention for gene expression, a variety of methods well known in the art
may be used to first obtain the polynucleotide sequences for the promoter
and the coding sequence of interest, and subsequently join the two
sequences so that they are operably linked for gene expression. The coding
sequence is heterologous to the promoter. Typically, the coding sequence is
from a source different from the source of the promoter. [0066] In some
embodiments, the coding sequence encodes for a protein such as an enzyme, a
therapeutic protein, a reporter protein, a receptor protein and the like.
In somepreferred embodiments, the protein is an enzyme. The enzyme may be a
cellulase, a hemicellulase, a glucoamylase, an amylase (e.g. an alpha
amylase or a beta amylase), a protease (e.g., an acid protease, an alkali
protease, a neutral protease, pepsin, peptidase, trypsin, chymosin or
subtilisin), a phytase, a lipase, an esterase, a xylanase, an
oxidoreductase, a laccase, a cutinase, an isomerase (e.g., a glucose
isomerase or a xylose isomerase), a pullulanase, a phenol oxidizing enzyme,
a starch hydrolyzing enzyme, a mannase, a catalase, a glucose oxidase, a
transferase, a lyase (e.g., pectate lyase or acetolactate decarboxylase).
These enzymes may originate from bacteria or fungi. In addition, the
protein or enzyme may be a variant of a wild type or naturally occurring
enzyme. [0067] In some particular embodiments, the enzyme is a cellulase.
Cellulases are enzymes that hydrolyze the b-D-glucosidic linkages in
cellulose. Cellulolytic enzymes are generally divided into three classes of
enzyme activities and these enzymes work in coordinated fashion with each
other to break down cellulose. The endoglucanases (E.C. 3.2.1.4 also called
b - 1,4 endoglucanases) cleave b 1,4 glycosidic linkages randomly along the
cellulose chain. Exoglucanases (E.C. 3.2.1.91, also called
cellobiohydrolases (CBH)) cleave cellobiose from either the reducing or
non-reducing end of a cellulose chain b-glucosidases (E.C. 3.2.1.21 also
called cellobioses) hydrolyze aryl and alkyl-b-D-glucosides. Numerous
cellulases are known and described in the literature, for example
cellulases described in USP 6,287,839; USP 6,562,612; Jung et al. (1993)
Appl. Environ. Microbiol. 59:3032-3043 and Lao et al, (1991) J. Bacteriol.
173:3397 - 3407. In two of the specific examples of this disclosure an inhA
promoter is operably linked to a heterologous polynucleotide encoding a
native b-glucosidase referred to as CeIA and also an inhA promoter is
operably linked to a heterologous polynucleotide encoding a native 



exocellulase referred to as CbhII. [0068] In some particular embodiments,
the enzyme is a protease, such as a serine, metallo, thiol or acid
protease. In some embodiments, the enzyme will be a serine protease, such
as but not limited, to subtilisin. [0069] In some embodiments, the coding
sequence which is operably linked to the inhA promoter of the invention
will be a protein other than an enzyme, for example the protein may
include, hormones (e.g., follicle-stimulating hormone, erythropoietin,
insulin and the like),receptors, growth factors (e.g., epidermal growth
factors, cytokines, fibroblast growth factors and the like), antigens and
antibodies (e.g., class G, A, M, or E classes). [0070] In some embodiments,
the protein may be a reported protein such as but not limited to
b-galatosidase (lacZ), b-glucuronidase (GUS), fluorescent protein (GFP),
chloramphenicol, and acetyl transferase (CAT). [0071] In some embodiments,
especially when the coding sequence codes for an extracellular protein, a
signal sequence will be linked to the N-terminal portion of the coding
sequence to facilitate the secretion of the protein. The signal sequence
may be endogenous or exogenous to the host organism and further the signal
sequence may be one naturally associated with the coding sequence or
heterologous to the coding sequence. In some embodiments, the signal
sequence comprises a Bacillus signal sequence such as those derived from
(e.g., B. stearothermophilus, B. licheniformis, B.subtilis or B.
megaterium). In some embodiments, the signal sequence will be derived from
a Bacillus megaterium strain. (Malten et al., (2005) Biotechnol. Bioeng.
91:616 - 621). A foreign signal peptide coding region may be required where
the coding sequence does not normally contain a signal peptide coding
region. Alternatively the foreign signal peptide coding region may simply
replace the natural signal peptide coding region in order to obtain
enhanced secretion of the enzyme relative to the natural signal peptide
coding region normally associated with the coding sequence. [0072] In some
embodiments, the signal sequence will be a signal sequence of a cellulase
coding gene. In some embodiments, the signal sequence will be a signal
sequence of a protease coding gene such as a neutral protease or a serine
protease. In some embodiments, the signal sequence will have the sequence
as illustrated by the signal sequences illustrated in Figure 1 and
incorporated into SEQ ID NO: 8 and SEQ ID NO: 10. [0073] Additionally,
effective signal peptide sequences may be obtained from the genes for
Bacillus NClB 11837 maltogenic amylase, Bacillus stearothermophilus
alpha-amylase, Bacillus licheniformis subtilisin, Bacillus licheniformis
beta-lactamase, Bacillus stearothermophilus neutral proteases (nprT, nprS,
nprM), and Bacillus subtilis prsA. Further signal peptides are described by
Simonen and Palva, Microbiol Rev. 57: 109-137 (1993).[0074] Effective
signal peptide coding regions for filamentous fungal host cells can be the
signal peptide coding regions obtained from the genes for Aspergillus
oryzae TAKA amylase, Aspergillus niger neutral amylase, Aspergillus niger
glucoamylase, Rhizomucor miehei aspartic proteinase, Humicola insolens
cellulase, and Humicola lanuginosa lipase. However, any signal peptide
coding region capable of directing the expressed polypeptide into tbc
secretory pathway of a host cell of choice may be used in the present
invention and one skilled in the art is well aware of numerous signal
sequences that may be used depending on the protein being produced and
secreted in a host organism. [0075] Many polynucleotide sequences can be
cloned from a source organism or genomic or cDNA library, using
conventional methods such as polymerase chain reaction (PCR)-based cloning
methodology. Alternatively, they can be obtained by chemical synthesis.
Methods of chemically synthesizing polynucleotide sequences are well known
in the art, e.g., the 



solid phase phosphoramidite triester method first described by Beaucage and
Caruthers, Tetrahedron Lett. 22: 1859-1862 (1981), using an automated
synthesizer, as described in Van Devanter et. al., Nucleic Acids Res. 12:
6159-6168 (1984). Basic texts disclosing general methods and techniques in
the field of recombinant genetics include Sambrook and Russell, Molecular
Cloning, A Laboratory Manual (3rd ed. 2001); Kriegler, Gene Transfer and
Expression: A Laboratory Manual (1990); and Ausubel et al., eds., Current
Protocols in Molecular Biology (1994) . [0076] Purification of
polynucleotide sequences is performed using any art-recognized strategy,
e.g. , native acrylamide gel electrophoresis or anion-exchange HPLC as
described in Pearson and Reanier, J. Chrom. 255: 137-149 (1983). All cloned
or synthetic polynucleotide sequences can be verified using, e.g., the
chain termination method for sequencing doublestranded templates of Wallace
et al., Gene 16: 21-26 (1981). [0077] Once the promoter sequence and coding
sequence are obtained and verified, they can then be ligated to produce a
vector (expression cassette) in which the promoter and the heterologous
coding sequence are operably linked. A number of known methods are suitable
for the purpose of ligating the two sequences, such as ligation methods
based on PCR and ligation methods mediated by various ligases {e.g.,
bacteriophase T4 ligase). The promoter used to directexpression of a
heterologous sequence is optionally positioned about the same distance from
the heterologous transcription start site as it is from the transcription
start site in its natural setting. As is known in the art, however, some
variation in this distance can be accommodated without loss of promoter
function. [0078] To obtain high level expression of a heterologous protein
by the expression cassette of the present invention, one may also include
in the expression cassette a transcription/translation terminator and a
ribosome binding site for translational initiation. In addition to the
promoter, the expression cassette optionally contains all the additional
elements required for the expression of the heterologous sequence in host
cells, such as signals required for efficient polyadenylation of the
transcript, ribosome binding sites, translation termination, enhancers, and
a cleavable signal peptide sequence to promote secretion of the polypeptide
by the transformed cells. If genomic DNA is used as the heterologous coding
sequence, introns with functional splice donor and acceptor sites may also
be included. [0079] The elements that are typically included in expression
vectors also include a replicon that functions in some bacterial cells, a
gene encoding antibiotic resistance to permit selection of microorganisms
that harbor recombinant plasmids, and unique restriction sites in
nonessential regions of the plasmid to allow insertion of heterologous
sequences. The particular antibiotic resistance gene chosen is not
critical, as any of the many resistance genes known in the art are
suitable. Similar to antibiotic resistance selection markers, metabolic
selection markers based on known metabolic pathways may also be used as a
means for selecting transformed host cells. [0080] The particular vector
used to transport the expression cassette into the cell is not particularly
critical. Any of the conventional vectors used for expression in
prokaryotic or eukaryotic cells may be used. Standard bacterial expression
vectors include plasmids such as pBR322 based plasmids, pSKF, pET23D, and
fusion expression systems such as GST and LacZ. Epitope or affinity tags
can be added to recombinant proteins to provide convenient methods of
isolation, e.g., c-myc, HIS-6, MBP, and FLAG. IV. Transformation and
Recombinant Gene Expression[0081] In some embodiments, a transformed host
cell is a eukaryotic cell. Suitable eukaryotic host cells include, but are
not limited to, fungal cells, algal cells, insect cells, and 



plant cells. [0082] Suitable fungal host cells include yeast cells and
filamentous fungal cells. Some preferred filamentous fungal host cells
include but are not limited Aspergillus, Chrysosporium, Corynascus,
Fusarium, Humicola, Hypocrea, Myceliophthora, Mucor, Neurospora,
Penicillium, Rhizomucor, Rhizopus, Talaromyces, Thermoascus, Thielavia,
Trametes, Trichoderma, or teleomorphs, or anamorphs, and synonyms or
taxonomic equivalents thereof. [0083] In some embodiments of the invention,
the filamentous fungal host cell is of the Trichoderma species, e.g., T.
longibrachiatum, T. viride (e.g., ATCC 32098 and 32086), Hypocrea jecorina
or T. reesei (NRRL 15709, ATTC 13631, 56764, 56765, 56466, 56767 and RL-P37
and derivatives thereof- See Sheir-Neiss et al., Appl. Microbiol.
Biotechnology, 20 (1984) pp 46 - 53), In addition, the term "Trichoderma"
refers to any fungal strain that was previously classified as Trichoderma
or currently classified as Trichoderma. In some embodiments of the
invention, the filamentous fungal host cell is of the Aspergillus species,
e.g., A. awamori, A.fumigatus, A.japonicus, A. nidulans, A. niger, A.
aculeatus, A.foetidus, A. oryzae, A. sojae, and A. kawachi. (Reference is
made to Kelly and Hynes (1985) EMBO J. 4,475479; NRRL 3 112, ATCC 11490,
22342, 44733, and 14331; Yelton M., et al., (1984) Proc. Natl. Acad. ScL
USA, 81, 1470-1474; Tilburn et al., (1982) Gene 26,205-221; and Johnston,
LL. et al. (1985) EMBO J. 4, 1307 -131 1). In some embodiments of the
invention, the filamentous fungal host cell is of the Chrysosporium
species, e.g., C. lucknowense. In some embodiments of the invention, the
filamentous fungal host cell is of the Fusarium species, e.g., F.
bactridioides , F. cerealis, F. crookwellense, F. culmorum, F. graminearum,
F. graminum, F. oxysporum, F. roseum, and F.venenatum. In some embodiments
of the invention, the filamentous fungal host cell is of the Myceliophthora
species, e.g., M. thermophilia. In some embodiments of the invention, the
filamentous fungal host cell is of the Neurospora species, e.g., N crassa.
Reference is made to Case, M.E. et al., (1979) Proc. Natl. Acad. Sd. USA,
76, 5259-5263; USP 4,486,553; and Kinsey, J.A. and J.A. Rambosek (1984)
Molecular and Cellular Biology 4, 117 - 122. In some embodiments of the
invention, the filamentous fungal host cell is of the Humicolaspecies,
e.g., H. insolens, H. grisea, and H. lanuginosa. In some embodiments of the
invention, the filamentous fungal host cell is of the Penicillum species,
e.g., P. purpurogenum , P. chrysogenum, and P. verruculosum . In some
embodiments of the invention, the filamentous fungal host cell is of the
Thielavia species, e.g., T. terrestris. In some embodiments of the
invention, the filamentous fungal host cell is of the Trametes species,
e.g., T. villosa and T. versicolor. [0084] In the present invention a yeast
host cell may be a cell of a species of, but not limited to Candida,
Hansenula, Saccharomyces , Schizosaccharomyces , Pichia, Kluyveromyces ,
and Yarrowia. [0085] In some embodiments on the invention, the host cell is
an algal cell such as, Chlamydomonas (e.g., C. Reinhardti ) and Phormidium
(P. sp. ATCC29409). [0086] In other embodiments, the host cell is a
prokaryotic cell. Suitable prokaryotic cells include gram positive, gram
negative and gram-variable bacterial cells. In some embodiments the host
cell is a species of, Agrohacterium., Acinetobacter, Lzobacler, Bacillus,
Bifidobacterium. Buchnera. Geobacillus , Campy lobacter Clostridium
Corynehatcetrium, Escherichia, Enterococcus E r nin ia , Flavohaderium ,
Lactobacillus, Laclococcus Panioea, Pseudomonas, Staphylococcus,
Salmonella, Streptococcus, Stretomyces, and Zymomonas In yet other
embodiments, the bacterial host strain is non-pathogenic to humans. In some
embodiments the bacterial host strain is an industrial strain. Numerous
bacterial industrial strains are known and 



suitable in the present invention. [0087] In some embodiments, of the
invention the bacterial host cell is of the Bacillus species, e.g., B.
thuringiensis, B. anthracis, B. megaterium, B. subtilis, B. lentus, B.
circulans, B. pumilus, B. lautus, B.coagulans, B. brevis, B.firmus, B.
alkaophius, B. licheniformis , B. clausii, B. stearothermophilus, B.
halodurans and B. amyloliquefaciens . In particular embodiments, the host
cell will be an industrial Bacillus strain including but not limited to B.
subtilis, B. pumilus, B. licheniformis, B. megaterium, B. clausii, B.
stearothermophilus and B. amyloliquefaciens. Some preferred embodiments of
a Bacillus host cell include B. subtilis, B. licheniformis, B. megaterium,
B. stearothermophilus and B. amyloliquefaciens. In some embodiments, the
Bacillus strain will be a deletion strain, for example a protease deletion
strain such as anexoprotease deficient strain (Wittch et al, (1995) Appl.
Microbiol. Biotech 42:871-877 and Malten et al., (2006) Appl. Environ.
Microbiol. 72:1677-1679). In some embodiments, the bacterial host cell is
of the Streptomyces species, e.g., S. ambofaciens, S. achromogenes , S.
avermitilis, S. coelicolor, S. aureofaciens, S. aureus, S.fungicidicus, S.
griseus, andS. lividans. In some embodiments the bacterial host cell is of
the Zymomonas species, e.g., Z. mobilis, and Z. lipolytica. [0088] Strains
which may be used in the practice of the invention including both
prokaryotic and eukaryotic strains are readily accessible to the public
from a number of culture collections such as American Type Culture
Collection (ATCC), Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH (DSM), Centraalbureau Voor Schimmelcultures (CBS), and Agricultural
Research Service Patent Culture Collection, Northern Regional Research
Center (NRRL). Specific examples of heterologous expression of cellulase
genes can be found in Bacillus, E.coli, Streptomyces, and Trichoderma (See,
for example Lejeune et al Biosynthesis and Biodegradation of Cellulose;
Haigler, C. et al Marcel Dekker, NY, NY 1990 pg 623 - 671). [0089] Standard
transformation methods may be used to produce recombinant host cells
harboring the expression vector of the invention. For example, introduction
of a vector into a host cell can be effected by calcium phosphate
transfection, DEAE-Dextran mediated transfection, electroporation,
PEG-mediated protoplast transformation or other common techniques (See
Davis, L., Dibner, M. and Battey, I . (1986) Basic Methods in Molecular
Biology, Ausubel et al., 1994, Current Protocols in Molecular Biology;
Campbell et al., 1989, Curr Genet 16:53 - 56; USP 6,255,1 15; USP
5,264,366, USP 5,364,770; USP 6,022,725; Brigid, et al., 1990 FEMS
Microbiol Lett. 55: 135 - 138 and Hopwood et al., Genetic Manipulation of
Streptomyces: A Laboratory Manual (1985) John Innes Foundation, Norwich,
UK)). [0090] Production of the heterologous protein by the transformed host
cells can be detected and confirmed by any immunoassays known in the art,
e.g., ELISA. Upon confirmation, the protein can then be purified by
standard techniques (see, e.g., Colley et al., J. Biol. Chem. 264:
17619-17622 (1989); Guide to Protein Purification, in Methods in
Enzymology, vol. 182 (Deutscher, ed., 1990)).[0091] In addition to
plasmid-based DNA construction, the DNA construct or sequence comprising an
inhA promoter and a heterologous coding sequence may be chromosomally
integrated into the host genome such as by homologous recombination.
Chromosomal integration may result in certain advantages over plasmid-based
constructions. [0092] The recombinant or engineered host cells can be
cultured in conventional nutrient media modified as appropriate for
activating promoters and selecting transformants. Culture conditions, such
as temperature, pH and the like will be apparent to those skilled in the
art and in the references cited herein, including, for example, Sambrook,
Ausubel and Berger, as well as, 



