
METHODS FOR RECOMBINANT MANUFACTURING OF ANTI-RSV
ANTIBODIES FIELD OF THE INVENTION The present
invention relates to the manufacture of recombinant
anti-RSV antibodies, using production systems which
are independent of site-specific integration.
BACKGROUND OF THE INVENTION Recombinant polyclonal
antibodies may be generated by isolating antibody
encoding nucleic acids from donors with an immune
response against the desired target, followed by
screening for antibodies which specifically bind the
desired target. The polyclonal antibody may be
manufactured in one vessel by an adapted mammalian
expression technology, which is based on site-specific
integration of one antibody expression plasmid into
the same genomic site of each cell as described in WO
2004/061104. One example of this type of polyclonal
antibodies is a recombinant polyclonal antibody
against Rhesus D (WO 2006/007850). Another example is
a recombinant polyclonal antibody against
orthopoxvirus (WO 2007/065433). The use of
site-specific integration results in a cell population
where each cell contains one single copy and where
expression levels and growth rates are expected to be
relatively uniform. SUMMARY OF THE INVENTION The
present invention provides alternative methods for
production of particular recombinant polyclonal
anti-RSV antibodies, which methods are independent of
site-specific integration and therefore provide
increased flexibility with respect to the choice of
cell line, while maintaining the polyclonality of the
antibody. I n addition, expression levels may be
higher than possible with site-specific integration.
The approach of the present invention is based on
random integration of the anti-RSV antibody encoding
genes into host cells, preferably followed by cloning
of stably transfected single cells with desired
characteristics. The individual cell clones which each
produce an individual member of the polyclonal
anti-RSV antibody are then mixed in order to generate
a polyclonal manufacturing cell line for the
production of a polyclonal anti-RSV antibody. Thus, in
a first aspect the invention relates to a polyclonal
cell line comprising 2 to n subpopulations of cells
each sub-population expressing one distinct antibody
member of a recombinant polyclonal anti-RSV antibody,
the cells comprising at least one expression construct
coding for one distinct antibody member randomly and
stably integrated into the genome, wherein the
distinct members of said recombinant polyclonal
anti-RSV antibodies are selected from the group
consisting of antibody molecules comprising CDRl,
CDR2, andCDR3 regions selected from the group of the
VH and VL pairs given in Table 3 herein. The invention
also relates to methods for manufacturing recombinant
polyclonal anti-RSV antibody comprising culturing such
polyclonal cell line and recovering the polyclonal
antibody from the supernatant. The antibodies of Table
3 are fully human antibodies isolated from healthy
donors that have been exposed to RSV infection and
have raised an immune response against RSV. Therefore
polyclonal antibodies comprising different antibodies
from Table 3 reflect the human polyclonal immune
response to RSV. The present invention allows for the
commercial production of a recombinant polyclonal
anti- RSV antibody in one container, e.g. for use in
pharmaceutical compositions. One important feature of
the invention is that during the manufacturing process
biased expression of the individual molecules
constituting the polyclonal anti-RSV antibody is kept
to a low level, minimizing unwanted batch-to-batch
variation and avoiding elimination of members of the
polyclonal anti-RSV antibody during manufacture. I n
separate aspects the present invention relates to cell
lines and methods for manufacturing particular
monoclonal anti-RSV antibodies using expression
systems relying on random integration of the
expression constructs into the genome of the host
cells. Particularly, the invention relates to a cell
comprising an expression construct capable of
directing the expression of an anti-RSV antibody
selected from the group consisting of antibodies
comprising at least the
complementarity-determining-regions (CDRs) of the
antibodies listed in Table 3, wherein the cell
comprises at least one expression construct stably
integrated at a random position in the genome. Such
cells may be generated by transfecting cells with an
expression construct coding for said anti-RSV antibody
under conditions allowing random integration into the
genome of said cell, and selecting at least one cell
with an expression construct integrated stably at a
random position, the expression construct coding for
an anti-RSV antibody being selected from the group
consisting of antibodies comprising at least the
complementarity-determiningregions (CDRs) of the
antibodies listed in Table 3. I n preferred
embodiments the polyclonal cell line is used as a
polyclonal manufacturing cell line and frozen and
stored and used as a polyclonal Master Cell Bank
(pMCB), from which samples can be thawed and used for
a polyclonal Working Cell Bank (pWCB). For
manufacturing of monoclonal antibody, a monoclonal
cell line is used to generate a Master Cell Bank (MCB)
from which a Working Cell Bank (WCB) may be generated.
Definitions By "protein" or "polypeptide" is meant any
chain of amino acids, regardless of length or
posttranslational 



modification. Proteins can exist as monomers or
multimers, comprising two ormore assembled polypeptide
chains, fragments of proteins, polypeptides,
oligopeptides, or peptides. The terms "a distinct
member of a recombinant polyclonal antibody" denotes
one antibody molecule of an antibody composition
comprising different antibody molecules, where each
antibody molecule is homologous to the other molecules
of the composition, but also contains one or more
stretches of variable polypeptide sequence, which
is/are characterized by differences in the amino acid
sequence between the individual members of the
polyclonal antibody. The term "antibody" describes a
functional component of serum and is often referred to
either as a collection of molecules (antibodies or
immunoglobulins) or as one molecule (the a n tibody
molecule or immunoglobulin molecule). An antibody
molecule is capable of binding to or reacting with a
specific antigenic determinant (the antigen or the
antigenic epitope), which in turn may lead to
induction of immunological effector mechanisms. An
individual antibody molecule is usually regarded as
monospecific, and a composition of antibody molecules
may be monoclonal (i.e., consisting of identical
antibody molecules) or polyclonal (i.e., consisting of
different antibody molecules reacting with the same or
different epitopes on the same a n tigen or even on
distinct, different antigens). Each antibody molecule
has a unique structure that enables it to bind
specifically to its corresponding antigen, and all
natural antibody mole cules have the same overall
basic structure of two identical light chains and two
identical heavy chains. Antibodies are also known
collectively as immunoglobulins. The terms antibody or
antibodies as used herein are also intended to include
chimeric and single chain ant ibo dies, as well as
binding fragments of antibodies, such as Fab, Fv
fragments or scFv f rag ments, as well as multimeric
forms such as dimeric IgA molecules or pentavalent
IgM. The term "polyclonal antibody" describes a
composition of different antibody molecules which is
capable of binding to or reacting with several
different specific antigenic determinants on the same
or on different antigens. Usually, the variability of
a polyclonal antibody is thought to be located in the
so-called variable regions of the polyclonal antibody.
However, in the context of the present invention,
polyclonality can also be understood to describe
differences between the individual antibody molecules
residing in so-called constant regions, e.g., as in
the case of mixtures of antibodies containing two or
more antibody isotypes such as the hu man isotypes
IgGl, IgG2, IgG3, IgG4, IgAl, IgA2, IgM, IgD, and IgE,
or the murine isotypes IgGl, IgG2a, IgG2b, IgG3, and
IgA. The term "immunoglobulin" commonly is used as a
collective designation of the mixture of antibodies
found in blood or serum, but may also be used to
designate a mixture of antibodies derived from other
sources. The term "immunoglobulin molecule" denotes an
individual antibody molecule, e.g., as being a part of
immunoglobulin, or part of any polyclonal or
monoclonal antibody composition.The term "a library of
variant nucleic acid molecules" is used to describe
the collection of nucleic acid molecules, which
collectively encode a "recombinant polyclonal
anti-RSVantibody". When used for transfection, the
library of variant nucleic acid molecules is contained
in a library of expression vectors. Such a library
typically have at least 3, 5, 10, 20, 50, 1000, 104,
105 or 106 distinct members. As used herein the term
"distinct nucleic acid sequence" is to be understood
as a nucleic acid sequence which may encode different
polypeptide chains that together constitute the anti-
RSV antibody. Where the distinct nucleic acid sequence
is comprised of more than one encoding sequence, these
sequences may be in the form of a dicistronic
transcription unit or they may be operated as two
separate transcriptional units if operably linked to
suitable promoters. Likewise the use of tri- and
quattrocistronic transcription units is conceivable if
a selection marker is included into a transcriptional
unit together with a nucleic acid coding for an
antibody or a sub-unit thereof. Preferably, a distinct
nucleic acid sequence of the present invention is part
of a nucleic acid molecule such as e.g. a vector. When
introduced into the cell, the genes, which together
encode the fully assembled antibody, reside in the
same vector, thus being linked together in one nucleic
acid sequence. As used herein, the term "vector"
refers to a nucleic acid molecule into which a nucleic
acid sequence can be inserted for transport between
different genetic environments and/or for expression
in a host cell. If the vector carries regulatory
elements for transcription of the nucleic acid
sequence inserted in the vector (at least a suitable
promoter), the vector is herein called "an expression
vector". I n the present specification, "phagemid
vector" and "phage vector" are used interchangeably.
The terms "plasmid" and "vector" are used
interchangeably. The invention is intended to include
such other forms of vectors, which serve equivalent
functions for example plasmids, phagemids and virus
genomes or any nucleic acid molecules capable of
directing the production of a desired protein in a
proper host. The term "each member of the library of
vectors" is used to describe individual vector
molecules with a distinct nucleic acid sequence
derived from a library of vectors, where the nucleic
acid sequence encodes one member of the recombinant
polyclonal antibody. The term "transfection" is herein
used as a broad term for introducing foreign DNA into
a cell. 



The term is also meant to cover other functional
equivalent methods for introducing foreign DNA into a
cell, such as e.g., transformation, infection,
transduction or fusion of a donor cell and an acceptor
cell. The term "selection" is used to describe a
method where cells have acquired a certain
characteristic that enable the isolation from cells
that have not acquired that characteristic. Such
characteristics can be resistance to a cytotoxic agent
or production of an essential nutrient, enzyme, or
color.The terms "selectable marker gene", "selection
marker gene", "selection gene" and "marker gene" are
used to describe a gene encoding a selectable marker
(e.g., a gene conferring re sistance against some
cytotoxic drug such as certain antibiotics, a gene
capable of producing an essential nutrient which can
be depleted from the growth medium, a gene encoding an
enzyme producing analyzable metabolites or a gene
encoding a colored protein which for example can be
sorted by FACS) which is co-introduced into the cells
together with the gene(s) coding for the anti-RSV
antibody. The term "recombinant protein" is used to
describe a protein that is expressed from a cell line
transfected with an expression vector comprising the
coding sequence of the protein. As used herein, the
term "operably linked" refers to a segment being
linked to another seg ment when placed into a
functional relationship with the other segment. For
example, DNA encoding a signal sequence is operably
linked to DNA encoding a polypeptide if it is ex
pressed as a leader that participates in the transfer
of the polypeptide to the endoplasmic reticulum. Also,
a promoter or enhancer is operably linked to a coding
sequence if it stimulates the transcription of the
sequence. The term "promoter" refers to a region of
DNA involved in binding the RNA polymerase to initiate
transcription. The term "head-to-head promoters"
refers to a promoter pair being placed in close
proximity so that transcription of two gene fragments
driven by the promoters occurs in opposite directions.
A head-to-head promoter can also be constructed with a
stuffer composed of irrelevant nucleic acids between
the two promoters. Such a stuffer fragment can easily
contain more than 500 nucleotides. An "antibiotic
resistance gene" is a gene encoding a protein that can
overcome the inhibitory or toxic effect that an
antibiotic has on a cell ensuring the survival and
continued proliferation of cells in the presence of
the antibiotic. The term "internal ribosome entry
site" or "IRES" describes a structure different from
the normal 5' cap-structure on an mRNA. Both
structures can be recognized by a ribosome to initiate
scanning for an AUG codon to initiate translation. By
using one promoter sequence and two initiating AUG's,
a first and a second polypeptide sequence can be
translated from a single mRNA. Thus, to enable
co-translation of a first and a second polynucleotide
sequence from a single bi-cistronic mRNA, the first
and second polynucleotide sequence can be t ran
scriptionally fused via a linker sequence including an
IRES sequence that enables translation of the
polynucleotide sequence downstream of the IRES
sequence. In this case, a transcribed bi-cistronic RNA
molecule will be translated from both the capped 5'
end and from the internal IRES sequence of the
bi-cistronic RNA molecule to thereby produce both the
first and the second polypeptide.The term "inducible
expression" is used to describe expression that
requires interaction of an inducer molecule or the
release of a co-repressor molecule and a regulatory
protein for ex pression to take place. The term
"constitutive expression" refers to expression which
is not usually inducible. The term "scrambling"
describes situations where two or more distinct
members of a poly clonal protein comprised of two
different polypeptide chains, e.g. from the
immunoglobulin superfamily, is expressed from an
individual cell. This situation may arise when the
individual cell has integrated, into the genome, more
than one pair of gene segments, where each pair of
gene segments encode a distinct member of the
polyclonal protein. In such situations unintended
combinations of the polypeptide chains expressed from
the gene segments can be made. These unintended
combinations of polypeptide chains might not have any
therapeutic effect. The term "VH-VL chain scrambling"
is an example of the scrambling defined above. I n
this example the VH and VL encoding gene segments
constitute a pair of gene segments. The scrambling
occurs when unintended combinations of VH and VL
polypeptides are produced from a cell where two
different VH and VL encoding gene segment pairs are
integrated into the same cell. Such a scrambled
antibody molecule is not likely to retain the original
specif i city, and thus might not have any therapeutic
effect. The term "recombinant polyclonal manufacturing
cell line" refers to a population of protein
expressing cells that are transfected with a library
of variant nucleic acid sequences such that the
individual cells, which together constitute the
recombinant polyclonal manufacturing cell line, carry
one or more copies of a distinct nucleic acid
sequence, which encodes one member of the recombinant
polyclonal anti-RSV antibody, and one or more copies
are integrated into the genome of each cell. The cells
constituting the recombinant polyclonal manufacturing
cell line are selected for their ability to retain the
integrated distinct nucleic acid sequence, for 



