
METHODS, SURFACE MODIFIED PLATES AND COMPOSITIONS FOR
CELL ATTACHMENT, CULTIVATION AND DETACHMENT FIELD OF
THE INVENTION [0001] This application claims priority
to provisional application serial number 61/030,544,
filed February 2 1st 2008. [0002] The present
invention relates to the field of mammalian cell
culture, and provides methods and compositions for
cell attachment to, cultivation on, and detachment
from a solid substrate surface containing from at
least about 0.5% N, a sum of O and N of greater than
or equal to 17.2% and a contact angle of at least
about 13.9 degrees, lacking a feeder cell layer and
lacking an adlayer. In one embodiment of the present
invention, the cells are treated with a compound
capable of inhibiting Rho kinase activity. In another
embodiment, the cells are treated with a compound
capable of inhibiting Rho activity. BACKGROUND [0003]
Cultivation of mammalian cells is one of many
processes in the life and health sciences. Vessels for
mammalian cell culture and analysis involving
anchoragedependent cells are often made of glass or a
polymer, such as, for example, polystyrene, that
frequently requires additional surface treatment to
allow the cells to attach to the surface of the
vessel. Such treatments may include applying an
adlayer on the surface, for example, by adsorption,
grafting or plasma polymerization techniques.
Alternatively, the surface treatment may be via
chemical modification of the vessel surface itself,
which can be achieved by, for example, atmospheric
corona, radio frequency vacuum plasma, DC glow
discharge, and microwave plasma treatments. These
surface treatments change the composition of elements
and chemical groups in the surface. The particular
chemistry that results depends on the surface
treatment method, energy, and time, as well as the
composition of the gasses used. [0004] For example,
US5449383 discloses a substrate comprising a bulk
polymeric material; and a thin polymeric layer which
is suitable for supporting cell growth, comprising
areorientation resistant polymer comprising
plasma-polymerized amide monomers presenting amide
groups for the attachment of cells, wherein said amide
monomers are selected from the group of dimethyl
formamide and amides having the formula R1-CO-N(R2)R3
wherein R1is an aliphatic, alicyclic, or aromatic
group, each of which may be optionally substituted by
halogen atoms or hydroxyl groups, and R2 and R3 are
each independently hydrogen or an alkyl group, and
wherein said thin polymer layer promotes attachment
and proliferation of said cells. [0005] In another
example, EP0348969A1 discloses a method for
endothelialization of a polymeric surface comprising
contacting a polymeric surface with a plasma generated
from a gaseous material comprising nitrogen whereby
said polymeric surface is modified to contain surface
amino groups, and applying to said modified surface
sufficient endothelial cells to form a confluent layer
of cells on said amino groupcontaining surface without
a requirement for cell proliferation. [0006] In
another example, EP0092302A2 discloses a method for
influencing the growth of cell culture in a growth
media on a substrate, characterized in that the
surface chemistry of the substrate is modified by
subjecting the surface of the substrate to a plasma,
which is produced from carbon, hydrogen, oxygen,
nitrogen, sulphur, phosphorus, a halogen, or a
compound of any one of these elements. [0007] In
another example, US 6,617,152B2 discloses an apparatus
for treating a polymeric substrate surface comprising:
(a) a gas inlet, a microwave energy source and a
plasma mixing chamber, the plasma mixing chamber in
fluid communication with both the gas inlet and the
microwave energy source; (b) a dual chambered
treatment area having an inner treatment chamber
contained within an outer treatment chamber, said
inner treatment chamber having an opening in fluid
communication with said outer chamber; (c) said plasma
mixing chamber in fluid communication with said outer
treatment chamber by means of an aperture; (d) a
vacuum outlet line attached to said outer chamber; and
(e) whereby said opening in said inner treatment
chamber is aligned with said aperture, said opening
being spaced from said aperture at predetermined
distance. [0008] In one example, US2003/0 180903Al
discloses a polymeric substrate having a working
surface upon which cells can be cultured wherein the
surface oxygen contentis at least 25 percent as
measured by electron microscopy for chemical analysis
at depth about 50 Angstroms. [0009] In one example,
WO20061 14098 discloses a micro-structured
biocompatible material for surgical implants and cell
guiding tissue culture surfaces. The microstructure of
the biomaterial surface is selected to promote growth
of undifferentiated ES cells; promote neuronal
differentiation of ES cells; or promote
differentiation of ES cells. [0010] In another
example, Bigdeli et al. (J. Biotechnol. 133:146-153,
2008) describes a method of adaptation and/or
selection of human ES cells to be cultivated without
differentiation under feeder-cell free conditions and
without prior treatment of the solid substrate surface
with extracellular matrix protein, involving (i)
changing media from medium conditioned by human
diploid embryonic lung fibroblasts to medium
conditioned by neonatal chondrocytes; (ii) then
passaging the cells enzymatically from the mouse
embryonic feeder cell layer to Matrigel(tm)-treated
plates, then to Costar(tm) plates, and, finally, to
Primaria(tm) plates; and (iii) changing back to the
first used medium again. Very few of the human ES
cells subjected to this method gave rise to
established cell lines, suggesting that this method
involves selection of human ES cells to the culture
conditions. [0011] Surface treatments that change the
composition of elements and chemical groups in the
surface itself have successfully been used for
preparing polymer solid substrates for the culture of
many types of mammalian cells. However, there are
significant limitations in terms of poor attachment
and/or cultivation using certain types of mammalian
cells, for example, pluripotent stem cells and human
embryonic kidney 



(HEK) 293 cells. [0012] Graham et al., (J. Gen. Virol.
36:59-72, 1977) disclose the generation of the cell
line HEK293. [0013] HEK293 cell attachment may be
enhanced by making an adlayer on the solid substrate
surface, using, for example, extracellular matrix
proteins, polylysine, polyornithine, or
polyethyleneimine, before adding the HEK293 cells to
the culture vessel. Preparing the adlayer is, however,
time-consuming, and typically results in a non-sterile
solid substrate with a shorter shelf life than the
bare solid substrate.Therefore, there is a significant
need for methods and materials for enhancing the
attachment of HEK293 cells to solid substrates lacking
an adlayer. [0014] Current methods of culturing
pluripotent stem cells, in particular, embryonic stem
(ES) cells require complex culture conditions, such
as, for example, culturing the embryonic stem cells on
a solid substrate surface with a feeder cell layer, or
on a solid substrate surface with an adlayer of
extracellular matrix protein. Culture systems that
employ these methods often use feeder cells or
extracellular matrix proteins obtained from a
different species than that of the stem cells being
cultivated (xenogeneic material). Media obtained by
exposure to feeder cells, that is, media conditioned
by cells other than undifferentiated ES cells, may be
used to culture the ES cells, and media may be
supplemented with animal serum. [0015] For example,
Reubinoff et al. (Nature Biotechnol. 18:399-404, 2000)
and Thompson et al. (Science 282:1 145-1 147, 1998)
disclose the culture of ES cell lines from human
blastocysts using a mouse embryonic fibroblast feeder
cell layer. [0016] In another example, Xu et al.
(Nature Biotechnology 19:971-974, 2001) discloses the
use of Matrigel(tm) and laminin for treating solid
substrate surfaces before feeder-cell free cultivation
of human ES cells without differentiation. [0017] In
another example, Valuer et al. (J. Cell Sci.
118:4495-4509, 2005) discloses the use of fetal bovine
serum for treating solid substrate surfaces before
feeder-cell free cultivation of human ES cells without
differentiation. [0018] In another example,
WO2005014799 discloses conditioned medium for the
maintenance, proliferation and differentiation of
mammalian cells. WO2005014799 state: "The culture
medium produced in accordance with the present
invention is conditioned by the cell secretion
activity of murine cells, in particular, those
differentiated and immortalized transgenic
hepatocytes, named MMH (Met Murine Hepatocyte)."
[0019] In another example, Wanatabe et al. (Nature
Biotechnol. 35:681-686, 2007) state "a ROCK inhibitor
permits survival of dissociated human embryonic stem
cells", and demonstrate reduced dissociation-induced
apoptosis, increases cloning efficiency (from
approximately 1% to approximately 27%) and
facilitation of subcloning aftergene transfer, using
mouse embryonic fibroblasts as feeder cells, collagen
and Matrigel(tm) as extracellular matrix protein, and
Y-27632 or Fasudil for inhibition of ROCK.
Furthermore, dissociated human ES cells treated with
Y-27632 were protected from apoptosis in serum-free
suspension culture. [0020] In another example, Peerani
et al. (EMBO Journal 26:4744-4755, 2007) state
"Complexity in the spatial organization of human
embryonic stem cell (hESC) cultures creates
heterogeneous microenvironments (niches) that
influence hESC fate. This study demonstrates that the
rate and trajectory of hESC differentiation can be
controlled by engineering hESC niche properties. Niche
size and composition regulate the balance between
differentiation-inducing and -inhibiting factors.
Mechanistically, a niche size-dependent spatial
gradient of Smadl signaling is generated as a result
of antagonistic interactions between hESCs and
hESC-derived extra-embryonic endoderm (ExE). These
interactions are mediated by the localized secretion
of bone morphogenetic protein-2 (BMP2) by ExE and its
antagonist, growth differentiation factor-3 (GDF3) by
hESCs. Micropatterning of hESCs treated with small
interfering (si) RNA against GDF3, BMP2 and Smadl, as
well treatments with a Rho-associated kinase (ROCK)
inhibitor demonstrate that independent control of
Smadl activation can rescue the colony size-dependent
differentiation of hESCs. Our results illustrate, for
the first time, a role for Smadl in the integration of
spatial information and in the niche-size dependent
control of hESC self-renewal and differentiation."
[0021] In another example, Koyanagi, M et al (J
Neurosci Res. 2007 Sep 7 [Epub ahead of print]) state
"Rho-GTPase has been implicated in the apoptosis of
many cell types, including neurons, but the mechanism
by which it acts is not fully understood. Here, we
investigate the roles of Rho and ROCK in apoptosis
during transplantation of embryonic stem cell-derived
neural precursor cells. We find that dissociation of
neural precursors activates Rho and induces apoptosis.
Treatment with the Rho inhibitor C3 exoenzyme and/or
the ROCK inhibitor Y-27632 decreases the amount of
dissociation-induced apoptosis (anoikis) by 20-30%.
Membrane blebbing, which is an early morphological
sign of apoptosis; cleavage of caspase-3; and release
of cytochrome c from the mitochondria are also reduced
by ROCK inhibition. These results suggest that
dissociation of neural precursor cells elicits an
intrinsic pathwayof cell death that is at least
partially mediated through the Rho/ROCK pathway.
Moreover, in an animal transplantation model,
inhibition of Rho and/or ROCK suppresses acute
apoptosis of grafted cells. After transplantation,
tumor necrosis factor-alpha and pro-nerve growth
factor are strongly expressed around the graft. ROCK
inhibition also suppresses apoptosis enhanced by these
inflammatory cytokines. Taken together, these results
indicate that inhibition of Rho/ROCK signaling may
improve survival of grafted cells in cell replacement
therapy.). [0022] In another example, Yoneda et al (J.
Cell Biol. 170: 443-453, August 3, 2005) states "the
homologous mammalian rho kinases (ROCK I and II) are
assumed to be functionally redundant, based largely on
kinase construct overexpression. As downstream
effectors of Rho GTPases, their major substrates are
myosin light chain and myosin phosphatase. Both
kinases are implicated in microfilament bundle
assembly and smooth muscle contractility. Here,
analysis of fibroblast adhesion to 