for example, Freshney (1994) Culture of Animal Cells, a Manual of Basic
Technique, third edition, Wiley- Liss, New York; Payne et al. (1992) Plant
Cell and Tissue Culture in Liquid Systems John Wiley & Sons, Inc. New York,
NY; Gamborg and Phillips (eds) (1995) Plant Cell, Tissue and Organ Culture;
Fundamental Methods Springer Lab Manual, Springer-Verlag (Berlin Heidelberg
New York) and Atlas and Parks (eds) The Handbook of Microbiological Media
(1993) CRC Press, Boca Raton, FL, all of which are incorporated herein by
reference. Some preferred culture conditions may be found in Harwood et al.
(1990) Molecular Biological Methods For Bacillus, John Wiley and/or from
the American Type Culture Collection (ATCC). [0093] In some embodiments,
cells comprising a inhA promoter and expressing a coding sequence are grown
under batch, fed-batch or continuous fermentations conditions. Classical
batch fermentation is a closed system, wherein the compositions of the
medium is set at the beginning of the fermentation and is not subject to
artificial alternations during the fermentation. A variation of the batch
system is a fed-batch fermentation which also finds use in the present
invention. In this variation, the substrate is added in increments as the
fermentation progresses. Fed-batch systems are useful when catabolite
repression is likely to inhibit the metabolism of the cells and where it is
desirable to have limited amounts of substrate in the medium. Batch and
fedbatch fermentations are common and well known in the art. Continuous
fermentation is an open system where a defined fermentation medium is added
continuously to a bioreactor and an equal amount of conditioned medium is
removed simultaneously for processing. Continuous fermentation generally
maintains the cultures at a constant high density where cells are primarily
in log phase growth. Continuous fermentation systems strive to maintain
steady sate growthconditions. Methods for modulating nutrients and growth
factors for continuous fermentation processes as well as techniques for
maximizing the rate of product formation are well known in the art of
industrial microbiology. [0094] In some embodiments of the invention, it
will be desirable for the inhA promoter to be active under low
carbon-substrate conditions. Carbon-substrates used during the culturing of
recombinant host cells may include but are not limited to organic acids
(such as, but not limited to acetate, succinate, propionate, benzoate,
hydroxybenzoate, pyruvate and gluconate), monosaccharide and disaccharide
sugars (such as, but not limited to glucose, galactose, fructose, mannose,
ribose, rhamnose, sorbose, xylose, lactose, trehalose, saccharose, maltose
and sucrose), alcohols (such as, but not limited to inositol, methanol,
ethanol, and glycerol, starch, cellobiose, molasses, and the like). In
particular, the carbon-source includes a C5 or C6 fermentable sugar and
particularly a C6 sugar, such as glucose. For example, in a fed-batch
fermentation system the level of carbon-substrate and particularly glucose
may be maintained at a relatively low concentration. In some systems the
level of glucose will be kept at less than 1.0 g/L, less than 0.25 g/L,
less than 0.10 g/L, less than 0.05 g/L and also less than 0.025 g/L of
media. In some embodiments, the inhA promoters of the invention will be
active under these fermentation conditions and further may be active
without the addition of exogenous inducing agents such as a chemical
inducer, e.g., IPTG. [0095] In some embodiments, the invention encompasses
a process for producing a protein in a microbial host cell wherein the host
cell is a recombinant bacterial cell (e.g., a Bacillus cell or E. coli)
which comprises transforming the microbial host cell with a vector
comprising an inhA promoter encompassed by the invention operably linked to
a polynucleotide coding for an enzyme of interest and culturing the
transformed microbial cell under culture conditions suitable for the
expression and production of the enzyme. In some preferred embodiments, the
enzyme is a cellulase, a protease, an amylase or a xylanases enzyme and the



host cell is a bacterial cell. In some embodiments, the enzyme that is
produced by the process is further isolated from the culture media.EXAMPLES
[0096] The following examples are provided by way of illustration only and
not by way of limitation. Those of skill in the art will readily recognize
a variety of non-critical parameters that could be changed or modified to
yield essentially the same or similar results. Example 1 Isolation and
sequencing of an inhA promoter from B. megaterium chromosomal DNA. [0097]
The inhA protein is an extracellular metalloprotease whose expression is
induced during late exponential or stationary phase (Eur J Biochem; 1984,
139, 247-252) (Microbiology; 2001, 147, 1805-1813). The inhA promoter was
amplified from the chromosomal DNA of B. megaterium and tested against two
different genes coding for cellulase enzymes. One gene was a b-glucosidase
gene obtained from Azospirillum irakense and designated celA and the other
was an exoglucanase gene obtained from Streptomyces sp and designated
cbhll. Genomic DNA Prep: [0098] To isolate chromosomal DNA from B.
megaterium, 3 ml of overnight cell culture in Luria Broth (LB) was
harvested at 500Og for 5 min at room temperature and resuspended in 100 ul
of SMM buffer (0.5M Sucrose, 20 mM Maleate, 20 mM MgCl2, pH 6.5). Lysozyme
(chicken egg white, Sigma) solution was added to a final concentration of 1
mg/ml and cells were incubated at 420C for 30 min. After the incubation,
cells were washed once with SMM buffer and resuspended in 100 ml of water.
The genomic DNA was extracted from the lysozyme treated cells by repeated
phenol-chloroform extraction and precipitation with 70% isopropanol.
Precipitated DNA pellet was re-suspended in 100 ml of warm water and used
as the template DNA. InhA promoter extraction and confirmation: [0099] The
native inhA promoter was amplified from the wildtype (WT) B. megaterium
genomic DNA by PCR amplifying a 500 base pair region upstream of the native
inhA gene using primers Pl and P2 (Table 1); Table 1[0100] The Clontech
Advantage HF 2 PCR kit containing Advantage 2 enzyme blend of TITANIUM(tm)
Taq DNA Polymerase and a small amount of proofreading enzyme was used to
PCR amplify the inhA promoter. PCR was done in 50 mul volume as follows.
Advantage Buffer: (5ml); dNTPs: (5ml); 20 mM Fwd primer: (l ml); 20 mM Rev
primer: (l ml); Polymerase: ( l ml); Genomic DNA: (0.5 ml); and H2O: (36.5
ml). PCR conditions: 94 C - 2 min; 28 cycles of (94 C - 30 sec, 55 C - 30
sec, 72 C - 30 sec); 72 C - 10 min. [0101] PCR product was purified using
standard Qiagen PCR purification protocol supplied by the manufacturer and
digested overnight with NEB restriction enzymes Ndel and BsrGlin NEB buffer
4 and BSA. PCR product was cloned into the Ndel/BsrGl digested shuttle
vector pBmX-e (pMM1522- Boca Scientific, Boca Raton, FL), a shuttle vector
that replicates in both B. megaterium and E. coli. The inhA construct was
sequence confirmed from this newly constructed vector pBml-e (Table 2).
Example 2 Construction of Plasmids Comprising the Promoters, Signal
Peptides and Genes Plasmid construction: [0102] Two plasmids were
constructed. Plasmid Bml-PG-celA comprising the inhA promoter, signal
peptide (PenG) and heterologous gene celA (SEQ ID NO: 8) and plasmid 



pBml-NM-cbhll comprising the inhA promoter, signal peptide (NprM) and
heterologous cbhll (SEQ ID NO: 10) and used to determine the activity and
the strength of the inhA promoter.[0103] Vectors pBmX-PG-celA and
pBmX-NM-cbhll were previously synthesized by first cloning signal peptides
at the BsrGl and Spel sites of pBmX-e vector and followed by cloning genes
(celA or cbhll) at the Spel andNgoMIV sites. These vectors were further
used as base vectors to build the desired plasmids for inhA promoter
studies. Signal peptides NprM and PenG were obtained from the WT B.
megaterium (DSM319) genomic DNA by PCR amplification using primers (P3, P4)
and (P5, P6) respectively (Table 1). PCR amplification method was used as
described in Example 1. [0104] The celA and cbhll gene sequences were
obtained from the genome sequences of Azospirillum irakense and
Streptomyces sp. respectively, codon optimized for Bacillus and synthesized
by GenScript, Piscataway, NJ. [0105] To build the inhA/cbhll construct, the
pBml-e vector containing inhA was digested with Ndel/BsrGl , the resulting
fragment containing the inhA promoter was cloned into pBmX-NM-cbhll vector
at the Ndel and BsrGl site replacing the xylA promoter. The resulting
plasmid pBml-NM-cbhll included the NprM-cbhll gene downstream of the inhA
promoter. [0106] To build the inhA/celA construct, the pBmX-PG-celA vector
was digested with BsrGI/NgoMIV and the resulting fragment containing PG
signal peptide coding region and celA was litigated into the pBml-e vector
digested with BsrGl andNgoMIV. The resulting vector pBml-PG-celA included
the PenG-celA gene downstream of the inhA promoter. Generally known
ligation protocols were followed for introducing vectors into
Bacillus.Example 3 Transformation and assay Protoplast preparation and
transformation: [0107] Protoplast preparation of a B. megaterium strain
derived from WH320 containing protease deletions (DnprM, DspoOA, DspoIVB)
and transformations were carried out as described by Brown and Carlton (J.
Bacteriology, (1980) 142(2): 508-512). Since ligation mixes were
transformed directly into the B. megaterium strains, transformants
containing celA constructs were established by growing 10 to 15 colonies
separately in 10 ml of semi-defined A5 media (Yang et al., (2006) Microb.
Cell Fact. 5 : 36) in shake flasks for 16 hrs at 37C and 220 RPM, followed
by a series of steps outlined below. [0108] CeIA expression and secretion
was measured by monitoring its pNPG hydrolysis activity. (Faure et al.,
(1999) J . Bacteriol. 181:3003-3009) 20 ml of shake flask supernatant
sample was added to 80 ul of pNPG solution (4mM pNPG 50 mM potassium
phosphate buffer pH 7) in a 96 well microtiter plate. The plate was
incubated at 500C for 1 hr and scanned at 405 nm in SpectraMax
High-Throughput Microplate Spectrophotometer. Positive clones were
ascertained to be the samples with absorbance three times that of the
background. These were further confirmed by sequencing and subsequently
analyzed in fermenters. [0109] Transformations of the cbhll constructs were
verified by growing 6 to 8 colonies separately in 10 ml of semi-defined A5
media for 16 hrs at 37C. Protein production and secretion from each sample
was confirmed by running the shake flask supernatant sample on SDS-PAGE. 30
ul samples were loaded onto the Invitrogen 1.5 mm SDS-gel and run as per
manufacturer instructions. Positive samples were identified as those that
displayed a visible band at 45 kD. These clones were further confirmed by
sequencing and analyzed in fermenters. Assay: [01 10] The inhA promoter
constructs as described above (pBml-PG-celA and pBml- NM-cbhII) were tested
in 2L fermenters. Time points were taken and supernatant samples from 



the fermenters were run on SDS-PAGE. Based upon gel analysis (Figure 2)
cells secreted heterologous protein with the inhA promoter in 2L
fermentations. In addition Figure 3 illustrates the secretion of CeIA
protein as measured by pNPG hydrolysis.Example 4 Promoter Truncations [01
11] Four truncated promoters were constructed using the Bml-PG-celA plasmid
described in Example l.The plasmids, designated BmI386, BmBOl, BmI251 and
BmI201 comprised inhA promoter sequences SEQ ID NO: 26, SEQ ID NO: 25, SEQ
ID NO: 24 and SEQ ID NO: 23, respectively. The promoters were constructed
using the reverse primer and the relevant forward primer listed in Table 3
below. [01 12] The primers were first phosphorylated at 37C for 2 hrs as
follows: (10OuM) primer, l Oml; T4 Lizase Buffer, 5ml; T4 PNK, l ml; H O,
34ml . Phosphorylated primers were then used to amplify the plasmid with
the following protocol: Forward primer, l ml; inhA rev, l ml; Bml-PG-celA,
l ml; 1Ox Herculase Buffer, 5ml; dNTP's (10OmN), 0.4ml; DSMO, l ml;
Herculase Polymerase, 0.5ml; and H2O, 40. l ml . PCR conditions: 95 C - 4
min; 32 cycles of (95 C - 30 sec, 55 C - 40 sec, 72 C - 10 sec); 72 C - 5
min. [01 13] The PCR products were Dpnl digested for 1 hr at 37C and then
purified using standard Qiagen PCR purification methods. The purified
products were ligated for 4 hrs at 16C using Promega's T4 ligase. Ligation
mixtures were directly transformed into B. megaterium strains and the
constructs were sequence verified. Table 3 : [01 14] The sequences of the
truncated promoter corresponding to SEQ ID NOs: 23, 24, 25 and 26 are
illustrated below, wherein the RBS is in bold and underlined:[01 14]
Transformants were grown overnight in semi-defined A5 media with 1%
glucose. 250ml of the overnight culture was used to inoculate 5ml of
fermentation media. The samples were fermented for 24 hrs in a u-24 device
from Microreactor Technologies. CeIA production was determined by pNPG
activity assay as described above in Example 3. Table 4 illustrates the
secretion of CeIA protein under the control of the truncated inhA promoters
as measured by pNPG hydrolysis.Example 5 Variant Promoters [01 15] Promoter
libraries targeting (a) the region between - 35 and -10 and the RBS and (b)
the RBS and the start codon of SEQ ID NO: 1 were constructed using standard
library construction techniques. (See Hemsley, A. et al., (1989) Nucleic
Acids Res. 17(16):6545-51 and Matsumura, I . et al., (2001) Biotechniques
30(3):474 -6). [01 16] The libraries were screened using either the celA or
cbh construct described above which were transformed into the B. megaterium
strain. Protein expression was measured by SDS-PAGE and/or enzymatic
activity. Detailed descriptions of the assays are described above. Improved
variants of the inhA promoter are listed in Table 5. SEQ ID NO: 1 further
including the nucleotides GTACA at the 3' end was used as the positive
control (SEQ ID NO: 2). The variants listed in Table 5 are depicted in the
5' to 3' direction starting from the TATAAA box. Table 5 : InhA variant
fold improvement over the positive control (FI). The RBS for each sequence
is in bold and underlined. The start codon (ATG) is in bold and the TATAAA
box is in italics.ETHYLENE-BASED COPOLYMERS, LUBRICATING OIL COMPOSITIONS
CONTAINING THE SAME, AND METHODS FOR MAKING THEM US PRIORITY [0001] This
application claims the priority to and the benefit from USSN 61/173,528,
bearing attorney docket number 2009EM079, filed on April 28, 2009, and USSN
61/173,501, 



bearing attorney docket number 2009EM082, filed on April 28, 2009, and USSN
12/569,009, bearing attorney docket number 2009EM210, filed on September
29, 2009, all of which are incorporated herein by reference in their
entirety. CROSS REFERENCE TO RELATED APPLICATIONS [0002] This application
is related to USSN 61/299,816, bearing attorney docket number 2010EM023,
filed January 29, 2010, and USSN 61/297,621, bearing attorney docket number
201OEMO12, filed on January 22, 2010, which are herein incorporated by
reference in their entirety. FIELD OF THE INVENTION [0003] Provided are
ethylene -based copolymers, methods of preparing the same, lubricating oil
compositions including the same, methods for preparing such lubricating oil
compositions, and end uses for such ethylene-based copolymers and
lubricating oil compositions. More particularly, provided are
ethylene-based copolymers and compositions containing the same, which are
useful for increasing the thickening efficiency of lubricating oils and
related compositions. BACKGROUND OF THE INVENTION [0004] Many natural and
synthetic compositions may benefit from additives that modify rheology. For
example, lubricant oil formulations generally contain viscosity index (VI)
improvers derived from polyolefms that modify rheological behavior. [0005]
There have been many attempts to develop polyolefm additives that have a
high thickening efficiency without raising the average ethylene content or
the propensity to chain scission under shear. [0006] However, conventional
polyolefm additives suffer from unfavorable characteristics such as: (a) a
high molecular weight fraction such that they are more affected by shear
induced degradation of the molecular weight - such compositions have an
unfavorable Thickening Efficiency (TE) / Shear Stability Index ratio (SSI)
ratio in that they have a lower TE for a given SSI; (b) preparation with
metallocene catalysts in bulkpolymerization process, which provides process
reactor heterogeneity that leads to significant intermolecular composition
and broadening of polydispersity index; (c) a blend of amorphous and semi
crystalline polyolefins that have a significant and predetermined
intermolecular compositional heterogeneity; and (d) polymerization
conditions providing polymers having significant long chain branching,
which provides a diminished TE because they are topologically constrained
from being dispersed uniformly, at a molecular level, in solution. [0007]
Conventional VI improvers are taught in U.S. Patent Nos. 4,540,753;
4,804,794; 4,871,705; 5,151,204; 5,391,617; 5,446,221; 5,665,800;
6,525,007; 6,589,920; and 7,053,153, which are each incorporated herein by
reference in their entirety. [0008] Some conventional VI improvers, such as
those described in U.S. Patent Nos. 4,540,753 and 4,804,794, use an ultra
narrow Polydipersity Index (PDI) composition. It is anticipated that these
ultra narrow PDI polymers lack a high molecular weight fraction so that
they would be less affected by the shear induced degradation of the
molecular weight. Such compositions are expected to have low SSI or a
correspondingly high TE/SSI ratio. [0009] Other conventional VI improvers,
such as those described in U.S. Patent Nos. 4,871,705 and 5,151,204,
attempt to overcome structural limitations by using a metallocene catalyst
which provides a polyolefin having a distribution of molecular weights.
However the use of the metallocene catalysts in bulk polymerization process
as described in the applications indicates that the process reactor
heterogeneity would lead to significant 



