
KETOREDUCTASE POLYPEPTIDES FOR THE STEREOSELECTIVE PRODUCTION OF (4S)-3-
[(5^-5-(4-FLUOROPHENYL)-S-HYDROXYPENTANOYL] -4-PHENYL-l ,3-
OXAZOLIDIN-2-ONE 1. TECHNICAL FIELD [0001] The present disclosure relates
to engineered polypeptides and uses of the polypeptides for preparing the
intermediate
(4S)-3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-
oxazolidin-2-one in a process for making Ezetimibe. 2 . REFERENCE TO
SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM [0002] The Sequence Listing
concurrently submitted electronically under 37 C.F.R.  1.821 via EFSWeb in
a computer readable form (CRF) as file name CX2-025_ST25.txt is herein
incorporated by reference. The electronic copy of the Sequence Listing was
created on July 31, 2009, with a file size of 300 Kbytes. This Sequence
Listing is identical except for minor formatting corrections to
376247_021USPl.txt (296 Kbytes) created August 28, 2008, which was
incorporated by reference in the priority US provisional application
61/092,807. 3. BACKGROUND [0003] Enzymes belonging to the ketoreductase
(KRED) or carbonyl reductase class (EC 1.1.1.1 84) are useful for the
synthesis of optically active alcohols from the corresponding
prostereoisomeric ketone substrates and by stereospecific reduction of
corresponding racemic aldehyde and ketone substrates. KREDs typically
convert a ketone or aldehyde substrate to the corresponding alcohol
product, but may also catalyze the reverse reaction, oxidation of an
alcohol substrate to the corresponding ketone/aldehyde product. The
reduction of ketones and aldehydes and the oxidation of alcohols by enzymes
such as KRED requires a co-factor, most commonly reduced nicotinamide
adenine dinucleotide (NADH) or reduced nicotinamide adenine dinucleotide
phosphate (NADPH), and nicotinamide adenine dinucleotide (NAD) or
nicotinamide adenine dinucleotide phosphate (NADP) for the oxidation
reaction. NADH and NADPH serve as electron donors, while NAD and NADP serve
as electron acceptors. It is frequently observed that ketoreductases and
alcohol dehydrogenases accept either the phosphorylated or the
non-phosphorylated co-factor (in its oxidized and reduced state). [0004]
KRED enzymes can be found in a wide range of bacteria and yeasts (for
reviews: Kraus and Waldman, Enzyme catalysis in organic synthesis VoIs.
1&2.VCH Weinheim 1995; Faber, K., Biotransformations in organic chemistry,
4th Ed. Springer, Berlin Heidelberg New York. 2000; Hummel and KuIa Eur. J.
Biochem. 1989 184:1-13). Several KRED gene and enzyme sequences have been
reported, e.g., Candida magnoliae (Genbank Ace. No. JC7338; GI: 11360538)
Candidaparapsilosis (Genbank Ace. No. BAA24528.1; GI:28 15409),
Sporobolomyces salmonicolor (Genbank Ace. No. AF160799; GL6539734). [0005]
In order to circumvent many chemical synthetic procedures for the
production of key compounds, ketoreductases are being increasingly employed
for the enzymatic conversion of different keto and aldehyde substrates to
chiral alcohol products. These applications can employ whole cells
expressing the ketoreductase for biocatalytic ketone reductions, or
purified enzymes in those instances where presence of multiple
ketoreductases in whole cells would adversely affect the stereopurity and
yield of the desired product. For in vitro applications, a co-factor (NADH
or NADPH) regenerating enzyme such as glucose dehydrogenase (GDH), formate
dehydrogenase etc. is used in conjunction with the ketoreductase. Examples
using ketoreductases to generate useful chemical compounds include
asymmetric reduction of 4-chloroacetoacetate esters (Zhou, J. Am. Chem.
Soc. 1983 105:5925-5926; Santaniello, J. Chem. Res. (S) 1984:132-133; U.S.
Patent Nos. 5,559,030; U.S. Patent No. 5,700,670 and U.S. Patent No.
5,891,685), reduction of dioxocarboxylic acids (e.g., U.S. Patent No.
6,399,339), reduction of tert-butyl (S) chloro-5-hydroxy-3-oxohexanoate
(e.g., U.S. Patent No. 6,645,746 and WO 01/40450), reduction
pyrrolotriazine-based compounds (e.g., U.S. application No. 2006/0286646);
reduction of substituted acetophenones (e.g., U.S. Patent No. 6,800,477);
and reduction of ketothiolanes (WO 2005/054491). [0006] It is desirable to
identify other ketoreductase enzymes that can be used to carry out
conversion of various keto substrates to its corresponding chiral alcohol
products. 4 . SUMMARY [0007] The present disclosure provides ketoreductase
polypeptides capable of reducing 5-((4S)-2- oxo-4-phenyl
(l,3-oxazolidin-3-yl))-l-(4-fluorophenyl) pentane-l,5-dione ("the
substrate") to (4S)-3- [(5
)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl- 1,3-oxazolidin-2-one
("the product"), 



polynucleotides encoding such polypeptides, and methods for using the
polypeptides. The ketoreductase polypeptides are also capable of reducing
l-(4-fluorophenyl)-3(R)-[3-oxo-3-(4-
fluorophenyl)propyl)]-4(S)-(4-hydroxyphenyl)-2-azetidinone, to the
corresponding stereoisomeric alcohol l-(4-fluorophenyl)-
3(R)-[3(S)-hydroxy-3(4-fluoropheny l)-propyl)]-4(S)-(4-
hydroxyphenyl)-2-azetidinone. [0008] In one aspect, the ketoreductase
polypeptides described herein have an amino acid sequence that has one or
more amino acid differences as compared to a reference amino acid sequence
of a wild-type ketoreductase or an engineered ketoreductase that result in
an improved property of the enzyme for the defined keto substrate.
Generally, the engineered ketoreductase polypeptides have an improved
property as compared to the naturally- occurring wild-type ketoreductase
enzymes obtainedfrom Lactobacillus kefir ("L. kefir"; SEQ ID N0:4),
Lactobacillus brevis ("L. brevis"; SEQ ID N0:2), and Lactobacillus minor
("L. minor"; SEQ ID NO: 158). In some embodiments, the polypeptides of the
disclosure have an improved property as compared to another engineered
polypeptide, such as SEQ ID NO: 8. Improvements in enzyme property include
increases in enzyme activity, stereoselectivity, sterospecificity,
thermostability, solvent stability, or reduced product inhibition. In the
present disclosure, the ketoreductase polypeptides have at least the
following amino acid sequence as compared to the amino acid sequence of SEQ
ID NO:2, 4, or 158: the amino acid residue corresponding to X145 is a
serine, and the amino acid residue corresponding to X190 is a cysteine. In
some embodiments, as compared to the sequences of SEQ ID NO: 2, 4, or 158,
the ketoreductase polypeptides have at least the following amino acid
sequence differences: (1) the amino acid residue corresponding to X145 is a
serine; the amino acid residue corresponding to residue Xl 90 is a
cysteine; and the amino acid residue corresponding to X96 is a glutamine.
In some embodiments, as compared to the sequence of SEQ ID NO:2, 4, or 158,
the ketoreductase polypeptides have at least the amino acid sequence as
compared to the amino acid sequence of SEQ ID NO:2, 4, or 158: residue X145
is a serine; residue X190 is a cysteine, and residue X21 1 is an arginine.
[0009] In some embodiments, the ketoreductase polypeptides of the invention
are improved as compared to SEQ ID NO:2, 4 or 158 with respect to their
rate of enzymatic activity, i.e., their rate of converting the substrate to
the product. In some embodiments, the ketoreductase polypeptides are
capable of converting the substrate to the product at a rate that is at
least 1.5-times, 2-times, 3-times, 4-times, 5-times, 10-times, 25-times,
50-times, 100-times, 150-times, 200-times, 400-times, 1000-times,
3000-times, 5000-times, 7000-times or more than 7000-times the rate
exhibited by the enzyme of SEQ ID NO:2, 4 or 158. [0010] In some
embodiments, the ketoreductase polypeptide is capable of converting the
substrate 5- ((4 )-2-oxo-4-phenyl (l,3-oxazolidin-3-yl))-l-(4-fluorophenyl)
pentane-l,5-dione to the product (4S)- 3-[(5
)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazolidin-2-one, at
a rate that is improved over a reference polypeptide having the amino acid
sequence of SEQ ID NO: 8. In some embodiments, such ketoreductase
polypeptides are also capable of converting the substrate to the product
with a percent stereomeric excess of at least about 95%. In some
embodiments, such ketoreductase polypeptides are also capable of converting
the substrate to the product with a percent stereomeric excess of at least
about 99%. Exemplary polypeptides with such properties include, but are not
limited to, polypeptides which comprising amino acid sequences
corresponding to SEQ ID NO: 42, 44, 46, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102,
104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, and 126.[0011] In
some embodiments, the ketoreductase polypeptide is capable of converting
the substrate 5- ((4>S)-2-oxo-4-phenyl
(l,3-oxazolidin-3-yl))-l-(4-fluorophenyl) pentane-l,5-dione to the product
(4S)-
3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazoridin-2-on
e, with a percent stereomeric excess of at least about 99% and at a rate
that is at least about 5 times or more improved over a reference
polypeptide having the amino acid sequence of SEQ ID NO: 8. Exemplary
polypeptides with such properties include, but are not limited to,
polypeptides which comprise an amino acid sequence corresponding to SEQ ID
NO: 42, 44, 46, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88, 90, 92, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114,
116, 118, 120, 122, 124, and 126. [0012] In some embodiments, the
ketoreductase polypeptide is capable of converting the substrate 5- ((4
)-2-oxo-4-phenyl (l,3-oxazolidin-3-yl))-l-(4-fluorophenyl)
pentane-l,5-dione to the product (4S)- 3-[(5
)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazolidin-2-one,
with a percent stereomeric excess of at least about 99% and at a rate that
is at least about 3000 to about 7000 times improved over a reference
polypeptide having the amino acid sequence of SEQ ID NO: 8. Exemplary 



polypeptides with such properties include, but are not limited to,
polypeptides which comprise an amino acid sequence corresponding to SEQ ID
NO: 44, 46, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 72, 74, 78, 80, 82, 84,
and 86. [0013] In some embodiments, the ketoreductase polypeptide is
capable of converting the substrate 5- ((4 )-2-oxo-4-phenyl
(l,3-oxazolidin-3-yl))-l-(4-fluorophenyl) pentane-l,5-dione to the product
(4S)- 3-[(5
)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazolidin-2-one,
with a percent stereomeric excess of at least about 99% and at a rate that
is at least 7000 times improved over a reference polypeptide having the
amino acid sequence of SEQ ID NO:8. Exemplary polypeptides with such
properties include, but are not limited to, polypeptides which comprise
amino acid sequences corresponding to SEQ ID NO: 102, 108, 120, 122, 124,
and 126. [0014] In some embodiments, the ketoreductase polypeptide is
capable of converting at least about 95% of the substrate to the product in
less than about 24 hours when carried out with greater than about 100 g/L
of substrate and less than about 5 g/L of the polypeptide. Exemplary
polypeptides that have this capability include, but are not limited to,
polypeptides which comprise amino acid sequences corresponding to SEQ ID
NO: 102, 108, 120, 122, 124, and 126. [0015] In some embodiments, the
ketoreductase polypeptide is highly stereoselective, wherein the
polypeptide can reduce the substrate to the product in greater than about
99%, 99. 1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9%
stereomeric excess. Exemplary ketoreductase polypeptides with high
stereoselectivity include, but are not limited to, the polypeptides
comprising the amino acid sequences corresponding to SEQ ID NO: 42, 44, 46,
50, 52, 54, 56, 58, 60, 62, 64, 66,68, 70, 72, 74, 76, 78, 80, 82, 84, 86,
88, 90, 92, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120,
122, 124, and 126. [0016] In some embodiments, an improved ketoreductase
polypeptide comprises an amino acid sequence that corresponds to the
sequence formulas of SEQ ID NO: 161, 162 or 163 (or a region thereof, such
as residues 90-21 1). SEQ ID NO: 162 is based on the amino acid sequence of
the Lactobacillus kefir ketoreductase of SEQ ID NO:4. The sequence formula
of SEQ ID NO: 161 is based on the amino acid sequence of the Lactobacillus
brevis ketoreductase (SEQ ID NO:2). The sequence formula of SEQ ID NO: 163
is based on the amino acid sequence of the Lactobacillus minor
ketoreductase (SEQ ID NO: 158). SEQ ID NO: 161, 162 or 163 specify that
residue X145 is a polar residue and residue Xl 90 is cysteine. [0017] In
some embodiments, an improved ketoreductase polypeptide of the disclosure
is based on the sequence formulas of SEQ ID NO: 161, 162 or 163 and can
comprise an amino acid sequence that is at least about 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the
reference sequence of SEQ ID NO: 128, 130, or 160, with the proviso that
the ketoreductase amino acid sequence has at the residue corresponding to
residue X145 a serine and at the amino acid residue corresponding to Xl 90
a cysteine. In some embodiments, the ketoreductase polypeptides can have
one or more amino acid residue differences as compared to SEQ ID NO: 128,
130, or 160. These differences can be amino acid insertions, deletions,
substitutions, or any combination of such changes. In some embodiments, the
amino acid sequence differences can comprise non-conservative,
conservative, as well as a combination of non-conservative and conservative
amino acid substitutions. Various amino acid residue positions where such
changes can be made are described herein. [0018] In some embodiments, an
improved ketoreductase polypeptide is based on the sequence formulas of SEQ
ID NO: 161, 162 or 163 and can comprise a region having an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a region or domain
thereof, such as residues 90-21 1 of the reference sequence of SEQ ID NO:
128, 130, or 160, with the proviso that the ketoreductase polypeptide amino
acid sequence has at the residue corresponding to residue X145 a serine and
at the amino acid residue corresponding to X190 a cysteine. In some
embodiments, the amino acid sequence differences can comprise
non-conservative, conservative, as well as a combination of
non-conservative and conservative amino acid substitutions. Various amino
acid residue positions where such changes can be made in the defined region
are described herein. [0019] In some embodiments, an improved ketoreductase
comprises an amino acid sequence that is at least about 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or99% identical to the
amino acid sequence corresponding to SEQ ID NO: 8, 42, 44, 46, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,
94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122,
124, and 126., wherein the improved ketoreductase 