fibronectin revealed that although ROCK II was more
abundant, its activity was always lower than ROCK I .
Specific reduction of ROCK I by siRNA resulted in loss
of stress fibers and focal adhesions, despite
persistent ROCK II and guanine triphosphate-bound
RhoA. In contrast, the microfilament cytoskeleton was
enhanced by ROCK II down-regulation. Phagocytic uptake
of fibronectin-coated beads was strongly
down-regulated in ROCK II-depleted cells but not those
lacking ROCK I . These effects originated in part from
distinct lipid-binding preferences of ROCK pleckstrin
homology domains. ROCK II bound phosphatidylinositol
3,4,5P and was sensitive to its levels, properties not
shared by ROCK I . Therefore, endogenous ROCKs are
distinctly regulated and in turn are involved with
different myosin compartments." [0023] In another
example, Harb et al (PIoS ONE 3(8): e3001 . oi: 10.1
371/journal. pone. 0003001, August 2008) discloses an
essential role of the Rho-Rock-Myosin signaling axis
for the regulation of basic cell-cell communications
in both mouse and human ES cells, and would contribute
to advance [sic] in medically compatible xeno-free
environments for human pluripotent stem cells. [0024]
The use of xenogeneic material may be unsuitable for
certain applications utilizing pluripotent stem cells.
Alternative materials may be used. For example,
Stojkovic et al. (Stem Cells 23:895-902, 2005)
discloses the use of human serum for treating
solidsubstrate surfaces before feeder-cell free
cultivation of human ES cells without differentiation.
[0025] An alternative culture system employs
serum-free medium supplemented with growth factors
capable of promoting the proliferation of ES cells.
[0026] For example, Cheon et al. (BioReprod DOI:
10.1095/biolreprod. 105.046870; 19 Oct 2005) disclose
a feeder-cell free, serum-free culture system in which
ES cells are maintained in unconditioned serum
replacement medium supplemented with different growth
factors capable of triggering ES cell self-renewal.
[0027] In another example, Levenstein et al. (Stem
Cells 24:568-574, 2006) disclose methods for the
long-term culture of human ES cells in the absence of
fibroblasts or conditioned medium, using media
supplemented with basic fibroblast growth factor
(FGF). [0028] In another example, US20050148070
discloses a method of culturing human ES cells in
defined media without serum and without fibroblast
feeder cells, the method comprising: culturing the
stem cells in a culture medium containing albumin,
amino acids, vitamins, minerals, at least one
transferrin or transferrin substitute, at least one
insulin or insulin substitute, the culture medium
essentially free of mammalian fetal serum and
containing at least about 100 ng/ml of a FGF capable
of activating a FGF signaling receptor, wherein the
growth factor is supplied from a source other than
just a fibroblast feeder layer, the medium supported
the proliferation of stem cells in an undifferentiated
state without feeder cells or conditioned medium.
[0029] In another example, US20050233446 discloses a
defined media useful in culturing stem cells,
including undifferentiated primate primordial stem
cells. In solution, the media is substantially
isotonic as compared to the stem cells being cultured.
In a given culture, the particular medium comprises a
base medium and an amount of each of basic FGF,
insulin, and ascorbic acid necessary to support
substantially undifferentiated growth of the
primordial stem cells. [0030] In another example,
US6800480 states "In one embodiment, a cell culture
medium for growing primate-derived primordial stem
cells in a substantially undifferentiated state is
provided which includes a low osmotic pressure, low
endotoxin basic medium thatis effective to support the
growth of primate-derived primordial stem cells. The
basic medium is combined with a nutrient serum
effective to support the growth of primatederived
primordial stem cells and a substrate selected from
the group consisting of feeder cells and an
extracellular matrix component derived from feeder
cells. The medium further includes nonessential amino
acids, an anti-oxidant, and a first growth factor
selected from the group consisting of nucleosides and
a pyruvate salt." [0031] In another example,
US20050244962 states: "In one aspect the invention
provides a method of culturing primate embryonic stem
cells. One cultures the stem cells in a culture
essentially free of mammalian fetal serum (preferably
also essentially free of any animal serum) and in the
presence of fibroblast growth factor that is supplied
from a source other than just a fibroblast feeder
layer. In a preferred form, the fibroblast feeder
layer, previously required to sustain a stem cell
culture, is rendered unnecessary by the addition of
sufficient fibroblast growth factor." [0032] In
another example, WO2005065354 discloses a defined,
isotonic culture medium that is essentially
feeder-free and serum-free, comprising: a . a basal
medium; b. an amount of basic fibroblast growth factor
sufficient to support growth of substantially
undifferentiated mammalian stem cells; c . an amount
of insulin sufficient to support growth of
substantially undifferentiated mammalian stem cells;
and d. an amount of ascorbic acid sufficient to
support growth of substantially undifferentiated
mammalian stem cells. [0033] In another example,
WO2005086845 discloses a method for maintenance of an
undifferentiated stem cell, said method comprising
exposing a stem cell to a member of the transforming
growth factor-beta (TGFb) family of proteins, a member
of the fibroblast growth factor (FGF) family of
proteins, or nicotinamide (NIC) in an amount
sufficient to maintain the cell in an undifferentiated
state for a sufficient amount of time to achieve a
desired result. [0034] Pluripotent stem cells provide
a potential resource for research and drug screening.
At present, large-scale culturing of human ES cell
lines is problematic and provides substantial
challenges. A possible solution to these challenges is
to passage and culture the human ES cells as single
cells. Single cells are more amenable to standard
tissue culture techniques, such as, for example,
counting, transfection, and the like.[0035] For
example, Nicolas et al. provide a method for producing
and expanding human ES cell lines from single cells
that have been isolated by fluorescence-activated cell
sorting following genetic modification by lentivirus
vectors (Stem Cells Dev. 16:109- 



118, 2007). [0036] In another example, US patent
application US2005 158852 discloses a method "for
improving growth and survival of single human
embryonic stem cells. The method includes the step of
obtaining a single undifferentiated hES cell; mixing
the single undifferentiated cell with an extracellular
matrix to encompass the cell; and inoculating the
mixture onto feeder cells with a nutrient medium in a
growth environment". [0037] In another example, Sidhu
et al. (Stem Cells Dev. 15:61 -69, 2006) describe the
first report of three human ES cell clones, hES 3.1,
3.2 and 3.3, derived from the parent line hES3 by
sorting of single-cell preparations by flow cytometry.
[0038] However, passage and culture of human ES cells
as single cells leads to genetic abnormalities and the
loss of pluripotency. Culture conditions are important
in the maintenance of pluripotency and genetic
stability. Generally, passage of human ES cell lines
is conducted manually or with enzymatic agents such as
collagenase, liberase or dispase. [0039] For example,
Draper et al. note the presence of "karyotypic changes
involving the gain of chromosome 17q in three
independent human embryonic stem cell lines on five
independent occasions." (Nature Biotechnol. 22:53-54,
2004). [0040] In another example, Buzzard et al.
state, "we have only ever detected one karyotype
change event. ..the culture methods used may have had
some bearing on our results, given that our methods
are distinctly different from those used by most other
groups. Typically we passage human ES cells after 7
days by first dissecting the colony with the edge of a
broken pipette. ..No enzymatic or chemical methods of
cell dissociation are incorporated into this method.
We speculate that this may explain the relative
cytogenetic resilience of hES (human ES) cells in our
hands." (Nature Biotechnol. 22:381-382, 2004).[0041]
In another example, Mitalipova et al. state "bulk
passage methods... can perpetuate aneuploid cell
populations after extended passage in culture, but may
be used for shorter periods (up to at least 15
passages) without compromising the karyotypes. ..it
may be possible to maintain a normal karyotype in hES
cells under long-term manual propagation conditions
followed by limited bulk passaging in experiments
requiring greater quantities of hES cells than manual
passage methods, alone, can provide". (Nature
Biotechnol. 23:19-20, 2005). [0042] In another
example, Heng et al. state "the results demonstrated
that the second protocol (trypsinization with gentle
pipetting) is much less detrimental to cellular
viability than is the first protocol (collagenase
treatment with scratching). This in turn translated to
higher freeze-thaw survival rates." (Biotechnology and
Applied Biochemistry 47:33-37, 2007). [0043] In
another example, Hasegawa et al. state, "we have
established hESC sublines tolerant of complete
dissociation. These cells exhibit high replating
efficiency and also high cloning efficiency and they
maintain their ability to differentiate into the three
germ layers." (Stem Cells 24:2649-2660, 2006). [0044]
Therefore, there is a significant need for methods and
compositions for the cultivation of mammalian cells,
including cultivation of pluripotent stem cells in the
absence of feeder cells and an adlayer, while
maintaining the pluripotency of the cells. SUMMARY
[0045] In one embodiment, the present invention
provides methods and compositions for the attachment,
cultivation and detachment of cells to a solid
substrate surface containing from at least about 0.5%
N, a sum of O and N of greater than or equal to 17.2%
and a contact angle of at least about 13.9 degrees,
lacking a feeder cell layer and lacking an adlayer.
[0046] In one embodiment, the present invention
provides a method to enhance the attachment of cells
to a surface containing from at least about 0.5% N, a
sum of O and N of greater than or equal to 17.2% and a
contact angle of at least about 13.9 degrees, lacking
a feeder cell layer and lacking an adlayer, comprising
the steps of:a . Obtaining a suspension of cells, b.
Treating the suspension of cells with at least one
compound selected from the group consisting of: a
compound capable of inhibiting Rho kinase activity,
and a compound capable of inhibiting Rho activity, and
c . Adding the suspension of cells to the surface and
allowing the cells to attach. [0047] In one
embodiment, the cells are maintained in culture after
the cells attach to the surface. In an alternate
embodiment the at least one compound is removed.
[0048] In one embodiment, the cells are detached from
the surface by removing the at least one compound.
[0049] In one embodiment the suspension of cells is a
suspension of clusters of cells. In an alternate
embodiment, the suspension of cells is a suspension of
single cells. [0050] In one embodiment, the cells are
pluripotent stem cells. In an alternate embodiment,
the cells are stem cells. [0051] In one embodiment,
the present invention provides a method to enhance the
attachment of cells to a surface containing from at
least about 0.9% N, a sum of O and N of greater than
or equal to 22.3% and a contact angle of at least
about 13.9 degrees, lacking a feeder cell layer and
lacking an adlayer, comprising the steps of: a .
Obtaining a suspension of cells, and b. Adding the
suspension of cells to the surface and allowing the
cells to attach. BRIEF DESCRIPTION OF THE DRAWINGS
[0052] Figure 1 shows phase contrast micrographs (4x)
of cells of the human ES cell line Hl that were
passaged twice as clusters with LIBERASE on surface
modified plates 2, 3 or 4. Images of cells of the
human ES cell line Hl, cultured on plates treated with
a 1:30 dilution of Matrigel(tm)' Nunclon Delta(tm)
plates are also shown. [0053] Figure 2 shows the
effect of 10 mM Y-27632 on the attachment of human ES
cells to surface modified plates. The figure shows
phase contrast micrographs (4x) of cells ofthe human
ES cell line Hl that were passaged twice as clusters
on surface modified plates 3 and 4. Cells were then
passaged onto surface modified plates 2, 3 or 4, in 