intermolecular composition and broadening of the polydispersity index in
the copolymer. Without being limited by theory, it is believed that the
broader polydispersity index is due to differences in the mixing and
transport and equilibration of the constituent monomers as well as
differences in the temperature of the different positions inside the
polymerization reactor. [0010] Another conventional VI improver includes a
blend of amorphous and semi crystalline polyolefins as described in U.S.
Patent Nos. 5,391,617 and 7,053,153. The combination of two such polymers
attempts to provide increased TE, shear stability, low temperature
viscosity performance, and pour point. However, the design of the molecules
have a significant and predetermined intermolecular compositional
heterogeneity. [0011] Still another conventional VI improver is described
in U.S. Patent Nos. 6,525,007, 6,589,920, and 5,446,221. Such compositions
are prepared with a single site metallocene catalyst in a solution
polymerization. However the choice of the metallocene catalysts as well as
the polymerization conditions indicate that these polymers should have
significant long chain branching as shown in U.S. Patent No. 5,665,800.
Such long chain branchedpolymers have a diminished TE compared to their
linear analogues since they are topologically constrained from being
dispersed uniformly, at a molecular level, in solution. [0012] There
remains a need for VI improving compositions that promote the following in
lubricant oils, while maintaining a low ethylene content: (a) a more
constant viscosity over a broad range of temperatures; (b) improved TE; and
(c) improved ratio of the TE to the SSI. SUMMARY OF THE INVENTION [0013]
Provided are ethylene-based copolymers, methods of preparing the same,
lubricating oil compositions including the same, methods for preparing such
lubricating oil compositions, and end uses for such ethylene-based
copolymers and lubricating oil compositions. [0014] Ethylene-based
copolymers include less than about 80 wt% of units derived from ethylene
and one or more alpha-olefm comonomers having 3 to 20 carbon atoms. The
ethylene-based copolymer has a melting peak (Tm), as measured by DSC, of
800C or less, a polydispersity index of about 2.8 or less. In some
embodiments, the ethylene-based copolymers have an intermolecular
composition distribution of about 50 wt% or less. In other embodiments the
ethylene-based copolymers have an intramolecular composition distribution
of about 50 wt% or less. In some embodiments, the ethylene-based copolymers
have an intramolecular composition distribution of about 40 wt% or less
and/or an intermolecular composition distribution of about 40 wt% or less.
[0015] The ethylene-based copolymers are useful in rheology modifying
compositions, such as viscosity modifiers in oil and polymer compositions,
e.g., lubricating oil compositions. [0016] Lubricating oil compositions are
composed of a lubricating oil base and the ethylene-based copolymer. When
added to lubricant oils, ethylene-based copolymers promote a more constant
viscosity over a broad range of temperatures, for example, operating
conditions of combustion engines. Such improvements are achieved while
maintaining a low ethylene content. At substantially similar composition
and molecular weight, the present lubricating oil compositions exhibit
unexpectedly improved physical properties, such as higher TE, and better
ratio of the TE to the SSI compared to conventional viscosity modifiers.
[0017] Methods of preparing ethylene-based copolymers include utilizing a
metallocene catalyst in a synthesis process designed to control the
distribution of monomers and polymer 



chain architecture to form uniform and/or linear polymers. The resulting
polymers exhibithigh TE and a high ratio of TE/SSI. Further, the choice of
the alpha olefin comonomer will affect other properties of the
ethylene-based copolymer such as solubility parameter, TE, and SSI, but
these secondary effects are overshadowed by the fundamental change and the
control, due to the construction of the ethylene-based copolymer to be
uniform and/or linear. Without being limited by theory, it is believed that
the addition of alpha olefins may, in addition, lead to a further degree of
control in the polymer chain such that the level of crystallinity will be
diminished and thus the fluidity of the solutions containing the polymers
will be enhanced. DESCRIPTION OF THE FIGURES [0018] Figure 1 is graph of TE
versus ethylene weight percent for exemplary compositions and a
conventional composition. This graph refers to experiments in "Group I
Examples". [0019] Figure 2 is a graph of Anton Parr rheology data versus
temperature showing the resistance to low temperature viscosity increase
for exemplary compositions and conventional compositions. This graph refers
to experiments in "Group I Examples". [0020] Figure 3 is a graph of
crystallinity weight percent versus ethylene weight percent for exemplary
compositions and conventional compositions. This graph refers to
experiments in "Group II Examples". DETAILED DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENTS [0021] Ethylene-based copolymers include less than
about 80 wt% of units derived from ethylene and alpha olefin comonomers
having 3 to 20 carbon atoms. As used herein "ethylene-based copolymer"
means a copolymer composed of a substantial quantity of ethylene monomer,
e.g., greater than 30 wt% ethylene, and one or more comonomers. Thus,
ethylene-based copolymers may be composed of more units derived from alpha
olefin comonomer by weight compared to units derived from ethylene. As used
herein the term "copolymer" is any polymer having two or more monomers.
[0022] Suitable comonomers include propylene and a-olefms, such as C4-C20
a-olefns and preferably propylene and C4-C12 a-olefms. The a-olefm
comonomer can be linear or branched, and two or more comonomers can be
used, if desired. Thus, reference herein to "an alpha-olefm comonomer"
includes one, two, or more alpha-olefm comonomers. Examples of suitable
comonomers include propylene, linear C -C12 a-olefms, and a-olefins having
one or more C1-C3 alkyl branches. Specific examples include: propylene;
1-butene; 3-methyl-l-butene; 3,3-dimethyl- 1-butene; 1-pentene; 1-pentene
with one or more methyl,ethyl, or propyl substituents; 1-hexene with one or
more methyl, ethyl, or propyl substituents; 1-heptene with one or more
methyl, ethyl or propyl substituents; 1-octene with one or more methyl,
ethyl, or propyl substituents; 1-nonene with one or more methyl, ethyl or
propyl substituents; ethyl, methyl, or dimethyl-substituted 1-decene, or
1-dodecene. Preferred comonomers include: propylene; 1-butene; 1-pentene;
3-methyl- 1-butene; 1-hexene; 3- methyl-1-pentene; 4-methyl- 1-pentene;
3,3-dimethyl-l-butene; 1-heptene; 1-hexene with a methyl substituent on any
of C3-C5; 1-pentene with two methyl substituents in any stoichiometrically
acceptable combination on C3 or C ; 3-ethyl- 1-pentene; 1-octene; 1-
pentene with a methyl substituent on any OfC or C ; 1-hexene with two
methyl substituents in any stoichiometrically acceptable combination on
C3-C5; 1-pentene with three methyl substituents in any stoichiometrically
acceptable combination on C3 or C4; 1-hexene with an ethyl substituent on
C3 or C4; 1-pentene with an ethyl substituent on C3 and a methyl
substituent in a stoichiometrically acceptable position on C3 or C4;
1-decene; 1-nonene; 1- 



nonene with a methyl substituent on any of C3-C9; 1-octene with two methyl
substituents in any stoichiometrically acceptable combination on C3-C7;
1-heptene with three methyl substituents in any stoichiometrically
acceptable combination on C3-C6; 1-octene with an ethyl substituent on any
of C3-C7; 1-hexene with two ethyl substituents in any stoichiometrically
acceptable combination on C3 or C4; and 1-dodecene. [0023] Preferred alpha
olefin comonomers are propylene, butene, hexene, or octene. A more
preferred alpha olefin comonomer is propylene. Another preferred olefin
comonomer is 1 butene. Combinations propylene and butene are contemplated.
[0024] Other suitable comonomers include internal olefins. Preferred
internal olefins are cis 2- butene and trans 2- butene. Other internal
olefins are contemplated. [0025] Other suitable comonomers include
polyenes. The term "polyene" as used herein is meant to include monomers
having two or more unsaturations; i.e., dienes, trienes, etc. Polyenes
particularly useful as co-monomers are non-conjugated dienes, preferably
are straight chain, hydrocarbon di-olefms or cycloalkenyl-substituted
alkenes, having about 6 to about 15 carbon atoms, for example: (a) straight
chain acyclic dienes, such as 1,4-hexadiene and 1,6-octadiene; (b) branched
chain acyclic dienes, such as 5-methyl-l, 4-hexadiene, 3,7- dimethyl-1,6;
(c) single ring alicyclic dienes, such as 1,4-cyclohexadiene,
1,5-cyclooctadiene, and 1,7-cyclododecadiene; (d) multi-ring alicyclic
fused and bridged ring dienes, such as tetrahydroindene, norbornadiene,
methyl-tetrahydroindene, dicyclopentadiene (DCPD),
bicyclo-(2.2.1)-hepta-2,5-diene, alkenyl, alkylidene, cycloalkenyl,
andcycloalkylidene norbornenes, such as 5-methylene -2-norbornene (MNB),
5-propenyl-2- norbornene, 5-isopropylidene-2-norbornene,
5-(4-cyclopentenyl)-2 -norbornene, 5- cyclohexylidene-2-norbornene, and
5-vinyl-2-norbornene (VNB); and (e) cycloalkenylsubstituted alkenes, such
as vinyl cyclohexene, allyl cyclohexene, vinyl cyclooctene, 4-vinyl
cyclohexene, allyl cyclodecene, and vinyl cyclododecene. Of the
non-conjugated dienes typically used, the preferred dienes are
dicyclopentadiene (DCPD), 1,4-hexadiene, 1,6- octadiene, 5-methyl-
1,4-hexadiene, 3,7-dimethyl-l,6-octadiene, 5-methylene-2-norbornene,
5-ethylidene-2-norbornene (ENB), and tetracyclo (D- 11,12) 5,8 dodecene.
Note that throughout this application the terms "polyene", "non-conjugated
diene", and "diene" are used interchangeably. It is preferred to use dienes
which do not lead to the formation of long chain branches. For successful
use as VI improver non-or lowly branched polymer chains are preferred.
Other polyenes that can be used include cyclopentadiene and octatetra-ene.
[0026] Ethylene-based copolymers include from about 30 wt% to about 80 wt%
ethylene comonomer. Preferably, ethylene-based copolymers include less than
about 70 wt% ethylene comonomer, or less than about 60 wt% ethylene
comonomer. In some embodiments, ethylene-based copolymers include from
about 40 wt% to about 80 wt% ethylene comonomer or from about 45 wt% to
about 70 wt% ethylene comonomer. Ethylene-based copolymers include from
about 42 wt% to about 78 wt% ethylene comonomer, or from about 45 wt% to
about 76 wt% ethylene comonomer, or from about 48 wt% to about 76 wt%
ethylene comonomer, or from about 48 wt% to about 74 wt% ethylene
comonomer, or from about 50 wt% to about 72 wt% ethylene comonomer, or from
about 45 wt% to about 50 wt% ethylene comonomer. [0027] Ethylene-based
copolymers exhibit one or more of the following properties or combinations
of the following properties:  A weight-average molecular weight (Mw) in
terms of polystyrene, as measured by GPC, in the range of about 30,000 to
about 800,000. More preferably, the 



weight average Mw is from about 50,000 to about 600,000 or from about
80,000 to about 400,000. Even more preferably, the weight average Mw is
from about 10,000 to about 300,000.  A number-average molecular weight
(Mn), as measured by GPC, of from about 10,000 to about 400,000, or in the
range of about 20,000 to about 300,000, or in the range of about 30,000 to
about 200,000. A weight-average molecular weight to number-average
molecular weight (Mw/Mn) of about 5.0 or less, or about 4.0 or less, or 3.0
or less, or 2.2 or less. In one or more embodiments, the Mw/Mn is from
about 1.0 to about 3.0, or from about 1.5 to about 2.5.  A PDI of less than
about 2.8, or less than about 2.6, or less than about 2.4, preferably less
than about 2.3 and more preferably less than about 2.2 as measured by GPC.
Substantially no crystallinity as evidenced by the absence of a melting
peak as measured by DSC  A melting point (Tm), if present, as measured by
DSC, of about 110 C or less, or about 100 C or less, or about 90 C or less,
or about 80 C or less, or about 70 C or less, or about 65 C or less.  A
heat of fusion on a first melt of from about 0 to about 60 J/g, or from
about 0 to about 50 J/g, or from about 0.001 to about 40 J/g, or from about
0.001 to about 35 J/g, or less than about 30 J/g, or less than about 20
J/g, or less than about 15 J/g, or about 10J/g.  Intermolecular uniformity,
such that the ethylene-based copolymers have an intermolecular composition
distribution of about 50 wt% or less, or 40 wt% or less, or 30 wt% or less,
or 20 wt% or less, or 15 wt% or less, or 10 wt% or less, or 5 wt% or less.
In some embodiments, at least 50 wt%, at least 60 wt%, at least 80 wt%, at
least 90 wt%, or 100 wt% of the ethylene-based copolymers have an
intermolecular composition distribution of about 50 wt% or less, or 40 wt%
or less, or 30 wt% or less, or 20 wt% or less, or 15 wt% or less, or 10 wt%
or less, or 5 wt% or less.  Intramolecular uniformity, such that the
ethylene-based copolymers have an intramolecular composition distribution
of about 50 wt% or less, or 40 wt% or less, or 30 wt% or less, or 20 wt% or
less, or 15 wt% or less, or 10 wt% or less, or 5 wt% or less. In some
embodiments, at least 50 wt%, at least 60 wt%, at least 80 wt%, at least 90
wt%, or 100 wt% of the ethylene-based copolymers have an intramolecular
composition distribution of about 50 wt% or less, or 40 wt% or less, or 30
wt% or less, or 20 wt% or less, or 15 wt% or less, or 10 wt% or less, or 5
wt% or less. A substantially linear structure as having no greater than one
branch point, pendant with a carbon chain larger than 19 carbon atoms, per
200 carbon atoms along the polymer backbone. In some embodiments,
substantially linear ethylenebased copolymers are further characterized as
having: (a) less than 1 branch point, pendent with a carbon chain longer
than 10 carbon atoms, per 200 carbon atoms along a polymer backbone, or
less than 1 branch point per 300 carbon atoms, or less than 1 branch point
per 500 carbon atoms and preferably less than 1 branch point per 1000
carbon atoms, notwithstanding the presence of branch points due to
incorporation of the 