example by antibiotic selection. Cells which can
constitute such a manufacturing cell line can be for
example bacteria, fungi, eukaryotic cells, such as
yeast, insect cells or mammalian cells, especially
immortal mammalian cell lines such as CHO cells, COS
cells, BHK cells, myeloma cells (e.g., Sp2/0 cells,
NSO, YB2/0), NIH 3T3, and immortalized human cells,
such as HeLa cells, HEK 293 cells, or PER.C6. The term
"bias" is used to denote the phenomenon during
recombinant polyclonal protein production, wherein the
composition of a polyclonal vector, polyclonal cell
line, or polyclonal protein alters over time due to
random genetic mutations, differences in proliferation
kinetics between individual cells, differences in
expression levels between different expression
construct sequences, or differences in the cloning
efficiency of DNA.The term "RFLP" refers to
"restriction fragment length polymorphism", a method
whereby the migratory gel pattern of nucleic acid
molecule fragments is analyzed after cleavage with
restriction enzymes. The term "5' UTR" refers to a 5'
untranslated region of the imRNA. The term "conditions
avoiding site specific integration" refers to a
transfection process which does not include any of the
possible ways to obtain site specific integration.
Site specific integration can e.g. be achieved using a
combination of a recombinase and a recognition site
for the recombinase in a chromosome of the host cell.
The recombinase may also be covalently linked to a
nucleotide stretch recognising a particular site in a
chromosome. Sitespecific integration can also be
achieved - albeit at a lower efficiency - using
homologous recombination. Avoiding site-specific
integration will often result in integration at random
positions throughout the genome of the host cell, if
integration vectors are used. The term "random
integration" refers to integration of an expression
vector into the genome of a host cell at positions
that are random. The dictionary meaning of random is
that there are equal chances for each item, in this
case integration site. When transfecting cells all
integration sites do not represent absolutely equal
chances of integration as some parts of the
chromosomes are more prone to integration events than
others. When nothing is done to guide the expression
vector to a particular integration site, it will
integrate at positions that are random within the
group of possible integration sites. Therefore,
"random integration" in the context of the present
invention is to be understood as a transfection
procedure where nothing is done to guide the
expression construct to a predetermined position. The
absence of means to guide the expression vector to a
predetermined position suffices to ensure "random
integration". Thereby integration site(s) will vary
from cell to cell in a transfected population, and the
exact integration site(s) can be regarded
unpredictable. The term "stably integrated" refers to
integration of an expression vector into the genome of
a host cell, wherein the integration remains stable
over at least 20, more preferably 30, more preferably
40, more preferably 50, such as 75, for example 100
generations or more. Abbreviations: "CMV" = (human)
Cytomegalo Virus. "AdMLP" = Adenovirus Major Late
Promoter. SV40 poly A = Simian Virus 40 poly A signal
sequence. GFP = Green Flourescent Proteins. TcR = T
cell receptor. ELISA = Enzyme-Linked Immunosorbent
Assay. LTR= Long Terminal Repeat. DESCRIPTION OF THE
DRAWINGS Figure 1. Schematic overview of the process
for generating a polyclonal cell bank. The figure
schematically illustrates the steps required to obtain
a polyclonal cell bank, e.g. a polyclonal master cell
bank, a) illustrates different expression vectors Ab.
i , Ab.2, Ab.3, etceach encoding a different and
distinct member of the polyclonal anti-RSV antibody,
b) illustrates the host cells to be transfected with
the expression vectors, c) illustrates integration of
the expression vectors at different positions and in
different copy numbers in individual cells, d)
illustrates selection of cellular clones for each of
the members of the polyclonal anti-RSV antibody. I n
this particular case, for ease of illustration, only
one clone per distinct member of the polyclonal
anti-RSV antibody is shown. Step e) illustrates mixing
of the clones selected in step d) to generate a
polyclonal cell bank. Figure 2a. Prototype vector
encoding heavy and light chain. The elements are as
follows:  two identical head-to-head human CMV
promoters with a spacer element (stuffer) in between
coding regions for heavy (VH + IgGl constant region)
and light chain (kappa)  bGH polyA=bovine growth
hormone polyadenylation sequence  SV40 polyA=SV40
polyadenylation sequence  Genomic leaders for heavy
and light chain  IRES + DHFR=ECMV internal ribosome
entry site and the mouse dihydrofolate reductase cDNA
pUC ori = pUC origin of replication  bla,
amp=ampicilline resistance gene Figure 2b. ElA
expression vector pML29. The vector is based on
pcDNA3.1+ (Invitrogen) The elements are as follows:
CMV=human CMV promoter Ela=cDNA for adenovirus type 5
13S transactivator bGH polyA=bovine growth hormone
polyadenylation region 



SV40EP=SV40 early promoter Neo=the neo resistance gene
SV40 polyA=SV40 polyadenylation region AMP=b-lactamase
gene encoding ampicillin resistance Figure 3. SDS-PAGE
under reducing (lanes 2-5) and non-reducing conditions
(lanes 8 -11) of purified Sym003 antibodies 818-4
(lanes 2 and 8), 810-7 (lanes 3 and 9), 824-7 (lanes 4
and 10), and 824-18 (lanes 5 and 11). 1 - 8 mg
purified protein was applied onto the gel. The
suffixes (-4, -7, -7, -18) denote cellular clones
expressing the antibodies. DETAILED DESCRIPTION OF THE
INVENTION The recombinant polyclonal anti-RSV antibody
expression systemThe present invention provides
methods for the consistent manufacturing of
recombinant polyclonal anti-RSV antibody. Such
antibodies include complete antibodies, Fab fragments,
Fv fragments, and single chain Fv (scFv) fragments. I
n particular, it is contemplated that the present
invention can be used for large-scale manufacturing
and production of recombinant therapeutic polyclonal
anti-RSV antibodies. One of the major advantages of
the manufacturing method of the present invention is
that all the members constituting the recombinant
polyclonal anti-RSV antibody can be produced in one or
a few bioreactors or equivalents thereof. Further, the
recombinant polyclonal anti-RSV antibody composition
can be purified from the reactor as a single
preparation without having to separate the individual
members constituting the recombinant polyclonal
anti-RSV antibody during the process. The technology
as described herein generally can produce a polyclonal
anti-RSV antibody with many individual members, in
principle without an upper limit. The host cell line
used is preferably a mammalian cell line comprising
those typically used for biopharmaceutical protein
expression, e.g., CHO cells, COS cells, BHK cells,
myeloma cells (e.g., Sp2/0 cells, NSO, YB2/0), NIH
3T3, and immortalized human cells, such as HeLa cells,
HEK 293 cells, or PER.C6. I n the present invention
CHO cells were used, more particularly a modified DG44
clone. The choice of this particular cell line has
been made because CHO cells are widely used for
recombinant manufacture of antibodies and because the
DG44 clone can be used in combination with the
metabolic selection marker DHFR, which additionally
allows for amplification of the encoded gene. The DG44
cell line has been modified by tranfection and
subcloned. This has been done to increase the overall
yield. The sub-cloned cell line is a very stable cell
line providing cell clones having uniform growth rates
and uniform and high expression levels for different
anti-RSV antibodies. BHK-21 cells or dhfr-minus
mutants of CHO such as CHO-DUKX-BIl or DG44 or CHO-S
or CHO-Kl, are preferred mammalian cells for the
practice of this invention. These cells are well known
in the art and widely available, for example, from the
American Type Culture Collection, (AT. C.C.)
Rockville, Md. (BHK-21) or from Dr. Lawrence Chasin,
Columbia University, New York (CHO DUKX-BIl or DG44).
These cells adapt well to growth in suspension
cultures and/or can grow under low serum
concentrations and can be used in conjunction with the
DHFR selection marker. Consequently, a person of
ordinary skill in the art would be able to substitute
the DG44 clone with other clones and substitute CHO
cells with other mammalian cells as described, or even
utilize other types of cells, including plant cells,
yeast cells, insect cells, fungi and bacteria. Thus
the choice of cell type is not intended to be limiting
to the invention. The recombinant polyclonal anti-RSV
antibody of the present invention is intended to cover
a anti-RSV antibody composition comprising different,
but homologous anti-RSV antibodymolecules, which are
naturally variable, meaning that, in preferred
embodiments, the anti- RSV antibody comprises a
naturally occurring diversity. I n the broadest aspect
the polyclonal cell line comprises 2 to n
sub-populations of cells each sub-population
expressing one distinct antibody member of a
recombinant polyclonal anti- RSV antibody, the cells
comprising at least one expression construct coding
for one distinct antibody member randomly and stably
integrated into the genome, wherein the distinct
members of said recombinant polyclonal anti-RSV
antibodies are selected from the group consisting of
antibody molecules comprising CDRl, CDR2, and CDR3
regions selected from the group of the VH and VL pairs
given in Table 3 herein. The antibodies with the CDR
sequences of Table 3 were isolated from healthy adults
that have been exposed to RSV infection. Therefore the
antibodies reflect the natural human immune response
to RSV infection and combinations of antibodies based
on these specific antibodies can be made to mirror the
natural human immune response. Preferred combinations
of antibodies from Table 3 are constituted by the
antibody compositions 1 to 56 in Table 6 herein. All
of the antibody combinations of Table 6 herein have
been tested for in vitro neutralization against one or
more RSV strains and many are very potent.
Particularly preferred are antibody
combinationswherein the distinct members are combined
as in any one of the antibody compositions 2, 9, 13,
17, 18, 28, 33, and 56 in Table 6 herein, even more
preferably any one of the antibody compositions 28,
33, and 56. These combinations are very potent, and
have been tested in an animal model of RSV infection. 



They are are capable of reducing lung virus load
significantly when administered prophylactically. I n
other embodiments the distinct members of the
polyclonal antibody are selected from the group
consisting of antibodies comprising the VH and VL
sequences of clones 735, 736, 744, 793, 795, 796, 799,
800, 801, 804, 810, 811, 812, 814, 816, 817, 818, 819,
824, 825, 827, 829, 830, 831, 835, 838, 841, 853, 855,
856, 857, 858, 859, 861, 863, 868, 870, 871, 880, 881,
884, 886, 888, and 894 as defined herein. I n
preferred embodiments, the distinct members are
selected from the group consisting of antibodies from
clones 793, 800, 810, 816, 818, 819, 824, 825, 827,
831, 853, 855, 856, 858, 868, 880, 888, and 894, and
antibodies including the CDRs of said antibodies.
These antibodies have been tested as monoclonal
antibodies in virus neutralisation assays against one
or more RSV isolates (Table 5). Modified CHO cells
comprising randomly integrated expression constructs
have been prepared for expression of the following
antibodies comprising the VH and VL sequences of
clones 810, 818, 819, 824, 825, 827, 858, 894, 793,
816, 853, 855, and 856. These antibodies havebeen
tested in several combinations in Table 6 and are
preferred antibodies for making a polyclonal anti-RSV
antibody. Particularly preferred antibodies for
inclusion into a polyclonal anti-RSV antibody are the
antibody encoded by clone 824 or an antibody with the
CDRs of clone 824; and the antibody encoded by clone
810 or an antibody with the CDRs of clone 810. I n
order to obtain a potent anti-RSV antibody it is
preferable that the polyclonal anti-RSV antibody
comprises at least one distinct antibody molecule
capable of binding the F protein, and at least one
distinct antibody molecule capable of binding the
G-protein. More preferably it includes at least two
antibodies targeting the F-protein and two antibodies
targeting the Gprotein. Even more preferably, the
composition comprises at least 3 antibodies against
each of the two target proteins, F and G. The
polyclonal antibody may comprise 2 or more antibodies,
such as preferably 3 or more, for example 4 or more,
such as 5 or more, for example 6 or more, such as 7 or
more, for example 8 or more, such as 9 or more, for
example 10 or more, such as 15 or more, for example 20
or more, such as 25 or more, for example 30 or more,
such as 40 or more, for example 50 or more. As the
number of distinct antibody molecules in the
polyclonal antibody increases the concentration of
each antibody in the final product is reduced assuming
that an equal amount of each antibody is present.
Furthermore, with increasing numbers of antibodies
expressed by a polyclonal cell line, the risk that one
of the antibodies is lost during manufacture
increases. Therefore, the polyclonal antibody
preferably comprises less than 50 antibodies, such as
less than 40 antibodies, for example less than 30
antibodies, such as less than 25 antibodies, for
example less than 20 antibodies or even less than 15
antibodies. In the context of the present invention,
variability in the polypeptide sequence (the
polyclonality) can also be understood to describe
differences between the individual antibody mole cules
residing in so-called constant regions or C regions of
the antibody polypeptide chains, e.g., as in the case
of mixtures of antibodies containing two or more
different antibody isotypes, such as the human
isotypes IgGl, IgG2, IgG3, IgG4, IgAl, IgA2, IgM, IgD,
and IgE. Thus, a recombinant polyclonal anti-RSV
antibody may comprise antibody molecules that are
characterized by sequence differences between the
individual antibody molecules in the variable region
(V region) or in the constant region (C region) or
both. Preferably, the antibodies are of the same
isotype, as this eases the subsequent purification
considerably. It is also conceivable to combine
antibodies of e.g. isotype IgGl, IgG2, and IgG4, as
these can all be purified together using Protein A
affinity chromatography. I n a preferred embodiment,
all antibodies constituting the polyclonal antibody
have the same constant region to further facilitate
purification. More preferably, the antibodies have the
same constant region of theheavy chain. The constant
region of the light chain may also be the same across
distinct antibodies. Polyclonality in the so-called
constant region, particularly the heavy chain of the
antibodies, is of interest with regard to therapeutic
application of antibodies. The various immunoglobulin
isotypes have different biological functions
(summarized in Table 1), which might be desi rable to
combine when utilizing antibodies for treatment
because different isotypes of immu noglobulin may be
implicated in different aspects of natural immune
responses (Canfield and Morrison 1991. J.Exp.Med. 173,
1483-91; Kumpel et al. 2002. Transfus. Clin. Biol. 9,
45.-53; Stirnadel et al. 2000. Epidemiol. Infect. 124,
153-162). Table 1 : Biological functions of the human
immunoglobulin isotypes Clonal Diversity Clonal
diversity of the cell line may be analyzed by RFLP on
isolated clones from a pool of cells expressing a
recombinant polyclonal protein. Sequencing of (RT)-PCR
products represents another possibility to analyse
clonal diversity. The diversity can also be analyzed
by functional tests (e.g., ELISA) on the recombinant
polyclonal anti-RSV antibody produced by the cell
line. WO 2006/007853 discloses methods for
characterization of a polyclonal cell line and a
polyclonal protein. These methods can be used for
analyzing the clonal diversity of 