MEF conditioned medium containing 10 mM Y-27632. Cells
were cultured for four days prior to taking the
photographs. Cells cultured in the absence of Y-27632
were included as controls. [0054] Figure 3 shows a
schematic of the time-course of treatment of compounds
on human ES cells cultured on the surface modified
plates of the present invention. Cells of the human ES
cell line Hl were passaged four times as clusters with
LIBERASE treatment on surface modified plates 3, or 4,
and cultured in MEF conditioned medium. Cells were
treated for the first two days after passage with
either 10 mM of the Rho Kinase inhibitor, Y-27632, or
with 0.5 ng/ml of the Rho inhibitor, a cell permeable
form of exoenzyme C3 transferase. Cells that were
treated with the Rho Kinase inhibitor, Y-27632 and
were thereafter treated for the first two days after
each passage with Y-27632 on surface modified plate 3
are referred to as "7s". Cells that were treated with
the Rho Kinase inhibitor, Y-27632 and were thereafter
treated for the first two days after each passage with
Y-27632 on surface modified plate 4 are referred to as
"3s". Cells that were treated with the Rho inhibitor
for two days and were then treated with the Rho Kinase
inhibitor, Y-27632 for two days after each passage and
thereafter treated for the first two days after
passage with Y-27632 on surface modified plate 3 are
referred to as "5s". Cells that were treated with the
Rho inhibitor for two days and were then treated with
the Rho kinase inhibitor, Y-27632 for two days after
each passage and thereafter treated for the first two
days after passage with Y-27632 on surface modified
plate 4 are referred to as "Is". [0055] Figure 4 shows
the expression of markers associated with pluripotency
and differentiation in human ES cells treated
according to the protocol outlined in Figure 6 as
determined by qRT-PCR. [0056] Figure 5 shows the
expression of pluripotency markers in cells of the
human ES cell line Hl as determined by flow cytometry
at passage 4 (p4), passage 9 (p9), and again at
passage 10, 11, or 12 (plO. p l 1, or pl2). [0057]
Figure 6 shows immuno-fluorescent images of cells of
the human ES cell line Hl were passaged serially as
clusters with LIBERASE treatment on surface
modifiedplate 4, and cultured in MEF conditioned
medium. Expression of proteins associated with markers
of pluripotency was detected in cells cultured for 11
passages on surface modified plate 4. Cells were
treated with 10 mM Y-27632 for two days after each
passage. [0058] Figure 7 shows the ability for human
ES cells to form definitive endoderm after culture on
surface modified plates. Cells of the human ES cell
line Hl were passaged 11 times as clusters with
LIBERASE treatment on surface modified plates 3, or 4
and cultured in MEF conditioned medium. At passage 8
(p8) and again at passage 10 or 11 (plO-1 1) cells
were treated with DMEM:F12 media containing 0.5% FBS,
100 ng/ml Activin A, and 20ng/ml Wnt3a for two days
and then treated with DMEM:F12 media containing 2% FBS
and 100 ng/ml Activin A for three more days. The
y-axis on the graph shows the percent positive CXCR4
cells obtained by flow cytometry. See also Table 5.
[0059] Figure 8 shows the ability for human ES cells
to form pancreatic endoderm after culture on surface
modified plates. Cells of the human ES cell line Hl
were passaged eight times as clusters with LIBERASE
treatment on surface modified plates 3, or 4 and
cultured in MEF conditioned medium. At passage 8 (p8)
cells were subjected to differentiation to definitive
endoderm by treatment with DMEM:F12 media containing
0.5% FBS, 100 ng/ml Activin A, and 20 ng/ml Wnt3a for
two days and then treated with DMEM:F12 media
containing 2% FBS and 100 ng/ml Activin A for three
more days. The cells were then further differentiated
to embryonic foregut with four days of treatment with
DMEM:F12 media containing 2% FBS, 100 ng/ml FGF- 10,
and 1 mM cyclopamine-KAAD. The cells were then
differentiated to pancreatic endoderm with four days
of treatment with DMEM:F12 media containing 1% B-27,
100 ng/ml FGF- 10, 1 mM cyclopamine-KAAD and 2 mM
retinoic acid. Cells were stained by
immunofluorescence for PDX-I (green) and E-cadherin
(red) and total cell number was identified by Hoechst
dye (blue). [0060] Figure 9 shows the ability of human
ES cells cultured on surface modified plates to form
embryoid bodies. [0061] Figure 10 shows the karyotype
of human ES cells cultured on surface modified plate
4.[0062] Figure 11 shows the effect of treatment with
Rho kinase inhibitors (Y-27632 from EMD biosciences,
Y-27632 from Sigma, Fasudil, and Hydroxyfasudil) on
the attachment of human ES cells to surface modified
plates. Cells were cultured in medium containing the
indicated compounds, at the concentrations listed, for
three days. Cells were stained with crystal violet and
images taken. [0063] Figure 12 shows the dose-response
of Y-27632 on the attachment of human ES cells to
surface modified plates. Various concentrations of the
Rho kinase inhibitor, Y- 27632, was added to the
cultures at a specified concentration (0, 1, 2, 4, or
10 mM Y- 27632) for the first day. The cells were then
maintained from day 2 onward in media containing 10 mM
Y-27632 with daily media changes for five days. Media
was removed from the plates on day five and the cells
were stained with 0.5% crystal violet, and images
taken. [0064] Figure 13 shows the formation of human
ES cell colonies four days after passage onto surface
modified plates 2, 3, or 4 with or without 10 of mM
Y-27632. [0065] Figure 14 shows the formation of human
ES cell colonies four days after passage onto
Matrigel(tm) treated plates with or without 10 mM
Y-27632. [0066] Figure 15 shows the difference between
continual and intermittent treatment of human ES cells
with Y-27632, on attachment of cells to surface
modified plates. [0067] Figure 16 depicts images of
cells from the human ES cell line H9, that were
passaged as single cells, seeded on to surface
modified plate 3 in MEF conditioned media containing
(B) or with out (A) 10 mM Y-27632. The images were
taken 24 hours after seeding. 



[0068] Figure 17 depicts the expression of markers
associated with pluripotency in cells from the human
ES cell line H9, that were passaged as single cells
for 5 passages, using TrypLE(tm) Express, and plated
onto surface modified plates 3 and 4, with or with out
10 mM of Y-27632 (Y). The pluripotency markers are
listed on the x-axis and the percentage of positive
cells is shown on the y-axis. [0069] Figure 18 depicts
the total cell number of cells from the human ES cell
line H9, that were passaged as single cells, plated
onto surface modified plates 3 and 4. The effectof 10
mM of Y-27632 (Y) on cell number was examined on cells
passaged on Matrigel(tm) (nave, N), and cells passaged
10 times on the surface modified plates (acclimated,
A). The different cell conditions are listed on the
x-axis and the number of cells divided by 104is shown
in the y-axis. [0070] Figure 19 depicts the rate of
growth of cells from the human ES cell line H9, that
were passaged as single cells on Matrigel(tm) treated
plates prior to the study. Cells were seeded at
104/cm2 and cultured in MEF conditioned media with or
with out 10 mM of Y-27632 on surface modified plates 3
and 4. The y-axis shows the number of cells collected
2, 3 or 4 days after seeding (divided by 104) . [0071]
Figure 20 depicts the rate of growth of cells from the
human ES cell line H9, that were passaged as single
cells for 10 passages on surface modified plates prior
to the study. Cells were seeded at 104/cm2 and
cultured in MEF conditioned media with or with out 10
mM of Y-27632 on surface modified plates 3 and 4. The
y-axis shows the number of cells collected 2, 3 or 4
days after seeding (divided by 104) . [0072] Figure 2
1 depicts images of cells from the human ES cell line
H9, that were passaged as single cells, seeded on to
surface modified plates 2-4 and 13 in a 96-well
format. The MEF conditioned media contained 10 mM of
Y-27632. Images were taken 48 hours after seeding.
[0073] Figure 22 shows the ability of cells from the
human ES cell line H9, that were passaged as single
cells, seeded on to surface modified plates 3 and 4 to
differentiate into definitive endoderm. The extent of
formation of definitive endoderm was determined by
measuring CXCR expression by flow cytometry. The
effect of 10 mM Y-27632 on the formation of definitive
endoderm was investigated. Cells were treated with
Y-27632 during expansion. Cells expanded and
differentiated on Matrigel(tm) were included as a
control. The y-axis shows percent positive CXCR4 cells
obtained by flow cytometry. [0074] Figure 23 shows the
ability of cells from the human ES cell line H9, that
were passaged as single cells, seeded on to surface
modified plates 3 and 4 to differentiate into
pancreatic endoderm. Cells were plated onto the
surface modified plates and cultured in MEF
conditioned medium containing 10 mM Y-27632, and
passaged 8times on the surface modified plates prior
to differentiation. The y-axis shows the fold increase
of pancreatic differentiation marker expression (Ngn3,
Pdxl, Insulin) by q-PCR at the posterior foregut stage
(PF) and the hormone expressing endocrine cell stage
(EN). [0075] Figure 24 shows the attachment of human
ES cells to surface modified plates. Passage 50 H9
human ES cells were plated at a 1:2 dilution on
Surfaces 3 and 4, CeIlBIND(tm), and Primaria(tm).
Media was removed from the plates 24 hours after
plating and the cells were stained with 0.5% crystal
violet, and images taken. Arrows indicate colonies.
[0076] Figure 25 shows the attachment of human ES
cells to surface modified plates. Passage 50 H9 human
ES cells were plated at a 1:2 dilution on Surfaces 3
and 4, CeIlBIND , and Primaria in the presence of
various concentrations of Y-27632 (0, 1, 2, 4, 10 and
20 micromolar). Media was removed from the plates 24
hours after plating and the cells were stained with
0.5% crystal violet, and images taken. Colonies are
dark spots on the well. Arrows are used to highlight
colonies on the untreated wells. [0077] Figure 26
shows the attachment of human ES cells to surface
modified plates. Passage 53 H9 human ES cells were
plated at a 1:3 dilution on Surfaces 2-4 and 13,
CellBIND(tm), and Primaria(tm) in the absence or
presence of Y-27632 (0 or 20 micromolar). Media was
removed from the plates 48 hours after plating and the
cells were stained with 0.5% crystal violet, and
images taken. Colonies are dark spots on the well.
Arrows are used to highlight colonies on the untreated
wells. [0078] Figure 27 shows the first attempt
(October) and second attempt (December) to attach
human H9 ES cells to surface modified plates 14 and 15
and an attempt to attach human Hl ES cells to surface
modified plates 14 and 15. Passage 42 and passage 53
H9 human ES, and passage 57 Hl human ES cells were
plated at a 1:2 or 1:3 dilution to the modified
surfaces in the presence of 20 micromolar Y-27632.
Media was removed from the plates 24-48 hours after
plating and the cells were stained with 0.5% crystal
violet, and images taken. Colonies are dark spots on
the well. Arrows are used to highlight colonies on the
plates.[0079] Figure 28 shows the attachment of human
ES cells to a surface modified plate 4 in defined
media, mTeSR(tm). Passage 50 H9 human ES cells were
plated at a 1:2 dilution to the modified surfaces in
the absence or presence of Y-27632 (0 or 20
micromolar) in wells that were untreated or treated
with proteins (0.1% gelatin, 2% BSA, 0.34mg/ml rat
Collagen I, 1:1000 diluted Matrigel(tm), or 1:5000
diluted Matrigel(tm)). Media was removed from the
plates 48 hours after plating and the cells were
stained with 0.5% crystal violet, and images taken.
Colonies are dark spots on the well. [0080] Figure 29
shows the water contact angles of surface modified
plates measured over 11 weeks using the static sessile
drop method. The first measurement was done one week
after surface treatment and sterilization. Each data
point represents the mean contact angle (one
measurement on each of 7 drops). The contact angles on
Nuclon Delta(tm) and CellBIND(tm) plates were measured
under the same experimental conditions as Surfaces 1-4
and 13, but the surface treatment and sterilization
was done more than 12 weeks before the first
measurement (Nuclon Delta(tm) was sterilized one week
before the first measurement). 