polypeptide amino acid sequence includes any one set of the specified amino
acid substitution combinations presented in Tables 3 and 4. In some
embodiments, these ketoreductase polypeptides can have mutations at other
amino acid residues. [0020] In another aspect, the present disclosure
provides polynucleotides encoding the engineered ketoreductases described
herein or polynucleotides that hybridize to such polynucleotides under
highly stringent conditions. The polynucleotide can include promoters and
other regulatory elements useful for expression of the encoded engineered
ketoreductase, and can utilize codons optimized for specific desired
expression systems. In some embodiments, the polynucleotides encode a
ketoreductase polypeptides having at least the following amino acid
sequence as compared to the amino acid sequence of SEQ ID NO:2, 4, or 158:
the amino acid residue corresponding to X145 is a serine, and the amino
acid residue corresponding to Xl 90 is a cysteine. Exemplary
polynucleotides include, but are not limited to, a polynucleotide sequence
of SEQ ID NO: 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105,
107, 109, 111, 113, 115, 117, 119, 121, 123, and 125. [0021] In another
aspect, the present disclosure provides host cells comprising the
polynucleotides and/or expression vectors described herein. The host cells
may be L. kefir or L. brevis, or they may be a different organism, and as
E. coli. The host cells can be used for the expression and isolation of the
engineered ketoreductase enzymes described herein, or, alternatively, they
can be used directly for the conversion of the substrate to the
stereoisomeric product. [0022] Whether carrying out the method with whole
cells, cell extracts or purified ketoreductase enzymes, a single
ketoreductase enzyme may be used or, alternatively, mixtures of two or more
ketoreductase enzymes may be used. [0023] The ketoreductase enzymes
described herein are capable of catalyzing the reduction reaction of the
keto group in the compound of structural formula (I), 5-((4
)-2-oxo-4-phenyl (1,3-oxazolidin- 3-yl))-l-(4-fluorophenyl)
pentane-l,5-dione ("the substrate"),to the corresponding stereoisomeric
alcohol product of structural formula (II), (4 S)-3-[(5 S)-5-(4-
fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazolidin-2-one ("the
product"): [0024] In some embodiments, the method for reducing or
converting the substrate having the structural formula (I) to the
corresponding product of structural formula (II) comprises contacting or
incubating the substrate with a ketoreductase polypeptide disclosed herein
under reaction conditions suitable for reducing or converting the substrate
to the product. [0025] In some embodiment, the ketoreductase enzymes
described herein are also capable of catalyzing the reduction reaction of
the keto group in the compound of structural formula (III), l-(4-
fluorophenyl)-3(R)-[3-oxo-3-(4-fluorophenyl)propyl)]-4(S)-(4-hydroxyphenyl)
-2-azetidinone, to the corresponding stereoisomeric alcohol product of
structural formula (IV), l-(4-fluorophenyl)-
3(R)-[3(S)-hydroxy-3(4-fluoropheny
l)-propyl)]-4(S)-(4-hydroxyphenyl)-2-azetidinone,[0026] In some
embodiments, the method for reducing the substrate having the structural
formula (III) to the corresponding product of structural formula (IV)
comprises contacting or incubating the compound of formula (III) with a
ketoreductase polypeptide disclosed herein under reaction conditions
suitable for reducing or converting the substrate of formula (III) to the
product of formula (IV). [0027] In some embodiments of this method for
reducing the substrate to the product, the substrate is reduced to the
product in greater than about 99% stereomeric excess, wherein the
ketoreductase polypeptide comprises a sequence that corresponds to SEQ ID
NO: SEQ ID NO: 42, 44, 46, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 96, 98, 100, 102, 104, 106, 108,
110, 112, 114, 116, 118, 120, 122, 124, and 126. [0028] In some embodiments
of this method for reducing the substrate to the product, at least about
95% of the substrate is converted to the product in less than about 24
hours when carried out with greater than about 100 g/L of substrate and
less than about 5 g/L of the polypeptide, wherein the polypeptide comprises
an amino acid sequence corresponding to SEQ ID NO: 102, 108, 120, 122, 124,
or 126. 5. BRIEF DESCRIPTION OF THE FIGURES [0029] FIG.l illustrates the
role of ketoreductases (KRED) in the conversion of the substrate compound
of formula (I) to the corresponding product of formula (II). This reduction
uses a KRED of the invention and a co-factor such as NADPH. A glucose
dehydrogenase (GDH) is used to covert/recycle NADP+ to NADPH. Glucose is
converted to gluconic acid, which in turn is converted to its sodium salt
(sodium gluconate) with the addition of sodium hydroxide. 



6. DETAILED DESCRIPTION 6.1 Definitions [0030] As used herein, the
following terms are intended to have the following meanings.[0031]
"Ketoreductase " and "KRED" are used interchangeably herein to refer to a
polypeptide having an enzymatic capability of reducing a carbonyl group to
its corresponding alcohol. More specifically, the ketoreductase
polypeptides of the invention are capable of stereoselectively reducing the
compound of formula (I), supra to the corresponding product of formula
(II), supra. The polypeptide typically utilizes a cofactor reduced
nicotinamide adenine dinucleotide (NADH) or reduced nicotinamide adenine
dinucleotide phosphate (NADPH) as the reducing agent. Ketoreductases as
used herein include naturally occurring (wild type) ketoreductases as well
as nonnaturally occurring engineered polypeptides generated by human
manipulation. [0032] "Coding sequence" refers to that portion of a nucleic
acid (e.g., a gene) that encodes an amino acid sequence of a protein.
[0033] "Naturally-occurring " or "wild-type " refers to the form found in
nature. For example, a naturally occurring or wild-type polypeptide or
polynucleotide sequence is a sequence present in an organism that can be
isolated from a source in nature and which has not been intentionally
modified by human manipulation. [0034] "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. [0035]
"Percentage of sequence identity" and "percentage homology" are used
interchangeably herein to refer to comparisons among polynucleotides and
polypeptides, and are determined by comparing two optimally aligned
sequences over a comparison window, wherein the portion of the
polynucleotide or polypeptide sequence in the comparison window may
comprise additions or deletions (i.e., gaps) as compared to the reference
sequence (which does not comprise additions or deletions) for optimal
alignment of the two sequences. The percentage may be calculated by
determining the number of positions at which the identical nucleic acid
base or amino acid residue occurs in both sequences to yield the number of
matched positions, dividing the number of matched positions by the total
number of positions in the window of comparison and multiplying the result
by 100 to yield the percentage of sequence identity. Alternatively, the
percentage may be calculated by determining the number of positions at
which either the identical nucleic acid base or amino acid residue occurs
in both sequences or a nucleic acid base or amino acid residue is aligned
with a gap to yield the number of matched positions, dividing the number of
matched positions by the total numberof positions in the window of
comparison and multiplying the result by 100 to yield the percentage of
sequence identity. Those of skill in the art appreciate that there are many
established algorithms available to align two sequences. Optimal alignment
of sequences for comparison can be conducted, e.g., by the local homology
algorithm of Smith and Waterman, 1981, Adv. Appl. Math. 2:482, by the
homology alignment algorithm of Needleman and Wunsch, 1970, J. MoI. Biol.
48:443, by the search for similarity method of Pearson and Lipman, 1988,
Proc. Natl. Acad. ScL USA 85:2444, by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the GCG Wisconsin Software
Package), or by visual inspection (see generally, Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., Current Protocols, a joint
venture between Greene Publishing Associates, Inc. and John Wiley & Sons,
Inc., (1995 Supplement) (Ausubel)). 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
al, 1990, J. MoI. Biol. 215: 403-410 and Altschul et al, 1977, Nucleic
Acids Res. 3389-3402, respectively. Software for performing BLAST analyses
is publicly available through the National Center for Biotechnology
Information website. This algorithm involves first identifying high scoring
sequence pairs (HSPs) by identifying short words of length W in the query
sequence, which either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a database sequence.
T is referred to as, the neighborhood word score threshold (Altschul et al,
supra). These initial neighborhood word hits act as seeds for initiating
searches to find longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as far as the 



cumulative alignment score can be increased. Cumulative scores are
calculated using, for nucleotide sequences, the parameters M (reward score
for a pair of matching residues; always >0) and N (penalty score for
mismatching residues; always <0). For amino acid sequences, a scoring
matrix is used to calculate the cumulative score. Extension of the word
hits in each direction are halted when: the cumulative alignment score
falls off by the quantity X from its maximum achieved value; the cumulative
score goes to zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either sequence is
reached. The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of
10, M=5, N=-4, and a comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaults a wordlength (W) of 3, an expectation
(E) of 10, and the BLOSUM62 scoring matrix (see Henikoff and Henikoff,
1989, Proc Natl Acad Sd USA 89:10915). Exemplary determination of sequence
alignment and % sequence identity can employ the BESTFIT or GAP programs in
the GCG Wisconsin Software package (Accelrys, Madison WI), using default
parameters provided.[0036] "Reference sequence " refers to a defined
sequence used as a basis for a sequence comparison. A reference sequence
may be a subset of a larger sequence, for example, a segment of a
full-length gene or polypeptide sequence. Generally, a reference sequence
is at least 20 nucleotide or amino acid residues in length, at least 25
residues in length, at least 50 residues in length, or the full length of
the nucleic acid or polypeptide. Since two polynucleotides or polypeptides
may each (1) comprise a sequence (i.e., a portion of the complete sequence)
that is similar between the two sequences, and (2) may further comprise a
sequence that is divergent between the two sequences, sequence comparisons
between two (or more) polynucleotides or polypeptide are typically
performed by comparing sequences of the two polynucleotides over a
"comparison window" to identify and compare local regions of sequence
similarity. [0037] "Comparison window " refers to a conceptual segment of
at least about 20 contiguous nucleotide positions or amino acids residues
wherein a sequence may be compared to a reference sequence of at least 20
contiguous nucleotides or amino acids and wherein the portion of the
sequence in the comparison window may comprise additions or deletions
(i.e., gaps) of 20 percent or less as compared to the reference sequence
(which does not comprise additions or deletions) for optimal alignment of
the two sequences. The comparison window can be longer than 20 contiguous
residues, and includes, optionally 30, 40, 50, 100, or longer windows.
[0038] "Substantial identity " refers to a polynucleotide or polypeptide
sequence that has at least 80 percent sequence identity, at least 85
percent identity and 89 to 95 percent sequence identity, more usually at
least 99 percent sequence identity as compared to a reference sequence over
a comparison window of at least 20 residue positions, frequently over a
window of at least 30-50 residues, wherein the percentage of sequence
identity is calculated by comparing the reference sequence to a sequence
that includes deletions or additions which total 20 percent or less of the
reference sequence over the window of comparison. In specific embodiments
applied to polypeptides, the term "substantial identity" means that two
polypeptide sequences, when optimally aligned, such as by the programs GAP
or BESTFIT using default gap weights, share at least 80 percent sequence
identity, preferably at least 89 percent sequence identity, at least 95
percent sequence identity or more (e.g., 99 percent sequence identity).
Preferably, residue positions which are not identical differ by
conservative amino acid substitutions. [0039] "Corresponding to",
"reference to" or "relative to" when used in the context of the numbering
of a given amino acid or polynucleotide sequence refers to the numbering of
the residues of a specified reference sequence when the given amino acid or
polynucleotide sequence is compared to the reference sequence. In other
words, the residue number or residue position of a given polymer is
designated with respect to the reference sequence rather than by the actual
numerical position of theresidue within the given amino acid or
polynucleotide sequence. For example, a given amino acid sequence, such as
that of an engineered ketoreductase, can be aligned to a reference sequence
by introducing gaps to optimize residue matches between the two sequences.
In these cases, although the gaps are present, the numbering of the residue
in the given amino acid or polynucleotide sequence is made with respect to
the reference sequence to which it has been aligned. [0040]
"Stereoselectivity " refers to the preferential formation in a chemical or
enzymatic reaction of one stereoisomer over another. Stereoselectivity can
be partial, where the formation of one stereoisomer is favored over the
other, or it may be complete where only one stereoisomer is formed. When
the stereoisomers are enantiomers, the stereoselectivity is referred to as
enantioselectivity, the 



fraction (typically reported as a percentage) of one enantiomer in the sum
of both. It is commonly alternatively reported in the art (typically as a
percentage) as the enantiomeric excess (e.e.) calculated therefrom
according to the formula [major enantiomer - minor enantiomer]/[major
enantiomer + minor enantiomer]. Where the stereoisomers are
diastereoisomers, the stereoselectivity is referred to as
diastereoselectivity, the fraction (typically reported as a percentage) of
one diastereomer in a mixture of two diasteromers, commonly alternatively
reported as the diastereomeric excess (d.e.). Enantiomeric excess and
diastereomeric excess are types of stereomeric excess. [0041] "Highly
stereoselective" : refers to a ketoreductase polypeptide that is capable of
converting or reducing the substrate to the corresponding (^-product with
at least about 99% stereomeric excess. [0042] "Stereospecificity " refers
to the preferential conversion in a chemical or enzymatic reaction of one
stereoisomer over another. Stereospecificity can be partial, where the
conversion of one stereoisomer is favored over the other, or it may be
complete where only one stereoisomer is converted. [0043] "Chemoselectivity
" refers to the preferential formation in a chemical or enzymatic reaction
of one product over another. [0044] "Improved enzyme property " refers to a
ketoreductase polypeptide that exhibits an improvement in any enzyme
property as compared to a reference ketoreductase. For the engineered
ketoreductase polypeptides described herein, the comparison is generally
made to the wild-type ketoreductase enzyme, although in some embodiments,
the reference ketoreductase can be another improved engineered
ketoreductase. Enzyme properties for which improvement is desirable
include, but are not limited to, enzymatic activity (which can be expressed
in terms of percent conversion of the substrate), thermal stability, pH
activity profile, cofactor requirements, refractoriness to inhibitors
(e.g., product inhibition), stereospecificity, and stereoselectivity
(including enantioselectivity).[0045] "Increased enzymatic activity" refers
to an improved property of the engineered ketoreductase polypeptides, which
can be represented by an increase in specific activity (e.g., product
produced/time/weight protein) or an increase in percent conversion of the
substrate to the product (e.g., percent conversion of starting amount of
substrate to product in a specified time period using a specified amount of
KRED) as compared to the reference ketoreductase enzyme. Exemplary methods
to determine enzyme activity are provided in the Examples. Any property
relating to enzyme activity may be affected, including the classical enzyme
properties oiK m, Vmax or kcat, changes of which can lead to increased
enzymatic activity. Improvements in enzyme activity can be from about 1.5
times the enzymatic activity of the corresponding wild-type ketoreductase
enzyme, to as much as 2 times. 5 times, 10 times, 20 times, 25 times, 50
times, 75 times, 100 times, 150 times, 200 times, 500 times, 1000, times,
3000 times, 5000 times, 7000 times or more enzymatic activity than the
naturally occurring ketoreductase or another engineered ketoreductase from
which the ketoreductase polypeptides were derived. In specific embodiments,
the engineered ketoreductase enzyme exhibits improved enzymatic activity in
the range of 150 to 3000 times, 3000 to 7000 times, or more than 7000 times
greater than that of the parent ketoreductase enzyme. It is understood by
the skilled artisan that the activity of any enzyme is diffusion limited
such that the catalytic turnover rate cannot exceed the diffusion rate of
the substrate, including any required cofactors. The theoretical maximum of
the diffusion limit, or kca,/Km, is generally about 10 8 to 109 (M4 s 1) .
Hence, any improvements in the enzyme activity of the ketoreductase will
have an upper limit related to the diffusion rate of the substrates acted
on by the ketoreductase enzyme. Ketoreductase activity can be measured by
any one of standard assays used for measuring ketoreductase, such as a
decrease in absorbance or fluorescence of NADPH due to its oxidation with
the concomitant reduction of a ketone to an alcohol, or by product produced
in a coupled assay. Comparisons of enzyme activities are made using a
defined preparation of enzyme, a defined assay under a set condition, and
one or more defined substrates, as further described in detail herein.
Generally, when lysates are compared, the numbers of cells and the amount
of protein assayed are determined as well as use of identical expression
systems and identical host cells to minimize variations in amount of enzyme
produced by the host cells and present in the lysates. [0046] "Conversion"
: refers to the enzymatic reduction of the substrate to the corresponding
product. "Percent conversion" refers to the percent of the substrate that
is reduced to the product within a period of time under specified
conditions. Thus, the "enzymatic activity" or "activity" of a ketoreductase
polypeptide can be expressed as "percent conversion" of the substrate to
the product.[0047] "Thermostable " refers to a ketoreductase polypeptide
that maintains similar activity (more than 60% to 80% for example) after
exposure to elevated temperatures (e.g. 40-800C) for a period of 