the cell line and the resulting polyclonal anti-RSV
antibody. Clonal bias (i.e., a gradual change in the
content of the individual antibodies constituting the
polyclonal antibody), if it exists, can be estimated
by comparing the clonal diversity of the initial
library, used for transfection, with the diversity
found in the pool of cells (cell line) ex pressing the
recombinant polyclonal anti-RSV antibody.Clonal
diversity may be assessed as the distribution of
individual members of the polyclonal anti-RSV
antibody. This distribution can be assessed as the
total number of different individual members in the
final polyclonal anti-RSV antibody composition
compared to the number of different encoding sequences
originally introduced into the cell line during
transfection. I n this case sufficient diversity is
considered to be acquired when at least 50% of the
encoding sequences originally used in the transfection
can be identified as different individual members of
the final polyclonal anti-RSV antibody, preferably at
least 75%, more preferably at least 80%, more
preferably at least 90%, such as at least 95%, 97%,
98% or 99%. Expressed in another way, clonal diversity
can be considered sufficient if only 1 member of the
polyclonal anti-RSV antibody is lost during
manufacture, of if 2, 3, 4 or 5 members are lost.
Preferably, the distribution of individual members of
the polyclonal composition is assessed with respect to
the mutual distribution among the individual members.
I n this case sufficient clonal diversity is
considered to be acquired if no single member of the
anti-RSV antibody composition constitutes more than 75
% of the total amount of protein in the final
polyclonal anti-RSV antibody composition. Preferably,
no individual member exceeds more than 50%, even more
preferred 25 % and most preferred 10% of the total
amount of antibody in the final polyclonal anti-RSV
antibody composition. The assessment of clonal
diversity based on the distribution of the individual
members in the polyclonal anti-RSV antibody
composition can be performed by RFLP analysis,
sequence analysis and protein analysis such as the
approaches described later on for characterization of
a polyclonal anti-RSV antibody. Clonal diversity may
also be defined by setting a predefined relative
amount of each antibody in the final product. For a
polyclonal antibody with 10 distinct antibodies, the
predefined relative amount may be e.g. 10% for each
antibody. The predefined relative amount may also be
different for each distinct antibody. Clonal diversity
can then be said to be sufficient if the amount of a
distinct antibody in the produce differs less than 75%
from the predefined relative amount. Preferably less
than 50%, even more preferred less than 25%, and most
preferred less than 10% from the predefined relative
amount. Clonal diversity may be reduced as a result of
clonal bias which can arise a) as a result of
differences in expression level, b) as a result of
variations in cellular proliferation. If such biases
arise, each of these sources of a loss of clonal
diversity may be remedied by minor modifications to
the methods as described herein. It is possible that
variations in cellular proliferation rates of the
individual cells in the cell line could, over a
prolonged period of time, introduce a bias into the
recombinant polyclonal anti- RSV antibody expression,
increasing or reducing the presence of some members of
the recombinant polyclonal protein expressed by the
cell line. As the present methods are based on random
integration into the genome of the host cell, both the
position and the copynumber vary between members of
the polyclonal cell line. This may give rise to
differences in proliferation rate and expression level
among clones. By selecting cellular clones with
similar proliferation rate this problem is minimized.
A further possibility is to use more than one clone
for each member of the polyclonal protein. The
compositional stability may be increased if e.g.
between 3 and 5 clones expressing a single member of
the polyclonal protein is used compared to only one
clone for each member of the polyclonal anti-RSV
antibody. Cells expressing one distinct member of the
recombinant polyclonal protein is preferably derived
from 1 or more cloned cells, such as from 2 or more,
for example from 3 or more, such as from 4 or more,
for example from 5 or more, such as from 6 or more,
for example from 7 or more, such as from 8 or more,
for example from 9 or more, such as from 10 or more
for example 11 or more, such as 12 or more, for
example 13 or more, such as 14 or more, for example 15
or more, such as 16 or more, for example 17 or more,
such as 18 or more, for example 19 or more, such as 20
or more, for example 21 or more, such as 22 or more,
for example 23 or more, such as 24 or more, for
example 25 or more, such as 26 or more, for example 27
or more, such as 28 or more, for example 29 or more,
such as 30 or more, for example 35 or more, such as 40
or more, for example 45 or more, such as 50 or more,
for example 60 or more, such as 70 or more, for
example 80 or more, such as 90 or more, for example
100 or more. For most purposes the number of cloned
cells is less than 50, for example less than 20, such
as less than 15, for example less than 10. Another way
to address this issue is to use one or more selection
criteria to ensure that the cells are uniform within
certain pre-set limits with respect to one or more
criteria selected from the group consisting of growth
rate, doubling time, expression level, production
level, stability of production over time, viability,
hardiness, robustness, morphology, and copy number.
One reason for variations in proliferation rates could
be that the population of cells constituting the
starting cell line used for the initial transfection
is heterogeneous. It is known 



that individual cells in a cell line develop
differently over a prolonged period of time. To ensure
a more homogeneous starting material, sub-cloning or
repeated sub-cloning of the cell line prior to
transfection with the expression vectors may be
performed using a limiting dilution of the cell line
down to the single cell level and growing each single
cell to a new population of cells (so-called cellular
sub-cloning by limiting dilution). An alternative and
preferred method for single cell cloning to ensure a
well defined cell population is to use fluorescence
activated cell sorting (FACS) after the transfection
but prior to the selection procedure. Fluorescence
labeled antibodies can be used to enrich for highly
productive cells derived from a pool of cells
transfected with IgG constructs (Brezinsky et al. J.
2003. Immunol Methods 277, 141-155). The advantage of
using FACS sorting is that the method combines single
cell cloning (by sorting single cells into wells),
while simultaneously providing information about the
expression level of each single cell. To further
improve thesorting procedure, a viability stain can be
included so that dead or dying cells are discarded.
The FACS procedure subjects cells to rather severe
conditions including shear stress. This means that
indirectly cells are selected for resistance to such
conditions. Furthermore, the FACS procedure is
automated allowing for sorting of a high number of
single cells. The FACS method can also be used to sort
cells expressing similar levels of immunoglobulin,
thereby creating a homogenous cell population with
respect to productivity. Likewise, by using labeling
with the fluorescent dye 5,6-carboxylfluorescein
diacetate succinimidyl ester (CFSE) cells showing
similar proliferation rates can be selected by FACS
methods. An important embodiment of the present
invention is the generation of one or more cloned cell
lines for each member of the polyclonal anti-RSV
antibody. The generation of single cell clones may be
carried out using any one of a number of standard
techniques. However, it has turned out that FACS cell
sorting where cells are selected for viability and IgG
levels and are sorted individually into wells has
consistently turned out to provide stable clones
suitable for preparing a polyclonal working cell bank.
Individual clones are preferably selected after a
certain number of days in culture under selection
pressure following the cell sorting. As clones are
selected on the same day following sorting, the growth
rate of the clones will be relatively uniform. I n
addition to this, colonies are inspected visually to
discard clones with gross changes in morphology and
low growth rates compared to the original
untransfected cell line. Finally, the level of
antibody expression can be assayed using e.g. ELISA or
other analytical techniques and clones with high and
relatively uniform expression levels can be selected.
Even if a proliferation rate-induced bias does
develop, the loss or over-representation of indi
vidual members may not necessarily be critical,
depending on the diversity requirements of the final
recombinant polyclonal protein product and the
stability of the diversity over time. Recombinant
monoclonal anti-RSV manufacturing system The invention
also relates to cell lines for expression of certain
monoclonal anti-RSV antibodies. Much of what is stated
about establishment of cell lines, selection of cells,
design of vectors, cloning strategies, culturing of
cells, and recovery of antibody for polyclonal
antibodies also relates to the monoclonal aspects of
the invention. I n the broadest "monoclonal" aspect
the invention relates to a cell comprising an
expression construct capable of directing the
expression of an anti-RSV antibody selected from the
group consisting of antibodies comprising at least the
complementarity-determining-regions (CDRs) of the
antibodies listed in Table 3, wherein the cell
comprises at least one expression construct stably
integrated at a random position in the genome. Such
cells may be generated by transfecting a cell with an
expression construct coding for said anti-RSV antibody
as defined above under conditions allowing random
integration intothe genome of said cell, and selecting
at least one cell with an expression construct
integrated stably at a random position. Transfection
under such conditions often leads to integration of
two or more expression constructs at random positions
into the genome of the host cell. I n order to make
full use of the random integration transfection and/or
selection may be carried out under conditions
favouring amplification of the expression construct
and resulting in even higher expression levels. I n
certain embodiments, the monoclonal anti-RSV antibody
is selected from the group consisting of antibodies
which include the CDRs from the VH and VL sequence
pairs of clones 735, 736, 744, 793, 795, 796, 799,
800, 801, 804, 810, 811, 812, 814, 816, 817, 818, 819,
824, 825, 827, 829, 830, 831, 835, 838, 841, 853, 855,
856, 857, 858, 859, 861, 863, 868, 870, 871, 880, 881,
884, 886, 888, and 894. The VH and light chain
sequences for these clones are given herein. I n
preferred embodiments the monoclonal anti-RSV antibody
is selected from the group consisting of antibodies
from clones 793, 800, 810, 816, 818, 819, 824, 825,
827, 831, 853, 855, 856, 858, 868, 880, 888, and 894,
and antibodies including the CDRs of said antibodies.
Even more preferred, the monoclonal anti-RSV antibody
is selected from the group consisting of antibodies
from clones 793, 800, 810, 818, 819, 824, 825, 827,
831, 853, 858, 888, and 894. Particularly preferred
are monoclonal antibodies wherein the CDRs are from
clone 810 and 