[0081] Figure 30 shows the density of negative charges
on surface modified plates measured as reactivity of
surfaces with positively charged crystal violet. Three
samples of each surface were tested, and absorbance
measurements on desorbed crystal violet from each
sample were performed in triplicate. Mean and standard
deviation of nine measurements are given. [0082]
Figure 3 1 shows the effect of solid substrate
surfaces and Y-27632 on attachment and growth of
HEK293 cells in chemically defined, serum-free
Pro293a-CDM(tm) medium (A) or EMEM medium supplemented
with 10% fetal bovine serum (B). HEK293 cells were
seeded in 96-well plates with CellBIND(tm) surface,
Nunclon Delta(tm) surface or Surface 4. The number of
HEK293 cells attached to these surfaces is shown as a
function of culture conditions and concentration of
Y-27632. Cells received either: (i) 96 hours of
constant treatment in culture with Y-27632 (Y-27632
96h on); or (ii) 48 hours of constant treatment in
culture with Y-27632 followed by a change of medium
and then 48 hours in culture without Y-27632 (Y-27632
48h on/48h off). HEK293 cells cultured without Y-27632
in the medium (No Y-27632) were handled the same way
as cells cultured with Y-27632, that is, for either
96-hourswithout a change of medium, or with a change
of medium after 48 hours. Y-27632 enhanced attachment
of HEK293 cells on Surface 4 and the CellBIND(tm)
surface when applied at concentrations of 2.0 and 5.0
mM. Removing Y-27632 after 48 hours of incubation
resulted in detachment of a significant number of
cells from Surface 4 and the CellBIND(tm) surface.
Mean and standard deviation of three measurements are
shown. [0083] Figure 32 shows the effect of solid
substrate surfaces and Rho kinase inhibitors Y- 27632
and H-1 152 on growth of HEK293 cells in EMEM medium
supplemented with 10% fetal bovine serum. HEK293 cells
were seeded in Multidish 24-well plates with either
Surface 4 (A) or a non-treated (but gamma irradiated;
25 kGy) polystyrene surface (B). [0084] Figure 33
shows the effect of H-1152 and Surface 4 on
HEK293-cell attachment and morphology. HEK293 cells
were seeded in Multidish 12-well plates in EMEM medium
supplemented with 10% fetal bovine serum and H-1 152,
and incubated for 67 hours in an automated,
in-incubator microscope. Growth curves in A and
photomicrographs in B show the general effect of H-1
152 on HEK293-cell attachment and growth on surface 4,
and the effect of a change of medium on HEK293-cell
attachment and morphology on surface 4 in the presence
or absence of H-1 152. [0085] Figure 34 shows growth
curves over 3 passages for HEK293 cells grown on
surface 4 and Nunclon Delta(tm) surface in the absence
or presence of 2.5 mM Y-27632. HEK293 cells in EMEM
medium supplemented with 10% fetal bovine serum were
passaged 3 times by trypsinization. [0086] Figure 35
shows the effect of Rho kinase inhibition on the
attachment of cells of the human embryonic stem cell
line Hl to surface modified plates 4, 18 and 19, and
Primaria(tm). Wells A&B were control wells on all
surfaces. Wells C&D contained l OmM Y-27632. Wells E&F
contained 3mM Hl 152-glycyl. Wells G&H contained 10mM
H 1152-glycyl. [0087] Figure 36 shows the effect of
Rho kinase inhibition on the attachment of cells of
the human embryonic stem cell line Hl to surface
modified plate 30. (--) = no treatment.(RI) = 3 mM Hl
152-glycyl. (MG) = adlayer of 1:30 dilution of
MATRIGEL. (MG+RI) = adlayer of 1:30 dilution of
MATRIGEL + 3 mM Hl 152-glycyl. [0088] Figure 37 shows
the effect of Rho kinase inhibition on the attachment
of cells of the human embryonic stem cell line Hl to
surface modified plate 31. (--) = no treatment. (RI) =
3 mM Hl 152-glycyl. (MG) = adlayer of 1:30 dilution of
MATRIGEL. (MG+RI) = adlayer of 1:30 dilution of
MATRIGEL + 3 mM Hl 152-glycyl. [0089] Figure 38 shows
the effect of Rho kinase inhibition on the attachment
of cells of the human embryonic stem cell line Hl to
surface modified plate 32. (--) = no treatment. (RI) =
3 mM Hl 152-glycyl. (MG) = adlayer of 1:30 dilution of
MATRIGEL. (MG+RI) = adlayer of 1:30 dilution of
MATRIGEL + 3 mM Hl 152-glycyl. [0090] Figure 39 shows
the effect of Rho kinase inhibition on the attachment
of cells of the human embryonic stem cell line Hl to
surface modified plate 33. (--) = no treatment. (RI) =
3 mM Hl 152-glycyl. (MG) = adlayer of 1:30 dilution of
MATRIGEL. (MG+RI) = adlayer of 1:30 dilution of
MATRIGEL + 3 mM Hl 152-glycyl. [0091] Figure 40 shows
the effect of Rho kinase inhibition on the attachment
of cells of the human embryonic stem cell line Hl to
surface modified plate 34. (--) = no treatment. (RI) =
3 mM Hl 152-glycyl. (MG) = adlayer of 1:30 dilution of
MATRIGEL. (MG+RI) = adlayer of 1:30 dilution of
MATRIGEL + 3 mM Hl 152-glycyl. [0092] Figure 4 1 shows
the water contact angles of surface modified plates
measured over 40 weeks using the static sessile drop
method. [0093] Figure 42 shows the water contact
angles of surface modified plates using the static
sessile drop method. [0094] Figure 43 shows the
density of negative charges on surface modified plates
measured as reactivity of surfaces with positively
charged crystal violet. [0095] Figure 44 shows the
density of negative charges on surface modified plates
4, 22-24 and 29 measured as reactivity of surfaces
with positively charged crystal violet. Three samples
of each surface were tested, and absorbance
measurements on desorbed crystal violet from each
sample were performed in triplicate. The
negativecharge density for surfaces 4, 22-24 and 29
was normalized to the negative charge density of the
Nunclon Delta(tm) surface. Mean and standard deviation
of nine measurements are given. DETAILED DESCRIPTION
[0096] For clarity of disclosure, and not by way of
limitation, the detailed description of the invention
is divided into the following subsections that
describe or illustrate certain features, embodiments
or applications of the present invention. Definitions
[0097] "Adlayer" as used herein refers to a layer that
is formed on a surface of a solid 



substrate, by attaching molecules to the surface by
either covalent (also known as grafting) or
non-covalent (also known as adsorption) bonds.
Molecules used in making an adlayer can, for example,
be proteinaceous molecules, which may include, for
example, extracellular matrix proteins, amino acids
and the like, and nonbiological molecules, such as,
for example, polyethyleneimine. [0098] "b-cell
lineage" refers to cells with positive gene expression
for the transcription factor PDX-I and at least one of
the following transcription factors: NGN-3, Nkx2.2,
Nkx.l, NeuroD, IsI-I, HNF-3 beta, MAFA, Pax4, and
Pax6. Cells expressing markers characteristic of the b
cell lineage include b cells. [0099] "Cells expressing
markers characteristic of the definitive endoderm
lineage" as used herein refers to cells expressing at
least one of the following markers: SOX-17, GATA-4,
HNF-3 beta, GSC, Cerl, Nodal, FGF-8, Brachyury,
Mix-like homeobox protein, FGF-4 CD48, eomesodermin
(EOMES), DKK4, FGF-17, GATA-6, CXCR4, CKit, CD99, or
OTX2. Cells expressing markers characteristic of the
definitive endoderm lineage include primitive streak
precursor cells, primitive streak cells, mesendoderm
cells and definitive endoderm cells. [0100] "Cells
expressing markers characteristic of the pancreatic
endoderm lineage" as used herein refers to cells
expressing at least one of the following markers:
PDX-I, HNFlbeta, PTF-I alpha, HNF-6, or HB9. Cells
expressing markers characteristic of the pancreatic
endoderm lineage include pancreatic endoderm
cells.[0101] "Cells expressing markers characteristic
of the pancreatic endocrine lineage" as used herein
refers to cells expressing at least one of the
following markers: NGN-3, NeuroD, Islet- 1, PDX-I,
NKX6.1, Pax-4, Ngn-3, or PTF-I alpha. Cells expressing
markers characteristic of the pancreatic endocrine
lineage include pancreatic endocrine cells, pancreatic
hormone expressing cells, and pancreatic hormone
secreting cells, and cells of the b-cell lineage.
[0102] "Definitive endoderm" as used herein refers to
cells which bear the characteristics of cells arising
from the epiblast during gastrulation and which form
the gastrointestinal tract and its derivatives.
Definitive endoderm cells express the following
markers: CXCR4, HNF-3 beta, GATA-4, SOX-17, Cerberus,
OTX2, goosecoid, c-Kit, CD99, and Mixll. [0103]
"Extracellular matrix proteins" refers to
proteinaceous molecules normally found between cells
in the body or in the placenta. Extracellular matrix
proteins can be derived from tissue, body fluids, such
as, for example, blood, or media conditioned by
non-recombinant cells or recombinant cells or
bacteria. [0104] "Extraembryonic endoderm" as used
herein refers to a population of cells expressing at
least one of the following markers: SOX-7, AFP, and
SPARC. [0105] "HEK293 cells" refers to a cell line
generated by transformation of a culture of normal
human embryonic kidney cells as described by Graham et
al. (J. Gen. Virol. 36:59-72, 1977), and any cells
derived from this parent cell line. [0106] "Markers"
as used herein, are nucleic acid or polypeptide
molecules that are differentially expressed in a cell
of interest. In this context, differential expression
means an increased level for a positive marker and a
decreased level for a negative marker. The detectable
level of the marker nucleic acid or polypeptide is
sufficiently higher or lower in the cells of interest
compared to other cells, such that the cell of
interest can be identified and distinguished from
other cells using any of a variety of methods known in
the art. [0107] "Matrix" as used herein refers to a
3-dimensional support to which cells may attach.[0108]
"Mesendoderm cell" as used herein refers to a cell
expressing at least one of the following markers:
CD48, eomesodermin (EOMES), SOX- 17, DKK4, HNF-3 beta,
GSC, FGF- 17, GATA-6. [0109] "Pancreatic endocrine
cell" or "pancreatic hormone expressing cell" as used
herein refers to a cell capable of expressing at least
one of the following hormones: insulin, glucagon,
somatostatin, and pancreatic polypeptide. [0110]
"Pancreatic hormone secreting cell" as used herein
refers to a cell capable of secreting at least one of
the following hormones: insulin, glucagon,
somatostatin, and pancreatic polypeptide. [0111]
"Pre-primitive streak cell" as used herein refers to a
cell expressing at least one of the following markers:
Nodal, or FGF-8. [0112] "Primitive streak cell" as
used herein refers to a cell expressing at least one
of the following markers: Brachyury, Mix-like homeobox
protein, or FGF-4. [0113] "Surface" as used herein
refers to the outermost layer of molecules of a solid
substrate vessel or matrix intended for use in cell
culture or analysis. The elemental composition, the
roughness, and the wettability of the surface can be
analyzed by X-Ray Photoelectron Spectroscopy (XPS),
Atomic Force Microscopy (AFM), and contact angle
measurement, respectively. [0114] "Surface modified
plate" refers to a vessel containing any one of
surfaces 1-34, described in Examples 16, 17 and 26, or
plates containing surfaces that are sold under the
trade names Nunclon Delta(tm), Costar (tm),
Falcon(tm), CellBIND(tm), and Primaria(tm). The vessel
can, for example, be made of a polymer, such as
polystyrene (PS), cyclic olefin copolymer (COC),
polycarbonate (PC), polymethyl methacrylate (PMMA), or
styrene acrylonitrile copolymer (SAN). [0115] Stem
cells are undifferentiated cells defined by their
ability at the single cell level to both self-renew
and differentiate to produce progeny cells, including
self-renewing progenitors, non-renewing progenitors,
and terminally differentiated cells. Stem cells are
also characterized by their ability to differentiate
in vitro into functional cells of various cell
lineages from multiple germ layers (endoderm, mesoderm
and ectoderm), aswell as to give rise to tissues of
multiple germ layers following transplantation and to
contribute substantially to most, if not all, tissues
following injection into blastocysts. [0116] Stem
cells are classified by their developmental potential
as: (i) totipotent, meaning able to give rise to all
embryonic and extraembryonic cell types; (ii)
pluripotent, meaning able to give rise to all
embryonic cell types; (iii) multipotent, meaning able
to give rise to a subset of cell lineages, but all
within a particular tissue, organ, or 