time (e.g. 0.5-24 hrs) compared to the untreated enzyme. [0048] "Solvent
stable" refers to a ketoreductase polypeptide that maintains similar
activity (more than e.g., 60% to 80%) after exposure to varying
concentrations (e.g., 5-99%) of solvent (isopropyl alcohol,
tetrahydrofuran, 2-methyltetrahydrofuran, acetone, toluene, butylacetate,
methyl tertbutylether, etc.) for a period of time (e.g., 0.5-24 hrs)
compared to the untreated enzyme. [0049] "pH stable" refers to a
ketoreductase polypeptide that maintains similar activity (more than e.g.,
60% to 80%) after exposure to high or low pH (e.g., 4.5-6 or 8 to 12) for a
period of time (e.g., 0.5-24 hrs) compared to the untreated enzyme. [0050]
"Thermo- and solvent stable" refers to a ketoreductase polypeptide that is
both thermostable and solvent stable. [0051] "Derived from" as used herein
in the context of engineered ketoreductase enzymes, identifies the
originating ketoreductase enzyme, and/or the gene encoding such
ketoreductase enzyme, upon which the engineering was based. For example,
the engineered ketoreductase enzyme of SEQ ID NO: 158 was obtained by
artificially evolving, over multiple generations the gene encoding the
Lactobacillus kefir ketoreductase enzyme of SEQ ID NO:4. Thus, this
engineered ketoreductase enzyme is "derived from" the wild-type
ketoreductase of SEQ ID NO:4. [0052] "Hydrophilic Amino Acid or Residue"
refers to an amino acid or residue having a side chain exhibiting a
hydrophobicity of less than zero according to the normalized consensus
hydrophobicity scale of Eisenberg et al., 1984, J. MoI. Biol. 179:125-142.
Genetically encoded hydrophilic amino acids include L-Thr (T), L-Ser (S),
L-His (H), L-GIu (E), L-Asn (N), L-GIn (Q), L-Asp (D), L-Lys (K) and L-Arg
(R). [0053] "Acidic Amino Acid or Residue" refers to a hydrophilic amino
acid or residue having a side chain exhibiting a pK value of less than
about 6 when the amino acid is included in a peptide or polypeptide. Acidic
amino acids typically have negatively charged side chains at physiological
pH due to loss of a hydrogen ion. Genetically encoded acidic amino acids
include L-GIu (E) and L-Asp (D). [0054] "Basic Amino Acid or Residue"
refers to a hydrophilic amino acid or residue having a side chain
exhibiting a pK value of greater than about 6 when the amino acid is
included in a peptide or polypeptide. Basic amino acids typically have
positively charged side chains at physiological pH due to association with
hydronium ion. Genetically encoded basic amino acids include L-Arg (R) and
L-Lys (K).[0055] "Polar Amino Acid or Residue" refers to a hydrophilic
amino acid or residue having a side chain that is uncharged at
physiological pH, but which has at least one bond in which the pair of
electrons shared in common by two atoms is held more closely by one of the
atoms. Genetically encoded polar amino acids include L-Asn (N), L-GIn (Q),
L-Ser (S) and L-Thr (T). [0056] "Hydrophobic Amino Acid or Residue" refers
to an amino acid or residue having a side chain exhibiting a hydrophobicity
of greater than zero according to the normalized consensus hydrophobicity
scale of Eisenberg et ah, 1984, J. MoI. Biol. 179:125-142. Genetically
encoded hydrophobic amino acids include L-Pro (P), L-IIe (I), L-Phe (F),
L-VaI (V), L-Leu (L), L-Trp (W), L-Met (M), L-AIa (A) and L-Tyr (Y). [0057]
"Aromatic Amino Acid or Residue" refers to a hydrophilic or hydrophobic
amino acid or residue having a side chain that includes at least one
aromatic or heteroaromatic ring. Genetically encoded aromatic amino acids
include L-Phe (F), L-Tyr (Y) and L-Trp (W). Although owing to the pKa of
its heteroaromatic nitrogen atom L-His (H) it is sometimes classified as a
basic residue, or as an aromatic residue as its side chain includes a
heteroaromatic ring, herein histidine is classified as a hydrophilic
residue or as a "constrained residue" (see below). [0058] "Constrained
amino acid or residue" refers to an amino acid or residue that has a
constrained geometry. Herein, constrained residues include L-pro (P) and
L-his (H). Histidine has a constrained geometry because it has a relatively
small imidazole ring. Proline has a constrained geometry because it also
has a five membered ring. [0059] "Non-polar Amino Acid or Residue" refers
to a hydrophobic amino acid or residue having a side chain that is
uncharged at physiological pH and which has bonds in which the pair of
electrons shared in common by two atoms is generally held equally by each
of the two atoms (i.e., the side chain is not polar). Genetically encoded
non-polar amino acids include L-GIy (G), L-Leu (L), L-VaI (V), L-IIe (I),
L-Met (M) and L-AIa (A). [0060] "Aliphatic Amino Acid or Residue" refers to
a hydrophobic amino acid or residue having an 



aliphatic hydrocarbon side chain. Genetically encoded aliphatic amino acids
include L-AIa (A), L-VaI (V), L-Leu (L) and L-IIe (I). [0061] "Cysteine" .
The amino acid L-Cys (C) is unusual in that it can form disulfide bridges
with other L-Cys (C) amino acids or other sulfanyl- or
sulfhydryl-containing amino acids. The "cysteinelike residues" include
cysteine and other amino acids that contain sulfhydryl moieties that are
available for formation of disulfide bridges. The ability of L-Cys (C) (and
other amino acids with -SH containing side chains) to exist in a peptide in
either the reduced free -SH or oxidized disulfidebridged form affects
whether L-Cys (C) contributes net hydrophobic or hydrophilic character to
apeptide. While L-Cys (C) exhibits a hydrophobicity of 0.29 according to
the normalized consensus scale of Eisenberg (Eisenberg et al, 1984, supra),
it is to be understood that for purposes of the present disclosure L-Cys
(C) is categorized into its own unique group. [0062] "Small Amino Acid or
Residue" refers to an amino acid or residue having a side chain that is
composed of a total three or fewer carbon and/or heteroatoms (excluding the
a-carbon and hydrogens). The small amino acids or residues may be further
categorized as aliphatic, non-polar, polar or acidic small amino acids or
residues, in accordance with the above definitions. Geneticallyencoded
small amino acids include L-AIa (A), L-VaI (V), L-Cys (C), L-Asn (N), L-Ser
(S), L-Thr (T) and L-Asp (D). [0063] "Hydroxyl-containing Amino Acid or
Residue" refers to an amino acid containing a hydroxyl (-OH) moiety.
Genetically-encoded hydroxyl-containing amino acids include L-Ser (S) L-Thr
(T) and L-Tyr (Y). [0064] "Conservative " amino acid substitutions or
mutations refer to the interchangeability of residues having similar side
chains, and thus typically involves substitution of the amino acid in the
polypeptide with amino acids within the same or similar defined class of
amino acids. However, as used herein, conservative mutations do not include
substitutions from a hydrophilic to hydrophilic, hydrophobic to
hydrophobic, hydroxyl-containing to hydroxyl-containing, or small to small
residue, if the conservative mutation can instead be a substitution from an
aliphatic to an aliphatic, non-polar to non-polar, polar to polar, acidic
to acidic, basic to basic, aromatic to aromatic, or constrained to
constrained residue. Further, as used herein, A, V, L, or I can be
conservatively mutated to either another aliphatic residue or to another
non-polar residue. Table 1 below shows exemplary conservative
substitutions. Table 1: Conservative Substitutions [0065] "Non-conservative
substitution" refers to substitution or mutation of an amino acid in the
polypeptide with an amino acid with significantly differing side chain
properties. Non-conservativesubstitutions may use amino acids between,
rather than within, the defined groups listed above. In one embodiment, a
non-conservative mutation affects (a) the structure of the peptide backbone
in the area of the substitution (e.g., proline for glycine) (b) the charge
or hydrophobicity, or (c) the bulk of the side chain. [0066] "Deletion"
refers to modification to the polypeptide by removal of one or more amino
acids from the reference polypeptide. Deletions can comprise removal of 1
or more amino acids, 2 or more amino acids, 5 or more amino acids, 10 or
more amino acids, 15 or more amino acids, or 20 or more amino acids, up to
10% of the total number of amino acids, or up to 20% of the total number of
amino acids making up the reference enzyme while retaining enzymatic
activity and/or retaining the improved properties of an engineered
ketoreductase enzyme. Deletions can be directed to the internal portions
and/or terminal portions of the polypeptide. In various embodiments, the
deletion can comprise a continuous segment or can be discontinuous. [0067]
"Insertion " refers to modification to the polypeptide by addition of one
or more amino acids from the reference polypeptide. In some embodiments,
the improved engineered ketoreductase enzymes comprise insertions of one or
more amino acids to the naturally occurring ketoreductase polypeptide as
well as insertions of one or more amino acids to other improved
ketoreductase polypeptides. Insertions can be in the internal portions of
the polypeptide, or to the carboxy or amino terminus. Insertions as used
herein include fusion proteins as is known in the art. The insertion can be
a contiguous segment of amino acids or separated by one or more of the
amino acids in the naturally occurring polypeptide. [0068] "Different from"
or "differs from" with respect to a designated reference sequence refers to
difference of a given amino acid or polynucleotide sequence when aligned to
the reference sequence. Generally, the differences can be determined when
the two sequences are optimally aligned. Differences include insertions,
deletions, or substitutions of amino acid residues in comparison to the 



reference sequence. [0069] "Fragment " as used herein refers to a
polypeptide that has an amino-terminal and/or carboxyterminal deletion, but
where the remaining amino acid sequence is identical to the corresponding
positions in the sequence. Fragments can be at least 14 amino acids long,
at least 20 amino acids long, at least 50 amino acids long or longer, and
up to 70%, 80%, 90%, 95%, 98%, and 99% of the full-length ketoreductase
polypeptide. [0070] "Isolated polypeptide " refers to a polypeptide which
is substantially separated from other contaminants that naturally accompany
it, e.g., protein, lipids, and polynucleotides. The term embraces
polypeptides which have been removed or purified from their
naturally-occurring environment or expression system (e.g., host cell or in
vitro synthesis). The improved ketoreductaseenzymes may be present within a
cell, present in the cellular medium, or prepared in various forms, such as
lysates or isolated preparations. As such, in some embodiments, the
improved ketoreductase enzyme can be an isolated polypeptide. [0071]
"Substantially pure polypeptide " refers to a composition in which the
polypeptide species is the predominant species present (i.e., on a molar or
weight basis it is more abundant than any other individual macromolecular
species in the composition), and is generally a substantially purified
composition when the object species comprises at least about 50 percent of
the macromolecular species present by mole or % weight. Generally, a
substantially pure ketoreductase composition will comprise about 60 % or
more, about 70% or more, about 80% or more, about 90% or more, about 95% or
more, and about 98% or more of all macromolecular species by mole or %
weight present in the composition. In some embodiments, the object species
is purified to essential homogeneity (i.e., contaminant species cannot be
detected in the composition by conventional detection methods) wherein the
composition consists essentially of a single macromolecular species.
Solvent species, small molecules (<500 Daltons), and elemental ion species
are not considered macromolecular species. In some embodiments, the
isolated improved ketoreductases polypeptide is a substantially pure
polypeptide composition. [0072] "Stringent hybridization " is used herein
to refer to conditions under which nucleic acid hybrids are stable. As
known to those of skill in the art, the stability of hybrids is reflected
in the melting temperature (Tm) of the hybrids. In general, the stability
of a hybrid is a function of ion strength, temperature, G/C content, and
the presence of chaotropic agents. The Tm values for polynucleotides can be
calculated using known methods for predicting melting temperatures (see,
e.g., Baldino et al., Methods Enzymology 168:761-777; Bolton et al., 1962,
Proc. Natl. Acad. Sci. USA 48:1390; Bresslauer et al., 1986, Proc. Natl.
Acad. Sci USA 83:8893-8897; Freier et al., 1986, Proc. Natl. Acad. Sci USA
83:9373-9377; Kierzek et al., Biochemistry 25:7840-7846; Rychlik et al.,
1990, Nucleic Acids Res 18:6409-6412 (erratum, 1991, Nucleic Acids Res
19:698); Sambrook et al., supra); Suggs et al., 1981, In Developmental
Biology Using Purified Genes (Brown et al., eds.), pp. 683-693, Academic
Press; and Wetmur, 1991, Crit Rev Biochem MoI Biol 26:227-259. All
publications incorporate herein by reference). In some embodiments, the
polynucleotide encodes the polypeptide disclosed herein and hybridizes
under defined conditions, such as moderately stringent or highly stringent
conditions, to the complement of a sequence encoding an engineered
ketoreductase enzyme of the present disclosure. [0073] "Hybridization
stringency" relates to such washing conditions of nucleic acids. Generally,
hybridization reactions are performed under conditions of lower stringency,
followed by washes of varying but higher stringency. The term "moderately
stringent hybridization" refers to conditions thatpermit target-DNA to bind
a complementary nucleic acid that has about 60% identity, preferably about
75% identity, about 85% identity to the target DNA; with greater than about
90% identity to target-polynucleotide. Exemplary moderately stringent
conditions are conditions equivalent to hybridization in 50% formamide, 5x
Denhart's solution, 5xSSPE, 0.2% SDS at 42C, followed by washing in
0.2xSSPE, 0.2% SDS, at 42C. "High stringency hybridization" refers
generally to conditions that are about 100C or less from the thermal
melting temperature T 1n as determined under the solution condition for a
defined polynucleotide sequence. In some embodiments, a high stringency
condition refers to conditions that permit hybridization of only those
nucleic acid sequences that form stable hybrids in 0.018M NaCl at 65C.
(i.e., if a hybrid is not stable in 0.018M NaCl at 65C, it will not be
stable under high stringency conditions, as contemplated herein). High
stringency conditions can be provided, for example, by hybridization in
conditions equivalent to 50% 