even more preferred monoclonal antibodies, wherein the
CDRs are from clone 824. Both antibodies have shown
superior virus neutralisation potency and have are
also superior when tested in an animal model of RSV
infection. The host cell Host cells can be generated
from any cell which can integrate DNA into their
chromosomes or retain extra-chromosomal elements such
as mini-chromosomes, YACs (Yeast artificial
chromosomes), MACs (Mouse artificial chromosomes), or
HACs (Human artificial chromosomes). MACs and HACs are
described in detail in WO 97/40183, hereby
incorporated by reference. Preferably mammalian cells
such as CHO cells, COS cells, BHK cells, myeloma cells
(e.g., Sp2/0, YB2/0 or NSO cells), fibroblasts such as
NIH 3T3, and immortalized human cells, such as HeLa
cells, HEK 293 cells, or PER.C6, are used. However,
non-mammalian eukaryotic or prokaryotic cells, such as
plant cells, insect cells, yeast cells, fungi, E. coli
etc., can also be employed. The same host cells can be
used for mono- and polyclonal antibody expression. I n
one embodiment of the present invention, the cell line
which is to be used as starting ma terial is
sub-cloned by performing a so-called limiting dilution
of the cell line down to a singlecell level, followed
by growing each single cell to a new population of
cells prior to transfection with the library of
vectors. Such sub-cloning can also be performed later
in the process of selecting the right cell line, if
desired. Other methods for single cell cloning
include: FACS cloning (Brezinsky et al. J. 2003.
Immunol Methods 277, 141-155), LEAP(tm) technology
(from Cyntellect, San Diego, California, USA), and
ClonePix (from Genetix, UK). The vector for
integration A suitable vector comprises a suitable
selection gene. Suitable selection genes for use in
mammalian cell expression include, but are not limited
to, genes enabling for nutritional selection, such as
the thymidine kinase gene (TK), glutamine synthetase
gene (GS), tryptophan synthase gene (trpB) or
histidinol dehydrogenese gene (hisD). Further,
selection markers are antimetabolite resistance genes
conferring drug resistance, such as the dihydrofolate
reductase gene (dhfr) which can be selected for with
hypoxanthine and thymidine deficient medium and
further selected for with methotrexate, the
xanthine-guanine phosphoribosyltransferase gene (gpt),
which can be selected for with mycophenolic acid, the
neomycin phosphotransferase gene (neo) which can be
selected for with G418 in eukaryotic cell and neomycin
or kanamycin in prokaryotic cells, the hygromycin B
phosphotransferase (hyg, hph, hpt) gene which can be
selected for with hygromycin, the puromycin
N-acetyltransferase gene (pac) which can be selected
with puromycin or the Blasticidin S deaminase
gene(Bsd) which can be selected with blasticidin, the
Zeocin resistance gene (Sh ble) which mediates
resistance towards Zeocin and Bleomycin. Finally,
genes encoding proteins that en ables sorting e.g. by
flow cytometry can also be used as selection markers,
such as green fluorescent protein (GFP), the nerve
growth factor receptor (NGFR) or other membrane pro
teins, or beta-galactosidase (LacZ). The selection
marker may be located on a separate expression vector,
thus performing cotransfection with an expression
vector coding for the selection marker and one or more
expression vector(s) coding for the anti-RSV antibody
or subunits of an anti-RSV antibody. The selection
marker may also be located in the expression vector
coding for the antibody. I n this latter case, the
selection marker is preferably located on a transcript
which also encodes the antibody or one of its
sub-units. This can be done e.g. using an IRES
construct. In the case of an antibody, the selection
marker is preferably located on the transcript which
encodes the largest sub-unit, such as for example the
heavy chain of an antibody. The vector for integration
of the antibody gene further comprises DNA encoding
one member of the recombinant polyclonal anti-RSV
antibody, preceded by its own mammalian promoter
directing expression of the protein. The DNA encoding
the chains of the anti-RSV antibody can be preceded by
their own mammalian promoter directing high levels of
expression (bi directional or uni-directional) of each
of the chains. In a bi-directional expression a
head-tohead promoter configuration in the expression
vector can be used and for a uni-directionalexpression
two promoters or one promoter combined with e.g., an
IRES sequence can be used for expression. A
bi-cistronic expression vector with two different
subunits encoded by the same transcript and separated
by an IRES sequence is likewise conceivable. Suitable
head-to-head promoter configurations are for example,
but not limited to, the AdMLP promoter together with
the mouse metallothionein-1 promoter in both
orientations, the AdMLP promoter together with the
elongation factor-1 promoter in both orientations or
the CMV promoter together with the MPSV promoter in
both orientations, or the CMV promoter used in both
orientations. I n the case of antibodies, experience
has shown that the amount of heavy chain expressed by
a cell should not exceed the amount of light chain.
Therefore, the promoter directing expression of the
light chain is preferably at least as strong as the
promoter directing expression of the heavy chain. A
nucleic acid sequence encoding a functional leader
sequence can be included in the expres sion vector to
direct the gene product to the endoplasmic reticulum
or a specific location within the cell such as an
organelle. A strong polyadenylation signal can be
situated 3' of the 



protein-encoding DNA sequence. The polyadenylation
signal ensures termination and polyadenylation of the
nascent RNA transcript and is correlated with message
stability. The DNA encoding a member of the
recombinant polyclonal anti-RSV antibody can, for
example, encode both the heavy and light chains of an
antibody or antibody fragments, each gene sequence
optionally being preceded by their own mammalian
promoter elements and/or fol lowed by strong poly A
signals directing high level expression of each of the
two chains. The expression vector for integration can
carry additional transcriptional regulatory elements,
such as enhancers, anti-repressors, or UCOE
(ubiquitous chromatin opening elements) for in creased
expression at the site of integration. Enhancers are
nucleic acid sequences that interact specifically with
nuclear proteins involved in transcription. The UCOE
opens chromatin or maintains chromatin in an open
state and facilitates reproducible expression of an
operably- linked gene (described in more detail in WO
00/05393 and Benton et al, Cytotechnology 38:43-46,
2002). Further enhancers include Matrix Attachment
Regions (MARs) as described e.g. in Girod & Mermod
2003 ("Chapter 10: Use of scaffold/matrix-attachment
regions for protein production", pp 359-379 in Gene
Transfer and Expression in Mammalian Cells, SC
Makrides (ed), 2003, Elsevier Science BV).
Anti-repressor elements include but are not limited to
STAR elements (Kwaks et al Nat Biotechnol. 2003 May;
21(5):553-8). When one or more of the regulatory
elements described in the above are integrated into
the chromosome of a host cell they are termed
heterologous regulatory elements. Establishing an
expression system for high-level expression of
anti-RSV antibody Methods for introducing a nucleic
acid sequence into a cell are known in the art. These
me thods typically include the use of a DNA vector to
introduce the sequence of interest into thecell, the
genome or an extra-chromosomal element. Transfection
of cells may be accom plished by a number of methods
known to those skilled in the art, including
lipofection, chemically mediated transfection, calcium
phosphate precipitation, electroporation,
microinjection, liposome fusion, RBC ghost fusion,
protoplast fusion, virus transduction, and the like.
For the transfection of a host cell line, a library of
vectors, wherein each vector comprises only one copy
of a nucleic acid sequence encoding one member of a
recombinant polyclonal anti-RSV antibody, is used.
This library of expression vectors collectively
encodes the recombinant polyclonal anti-RSV antibody.
Suitable vectors for integration were described in the
previous section. The generation of a recombinant
polyclonal manufacturing cell line and the production
of a recombinant polyclonal anti-RSV antibody from
such a cell line can be obtained by several different
transfection and manufacturing strategies. A preferred
way of transfection illustrated in Figure 1, is a high
throughput method in which host cells are transfected
separately using the individual vectors constituting
the library. This method is termed individual
transfection. The individually transfected host cells
are preferably selected separately. However, they may
also be pooled before selection. The individual cell
clones generated upon selection may be analyzed with
respect to expression level, proliferation rate and
integration pattern and preferably, those with similar
growth rates, similar copy number, similar expression
and/or similar robustness levels may be used to
generate a polyclonal anti-RSV antibody library stock.
The individual cell clones can be mixed to obtain the
desired polyclonal cell line before generating the
stock, immediately after they have been retrieved from
the stock, or after a short proliferation and
adaptation time. This approach may further improve
compositional stability. Steps a-d may be used to
establish cell lines for expression of monoclonal
anti-RSV antibody. For anti-RSV antibody, bulk
transfection allowing multiple integration into the
genome of a host cell, would result in scrambling of
the subunits. I n many cases, such as the manufacture
of recombinant polyclonal anti-RSV antibody for
pharmaceutical use, scrambling is to be avoided. For
multimeric proteins, bulk transfection can be done if
scrambling is acceptable or if transfection is carried
out under conditions ensuring integration of only one
copy into the genome of each host cell. Examples of
such methods include retroviral transduction and
sphaeroblast fusion. A frozen stock of the polyclonal
cell line may be generated before initiation of the
recombinant polyclonal anti-RSV antibody
manufacturing. To obtain the desired polyclonal cell
line for manufacturing, the clones can be mixed before
generating the freezing stock, immediately after they
have been retrieved from the stock or after a short
proliferation and adaptation time.A shared feature in
the manufacturing strategies outlined in the above is
that all the indiv i dual members constituting the
recombinant polyclonal anti-RSV antibody can be
produced in one, or a limited number of containers,
such as bioreactors. If expression levels need to be
increased, gene amplification can be performed using
selec tion for a DHFR gene or a glutamine synthetase
(GS) gene, a hprt (hypoxanthin
phosphoribosyltransferase) or a tryptophan synthetase
gene. This requires the use of vectors comprising such
a selection marker. One particular feature of the
present invention is to keep the copy number
relatively low in order to keep the stability of the
cells high. Therefore, cells are preferably only
subjected to one round of selection under relatively
modest selection 



pressure (e.g. in nucleoside free medium with a low
concentration of MTX (e.g. 1-10 nM) for the type of
construct used in the examples). Modest selection
pressure is believed to lead to a balanced copy number
resulting in high expression while avoiding the
instability of cells with very high copy number. I n
order to achieve higher expression levels, the cell
line used for expression may include a heterologous
transactivator capable of enhancing the promoter
controlling expression of the polyclonal anti-RSV
antibody. Examples of suitable combinations of
transactivator and promoter are listed below
Transactivator Promoter Examples lentivirus Tat long
terminal repeat (LTR) adenovirus ElA HCMV major I E
enhancer/promoter herpes simplex virus VP16 herpes
simplex virus gene promoter is IE175 (US 6,635,478)
hepatitis B virus X protein (HBx) SV40early Synthetic
Zn-finger proteins Synthetic SV40 largeT antigen SV40
late promoter tetracycline-controlled transactivators
Synthetic (tTA) Human cytomegalovirus IE2p86 HCMV
major I E enhancer/promoter Human cytomegalovirus
IElp72 HCMV major I E enhancer/promoter Epstein-Barr
virus Rtransactivator EBV promoter (Rta) thyroid
hormone receptors growth hormone promoter
glucocorticoid hormone receptors mammary tumor virus
(MMTV)promoter Preferably, the cell line is
transfected with an expression construct coding for
the transactivator and clones are selected using
limiting dilution or other methods for single cell
cloning. The expression vector may comprise elements
such as promoter, selection marker etc as described
for expression vectors herein. Preferably the promoter
controlling expression of the transactivator is a
constitutive promoter such as Elongation factor 1
promoter, CMV promoter, metallothionein-1 promoter or
similar. I n a preferred embodiment, the promoter is
the CMV promoter. For the manufacturing of a
polyclonal anti-RSV antibody, where each anti-RSV
antibody member is comprised of two polypeptide
chains, the combination of the chains is of importance
for the affinity, specificity and activity of the
anti-RSV antibody they form. For this reason the
polypeptide chains constituting an individual member
of the polyclonal anti- RSV antibody are preferably
placed in the same vector used for integration,
thereby ensuring that they will be kept together
throughout the process. Alternatively, the host cells
can be transfected with pairs of expression vectors
coding for cognate pairs of heavy and light chain. The
following description is one example of how to obtain
a recombinant polyclonal anti-RSV antibody expressing
cell line. A universal promoter cassette for
constitutive expression having two promoters placed in
opposite transcriptional direction, such as a
head-to-head construction surrounded by the variable
heavy chain and the whole of the kappa or lambda light
chain may be constructed, allowing transfer of the
whole construct into a vector comprising a selection
marker and the heavy chain constant region. It is
contemplated that a promoter cassette for inducible
expression can also be used. Furthermore, the
promoters can be placed tail-to-tail which will result
in transcription in opposite direction or tail-to-head
for unidirectional transcription. An inducible
promoter can also be used for control of the
expression. After transfection, the cells are
preferably cultivated under selective conditions to
select stable tranformants. Cells that survive under
these conditions can subsequently be grown in
different culture systems, such as conventional small
culture flasks, Nunc multilayer cell factories, small
high yield bioreactors (MiniPerm, INTEGRA-CELLine) and
spinner flasks to hollow fiber-and bioreactors WAVE
bags (Wave Biotech, Tagelswangen, Switzerland). The
cells may be tested for antibody production using
ELISA. Polyclonal cell lines are preferably selected
for viability in suspension growth in serum free
medium under selection pressure for extended periods.
Evaluation of the preservation of polyclonality in the
expression system According to the present invention,
it is often important to ensure that the polyclonality
in the expression system is not seriously altered
during production so that it is possible to stop
theproduction when polyclonality is indeed altered.
This is according to the invention done by monitoring
the relative expression levels of the variant nucleic
acid sequences. The expres sion levels can for example
be monitored at mRNA level using for example RFLP
analysis, arrays or real-time PCR, or at the protein
level using for example two-dimensional polyacrylamide
gel electrophoresis, mass spectrometry or various
chromatographic techniques. With these techniques it
will be possible to establish a baseline value for a
number of all of the individual expression levels and
then take out samples from the culture during
production in order to gauge whether expression levels
have changed (both in total and relatively). In normal
practice of the invention, a range of values
surrounding the baseline values can be 