physiological system (for example, hematopoietic stem
cells (HSC) can produce progeny that include HSC
(self- renewal), blood cell restricted oligopotent
progenitors and all cell types and elements (e.g.,
platelets) that are normal components of the blood);
(iv) oligopotent, meaning able to give rise to a more
restricted subset of cell lineages than multipotent
stem cells; and (v) unipotent, meaning able to give
rise to a single cell lineage (e.g. , spermatogenic
stem cells). [0117] Differentiation is the process by
which an unspecialized ("uncommitted") or less
specialized cell acquires the features of a
specialized cell such as, for example, a nerve cell or
a muscle cell. A differentiated or
differentiation-induced cell is one that has taken on
a more specialized ("committed") position within the
lineage of a cell. The term committed", when applied
to the process of differentiation, refers to a cell
that has proceeded in the differentiation pathway to a
point where, under normal circumstances, it will
continue to differentiate into a specific cell type or
subset of cell types, and cannot, under normal
circumstances, differentiate into a different cell
type or revert to a less differentiated cell type.
Dedifferentiation refers to the process by which a
cell reverts to a less specialized (or committed)
position within the lineage of a cell. As used herein,
the lineage of a cell defines the heredity of the
cell, that is, which cells it came from and what cells
it can give rise to. The lineage of a cell places the
cell within a hereditary scheme of development and
differentiation. A lineage-specific marker refers to a
characteristic specifically associated with the
phenotype of cells of a lineage of interest and can be
used to assess the differentiation of an uncommitted
cell to the lineage of interest. [0118] Various terms
are used to describe cells in culture. "Maintenance"
refers generally to cells placed in a growth medium
under conditions that facilitate cell growth and/or
division that may or may not result in a larger
population of the cells. "Passaging" refersto the
process of removing the cells from one culture vessel
and placing them in a second culture vessel under
conditions that facilitate cell growth and/or
division. [0119] A specific population of cells, or a
cell line, is sometimes referred to or characterized
by the number of times it has been passaged. For
example, a cultured cell population that has been
passaged ten times may be referred to as a PlO
culture. The primary culture, that is, the first
culture following the isolation of cells from tissue,
is designated PO. Following the first subculture, the
cells are described as a secondary culture (Pl or
passage 1). After the second subculture, the cells
become a tertiary culture (P2 or passage 2), and so
on. It will be understood by those of skill in the art
that there may be many population doublings during the
period of passaging; therefore the number of
population doublings of a culture is greater than the
passage number. The expansion of cells (that is, the
number of population doublings) during the period
between passaging depends on many factors, including
but not limited to the seeding density, substrate,
medium, growth conditions, and time between passaging.
[0120] In one embodiment, the present invention
provides a method to enhance the attachment of cells
to a surface containing from at least about 0.9% N, a
sum of O and N of greater than or equal to 22.3% and a
contact angle of at least about 13.9 degrees, lacking
a feeder cell layer and lacking an adlayer, comprising
the steps of: a . Obtaining a suspension of cells, and
b. Adding the suspension of cells to the surface and
allowing the cells to attach. [0121] In one
embodiment, the present invention provides a method to
enhance the attachment of cells to a surface
containing from at least about 0.5% N, a sum of O and
N of greater than or equal to 17.2% and a contact
angle of at least about 13.9 degrees, lacking a feeder
cell layer and lacking an adlayer, comprising the
steps of: a . Obtaining a suspension of cells, b.
Treating the suspension of cells with at least one
compound selected from the group consisting of: a
compound capable of inhibiting Rho kinase activity,
and a compound capable of inhibiting Rho activity, and
c . Adding the suspension of cells to the surface and
allowing the cells to attach.[0122] In one embodiment
the suspension of cells is a suspension of clusters of
cells. In an alternate embodiment, the suspension of
cells is a suspension of single cells. [0123] In one
embodiment, the cells are pluripotent stem cells. In
an alternate embodiment, the cells are stem cells.
[0124] In one embodiment, the surface has an adlayer.
In one embodiment, the adlayer is an extracellular
matrix component, such as, for example, those derived
from basement membrane or that may form part of
adhesion molecule receptor-ligand couplings. In one
embodiment, the adlayer is made from MATRIGEL (Becton
Dickenson). MATRIGEL is a soluble preparation from
Engelbreth-Holm Swarm tumor cells that gels at room
temperature to form a reconstituted basement membrane.
The proteinaceous adlayer may also be formed from
laminin, fbronectin, proteoglycan, entactin, heparan
sulfate, and the like, alone or in various
combinations. [0125] In one embodiment, the cells are
maintained in culture after the cells attach to the
surface. In an alternate embodiment the at least one
compound is removed after the cells attach to the
surface. In one embodiment, the cells are detached
from the surface by removing the at least one
compound. [0126] In one embodiment, the suspension of
cells is treated with at least one compound capable of
inhibiting Rho kinase activity. In an alternate
embodiment, the suspension of cells is treated with at
least one compound capable of inhibiting Rho activity.
In an alternate embodiment, the suspension of cells is
treated with at least one compound capable of
inhibiting Rho kinase activity and at least one
compound capable of inhibiting Rho activity. [0127]
The at least one compound capable of inhibiting Rho
kinase activity is selected from the group consisting
of: Y-27632, Fasudil, and Hydroxyfasudil. [0128] In
one embodiment, the at least compound capable of
inhibiting Rho kinase activity is Y-27632. [0129] The
at least one compound capable of inhibiting Rho kinase
activity may be used at a concentration from about
0.1mM to about lOOmM. In one embodiment, the at least
onecompound capable of inhibiting Rho kinase activity
is used at a concentration of about 



l OmM. [0130] In one embodiment, the at least one
compound capable of inhibiting Rho activity is a Rho
GTPase inhibitor. [0131] In one embodiment, the at
least one compound capable of inhibiting Rho activity
is exoenzyme C3 Transferase. [0132] The at least one
compound capable of inhibiting Rho activity may be
used at a concentration from about O.Ol mg/ml to about
5mg/ml. In one embodiment, the at least one compound
capable of inhibiting Rho activity is used at a
concentration of about 0.5mg/ml. Surface Modified
Plates [0133] Surface modified plates suitable for use
in the present invention may be vessels whose surfaces
have been modified to contain from at least about 0.5%
N, a sum of O and N of greater than or equal to 17.2%
and a contact angle of at least about 13.9 degrees.
Alternatively, the surface may be a 3-dimensional
matrix, such as, for example, a porous scaffold, to
which cells can attach. [0134] In one embodiment, the
surface modified plate comprises a plate whose surface
contains from at least about 0.5% N, a sum of O and N
of greater than or equal to 17.2% and a contact angle
of at least about 13.9 degrees. In an alternate
embodiment, the surface modified plate comprises a
plate whose surface contains from at least about 0.5%
N, a sum of O and N of greater than or equal to 19.5%
and a contact angle of at least about 13.9 degrees.
[0135] In one embodiment, the surface modified plate
comprises a plate whose surface contains from at least
about 1.3% N, a sum of O and N of at least about 24.9%
and a contact angle of at least about 20.7 degrees,
which is refered herein as surface modified plate 1.
[0136] In one embodiment, the surface modified plate
comprises a plate whose surface contains from at least
about 1.7% N, a sum of O and N of at least about 29.6%
and acontact angle of at least about 14.3 degrees,
which is refered herein as surface modified plate 2.
[0137] In one embodiment, the surface modified plate
comprises a plate whose surface contains from at least
about 2.0% N, a sum of O and N of at least about 30.7%
and a contact angle of at least about 18.4 degrees,
which is refered herein as surface modified plate 3.
[0138] In one embodiment, the surface modified plate
comprises a plate whose surface contains from at least
about 2.1% N, a sum of O and N of at least about 30.2%
and a contact angle of at least about 17.4 degrees,
which is refered herein as surface modified plate 4.
[0139] In one embodiment, the surface modified plate
comprises a plate whose surface contains from at least
about 1.8% N, a sum of O and N of at least about 28.2%
and a contact angle of at least about 18.8 degrees,
which is refered herein as surface modified plate 13.
[0140] In one embodiment, the surface modified plate
comprises a plate whose surface contains from at least
about 1.0% N, a sum of O and N of at least about 27.8%
and a contact angle of at least about 44.3 degrees,
which is sold under the trade name CELLBIND. [0141] In
one embodiment, the surface modified plate comprises a
plate whose surface contains from at least about 10.2%
N, a sum of O and N of at least about 23.0% and a
contact angle of at least about 39.5 degrees, which is
sold under the trade name PRIMARIA. Characterization
of the Surface Modified Plates [0142] In one
embodiment, the elemental composition of the surface
of the surface modified plates may be analyzed by
X-Ray Photoelectron Spectroscopy (XPS). XPS, also
known as Electron Spectroscopy for Chemical Analysis
(ESCA), is used as a method to determine what elements
or atoms are present in the surface of a solid
substrate (all elements in concentrations less than
0.1 atomic percent can be detected, except hydrogen
and helium), and to determine the bonding environment
of such elements oratoms. As an example, an XPS
analysis of a polystyrene (contains only carbon and
hydrogen) solid sample would typically give greater
than 97% carbon, less than 3% oxygen, and 0% nitrogen
(hydrogen is not detected; different levels of oxygen
may be detected due to oxidation of the polystyrene
chains at the surface, for example, as a result of
sterilization by irradiation) (Brevig et ah,
Biomaterials 26:3039-3053, 2005; Shen and Horbett, J .
Biomed. Mater. Res. 57:336-345, 2001). [0143] In one
embodiment, the roughness of the surface of the
surface modified plates may be analyzed by Atomic
Force Microscopy (AFM). Surface atoms or molecules
with a lateral resolution down to lA and a vertical
resolution down to 0.1A can be imaged by AFM. [0144]
In one embodiment, the wettability of the surface of
the surface modified plates may be analyzed by
measuring the contact angle. For example, contact
angle measurement by the static sessile drop method
provides information on the interaction between the
surface of a solid substrate and a liquid. The contact
angle describes the shape of a liquid drop resting on
the surface of the solid substrate, and is the angle
of contact of the liquid on the surface of the solid
substrate, measured within the liquid at the contact
line where liquid, solid, and gas meet. A surface with
a water contact angle larger than 90 is termed
hydrophobic, and a surface with water contact angle
less than 90 is termed hydrophilic. On extremely
hydrophilic surfaces, that is, surfaces that have a
high affinity for water, a water droplet will
completely spread (an effective contact angle of 0).
[0145] In one embodiment, the negative charge density
of the surface of the surface modified plates may be
analyzed by measuring the reactivity of the surface
with crystal violet. Crystal violet carries a positive
charge, which enables it to bind to negatively charged
molecules and parts of molecules, for example,
negatively charged functional groups present on a
polymer surface. A surface with a high crystal violet
reactivity has a 