formamide, 5x Denhart's solution, 5xSSPE, 0.2% SDS at 42C, followed by
washing in 0.1xSSPE, and 0.1% SDS at 65C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are
described in the references cited above. [0074] "Heterologous"
polynucleotide refers to any polynucleotide that is introduced into a host
cell by laboratory techniques, and includes polynucleotides that are
removed from a host cell, subjected to laboratory manipulation, and then
reintroduced into a host cell. [0075] "Codon optimized" refers to changes
in the codons of the polynucleotide encoding a protein to those
preferentially used in a particular organism such that the encoded protein
is efficiently expressed in the organism of interest. Although the genetic
code is degenerate in that most amino acids are represented by several
codons, called "synonyms" or "synonymous" codons, it is well known that
codon usage by particular organisms is nonrandom and biased towards
particular codon triplets. This codon usage bias may be higher in reference
to a given gene, genes of common function or ancestral origin, highly
expressed proteins versus low copy number proteins, and the aggregate
protein coding regions of an organism's genome. In some embodiments, the
polynucleotides encoding the ketoreductases enzymes may be codon optimized
for optimal production from the host organism selected for expression.
[0076] "Preferred, optimal, high codon usage bias codons" refers
interchangeably to codons that are used at higher frequency in the protein
coding regions than other codons that code for the same amino acid. The
preferred codons may be determined in relation to codon usage in a single
gene, a set of genes of common function or origin, highly expressed genes,
the codon frequency in the aggregate protein coding regions of the whole
organism, codon frequency in the aggregate protein coding regions of
related organisms, or combinations thereof. Codons whose frequency
increases with the level of gene expression are typically optimal codons
for expression. A variety of methods are knownfor determining the codon
frequency (e.g., codon usage, relative synonymous codon usage) and codon
preference in specific organisms, including multivariat analysis, for
example, using cluster analysis or correspondence analysis, and the
effective number of codons used in a gene (see GCG CodonPreference,
Genetics Computer Group Wisconsin Package; CodonW, John Peden, University
of Nottingham; Mclnerney, J . O, 1998, Bioinformatics 14:372-73; Stenico et
al, 1994, Nucleic Acids Res. 222437-46; Wright, F., 1990, Gene 87:23-29).
Codon usage tables are available for a growing list of organisms (see for
example, Wada et al, 1992, Nucleic Acids Res. 20:21 11-21 18; Nakamura et
al., 2000, Nucl. Acids Res. 28:292; Duret, et al., supra; Henaut and
Danchin, "Escherichia coli and Salmonella 1996, Neidhardt, et al. Eds., ASM
Press, Washington D.C., p. 2047-2066. The data source for obtaining codon
usage may rely on any available nucleotide sequence capable of coding for a
protein. These data sets include nucleic acid sequences actually known to
encode expressed proteins (e.g., complete protein coding sequences-CDS),
expressed sequence tags (ESTS), or predicted coding regions of genomic
sequences (see for example, Mount, D., Bioinformatics: Sequence and Genome
Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 2001; Uberbacher, E. C , 1996, Methods Enzymol. 266:259-281;
Tiwari et al, 1997, Comput. Appl. Biosci. 13:263-270). [0077] "Control
sequence " is defined herein to include all components, which are necessary
or advantageous for the expression of a polypeptide of the present
disclosure. Each control sequence may be native or foreign to the nucleic
acid sequence encoding the polypeptide. Such control sequences include, but
are not limited to, a leader, polyadenylation sequence, propeptide
sequence, promoter, signal peptide sequence, and transcription terminator.
At a minimum, the control sequences include a promoter, and transcriptional
and translational stop signals. The control sequences may be provided with
linkers for the purpose of introducing specific restriction sites
facilitating ligation of the control sequences with the coding region of
the nucleic acid sequence encoding a polypeptide. [0078] "Operably linked"
is defined herein as a configuration in which a control sequence is
appropriately placed at a position relative to the coding sequence of the
DNA sequence such that the control sequence directs the expression of a
polynucleotide and/or polypeptide. [0079] "Promoter sequence " is a nucleic
acid sequence that is recognized by a host cell for expression of the
coding region. The control sequence may comprise an appropriate promoter
sequence. The promoter sequence contains transcriptional control sequences,
which mediate the expression of the polypeptide. The promoter may be any
nucleic acid sequence which shows transcriptional activity in the host cell
of choice including mutant, truncated, and hybrid promoters, and may be
obtained from genes encoding extracellular or intracellular polypeptides
either 



homologous or heterologous to the host cell.[0080] "Cofactor regeneration
system" refers to a set of reactants that participate in a reaction that
reduces the oxidized form of the cofactor (e.g., NADP+ to NADPH). Cofactors
oxidized by the ketoreductase-catalyzed reduction of the keto substrate are
regenerated in reduced form by the cofactor regeneration system. Cofactor
regeneration systems comprise a stoichiometric reductant that is a source
of reducing hydrogen equivalents and is capable of reducing the oxidized
form of the cofactor. The cofactor regeneration system may further comprise
a catalyst, for example an enzyme catalyst that catalyzes the reduction of
the oxidized form of the cofactor by the reductant. Cofactor regeneration
systems to regenerate NADH or NADPH from NAD+ or NADP+, respectively, are
known in the art and may be used in the methods described herein. 6.2
Ketoreductase Enzymes [0081] The present disclosure provides engineered
ketoreductase ("KRED") enzymes that are capable of stereoselective Iy
reducing or converting the substrate 5-((4 )-2-oxo-4-phenyl (1,3-
oxazolidin-3-yl))-l-(4-fluorophenyl) pentane-l,5-dione to the product (4 S)
-3-[(5<S) -5-(4-
fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazolidin-2-one and having
an improved property when compared with the naturally- occurring, wild-type
KRED enzyme of L. kefir (SEQ ID NO:4), L. brevis (SEQ ID NO:2), or L. minor
(SEQ ID NO: 158), or when compared with other engineered ketoreductase
enzymes (e.g. that of SEQ ID NO:8). [0082] The engineered ketoreductase
("KRED") enzymes are also capable of stereoselectively reducing or
converting the compound
l-(4-fluorophenyl)-3(R)-[3-oxo-3-(4-fluorophenyl)propyl)]-
4(S)-(4-hydroxyphenyl)-2-azetidinone to the corresponding stereoisomers
alcohol product l-(4- fluorophenyl)- 3(R)-[3(S)-hydroxy-3(4-fluoropheny
l)-propyl)]-4(S)-(4-hydroxyphenyl)-2- azetidinone and having an improved
property when compared with the naturally-occurring, wild-type KRED enzyme
of L. kefir (SEQ ID NO:4), L. brevis (SEQ ID NO:2), or L. minor (SEQ ID NO:
158) or when compared with other engineered ketoreductase enzymes (e.g.
that of SEQ ID NO:8). [0083] Enzyme properties for which improvement is
desirable include, but are not limited to, enzymatic activity, thermal
stability, pH activity profile, cofactor requirements, refractoriness to
inhibitors (e.g., product inhibition), sterospecificity, stereoselectivity,
and solvent stability. The improvements can relate to a single enzyme
property, such as enzymatic activity, or a combination of different enzyme
properties, such as enzymatic activity and stereoselectivity. For the
polypeptides described herein, the amino acid sequence of the ketoreductase
polypeptides have the requirement that: (1) the amino acid residue
corresponding to residue position 145 of SEQ ID NO:2, 4, or 158 is serine
and (2) the amino acid residue corresponding to residue position 190 of SEQ
ID NO:2, 4, or 158 is cysteine.[0084] In some embodiments, as noted above,
the engineered ketoreductase with improved enzyme activity is described
with reference to Lactobacillus kefir ketoreductase of SEQ ID NO:4,
Lactobacillus brevis ketoreductase of SEQ ID NO:2, or Lactobacillus minor
of SEQ ID NO: 158. The amino acid residue position is determined in both
ketoreductases beginning from the initiating methionine (M) residue (i.e.,
M represents residue position 1), although it will be understood by the
skilled artisan that this initiating methionine residue may be removed by
biological processing machinery, such as in a host cell or in vitro
translation system, to generate a mature protein lacking the initiating
methionine residue. The amino acid residue position at which a particular
amino acid or amino acid change is present is sometimes describe in terms
"Xn" , or "position "", where n refers to the residue position. Where the
amino acid residues at the same residue position differ between the
ketoreductases, the different residues are denoted by an "/" with the
arrangement being, for example, "kefir residue/brevis residue/minor." A
substitution mutation, which is a replacement of an amino acid residue in a
corresponding residue of a reference sequence, for example the wildtype
ketoreductases of SEQ ID NO:2, SEQ ID NO:4, or SEQ ID NO: 158 with a
different amino acid residue is denoted by the symbol " " . [0085] Herein,
mutations are sometimes described as a mutation "to a" type of amino acid.
For example, residue 2 11 can be mutated "to a" basic residue. But the use
of the phrase "to a" does not exclude mutations from one amino acid of a
class to another amino acid of the same class. For example, residue 2 11
can be mutated from a lysine to an arginine. [0086] The polynucleotide
sequence encoding the naturally occurring ketoreductase of Lactobacillus
kefir and Lactobacillus brevis (also referred to as "alcohol dehydrogenase"
or "ADH"), and thus the corresponding amino acid sequences, are available
from Genbank accession no. AAP94029 GI:33 112056 for Lactobacillus kefir,
Genbank accession no. CAD66648 GL28400789 for 



Lactobacillus brevis, and U.S. Pat. Appl. No. 20040265978 or SEQ ID NO: 158
for Lactobacillus minor. [0087] In some embodiments, the ketoreductase
polypeptides herein can have a number of modifications to the reference
sequence (e.g., naturally occurring polypeptide or an engineered
polypeptide) to result in an improved ketoreductase property. In such
embodiments, the number of modifications to the amino acid sequence can
comprise one or more amino acids, 2 or more amino acids, 3 or more amino
acids, 4 or more amino acids, 5 or more amino acids, 6 or more amino acids,
8 or more amino acids, 10 or more amino acids, 15 or more amino acids, or
20 or more amino acids, up to 10% of the total number of amino acids, up to
20% of the total number of amino acids, or up to 30% of the total number of
amino acids of the reference enzyme sequence. In some embodiments, the
number of modifications to the naturally occurring polypeptide or an
engineered polypeptide thatproduces an improved ketoreductase property may
comprise from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1- 8, 1-9, 1-10, 1-1 1,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or about
1-40 modifications of the reference sequence. The modifications can
comprise insertions, deletions, substitutions, or combinations thereof.
[0088] In some embodiments, the modifications comprise amino acid
substitutions to the reference sequence. Substitutions that can produce an
improved ketoreductase property may be at one or more amino acids, 2 or
more amino acids, 3 or more amino acids, 4 or more amino acids, 5 or more
amino acids, 6 or more amino acids, 8 or more amino acids, 10 or more amino
acids, or 20 or more amino acids, up to 10% of the total number of amino
acids, up to 20% of the total number of amino acids, or up to 30% of the
total number of amino acids of the reference enzyme sequence. In some
embodiments, the number of substitutions to the naturally occurring
polypeptide or an engineered polypeptide that produces an improved
ketoreductase property can comprise from about 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-8, 1-9, 1-10, 1-1 1, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,
1-25, 1-30, 1-35 or about 1-40 amino acid substitutions of the reference
sequence. [0089] In some embodiments, the improved property, as compared to
wild-type or another engineered polypeptide, of the ketoreductase
polypeptide is with respect to an increase of its stereoselectivity i.e.,
herein, an increase in the stereomeric excess of the product, for reducing
or converting the substrate 5-((4 )-2-oxo-4-phenyl
(l,3-oxazolidin-3-yl))-l-(4-fluorophenyl) pentane- 1,5-dione to the product
(4S)-3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-
oxazolidin-2-one. In some embodiments, the improved property of the
ketoreductase polypeptide is with respect to an increase in its ability to
convert or reduce a greater percentage of the substrate to the product. In
some embodiments, the improved property of the ketoreductase polypeptide is
with respect to an increase in its rate of conversion of the substrate to
the product. This improvement in enzymatic activity can be manifested by
the ability to use less of the improved polypeptide as compared to the
wild-type or other reference sequence (for example, SEQ ID NO: 8) to reduce
or convert the same amount of product. In some embodiments, the improved
property of the ketoreductase polypeptide is with respect to its stability
or thermostability. In some embodiments, the ketoreductase polypeptide has
more than one improved property. [0090] In some embodiments, the
ketoreductase polypeptide of the disclosure is capable of converting the
substrate 5-((4 )-2-oxo-4-phenyl (l,3-oxazolidin-3-yl))-l-(4-fluorophenyl)
pentane- 1,5-dione to the product
(4S)-3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-
oxazolidin-2-one, with a percent stereomeric excess of at least about 90%
and at a rate that is improved over the amino acid sequence of SEQ ID NO:
8. Exemplary polypeptides with such properties include, but are not limited
to, polypeptides which comprise an amino acid sequencecorresponding to SEQ
ID NO: 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108,
110, 112, 114, 116, 118, 120, 122, 124, and 126. Because the reference
polypeptide having the amino acid sequence of SEQ ID NO:8 is capable of
converting the substrate to the product at a rate (for example, 4% of 1 g/L
substrate converted to product in 24 hours with about 5 g/L of the KRED)
and with a steroselectivity (94% stereomeric excess) that is improved over
wild-type (SEQ ID NO:4), the polypeptides herein that are improved over SEQ
ID NO:8 are also improved over wild-type. [0091] In some embodiments, the
ketoreductase polypeptide is capable of converting the substrate 5- ((4
)-2-oxo-4-phenyl (l,3-oxazolidin-3-yl))-l-(4-fluorophenyl)
pentane-l,5-dione to the product (4S)-
3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazoridin-2-on
e, with a percent stereomeric excess of at least about 99% and at a rate
that is at least about 5 times improved over a reference polypeptide having
the amino acid sequence of SEQ ID NO: 8. Exemplary polypeptides 



with such properties include, but are not limited to, polypeptides which
comprise an amino acid sequence corresponding to SEQ ID NO: 42, 44, 46, 50,
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88,
90, 92, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122,
124, and 126. [0092] In some embodiments, the ketoreductase polypeptide is
capable of converting the substrate 5- ((45)-2-oxo-4-phenyl
(l,3-oxazolidin-3-yl))-l-(4-fluorophenyl) pentane-l,5-dione to the product
(4S)-
3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazoridin-2-on
e, with a percent stereomeric excess of at least about 99% and at a rate
that is at least about 120 times or more improved over a reference
polypeptide having the amino acid sequence of SEQ ID NO: 8. Exemplary
polypeptides with such properties include, but are not limited to,
polypeptides which comprise an amino acid sequence corresponding to SEQ ID
NO: 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86,
88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118,
120, 122, 124, and 126. [0093] In some embodiments, the ketoreductase
polypeptide is capable of converting the substrate 5- ((4 )-2-oxo-4-phenyl
(l,3-oxazolidin-3-yl))-l-(4-fluorophenyl) pentane-l,5-dione to the product
(4S)-
3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazoridin-2-on
e, with a percent stereomeric excess of at least about 99% and at a rate
that is at least about 3000 times or more improved over a reference
polypeptide having the amino acid sequence of SEQ ID NO: 8. Exemplary
polypeptides with such properties include, but are not limited to,
polypeptides which comprise an amino acid sequence corresponding to SEQ ID
NO: 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 110, 112, 114, 116, 118, 120, 122, 124, and 126.[0094] In some
embodiments, the ketoreductase polypeptide is capable of converting the
substrate 5- ((4>S)-2-oxo-4-phenyl
(l,3-oxazolidin-3-yl))-l-(4-fluorophenyl) pentane-l,5-dione to the product
(4S)-
3-[(5S)-5-(4-fluorophenyl)-5-hydroxypentanoyl]-4-phenyl-l,3-oxazoridin-2-on
e, with a percent stereomeric excess of at least about 99% and at a rate
that is at least about 7000 times or more improved over a reference
polypeptide having the amino acid sequence of SEQ ID NO: 8. Exemplary
polypeptides with such properties include, but are not limited to,
polypeptides which comprise an amino acid sequence corresponding to SEQ ID
NO: 102, 108, 120, 122, 124, and 126. [0095] In some embodiments, the
ketoreductase polypeptides of the disclosure comprise highly
stereoselective ketoreductase polypeptides that can reduce the substrate to
the product in greater than about 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%,
99.6%, 99.7%, 99.8% or 99.9% stereomeric excess. Exemplary ketoreductase
polypeptides with such high stereoselectivity include, but are not limited
to, the polypeptides comprising the amino acid sequences corresponding to
SEQ ID NO: 42, 44, 46, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92, 96, 98, 100, 102, 104, 106, 108, 110,
112, 114, 116, 118, 120, 122, 124, and 126. [0100] Tables 2, 3 and 4 below
provide a list of the SEQ ID NOs disclosed herein with associated
activities. The sequences below are based on the wild-type L. kefir
ketoreductase sequences (SEQ ID NO: 3 and 4) unless otherwise specified. In
tables below, each row lists two SEQ ID NOs, where the odd number refers to
the nucleotide sequence that codes for the amino acid sequence provided by
the even number. The column listing the number of mutations (i.e., residue
changes) refers to the number of amino acid substitutions as compared to
the L. kefir KRED amino acid sequence of SEQ ID NO:4. Each Table is
followed by a caption indicating the meaning of the symbols "+" "++" "+++"
and "++++" in each context. [0101] Table 2[0102] The following Table 3 and
Table 4 show the activity profiles of various ketoreductases.Attorney
Docket No.: 2008-IP-008636 Ul PCT SAND CONTROL SCREEN ASSEMBLY AND METHOD
FOR USE OF SAME TECHNICAL FIELD QF THE INVENTION [0001] This invention
relates, in general, to controlling the production of particulate materials
from a subterranean formation and, in particular, to a sand control screen
assembly having a swellable material layer that is operable to radially
expand downhole in response to contact with an activating fluid. BACKGROUND
OF THE INVENTION [0002] Without limiting the scope of the present
invention, its background is described with reference to the production of
hydrocarbons through a wellbore traversing an unconsolidated or loosely
consolidated formation, as an example. [0003] It is well known in the
subterranean well drilling and completion art that particulate materials
such as sand may be produced during the production of hydrocarbons from a
well 