established, and if the relative expression levels are
found to be outside the ranges, then production is
terminated. Cultivation of cells and production of a
recombinant polyclonal anti-RSV antibody The methods
described herein apply also to the manufacture of
monoclonal anti-RSV antibodies of the invention. The
polyclonal cell line produced as described above may
be grown in suitable media under suitable conditions
for expressing the polyclonal anti-RSV antibody
encoded by the variant nucleic acid sequences inserted
into the genome of the cells. The cell cultivation may
be performed in several steps. When using mammalian
cells, the selected cells are preferably adapted to
growth in suspension as well as serum free conditions.
Adaptation to growth in serum free medium may also
advantageously be done before mixing the cloned cell
lines for the polyclonal cell line. Adaptation can be
performed in one or two steps and with or without
selection pressure. Preferably, a selection system is
used which allows for selection throughout the
manufacturing period without compromising the purity
of the manufactured drug product. I n general, for
manufacture of recombinant anti-RSV antibody for
pharmaceutical use it is preferred not to use e.g.
antibiotics or other low molecular weight drugs to
provide selection pressure, as it will be needed to
validate that the final product does not contain any
traces of the antibiotic. When the polyclonal cell
line is adapted to the appropriate conditions scaling
up can be initiated. At this point a polyclonal
working cell stock (polyclonal working cell bank,
pWCB) and/or polyclonal master cell bank (pMCB) can be
frozen down. Preferably bioreactors of between 30 and
100 liters are used, but smaller (5-10 litres) or
larger (up to 1,000, 5,000, 10,000, 15,000 liters, or
even larger) bioreactors may be employed. The suitable
production time and choice of bioreactor size are
dependent on the desired yield of protein from the
batch and expression levels from the cell line. Times
may vary from a couple of days up to three months. The
expressed recombinant polyclonal anti-RSV antibody may
be recovered from the cells or the supernatant. The
recombinant anti-RSV antibody may be purified and
characterized according to procedures known by a
person skilled in the art. Examples ofpurification
procedures are listed below. Examples of
characterization procedures can be found in e.g. WO
2006/007853. Purification of a recombinant polyclonal
anti-RSV antibody from culture supernatant Isolation
of anti-RSV antibody from culture supernatants is
possible using various chromatographic techniques that
utilize differences in the physico-chemical properties
of proteins, e.g. differences in molecular weight, net
charge, hydrophobicity, or affinity towards a specific
ligand or protein. Proteins may thus be separated
according to molecular weight using gel filtration
chromatography or according to net charge using
ion-exchange (cation/anion) chromatography or
alternatively using chromatofocusing. Similarly,
proteins may be separated according to hydrophobicity
using hydrophobic interaction or charge induction
chromatography or affinity chromatography utilizing
differences in affinity towards a specific immobilized
ligand or protein. Purification of complex mixtures of
proteins such as an anti- RSV antibody, may thus be
achieved by sequential combination of various
chromatographic principles. Affinity chromatography
combined with subsequent purification steps such as
ion-exchange chromatography, hydrophobic interactions
and gel filtration has frequently been used for the
purification of IgG (polyclonal as well as monoclonal)
from e.g. cell culture supernatants. Affinity
purification, where the separation is based on a
reversible interaction between the protein(s) and a
specific ligand coupled to a chromatographic matrix,
is an easy and rapid method, which offers high
selectivity, usually high capacity and concentration
into a smaller volume. Protein A and protein G, two
bacterial cell surface proteins, have high affinity
for the Fc region, and have, in an immobilized form,
been used for many routine applications, including
purification of mono- and polyclonal IgG and its
subclasses from various species and absorption and
purification of immune complexes. Following affinity
chromatography, downstream chromatography steps, e.g.
ion-exchange and/or hydrophobic interaction
chromatography, can be performed to remove host cell
pro teins, leaked Protein A, and DNA. Gel filtration,
as a final purification step, can be used to remove
contaminant molecules such as dimers and other
aggregates, and transfer the sample into storage
buffer. Depending on the source and expression
conditions it may be necessary to include an
additional purification step to achieve the required
level of antibody purity. Hydrophobic interaction
chromatogra phy or ion-exchange chromatography are
thus frequently used, in combination with Protein A
and gelfiltration chromatography, to purify antibodies
for therapeutic use. I n order to ease the
purification, it is preferable that all members of the
polyclonal anti-RSV antibody share the same constant
region of the heavy and/or light chainI n order to
purify other classes of antibodies, alternative
affinity chromatography media have to be used since
proteins A and G do not bind IgA and IgM. An
immunoaffinity purification can be used (anti-IgA or
anti-IgM monoclonal antibodies coupled to solid phase)
or, alterna tively, multistep purification strategies
including ion-exchange and hydrophobic interaction can
be employed. 



When purifying one of the monoclonal antibodies
disclosed herein state of the art methods may be used.
Structural Characterization Structural
characterization of polyclonal anti-RSV antibody
requires high resolution due to the complexity of the
mixture (clonal diversity and glycosylation).
Traditional approaches such as gel filtration,
ion-exchange chromatography or electrophoresis may not
have sufficient resolution to differentiate among the
individual antibodies. Two-dimensional polyacrylamide
gel electrophoresis (2D-PAGE) has been used for
profiling of complex protein mixtures followed by mass
spectrometry (MS) or liquid chromatography (LC)-MS
(e.g., proteomics). 2D-PAGE, which combines separation
on the basis of a protein's charge and mass, has
proven useful for differentiating among polyclonal,
oligoclonal and monoclonal immunoglobulin in serum
samples. However, this method has some limitations.
Chromato graphic techniques, in particular capillary
and LC coupled to electrospray ionization MS are
increasingly being applied for the analysis of complex
peptide mixtures. LC-MS has been used for the
characterization of monoclonal antibodies. The
analysis of very complex samples requires more
resolving power of the chromatographic system, which
can be obtained by separation in two dimensions (or
more). Such an approach could be based on ion-exchange
in the first dimension and reversed-phase
chromatography (or hydrophobic interaction) in the
second dimension optionally coupled to MS. Functional
Characterization A mono- and polyclonal anti-RSV
antibody can for example be characterized functionally
through comparability studies with anti-RSV antibody
with specificity towards the same target or a similar
activity. Such studies can be performed in vitro as
well as in vivo. An in vitro functional
characterization of a polyclonal antibody could for
example be imimunoprecipitation which is a highly
specific technique for the analytical separation of
target ant i gens from crude cell lysates. By
combining immunoprecipitation with other techniques,
such as SDS-PAGE followed by protein staining
(Coomassie Blue, silver staining or biotin labeling)
and/or immunoblotting, it is possible to detect and
quantify antigens e.g., and thus evaluate some of the
functional properties of the antibodies. Although this
method does not give an estimate of the number of
antibody molecules nor their binding affinities, it
provides a v isu alization of the target proteins and
thus the specificity. This method can likewise be used
tomonitor potential differences of the antibodies
toward antigens (the integrity of the clonal
diversity) during the expression process. An in vivo
functional characterization of a mono- or polyclonal
antibody could for example be infection studies. An
experimental animal such as a mouse can for example be
infected with RSV, towards which a polyclonal anti-RSV
antibody has been developed. The degree to which the
infection can be inhibited will indicate functionality
of the polyclonal anti-RSV antibody. Therapeutic
compositions I n an embodiment of the invention, a
pharmaceutical composition comprising a recombinant
mono- and polyclonal anti-RSV antibody as it active
ingredient is intended for the treatment or prevention
of a disease in a mammal, preferably together with a
pharmaceutically acceptable excipient. The
pharmaceutical compositions of the present invention
are prepared in a manner known per se, for example, by
means of conventional dissolving, lyophilising,
mixing, granulating or confectioning processes. The
pharmaceutical compositions may be formulated
according to conventional pharmaceutical practice (see
for example, in Remington: The Science and Prac tice
of Pharmacy (20th ed.), ed. A.R. Gennaro, 2000,
Lippincott Williams & Wilkins, Philadel phia, PA and
Encyclopedia of Pharmaceutical Technology, eds. J.
Swarbrick and J. C. Boylan, 1988-1999, Marcel Dekker,
New York, NY). Solutions of the active ingredient, and
also suspensions, and especially isotonic aqueous
solutions or suspensions, are preferably used, it
being possible, for example in the case of lyophilized
compositions that comprise the active ingredient alone
or together with a carrier, for example mannitol, for
such solutions or suspensions to be produced prior to
use. The phar maceutical compositions may be
sterilized and/or may comprise excipients, for example
pre servatives, stabilisers, wetting and/or
emulsifying agents, solubilisers, salts for regulating
the osmotic pressure and/or buffers, and are prepared
in a manner known per se, for example by means of
conventional dissolving or lyophilising processes. The
said solutions or suspensions may comprise
viscosity-increasing substances, such as sodium
carboxymethylcellulose, carboxymethylcellulose,
dextran, poly vinylpyrrolidone or gelatin. The
injection compositions are prepared in customary
manner under sterile conditions; the same applies also
to introducing the compositions into ampoules or vials
and sealing the containers. The pharmaceutical
compositions may comprise from approximately 1% to
approximately 95%, preferably from approximately 20%
to approximately 90%, active ingredient.
Pharmaceutical compositions according to the invention
may be, for example, in unit dose form, such as in the
form of ampoules, vials, suppositories, drages,
tablets or capsules. Therapeutic uses of the
compositions according to the inventionThe
pharmaceutical compositions made by the methods of the
present invention according to 



the present invention may be used for the treatment,
amelioration or prevention of a RSV infection in a
mammal. One aspect of the present invention is a
method for disease treatment, amelioration or
prophylaxis in an animal, wherein an effective amount
of the recombinant polyclonal anti-RSV antibody or
antibody fragment is administered. EXAMPLES The
following examples illustrate the invention, but
should not be viewed as limiting the scope of the
invention. EXAMPLE 1 CLONING AND SEQUENCING OF HUMAN
ANTI-RSV ANTIBODIES I n the present Example the
isolation, screening, selection and banking of clones
containing cognate VH and VL pairs expressed as
full-length antibodies with anti-RSV specificity is
illustrated. Cloning and linking of cognate pairs was
carried out using Symplex(tm) cognate pairs cloning
technology (Mejier et al, 2006, J. MoI. Biol,
358:764-772; WO 2005/042774). The cloning,
characterization, and functional testing of human
anti-RSV antibodies is described in co-pending
PCT/DK2007/000113. Donors Briefly, a total of 89
donors were recruited among the employees and parents
of the children who were hospitalized at the
Department of Paediatrics at Hvidovre Hospital
(Denmark) during the RSV season. An initial blood
sample of 18 ml was drawn, CD19+ B cells were purified
and screened for the presence of anti-RSV antibodies
using ELISpot and the frequency of plasma cells was
determined by FACS analysis. Eleven donors were found
positive in the screening of the initial blood samples
and a second blood sample of 450 ml was collected from
ten of these. The plasma blasts were single-cell
sorted and ELISpot was performed on a fraction of the
CD19 positive B cells. Four donors with ELISpot
frequencies in the second blood donation between 0.2
and 0.6% RSV specific plasma cells (IgG + and IgA +)
of the total plasma cell population were identified.
These frequencies were considered high enough to
proceed to linkage of cognate VH and VL pairs.
Isolation of cognate VH and VL coding pairs The
nucleic acids encoding the antibody repertoires were
isolated from the single cell-sorted plasma cells from
the five donors, by multiplex overlap-extension
RT-PCR. The multiplex overlap-extension RT-PCR creates
a physical link between the heavy chain variable
regiongene fragment (VH) and the full-length light
chain (LC). The protocol was designed to amplify
antibody genes of all VH- gene families and the kappa
light chain, by using two primer sets, one for VH
amplification and one for the kappa LC amplification.
Following the reverse transcription and multiplex
overlap-extension PCR, the linked sequences were
subjected to a second PCR amplification with a nested
primer set. Each donor was processed individually, and
1480 to 2450 overlap products were generated by the
multiplex overlap-extension RT-PCR. The generated
collection of cognate linked VH and VL coding pairs
from each donor were pooled and inserted into a
mammalian IgG expression vector. The generated
repertoires were transformed into E. coli, and
consolidated into twenty 384-well master plates and
stored. The repertoires constituted between IxIO 6 and
3.6xlO 6 clones per donor. Characterization of the
antigen specificity of the individual antibodies The
antibodies identified during screening were validated
by assessing their binding specificity to single RSV
antigens (recombinant G protein, recombinant or
purified F protein) or peptide fragments thereof
(conserved region and cystein-core motif of protein G,
subtype A and B, and the extracellular domain of SH
protein, subtype A and B) by FLISA, ELISA and surface
plasmon resonance (SPR; Biacore). The epitope
specificities were determined in ELISA by competition
with well-characterized commercial antibodies, some of
which are shown in Table 2. Not necessarily all the
antibodies shown in Table 2 were used in the
characterization of each individual antibody of the
present invention. Briefly, the antibodies or antibody
fragments used for epitope blocking were incubated
with the immobilized antigen (RSV Long particles,
HyTest) in large excess, i.e. concentrations 100 times
the ones giving 75% maximum binding, as determined
empirically (Ditzel et al., J. MoI. Biol. 1997,
267:684- 695). Following washing, the individual
antibody clones were incubated with the blocked
antigen at various concentrations and any bound human
IgG was detected using a Goat-anti- Human HRP
conjugate (Serotec) according to standard ELISA
protocols. Epitope specificities were further
characterized by pair-wise competition between
different antibody clones in Biacore using saturating
concentrations (empirically determined) of both
blocking and probing antibodies. Purified F or G
protein immobilized by direct amine coupling (Biacore)
was used as antigen. I n both the ELISA- and
Biacore-based epitope mapping, the reduced binding
following epitope blocking was compared to the
uncompeted binding. Table 2 : Monoclonal antibodies
for epitope mapping of anti-F and anti-G
antibodiesPNEUMATIC ACTUATOR WITH A POSITION CONTROL
AND POSITION ADJUSTMENT TECHNICAL FIELD The present
invention relates to a pneumatic actuator, and more
particularly, to a 