higher density of negative charges than a surface with
a low crystal violet reactivity, given that the
surfaces have the same roughness and thus area.
Pluripotent Stem Cells Characterization of Pluripotent
Stem Cells[0146] Pluripotent stem cells may express
one or more of the stage-specific embryonic antigens
(SSEA) 3 and 4, and markers detectable using
antibodies designated Tra-1- 60 and Tra-1-81 (Thomson
et al, Science 282:1 145 1998). Differentiation of
pluripotent stem cells in vitro results in the loss of
SSEA-4, Tra- 1-60, and Tra-1-81 expression (if
present) and increased expression of SSEA-I .
Undifferentiated pluripotent stem cells typically have
alkaline phosphatase activity, which can be detected
by fixing the cells with 4% paraformaldehyde and then
developing with Vector Red as a substrate, as
described by the manufacturer (Vector Laboratories,
Burlingame Calif). Undifferentiated pluripotent stem
cells also typically express Oct-4 and TERT, as
detected by RT-PCR. [0147] Another desirable phenotype
of propagated pluripotent stem cells is a potential to
differentiate into cells of all three germinal layers:
endoderm, mesoderm, and ectoderm tissues. Pluripotency
of stem cells can be confirmed, for example, by
injecting cells into severe combined immunodeficient
(SCID) mice, fixing the teratomas that form using 4%
paraformaldehyde, and then examining them
histologically for evidence of cell types from the
three germ layers. Alternatively, pluripotency may be
determined by the creation of embryoid bodies and
assessing the embryoid bodies for the presence of
markers associated with the three germinal layers.
[0148] Propagated pluripotent stem cell lines may be
karyotyped using a standard G-banding technique and
compared to published karyotypes of the corresponding
primate species. It is desirable to obtain cells that
have a "normal karyotype," which means that the cells
are euploid, wherein all human chromosomes are present
and not noticeably altered. Sources of Pluripotent
Stem Cells [0149] The types of pluripotent stem cells
that may be used include established lines of
pluripotent cells derived from tissue formed after
gestation, including pre-embryonic tissue (such as,
for example, a blastocyst), embryonic tissue, or fetal
tissue taken any time during gestation, typically but
not necessarily before approximately 10-12 weeks
gestation. Non-limiting examples are established lines
of human ES cells or human embryonic germ cells, such
as, for example the human ES cell lines Hl, H7, and
H9(WiCeIl). Also contemplated is use of the
compositions of this disclosure during the initial
establishment or stabilization of such cells, in which
case the source cells would be primary pluripotent
cells taken directly from the source tissues. Also
suitable are cells taken from a pluripotent stem cell
population already cultured in the absence of feeder
cells, as well as a pluripotent stem cell population
already cultured in the presence of feeder cells. Also
suitable are mutant human ES cell lines, such as, for
example, BGOIv (BresaGen, Athens, GA). Also suitable
are cells derived from adult human somatic cells, such
as, for examples, cells disclosed in Takahashi et al,
Cell 131: 1-12 (2007). [0150] In one embodiment, human
ES cells are prepared as described by Thomson et al.
(U.S. Pat. No. 5,843,780; Science 282:1 145, 1998;
Curr. Top. Dev. Biol. 38:133 ff, 1998; Proc. Natl.
Acad. Sci. U.S.A. 92:7844, 1995). Culture of
Pluripotent Stem Cells [0151] In one embodiment,
pluripotent stem cells are cultured on a layer of
feeder cells or extracellular matrix protein that
support the pluripotent stem cells in various ways,
prior to culturing according to the methods of the
present invention. For example, pluripotent stem cells
are cultured on a feeder cell layer that supports
proliferation of pluripotent stem cells without
undergoing substantial differentiation. The growth of
pluripotent stem cells on a feeder cell layer without
differentiation is supported using (i) Obtaining a
culture vessel containing a feeder cell layer; and
(ii) a medium conditioned by culturing previously with
another cell type, or a non-conditioned medium, for
example, free of serum or even chemically defined.
[0152] In another example, pluripotent stem cells are
cultured in a culture system that is essentially free
of feeder cells, but nonetheless supports
proliferation of pluripotent stem cells without
undergoing substantial differentiation. The growth of
pluripotent stem cells in feeder-cell free culture
without differentiation is supported using (i) an
adlayer on a solid substrate surface with one or more
extracellular matrix proteins; and (ii) a medium
conditioned by culturing previously with another cell
type, or a non-conditioned medium, for example, free
of serum or even chemically defined.[0153] In an
alternate embodiment, pluripotent stem cells are
cultured on a surface modified plate containing from
at least about 0.5% N, a sum of O and N of greater
than or equal to 17.2% and a contact angle of at least
about 13.9 degrees in a medium conditioned by
culturing previously with another cell type, or a
non-conditioned medium, for example, free of serum or
even chemically defined. [0154] Culture medium: An
example of cell culture medium suitable for use in the
present invention may be found in US200200721 17.
Another example of cell culture medium suitable for
use in the present invention may be found in
US6642048. Another example of cell culture medium
suitable for use in the present invention may be found
in WO2005014799. Another example of cell culture
medium suitable for use in the present invention may
be found in Xu et al (Stem Cells 22: 972-980, 2004).
Another example of cell culture medium suitable for
use in the present invention may be found in US200700
1001 1. Another example of cell culture medium
suitable for use in the present invention may be found
in Cheon et al. (BioReprod
DOI:10.1095/biolreprod.l05.046870; 19 Oct 2005).
Another example of cell culture medium suitable for
use in the present invention may be found in
Levenstein et al. (Stem Cells 24: 568-574, 2006).
Another example of cell culture medium suitable for
use in the present invention may be found in
US20050148070. Another example of cell culture medium
suitable for use in the present invention may be found
in 



US20050233446. Another example of cell culture medium
suitable for use in the present invention may be found
in US6800480. Another example of cell culture medium
suitable for use in the present invention may be found
in US2005 0244962. Another example of cell culture
medium suitable for use in the present invention may
be found in WO2005065354. Another example of cell
culture medium suitable for use in the present
invention may be found in WO2005086845. [0155]
Suitable culture media may also be made from the
following components, such as, for example, Dulbecco's
modified Eagle's medium (DMEM), Gibco # 11965-092;
Knockout Dulbecco's modified Eagle's medium (KO DMEM),
Gibco # 10829-018; Ham's F12/50% DMEM basal medium;
200 mM L-glutamine, Gibco # 15039-027; non-essential
amino acid solution, Gibco 11140-050;
b-mercaptoethanol, Sigma # M7522; human recombinant
basic fibroblast growth factor (bFGF), Gibco # 13256-
029.Differentiation of Pluripotent Stem Cells [0156]
In one embodiment of the present invention,
pluripotent stem cells are propagated in culture,
while maintaining their pluripotency. Changes in
pluripotency of the cells with time can be determined
by detecting changes in the levels of expression of
markers associated with pluripotency. Alternatively,
changes in pluripotency can be monitored by detecting
changes in the levels of expression of markers
associated with differentiation or markers associated
with another cell type. [0157] In an alternate
embodiment, pluripotent stem cells are propagated in
culture and then treated in a manner that promotes
their differentiation into another cell type. The
other cell type may be a cell expressing markers
characteristic of the definitive endoderm lineage.
Alternatively, the cell type may be a cell expressing
markers characteristic of the pancreatic endoderm
lineage. Alternatively, the cell type may be a cell
expressing markers characteristic of the pancreatic
endocrine lineage. Alternatively, the cell type may be
a cell expressing markers characteristic of the b-
cell lineage. [0158] Pluripotent stem cells treated in
accordance with the methods of the present invention
may be differentiated into a variety of other cell
types by any suitable method in the art. [0159] For
example, pluripotent stem cells treated in accordance
with the methods of the present invention may be
differentiated into neural cells, cardiac cells,
hepatocytes, and the like. [0160] For example,
pluripotent stem cells treated in accordance with the
methods of the present invention may be differentiated
into neural progenitors and cardiomyocytes according
to the methods disclosed in WO2007030870. [0161] In
another example, pluripotent stem cells treated in
accordance with the methods of the present invention
may be differentiated into hepatocytes according to
the methods disclosed in US patent 6,458,589.[0162]
For example, pluripotent stem cells may be
differentiated into cells expressing markers
characteristic of the definitive endoderm lineage
according to the methods disclosed in D'Amour et al.,
Nature Biotechnol. 23:1534-1541, 2005. [0163] For
example, pluripotent stem cells may be differentiated
into cells expressing markers characteristic of the
definitive endoderm lineage according to the methods
disclosed in Shinozaki et al., Development
131:1651-1662, 2004. [0164] For example, pluripotent
stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm
lineage according to the methods disclosed in McLean
et al., Stem Cells 25:29-38, 2007. [0165] For example,
pluripotent stem cells may be differentiated into
cells expressing markers characteristic of the
definitive endoderm lineage according to the methods
disclosed in D'Amour et al., Nature Biotechnol.
24:1392-1401, 2006. [0166] Markers characteristic of
the definitive endoderm lineage are selected from the
group consisting of SOXl 7, GATA4, Hnf-3beta, GSC,
Cerl, Nodal, FGF-8, Brachyury, Mix-like homeobox
protein, FGF-4 CD48, eomesodermin (EOMES), DKK4, FGF-
17, GATA6, CXCR4, C-Kit, CD99, and OTX2. Suitable for
use in the present invention is a cell that expresses
at least one of the markers characteristic of the
definitive endoderm lineage. In one aspect of the
present invention, a cell expressing markers
characteristic of the definitive endoderm lineage is a
primitive streak precursor cell. In an alternate
aspect, a cell expressing markers characteristic of
the definitive endoderm lineage is a mesendoderm cell.
In an alternate aspect, a cell expressing markers
characteristic of the definitive endoderm lineage is a
definitive endoderm cell. [0167] For example,
pluripotent stem cells may be differentiated into
cells expressing markers characteristic of the
pancreatic endoderm lineage according to the methods
disclosed in D'Amour et al., Nature Biotechnol.
24:1392-1401, 2006. [0168] Markers characteristic of
the pancreatic endoderm lineage are selected from the
group consisting of Pdxl, HNF-lbeta, PTFIa, HNF-6, HB9
and PROXl. Suitable for use in the present invention
is a cell that expresses at least one of the markers
characteristic of the pancreatic endoderm lineage. In
one aspect of the present invention, a cellexpressing
markers characteristic of the pancreatic endoderm
lineage is a pancreatic endoderm cell. [0169]
Pluripotent stem cells may be differentiated into
cells expressing markers characteristic of the
pancreatic endocrine lineage by any method in the art.
[0170] For example, pluripotent stem cells may be
differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage
according to the methods disclosed in D'Amour et al,
Nature Biotechnol. 24:1392-1401, 2006. [0171] For
example, pluripotent stem cells may be differentiated
into cells expressing markers characteristic of the
pancreatic endocrine lineage, by the methods disclosed
in D'Amour et al, Nature Biotechnol. 24:1392-1401,
2006. [0172] Markers characteristic of the pancreatic
endocrine lineage are selected from the group
consisting of NGN-3, NeuroD, Islet-1, Pdx-1, NKX6.1,
Pax-4, Ngn-3, and PTF-I alpha. In one embodiment, a
pancreatic endocrine cell is capable of expressing at 



least one of the following hormones: insulin,
glucagon, somatostatin, and pancreatic polypeptide.
Suitable for use in the present invention is a cell
that expresses at least one of the markers
characteristic of the pancreatic endocrine lineage. In
one aspect of the present invention, a cell expressing
markers characteristic of the pancreatic endocrine
lineage is a pancreatic endocrine cell. The pancreatic
endocrine cell may be a pancreatic hormone-expressing
cell. Alternatively, the pancreatic endocrine cell may
be a pancreatic hormone-secreting cell. [0173] In one
aspect of the present invention, the pancreatic
endocrine cell is a cell expressing markers
characteristic of the b cell lineage. A cell
expressing markers characteristic of the b cell
lineage expresses Pdxl and at least one of the
following transcription factors: NGN-3, Nkx2.2,
Nkx6.1, NeuroD, IsI-I, HNF-3 beta, MAFA, Pax4, and
Pax6. In one aspect of the present invention, a cell
expressing markers characteristic of the b cell
lineage is a b cell. [0174] The present invention is
further illustrated, but not limited by, the following
examples. EXAMPLESExample 1 Passage and Maintenance of
Human Embryonic Stem Cells as Cell Clusters [0175] The
human ES cell lines Hl and H9 were initially
maintained on mitomycin C inactivated primary mouse
embryonic fibroblasts (MEF). The human ES cells were
switched from MEF feeders to Matrigel(tm)
(Becton-Dickinson, Bedford, MA) over repeated
passages. [0176] Treatment of surfaces with
Matrigel(tm): Growth Factor Reduced Matrigel(tm) was
thawed at 4C and then diluted 1:30 in cold DMEM/F12
(Invitrogen, Carlsbad, CA). Volumes sufficient to
cover the surface were added to each 6-cm dish (2 ml)
or each well of a 6-well plate ( 1 ml), and incubated
1 hr at room temp. Treated surfaces were used within a
few hours or stored at 4C up to two weeks. [0177]
Human ES cell culture: Undifferentiated human ES cell
colonies (from either the H9 or Hl lines) were
harvested from feeder layers by incubation in 1 mg/ml
collagenase IV (Sigma-Aldrich, St. Louis, MO) in
DMEM/F12 for 10 minutes, followed by scraping with a
pipette. Cell clumps were pelleted by centrifugation
at 600 x g for four minutes and the pellet dispersed
gently with a 2-ml pipette to break colonies into
small clusters of cells. These cell clusters were
seeded onto Matrigel(tm)-treated dishes in media
conditioned with mouse embryonic fibroblasts (MEF-CM),
further supplemented with bFGF (8 ng/ml; R&D Systems,
Minneapolis, MN), at 50-150 colonies per 6-cm dish in
5 ml growth medium. Medium was changed daily. Colonies
on Matrigel(tm) in MEF-CM became large and were passed
when they occupied 70-80% of the surface area,
approximately every 3-4 days. The human ES cells in
the colonies had a high nucleus to cytoplasm ratio and
had prominent nucleoli, similar to human ES cells
maintained on feeders (Figure 1). Differentiated cells
represented less than 5% of total cells in culture.
[0178] For routine passage of cells in MEF-CM on
Matrigel(tm), cells were incubated in 1 mg/ml
collagenase IV in DMEM/F12 for up to 60 minutes and
removed from the dishes by forceful streams of
DMEM/F12 with scraping. Cells were pelleted,
dispersed, and seeded at a 1:3 or 1:4 ratio. Example
2Passage of Human Embryonic Stem Cells as Single Cells
[0179] Human ES cells of the cell line H9 were grown
as single cells according to the methods disclosed in
US Patent Application LFS5163USPSP, assigned to
LifeScan Inc. Cells were passaged by treatment with
TrypLE(tm) Express for five minutes at 370C, and
seeded at 10,000 cells/cm2 substrate surface. Example
3 Attachment, Cultivation and Maintenance of
Pluripotency of Human Embryonic Stem Cells Using
Surface Modified Plates Lacking Extracellular Matrix
Protein/Components and Feeder Cells [0180] Human ES
cells of the line Hl, at passage 49 were maintained in
MEF conditioned media on Nunclon Delta(tm) plates
treated with a 1:30 dilution of growth factor reduced
Matrigel(tm), prior to study. Cells were dissociated
from the surface for passage by lmg/ml collagenase
dissociation or by manual scraping. [0181] These cells
were then seeded onto two untreated wells of the
surface modified plates (6-well format). Additionally,
one well of each plate was treated with 0.1% xeno-free
human gelatin as a control. Cells were also plated
directly onto untreated and gelatintreated wells of
Costar (cat. no. 3516; Corning, Corning, NY), Falcon
(cat. no. 351 146; Becton Dickinson, Franklin Lakes,
NJ) and Nunclon Delta(tm) (cat. no. 140675; Thermo
Fisher Scientific, Roskilde, Denmark) 6-well plates
for negative controls, and plated onto wells treated
with 1:30 dilution of growth factor reduced
Matrigel(tm) to provide as positive controls. In all
treatments cells were maintained in MEF conditioned
media. [0182] We observed that after two passages,
surface modified plates 2, 3, and 4 had attached ES
cell colonies, which re-attached to the plates and
grew following enzymatic dissociation. There was no
apparent difference in rate of attachment or growth in
gelatin or untreated wells from surface modified
plates 2, 3, or 4. [0183] Cells mechanically
dissociated from plates treated with 1:30 dilution of
growth factor reduced Matrigel(tm) were poorly
attached to surface modified plates 2, 3, and 4,
whilecells enzymatically dissociated with 1 mg/ml
collagenase were well attached in gelatin or untreated
wells from surface modified plates 2, 3, or 4. [0184]
Hlp49 ES cells added to surface modified plates 1 and
5-12 and to untreated or gelatin treated Nunclon Delta
plates, Falcon plates, and Costar plates did not
attach. The same cells did attach to plates treated
with 1:30 dilution of growth factor reduced
Matrigel(tm), indicating that the cells were competent
to attach to a substrate surface. [0185] Normal
passage time for ES cells of the Hl line plated on
1:30 dilution of growth factor reduced Matrigel(tm)
was 3-4 days, however cells plated on surface modified