traversing an unconsolidated or loosely consolidated subterranean
formation. Numerous problems may occur as a result of the production of
such particulate materials. For example, the particulate materials cause
abrasive wear to components within the well, such as tubing, flow control
devices and safety devices. In addition, the particulate materials may
partially or fully clog the well creating the need for an expensive
workover. Also, if the particulate materials are produced to the surface,
they must be removed from the hydrocarbon fluids by processing equipment at
the surface. [0004] One method for preventing the production of such
particulate materials is gravel packing the well adjacent the
unconsolidated or loosely consolidated production interval. In a typical
gravel pack completion, a sand control screen is lowered into the wellbore
on a work string to a position proximate the desired production interval. A
fluid slurry including a liquid carrier and a particulate material, such as
gravel, is then pumped down the work string and into the well annulus
formed between the sand control screen and the perforated well casing or
open hole production zone. [0005] The liquid carrier either flows into the
formation, returns to the surface by flowing through the sand control
screen or both. In either case, the gravel is deposited around the sand
control screen to form a gravel pack, which is highly permeable to the flow
of hydrocarbon fluids but blocks the flow of the particulate carried in the
hydrocarbon fluids.As such, gravel packs can successfully prevent the
problems associated with the production of particulate materials from the
formation. [0006] It has been found, however, that a complete gravel pack
of the desired production interval is difficult to achieve particularly in
extended or deviated wellbores including wellbores having long, horizontal
production intervals. These incomplete packs are commonly a result of the
liquid carrier entering a permeable portion of the production interval
causing the gravel to dehydrate and form a sand bridge in the annulus.
Thereafter, the sand bridge prevents the slurry from flowing to the
remainder of the annulus which, in turn, prevents the placement of
sufficient gravel in the remainder of the production interval. [0007] In
addition, it has been found that gravel packing is not feasible in certain
open hole completions. Attempts have been made to use expandable metal sand
control screens in such open hole completions. These expandable metal sand
control screens are typically installed in the wellbore then radially
expanded using a hydraulic swage or cone that passes through the interior
of the screen or other metal forming techniques. In addition to filtering
particulate materials out of the formation fluids, one benefit of these
expandable sand control screens is the radial support they provide to the
formation which helps prevent formation collapse. It has been found,
however, that conventional expandable sand control screens do not contact
the wall of the wellbore along their entire length as the wellbore profile
is not uniform. More specifically, due to the process of drilling the
wellbore and heterogeneity of the downhole strata, washouts or other
irregularities commonly occur which result in certain locations within the
wellbore having larger diameters than other areas or having non circular
cross sections. Thus, when the expandable sand control screens are
expanded, voids are created between the expandable sand control screens and
the irregular areas of the wellbore, which has resulted in incomplete
contact between the expandable sand control screens and the wellbore. In
addition, with certain conventional expandable sand control screens, the
threaded connections are not expandable which creates a very complex
profile, at least a portion of which does not contact the wellbore.
Further, when conventional expandable sand control screens are expanded,
the radial strength of the expanded screens is drastically reduced
resulting in little, if any, radial support to the borehole. [0008]
Therefore, a need has arisen for a sand control screen assembly that
prevents the production of particulate materials from a well that traverses
a hydrocarbon bearing subterranean formation without the need for
performing a gravel packing operation. A need has also arisen for such a
sand control screen assembly that interventionlessly provides radial
support to the formation without the need for expanding metal tubulars.
Further, a need hasarisen for such a sand control screen assembly that is
suitable for operation in long, horizontal, open hole completions. SUMMARY
OF THE INVENTION [0009J The present invention disclosed herein comprises a
sand control screen assembly that prevents the production of particulate
materials from a well that traverses a hydrocarbon 



bearing subterranean formation or operates as an injection well. The sand
control screen assembly of the present invention achieves this result
without the need for performing a gravel packing operation. In addition,
the sand control screen assembly of the present invention
interventionlessly provides radial support to the formation without the
need for expanding metal tubulars. Further, the sand control screen
assembly of the present invention is suitable for operation in open hole
completions in long, horizontal production intervals. [0010] In one aspect,
the present invention is directed to a sand control screen assembly that is
operable to be positioned within a wellbore. The sand control screen
assembly includes a base pipe having at least one opening in a sidewall
portion thereof and an internal flow path. A swellable material layer is
disposed exteriorly of at least a portion of the base pipe. A fluid
collection subassembly is disposed exteriorly of the swellable material
layer and is in fluid communication with the internal flow path via the
opening. A filter medium is operably associated with the sand control
screen assembly and is disposed in a fluid path between the exterior of the
sand control screen assembly and the internal flow path. In response to
contact with an activating fluid, such as a hydrocarbon fluid, water and
gas, radial expansion of the swellable material layer causes at least a
portion of the fluid collection subassembly to be displaced toward a
surface of the wellbore and preferably in close proximity to or contact
with the wellbore. [0011] In one embodiment, the swellable material layer
is disposed exteriorly of a blank pipe section of the base pipe. In another
embodiment, the swellable material layer is disposed exteriorly of a
perforated section of the base pipe. In certain embodiments, the fluid
collection subassembly includes a plurality of circumferentially
distributed perforated tubulars. In such embodiment, fluid discharged from
the perforated tubulars may be received in a chamber prior to entering the
internal flow path. In other embodiments, the fluid collection subassembly
may include a plurality of fluid inlets such as telescoping fluid inlets,
flexible fluid inlets and the like. [0012] In one embodiment, the filter
medium is disposed external to the fluid collection subassembly. In another
embodiment, the filter medium is disposed internal to the fluidcollection
subassembly. In a further embodiment, the filter medium is disposed
downstream of the fluid collection subassembly. The filter medium may be a
single layer mesh screen, a multiple layer mesh screen, a wire wrapped
screen, a prepack screen, a ceramic screen, a fluid porous, particulate
resistant sintered wire mesh screen, a fluid porous, particulate resistant
diffusion bonded wire mesh screen or the like. In certain embodiments, a
screen element may be disposed external to the fluid collection subassembly
and the swellable material layer. [0013] In another aspect, the present
invention is directed to a sand control screen assembly that is operable to
be positioned within a wellbore. The sand control screen assembly includes
a base pipe having a perforated section, a blank pipe section and an
internal flow path. A swellable material layer is disposed exteriorly of
the blank pipe section of the base pipe. A fluid collection subassembly is
disposed exteriorly of the swellable material layer and is in fluid
communication with the internal flow path. A filter medium is disposed
exteriorly of the perforated section of the base pipe. In response to
contact with an activating fluid, radial expansion of the swellable
material layer causes at least a portion of the fluid collection
subassembly to be displaced toward a surface of the wellbore. [0014] In a
further aspect, the present invention is directed to method of installing a
sand control screen assembly in a wellbore. The method includes running the
sand control screen assembly to a target location within the wellbore, the
sand control screen assembly having a fluid collection subassembly disposed
exteriorly of a swellable material layer that is disposed exteriorly of at
least a portion of a base pipe, contacting the swellable material layer
with an activating fluid, radially expanding the swellable material layer
in response to contact with the activating fluid and displacing at least a
portion of the fluid collection subassembly toward a surface of the
wellbore in response to the radial expansion of the swellable material
layer. [0015] In yet another aspect, the present invention is directed to a
downhole tool that is operably positionable within a wellbore. The downhole
tool includes a tubular member having an internal flow path. A swellable
material layer is disposed exteriorly of at least a 



portion of the tubular member. A sensor is disposed exteriorly of the
swellable material layer. In response to contact with an activating fluid,
radial expansion of the swellable material layer causes the sensor to be
displaced toward a surface of the wellbore and preferably in close
proximity to or contact with the wellbore.BRIEF DESCRIPTION OF THE DRAWINGS
[0016] For a more complete understanding of the features and advantages of
the present invention, reference is now made to the detailed description of
the invention along with the accompanying figures in which corresponding
numerals in the different figures refer to corresponding parts and in
which: [0017] Figure IA is a schematic illustration of a well system
operating a plurality of sand control screen assemblies in their running
configuration according to an embodiment of the present invention; [0018]
Figure IB is a schematic illustration of a well system operating a
plurality of sand control screen assemblies in their operating
configuration according to an embodiment of the present invention; [0019]
Figure 2A is a cross sectional view taken along line 2A-2A of a sand
control screen assembly of figure IA in a running configuration according
to an embodiment of the present invention; [0020] Figure 2B is a cross
sectional view taken along line 2B-2B of a sand control screen assembly of
figure 1B in an operating configuration according to an embodiment of the
present invention; [0021] Figure 3 is a side view partially in quarter
section of a sand control screen assembly according to an embodiment of the
present invention; [0022] Figure 4A is a cross sectional view of a sand
control screen assembly in a running configuration according to an
embodiment of the present invention; [0023] Figure 4B is a cross sectional
view of a sand control screen assembly in an operating configuration
according to an embodiment of the present invention; [0024] Figure 5 is a
side view partially in quarter section of a sand control screen assembly
according to an embodiment of the present invention; [0025] Figure 6 is a
side view partially in quarter section and partially in half section of a
sand control screen assembly according to an embodiment of the present
invention; [0026] Figure 7 is a side view partially in quarter section of a
sand control screen assembly according to an embodiment of the present
invention; [0027] Figure 8A is a cross sectional view of a sand control
screen assembly in a running configuration according to an embodiment of
the present invention; [0028] Figure 8B is a cross sectional view of a sand
control screen assembly in an operating configuration according to an
embodiment of the present invention;[0029] Figure 9A is a cross sectional
view of a sand control screen assembly according to an embodiment of the
present invention; [0030] Figure 9B is a cross sectional view of a sand
control screen assembly according to an embodiment of the present
invention; [0031] Figure 9C is a cross sectional view of a sand control
screen assembly according to an embodiment of the present invention; [0032]
Figure 1OA is a cross sectional view of a sand control screen assembly in a
running configuration according to an embodiment of the present invention;
[0033] Figure 1OB is a cross sectional view of a sand control screen
assembly in an operating configuration according to an embodiment of the
present invention; [0034] Figure 11 is a cross sectional view of a sand
control screen assembly according to an embodiment of the present
invention; [0035] Figure 12 is a cross sectional view of a sand control
screen assembly according to an embodiment of the present invention; [0036]
Figure 13A is a side view of a sand control screen assembly in a running
configuration according to an embodiment of the present invention; [0037]
Figure 13B is a side view of a sand control screen assembly in an operating
configuration according to an embodiment of the present invention; [0038]
Figure 14A is a cross sectional view taken along line 14A-1 4A of a sand
control screen assembly of figure 13A in a running configuration according
to an embodiment of the 



present invention; [0039] Figure 14B is a cross sectional view taken along
line 14B-14B of a sand control screen assembly of figure 13B in an
operating configuration according to an embodiment of the present
invention; [0040] Figure 15A is a quarter sectional view of a sand control
screen assembly in a running configuration according to an embodiment of
the present invention; [0041] Figure 15B is a quarter sectional view of a
sand control screen assembly in an operating configuration according to an
embodiment of the present invention. DETAILED DESCRIPTION OF THE INVENTION
[0042] While the making and using of various embodiments of the present
invention are discussed in detail below, it should be appreciated that the
present invention provides many applicable inventive concepts which can be
embodied in a wide variety of specific contexts.The specific embodiments
discussed herein are merely illustrative of specific ways to make and use
the invention, and do not delimit the scope of the present invention.
[0043] Referring initially to figure IA, therein is depicted a well system
including a plurality of sand control screen assemblies embodying
principles of the present invention that is schematically illustrated and
generally designated 10. In the illustrated embodiment, a wellbore 12
extends through the various earth strata. Wellbore 12 has a substantially
vertical section 14, the upper portion of which has installed therein a
casing string 16 that is cemented within wellbore 12. Wellbore 12 also has
a substantially horizontal section 18 that extends through a hydrocarbon
bearing subterranean formation 20. As illustrated, substantially horizontal
section 18 of wellbore 12 is open hole. [0044] Positioned within wellbore
12 and extending from the surface is a tubing string 22. Tubing string 22
provides a conduit for formation fluids to travel from formation 20 to the
surface. Positioned within tubing string 22 is a plurality of sand control
screen assemblies 24. The sand control screen assemblies 24 are shown in a
running or unextended configuration. [0045] Referring also to figure IB,
therein is depicted the well system of figure IA with sand control screen
assemblies 24 in their operating or radially expanded configuration. As
explained in greater detail below, each of the depicted sand control screen
assemblies 24 has a base pipe, a fluid collection subassembly, a filter
medium and a swellable material layer. In general, the swellable material
layer is disposed exteriorly around the circumference of a blank pipe
section of the base pipe and the fluid collection subassembly is disposed
exteriorly of the swellable material layer. The filter medium may be
disposed externally of the fluid collection subassembly, internally of the
fluid collection subassembly, downstream of the fluid collection
subassembly or any combination thereof. In this configuration, when sand
control screen assemblies 24 come in contact with an activating fluid, such
as a hydrocarbon fluid, water or a gas, the swellable material layer of
each sand control screen assembly 24 radially expands which in turn causes
the fluid collection subassembly of each sand control screen assemblies 24
to contact the surface of wellbore 12. [0046] Even though figures 1A-1B,
depict tubing string 22 as including only sand control screen assemblies
24, those skilled in the art will recognize that tubing string 22 may
include any number of other tools and systems such as fluid flow control
devices, communication systems, safety systems and the like. Also, tubing
string 22 may be divided into a plurality of intervals using zonal
isolation devices such as packers. Similar to the swellable material in
sand control screen assemblies 24, these zonal isolation devices may be
made from materialsthat swell upon contact with a fluid, such as an
inorganic or organic fluid. Some exemplary fluids that may cause the zonal
isolation devices to swell and isolate include water, gas and hydrocarbons.
[0047] In addition, even though figures IA-I B depict the sand control
screen assemblies of the present invention in a horizontal section of the
wellbore, it should be understood by those skilled in the art that the sand
control screen assemblies of the present invention are equally well suited
for use in deviated or vertical wellbores. Accordingly, it should be
understood by those skilled in the art that the use of directional terms
such as above, below, upper, lower, upward, downward and the like are used
in relation to the illustrative embodiments as they are depicted in the
figures, the upward direction being toward the top of the corresponding
figure and the downward direction being toward the bottom of the
corresponding figure. 