comonomer; and/or (b) no greater than one branch point, pendant with a
carbon chain larger than 19 carbon atoms per 300 carbon atoms, or no
greater than one per 500 carbon atoms, or no greater one per 1000 carbon
atoms, or no greater than one per 2000 carbon atoms. [0028] Ranges from any
of the lower limits to any of the upper limits are contemplated by the
inventors and are within the scope of the present description. [0029] As
used herein, intermolecular composition distribution (InterCD or
intermolecular CD), i.e., a measure of compositional heterogeneity, defines
the compositional variation, in terms of ethylene content, among polymer
chains. It is expressed as the minimum deviation, analogous to a standard
deviation, in terms of weight percent ethylene from the average ethylene
composition for a given copolymer sample needed to include a given weight
percent of the total copolymer sample which is obtained by excluding equal
weight fractions from both ends of the distribution. The deviation need not
be symmetrical. When expressed as a single number, for example, an
intermolecular composition distribution of 15 wt% shall mean the larger of
the positive or negative deviations. [0030] At 50 wt% intermolecular
composition distribution the measurement is similar to conventional
Composition Distribution Breadth Index (CDBI). As used herein CDBI is
defined in U.S. Patent 5,382,630 which is hereby incorporated by reference.
CDBI is defined as the weight percent of the copolymer molecules having a
comonomer content within 50% of the median total molar comonomer content.
The CDBI of a copolymer is readily determined utilizing well known
techniques for isolating individual fractions of a sample of the copolymer.
One such technique is Temperature Rising Elution Fraction (TREF), as
described in Wild, et al., Journal of. Polymer Science: Polymer Physics
Edition, Vol. 20,Issue 3, pp. 441-455 (1982) and U.S. Patent No. 5,008,204,
which are incorporated herein by reference. [0031] As used herein
intramolecular composition distribution (IntraCD or intramolecular CD) is
similar to intermolecular composition distribution; however, IntraCD
measures the compositional variation, in terms of ethylene, within a
copolymer chain. Intramolecular-CD is expressed as the ratio of
alpha-olefin to ethylene along the segments of the same polymer chain.
InterCD and IntraCD are described in U.S. Patent 4,959,436, which is hereby
incorporated by reference. [0032] Compositional heterogeneity both
intermolecular-CD and intramolecular-CD are determined by carbon- 13 NMR.
Conventional techniques for measuring intermolecular-CD and
intramolecular-CD are described in H. N. Cheng et ah, Macromolecules,
entitled "Carbon- 13 NMR analysis of compositional heterogeneity in
ethylene -propylene copolymers", 24 (8), pp 1724-1726, (1991), and in the
publication Macromolecules, C. Cozewith, entitled "Interpretation of
carbon- 13 NMR sequence distribution for ethylenepropylene copolymers made
with heterogeneous catalysts", 20 (6), pp 1237-1244, (1987), each of which
is herein incorporated by reference in its entirety. [0033] Generally,
conventional carbon- 13 NMR measurement of diad and triad distribution is
used to characterize the ethylene-based copolymer. Any conventional
technique for measuring carbon- 13 NMR may be utilized. For example,
ethylene-based copolymer samples are dissolved in a solvent, e.g.,
trichlorobenzene at 4.5 wt% concentration. The Carbon-13 NMR spectra are
obtained at elevated temperature, e.g., 14O0C, on a NMR spectrometer at 100
MHz. An exemplary spectrometer is a pulsed Fourier 



transform Varian XL-400 NMR spectrometer. Deuteriated o-dichlorobenezene is
placed in a coaxial tube to maintain an internal lock signal. The following
instrument conditions are utilized: pulse angle, 75; pulse delay, 25 s;
acquisition time, 0.5 s, sweep width, 16000 Hz. The carbob-13 NMR peak area
measurements were determined by spectral integration. Diad and triad
concentrations were calculated from the equations presented in Kakugo et
ah, Macromolecules, 15, pp. 1150-1 152, (1982), which is herein
incorporated by reference in its entirety. The diad and triad
concentrations were then normalized to give a mole fraction distribution.
Polymer composition was calculated form the methane peaks, the methylene
peaks, and the diad balance. These values may be considered individually or
an average of the three values may be utilized. Unless stated otherwise,
this application utilizes an averageof these three values. The results are
then compared to conventional model equations as disclosed in the above
references. [0034] One aspect of these measurements involves the
determination of the reactivity ratios (rir2) of the polymerization system
for the ethylene-based polymers. Polymers which have a compositional
heterogeneity, either intramolecular or intermolecular, have a much larger
reactivity ratio than the polymers which have only a small or negligible
amount. [0035] Without being limited to theory or one method of
calculation, it is believed that an one exemplary model for, so called
ideal copolymerizations, is described by the terminal copolymerization
model: m =M(nM + l)/(r2 +M) (1) Wherein and r2 are the reactivity ratios, m
is the ratio of monomers in the copolymer, mi/m2, M is the ratio of
monomers in the reactor, M1 M2, and the diad and triad concentrations
follow first order Markov statistics. For this model, nine equations are
derived that related to the diad and triad concentrations Pi2 and P2 1, the
probability of propylene adding to an ethylene-ended chain, and the
probability of propylene adding to a propylene-ended chain, respectively.
Thus a fit of carbon- 13 NMR data to these equations yields Pi2 and P2 1 as
the model parameters from which x and r2 can be obtained from the
relationships: 1M=(I - Pn) P [0036] The corresponding equations for random
copolymerizations with 1I2=I can also be used to simplify equation (1),
above, to m = riM. The ethylene fraction in the polymer, E, is equal to
1-Pi2. This allows the diad and triad equations to be written in terms of
polymer composition: EE = 2 EE = 2E(I - E) pp = (i - E)2 EEE = E3 EEP =
2E2( 1 - E) EPE = E2( 1 - E) PEP = E( I - E)2 PPE = 2E(I - E)2 ppp = (i -
E)3[0037] Variations and extensions of these equations are provided in the
references incorporated above, including use of catalysts with different
active sites, equations for estimating the number of catalyst species
present, or complex models such as those with three or more species
present, etc. [0038] From these modeling equations, and those equations
presented by C. Cozewith et 



al., Macromolecules, 4, pp. 482-489, (1971), which is herein incorporated
by reference in its entirety, the average values of r\, r2, and r arising
from the copolymerization kinetics are given by: 1 =( f G1) OIf1 G1) r2
=(r2f / G1) Z f J G1) = (n f I G1) (r2f I G1) I (f I G1)2 where G1= 2 +
YjilM [0039] These equations and the models presented in the references
cited above may be utilized by those skilled in the art to characterize the
ethylene-based copolymer composition distribution. [0040] Techniques for
measuring intramolecular-CD are found in Randel, James C , Macromolecules,
11(1), pp. 33-36, (1978); Cheng, H. N., Macromolecules, 17(10), pp. 1950-
1955, (1984); Ray, G. Joseph et al, Macromolecules, 10(4), pp. 773-778,
(1977); and U.S. Patent No. 7,232,871, each of which is incorporated by
reference in its entirety. Such techniques are readily known to those
skilled in the art of analyzing and characterizing olefin polymers. [0041]
As used herein, Polydispersity Index (PDI), also known as molecular weight
distribution (MWD), is a measure of the range of molecular weights within a
given copolymer sample. It is characterized in terms of at least one of the
ratios of weight average to number average molecular weight, Mw/Mn. [0042]
Ethylene-based copolymers are useful as rheology modifying compositions.
Accordingly, ethylene-based polymer compositions are used independently to
modify rheology in hydrocarbon compositions, such as lubricating oils.
Alternatively, ethylenebased copolymers are combined with conventional
additives to modify the rheology of hydrocarbon compositions. As described
below, conventional additives, include olefm-based additives, or mineral
based additives, each of which is know to those skilled in the art. [0043]
Higher concentrations of additives may be utilized to form masterbatches of
ethylene-based copolymers. Such masterbatches may include minor amounts of
ethylenebased copolymers, such as from about 1.0 wt% to about 10 wt% or
more than 10 wt% of ethylene-based copolymer. Exemplary masterbatches also
include larger quantities of ethylene-based copolymer such as from about 50
wt% to about 99 wt% ethylene-based copolymers. [0044] Ethylene-based
copolymers include a single reactor-grade polymer, an interpolymer, i.e., a
reactor blend of one or more copolymers, or a post-reactor blend of one or
more copolymer, i.e., either via blending pellets or otherwise. [0045] In
one or more embodiments, the ethylene-based copolymers are grafted, contain
a grafted ethylene-based copolymer, or are part of a composition that is
grafted. Typical grafting techniques are known to those skilled in the art,
such techniques using maleic acid. In one or more embodiments, the
ethylene-based copolymers are derivatized. [0046] In one embodiment, the
ethylene-based copolymer is composed of from about 35 wt% to about 80 wt%
of units derived from ethylene, based on the weight of the ethylenebased
copolymer, and an a-olefm comonomer having 3 to 20 carbon atoms, wherein
the ethylene-based copolymer has: (a) a melting point (Tm), as measured by
DSC, of 800C or less, a melting peak (Tm), as measured by DSC, of 800C or
less; (b) a polydispersity index of about 2.6 or less; and (c) an
intramolecular composition distribution of about 30 wt% or less. [0047] In
one embodiment, the ethylene-based copolymer is composed of from about 40 



wt% to about 60 wt% of units derived from ethylene, based on the weight of
the ethylenebased copolymer, and at least 1.0 wt% a-olefm comonomer having
3 to 20 carbon atoms, wherein the ethylene-based copolymer has: (a) a
melting point (Tm), as measured by DSC, of 800C or less, a melting peak
(Tm), as measured by DSC, of 800C or less; (b) a polydispersity index of
about 2.4 or less; and (c) an intramolecular composition distribution of
about 20 wt% or less. [0048] In one embodiment, the ethylene-based
copolymer is composed of from about 40 wt% to about 60 wt% of units derived
from ethylene, based on the weight of the ethylenebased copolymer, and at
least 1.0 wt% a-olefm comonomer having 3 to 20 carbon atoms, wherein the
ethylene-based copolymer has: (a) a melting point (Tm), as measured by DSC,
of 80 C or less, a melting peak (Tm), as measured by DSC, of 800C or less;
(b) a polydispersity index of about 2.4 or less; (c) an intramolecular
composition distribution of about 15 wt% or less; and (d) an intermolecular
composition distribution of about 15 wt% or less.[0049] In each of the
intermolecular and intramolecular composition distribution values disclosed
herein, at least 50 wt%, preferably at least 60 wt%, at least 80 wt%, at
least 90 wt%, and most preferably 100 wt% of the ethylene-based copolymers
have the distribution values recited. [0050] In one or more embodiments,
two or more ethylene-based copolymers are combined to form compositionally
disperse polymeric compositions. Compositionally disperse polymeric
compositions are taught in U.S. Provisional Patent App. No. 61/173,501,
incorporated herein by reference in its entirety. Accordingly, the
ethylene-based copolymer is blended with other components, e.g., additional
ethylene-based polymers and/or additives, to form compositionally disperse
polymeric compositions. [0051] In one or more embodiments, two or more
ethylene-based copolymers are combined to form crystallinity dispersed
polymeric compositions. Crystallinity dispersed polymeric compositions are
taught in U.S. Provisional Patent App. No. 61/173,501. Accordingly, the
ethylene-based copolymer is blended with other components, e.g., additional
ethylene-based polymers and/or additives, to form compositionally disperse
polymeric compositions. [0052] In one or more embodiments, the
ethylene-based copolymer is substantially, or completely amorphous.
Substantially amorphous as used herein means less than about 2.0 wt%
crystallinity. Preferably, amorphous ethylene-based copolymers have less
than about 1.5 wt% crystallinity, or less than about 1.0 wt% crystallinity,
or less than about 0.5 wt% crystallinity, or less than 0.1 wt%
crystallinity. In a preferred embodiment, the amorphous ethylene-based
copolymer does not exhibit a melt peak as measured by DSC. [0053] Exemplary
amorphous ethylene-based copolymers are composed of from about 35 wt% to
about 60 wt% units derived from ethylene, and at least 1.0 wt% or more of
an a- olefin comonomer having 3 to 20 carbon atoms, based on the weight of
the ethylene-based copolymer, wherein the ethylene-based copolymer is
substantially amorphous, and has a polydispersity index of about 2.6 or
less, or about 2.4 or less, or about 2.2 or less. [0054] In other
embodiments of such "amorphous" ethylene-based copolymers, the
ethylene-based copolymer is composed of from about 35 wt% to about 50 wt%
unit derived from ethylene, or from about 40 wt% to about 50 wt% unit
derived from ethylene, or from about 45 wt% to about 50 wt% unit derived
from ethylene, or from about 45 wt% to about 49 wt% unit derived from
ethylene, based on the weight of the ethylene-based copolymer.[0055]
Preferably such amorphous ethylene -based copolymers exhibit no substantial



melting peak or no melting peak when measured by DSC. [0056] In one or more
embodiments, the amorphous ethylene-based copolymer have an MFR (23O0C,
2.16 kg) of from about 3 to about 10 kg/ 10 min. [0057] In one ore more
embodiments, the amorphous ethylene-based copolymer has an intramolecular
composition distribution of about 15 wt% or less, or an intermolecular
composition distribution of about 15 wt% or less, or both an intra-CD and
inter-CD of 15 wt% or less. [0058] Ethylene-based copolymers, as described
herein, are useful as blend components in conventional polymer
compositions, e.g., ethylene homopolymers or copolymers, or propylene
homopolymers or copolymers, and in thermoplastic vulcanizates (TPV).
Further, such ethylene-based copolymers are useful as additives or primary
components in molded articles, extrudates, films, e.g., blown films, etc.,
woven and nonwoven fabrics, adhesives, and conventional elastomer
applications. Methods For Preparing Ethylene-Based Copolymers [0059]
Methods for making ethylene-based copolymers include a step for
copolymerizing an ethylene and an alpha-olefm. Preferably, methods of
preparing ethylenebased polymers include the steps of copolymerizing
ethylene and a first comonomer in the presence of a first metallocene
catalyst in a first polymerization reaction zone under first polymerization
conditions to produce a first effluent comprising a first ethylene-based
copolymer. [0060] Methods of preparing ethylene-based copolymers include
the steps of copolymerizing ethylene and one or more comonomer in the
presence of one or more metallocene catalysts in one ore more
polymerization reaction zones under polymerization conditions to produce
one or more effluents, respectively, which each comprise an ethylenebased
copolymer. Thus, such methods contemplate the use of two or more reactors
to prepare a single ethylene-based copolymer, or two or more reactors that
are used to prepare two or more ethylene-based copolymers that are blended
during or after polymerization. [0061] Conventional processes have prepared
VI improving polymers by bulk polymerizations or multi-step processes. Such
complicated or uneconomical processes may be used to prepare the present
ethylene-based copolymers. However, it is preferred to use simplified
process as described herein.Catalyst System [0062] The term "catalyst
system" means a catalyst precursor/activator pair. When "catalyst system"
is used to describe such a pair before activation, it means the unactivated
catalyst (precatalyst) together with an activator and, optionally, a
co-activator. When it is used to describe such a pair after activation, it
means the activated catalyst and the activator or other charge-balancing
moiety. The transition metal compound or complex may be neutral as in a
precatalyst, or a charged species with a counter ion as in an activated
catalyst system. The term "catalyst-system" can also include more than one
catalyst precursor and or more than one activator and optionally a
co-activator. Likewise, the term "catalyst-system" can also include more
than one activated catalyst and one or more activator or other
chargebalancing moiety, and optionally a co-activator. [0063] Catalyst
precursor is also often referred to as precatalyst, catalyst, catalyst
compound, transition metal compound, or transition metal complex. These
terms are used interchangeably. Activator and cocatalyst (or co-catalyst)
are also used interchangeably. A scavenger is a compound that is typically
added to facilitate polymerization by scavenging 



impurities. Some scavengers may also act as activators and may be referred
to as coactivators. A co-activator that is not a scavenger may also be used
in conjunction with an activator in order to form an active catalyst. In
some embodiments a co-activator can be premixed with the transition metal
compound to form an alkylated transition metal compound. [0064] An
activator or cocatalyst is a compound or mixture of compounds capable of
activating a precatalyst to form an activated catalyst. The activator can
be a neutral compound (Lewis acid activator) such as tris-perfluorphenyl
boron or tris-perfluorophenyl aluminium, or an ionic compound (ionic
activator) such as dimethylanilinium tetrakisperfluorophenyl borate or
dimethylanilinium tetrakis-perfluoronaphthyl borate. Activators are also
commonly referred to as non-coordinating anion activators or ionic
activators owing to the commonly held belief by those skilled in the art,
that the reaction of the activator with the precatalyst forms a cationic
metal complex and an anionic non-coordinating or weakly coordinating anion.
Catalyst [0065] Although any conventional catalyst may be used to prepare
ethylene-based copolymers, preferably polymerization takes place in the
presence of a metallocene catalyst. The term "metallocene", "metallocene
precatalysts" and "metallocene catalyst precursor", as used herein, shall
be understood to refer to compounds possessing a transition metal M,
withcyclopentadienyl (Cp) ligands, at least one
non-cyclopentadienyl-derived ligand X, and zero or one
heteroatom-containing ligand Y, the ligands being coordinated to M and
corresponding in number to the valence thereof. The metallocene catalyst
precursors are generally neutral complexes but when activated with a
suitable co-catalyst yield an active metallocene catalyst which refers
generally to an organometallic complex with a vacant coordination site that
can coordinate, insert, and polymerize olefins. The metallocene catalyst
precursor is preferably one of, or a mixture of metallocene compounds of
either or both of the following types: (1) Cp complexes which have two Cp
ring systems for ligands (also referred to as a bis-Cp or bis-Cp complex);
and (2) Monocyclopentadienyl complexes which have only one Cp ring system
as a ligand (also referred to as a mono-Cp or mono-Cp complex). [0066] Cp
complexes of the first type, i.e., group 1, have two Cp ring systems for
ligands that form a sandwich complex with the metal and can be free to
rotate (unbridged) or locked into a rigid configuration through a bridging
group. The Cp ring ligands can be like or unlike, unsubstituted,
substituted, or a derivative thereof such as a heterocyclic ring system
which may be substituted, and the substitutions can be fused to form other
saturated or unsaturated rings systems such as tetrahydroindenyl, indenyl,
or fluorenyl ring systems. These cyclopentadienyl complexes have the
general formula: (Cp1RV)R 3 (Cp2R2 P)MX wherein Cp1 of ligand (Cp 1R1 ) and
Cp2 of ligand (Cp2R2 p) are the same or different cyclopentadienyl rings R1
and R2 each is, independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometalloid or halocarbyl-substituted
organometalloid group containing up to about 20 carbon atoms, m is 0 to 5,
p is 0 to 5, and two R1 and/or R substituents on adjacent carbon atoms of
the cyclopentadienyl ring associated there with can be joined together to
form a ring containing from 4 to about 20 carbon atoms; R is a bridging
group, n is the number of atoms in the direct chain between 