plates 2, 3 and 4 took 7 days of culturing before they
were ready for passage. This was probably due to the
reduced rate of attachment on the treated surfaces,
since more starting colonies were apparent on
Matrigel(tm)-treated surfaces immediately after
plating than on Surfaces 2, 3 and 4. [0186] The
passage (p) 50 Cells were split at a 1 to 2 ratio and
half of the sample was collected for RNA purification
and tested for expression of pluripotency markers
(Table 1). The other half of each sample was replated
to surface modified plates. Colonies that formed at
this passage (p51) also required 7 days of culturing
before they were ready to be passaged, and the small
colonies that developed after only 4 days of culturing
are shown in Figure 1. These colonies maintained
classical ES cell colony morphology. [0187] Cultures
were stopped at passage 4 on surface modified plates
2, 3 and 4 and samples were assayed for pluripotency
markers by qRT-PCR (Table 2) and differentiated to a
definitive endoderm fate (DE). Cells at passage 4
maintained expression of the classical pluripotency
markers: Oct4, Nanog, Sox2, and TERT. Furthermore, the
cells were able to differentiate to a definitive
endoderm fate upon exposure to a media containing
DMEM/F12, lOOng/ml Activin A, 20 ng/ml Wnt3a, and
0.5-2.0% FBS (Table 3) indicating that pluripotency
was maintained in the cells through passage 4. Example
4 Attachment, Cultivation and Maintenance of
Pluripotency of Human Embryonic Stem Cells on Surface
Modified Plates Lacking Extracellular
MatrixProtein/Components and Feeder Cells: Effects of
Rho Inhibition and Rho Kinase Inhibition [0188] Human
ES cells of the line Hl, at passage 49 were maintained
in MEF conditioned media on Nunclon Delta(tm) plates
treated with a 1:30 dilution of growth factor reduced
Matrigel(tm), prior to study. Cells were dissociated
from the surface for passage by lmg/ml collagenase
dissociation. [0189] These cells were then seeded onto
untreated wells of surface modified plates (6-well
format). Cells were also plated directly onto
untreated and gelatin-treated wells of Costar ' Falcon
, and Nunclon Delta 6-well plates for negative
controls and plated onto wells treated with 1:30
dilution of growth factor reduced Matrigel(tm) to
provide as positive controls. In all treatments cells
were maintained in MEF conditioned media. [0190] Human
ES cells of the line Hl, at passage 49 added to
surface modified plates 1 and 5-12 and to untreated or
gelatin treated Nunclon Delta(tm) plates and
Costar(tm) plates did not attach, however, they did
attach to surface modified plates 2, 3, and 4. The
same cells did attach to plates treated with 1:30
dilution of growth factor reduced Matrigel(tm),
indicating that the cells were competent to attach to
a substrate surface. [0191] Normal passage time for Hl
ES cells plated on 1:30 dilution of growth factor
reduced Matrigel(tm) was 3-4 days, however cells
plated on surface modified plates 2, 3 and 4 took 7
days of culturing before they were ready for passage.
This was probably due to the reduced rate of
attachment on the surface modified plates, since more
starting colonies were apparent on
Matrigel(tm)-treated surfaces immediately after
plating than on surface modified plates 2, 3 and 4.
[0192] The passage (p) 50 Cells were split at a 1 to 2
ratio and half of the sample was collected for RNA
purification and tested for expression of pluripotency
markers (Table 1). The other half of each sample was
replated to surface modified plates. Colonies that
formed at this passage (p51) also required 7 days of
culturing before they were ready to be passaged, and
the small colonies that developed after only 4 days of
culturing are shown in Figure 1. These colonies
maintained classical ES cell colony morphology.[0193]
Due to the delay in passage, the cells were split at a
1 to 2 ratio and half of the passage 4 samples were
plated in MEF conditioned media or MEF conditioned
media supplemented with the Rho kinase (ROCK)
inhibitor, Y-27632, at a 10 mM concentration in an
attempt to improve cell growth kinetics. Cells were
kept in the plating media for 48 hours after passage
at which time the media was changed to fresh
unsupplemented MEF conditioned media. [0194] The
addition of Y-27632 at a l OmM concentration
significantly increased plating efficiency of the
cells (p52) and the improvement in colony growth was
apparent after 4 days post-plating (Figure 2).
Alternatively, prior to collagenase dissociation,
human ES cells of the line Hl were also treated with
0.5 ng/ml of a cell permeable form of the Rho
inhibitor, C3 exotransferase, which also increased the
plating efficiency of the cells. [0195] While cells
plated in 10 mM Y-27632 could be passaged 4 days after
plating, cells plated without the ROCK inhibitor were
not ready to be split 4 days after plating. Cells
treated with Rho inhibitor, C3 exotransferase were
also not ready for passage 4 days after plating and
cells exhibited increased differentiation to a
fibroblast-like morphology. Consequently, cells
treated with Rho inhibitor at passage 4 were treated
with Y-27632 at all subsequent passages (Figure 3).
[0196] Cells were further passaged to at least 10
passages on surface modified plates 3 and 4 and were
tested for the presence of markers associated with
pluripotency: genes by qRT-PCR; cell surface marker
expression by flow cytometry; and immunofluorescence
of cell surface and nuclear proteins (Figures 4-6).
Cellular pluripotency was also confirmed by testing
their capacity to differentiate to definitive
endoderm, pancreatic endoderm, and form embyroid
bodies composed of the three germ layers (Figures
7-9). Cells were also tested for karyotypic stability,
and we observed that cells could maintain a normal
karyotype (Figure 10). Example 5 Attachment and
Detachment of Human Embryonic Stem Cells Through Rho
Kinase Inhibition[0197] Human ES cells of the line H9,
at passage 40 were maintained in MEF conditioned media
on Nunclon Delta(tm) plates treated with a 1:30
dilution of growth factor reduced Matrigel(tm)' prior
to study. Cells were dissociated from the surface for 



passage by 1 mg/ml collagenase dissociation or by
manual scraping. [0198] These cells were then seeded
onto surface modified plates 2, 3, 4 and 13 (12-well
format) in the presence of increasing amounts one of
the following Rho Kinase inhibitors: Y-27632 (from
Sigma, St. Louis, MO or EMD, San Diego, CA), Fasudil
(Sigma), or Hydroxyfasudil (Sigma), and maintained for
3 days, each day replacing the media and compound. At
the end of day three, media was removed and the plates
were stained with Crystal Violet (0.5% in water) to
visualize colonies. [0199] We observed that by day
three, surface modified plates 2, 3, 4 and 13 had
attached ES cell colonies in the presence of
increasing amounts of Rho kinase inhibitor. Best
results were obtained through the use of Y-27632 (10
mM), although some colonies could be observed to
attach and grow with the Rho kinase inhibitors,
Fasudil and Hydroxyfasudil (Figure 11). [0200] We
attempted to determine the optimal dose of Y-27632 to
promote cell binding, by treating cells with a range
of plating concentrations of Y-27632 for the first day
of culture. After the first day in culture cells were
treated on subsequent days with a 10 mM concentration
of Y-27632. We observed that the maximal concentration
to stimulate attachment and growth of ES cells was 10
mM (Figure 12) and that this occurred on surface
modified plates 2, 3, 4, 13 and CeIlBINDTM (Corning,
Corning, NY). [0201] The effect of treating the cells
continuously with a single dose of Y-27632 on
attachment and growth was also tested. The cells were
dosed with 0, 1, 4, or 10 mM Y-27632 for 4 days. Some
binding was observed on surface modified plates
without treatment (0 mM), however the optimal
concentration to stimulate attachment and growth of ES
cells was 10 mM Y-27632 (Table 4) on surface modified
plates 2, 3, 4, 13. [0202] Since the addition of ROCK
inhibitor significantly enhances the plating and
growth kinetics on surface modified plates 2, 3, and 4
versus untreated cells (Figure 13), wewished to
determine if this was due to maintenance of proper
cell attachment or due to increased cell
proliferation. We observed that Rho Kinase inhibition
does not increase cell proliferation, because cells
treated with Y-27632 grow at a similar density as
untreated cells (Figure 14). Instead, Y-27632
treatment maintains the attachment of cells to the
surface and allows them to grow with normal
proliferation kinetics (Figure 15). Removal of a Rho
Kinase inhibitor from the growth media of ES cells
plated in the presence of Rho kinase inhibitor results
in detachment of the cells from the surface. The
formation of embryoid bodies with differentiation to
the 3 germ lineages is accomplished by culturing ES
cells in a suspension. Consequently, although later
reapplication of a Rho kinase inhibitor restored
attachment of cells (Figure 15), as expected,
substantial differentiation of the ES cell culture was
observed in samples where Rho kinase inhibitor was
withdrawn for 24 hours of culture and cells were
allowed to detach, grow in suspension for 24 hours and
Rho kinase inhibitor was then reapplied. Example 6 H9
human ES cells passaged with TrypLE(tm) Express on
Surface Modified Plates Show Improved Adhesion with
Y-27632 [0203] Initial passaging of H9 human ES cells
onto surface modified plates. Adhesion is improved
with continuous 10 mM of Y-27632. This is true for the
four surface modified plates tested: 2, 3, 4 and 13.
Images of H9 cells 24 hours after seeding on Surface 3
are shown in Figure 16. Example 7 H9 single Human
Embryonic Stem Cells Passaged with TrypLE(tm) Express
on Surface Modified Plates Remain Pluripotent [0204]
Human ES cells are pluripotent and have the ability to
differentiate into all cell lineages. The pluripotent
state of the cells must be maintained by the surface
on which they grow. To determine if the surface
modified plates can maintain human ES cell
pluripotency, the human ES cells were passaged 38
times with collagenase and 38 times with TrypLE(tm)
Express followed by 5 passages on surface modified
plate 3 (Surface 3), surface modified plate 4 (Surface
4) or Matrigel(tm) at 1:30 dilution. 10mM of Y-27632
was added to the media of indicated samples. The
expression, of pluripotency markers Tra-1-60,
Tra-1-81, SSEA-3 and SSEA-4, was evaluated by flow
cytometry. Results are shown in Figure 17. The
percentage of positive cells is indicated on the
y-axis. Single human ES cells grown on surface
modified plates 3 and 4 can maintain their
pluripotency. Example 8 Rho Kinase Inhibition Promotes
Adhesion and growth of Cells from the Human Embryonic
Stem Cell line H9, Grown as Single Cells on Surface
Modified Plates upon Transfer from Matrigel(tm) [0205]
The role of Y-27632 in human ES cell adhesion and cell
growth was studied in relation to the surface modified
plates. H9 human ES cells were passaged 38 times with
collagenase and 50 times with TrypLE(tm) Express
followed by seeding onto Surfaces modified plates 3 or
4 (nave cells). Alternatively H9 human ES cells
passaged 38 times with collagenase and 38 times with
Triple Express followed by 9 passages on surface
modified plate 3 (Surface 3, acclimated cells), or
surface modified plate 4 (Surface 4, acclimated
cells). Cells were seeded at a density of 104/cm2 in
MEF conditioned media and grown for two days with or
without the presence of 10 mM of Y-27632. Results are
shown in Figure 18. Y-27632 improves attachment of
nave cells to surface modified plates 3 and 4. Y-27632
did not improve attachment of acclimated cells to
surface modified plates 3 or 4. surface modified plate
3 improved attachment and/or growth of nave cells.
Surface modified plate 4 improved attachment and/or
growth of acclimated human ES cells. The cells were
followed for a total of 4 days (Figures 19 and 20).
The nave single cells exhibited an increase growth
rate when cultured with 10 mM Y-27632 with surface
modified plate 3 showing a slight advantage (Figure
19). The acclimated single cells 