Likewise, even though figures IA-I B depict the sand control screen
assemblies of the present invention in a wellbore having a single borehole,
it should be understood by those skilled in the art that the sand control
screen assemblies of the present invention are equally well suited for use
in multilateral wellbores having a main wellbore and a plurality of branch
wellbores. [0048] Referring to figure 2A, therein is depicted a cross
sectional view of a sand control screen assembly in its running
configuration that embodies principles of the present invention and is
generally designated 40. Sand control screen assembly 40 includes base pipe
42 that defines an internal flow path 44. Base pipe 42 has a plurality of
openings (not pictured in this cross section) that allow fluid to pass
between the exterior of base pipe 42 and internal flow path 44. Positioned
around base pipe 42 is a swellable material layer 46. Swellable material
layer 46 is attached to base pipe 42 by bonding or other suitable
technique. Preferably, the thickness of swellable material layer 46 is
optimized based upon the diameter of sand control screen assembly 40 and
the diameter of wellbore 48 such that upon expansion, as explained in
greater detail below, substantially uniform contact between both swellable
material layer 46 and a fluid collection subassembly 50 with the surface of
wellbore 48 is achieved. [0049] In the illustrated embodiment and as best
seen in figure 3, fluid collection subassembly 50 includes a plurality of
perforated tubulars 52. Preferably, perforated tubulars 52 are
circumferentially distributed about the portion of sand control screen
assembly 40 that includes swellable material layer 46. In operation,
production fluids enter fluid collection subassembly 50 via openings 54 of
perforated tubulars 52 and are discharged into annular region 56 between
base pipe 42 and outer housing 58. Even though perforated tubulars 52 have
been depicted as having a circular cross section, it should be understood
by those skilledin the art that perforated tubulars 52 could alternatively
have cross sections of different shapes including ovals, triangles,
rectangles and the like as well as non symmetric cross sections. [0050]
Base pipe 42 includes a plurality of openings 60 that allow production
fluids to enter internal flow path 44. Disposed around this portion of base
pipe 42 and within annular region 56 is a filter medium 62. Filter medium
62 may comprise a mechanical screening element such as a fluid-porous,
particulate restricting, metal screen having one or more layers of woven
wire or fiber mesh that may be diffusion bonded or sintered together to
form a screen designed to allow fluid flow therethrough but prevent the
flow of particulate materials of a predetermined size from passing
therethrough. In the illustrated embodiment, filter medium 62 includes
outer and inner drainage layers 64, 66 that have a relatively course wire
mesh with a filtration layer 68 disposed therebetween having a relatively
fine mesh. It should be noted that other types of filter media may be used
with the sand control screen assemblies of the present invention, such as a
wire wrapped screen, a prepack screen, a ceramic screen, metallic beads
such as stainless steel beads or sintered stainless steel beads and the
like. Filter medium 62 is sized according to the particular requirements of
the production zone into which it will be installed. Some exemplary sizes
of the gaps in filter medium 62 may be in the 20-250 standard mesh range.
[0051] Referring additionally now to figure 2B, therein is depicted a cross
sectional view of sand control screen assembly 40 in its operating
configuration. In the illustrated embodiment, swellable material layer 46
has come in contact with an activating fluid, such as a hydrocarbon fluid,
water or gas, which has caused swellable material layer 46 to radially
expand into contact with the surface of wellbore 48, which, in the
illustrated embodiment, is the formation face. In addition, the radial
expansion of swellable material layer 46 has caused perforated tubulars 52
of fluid collection subassembly 50 to come into contact with the surface of
wellbore 48. One benefit provided by the sand control screen assemblies of
the present invention is that in addition to providing a path for formation
fluids to enter internal flow path 44 and filtering particulate materials
out of the formation fluids, the sand control screen assemblies of the
present invention also provide support to the formation to prevent
formation collapse. Compared with convention expandable metal sand control
screens as discussed above, the sand control screen assemblies of the
present invention provide improved contact with the formation as greater
radial expansion is achievable and the swellable material layer is more
compliant such that it is better able to conform to a 



nonuniform wellbore face. In a preferred implementation, the sand control
screen assembliesof the present invention provide between about 500 psi and
2000 psi of collapse support to the wellbore. Those skilled in the art will
recognize that the collapse support provided by the present invention can
be optimized for a particular implementation though specific design
features of the base pipe, the swellable material layer and the fluid
collection subassembly. [0052] Various techniques may be used for
contacting swellable material layer 46 with an appropriate activating fluid
for causing swelling of swellable material layer 46. For example, the
activating fluid may already be present in the well when sand control
screen assembly 40 is installed in the well, in which case swellable
material layer 46 preferably includes a mechanism for delaying the swelling
of swellable material layer 46 such as an absorption delaying or preventing
coating or membrane, swelling delayed material compositions or the like.
[0053] Alternatively, the activating fluid may be circulated through the
well to swellable material layer 46 after sand control screen assembly 40
is installed in the well. As another alternative, the activating fluid may
be produced into the wellbore from the formation surrounding the wellbore.
Thus, it will be appreciated that any method may be used for causing
swelling of swellable material layer 46 of sand control screen assembly 40
in keeping with the principles of the invention. [0054] Swellable material
layer 46 is formed from one or more materials that swell when contacted by
an activation fluid, such as an inorganic or organic fluid. For example,
the material may be a polymer that swells multiple times its initial size
upon activation by an activation fluid that stimulates the material to
expand. In one embodiment, the swellable material is a material that swells
upon contact with and/or absorption of a hydrocarbon, such as an oil or a
gas. The hydrocarbon is absorbed into the swellable material such that the
volume of the swellable material increases, creating radial expansion of
the swellable material. Preferably, the swellable material will swell until
its outer surface and perforated tubulars 52 of fluid collection
subassembly 50 contact the formation face in an open hole completion or the
casing wall in a cased wellbore. The swellable material accordingly
provides the energy to position perforated tubulars 52 of fluid collection
subassembly 50 in contact with the formation. [0055] Some exemplary
swellable materials include elastic polymers, such as EPDM rubber, styrene
butadiene, natural rubber, ethylene propylene monomer rubber, ethylene
propylene diene monomer rubber, ethylene vinyl acetate rubber, hydrogenized
acrylonitrile butadiene rubber, acrylonitrile butadiene rubber, isoprene
rubber, chloroprene rubber and polynorbornene. These and other swellable
materials swell in contact with and by absorptionof hydrocarbons so that
the swellable materials expand. In one embodiment, the rubber of the
swellable materials may also have other materials dissolved in or in
mechanical mixture therewith, such as fibers of cellulose. Additional
options may be rubber in mechanical mixture with polyvinyl chloride, methyl
methacrylate, acrylonitrile, ethylacetate or other polymers that expand in
contact with oil. [0056] In another embodiment, the swellable material is a
material that swells upon contact with water. In this case, the swellable
material may be a water-swellable polymer such as a water-swellable
elastomer or water-swellable rubber. More specifically, the swellable
material may be a water-swellable hydrophobic polymer or water-swellable
hydrophobic copolymer and preferably a water-swellable hydrophobic porous
copolymer. Other polymers useful in accordance with the present invention
can be prepared from a variety of hydrophilic monomers and hydrophobically
modified hydrophilic monomers. Examples of particularly suitable
hydrophilic monomers which can be utilized include, but are not limited to,
acrylamide, 2-acrylamido-2-methyl propane sulfonic acid,
N,N-dimethylacrylamide, vinyl pyrrolidone, dimethylaminoethyl methacrylate,
acrylic acid, trimethylammoniurnethyl methacrylate chloride,
dimethylaminopropylmethacrylamide, methacrylamide and hydroxyethyl
acrylate. [0057] A variety of hydrophobically modified hydrophilic monomers
can also be utilized to form the polymers useful in accordance with this
invention. Particularly suitable hydrophobically modified hydrophilic
monomers include, but are not limited to, alkyl acrylates, alkyl
methacrylates, alkyl acrylamides and alkyl methacrylamides wherein the
alkyl radicals have from about 4 to about 22 carbon atoms, alkyl
dimethylammoniumethyl 



methacrylate bromide, alkyl dimethylammoniumethyl methacrylate chloride and
alkyl dimethylammoniumethyl methacrylate iodide wherein the alkyl radicals
have from about 4 to about 22 carbon atoms and alkyl
dimethylammonium-propylmethacrylamide bromide, alkyl dimethylammonium
propylmethacrylamide chloride and alkyl
dimethylammoniumpropylmethacrylamide iodide wherein the alkyl groups have
from about 4 to about 22 carbon atoms. [0058] Polymers which are useful in
accordance with the present invention can be prepared by polymerizing any
one or more of the described hydrophilic monomers with any one or more of
the described hydrophobically modified hydrophilic monomers. The
polymerization reaction can be performed in various ways that are known to
those skilled in the art, such as those described in United States Patent
Number 6,476,169 which is hereby incorporated by reference for all
purposes.[0059] Suitable polymers may have estimated molecular weights in
the range of from about 100,000 to about 10,000,000 and preferably in the
range of from about 250,000 to about 3,000,000 and may have mole ratios of
the hydrophilic monomer(s) to the hydrophobically modified hydrophilic
monomer(s) in the range of from about 99.98:0.02 to about 90:10. [0060]
Other polymers useful in accordance with the present invention include
hydrophobically modified polymers, hydrophobically modified water-soluble
polymers and hydrophobically modified copolymers thereof. Particularly
suitable hydrophobically modified polymers include, but are not limited to,
hydrophobically modified polydimethylaminoethyl methacrylate,
hydrophobically modified polyacrylamide and hydrophobically modified
copolymers of dimethylaminoethyl methacrylate and vinyl pyrollidone. [0061]
As another example, the swellable material may be a salt polymer such as
polyacrylamide or modified crosslinked roly(meth)acrylate that has the
tendency to attract water from salt water through osmosis wherein water
flows from an area of low salt concentration, the formation water, to an
area of high salt concentration, the salt polymer, across a semi permeable
membrane, the interface between the polymer and the production fluids, that
allows water molecules to pass therethrough but prevents the passage of
dissolved salts therethrough. [0062] Referring to figure 4A, therein is
depicted a cross sectional view of a sand control screen assembly in its
running configuration that embodies principles of the present invention and
is generally designated 70. Sand control screen assembly 70 is similar in
design to sand control screen 40 described above including a base pipe 72
that defines an internal flow path 74 and that includes a perforated
longitudinal section and a blank pipe longitudinal section which is
depicted in the cross section of figure 4A. Positioned around base pipe 72
is a swellable material layer 76. Swellable material layer 76 is attached
to base pipe 72 by bonding or other suitable technique. Positioned around
swellable material layer 76 is a fluid collection subassembly 78 that
includes a plurality of perforated tubulars 80 that are circumferentially
distributed about swellable material layer 76 and operate substantially in
the manner described above with reference to fluid collection subassembly
50. Disposed around both swellable material layer 76 and fluid collection
subassembly 78 is a screen element 82. Screen element 82 is attached to
swellable material layer 76, base pipe 72 or both by bonding or other
suitable technique. Screen element 82 may be used in conjunction with, in
addition to or as an alternatively to other filter media such as filter
medium 62 discussed above as well as the other types of filter media
discussed herein including filtermedia disposed external to, internal to or
downstream of fluid collection subassembly 78. In certain embodiments,
screen element 82 may primarily serve as a drainage layer or a carrier for
a chemical treatment or other agent, as discussed in greater detail below.
[0063] In the illustrated embodiment, screen element 82 is formed from a
plurality of circumferential screen segments that overlap one another in
the running configuration of sand control screen assembly 70. Even though
screen element 82 has been depicted as including four segments, it should
be understood by those skilled in the art that other numbers of segments
both greater than and less than four, including one segment, could
alternatively be used in keeping with the principles of the present
invention. [0064] Referring additionally now to figure 4B, therein is
depicted a cross sectional view of sand control screen assembly 70 in its
operating configuration. In the illustrated 



embodiment, swellable material layer 76 has come in contact with an
activating fluid, such as a hydrocarbon fluid, water or gas, which has
caused swellable material layer 76 to radially expand placing screen
element 82 into contact with the surface of wellbore 84. In addition to
providing support to the formation to prevent formation collapse, in this
embodiment, screen element 82 provides a stand off region between
perforated tubulars 80 and wellbore 84. The use of this configuration is
beneficial, for example, if a filter cake has previously formed on the
surface of the formation, then the stand off will prevent damage to
perforated tubulars 80 and allow removal of the filter cake using acid or
other reactive substance. [0065] Preferably, screen element 82 has the
reactive substance impregnated therein. For example, the reactive substance
may fill the voids in screen element 82 during installation. Preferably,
the reactive substance is degradable when exposed to a subterranean well
environment. More preferably, the reactive substance degrades when exposed
to water at an elevated temperature in a well. Most preferably, the
reactive substance is provided as described in United States Patent No.
7,036,587 which is hereby incorporated by reference for all purposes.
[0066] In certain embodiments, the reactive substance includes a degradable
polymer. Suitable examples of degradable polymers that may be used in
accordance with the present invention include polysaccharides such as
dextran or cellulose, chitins, chitosans, proteins, aliphatic polyesters,
poly(lactides), poly(glycolides), poly(e-caprolactones), poly(anhydrides),
poly(hydroxybutyrates), aliphatic polycarbonates, poly(orthoesters),
poly(amino acids), poly(ethylene oxides), and polyphosphazenes. Of these
suitable polymers, aliphatic polyesters such as poly(lactide) or
poly(lactic acid) and polyanhydrides are preferred.[0067] The reactive
substance may degrade in the presence of a hydrated organic or inorganic
compound solid, which may be included in sand control screen assembly 70,
so that a source of water is available in the well when the screens are
installed. Alternatively, another water source may be delivered to the
reactive substance after sand control screen assembly 70 is conveyed into
the well, such as by circulating the water source down to the well or
formation water may be used as the water source. [0068] Referring to figure
5, therein is depicted a sand control screen assembly in its running
configuration that embodies principles of the present invention and is
generally designated 90. Sand control screen assembly 90 includes base pipe
92 that defines an internal flow path 94. Base pipe 92 has a plurality of
openings 96 that allow fluid to pass to internal flow path 94 from an
annular region 98 between base pipe 92 and outer housing 100. Positioned
around a blank pipe section of base pipe 92 is a swellable material layer
102. Swellable material layer 102 is attached to base pipe 92 by bonding or
other suitable technique. Disposed around swellable material layer 102 a
fluid collection subassembly 104 that includes a plurality of perforated
tubulars 106 that are circumferentially distributed about swellable
material layer 102 and operate substantially in the manner described above
with reference to fluid collection subassembly 104. In the illustrated
embodiment, a filter medium 108 is positioned around each of the perforated
tubulars 106. Filter medium 108 may include a wire wrap or one or more
layers of wire or fiber mesh having various drainage layers and filtration
layers as desired. This type of filter medium may be used in place of or in
addition to a filter medium such as filter medium 62 or screen element 82
discussed above. Alternatively or additionally, filter materials could be
placed inside of perforated tubulars 106. Such filter materials may include
single or multiple layer sintered or unsintered mesh, steel or ceramic
balls or beads that may be sintered in perforated tubulars 106, prepacked
or resin coated sand, combinations of the above and the like. [0069] In
certain embodiments, it may be desirable to selectively allow and prevent
flow through a sand control screen assembly of the present invention such
as sand control screen assembly 90. In such embodiments, a valve or other
flow control device may be placed in the fluid flow path between the
exterior of sand control screen assembly 90 and internal flow path 94. For
example, a sliding sleeve (not pictured) may be operably associated with
base pipe 92 and openings 96. The sliding sleeve may be disposed internally
of base pipe 92 within internal flow path 94 or may preferably be disposed
externally of base pipe 92 within annular region 98. The sliding sleeve may
have an open position wherein fluid flow through openings 96 is allowed and
a closed position wherein fluid flow though openings 96 isprevented. In
addition, the position of the sliding sleeve may be infinitely variable
such that 