the two ligands and is an integer from 0 to 8, preferably 0 to 3 (where 0
indicates the absence of the bridging group); M is a transition metal
having a valence of from 3 to 6, preferably from group 4, 5, or 6 of the
periodic table of the elements and is preferably in its highest oxidation
state, each X is a non-cyclopentadienyl ligand and is, independently, a
halogen or a hydride, or a hydrocarbyl, oxyhydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometalloid, oxyhydrocarbyl-substituted
organometalloid or halocarbyl-substitutedorganometalloid group containing
up to about 20 carbon atoms, q is equal to the valence of M minus 2. [0067]
The Cp ligand in monocyclopentadienyl complexes which have only one Cp ring
system, i.e., group 2, forms a half-sandwich complex with the metal and can
be free to rotate (unbridged) or locked into a rigid configuration through
a bridging group to a heteroatomcontaining ligand. The Cp ring ligand can
be unsubstituted, substituted, or a derivative thereof such as a
heterocyclic ring system which may be substituted, and the substitutions
can be fused to form other saturated or unsaturated rings systems such as
tetrahydroindenyl, indenyl, or fluorenyl ring systems. The heteroatom
containing ligand is bound to both the metal and optionally to the Cp
ligand through the bridging group. The heteroatom itself is an atom with a
coordination number of three from group VA, or a coordination number of
two, from group VIA of the periodic table of the elements. These
mono-cyclopentadienyl complexes have the general formula: wherein R1 is,
each independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbylsubstituted organometalloid or halocarbyl-substituted
organometalloid group containing up to about 20 carbon atoms, "m" is 0 to
5, and two R1 substituents on adjacent carbon atoms of the cyclopentadienyl
ring associated there with can be joined together to form a ring containing
from 4 to about 20 carbon atoms; R is a bridging group, "n" is an integer
from 0 to 3 (where 0 indicates the absence of the bridging group), M is a
transition metal having a valence of from 3 to 6, preferably from group 4,
5, or 6 of the periodic table of the elements and is preferably in its
highest oxidation state; Y is a heteroatom containing group in which the
heteroatom is an element with a coordination number of three from Group VA
or a coordination number of two from group VIA preferably nitrogen,
phosphorous, oxygen, or sulfur, r is 1 when Y has a coordination number of
three and n is not 0 or when Y has a coordination number of two and n is 0,
r is 2 when Y has a coordination number of three and n is 0, or r is 0
(meaning R2 is absent) when Y has a coordination number of two and n is not
0, R2 is a radical selected from a group consisting of C1 to C20
hydrocarbyl radicals, substituted C1 to C20 hydrocarbyl radicals, wherein
one or more hydrogen atoms is replaced with a halogen atom; and each X is a
non-cyclopentadienyl ligand and is, independently, a halogen, a hydride, or
a hydrocarbyl, oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted
organometalloid, oxyhydrocarbyl-substituted organometalloid or
halocarbyl-substituted organometalloid group containing up to about 20
carbon atoms, "s" is equal to the valence ofM minus 2. In a preferred
embodiment, the catalyst utilized is a di(ptriethylsilylphenyl)
methenyl[(cyclopentadienyl)(2,7-di-tert-butylfluoren-9-yl)]hafnium
dimethyl. [0068] Examples of suitable biscyclopentadienyl metallocenes of
the type described in group 1 above are disclosed in U. S. Patent Nos.
5,324,800; 5,198,401; 5,278,1 19; 5,387,568; 5,120,867; 5,017,714;
4,871,705; 4,542,199; 4,752,597; 5,132,262; 5,391,629; 5,243,001;
5,278,264; 5,296,434; and 5,304,614; each of which is incorporated by
reference herein in its entirety. [0069] In one or more embodiments,
copolymerization techniques utilize more than one 



catalyst, i.e., two or more bis-Cp catalysts, or two or more mono-Cp
catalysts, or one or more bis-Cp catalysts, with one or more mono-Cp
catalysts. Activators [0070] The catalyst precursors employed in the
present process can also be activated with cocatalysts or activators that
comprise non-coordinating anions or they can be activated with Lewis acid
activators, or a combination thereof. [0071] Ionic activators comprise
non-coordinating anions. The term "non-coordinating anion" (NCA) means an
anion which either does not coordinate to said transition metal cation or
which is only weakly coordinated to said cation, thereby remaining
sufficiently labile to be displaced by a neutral Lewis base. "Compatible"
NCAs are those which are not degraded to neutrality when the initially
formed complex decomposes. Further, the anion will not transfer an anionic
substituent or fragment to the cation so as to cause it to form a neutral
four coordinate metallocene compound and a neutral by-product from the
anion. Noncoordinating anions useful for the purposes herein are those
which are compatible, stabilize the metallocene cation in the sense of
balancing its ionic charge in a + 1 state, and yet retain sufficient
lability to permit displacement by an ethylenically or acetylenically
unsaturated monomer during polymerization. Additionally, the anions useful
for the purposes herein will be large or bulky in the sense of sufficient
molecular size to largely inhibit or prevent neutralization of the
metallocene cation by Lewis bases other than the polymerizable monomers
that may be present in the polymerization process. Typically the anion will
have a molecular size of greater than or equal to about 4 angstroms. NCAs
are preferred because of their ability to produce a target molecular weight
polymer at a higher temperature than tends to be the case with other
activation systems such as alumoxane.[0072] Descriptions of ionic catalysts
for coordination polymerization using metallocene cations activated by NCAs
appear in EP-A-O 277 003; EP-A-O 277 004; WO92/00333; and U.S. Pat. Nos.
5,198,401, and 5,278,1 19, each of which are herein incorporated by
reference in their entirety. These references teach a preferred method of
preparation wherein metallocenes (bis-Cp and mono-Cp) are protonated by an
anionic precursors such that an alkyl/hydride group is abstracted from a
transition metal to make it both cationic and chargebalanced by the NCA.
The use of ionizing ionic compounds not containing an active proton but
capable of producing both the active metallocene cation and a NCA are also
known. See, e.g., EP-A-O 426 637, EP-A-O 573 403, and U.S. Pat. No.
5,387,568, each of which are herein incorporated by reference in their
entirety. Reactive cations other than Bronsted acids capable of ionizing
the metallocene compounds include ferrocenium triphenylcarbonium and
triethylsilylinium cations. [0073] Any metal or metalloid capable of
forming a coordination complex which is resistant to degradation by water
(or other Bronsted or Lewis Acids) may be used or contained in the anion of
the second activator compound. Suitable metals include, but are not limited
to, aluminum, gold, platinum, and the like. Suitable metalloids include,
but are not limited to, boron, phosphorus, silicon, and the like. The
description of NCAs and precursors thereto of these documents are
incorporated herein by reference in their entirety. [0074] An additional
method of making the ionic catalysts uses ionizing anionic pre cursors
(Lewis acid activators) which are initially neutral Lewis acids but form
the cation and anion upon ionizing reaction with the metallocene compounds,
for example tris(pentafluorophenyl) boron acts to abstract an alkyl,
hydride, or silyl ligand to yield a metallocene cation and stabilizing NCA,
see, e.g., EP-A-O 427 697 and EP-A-O 520 732, each 



of which are herein incorporated by reference in their entirety. Ionic
catalysts for addition polymerization can also be prepared by oxidation of
the metal centers of transition metal compounds by anionic precursors
containing metallic oxidizing groups along with the anion groups, see
EP-A-O 495 375, which is herein incorporated by reference in its entirety.
[0075] Where the metal ligands include halide moieties, for example,
(methyl-phenyl) silylene (tetramethylcyclopentadienyl)(tert-buty-amido)
zirconium dichloride), which are not capable of ionizing abstraction under
standard conditions, they can be converted via known alkylation reactions
with organometallic compounds such as lithium, or aluminum hydrides, or
alkyls, alkylalumoxanes, Grignard reagents, etc. Processes describing the
reaction of alkyl aluminum compounds with dihalide substituted metallocene
compounds prior to or with theaddition of activating anionic compounds are
found in EP-A-O 500 944, EP-Al-O 570 982, and EP-Al-O 612 768, each of
which are herein incorporated by reference in their entirety. For example,
an aluminum alkyl compound may be mixed with the metallocene prior to its
introduction into the reaction vessel. Since the alkyl aluminum is also
suitable as a scavenger, its use in excess of that normally
stoichiometrically required for alkylation of the metallocene will permit
its addition to the reaction solvent with the metallocene compound.
Normally alumoxane would not be added with the metallocene so as to avoid
premature activation, but can be added directly to the reaction vessel in
the presence of the polymerizable monomers when serving as both scavenger
and alkylating activator. Alumoxanes may also fulfill a scavenging
function. [0076] Similarly, a co-activator is a compound capable of
alkylating the transition metal complex, such that when used in combination
with an activator, an active catalyst is formed. Co-activators include
alumoxanes such as methyl alumoxane, modified alumoxanes such as modified
methyl alumoxane, and aluminum alkyls such trimethyl aluminum, tri-isobutyl
aluminum, triethyl aluminum, and tri-isopropyl aluminum. Co-activators are
typically used in combination with Lewis acid activators and Ionic
activators when the pre-catalyst is not a dihydrocarbyl or dihydride
complex. [0077] Known alkylalumoxanes are additionally suitable as catalyst
activators, particularly for those metallocenes comprising halide ligands.
The alumoxane component useful as catalyst activator typically is an
oligomeric aluminum compound represented by the general formula (R-Al-O)n,
which is a cyclic compound, or R(R-Al-O)nAlR , which is a linear compound.
In the general alumoxane formula R is a Ci to C5 alkyl radical, for
example, methyl, ethyl, propyl, butyl or pentyl and "n" is an integer from
1 to about 50. Most preferably, R is methyl and "n" is at least 4, i.e.,
methylalumoxane (MAO). Alumoxanes can be prepared by various procedures
known in the art. For example, an aluminum alkyl may be treated with water
dissolved in an inert organic solvent, or it may be contacted with a
hydrated salt, such as hydrated copper sulfate suspended in an inert
organic solvent, to yield an alumoxane. Generally, however prepared, the
reaction of an aluminum alkyl with a limited amount of water yields a
mixture of the linear and cyclic species of the alumoxane.Polymerization
Process [0078] The ethylene-based copolymer is preferably polymerized in a
single well stirred tank reactor in solution where the viscosity of the
solution during polymerization is less than lOOOOcps, or less than 7000cps,
and preferably less than 500cps. [0079] The reactor is preferably liquid
filled, continuous flow, stirred tank reactors providing full back mixing
for random copolymer production. Solvent, monomers, and catalyst are fed to
the reactor. When two or more reactors are utilized, solvent, monomers, 



and/or catalyst is fed to the first reactor or to one or more additional
reactors. [0080] Reactors may be cooled by reactor jackets or cooling
coils, autorefrigeration, prechilled feeds, or combinations of all three to
absorb the heat of the exothermic polymerization reaction. Autorefrigerated
reactor cooling requires the presence of a vapor phase in the reactor.
Adiabatic reactors with prechilled feeds are preferred, in which the
polymerization exotherm is absorbed by permitting a temperature rise of the
polymerizing liquid. [0081] Use of hydrogen to control molecular weight may
be avoided or reduced, if desired. The reactor temperature may be used to
control the molecular weight of the polymer fraction produced. In series
operation, this gives rise to a temperature difference between reactors
which is helpful for controlling polymer molecular weight. In one or more
embodiments, this technique is used to prepare bimodal copolymers. [0082]
Reactor temperature is selected, depending upon the effect of temperature
on catalyst deactivation rate, and polymer properties, and/or extent of
monomer depletion. For best monomer conversion, it is desirable to operate
at as high a temperature as possible using relatively concentrated polymer
solutions. [0083] When using more than one reactor, generally temperatures
should not exceed the point at which the concentration of catalyst in the
second reactor is insufficient to make the desired polymer component in the
desired amount. [0084] Therefore, reaction temperature is determined by the
details of the catalyst system. In general, a single reactor or first
reactor in a series will operate at a reactor temperature from about 00C to
about 1200C, or from about 00C to about 1100C, or from about 400C to about
1000C. Preferably, reaction temperatures are from about 100C to about 900C,
or more preferably from about 200C to about 700C, or from about 800C to
about 1200C. When using on or more additional reactors, the additional
reactor temperature will vary from 40-160 0C, with 50-140 0C preferred, and
60-120 0C more preferred. Ranges from any of the recitedlower limits to any
of the recited upper limits are contemplated by the inventors and within
the scope of the present description. [0085] In copolymerization techniques
that utilize both a one or more bis-Cp catalysts with one or more mono-Cp
catalysts, a lower reaction temperature is preferred for reactions
utilizing mono-Cp catalyst when compared to the bis-Cp catalyst. [0086]
Reaction pressure is determined by the details of the catalyst system. In
general reactors, whether a single reactor or each of a series of reactors,
operates at a reactor pressure of less than 600 pounds per square inch
(psi) (4.134 Mpa), or less than 500 psi (3.445 Mpa), or less than 400 psi
(2.756 Mpa), or less than 300 psi (2.067 Mpa). Preferably, reactor pressure
is from about atmospheric pressure to about 400 psi (2.756 Mpa), or from
about 200 psi (1.378 Mpa) to about 350 psi (2.41 1 Mpa), or from about 300
psi (2.067 Mpa) to about 375 psi (2.584 Mpa). Ranges from any of the
recited lower limits to any of the recited upper limits are contemplated by
the inventors and within the scope of the present description. [0087] In
the case of less stable catalysts, catalyst can also be fed to a second
reactor when the selected process uses reactors in series. Optimal
temperatures can be achieved, particularly for series operation with
progressively increasing polymerization temperature, by using bis-Cp
catalyst systems containing hafnium as the transition metal, especially
those having a covalent, single atom bridge coupling the two
cyclopentadienyl rings. [0088] Particular reactor configurations and
processes suitable for use in the processes described herein are described
in detail in U.S. Patent Application Nos. 09/260,787, filed 



March 1, 1999, and 60/243,192, filed October 25, 2000, the disclosures of
which are incorporated herein by reference in their entireties. [0089]
Preferably, the linearity of the ethylene-based copolymers is preserved
during polymerization. Branching is introduced by the choice of
polymerization catalysts, process condition as the choice of the transfer
agent. High polymerization temperatures lead to branched polymers as does
the use of thermally induced transfer. [0090] The copolymerization process
may occur with or without hydrogen present. However, hydrogen is a
preferred chain transfer agent because it inhibits branching in the
copolymers since it lead to chain ends which are completely or
substantially saturated. Without being limited by theory, it is believed
that these saturated polymers cannot participate in the principal branching
pathway where preformed polymers with unsaturated chain ends are
reincorporated into new growing chains which lead to branched
polymers.Lower polymerization temperatures also lead to lower branching
since the formation of chains with unsaturated ends is inhibited by lower
scission processes. Lubricating Oil Compositions [0091] Lubricating oil
composition are composed of at least one ethylene-based polymer and at
least one lubrication oil base. Thus, ethylene-based polymers are used as
viscosity modifiers for lubrication fluids. In some embodiments,
lubricating oil compositions are composed of: (a) two or more
ethylene-based copolymers and a lubricating oil base; (b) an ethylene-based
copolymer and two or more lubricating oil bases; or (c) two or more
ethylenebased copolymers and two or more lubricating oil bases. In one or
more embodiments, the lubricating oil compositions include one or more
conventional additives that are known to those skilled in the art. A
preferred additive is a pour point depressant. [0092] As used herein
Viscosity Index (VI) is the ability of a lubricating oil to accommodate
increases in temperature with a minimum decrease in viscosity. The greater
this ability, the higher the VI. [0093] Relative performance of VI
improving compositions may be measured by TE and/or ratio of TE/SSI. TE and
SSI reflect the efficacy of the increase in viscosity and the persistence
of the increased viscosity under conditions of high shear, respectively. TE
is measured in a dilute or semidilute solution in base oil according to
ASTM D445. Shear stability index is measured in a dilute or semidilute
solution in base oil according to ASTM D6278. In this usage, relative
performance increases, or is considered more desirable, as TE increases and
SSI values decrease. [0094] In the industry the generally accepted
procedure is to use the appropriate amount of the olefin copolymer
viscosity improver to raise the viscosity of the basestock oil by a
predetermined amount. At higher TE effectively less of the rheology
modifier is needed to have a similar increase in the viscosity of the base
stock oil. This diminished use leads to a substantially simpler formulation
where other additives such as pour point depressants can be decreased or
eliminated compared to equivalent formulation made with conventional
viscosity modifiers. [0095] It is generally believed that the composition
of the olefin copolymer and the average molecular weight largely determine
the TE which is favored by increases in either area. Thus, higher ethylene
content rheology modifiers are preferred because of their higher TE. While
increasing ethylene content leads to improved TE/SSI ratios, the
compositional change also leads to increasing crystallinity of the olefin
copolymer. Crystallinities areapparent as measured by DSC at compositions
near or above 45 wt% ethylene for ethylene propylene copolymers. This
detracts from the performance as a VI improver since these 