pneumatic actuator with a position control and
position adjustment. BACKGROUND OF THE INVENTION An
actuator is a device that performs some mechanical
action. One actuator is a piston, wherein a plunger of
the piston moves in a reciprocating manner. The
plunger can therefore be connected to some manner of
work piece or other mechanical system. While some
actuators are used to move a work piece, other
actuators are employed to maintain a constant position
of a work piece. This can become difficult when the
force applied by or on the work piece is not constant.
Under variable forces, the actuator may tend to
oscillate between optimal positions. One attempt to
address this problem has been to provide a pneumatic
actuator. A pneumatic actuator provides pneumatic
pressure to one side of a plunger. The pressure
provided can be supplied such that the plunger either
remains in a fixed position or is moved in a desired
direction. The problem with an actuator employed to
maintain a desired position is that when the force on
the actuator changes, the pneumatic pressure supplied
to the actuator must also change in order to maintain
the desired position. For example, if the force
applied to the actuator increases, the pneumatic
pressure must also increase. Similarly, if the force
applied to the actuator decreases, the pneumatic
pressure must also decrease. A problem in the past has
been the ability to adjust the pneumatic pressure in
response to changes in the force applied on the
actuator. One method employed incorporates positioning
a shift valve on the work piece and having the shift
valve communicate pneumatically with the actuator. The
shift valve moves with the actuator and so if the
actuator moves, so does the shift valve. Once the
actuator moves a predetermined distance, the shift
valve either opens or closes to allow the pneumatic
pressure in the actuator to increase, decrease, or
remain constant. The problem with incorporating a
shift valve is that a shift valve typically has a
constant cross sectional area for air to flow and
therefore, only knows the positions "open" and
"closed."Therefore, the cross-sectional area of these
shift valves must not be chosen too big, because a
quick reaction on short strokes would cause resonance
oscillations. However, a quick reaction time is
typically desired. Therefore, the cross-sectional area
of the valve must be balanced against the risk of
resonance oscillations. Because of this compromise,
shift valves typically have the inherent problem of
overshooting the target position. This is because the
same amount of air is provided/released regardless of
how close the actuator is to its desired position.
Therefore, there is a need in the art to provide a
proportional actuator valve which adequately maintains
the position of an actuator and can adjust the
position of the actuator. SUMMARY OF THE INVENTION A
proportional actuator valve adapted for position
control and position adjustment is provided according
to an embodiment of the invention. The proportional
actuator valve comprises a valve housing having at
least two chambers. The proportional actuator valve
also comprises a valve slider, wherein the valve
slider is movable within the valve housing. One or
more grooves are formed in the proportional actuator
valve. The one or more grooves pneumatically
communicate with the at least two chambers of the
valve housing. One or more bores are formed in the
proportional actuator valve. The one or more bores
pneumatically communicate with the one or more
grooves. Movement of the valve slider relative to the
valve housing provides a pneumatic valve action. A
method for forming a proportional actuator valve is
provided according to an embodiment of the invention.
The method comprises providing a valve housing and
separating the valve housing into at least two
chambers using a plurality of sealing members. The
method further comprises positioning a valve slider
within the valve housing. The method further comprises
forming one or more bores in the proportional actuator
valve. The method further comprises forming one or
more grooves in the proportional actuator valve. The
one or more grooves communicate with the one or more
bores and with the at least two chambers. A method for
regulating pneumatic air to a pneumatic actuator is
provided according to an embodiment of the invention.
The method comprises coupling anelement to a pneumatic
actuator wherein a first force acts on the element and
the pneumatic actuator provides a second force on the
element opposite the first force. The method further
comprises providing a proportional actuator valve. The
proportional actuator valve controls the supply of air
to and from the pneumatic actuator. The proportional
actuator valve comprises one or more grooves. The
cross sectional area open for air flow is determined
by a change in the first force acting on the element.
ASPECTS In one aspect of the apparatus, the valve
housing comprises at least three chambers. In another
aspect of the apparatus, the chambers are separated
with a plurality of 



sealing members. In yet another aspect of the
apparatus, at least one of the chambers is charged
with an operating pressure. In yet another aspect of
the apparatus, at least one of the chambers is
exhausted outside of the proportional actuator valve.
In yet another aspect of the apparatus, a first end of
the valve slider is coupled to a base. In yet another
aspect of the apparatus, a portion of the valve
housing is coupled to a base. In yet another aspect of
the apparatus, the valve slider is adjustable with
respect to the valve housing. In yet another aspect of
the apparatus, the one or more grooves comprise a non
uniform cross sectional area. In yet another aspect of
the apparatus, the one or more grooves comprise a
substantially uniform cross sectional area. In yet
another aspect of the apparatus, the one or more
grooves are formed in the valve slider. In yet another
aspect of the apparatus, the one or more grooves
comprise a plurality of bores. In yet another aspect
of the apparatus, the one or more grooves are formed
in at least one of the chambers.In yet another aspect
of the apparatus, the valve slider further comprises a
plurality of sealing members. In yet another aspect of
the apparatus, the one or more grooves comprises a
cross sectional area that is shaped such that the
cross sectional area decreases with increasing
distance from the one or more bores. In yet another
aspect of the apparatus, the maximum cross sectional
area of the one or more grooves is at least as large
as a cross sectional area of the one or more bores. In
yet another aspect of the apparatus, the maximum cross
sectional area of the one or more grooves is smaller
than the cross sectional area of the one or more
bores. In yet another aspect of the apparatus, the one
or more bores are formed in the valve slider. In yet
another aspect of the apparatus, the one or more bores
are formed in the valve housing. In yet another aspect
of the apparatus, the proportional actuator valve is
coupled to an element, the element is also coupled to
an actuator. In yet another aspect of the apparatus,
the proportional actuator valve is coupled to the
element using a lever system. In yet another aspect of
the apparatus, the proportional actuator valve has a
stroke which is different from a stroke of the
actuator. In yet another aspect of the apparatus, the
proportional actuator valve has a stroke which has a
different direction from a stroke of the actuator. In
yet another aspect of the apparatus, the proportional
actuator valve has a stroke which is substantially the
same as the stroke of the actuator. In one aspect of
the method, the method further comprises separating
the valve housing into at least three chambers using a
plurality of sealing members. In another aspect of the
method, the method further comprises coupling the
valve slider with a base. In yet another aspect of the
method, the method further comprises coupling the
valve housing with a base. In yet another aspect of
the method, the valve slider is adjustable with
respect to the valve housing.In yet another aspect of
the method, the one or more bores are formed in the
valve slider. In yet another aspect of the method, the
one or more bores are formed in the valve housing. In
yet another aspect of the method, the method further
comprises forming the one or more grooves having a
non-uniform cross sectional area. In yet another
aspect of the method, the method further comprises
forming the one or more grooves having a substantially
uniform cross sectional area. In yet another aspect of
the method, the method further comprises forming the
one or more grooves in the valve slider. In yet
another aspect of the method, the method further
comprises forming the one or more grooves in the valve
housing. In yet another aspect of the method, the
method further comprises forming the one or more
grooves as a plurality of bores. In yet another aspect
of the method, the one or more grooves comprise a
shape 



such that the cross sectional area decreases with
increasing distance from the one or more bores. In yet
another aspect of the method, the method further
provides at least one of the at least three chambers
with an operating pressure. In yet another aspect of
the method, the method further provides at least one
of the at least three chambers with communication to
an exhaust. In yet another aspect of the method, the
proportional actuator valve further comprises a valve
housing, wherein the valve housing is coupled to the
element. In yet another aspect of the method, the
method further comprises using a lever system to
couple the proportional actuator valve to the element.
In yet another aspect of the method, the proportional
actuator valve comprises a stroke different than a
stroke of the element. In yet another aspect of the
method, the proportional actuator valve comprises a
stroke with a different direction than a stroke of the
element. In yet another aspect of the method, the
method further comprises forming the one or more
grooves in a valve slider of the proportional actuator
valve.In yet another aspect of the method, the method
further comprises forming the one or more grooves with
a variable cross sectional area. In yet another aspect
of the method, the method further comprises forming
one or more bores in the valve slider to communicate
with the actuator and forming the one or more grooves
with a shape such that the cross sectional area of the
one or more grooves decreases with increasing distance
from the one or more bores. In yet another aspect of
the method, the method further comprise positioning
the one or more grooves such that the rate at which
air is supplied to the actuator by the proportional
actuator valve increases as the stroke of the
proportional actuator valve increases. In yet another
aspect of the method, the proportional actuator valve
reduces oscillations of the pneumatic actuator. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 shows an actuator
with a proportional actuator valve according to an
embodiment of the invention. FIG. 2 shows an actuator
with a proportional actuator valve in a position prior
to the valve actuator providing pneumatic fluid to the
actuator. FIG. 3 shows a cross sectional view of the
proportional actuator valve according to an embodiment
of the invention. FIG. 4 shows a cross sectional view
of the middle chamber of the proportional actuator
valve according to an embodiment of the invention.
FIG. 5a shows a valve slider with a groove and bore
formed therein. FIG. 5b shows the valve slider with
the one or more grooves comprising a plurality of
bores formed therein. FIG. 6 shows the actuator and
the proportional actuator valve coupled using a lever
system. FIG. 7 shows the proportional actuator valve
according to another embodiment of the
invention.DETAILED DESCRIPTION OF THE INVENTION FIGS.
1 - 7 and the following description depict specific
examples to teach those skilled in the art how to make
and use the best mode of the invention. For the
purpose of teaching inventive principles, some
conventional aspects have been simplified or omitted.
Those skilled in the art will appreciate variations
from these examples that fall within the scope of the
invention. Those skilled in the art will appreciate
that the features described below can be combined in
various ways to form multiple variations of the
invention. As a result, the invention is not limited
to the specific examples described below, but only by
the claims and their equivalents. FIG. 1 schematically
shows a pneumatic actuator 100. The pneumatic actuator
100 includes a housing 101, a rod 102, and a plunger
103. While the pneumatic actuator 100 is shown as a
single acting cylinder, it should be understood that
the actuator could also be a double acting cylinder.
In the embodiment shown, the housing 101 is positioned
on a base 107 and the rod 102 is coupled at a first
end to the plunger 103 and to an element 104 at a
second end. However, it should be understood that in
alternative embodiments, the housing 101 could be
coupled to the element 104 and the end of the rod 102
could be coupled to the base 107. The rod 102
transfers mechanical force from the actuator 100 to
the element 104. While the actuator 100 is shown with
the rod 102, the actuator 100 in some embodiments can
comprise a carriage that moves relative to an external
surface of the actuator housing 101, i.e., the
pneumatic actuator 100 comprises a rodless-type
cylinder or an air bellow, for example. The element
104 may have one or more forces acting upon it. As
shown in Figure 1, a first force 105 is provided by
some work load, for example. Also acting on 



element 104 is a second force 106 provided by the
actuator 100. In order to maintain the element 104 in
a substantially constant position, the second force
106 must be held substantially equal to the first
force 105. According to another embodiment of the
invention, the second force 106 is either greater than
or less than the first force 105, and therefore, the
element 104 moves in the direction of the greater
force. In some embodiments, it may be advantageous to
control the position of the element 104. Provided
coupled to element 104 is a proportional actuator
valve 110, which pneumatically communicates with the
actuator 100 using connection lines 114,for example.
The proportional actuator valve 110 may be coupled to
the element 104 by known means. According to one
embodiment, the proportional actuator valve 110
comprises a 3/3-way valve. However, it should be
understood that the proportional actuator valve 110
should not be limited to this type of valve and other
known valves, such as a 5/3-way valve may be used,
such as when the pneumatic actuator 100 comprises a
double acting cylinder, for example. The present
invention may employ other known valves, and the
precise valve used should not be limited by the
examples provided above. The proportional actuator
valve 110 comprises a housing 112 and a valve slider
113. On at least one end, the valve slider 113 is
coupled to a base 111. In alternative embodiments, the
valve slider 113 could be coupled to the element 104
rather than the housing 112 being coupled to the
element 104 as shown in the figures. In this
alternative embodiment, a portion of the housing 112
could be coupled to the base 111. In either
embodiment, the base 111 may be provided as a movable
base, wherein the base 111 is adjusted to obtain the
desired actuator position. Movement of the base 111
causes the valve slider 113 to adjust relative to the
valve housing 112. The adjustment of the desired
actuator position is described in further detail
below. FIG. 2 shows the actuator 100 where the first
force 105 is greater than the second force 106. In
this embodiment, the element 104 has moved down from
its desired position. As shown, the plunger 103 has
moved closer to the base 107 than as shown in FIG. 1.
Along with the element 104 moving, the proportional
actuator valve 110 has also moved with respect to the
valve slider 113. In response to this movement, the
proportional actuator valve 110 supplies pneumatic
pressure to the bottom of the actuator 100. As
pressure is supplied to the actuator 100, the second
force 106 provided by the actuator 100 increases, thus
pushing the plunger 103 and rod 102 in the upwards
direction as shown in FIGS. 1 & 2. The proportional
actuator valve 110 will continue to supply pneumatic
pressure to the actuator 100 until the element 104 and
actuator valve housing 112 return to their original
desired positions. If instead, the first force 105
decreases, the element 104 and actuator valve housing
112 would move in the upwards direction (not shown).
In this case, the proportional actuator valve 110
would respond by releasing pneumatic pressure from
theactuator 100 to the environment. The release of
pneumatic pressure results in the element 104 and
actuator valve housing 112 returning to their original
desired positions. The desired position of the element
104 and actuator valve housing 112 can be adjusted by
the operator, for example. As discussed in greater
detail below, the position of the valve housing 112
relative to the valve slider 113 determines whether
pneumatic pressure is supplied to or released from the
actuator 100. Thus, by adjusting the base 111, which
is coupled to the valve slider 113, the desired
position of the element 104 can be adjusted. This is
possible because the proportional actuator valve 110
will supply or release pneumatic pressure until the
valve slider 113 returns to the "middle" position of
the proportional actuator valve 110. Therefore, even
if the first force 105 does not change, the position
of the element 104 can be changed by adjusting the
position of the base 111. For example, if it is
desired to raise the element 104, the base 11 1 can be
raised. In response to the base 111 and therefore, the
valve slider 113 raising, the proportional actuator
valve 110 will supply pneumatic pressure to the
actuator 100. Because the first force 105 has not
changed, the second force 106 will be greater than the
first force 105. The proportional actuator valve 110
will supply pneumatic pressure until the element 104
is raised to its new desired position. If it is
desired to lower the element 104, the same steps may
be taken; however, the base 111 will be lowered rather
than raised. In this case, the proportional actuator
valve 110 will release pneumatic pressure until the
element 104 lowers to the new desired position. FIG. 3
shows a cross sectional view of the proportional
actuator valve 110 according to an embodiment of the
invention. The proportional actuator valve 110
includes a housing 112, a movable slider 113, sealing
members 322a-d, sealing points 323a-d, and chambers
324, 325, and 326. While four sealing members are
shown, it should be understood that more or less
sealing members may be used. Similarly, while three
chambers are shown in FIG. 3, it should be understood
that the proportional actuator valve 110 could include
any number of chambers and reference is made to three
chambers for the purposes of clarity and 