the sliding sleeve may provide a choking function. The sliding sleeve may
be operated mechanically, electrically, hydraulically or by other suitable
means. [0070] Referring next to figure 6, therein is depicted a sand
control screen assembly in its running configuration that embodies
principles of the present invention and is generally designated 120. Sand
control screen assembly 120 includes a fluid collection section 122, sand
control section 124, a fluid discriminator section 126, a flow restrictor
section 128 and a fluid inlet section 130. Sand control screen assembly 120
includes a base pipe 132 that defines an internal flow path 134. In fluid
collection section 122 of sand control screen assembly 120 a swellable
material layer 136 is disposed around a blank pipe section of base pipe 132
and is attached thereto by bonding or other suitable technique. Disposed
around swellable material layer 136 a fluid collection subassembly 138 that
includes a plurality of perforated tubulars 140 that are circumferentially
distributed about swellable material layer 136 and operate substantially in
the manner described above with reference to fluid collection subassembly
50. Sand control section 124 includes a filter medium 142 that is
illustrated as a multi-layer wire mesh filter medium including various
drainage layers and filtration layers disposed in series. [0071] Fluid
discriminator section 126 is configured in series with sand control section
124 such that fluid must pass through sand control section 124 prior to
entering fluid discriminator section 126. Fluid discriminator section 126
includes an outer housing 144 that defines an annular chamber 146 with a
nonperforated section of base pipe 132. Fluid discriminator section 126
also includes retainer ring 148 that has a plurality of outlets 150
circumferentially spaced therein designed to provide a fluid passageway
from chamber 146 to flow restrictor section 128. [0072] One or more flow
blocking members 152, depicted as spherical members or balls are disposed
within chamber 146 between retainer ring 148 and filter medium 142,
cooperate with outlets 150 to restrict the flow of any undesired portion of
the production fluids that enter fluid discriminator section 126. For
example, in the case of a production fluid containing both oil and water,
the density of members 152 is such that certain of the outlets 150 are
blocked by certain of the members 152 to shut off or choke the flow of
water therethrough. Thus, when the production fluid is mainly oil, members
152 will be positioned relatively distant from outlets 150, for example, at
the bottom of chamber 146. When a sufficient proportion of water is present
in the production fluid, however, members 152 willrestrict flow of the
water by shutting off or choking flow through certain ones of the outlets
150. [0073] Flow restrictor section 128 is configured in series with fluid
discriminator section 126 such that fluid must pass through fluid
discriminator section 126 prior to entering flow restrictor section 128.
Flow restrictor section 128 includes an outer housing 154 that is suitably
coupled to or integral with outer housing 144 of fluid discriminator
section 126. Outer housing 154 defines an annular chamber 156 with a
nonperforated section of base pipe 132. Disposed within chamber 156 is a
flow rate controller 158. Flow rate controller 158 includes one or more
tubular passageways 160 that provide a relative long, narrow and tortuous
pathway for the fluids to travel within flow restrictor section 128 and
that provide a more restrictive pathway than the unrestricted pathway
through fluid discriminator section 126. As such, flow restrictor section
128 is operable to restrict the flow rate of the production fluids through
sand control screen assembly 120. [0074] Once the production fluids pass
through flow rate controller 158 of flow restrictor section 128, they enter
annular chamber 162 and eventually enter the interior flow path 134 of base
pipe 132 via openings 164 which are depicted in the form of slots. Once
inside base pipe 132, the production fluids flow to the surface within the
tubing string. [0075] Fluid discriminator section 126 is operable in
various flow regimes and with various configurations of flow blocking
members 152. For example, members 152 may have a single density and be
designed to block a single type of undesirable fluid such as water or gas
in an oil production operation, or may have two densities and be designed
to block multiple types of undesirable fluids such as water and gas in an
oil production operation. Also, all of the members intended to block a
certain undesired fluid do not necessarily have the same density. Instead,
the members in each category could have a range of different densities so
that the 



members are neutrally buoyant in different densities of production fluids.
[0076] Even though figure 6 has described a particular embodiment of a
fluid discriminator section, other types of fluid discriminating mechanisms
can be used in association with the sand control screen assemblies of the
present invention, such as those described in United States Patent Number
7,185,706, and United States Application Publication Numbers US
2008-0041580 Al, US 2008-0041581 Al, US 2008-0041588 Al, and US
2008-0041582 Al, each of which is hereby incorporated by reference for all
purposes. Likewise, even though figure 6 has described a particular
embodiment of a flow restrictor section, other types of flow restricting
mechanisms can be used in association with the sand control screen
assemblies of the present invention, such as those described in United
States Patent Numbers5,803,179, 6,857,476, 6,886,634, 6,899,176, 7,055,598,
7,096,945, and 7,191,833, and United States Application Publication Numbers
US 2006-0042795 Al, US 2007-0039741 Al, US 2007-0246407 Al, US 2007-0246210
Al, and US 2007-0246213 Al, each of which is hereby incorporated by
reference for all purposes. [0077] Referring to figure 7, therein is
depicted a sand control screen assembly in its running configuration that
embodies principles of the present invention and is generally designated
170. Sand control screen assembly 170 includes base pipe 172 that defines
an internal flow path 174. Base pipe 172 has a plurality of openings 176
that allow fluid to enter internal flow path 174 from an annular region 178
between base pipe 172 and outer housing 180. Positioned around an
unperforated portion of base pipe 172 is a swellable material layer 182.
Swellable material layer 182 is attached to base pipe 172 by bonding or
other suitable technique. Preferably, the thickness of swellable material
layer 182 is optimized based upon the diameter of sand control screen
assembly 170 and the diameter of the wellbore such that upon expansion, as
described above, substantially uniform contact between both swellable
material layer 182 and a fluid collection subassembly 184 with the surface
of the wellbore is achieved. [0078] Fluid collection subassembly 184
includes a plurality of perforated tubulars 186 that operate substantially
in a manner as described above with reference to fluid collection
subassembly 50. Preferably, perforated tubulars 186 are circumferentially
distributed about the portion of sand control screen assembly 170 that
includes swellable material layer 182. Disposed around the perforated
portion of base pipe 172 and within annular region 178 is a filter medium
188. Filter medium 188 may comprise any suitable mechanical screening
element or elements and is depicted as a multi-layer wire or fiber mesh
screen designed to allow fluid flow therethrough but prevent the flow of
particulate materials of a predetermined size from passing therethrough.
[0079] Fluid collection subassembly 184 of sand control screen assembly 170
also includes instrumentation and communication systems that allow
information relating to the adjacent formation to be obtained and
transmitted to the surface substantially in real time as desired. As
illustrated, one of the perforated tubular 186 has been replaced with an
electronics package 190 that includes one or more sensors. The sensors may
be any one or more of the following types of sensors, including pressure
sensors, temperature sensors, piezoelectric acoustic sensors, flow meters
for determining flow rate, accelerometers, resistivity sensors for
determining water content, velocity sensors, weight sensors or any other
sensor that measures a fluid property or physical parameter downhole. As
used herein, the term sensor shallinclude any of these sensors as well as
any other types of sensors that are used in downhole environments and the
equivalents to these sensors. For example, a fiber optic distributed
temperature sensor 192 is depicted as being wrapped around one of the
perforated tubular 186. The sensors may include or be associated with a
microprocessor to allow manipulation and interpretation of the sensor data
and for processing instructions. Likewise, the sensors may be coupled to a
memory which provides for storing information for later batch processing or
batch transmission, if desired. Importantly, this combination of components
provides for localized control and operation of other downhole components
such as an actuator which may be associated with a flow control device, a
safety device or other actuatable downhole device. Alternatively or
additionally, the sensor data may be digitally encoded and sent to the
surface using electrical, optical, acoustic, electromagnetic or other
telemetry techniques. [0080] Even though the sand control screen assemblies
of the present have been described as 



having a fluid collection assembly that channels fluids into a fluid
collecting annular chamber or manifold prior to entry into the internal
flow path of the base pipe, those skilled in the art will recognize that
other types of fluid collection techniques could alternatively be used. For
example, as best seen in figure 8A, a sand control screen assembly in its
running configuration that embodies principles of the present invention and
is generally designated 200 is depicted. Sand control screen assembly 200
includes base pipe 202 that defines an internal flow path 204. Base pipe
202 has a plurality of openings 206. Positioned around base pipe 202 is a
swellable material layer 208. Swellable material layer 208 is attached to
base pipe 202 by bonding or other suitable technique. Sand control screen
assembly 200 includes a fluid collection subassembly that is
circumferentially distributed around swellable material layer 208 at one or
more longitudinal locations and is depicted as a plurality of telescoping
piston type fluid inlets 210. In the illustrated embodiment, each of the
fluid inlets 210 including a tubular member 212 having a plurality of
perforations 214. Proximate a center point of tubular member 212 is a
discharge tube 216 that extends radially inwardly from tubular member 212
through an opening in swellable material layer 208 and opening 206 of base
pipe 202. Fluid inlets 210 include a filter medium that is disposed within
tubular member 212, discharge tube 216 or both. The filter medium may be
single or multiple layer sintered or unsintered mesh, steel or ceramic
balls or beads that may be sintered, prepacked or resin coated sand,
combinations of the above and the like. [0081] In a manner similar to that
described above, sand control screen assembly 200 is run downhole with
swellable material layer 208 in its unexpanded configuration. Upon
contactwith the activation fluid, such as a hydrocarbon fluid, water or gas
as described herein, swellable material layer 208 is radially expanded, as
best seen in figure 8B, such that the outer surface of swellable material
layer 208 and tubular members 212 of fluid inlets 210 contact the surface
of the open hole wellbore 218. As shown, when swellable material layer 208
is radially expanded, fluid inlets 210 are radially outwardly shifted in a
piston-like manner. In addition to providing support to the formation to
prevent formation collapse and placing the entry points for formations
fluids in contact with the formation, in this embodiment, fluid inlets 210
provide a plurality of substantially direct paths for formation fluids to
enter internal flow path 204 of base pipe 202. [0082] Even though the sand
control screen assembly 200 has been described as having fluid inlets 210
formed in the shape of a "T", those skilled in the art will recognize that
other fluid inlets having other shapes could alternatively be used and
would be considered within the scope of the present invention. For example,
as best seen in figure 9A, a sand control screen assembly 220 that includes
base pipe 222 and swellable material layer 224 has a plurality of
telescoping piston type fluid inlets 226 formed in the shape of an "L".
Specifically, fluid inlets 226 include a tubular member 228 having a
plurality of perforations that are covered by a suitable filter medium 230
and a discharge tube 232 that extends radially inwardly from tubular member
228 through an opening in swellable material layer 224 and opening 234 of
base pipe 222. Likewise, as best seen in figure 9B, a sand control screen
assembly 240 that includes base pipe 242 and swellable material layer 244
has a plurality of telescoping piston type fluid inlets 246 formed in the
shape of a "U". Specifically, fluid inlets 246 include a tubular member 248
having a plurality of perforations that are covered by a suitable filter
medium 250 and a pair of discharge tubes 252 that extend radially inwardly
from tubular member 248 through openings in swellable material layer 244
and a pair of opening 254 of base pipe 242. Further, as best seen in figure
9C, a sand control screen assembly 260 that includes base pipe 262 and
swellable material layer 264 has a plurality of telescoping piston type
fluid inlets 266 formed in the shape of an "M". Specifically, fluid inlets
266 include a tubular member 268 having a plurality of perforations that
are covered by a pair of suitable filter media 270 and three discharge
tubes 272 that extends radially inwardly from tubular member 268 through
openings in swellable material layer 264 and openings 274 of base pipe 262.
Accordingly, it can be seen that fluid inlets that provide one or more
direct paths for formation fluids to enter an internal flow path of a base
pipe can take many shapes or configurations, each of which are considered
to be within the scope of the present invention.[0083] Even though the sand
control screen assemblies 200, 220, 240, 260 have been described as having
fluid inlets that radially outward shift in a piston-like manner, those
skilled in the art will recognize that other techniques may be used to
radially extend fluid 