crystalline polymers tend to flocculate, either by themselves or in
association with other components of the lubricating oil and precipitate
out of the lubricating oils. These precipitates are apparent as regions
('lumps') of high viscosity or essentially complete solidification (gels)
and can lead to clogs and blockages of pumps and other passageways for the
lubrication fluid and can lead to harm and in some cases failure of moving
machinery. [0096] An alternate mode of raising the TE of a rheology
modifying compositions is to raise the molecular weight. This method is
effective, but also leads to higher, and therefore detrimental, SSI
characteristics. Thus, a higher molecular weight polymer, while effective
in raising the viscosity of the basestock oil, also leads to a temporary
effect since the increase in viscosity rapidly disappears in a region of
high shear as the molecular weight of the polymer rapidly degrades. It is
easy to understand that in a polymer sample containing a distribution of
molecular weights the most rapid degradation of molecular weights in a high
shear region would be for the molecules with the highest molecular weights,
since these molecules with the longest backbone length would be most
susceptible to a random chain scission mechanism. [0097] While not being
bound by any particular theory, it is believed that lubrication fluids
composed of the present ethylene-based copolymer, have near the most
probable distribution of molecular weight, i.e., having a PDI less than
about 2.4, preferably less than about 2.3, and more preferably less than
about 2.2 as measured by GPC, and are both intra and inter molecularly
uniform. Such lubricating oil compositions will have a higher TE and be
less prone to the deleterious effects of macroscopic crystallization in
dilute solution as measured by the change in the rheology of the fluid
solution compared to an equivalent amount of an ethylene copolymer which
does not have these structural limitations. This effect will be most noted
in solution at subambient, ambient, and supra ambient temperatures. [0098]
It is also believed that these ethylene-based copolymer will have lower
crystallinization on cooling from ambient to sub-ambient temperatures,
resulting in better low temperature flow properties in solution, as
compared to equivalent compositionally uniform polymers of similar
molecular weight and TE. Dilute solutions of ethylene-based copolymers
display a higher TE and lower SSI compared to similar conventional
compositions. The present ethylene-based copolymers have a superior low
temperature performance as measured by reduced viscosity of the solutions
at low temperature.[0099] Generally, the TE of a polyolefn copolymer is a
function of the composition. For ethylene-based copolymers, in particular
those containing propylene comonomers, TE increases with ethylene content
of the polymer. Figure 1 illustrates the effect of ethylene content where
the TE of various ethylene-propylene copolymers of different compositions
is plotted. [00100] The ethylene-based copolymers described herein have an
unusually high TE with respect to the known and conventional viscosity
improving compositions for similar SSI. While not wishing to be bound by
speculation, it is believed that this unexpected and beneficial attribute
of the polymer arises from a predetermined control of molecular structure
which comprises all or some of the following parts: 1. The ethylene-based
copolymer molecule is rigorously narrow in composition both
intramolecularly, and intermolecularly. 2. The ethylene-based copolymer is
the "most probable" molecular weight distribution without substantial
molecular weight digression, in either the high or the low molecular weight
end of the distribution. 



3. The ethylene-based copolymer molecule is linear with little or
negligible evidence of long chain branching, as determined by rheological
and molecular weight measurements. [00101] As shown in Figure 1, such
ethylene-based copolymers have a TE that is reproducibly higher than that
of other competitive polymers with similar ethylene concentration. When
combinations of characteristics 1-3 are present, or all are present, the
resultant ethylene-based copolymers are highly effective and yet do not
have low temperature viscometrics problems characteristic of high TE
viscosity modifiers. For example, the TE of an ethylene-based polymer with
a 48 wt% ethylene content is comparable to existing polymers, such as
Paratone 8900K, which has an ethylene content 64 wt% and is commercially
available from ExxonMobil Chemical Company, Houston, Texas. [00102] In some
embodiments of lubricant oil compositions, the ethylene-based copolymer has
an ethylene content of less than about 80 wt%, or more preferably less than
78 wt%, and even more preferably less than 76 wt%, and even more preferably
less than 74 wt%. It is also desirable that the ethylene content of the
ethylene-based copolymer be greater than 25 wt% ethylene, or greater than
30 wt% ethylene, or greater than 35 wt% ethylene, and greater than 40 wt%
ethylene.[00103] In some embodiments of lubricant oil compositions, the
ethylene-based copolymer has a molecular weight measured as the number
average molecular weight by GPC of more than about 20,000, or more than
about 25,000, or preferably more than about 30,000. The molecular weight
measured as the number average molecular weight by GPC is less than about
200,000, or less than about 180,000, or less than about 150,000, and
preferably less than about 120,000. [00104] In some embodiments of
lubricant oil compositions, the ethylene-based copolymer has a molecular
weight distribution as close to "most probable" distribution, but less than
2.4 PDI, or less than 2.3 PDI, or less than 2.2 PDI. [00105] In some
embodiments of lubricant oil compositions, the ethylene-based copolymer is
compositionally homogeneous both intermolecularly and intramoelcularly with
less than about 15 wt%, or preferably less than about 10 wt%, and
preferably less than about 5 wt% of the polymer segments having a
composition greater than 1 standard deviation away from the mean
composition. [00106] In some embodiments of lubricant oil compositions, the
ethylene-based copolymer is linear with less than 1 branch point along 200
carbon atoms along a backbone, or less than 1 per 300 branchpoints, or less
than 1 per 500 carbon atoms, and preferably less than 1 per 1000 carbon
atoms notwithstanding the presence of branch points due to incorporation of
the comonomer. Lubricating Oil Base [00107] As used herein, lubricating oil
bases include each conventional lubricating oil bases known to those
skilled in the art. Examples of the lubricating oil bases include mineral
oils and synthetic oils such as poly-a-olefms, polyol esters, and
polyalkylene glycols. A mineral oil or a blend of a mineral oil and a
synthetic oil is preferably employed. The mineral oil is generally used
after subjected to purification such as dewaxing. Although mineral oils are
divided into several classes according to the purification method,
generally used is a mineral oil having a wax content of about 0.5 to about
10 wt%. Further, a mineral oil having a kinematic viscosity of 10 to 200
cSt is generally used. [00108] Suitable base oils include those
conventionally employed as crankcase lubricating 



oils for spark-ignited and compression-ignited internal combustion engines,
such as automobile and truck engines, marine and railroad diesel engines,
and the like. Advantageous results are also achieved by employing the
ethylene-based copolymers in base oils conventionally employed in and/or
adapted for use as power transmitting fluids such asautomatic transmission
fluids, tractor fluids, universal tractor fluids and hydraulic fluids,
heavy duty hydraulic fluids, power steering fluids and the like. Gear
lubricants, industrial oils, pump oils and other lubricating oil
compositions can also benefit from the incorporation of the present
ethylene-based copolymers. [00109] Suitable base oils include not only
hydrocarbon oils derived from petroleum, but also include synthetic
lubricating oils such as esters of dibasic acids, complex esters made by
esterification of monobasic acids, polyglycols, dibasic acids and alcohols,
polyolefin oils, etc. Thus, ethylene-based copolymers are suitably
incorporated into synthetic base oils such as alkyl esters of dicarboxylic
acids, polyglycols and alcohols, polyalpha-olefms, polybutenes, alkyl
benzenes, organic esters of phosphoric acids, polysilicone oils. [00110]
The above oil compositions may optionally contain other conventional
additives, such as, for example, pour point depressants, antiwear agents,
antioxidants, other viscosityindex improvers, dispersants, corrosion
inhibitors, anti-foaming agents, detergents, rust inhibitors, friction
modifiers, and the like. [00111] Corrosion inhibitors, also known as
anti-corrosive agents, reduce the degradation of the metallic parts
contacted by the lubricating oil composition. Illustrative of corrosion
inhibitors are phosphosulfurized hydrocarbons and the products obtained by
reaction of a phosphosulfurized hydrocarbon with an alkaline earth metal
oxide or hydroxide, preferably in the presence of an alkylated phenol or of
an alkylphenol thioester, and also preferably in the presence of carbon
dioxide. Phosphosulfurized hydrocarbons are taught in U.S. Patent No.
1,969,324, the disclosure of which is incorporated herein by reference.
[00112] Oxidation inhibitors, or antioxidants, reduce the tendency of
mineral oils to deteriorate in service, as evidenced by the products of
oxidation such as sludge and varnishlike deposits on the metal surfaces,
and by viscosity growth. Such oxidation inhibitors include alkaline earth
metal salts of alkylphenolthioesters having C to C1 alkyl side chains,
e.g., calcium nonylphenate sulfide, barium octylphenate sulfide,
dioctylphenylamine, phenylalphanaphthylamine, phosphosulfurized or
sulfurized hydrocarbons, etc. [00113] Other oxidation inhibitors or
antioxidants useful in this invention include oilsoluble copper compounds,
such as described in U.S. Patent No. 5,068,047, the disclosure of which is
incorporated herein by reference. [00114] Friction modifiers serve to
impart the proper friction characteristics to lubricating oil compositions
such as automatic transmission fluids. Representative examples of suitable
friction modifiers are found in: U.S. Patent No. 3,933,659, which discloses
fatty acid estersand amides; U.S. Patent No. 4,176,074, which describes
molybdenum complexes of polyisobutenyl succinic anhydride-amino alkanols;
U.S. Patent No. 4,105,571, which discloses glycerol esters of dimerized
fatty acids; U.S. Patent No. 3,779,928, which discloses alkane phosphonic
acid salts; U.S. Patent No. 3,778,375, which discloses reaction products of
a phosphonate with an oleamide; U.S. Patent No. 3,852,205, which discloses
Scarboxyalkylene hydrocarbyl succinimide, S-carboxyalkylene hydrocarbyl
succinamic acid and mixtures thereof; U.S. Patent No. 3,879,306, which
discloses N(hydroxyalkyl)alkenylsuccinamic acids or succinimides; U.S.
Patent No. 3,932,290, which discloses reaction products of di-(lower alkyl)
phosphites and epoxides; and U.S. Patent No. 4,028,258 which discloses the
alkylene oxide adduct of phosphosulfurized N-(hydroxyalkyl) alkenyl 



succinimides. Preferred friction modifiers are succinate esters, or metal
salts thereof, of hydrocarbyl substituted succinic acids, or anhydrides and
thiobis-alkanols, such as described in U.S. Patent No. 4,344,853. The
disclosures of the patents identified in this paragraph are each
incorporated by reference herein in their entirety. [00115] Dispersants
maintain oil insolubles, resulting from oxidation during use, in suspension
in the fluid, thus preventing sludge flocculation and precipitation or
deposition on metal parts. Suitable dispersants include high molecular
weight N-substituted alkenyl succinimides, the reaction product of
oil-soluble polyisobutylene succinic anhydride with ethylene amines such as
tetraethylene pentamine and borated salts thereof. High molecular weight
esters (resulting from the esterification of olefin substituted succinic
acids with mono or polyhydric aliphatic alcohols) or Mannich bases from
high molecular weight alkylated phenols (resulting from the condensation of
a high molecular weight alkylsubstituted phenol, an alkylene polyamine and
an aldehyde such as formaldehyde) are also useful as dispersants. [00116]
Pour point depressants, otherwise known as lube oil flow improvers, lower
the temperature at which the fluid will flow or can be poured. Such
additives are well known in the art. Typically of those additives which
usefully optimize the low temperature fluidity of the fluid are Cs to
C1Sdialkylfumarate vinyl acetate copolymers, polymethacrylates, and wax
naphthalene. [00117] Foam control can be provided by an antifoamant of the
polysiloxane type, e.g., silicone oil and polydimethyl siloxane. [00118]
Anti-wear agents, as their name implies, reduce wear of metal parts.
Representatives of conventional antiwear agents are zinc
dialkyldithiophosphate and zinc diaryldithiosphate, which also serves as an
antioxidant.[00119] Detergents and metal rust inhibitors include the metal
salts of sulphonic acids, alkyl phenols, sulfurized alkyl phenols, alkyl
salicylates, naphthenates and other oil soluble mono-and dicarboxylic
acids. Highly basic (viz, overbased) metal sales, such as highly basic
alkaline earth metal sulfonates (especially Ca and Mg salts) are frequently
used as detergents. [00120] Lubricating oil compositions include an
effective amount of ethylene-based copolymer to improve or modify the VI of
the base oil, i.e., a viscosity improving effective amount. Generally, this
amount is from about 0.001 to about 20 wt%, based on the weight of the
lubricating oil composition, for a finished product (e.g., a fully
formulated lubricating oil composition), with alternative lower limits of
0.01 wt%, 0.1 wt%, or 1 wt%, and alternative upper limits of about 15 wt%
or about 10 wt%, in other embodiments. [00121] Preferably, the
ethylene-based copolymer, or grafted and/or derivatized version thereof,
has a solubility in oil of at least about 10 wt%. In one or more
embodiments, from about 0.001 to 49 wt% of this composition is incorporated
into a base oil, such as a lubricating oil or a hydrocarbon fuel, depending
upon whether the desired product is a finished product or an additive
concentrate. Ranges from any of the recited lower limits to any of the
recited upper limits are within the scope of the present description.
[00122] In one or more embodiments where lubricating oil compositions are
composed of additives, additives are typically blended into the base oil in
amounts which are effective to provide their normal attendant function.
Thus, typical formulations can include, in amounts by weight, one or more
ethylene-based copolymers (0.01-12%); a corrosion inhibitor (0.01- 5%); an
oxidation inhibitor (0.01-5%); depressant (0.01-5%); an anti-foaming agent
(0.001- 3%); an anti-wear agent (0.001-5%); a friction modifier (0.01-5%);
a detergent/rust inhibitor (0.01-10%); and an oil base. 



[00123] When other additives are used, it may be desirable, although not
necessary, to prepare additive concentrates comprising concentrated
solutions or dispersions of the ethylene-based copolymers together with one
or more of the other additives, such a concentrate denoted an "additive
package," whereby several additives can be added simultaneously to the base
oil to form a lubricating oil composition. [00124] Dissolution of the
additive concentrate into the lubricating oil may be facilitated by
solvents and by mixing accompanied with mild heating, but this is not
essential. The additive-package will typically be formulated to contain an
ethylene-based copolymer and optional additional additives in proper
amounts to provide the desired concentration in the final formulation when
the additive -package is combined with a predetermined amount ofbase
lubricant. Thus, rheology modifying compositions can be added to small
amounts of base oil or other compatible solvents along with other desirable
additives to form additivepackages containing active ingredients in
collective amounts of typically from about 2.5 to about 90 wt%, preferably
from about 5 to about 75 wt%, and still more preferably from about 8 to
about 50 wt% by weight additives in the appropriate proportions with the
remainder being base oil. In one or more embodiments, the final lubricating
oil composition may use about 10 wt% of the additive-package with the
remainder being base oil. [00125] In one or more embodiments, the rheology
modifying compositions are utilized in a concentrate form, such as from 1
wt% to 49 wt% in oil, e.g., mineral lubricating oil, for ease of handling,
and may be prepared in this form by carrying out the reaction of the
invention in oil as previously described. Methods of Preparing Lubricating
Oil Compositions [00126] Rheology modifying compositions are blended with
base oils to form lubricant oil compositions. Conventional blending methods
are described in U.S. Patent No. 4,464,493, the disclosure of which is
incorporated herein by reference. This conventional process requires
passing the polymer through an extruder at elevated temperature for
degradation of the polymer and circulating hot oil across the die face of
the extruder while reducing the degraded polymer to particle size upon
issuance from the extruder and into the hot oil. The pelletized, solid
rheology modifying compositions are added by blending directly with the
base oil, so that the conventional complex multi-step processes of the
prior art are not needed. The solid polymer composition can be dissolved in
the base oil without the need for additional shearing and degradation
processes. [00127] In embodiments where a viscosity modifying concentrate
is prepared, the ethylene-based copolymer will be soluble at room
temperature in lube oils at up to 10 percent concentration. Such
concentrate, including eventually an additional additive package including
the typical additives used in lube oil application as described above, is
generally further diluted to the final concentration, typically about 1
wt%, by multi-grade lube oil producers. In this case, the concentrate will
be a pourable homogeneous solid free solution. [00128] In one or more
embodiments, ethylene-based copolymers have a SSI less than about 100, or
less than about 80, or less than about 60, or less than about 50, or less
than about 40. Preferably, ethylene-based copolymers have a SSI of from
about 1 to about 60, or from about 10 to about 60, or from about 20 to
about 60 or from about 10 to about 50.Ranges from any of the recited lower
limits to any of the recited upper limits are within the scope of the
present description. Polymer Analysis [00129] Unless stated otherwise, the
following analysis techniques were utilized to characterize the various
compositions and components described herein. Unless stated 