consistency. According to one embodiment, at least one
of the chambers communicates pneumatically with the
operating pressure. In some embodiments, the first
chamber 324 communicates pneumatically with the
operating pressure, which can be provided by
apressurized air supply (not shown). The discussion
below refers solely to the first chamber 324 being in
communication with the operating pressure for the
purpose of clarity. However, it should be understood
that other chambers may be in communication with the
operating pressure in addition to or as an alternative
to the first chamber 324. According to an embodiment
of the invention, at least one of the chambers
communicates pneumatically with an exhaust (not
shown). According to an embodiment, the third chamber
326 communicates pneumatically with the exhaust. The
discussion below refers solely to the third chamber
326 being in communication with the exhaust for the
purpose of clarity. However, it should be understood
that other chambers may be in communication with the
exhaust in addition to or as an alternative to the
third chamber 326. In some embodiments, where the
third chamber 326 is in communication with the
exhaust, the sealing member 322d may be omitted and
the third chamber 326 may comprise the exhaust. When
the sealing member 322d is provided, the third chamber
may include a separate port (not shown) which exhausts
to the environment. It should be understood that in
some embodiments, the third chamber 326 may be
omitted. In this embodiment, instead of a third
chamber 326, the proportional actuator valve 110 may
comprise less than three chambers and an exhaust.
Therefore, while the discussion below refers to three
chambers, the invention should not be limited to this
embodiment. According to an embodiment of the
invention, at least one of the chambers is closed off
to both the operating pressure and the exhaust. In one
embodiment, this chamber comprises the second chamber
325. While the discussion below refers solely to the
second chamber 325 being closed off to the operating
pressure and exhaust, it should be understood that
other chambers may be closed off either in addition to
or as an alternative to the second chamber 325. When
the proportional actuator valve 110 is provided, the
actuator 100 can communicate with the exhaust and the
pressurized air supply by going through the
proportional actuator valve 110. FIG. 4 shows the
second chamber 325 of the proportional actuator valve
110 in greater detail. As can be seen, the valve
slider 113 can include one or more bores 327 and 328.
While the figures only show a bore 327 and a bore 328,
it should be understood that additional bores may be
provided. The bores are provided tocommunicate between
the actuator 100 and the chambers 324, 325, 326. In
some embodiments, the supply line 114 can be provided
to communicate with the bore 328 and with the actuator
100. The supply line 114 can be coupled to the end of
the valve slider 113 as shown in FIG. 3, or
alternatively, can be coupled to the actuator housing
112. While the bores 327 and 328 are shown, it should
be understood that the bores could be omitted, in
which case, the exit of the second chamber 325 would
lead through the proportional actuator valve housing
112. In this case, the supply line 114 would be
coupled to the proportional actuator valve housing
112. Also in communication with the bores 327, 328 can
be provided one or more grooves 329. While two grooves
329 are shown, this is only for clarity and it should
be understood that any number of grooves could be
utilized and the claims should not be limited to two
grooves 329. Furthermore, while the groove 329 is
shown in the middle of the valve slider 113, it should
be understood that grooves could be supplied in
alternative or additional locations along the valve
slider 113. For example, in some embodiments, one or
more grooves could be provided in the valve slider 113
and positioned such that when the valve slider 113 is
in the middle position, there is a groove located in
chamber 324 and a groove located in chamber 326. In
this embodiment, the bore 327 can be omitted and the
supply line 114 can be coupled directly to the housing
112. Alternatively, one or more grooves could be
formed in the housing 112 and the sealing members
322a-d could be located on the valve slider 113 (see
FIG. 7). The groove 329 allows the chambers to
communicate with the bores 327, 328. Thus, the
combination of grooves and bores allow the chambers of
the proportional actuator valve 110 to communicate
with the actuator 100. According to an embodiment of
the invention, a groove 329 of the one or more grooves
329 has a non-uniform cross sectional area (see for
example, FIG. 5a). FIG. 5a shows the groove 329 having
a non-uniform cross sectional area according to an
embodiment of the invention. However, it should be
understood, that the grooves 329 could comprise any
cross sectional shape and should not be limited to a
non-uniform cross sectional area. In some embodiments,
the one or more grooves 329 have a substantially
uniform cross sectional area. As shown in FIG. 5a, the
cross sectional area 531 near the bore 327 is larger
than the cross sectional area 530 farther away from
the bore 327. FIG. 5a shows the crosssectional shape
of the groove 329 changing in more than one dimension.
For example, as the distance from the bore 327
increases, the groove 329 becomes both narrower and 



shallower. In alternative embodiments, the groove 329
may be shaped such that the groove 329 only becomes
either narrower or shallower. Therefore, the precise
shape of the groove 329 should not be limited to that
depicted in FIG. 5a. By forming the groove 329 with
such a cross sectional area, the actuating valve 110
provides for proportional distribution of pneumatic
pressure. FIG. 5b shows the one or more grooves 329
according to another embodiment of the invention. In
this embodiment, the one or more grooves 329 comprise
a plurality of bores. The plurality of grooves 329 are
shown as being discontinuous, i.e., the grooves 329
are separate. It should be understood however, that
some or all of the grooves 329 could form a continuous
groove. As shown in FIG. 5b, the plurality of grooves
329 lead directly to the bore 328. In this embodiment,
the one or more bores 327 can be omitted because the
plurality of grooves 329 comprises a plurality of
bores. In previous embodiments, the one or more bores
327 functioned to restrict the flow of pneumatic
pressure. However, in the embodiment shown in FIG. 5b,
the plurality of grooves 329 can act to restrict the
flow of pneumatic pressure. The plurality of grooves
329 are shown as being substantially uniform in cross
sectional area as well as substantially uniformly
spaced along the valve slider 113. However, it should
be understood that the plurality of grooves 329 can be
formed with different diameters in order to achieve
desired pneumatic pressure flow. Additionally, the
plurality of grooves 329 can be spaced along the valve
slider 113 at different distances in order to control
how many grooves 329 are open to a chamber at a given
displacement. As shown in the Figures, as the distance
from the bore 327 increases, the cross sectional area
of the groove 329 decreases. While the cross sectional
area 531 of the groove 329 near the bore 327 is shown
as being at least as large as the cross sectional area
532 of the bore 327, it should be understood that the
cross sectional area 531 of the groove 329 could be
smaller than the cross sectional area 532 of the bore
327. By providing the groove 329 with a larger cross
sectional area than the cross sectional area 532 of
the bore 327, the bore 327 determines the maximum flow
of the proportional actuator valve 110. However, the
bore 327 could have a larger cross sectional area,
inwhich case, the groove 329 would determine the
maximum flow of the proportional actuator valve 110.
Referring back to FIGS. 3 & 4, the proportional
actuator valve 110 is operable as follows. When the
element 104 is in its optimal position, the valve
slider 113 is positioned in the middle of the
proportional actuator valve 110 as shown in FIGS. 3 &
4. The optimal position may be adjusted by adjusting
the position of the base 111 (See FIGS. 1 & 2).
However, as the first force 105 fluctuates, the
element 104 may move either up or down. As a result of
the proportional actuator valve 110 being coupled to
the element 104, the proportional actuator valve 110,
and specifically, the proportional actuator valve
housing 112, also moves relative to the valve slider
113. If the first force 105 increases and the second
force 106 is held constant, for example, the first
force 105 is no longer substantially equal to the
second force 106 provided by the actuator 100 and the
element 104 moves downward. Because the proportional
actuator valve housing 112 is coupled to the element
104, it also moves down (or to the right as shown in
FIGS. 3 & 4). Because the valve slider 113 is attached
to the base 111, the valve slider 113 does not move.
Similarly, if the first force 105 decreases and the
second force 106 is held constant, the element 104,
and thus, the proportional actuator valve housing 112
moves up (or to the left as shown in FIGS. 3 & 4). As
can be seen in FIGS. 3 & 4, the length 331 of the
groove 329 is less than the distance between the
sealing members 322b&c. As a result, small movements,
i.e., those movements less than the distance 332 of
the sealing points 323b&c do not result in pneumatic
pressure flowing into or out of the actuator 100. This
is because the second chamber 325 is closed off from
both the pressurized air supply and the exhaust.
Therefore, when the valve slider 113 is in the middle
position, the pneumatic pressure in the actuator 100
remains constant. However, if the proportional
actuator valve housing 112 moves a distance that is
greater than the distance 332, then a portion of the
cross sectional area 530 of the groove 329 moves
through the sealing point 323b or 323c and opens a
defined cross sectional area. Further movement results
in a greater cross sectional area of the groove 329
being opened.According to an embodiment of the
invention, the proportional actuator valve 110 is
provided to maintain the position of the element 104.
According to this embodiment, the first chamber 324 is
charged with the operating pressure and the third
chamber 326 communicates with the exhaust (not shown)
to the outside. If the first force 105 acting on the
element 104 increases, the proportional actuator valve
housing 112 will move to the right as shown in FIGS. 3
& 4. As this occurs, the groove 329 moves through the
sealing point 323b and a defined cross sectional area
of the groove 