inlets which would be considered within the scope of the present invention.
For example, as best seen in figure 1OA, a sand control screen assembly 280
that includes base pipe 282 and swellable material layer 284 has a
plurality of flexible fluid inlets 286 formed in the shape of an "L" in the
running configuration. Fluid inlets 286 include a tubular member 288 having
a plurality of perforations 290 and a discharge tube 292 that extends
radially inwardly from tubular member 288 through an opening in swellable
material layer 284 and opening 294 of base pipe 282. A filter medium of a
type discussed above may be disposed within tubular member 288, discharge
tube 292 or both. Fluid inlets 286 also include a pair flexible joints 296,
298 which enhance the ability of tubular member 288 to contact the wellbore
300 when swellable material layer 284 is activated, as best seen in figure
1OB. [0084] Referring next to figure 11, therein is depicted a sand control
screen assembly in its running configuration that embodies principles of
the present invention and is generally designated 310. Sand control screen
assembly 310 includes base pipe 312 that defines an internal flow path 314.
Base pipe 312 has a plurality of openings 316. Positioned around base pipe
312 is a swellable material layer 318. Swellable material layer 318 is
attached to base pipe 312 by bonding or other suitable technique. Sand
control screen assembly 310 includes a fluid collection subassembly that is
circumferentially distributed around swellable material layer 318 at one or
more longitudinal locations and is depicted as a plurality of telescoping
piston type fluid inlets 320. In the illustrated embodiment, each of the
fluid inlets 320 including a tubular member 322 having a plurality of
perforations 324. Proximate a center point of each tubular member 322 is a
discharge tube 326 that extends radially inwardly from tubular member 322
through an opening in swellable material layer 318 and one of the openings
316 of base pipe 312. Fluid inlets 320 include a filter medium that is
disposed within tubular member 322, discharge tube 326 or both. The filter
medium may be any of the filter media discussed herein including a single
or multiple layer sintered or unsintered mesh, steel or ceramic balls or
beads that may be sintered, prepacked or resin coated sand, combinations of
the above and the like. [0085] Each fluid inlet 320 also includes a fluid
flow control device 328 that is disposed within discharge tube 326.
Depending upon the desired operation, fluid flow control device 328 may
take a variety of forms. For example, it may be desirable to temporarily
prevent fluid flow through fluid inlets 320. In this case, fluid flow
control device 328 may be adissolvable, removable or shearable plug formed
from sand, salt, wax, aluminum, zinc or the like or may be a pressure
activated device such as burst disk. As another example, it may be
desirable to prevent fluid loss into the formation during high pressure
operations internal to sand control screen assembly 310 in which case,
fluid flow control device 328 may be a oneway valve or a check valve. In a
further example, it may be desirable to control the rate of production into
sand control screen assembly 310 in which case, fluid flow control device
328 may be an inflow control device such as a nozzle, a flow tube, an
orifice or other flow restrictor. As yet another example, it may be
desirable to control the type of fluid entering sand control screen
assembly 310 in which case, fluid flow control device 328 may be a
production control device such as a valve that closes responsive to contact
with an undesired fluid, such as water. Such valves may be actuated by a
swellable material including those discussed above, organic fibers, an
osmotic cell or the like. [0086] Referring next to figure 12, therein is
depicted a sand control screen assembly in its running configuration that
embodies principles of the present invention and is generally designated
330. Sand control screen assembly 330 includes base pipe 332 and an inner
sleeve 334 that defines an internal flow path 336. Base pipe 332 has a
plurality of openings 338. Positioned around base pipe 332 is a swellable
material layer 340. Swellable material layer 340 is attached to base pipe
332 by bonding or other suitable technique. Sand control screen assembly
330 includes a fluid collection subassembly that is circumferentially
distributed around swellable material layer 340 at one or more longitudinal
locations and is depicted as a plurality of telescoping piston type fluid
inlets 342. In the illustrated embodiment, each of the fluid inlets 342
including a tubular member 344 having a plurality of perforations 346.
Proximate a center point of each tubular member 344 is a discharge tube 348
that extends radially inwardly from tubular member 344 through an opening
in swellable material layer 340 and one of the openings 338 of base pipe
332. Fluid inlets 342 include a 



filter medium that is disposed within tubular member 344, discharge tube
348 or both. The filter medium may be any of the filter media discussed
herein including a single or multiple layer sintered or unsintered mesh,
steel or ceramic balls or beads that may be sintered, prepacked or resin
coated sand, combinations of the above and the like. [0087] Disposed
between base pipe 332 and sleeve 334 is a pair of fluid flow control
devices 350, 352. As described above, depending upon the desired operation,
fluid flow control devices 350, 352 may take a variety of forms including
in any combination of dissolvable, removable or shearable plugs, a burst
disk, a one-way valve, a check valve, a nozzle, a flow tube, an orifice or
other flow restrictor, a valve that closes responsive to contact with
anundesired fluid and the like. In certain embodiments, sleeve 334 is
removable by mechanical or chemical means such that the operation of fluid
flow control devices 350, 352 can be disabled if desired. [0088] Referring
to figure 13A, therein is depicted a sand control screen assembly in its
running configuration that embodies principles of the present invention and
is generally designated 360. Sand control screen assembly 360 includes base
pipe 362, as best seen in figure 14A, that defines an internal flow path
364. Base pipe 362 has a plurality of openings 366 that allow fluid to pass
between the exterior of base pipe 362 and internal flow path 364.
Positioned around base pipe 362 is a swellable material layer 368.
Swellable material layer 368 is attached to base pipe 362 by bonding or
other suitable technique. Swellable material layer 368 has a plurality of
openings 370 that allows fluid produced through screen sections 372 to
enter internal flow path 364. Screen sections 372 may be formed from a
variety of filter media as discussed herein and are illustrated as having a
plurality of layers of wire or fiber mesh including drainage layers and
filtration layers as well as a perforated outer shroud. Preferably, the
thickness of swellable material layer 368 is optimized based upon the
diameter of sand control screen assembly 360 and the diameter of wellbore
374 such that upon expansion, as explained above, substantially uniform
contact between both swellable material layer 368 and screen sections 372
with the surface of wellbore 374 is achieved, as best seen in figures 13B
and 14B. [0089] In addition to providing a path for formation fluids to
enter internal flow path, sand control screen assembly 360 provides support
to formation to prevent formation collapse. Specifically, the shape and
configuration of screen sections 372 makes the outer surface of sand
control screen assembly 360 particularly compliant which improves the
contact between sand control screen assembly 360 and the formation upon
radial expansion of swellable material layer 368. [0090] Referring to
figure 15A, therein is depicted a sand control screen assembly in its
running configuration that embodies principles of the present invention and
is generally designated 380. Sand control screen assembly 380 includes a
base pipe 382 that defines an internal flow path 384 and a plurality of
openings 386 that allow fluid to pass between the exterior of base pipe 382
and internal flow path 384. Disposed around base pipe 382 is a filter
medium 388. As illustrated, filter medium 388 includes an outer perforated
shroud, outer and inner drainage layers that have a relative course wire
mesh with a filtration layer disposed therebetween having a relatively fine
mesh. Positioned around base pipe 382 is a swellable material layer 390.
Swellable material layer 390 is attached to filter medium 388by bonding or
other suitable technique. As illustrated, swellable material layer 390
includes a plurality of bands 392 that extend circumferentially around 360
degrees of base pipe 382. In this configuration, swellable material layer
390 provides isolation completely around multiple sections of filter medium
388 upon activation of swellable material layer 390, as best seen in figure
15B, which places swellable material layer 390 in contact with the
formation. In this configuration, the use of packers or other sealing
devices in conjunction with one or more sand control screen assemblies 380
may be reduced or eliminated. [0091] While this invention has been
described with reference to illustrative embodiments, this description is
not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other embodiments
of the invention, will be apparent to persons skilled in the art upon
reference to the description. It is, therefore, intended that the appended
claims encompass any such modifications or embodiments.What is claimed is:
1. A sand control screen assembly operably positionable within a wellbore,
the sand control screen assembly comprising: 



a base pipe having at least one opening in a sidewall portion thereof, a
blank pipe section and an internal flow path; a swellable material layer
disposed exteriorly of the blank pipe section of the base pipe; a fluid
collection subassembly disposed exteriorly of the swellable material layer
and in fluid communication with the internal flow path via the opening; and
a filter medium operably associated with the sand control screen assembly
and disposed in a fluid path between the exterior of the sand control
screen assembly and the internal flow path; wherein, in response to contact
with an activating fluid, radial expansion of the swellable material layer
causes at least a portion of the fluid collection subassembly to be
displaced toward a surface of the wellbore. 2. The sand control screen
assembly as recited in claim 1 wherein the fluid collection subassembly
further comprises a plurality of circumferentially distributed perforated
tubulars. 3. The sand control screen assembly as recited in claim 2 wherein
fluid discharged from the perforated tubulars of the fluid collection
subassembly is received in a chamber prior to entering the internal flow
path. 4. The sand control screen assembly as recited in claim 1 wherein the
filter medium is disposed external to the fluid collection subassembly. 5.
The sand control screen assembly as recited in claim 1 wherein the filter
medium is disposed internal to the fluid collection subassembly. 6. The
sand control screen assembly as recited in claim 1 wherein the filter
medium is disposed downstream of the fluid collection subassembly.7. The
sand control screen assembly as recited in claim 1 wherein the filter
medium further comprises at least one of a single layer mesh screen, a
multiple layer mesh screen, a wire wrapped screen, a prepack screen, a
ceramic screen, a fluid porous, particulate resistant sintered wire mesh
screen and a fluid porous, particulate resistant diffusion bonded wire mesh
screen. 8. The sand control screen assembly as recited in claim 1 further
comprising a screen element disposed external to the fluid collection
subassembly and the swellable material layer. 9. The sand control screen
assembly as recited in claim 1 wherein the activating fluid is at least one
of a hydrocarbon fluid, water and gas. 10. The sand control screen assembly
as recited in claim 1 wherein, in response to contact with the activating
fluid, radial expansion of the swellable material layer causes at least a
portion of the fluid collection subassembly to contact the wellbore. 11.
The sand control screen assembly as recited in claim 1 further comprising
at least one fluid flow control device disposed in the fluid path between
the exterior of the sand control screen assembly and the internal flow
path. 12. The sand control screen assembly as recited in claim 11 wherein
the at least one fluid flow control device is at least one of a plug, a
one-way valve, an inflow control device and a production control device.
13. The sand control screen assembly as recited in claim 11 wherein the
fluid flow control capability of the at least one fluid flow control device
is operable to be disabled.14. A sand control screen assembly operably
positionable within a wellbore, the sand control screen assembly
comprising: a base pipe having a perforated section, a blank pipe section
and an internal flow path; a swellable material layer disposed exteriorly
of the blank pipe section of the base pipe; a fluid collection subassembly
disposed exteriorly of the swellable material layer and in fluid
communication with the internal flow path; and a filter medium disposed
exteriorly of the perforated section of the base pipe; wherein, in response
to contact with an activating fluid, radial expansion of the swellable
material layer causes at least a portion of the fluid collection
subassembly to be displaced toward a surface of the wellbore. 15. The sand
control screen assembly as recited in claim 14 wherein the fluid collection
subassembly further comprises a plurality of circumferentially distributed 



perforated tubulars . 16. The sand control screen assembly as recited in
claim 14 wherein fluid discharged from the fluid collection subassembly is
received in a chamber prior to passing through the filter medium. 17. The
sand control screen assembly as recited in claim 14 wherein the filter
medium further comprises at least one of a single layer mesh screen, a
multiple layer mesh screen, a wire wrapped screen, a prepack screen, a
ceramic screen, a fluid porous, particulate resistant sintered wire mesh
screen and a fluid porous, particulate resistant diffusion bonded wire mesh
screen. 18. The sand control screen assembly as recited in claim 14 wherein
the activating fluid is at least one of a hydrocarbon fluid, water and gas.
19. The sand control screen assembly as recited in claim 14 wherein, in
response to contact with the activating fluid, radial expansion of the
swellable material layer causes at least a portion of the fluid collection
subassembly to contact the wellbore.20. A method of installing a sand
control screen assembly in a wellbore, the method comprising: running the
sand control screen assembly to a target location within the wellbore, the
sand control screen assembly having a fluid collection subassembly disposed
exteriorly of a swellable material layer that is disposed exteriorly of a
blank pipe section of a base pipe; contacting the swellable material layer
with an activating fluid; radially expanding the swellable material layer
in response to contact with the activating fluid; and displacing at least a
portion of the fluid collection subassembly toward a surface of the
wellbore in response to the radial expansion of the swellable material
layer. 21. The method as recited in claim 20 wherein the step of radially
expanding the swellable material layer in response to contact with the
activating fluid further comprises contacting the swellable material layer
with at least one of a hydrocarbon fluid, water and gas. 22. The method as
recited in claim 20 wherein the step of displacing at least a portion of
the fluid collection subassembly toward a surface of the wellbore in
response to the radial expansion of the swellable material layer further
comprises placing at least a portion of the fluid collection subassembly in
contact with the wellbore in response to the radial expansion of the
swellable material layer.23. A downhole tool operably positionable within a
wellbore, the downhole tool comprising: a tubular member having an internal
flow path; a swellable material layer disposed exteriorly of at least a
portion of the tubular member; and a sensor disposed exteriorly of the
swellable material layer; wherein, in response to contact with an
activating fluid, radial expansion of the swellable material layer causes
the sensor to be displaced toward a surface of the wellbore. 24. The
downhole tool as recited in claim 23 wherein the swellable material layer
is disposed exteriorly of a blank pipe section of the base pipe. 25. The
downhole tool as recited in claim 23 wherein the swellable material layer
is disposed exteriorly of a perforated section of the base pipe. 26. The
downhole tool as recited in claim 23 wherein the activating fluid is at
least one of a hydrocarbon fluid, water and gas. 27. The downhole tool as
recited in claim 23 wherein, in response to contact with the activating
fluid, radial expansion of the swellable material layer causes the sensor
to contact the wellbore. 28. The downhole tool as recited in claim 23
wherein the sensor is selected from at least one of a pressure sensor, a
temperature sensor, a piezoelectric acoustic sensor, a flow meter, an
accelerometers, a resistivity sensor, a velocity sensors and a weight
sensor 29. The downhole tool as recited in claim 23 wherein the sensor
further comprises a fiber optic sensor. 30. The downhole tool as recited in
claim 23 wherein the downhole tool is a sand control screen assembly.31. A
sand control screen assembly operably positionable within a wellbore, the 



sand control screen assembly comprising: a base pipe having at least one
opening in a sidewall portion thereof and an internal flow path; a
swellable material layer disposed exteriorly of at least a portion of the
base pipe; a fluid collection subassembly disposed exteriorly of the
swellable material layer and in fluid communication with the internal flow
path via the opening; a filter medium operably associated with the sand
control screen assembly and disposed in a fluid path between the exterior
of the sand control screen assembly and the internal flow path; and a
drainage layer disposed exteriorly of the fluid collection subassembly and
the swellable material layer; wherein, in response to contact with an
activating fluid, radial expansion of the swellable material layer causes
at least a portion of the fluid collection subassembly and the drainage
layer to be displaced toward a surface of the wellbore. 32. The sand
control screen assembly as recited in claim 31 wherein the swellable
material layer is disposed exteriorly of a blank pipe section of the base
pipe. 33. The sand control screen assembly as recited in claim 3 1 wherein
the fluid collection subassembly further comprises a plurality of
circumferentially distributed perforated tubulars. 34. The sand control
screen assembly as recited in claim 3 1 wherein the filter medium is
disposed internal to the fluid collection subassembly. 35. The sand control
screen assembly as recited in claim 3 1 wherein the filter medium is
disposed downstream of the fluid collection subassembly. 36. The sand
control screen assembly as recited in claim 3 1 wherein the activating
fluid is at least one of a hydrocarbon fluid, water and gas.37. The sand
control screen assembly as recited in claim 3 1 wherein, in response to
contact with the activating fluid, radial expansion of the swellable
material layer causes at least a portion of the drainage layer to contact
the wellbore. 38. The sand control screen assembly as recited in claim 37
wherein the drainage layer provides a stand off region between the fluid
collection subassembly and the wellbore. 39. The sand control screen
assembly as recited in claim 3 1 wherein the drainage layer further
comprises a plurality of circumferential drainage layer segments. 40. The
sand control screen assembly as recited in claim 31 wherein an additive is
carried within the drainage layer. 41. The sand control screen assembly as
recited in claim 40 wherein the additive further comprises a reactive
substance. 42. The sand control screen assembly as recited in claim 40
wherein the additive further comprises a degradable polymer selected from
the group consisting of polysaccharides, dextran, cellulose, chitins,
chitosans, proteins, aliphatic polyesters, poly(lactides),
poly(glycolides), poly(e-caprolactones), poly(anhydrides),
poly(hydroxybutyrates), aliphatic polycarbonates, poly(orthoesters),
poly(amino acids), poly(ethylene oxides) and polyphosphazenes. 43. The sand
control screen assembly as recited in claim 40 wherein the additive is
selected from the group consisting of aliphatic polyesters, poly(lactides),
poly(lactic acids) and poly(anhydrides). 