otherwise, the following analysis techniques apply to all characterization
properties described above. [00130] Ethylene wt% was determined according
to ASTM D1903 . DSC measurements [00131] The crystallization temperature Tc
and melting temperature Tm of polymers, e.g., ethylene-based copolymers,
were measured using a TA Instruments Model 2910 DSC. Typically, 6-10 mg of
a polymer was sealed in a pan with a hermetic lid and loaded into the
instrument. In a nitrogen environment, the sample was first cooled to
-1000C at 20C/min. It was heated to 2200C at 10C/min and melting data
(first heat) were acquired. This provides information on the melting
behavior under as-received conditions, which can be influenced by thermal
history as well as sample preparation method. The sample was then
equilibrated at 2200C to erase its thermal history. Crystallization data
(first cool) were acquired by cooling the sample from the melt to -1000C at
10C/min and equilibrated at -1000C. Finally it was heated again to 2200C at
10C/min to acquire additional melting data (second heat). The endothermic
melting transition (first and second heat) and exothermic crystallization
transition (first cool) were analyzed for peak temperature and area under
the peak. The term "melting point," as used herein, is the highest peak
among principal and secondary melting peaks as determined by DSC during the
second melt, discussed above. The thermal output is recorded as the area
under the melting peak of the sample, which is typically at a maximum peak
at about 300C to about 175C, and occurs between the temperatures of about
00C and about 2000C. The thermal output is measured in Joules as a measure
of the heat of fusion. The melting point is recorded as the temperature of
the greatest heat absorption within the range of melting of the sample.
Size-Exclusion Chromatography of Polymers (SEC-3D) [00132] Molecular weight
(weight-average molecular weight, Mw, number-average molecular weight, Mn,
and molecular weight distribution, Mw/Mn or MWD) were determined using a
High Temperature Size Exclusion Chromatograph (either from Waters
Corporation or Polymer Laboratories), equipped with a differential
refractive index detector (DRI), an onlinelight scattering (LS) detector,
and a viscometer. Experimental details not described below, including how
the detectors were calibrated, are described in T. Sun et ah,
Macromolecules, 34 (19), pp. 6812-6820, (2001). [00133] Three Polymer
Laboratories PLgel 10mm Mixed-B columns were used. The nominal flow rate
was 0.5 cm3 /min, and the nominal injection volume was 300 L. The various
transfer lines, columns and differential refractometer (the DRI detector)
were contained in an oven maintained at 145 0C. Solvent for the SEC
experiment was prepared by dissolving 6 grams of butylated hydroxy toluene
as an antioxidant in 4 liters of Aldrich reagent grade 1, 2, 4
trichlorobenzene (TCB). The TCB mixture was then filtered through a 0.7 m
glass pre-filter and subsequently through a 0.1 m Teflon filter. The TCB
was then degassed with an online degasser before entering the SEC. Polymer
solutions were prepared by placing dry polymer in a glass container, adding
the desired amount of TCB, then heating the mixture at 16O0C with
continuous agitation for about 2 hours. All quantities were measured
gravimetrically. The TCB densities used to express the polymer
concentration in mass/volume units are 1.463 g/ml at room temperature and
1.324 g/ml at 145 0C. The injection concentration ranged from 1.0 to 2.0
mg/ml, with lower concentrations being used for higher molecular weight
samples. Prior to running each sample the DRI detector and the injector
were purged. Flow rate in the apparatus was then increased to 0.5
ml/minute, and the 



DRI was allowed to stabilize for 8-9 hours before injecting the first
sample. The LS laser was turned on 1 to 1.5 hours before running samples.
[00134] The concentration, c, at each point in the chromatogram is
calculated from the baseline-subtracted DRI signal, IDR1, using the
following equation: c = K DRilDRi/(dn/dc) where KDRI is a constant
determined by calibrating the DRI, and (dn/dc) is the same as described
below for the light scattering (LS) analysis. Units on parameters
throughout this description of the SEC method are such that concentration
is expressed in g/cm3, molecular weight is expressed in g/mole, and
intrinsic viscosity is expressed in dL/g. [00135] The light scattering
detector used was a Wyatt Technology High Temperature mini- DAWN. The
polymer molecular weight, M, at each point in the chromatogram is
determined by analyzing the LS output using the Zimm model for static light
scattering (M.B. Huglin, LIGHT SCATTERINGFROM POLYMER SOLUTIONS, Academic
Press, 1971): K c 1 + 2A c DR(q) MP(q)Here, DR(Q) is the measured excess
Rayleigh scattering intensity at scattering angle q, c is the polymer
concentration determined from the DRI analysis, A is the second virial
coefficient [for purposes of this invention and the claims thereto, A =
0.0006 for propylene polymers and 0.001 otherwise], P(q) is the form factor
for a monodisperse random coil (M.B. Huglin, LIGHT SCATTERINGFROM POLYMER
SOLUTIONS, Academic Press, 1971), and K0 is the optical constant for the
system: 4pV(dn/dc) 2 K = in which NA is Avogadro's number, and (dn/dc) is
the refractive index increment for the system. The refractive index, n =
1.500 for TCB at 145C and l = 690 nm. For purposes of this invention and
the claims thereto (dn/dc) = 0.104 for propylene polymers and 0.1
otherwise. [00136] A high temperature Viscotek Corporation viscometer,
which has four capillaries arranged in a Wheatstone bridge configuration
with two pressure transducers, was used to determine specific viscosity.
One transducer measures the total pressure drop across the detector, and
the other, positioned between the two sides of the bridge, measures a
differential pressure. The specific viscosity, hs, for the solution flowing
through the viscometer is calculated from their outputs. The intrinsic
viscosity, [h], at each point in the chromatogram is calculated from the
following equation: hs = c[h] + 0.3(c[h])2 where c is concentration and was
determined from the DRI output. [00137] The branching index (g') is
calculated using the output of the SEC-DRI-LS-VIS method as follows. The
average intrinsic viscosity, [h]a g, of the sample is calculated by: [h] =
Cl [h ]l where the summations are over the chromatographic slices, i,
between the integration limits. The branching index g' is defined as:
where, for purpose of this invention and claims thereto, a = 0.695 for
ethylene, propylene, and butene polymers; and k = 0.000579 for ethylene
polymers, k = 0.000228 for propylene polymers, and k = 0.000181 for butene
polymers. Mv is the viscosity-average molecular weight based on molecular
weights determined by LS analysis.Temperature Rising Elution Fractionation
(TREF) 



[00138] The determination of intermolecular compositional heterogeneity was
determined by the fractionation of the ethylene-based copolymer was carried
out by a Polymer Char TREF 200 based on a well-known principle: the
solubility of a semi-crystalline copolymer is a strong function of
temperature. The heart of the instrument is a column packed with solid
stainless-steel beads. The copolymer of interest was dissolved in 1,2
ortho-dichlorobenzene (oDCB) at 1600C for 60 min. Half of a milliliter (ml)
of the polymer solution (concentration = 4-5 mg/ml) was injected in the
column and it was stabilized there at 1400C for 45 min. The solution was
cooled from 1400C to -15C at lC/min and equilibrated at this temperature
for 10 min. This caused the copolymer to crystallize out of the quiescent
solution in successive layers of decreasing crystallinity onto the surface
of the beads. Pure solvent (oDCB) was pumped for 5 min at -15C at a flow
rate of 1 ml/min through an infrared detector. A valve was then switched to
allow this chilled oDCB to flow through the column at the same flow rate at
-15C for 10 min. The material eluted was designated as the soluble fraction
of the copolymer. At this point, the heater was on and the solvent
continued to flow through both the column and the infrared detector while
the temperature was programmed upward at a controlled rate of 2C/min to
1400C. The infrared detector continuously measured the concentration of the
copolymer in the effluent from the column, and a continuous solubility
distribution curve was obtained. Procedure for gelation visual test [00139]
Place 10ml sample of the solution into 40ml glass vial with screw cap. A
typical vial is available from VWR Corporation as catalog number (VWR cat #
: C236-0040). Then heat the sample in an 800C oven for 1 hour to remove any
thermal history. Store the vial at 100C for 4-6hr in a Low Temperature
Incubator. A typical incubator is available from VWR corporation as catalog
number 35960-057. Then store the vial at -15C +/- 0.50C overnight in a
chest freezer. A typical chest freezer is Revco Model UTL 750-3-A30. A
thermocouple is placed into a reference vial, identical to the sample but
containing only the solvent or base 011 to monitor the actual sample
temperature. After 16 hours remove the vial from the freezer, do not remove
the cap and immediately tilt the vial 80-90 degrees to an almost horizontal
position. If condensation forms on the outside of the vial quickly wipe the
vial with a paper towel. Use the following visual grading to rate the
sample visually.Table 1 [00140] Anton-Parr Low Temperature Solution
Rheology (low temperature rheology) experiments were done on an Anton-Parr
Model MCR501 rheometer using a 1" cone and plate setup. The cone has a
nominal 1 degree angle and 50 micron gap. About 100 microliters of sample
is deposited on the bottom plate using a syringe-pipette. The cone is then
lowered onto the plate so that the volume between the cone and plate is
fully occupied by solution. The temperature is then lowered at a cooling
rate of 1.5C/min. while measuring the complex viscosity at an angular
frequency of 0.1 radians/sec, applying a 10% strain and recording a value
every minute. The viscosity at 0.1 rad/sec is then plotted as a function of
temperature to observe the effect of gelation. "Complex viscosity" as used
herein means a frequency-dependent viscosity function determined during
forced small amplitude harmonic oscillation of shear stress, in units of
Pascal-seconds, that is equal to the difference between the dynamic
viscosity and the out-of-phase viscosity (imaginary part of complex
viscosity). [00141] As used herein, any data generated using a Scanning
Brookf eld Viscometer Operation was gathered using procedures provided in
ASTM D5133. Pour 25 to 30ml of the sample into glass stator to the fill
line which was immersed into an oil bath which is 



programmed to cool from -5C to -400C at lC/hour scanning speed. Pre-heat
the sample to 900C for 90 minutes to remove thermal history. The
temperature ramping program is set to cool from -5C to -400C at lC/hour
scanning speed. In sample collection mode, the Gelation Index (GI) and
maximum viscosity can be viewed. The torque versus temperature data set can
be converted to a viscosity-temperature plot at which a gelation point
and/or corresponding gelation index can be established. [00142] Melt Flow
Rate of the polymers was measured according to ASTM D1238 at 2300C, with a
2.16 kg load. [00143] Kinematic viscosity was measured at 1000C according
to ASTM D445. [00144] Thickening Efficiency (TE) was determined according
to ASTM D445.[00145] High temperature high shear (HTHS) viscosity was
measured at 1500C according to ASTM D5481. [00146] Cold cranking simulator
(CCS) tests were performed at -200C according to ASTM D5293. [00147] Mini
rotary viscometer (MRV) tests were performed at -300C according to ASTM
D4684. [00148] Pour point was determined according to ASTM D97. [00149]
Shear stability index (SSI) was determined according to ASTM D6278 at 30
and 90 passes using a Kurt Ohban machine. [00150] Shear stress data was
determined by first heating the sample to -15C, and waiting for 15 minutes.
Then while measuring the shear stress, applying a logarithmically
increasing strain by varying the shear rate logarithmically from 10 to 10
with 20 points/decade and 1 seconds per point. [00151] The number of branch
points was determined by measuring the radius of gyration of polymers as a
function of the molecular weight by the methods of size exclusion
chromatography augmented by laser light scattering. These procedures are
described in the publications A Study of the Separation Principle in Size
Exclusion Chromatography" by T Sun et ah, Macromolecules, 2004, 37 ( 11),
pp 4304-4312 and "Effect of Short Chain Branching on the Coil Dimensions of
Polyolefms in Dilute Solution" by T Sun et ah, Macromolecules, 2001, 34
(19), pp 6812-6820, which are both incorporated by reference. [00152]
Branching in ethylene-based copolymers can also be described by the ratio
of the TE to the MFR@230C measured at a load of 2.16Kg. High values of this
parameter indicate low levels of branching while low levels indicate
substantial levels of branching. [00153] Further embodiments of
ethylene-based copolymers and uses thereof are provided in the following
embodiments: A. An ethylene-based copolymer comprising: from about 35 wt%
to about 80 wt% units derived from ethylene, and at least 1.0 wt% or more
of an a-olefin comonomer having 3 to 20 carbon atoms, based on the weight
of the ethylene-based copolymer, wherein the ethylene-based copolymer has:
a melting peak (Tm), as measured by DSC, of 800C or less; a polydispersity
index of about 2.8 or less; and has an intramolecular composition
distribution of about 15 wt% or less.B. The ethylene-based copolymer of
embodiment A, wherein the ethylene-based copolymer composition comprises
from about 35 wt% to about 60 wt% units derived from ethylene, based on the
weight of the ethylene-based copolymer. C. The ethylene-based copolymer of
embodiment A or B, wherein the ethylene-based 



copolymer is substantially linear. D. The ethylene-based copolymer of any
of embodiments A-C, wherein the a-olefin comonomer is derived from
propylene, butene, hexene, or octene. E. The ethylene-based copolymer of
any of embodiments A-D, wherein the ethylenebased copolymer is an
ethylene/propylene copolymer. F. The ethylene-based copolymer of any of
embodiments A-E, wherein the ethylenebased copolymer is a metallocene
catalyzed copolymer. G. The ethylene-based copolymer of any of embodiments
A-F, wherein the ethylenebased copolymer has a weight-average molecular
weight (Mw) of from about 80,000 to about 400,000. H. The ethylene-based
copolymer of any of embodiments A-G, wherein the ethylenebased copolymer
has an intermolecular composition distribution of about 15 wt% or less. I .
The ethylene-based copolymer of any of embodiments A-H, wherein the
ethylenebased copolymer has an intramolecular composition distribution of
about 15 wt% or less. J . A masterbatch composition comprising the
ethylene-based copolymer of any of embodiments A-I. K. The masterbatch
composition of embodiment J, further comprising at least one additive. L.
Method for modifying the rheology of a first composition comprising the
step of combining the ethylene-based copolymer of any of embodiments A-I
with the first composition. M. A lubricating oil composition comprising:
(a) a lubricating oil base; and (b) an ethylene-based copolymer comprising:
from about 35 wt% to about 80 wt% units derived from ethylene, and at least
1.0 wt% of an a-olefin comonomer having 3 to 20 carbon atoms, based on the
weight of the ethylene-based copolymer, wherein the ethylene-based
copolymer has: a melting point (Tm), as measured by DSC, of 800C or less;a
polydispersity index of about 2.8 or less; and an intramolecular
composition distribution of about 15 wt% or less. N. The lubricating oil
composition of embodiment M, wherein the lubricating oil composition has a
TE of about 2.2 or less. O. The lubricating oil composition of embodiment M
or N, wherein the lubricating oil composition has a TE of about 2.2 or less
and the ethylene-based copolymer comprises from about 35 wt% to about 60
wt% units derived from ethylene, based on the weight of the ethylene-based
copolymer. P. The lubricating oil composition of any of embodiments M-O,
wherein the lubricating oil composition exhibits no substantial
crystallinity at about 00C or below. Q. The lubricating oil composition of
any of embodiments M-P, wherein the lubricating oil composition is
characterized as having a slope less than one at less than 00C when
viscosity at 0.1 rad/sec is plotted as a function of temperature. R. The
lubricating oil composition of any of embodiments M-Q, wherein the
lubricating oil composition exhibits a SSI value of about 25 or less. S.
The lubricating oil composition of any of embodiments M-R, wherein the
ethylenebased copolymer is substantially linear. 