329 is opened to the first chamber 324. Because the
first chamber 324 is charged with the operating
pressure, pneumatic pressure enters the groove 329 and
flows into the bore 327 and then to the bore 328. The
bore 328 can be coupled to the actuator 100. Thus a
given amount of pneumatic pressure is supplied to the
actuator 100. As the housing 112 moves further to the
right, a greater cross sectional area is open to the
chamber 324. This results in a greater amount of
pressure entering the groove 329. As the actuator 100
is supplied with pneumatic pressure, the second force
106 increases and the element 104 along with the
actuator housing 112 begins to return to their
original positions. As this return occurs, the
actuator housing 112 moves back to the left (as shown
in FIGS. 3 & 4) and a smaller cross sectional area of
the groove 329 is open to the first chamber 324.
Because the open cross sectional area decreases, the
amount of pressure supplied to the actuator 100 also
decreases until there is no portion of the groove 329
open to the first chamber 324. As the open cross
sectional area decreases, the speed of return also
decreases. The proportional actuator valve 110 avoids
overshooting and entering into resonance oscillations
because the amount of air supplied to the actuator 100
is proportional to the position of the actuator
housing 112 relative to the valve slider 113. Because
the cross sectional area of the groove 329 decreases
in area as the distance away from the bore 327
increases, when the end of the groove 329 is opened to
the first chamber 324, only a small amount of air will
enter the groove 329 and thus only a small amount of
pressure is supplied to the actuator 100. Thus, the
amount of pressure supplied to the actuator 100 is
proportional to the position of the valve slider 113
relative to the proportional actuator valve housing
112. If instead, the first force 105 decreases, the
element 104 and thus, the proportional actuator valve
housing 112 will move to the left as shown in FIGS. 3
& 4.If the proportional actuator valve housing 112
moves a distance greater than distance 332, the groove
329 will pass through the sealing point 323c and a
defined cross sectional area of the groove 329 will
open into the third chamber 326 or directly to the
exhaust in embodiments where the third chamber 326 is
omitted. Because the third chamber 326 is open to the
exhaust, air flows through the bores 327 and 328 and
exhausts into the environment. As the proportional
actuator valve housing 112 moves farther to the left,
a greater cross sectional area of the groove 329 is
opened to the third chamber 326, resulting in a
greater amount of air and pneumatic pressure to
exhaust into the environment. As a result of the loss
of the pneumatic pressure, the element 104 and
proportional actuator valve housing 112 drops (moves
to the right) back to the original position. As the
valve slider 113 moves back into the middle chamber
325, the groove 329 is no longer open to the chamber
326 and thus, pneumatic pressure is no longer
exhausted to the environment. The stroke of the
proportional actuator valve housing 112 relative to
the valve slider 113 ends before the groove 329 can
reach the exterior sealing points 323a and 323d of the
outer sealing members 322a and 322d. This prevents
undesired pneumatic pressure exhaust. This also
prevents dirt and debris from entering the bore 327,
which could cause damage to the proportional actuator
valve 110 or the actuator 100. The cross sectional
shape of the one or more grooves 329 allows the
amount/rate of the pneumatic pressure entering or
exiting from the bore 327 to decrease as the cross
sectional area open to the first or third chamber
decreases. In this manner, the oscillation that
typically occurs from overshooting is reduced or
eliminated. Additionally, the proportional actuator
valve 110 allows for a faster response than may be
realized in shift valves for example. This is because
in a shift valve, the size of the groove must be
compromised against the risk of oscillations.
Therefore, the groove/bore of a shift valve may be
sized smaller than actually desired in order to avoid
oscillations. However, providing a smaller groove/bore
results in a slower response time because the rate at
which pneumatic pressure can be supplied to the
actuator is reduced. The proportional actuator valve
110 allows for a fast response time while at the same
time reducing the risk of oscillations. FIG. 6 shows
the proportional actuator valve 110 according to
another embodiment of the invention. In this
embodiment, the proportional actuator valvehousing 112
is coupled to the element 104 using a lever system
660. The use of the lever system 660 provides a number
of advantages. In some embodiments, it may be
desirable to have the movement of the element 104 be
in a direction different than the movement of the
proportional actuator valve 110. Additionally, the
lever system 660 allows the movement of the element
104 to be in a direction different from the movement
of the valve slider 113. In the embodiment shown in
FIG. 6, as the element 104 rises, in response to a
decrease in the first force 105, for example, the
proportional actuator valve housing 112 lowers.
Another advantage in providing the lever system 660 is
that the proportional actuator valve 110 may be
located remote from the element 104. This may be
desired for a number of reasons including
accessibility, space constraints, etc. 



The lever system may also be adjusted to change the
stroke of the proportional actuator valve 110 relative
to the element 104. Because the element 104 has the
same stroke as the actuator 100, the lever system may
be adjusted to change the stroke of the proportional
actuator valve 110 relative to the actuator 100. For
example, when the proportional actuator valve 110 is
coupled directly to the element 104, any movement in
the element 104 results in an equivalent movement in
the proportional actuator valve housing 112. However,
it may be desired to provide for the strokes to be
different. By adjusting the lever system 660, a
relatively small movement in the element 104 can
result in a greater movement in the proportional
actuator valve housing 112. This allows for a faster
response time with greater sensitivity. FIG. 7 shows
the proportional actuator valve 110 according to
another embodiment of the invention. The proportional
actuator valve 110 shown in FIG. 7 is similar to that
shown in the previous figures. The difference is in
the location of the grooves 329. The one or more
grooves 329 are shown as being formed in the housing
112 rather than in the valve slider 113. With the
grooves 329 being formed in the housing 112, the one
or more sealing members 322 are coupled to and move
with the valve slider 113 rather than being stationary
in the housing 112. Additionally, the one or more
sealing members 322 are shown as sealing members 322
with sealing points 323 on both sides. While this
particular embodiment of the sealing members 322 are
only shown in FIG. 7, it should be understood that
they could be implemented in any of the embodiments
mentioned.In the embodiment shown in FIG. 7, as the
valve housing 112 moves relative to the valve slider
113, the grooves 329 pass the sealing members 322 and
a defined cross sectional area is open to the second
chamber 325. As the displacement increases, a greater
cross sectional area is open to the second chamber
325. This allows for a greater amount of air to either
enter or exit the bore 328. In the embodiment shown,
the bore 327 is omitted. The bore 327 is not necessary
in the embodiment shown because the sealing members
322 move with the valve slider 113 and so once a
defined cross sectional area of the one or more
grooves 329 are open to the second chamber 325, air
can reach the bore 328 without the need for bore 327.
However, the bore 327 may be provided in the valve
housing 112 in order to restrict the flow of the
proportional actuator valve 110. Additionally, the
bore 328 is formed in the valve housing 112, rather
than in the valve slider 113. However, it should be
understood that the valve slider 113 could include
both the bores 327, 328, in which case, the
proportional actuator valve 110 would communicate with
the actuator 100 as described above. As shown in FIG.
7, the proportional actuator valve 110 communicates
with the actuator 100 through the bore 328, formed in
the valve housing 112 and with the supply line 114.
The combination of the actuator 100 and the
proportional actuator valve 110 provide for a
mechanic-pneumatic closed control loop. The closed
control loop provides for both position control and
position adjustment of the actuator 100 and the
element 104. The combination provides for a direct
determination of the position of the actuator 100
without the need for external measurements. The
combination additionally provides for an automatic
response and adjustment without the need for manual
repositioning upon a change in the applied force on
the actuator 100. The combination additionally
provides for a reduction of the risk of resonance
created by adjustments due to force fluctuations. The
detailed descriptions of the above embodiments are not
exhaustive descriptions of all embodiments
contemplated by the inventors to be within the scope
of the invention. Indeed, persons skilled in the art
will recognize that certain elements of the
above-described embodiments may variously be combined
or eliminated to create further embodiments, and such
further embodiments fall within the scope and
teachings of the invention. It will also be apparent
to those of ordinary skill in the art that
theabove-described embodiments may be combined in
whole or in part to create additional embodiments
within the scope and teachings of the invention. Thus,
although specific embodiments of, and examples for,
the invention are described herein for illustrative
purposes, various equivalent modifications are
possible within the scope of the invention, as those
skilled in the relevant art will recognize. The
teachings provided herein can be applied to other
actuators and actuator valves, and not just to the
embodiments described above and shown in the
accompanying figures. Accordingly, the scope of the
invention should be determined from the following
claims.CLAIMS We claim: 1. A proportional actuator
valve ( 110) adapted for position control and position
adjustment, said proportional actuator valve ( 110)
comprising: a valve housing ( 112) having at least two
chambers (324, 325); a valve slider ( 113), said valve
slider ( 113) being movable within said valve housing
( 112); 



one or more grooves (329) formed in said proportional
actuator valve, wherein said one or more grooves (329)
pneumatically communicate with said at least two
chambers (324, 325) of said valve housing ( 112); and
one or more bores (327, 328) formed in said
proportional actuator valve, wherein said one or more
bores (327, 328) pneumatically communicate with said
one or more grooves (329); and wherein movement of
said valve slider ( 1 13) relative to said valve
housing ( 112) provides a pneumatic valve action. 2.
The apparatus of claim 1, wherein said valve housing (
112) comprises at least three chambers (324, 325,
326). 3. The apparatus of claim 1 or claim 2, wherein
said chambers (324, 325, 326) are separated with a
plurality of sealing members (322). 4. The apparatus
of claim 1 or claim 2, wherein at least one of said
chambers (324, 325, 326) is charged with an operating
pressure. 5. The apparatus of claim 1 or claim 2,
wherein at least one of said chambers (324, 325, 326)
is exhausted outside of the proportional actuator
valve ( 110). 6. The apparatus of claim 1, wherein a
first end of said valve slider ( 113) is coupled to a
base ( 111).7. The apparatus of claim 1, wherein a
portion of the valve housing ( 112) is coupled to a
base ( 111). 8. The apparatus of claim 6 or claim 7,
wherein said valve slider ( 113) is adjustable with
respect to said valve housing ( 112). 9. The apparatus
of claim 1, wherein said one or more grooves (329)
comprise a non-uniform cross sectional area. 10. The
apparatus of claim 1, wherein said one or more grooves
(329) comprise a substantially uniform cross sectional
area. 11. The apparatus of claim 1, wherein said one
or more grooves (329) are formed in said valve slider
( 113). 12. The apparatus of claim 1, wherein said one
or more grooves (329) comprise a plurality of bores
(329). 13. The apparatus of claim 1 or claim 2,
wherein said one or more grooves (329) are formed in
at least one of said chambers (324, 325, 326). 14. The
apparatus of claim 13, wherein said valve slider (
113) further comprises a plurality of sealing members
(322). 15. The apparatus of claim 1, wherein said one
or more grooves (329) comprises a cross-sectional area
that is shaped such that the cross-sectional area
decreases with increasing distance from said one or
more bores (327, 328). 16. The apparatus of claim 1 or
claim 15, wherein the maximum cross sectional area of
said one or more grooves (329) is at least as large as
a cross-sectional area of said one or more bores (327,
328).17. The apparatus of claim 1 or claim 15, wherein
the maximum cross sectional area of said one or more
grooves (329) is smaller than the cross sectional area
of said one or more bores (327, 328). 18. The
apparatus of claim 1, wherein said one or more bores
(327, 328) are formed in said valve slider ( 113). 19.
The apparatus of claim 1, wherein said one or more
bores (327, 328) are formed in said valve housing (
112). 20. The apparatus of claim 1, wherein said
proportional actuator valve ( 110) is coupled to an
element (104), said element (104) is also coupled to
an actuator (100). 21. The apparatus of claim 20,
wherein said proportional actuator valve ( 110) is
coupled to said element (104) using a lever system
(660). 22. The apparatus of claim 21, wherein said
proportional actuator valve ( 110) has a stroke which
is different from a stroke of the actuator (100). 23.
The apparatus of claim 2 1, wherein said proportional
actuator valve ( 110) has a stroke with a different
direction from the stroke of the actuator (100). 24.
The apparatus of claim 21, wherein said proportional
actuator valve ( 110) has a stroke which is
substantially the same as the stroke of the actuator (
110). 25. A method for forming a proportional actuator
valve, said method comprising: providing a valve
housing; separating said valve housing into at least
two chambers using a plurality of sealing members;
positioning a valve slider within said valve housing;
forming one or more bores in said proportional
actuator valve; andforming one or more grooves in the
proportional actuator valve, wherein said one or more
grooves communicate with said one or more bores and
with said at least two chambers. 26. The method of
claim 25, further comprising separating said valve
housing into at least three chambers using a plurality
of sealing members. 27. The method of claim 25,
further comprising coupling said valve slider with a 



base. 28. The method of claim 25, further comprising
coupling a portion of said valve housing with a base.
29. The method of claim 27 or claim 28, wherein said
valve slider is adjustable with respect to said valve
housing. 30. The method of claim 25, wherein said one
or more bores are formed in said valve slider. 31. The
method of claim 25, wherein said one or more bores are
formed in said valve housing. 32. The method of claim
25, further comprising forming said one or more
grooves having a non-uniform cross sectional area. 33.
The method of claim 25, further comprising forming
said one or more grooves having a substantially
uniform cross sectional area. 34. The method of claim
25, further comprising forming said one or more
grooves in said valve slider.35. The method of claim
25, further comprising forming said one or more
grooves in said valve housing. 36. The method of claim
25, further comprising forming said one or more
grooves as a plurality of bores. 37. The method of
claim 25, wherein said one or more grooves comprise a
shape such that the cross sectional area decreases
with increasing distance from said one or more bores.
38. The method of claim 25 or claim 26, further
providing at least one of said chambers with an
operating pressure. 39. The method of claim 25 or
claim 26, further providing at least one of said
chambers with communication to an exhaust. 40. A
method for regulating pneumatic air to a pneumatic
actuator, said method comprising: coupling an element
to a pneumatic actuator, wherein a first force acts on
said element and said pneumatic actuator provides a
second force on said element opposite the first force;
providing a proportional actuator valve, wherein said
proportional actuator valve controls the supply of air
to and from said pneumatic actuator; and wherein the
proportional actuator valve comprises one or more
grooves, wherein the cross sectional area open for air
flow is determined by a change in the first force
acting on said element. 4 1. The method of claim 40,
wherein said proportional actuator valve further
comprises a valve housing, wherein said valve housing
is coupled to said element. 42. The method of claim
40, further comprising using a lever system to couple
said proportional actuator valve to said element.43.
The method of claim 42, wherein said proportional
actuator valve comprises a stroke different than a
stroke of said element. 44. The method of claim 42,
wherein said proportional actuator valve comprises a
stroke having a direction different than the stroke of
said element. 45. The method of claim 40, further
comprising forming said one or more grooves in a valve
slider of the proportional actuator valve. 46. The
method of claim 40, further comprising forming said
one or more grooves with a variable cross sectional
area. 47. The method of claim 40, further comprising
forming said one or more grooves as a plurality of
bores. 48. The method of claim 40, further comprising
forming one or more bores in said valve slider to
communicate with said actuator and forming said one or
more grooves with a shape such that the cross
sectional area of said one or more grooves decreases
with increasing distance from said one or more bores.
49. The method of claim 40, further comprising
positioning said one or more grooves such that the
rate at which air is supplied to the actuator by said
proportional actuator valve increases as the stroke of
said proportional actuator valve increases. 50. The
method of claim 40, wherein said proportional actuator
valve reduces oscillations of the pneumatic actuator. 