T. The lubricating oil composition of any of embodiments M-S, wherein the
ethylenebased copolymer has a weight-average molecular weight (Mw) from
about 80,000 to about 400,000. U. The lubricating oil composition of any of
embodiments M-T, wherein the lubricating oil composition comprises from
about 0.1 wt% to about 5 wt% of ethylene-based copolymer. V. The
lubricating oil composition of any of embodiments M-U, further comprising
at least one additive. W. The lubricating oil composition of any of
embodiments M-V, further comprising from about 0.05 wt% to about 5 wt% pour
point depressant, based on the weight of the lubricating oil composition.
X. The lubricating oil composition of any of embodiments M-W, wherein the
lubricating oil composition is a crankcase lubricating oil, automatic
transmission fluid, tractor fluid, hydraulic fluid, power steering fluids,
gear lubricant, or pump oil. Y. An ethylene-based copolymer comprising:
from about 35 wt% to about 60 wt% units derived from ethylene, andat least
1.0 wt% or more of an a-olefin comonomer having 3 to 20 carbon atoms, based
on the weight of the ethylene-based copolymer, wherein the ethylene-based
copolymer: is substantially amorphous; and has a polydispersity index of
about 2.8 or less. Z. The ethylene-based copolymer of embodiment Y, wherein
the ethylene-based copolymer comprises from about 40 wt% to about 50 wt%
unit derived from ethylene, based on the weight of the ethylene-based
copolymer. AA. The ethylene-based copolymer of embodiment Y or Z, wherein
the ethylene-based copolymer has no substantial melting peak when measured
by DSC. BB. The ethylene-based copolymer of any of embodiments Y-AA,
wherein the a-olefin comonomer is propylene, butene, hexene, or octene. CC.
The ethylene-based copolymer of any of embodiments Y-BB, wherein the
ethylenebased copolymer is a ethylene/propylene copolymer. DD. The
ethylene-based copolymer of any of embodiments Y-CC, wherein the
ethylenebased copolymer is a metallocene catalyzed copolymer. EE. The
ethylene-based copolymer of any of embodiments Y-DD, wherein the
ethylenebased copolymer has an MFR (2300C, 2.16 kg) of from about 3 to
about 10 kg/ 10 min. FF. The ethylene-based copolymer of any of embodiments
Y-EE, wherein the ethylenebased copolymer has an intramolecular composition
distribution of about 15 wt% or less. GG. The ethylene-based copolymer of
any of embodiments Y-FF, wherein the ethylenebased copolymer has an
intermolecular composition distribution of about 15 wt% or less. HH. A
masterbatch composition comprising the ethylene-based copolymer of any of
embodiments Y-GG. II. The masterbatch composition of embodiment HH, further
comprising at least one additive. JJ. Method for modifying the rheology of
a first composition comprising the step of combining the ethylene-based
copolymer of any of embodiments Y-GG with the first composition. KK. A
lubricating oil composition comprising: (a) a lubricating oil base; and 



(b) an ethylene-based copolymer comprising:from about 35 wt% to about 60
wt% units derived from ethylene, based on the weight of the ethylene-based
copolymer; and at least 1.0 wt% or more of an a-olefin comonomer having 3
to 20 carbon atoms, wherein the ethylene-based copolymer: is substantially
amorphous; and has a polydispersity index of about 2.8 or less. LL. The
lubricating oil composition of embodiment KK, wherein the lubricating oil
composition has a TE of about 2.2 or less. MM. The lubricating oil
composition of embodiment KK or LL, wherein the lubricating oil composition
has a TE of about 2.2 or less and the ethylene-based copolymer comprises
from about 40 wt% to about 50 wt% derived from ethylene, based on the
weight of the ethylenebased copolymer. NN. The lubricating oil composition
of any of embodiments KK-MM, wherein the lubricating oil composition
exhibits no substantial crystallinity at about 00C or below. OO. The
lubricating oil composition of any of embodiments KK-NN, wherein the
lubricating oil composition is characterized as having a slope less than
one at less than 00C when viscosity at 0.1 rad/sec is plotted as a function
of temperature. PP. The lubricating oil composition of any of embodiments
KK-OO, wherein the lubricating oil composition exhibits a SSI value of
about 25 or less. QQ. The lubricating oil composition of any of embodiments
KK-PP, wherein the ethylenebased copolymer has no substantial melting peak
when measured by DSC. RR. The lubricating oil composition of any of
embodiments KK-QQ, wherein the ethylene-based copolymer has an MFR (2300C,
2.16 kg) of from about 3 to about 10 kg/10 min. SS. The lubricating oil
composition of any of embodiments KK-RR, wherein the lubricating oil
composition comprises from about 0.1 wt% to about 5 wt% of ethylene-based
copolymer. TT. The lubricating oil composition of any of embodiments KK-SS,
further comprising at least one additive. UU. The lubricating oil
composition of any of embodiments KK-TT, further comprising from about 0.05
wt% to about 5 wt% of a pour point depressant, based on the weight of the
lubricating oil composition.W . The lubricating oil composition of any of
embodiments KK-UU, wherein the lubricating oil composition is a crankcase
lubricating oil, automatic transmission fluid, tractor fluid, hydraulic
fluid, power steering fluids, gear lubricant, or pump oil. WW. A method of
making ethylene-based copolymers comprising the step of contacting ethylene
monomers with one or more monomers with a solvent in the presence of a
catalyst in a reactor, under reactor conditions suitable to produce an
ethylene-based copolymer, wherein the resulting copolymer comprises from
about 40% to about 50 wt% units derived from ethylene, and a . has an MFR
(2300C, 2.16 kg) of from about 3 to about 10 kg/1 0 min; b. has a molecular
weight distribution between about 2 and about 2.2; and c . is substantially
amorphous. XX. The process of embodiment WW, wherein the copolymer is
produced without the use of an additional shearing or degradation process. 



YY. The process of embodiment WW or XX, further comprising the step of
extruding the copolymer into an aqueous bath to form polymer pellets. ZZ.
The process of any of embodiment YY, wherein the pellets have a diameter of
at least about 3.0 mm and a ratio of length to diameter (IVD) of from about
1.1 to about 1.4. AAA. The process of any of embodiments WW to ZZ, wherein
the polymer pellets are freeflowing until a final packaging step. BBB. The
process of any of embodiments WW to AAA, further comprising a packaging
step. CCC. The process of embodiment BBB, wherein the packaging step
comprises baling polymer pellets. DDD. The process of embodiment BBB or
CCC, wherein the packaging step comprises bagging the polymer pellets. EEE.
An ethylene-based copolymer comprising: from about 35 wt% to about 80 wt%
units derived from ethylene; and at least 1.0 wt% or more of an a-olefin
comonomer having 3 to 20 carbon atoms, based on the weight of the
ethylene-based copolymer, wherein the ethylene-based copolymer has: a
melting peak (Tm), as measured by DSC, of 800C or less; and a
polydispersity index of about 2.8 or less;and wherein at least 50 wt%, at
least 60 wt%, at least 80 wt%, at least 90 wt%, or 100 wt% of the
ethylene-based copolymers have an intermolecular composition distribution
of about 50 wt% or less, or 40 wt% or less, or 30 wt% or less, or 20 wt% or
less, or 15 wt% or less, or 10 wt% or less, or 5 wt% or less, and/or an
intramolecular composition distribution of about 50 wt% or less, or 40 wt%
or less, or 30 wt% or less, or 20 wt% or less, or 15 wt% or less, or 10 wt%
or less, or 5 wt% or less. FFF. Any one of embodiments A-M, P-KK, and
NN-EEE, wherein the copolymer has a polydispersity index of about 2.6 or
less or 2.4 or less. EXAMPLES: [00154] The following non-limiting
embodiments identify exemplary ethylene-based copolymers, properties
thereof, and uses thereof. Preparation of ethylene-based copolymers;
propylene comonomers [00155] A polymer composition was synthesized in one
continuous stirred tank reactor. The polymerization was performed in
solution, using hexane as a solvent. In the reactor, polymerization was
performed at a temperature of 900C, an overall pressure of 20 bar and
ethylene and propylene feed rates of 1.3 kg/hr and 2 kg/hr, respectively.
As the catalyst system, N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate was used to activate
di(ptriethylsilylphenyl)
methenyl[(cyclopentadienyl)(2,7-di-tert-butylfluoren-9-yl)]hafnium
dimethyl. In the process, hydrogen addition and temperature control were
used to achieve the desired MFR. The catalyst, activated externally to the
reactor, was added as needed in amounts effective to maintain the target
polymerization temperature. [00156] The copolymer solution emerging from
the reactor was stopped from further polymerization by addition of water
and then devolatilized using conventionally known devolatilization methods
such as flashing or liquid phase separation, first by removing the bulk of
the hexane to provide a concentrated solution, and then by stripping the
remainder of the solvent in anhydrous conditions using a devolatilizer or a
twin screw devolatilizing extruder so as to end up with a molten polymer
composition containing less than 0.5 wt% of 



solvent and other volatiles. The molten polymer was cooled until solid.
Preparation of lubricant oil composition [00157] The ethylene propylene
copolymer from Example 1 was dissolved in STS ENJ102 oil available form
ExxonMobil at a 1.5 wt% concentration, to resemble commercially used
lubricant formulations.Preparation of a lubricant oil concentrate [00158] A
lubricant oil concentrate was prepared with 11.3 wt% of the ethylene
propylene copolymer of Example 1, 14.8 wt% of a detergent inhibitor
package, 0.3 wt% of a pour point depressant, and the remainder is a SAE
10W40 base oil. The base oil was composed of 58 wt% of Chevron 100 and 42
wt% of Chevron 220 oils available from Chevron. [00159] The following
examples demonstrate that ethylene-based copolymers described herein are
useful as components of lubricant oil compositions having properties
similar to those of formulations made from components prepared by more
complex and more expensive multi-step methods. Group I Examples Example 1:
Ethylene propylene polymers at about 45% C composition [00160] As shown in
Table 2 and Figure 1, ethylene-based copolymers were prepared according to
the procedure outlined above and tested for TE in American Core 150N base
oil and as a 1% solution in the same base oil for the SSI determination.
Table 2 Example 2 : Ethylene propylene polymers near 45% C composition
[00161] Ethylene-based copolymers were made according to the procedure
outlined above and tested for TE in American Core 150N base oil and as a 1%
solution in the same base oil for the SSI determination.Table 3 Example 3 :
Range of ethylene propylene polymers composition [00162] Ethylene-based
copolymers were made according to the procedure outlined above and tested
for TE in American Core 150N base oil and as a 1% solution in the same base
oil for the SSI determination. Table 4Table 5: Comparative example of
commercial viscosity modifier Group II Examples - Amorphous ethylene-based
copolymers [00163] Lubricant oil compositions composed of amorphous
ethylene-based copolymers were prepared and compared to compositions
described in U.S. Patent No. 6,589,920. Preparation of an ethylene-based
copolymer; propylene comonomers [00164] A polymer composition is
synthesized in one continuous stirred tank reactor. The polymerization is
performed in solution, using hexane as a solvent. In the reactor,
polymerization is performed at a temperature of 900C, an overall pressure
of 20 bar and ethylene and propylene feed rates of 1.3 kg/hr and 2 kg/hr,
respectively. As the catalyst system, N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate is used to activate
di(ptriethylsilylphenyl)
methenyl[(cyclopentadienyl)(2,7-di-tert-butylfluoren-9-yl)]hafnium
dimethyl. In the process, hydrogen addition and temperature control is used
to achieve the desired MFR. The catalyst, activated externally to the
reactor, is added as needed in amounts effective to maintain the target
polymerization temperature. [00165] The copolymer solution emerging from
the reactor is stopped from further polymerization by addition of water and
then devolatilized using conventionally known devolatilization methods such
as flashing or liquid phase separation, first by removing the bulk of the
hexane to provide a concentrated solution, and then by stripping the
remainder of 



the solvent in anhydrous conditions using a devolatilizer or a twin screw
devolatilizing extruder so as to end up with a molten polymer composition
containing less than 0.5 wt % of solvent and other volatiles. The molten
polymer is cooled until solid. Preparation of lubricant oil composition
[00166] The ethylene propylene copolymer from above is dissolved in STS
ENJl 02 oil available from ExxonMobil at a 1.5 wt% concentration, to
resemble commercially used lubricant formulations. The solution TE and SSI
are measured and compared to a similar solution of Paratone(r) 8900 which
is a commercially available viscosity improver which ismade by separate
solution and devolatilization of different ethylene-propylene copolymer
fractions followed by blending and visbreaking in a twin screw extruder.
[00167] As shown in Table 6(b), at similar ethylene content the present
lubricant oil compositions will not exhibit a DSC peak, while providing
desirable TE and SSI properties. TABLE 6(a) [00168] Additional samples were
prepared according to the techniques described in "II. Examples". As shown
in Table 7 and Figure 3, these samples were then analyzed for physical
properties and compared to conventional materials. TABLE 7[00169]
Additional properties are shown in Tables 8-10: TABLE 9 TABLE 102 .20 6.14
45 .30 2 .21 6.07 45 .30 2 .22 6.17 45 .30 2 .23 6.25 45 .20 2 .24 5.13 44
.70 2 .25 5.40 44 .80 2 .26 5.64 44 .70 2 .27 5.47 44 .50 2 .28 6.69 44 .00
2 .29 6.83 44 .30 2 .30 6.92 44 .20 2 .31 6.55 44 .20 2 .32 7.40 44 .20 2
.33 7.42 44 .30 [00170] When numerical lower limits and numerical upper
limits are listed herein, ranges from any lower limit to any upper limit
are contemplated. All references, patents and documents described herein
are incorporated by reference herein, including any priority documents
and/or testing procedures to the extent they are not inconsistent with this
text. As is apparent from the foregoing general description and the
specific embodiments, while forms of the invention have been illustrated
and described, various modifications can be made without departing from the
spirit and scope of the invention. Accordingly, it is not intended that the
invention be limited thereby.CLAIMS What is claimed is: 1. A copolymer
comprising: from about 35 wt% to about 80 wt% units derived from ethylene;
and at least 1.0 wt% of units derived from a-olefn comonomer having 3 to 20
carbon atoms, based on the weight of the copolymer, wherein the copolymer
has: 



a melting peak (Tm), as measured by DSC, of 80 C or less; a polydispersity
index of about 2.8 or less; and has an intramolecular composition
distribution of about 15 wt% or less. 2. The copolymer of claim 1, wherein
the copolymer has a polydispersity index of about 2.4 or less. 3. The
copolymer of claims 1 or 2, wherein at least 80 wt% of the copolymer has an
intermolecular composition distribution of about 50 wt% or less. 4. The
copolymer of any one of claims 1-3, wherein the copolymer has an
intramolecular composition distribution of about 15 wt% or less. 5. The
copolymer of any one of claims 1-4, wherein the copolymer is substantially
linear. 6. The copolymer of any one of claims 1-5, wherein the copolymer
comprises from about 35 wt% to about 60 wt% units derived from ethylene,
based on the weight of the copolymer. 7. The copolymer of any one of claims
1-6, wherein the a-olefn comonomer is propylene, butene, hexene, or octene.
8. The copolymer of any one of claims 1-7, wherein the copolymer is a
metallocenecatalyzed copolymer. 9. The copolymer of any one of claims 1-8,
wherein the copolymer has a weight-average molecular weight (Mw) of from
about 80,000 to about 400,000. 10. A composition comprising the copolymer
of any one of the preceding claims and at least one additive.11. Method for
modifying the rheology of a first composition comprising the step of
combining the copolymer of any one of claims 1-9 with the first
composition. 12. A lubricating oil composition comprising a lubricating oil
base and the copolymer of one of the preceding claims. 13. The lubricating
oil composition of claim 12, wherein the lubricating oil composition has at
least one of: (a) a thickening efficiency of about 2.2 or less; (b) a slope
less than one at less than 00C when viscosity at 0.1 rad/sec is plotted as
a function of temperature; and (c) a shear stability index value of about
25 or less. 14. The lubricating oil composition of any one of claims 12 or
13, wherein the lubricating oil composition exhibits no substantial
crystallinity at about 00C or below. 15. The lubricating oil composition of
any one of claims 12-14, wherein the lubricating oil composition comprises
from about 0.1 wt% to about 5 wt% of copolymer. 16. The lubricating oil
composition of any one of claims 12-15, further comprising from about 0.05
wt% to about 5 wt% pour point depressant, based on the weight of the
lubricating oil composition. 17. The lubricating oil composition of any one
of claims 12-16, wherein the lubricating oil composition is a crankcase
lubricating oil, automatic transmission fluid, tractor fluid, hydraulic
fluid, power steering fluids, gear lubricant, or pump oil. 18. A copolymer
comprising : from about 35 wt% to about 60 wt% units derived from ethylene;
and at least 1.0 wt% of an a-olefin comonomer having 3 to 20 carbon atoms,
based on the weight of the copolymer, wherein the copolymer: is
substantially amorphous; and 



has a polydispersity index of about 2.8 or less. 19. The copolymer of claim
18, wherein the copolymer has a polydispersity index of about 2.4 or less.
20. The copolymer of any one of claims 18 or 19, wherein the copolymer has
no substantial melting peak when measured by DSC.21. The copolymer of any
one of claims 18-20, wherein the copolymer has an MFR (2300C, 2.16 kg) of
from about 3 to about 10 kg/10 min. 22. The copolymer of any one of claims
18-21, wherein the copolymer has an intramolecular composition distribution
of about 15 wt% or less. 23. Method for modifying the rheology of a first
composition comprising the step of combining the copolymer of any one of
claims 18-22 with the first composition. 24. A lubricating oil composition
comprising a lubricating oil base and the copolymer of any one of claims
18-23. 25. An ethylene-based copolymer comprising: from about 35 wt% to
about 80 wt% units derived from ethylene; and at least 1.0 wt% or more of
an a-olefin comonomer having 3 to 20 carbon atoms, based on the weight of
the ethylene-based copolymer, wherein the ethylene-based copolymer has: a
melting peak (Tm), as measured by DSC, of 800C or less; and a
polydispersity index of about 2.8 or less; and wherein at least 60 wt% of
the copolymer has an intermolecular composition distribution of about 50
wt% or less and/or an intramolecular composition distribution of about 50
wt% or less. 