exhibited improved growth rates with out the 10 mM of
Y-27632 (Figure 20). Example 9 Surface Modified Plates
can be used to Screen Compounds [0206] Surface
modified plates in 96-well configuration and in the
Society for Biomolecular Screening (SBS) standard
format can be used for growing single human ES cells
inthe presence of 10 mM Y-27632. Images of H9 single
cells plated in 96-well plate wells are shown in
Figure 2 1. This would allow for the screening of
compounds directly in 96-well plates with no
interfering cells or adlayers, such as mouse embryonic
fibroblasts or Matrigel(tm), respectively. Example 10
Single Embryonic Stem Cells Cultured on Surface
Modified Plates are able to Differentiate into
Definitive Endoderm [0207] One goal is to
differentiate human ES cells into different cell
lineages. To determine if surface modified plates can
support differentiation, human ES cells were passaged
38 times with collagenase and 38 times with TrypLE(tm)
Express followed by 9 passages on surface modified
plate 3 (Surface 3), or surface modified plate 4
(Surface 4). As a positive control, human ES cells
were grown on Matrigel(tm) at 1:30 dilution. 10 mM of
Y-27632 was added to the media during expansion of
indicated cell samples. After cell expansion, the
ability of the cultured cells to form definitive
endoderm was evaluated. Briefly, 70% confluent
cultures were treated with 100 ng/ml Activin A, 10
ng/ml Wnt3a and 0.5% FBS in DMEM-F12 media for two
days. The treatment was followed by 3 days with 100
ng/ml Activin A and 2% FBS in DMEM/F12. Cells
differentiated into definitive endoderm are identified
by CXCR4 protein expression, via flow cytometry
(Figure 22). The percentage of positive cells is
indicated on the y-axis. Human ES cells cultured as
single cells can differentiate into definitive
endoderm in the presence or absence of Y-27632 on
surface modified plates 3 and 4. Example 11 Single
Embryonic Stem Cells Cultured on Surface Modified
Plates are able to Differentiate into Pancreatic
Endoderm [0208] After completion of the definitive
endoderm protocol, the cells were incubated for 3 days
with FGF-7 (50 ng/ml; R&D Systems), the sonic hedgehog
inhibitor, KAAD cyclopamine (2.5 mM; Sigma-Aldrich)
and 2% FBS in DMEM-F12 medium. At this point, cells
not treated with Y-27632 during expansion detached
from the surface modified plates 3 and 4. The cells
treated with Y-27632 during expansion, wereincubated
an additional four days with FGF-7 (50 ng/ml), KAAD
cyclopamine (2.5 mM), Retinoic Acid ( 1 mM;
Sigma-Aldrich) and 1% B27 (Invitrogen) in DMEM-F12
(posterior foregut stage, PF). After this time, cells
were incubated an additional four days in Exendin 4
(50 ng/ml; Sigma-Aldrich), DAPT ( 1 mM; Calbiochem),
and 1% B27 in DMEM-F 12. Differentiation was continued
to the pancreatic endoderm stage (EN). This entailed a
three-day treatment with CMRL medium (Invitrogen)
containing 50ng/ml, HGF, IGF (R&D Systems), and
Exendin 4 (50ng/ml), and 1% B27. RNA samples were
taken at stages PF and EN from one well of the surface
modified plates 3 and 4. These samples were then
analyzed by real-time PCR at this step for pancreatic
markers Pdxl, Nkxb.l, Nkx2.2, Pax4, NeuroD, HNF3b,
Ptfla, Insulin and AFP. Evaluation of the same
pancreatic endoderm markers was repeated at this
stage. RNA samples from untreated human ES cells of
the same line were subjected to real-time PCR in
parallel to treated samples. Treated samples were
normalized to untreated controls set to a fold change
of 1. Pdxl and insulin expression was monitored and
compared between surface modified plates. [0209]
Induction of pancreatic endoderm markers was observed
from cells treated on surface modified plates 3 and 4,
although expression was higher with cells treated on
surface modified plate 3 (Figure 23). Both surface
modified plates in the presence of Y- 27632 during
expansion can support the differentiation of single
human ES cells to posterior foregut and pancreatic
endoderm whereas single cells not treated with Y-
27632 during expansion detached prior to posterior
foregut differentiation. Example 12 Hl and H9 Human ES
Cells Adhere to Surface Modified Plates and Adherence
is Enhanced by Treating Cells with Y-27632 [0210]
Passage 49 H9 human ES cells previously plated to 1:30
Matrigel(tm) treated plasticware and grown in MEF
conditioned media supplemented with 8ng/ml of bFGF
were LIBERASE treated and plated to surface modified
plates in MEF conditioned media supplemented with
8ng/ml of bFGF and not otherwise treated or
supplemented with increasing concentrations of
Y-27632. We observed that 24 and 48 hours after
plating H9 human ES cells to surface modified plates
small colonies could be observed on Surfaces 2-4 and
13, and CeIlBIND(tm), and Primaria(tm) (cat.
no.353846, Becton Dickinson, Franklin Lakes, NJ) with
crystal violet stain (Figures 24- 26). Furthermore,
the adherence of H9 human ES cell colonies was
improved by the addition of Y-27632 and the effect was
dose responsive (Figure 25). Low concentrations of
Y-27632 ( 1 to 2 micromolar) showed a minimal
improvement in human ES cell attachment versus
untreated human ES cells (Figure 25) while higher
concentrations of Y-27632 (4 to 20 micromolar)
promoted adherence of human ES cells to surface
modified plates as measured by crystal violet stain
(Figure 25 and 26). [0211] In addition to the dynamic
regulation of human ES cell attachment by addition of
Y- 27632 to the cell culture media, we observed
different rates of adhesion of human ES cells to
various surface modified plastics in the presence of
Y-27632. For example, cells were less adherent to
CellBIND(tm) plates and were more likely, over time,
to detach from CellBIND(tm) plates even in the
presence of sustained Y-27632 treatment while cells
were more adherent and less likely to detach from
surface modified plates, 3, 4, or 13 or Primaria(tm)
when treated with the Rho kinase inhibitor, Y-27632
(Figure 25 and 26). Example 13 Cells from the Human
Embryonic Stem Cell Lines Hl and H9 Attach and Form 



Colonies at Different Rates on Surface Modified Plates
in the Presence of Y- 27632 [0212] Hl and H9 human ES
cells previously plated to 1:30 Matrigel(tm)-treated
plasticware and grown in MEF conditioned media
supplemented with 8 ng/ml of bFGF were LIBERASE
treated and plated to surface modified plates in MEF
conditioned media supplemented with 8 ng/ml of bFGF
and not otherwise treated or supplemented with 20
micromolar Y-27632. Forty-eight hours after plating H9
human ES cells to surface modified plates 14 and 15,
small colonies were observed when the media was
supplemented with 20 micromolar Y-27632 (attachment
and colony formation was variable from experiment to
experiment) (Figure 27). Hl human ES cells also
attached to and formed colonies on both Surface 14 and
15 in media supplemented with 20 micromolar Y-27632,
and this was more prevalent than the binding observed
with H9 human ES cells. These data indicate that there
is human ES cell line-to-line variability in
attachment to and colony formation on solid substrate
surfaces.Example 14 Human ES Cell Attachment to
Surface Modified Plates Using Defined Media [0213]
Passage 49 H9 human ES cells were passaged twice in
the define media, mTeSR(tm), on Matrigel(tm)-treated
plasticware. The cells were then LIBERASE treated and
plated onto the surface modified plate Nunc4 in
mTeSR(tm) media. Cells were either plated in media
with or without 20 micromolar Y-27632. Wells were also
treated with various proteins for 30 minutes prior to
seeding cells (no treatment, 0.1% gelatin, 2% BSA,
.34mg/ml rat Collagen I, 1:1000 Matrigel(tm), or
1:5000 Matrigel(tm)) to determine if these proteins
could promote human ES cell adhesion in defined media
with or without Y-27632 (Figure 28). We observed that
in the absence of Y-27632, human ES cells plated onto
a surface modified plate in defined media did not
attacheven in the presence of extracellular matrix
proteins such as Collagen I or 1:1000 Matrigel(tm).
However, when 20 micromolar Y-27632 was added to
define mTeSR(tm) media, human ES cells adhered to
surface Nunc4. Furthermore, this adherence was
equivalent in untreated wells and wells treated with
0.1% gelatin, 2% BSA, and 0.34 mg/ml rat Collagen I .
There was a modest increase in human ES cell
attachment in wells with low concentrations of
Matrigel(tm) (1:1000 and 1:5000 dilutions), however
these concentrations of Matrigel(tm) were insufficient
to promote adhesion in the absence of Y-27632. These
results demonstrate that in the presence of the ROCK
Inhibitor, Y-27632, human ES cells can be cultured on
modified plastic substrates in defined media and that
low concentrations of Matrigel(tm) of about 1:1000 or
1:5000 can improve this adhesion. Example 15 Surface
Modified Plates in a Flask Format can Promote Human ES
Cell Attachment and Differentiation to Definitive
Endoderm and Pancreatic Endoderm [0214] Hl and H9
human ES cells previously plated to 1:30
Matrigel(tm)-treated plasticware and grown in MEF
conditioned media supplemented with 8ng/ml of bFGF
were LIBERASE treated and plated to T25, T75, T150,
and T175 flasks at a 1:2 or 1:3 seeding density onto
various size flasks with modified surfaces. The cells
wereseeded in MEF conditioned media supplemented with
8ng/ml of bFGF and 20 micromolar Y-27632. Human ES
cell colonies were then allowed to grow, with daily
media changes of MEF conditioned media supplemented
with 8ng/ml of bFGF and 20 micromolar Y-27632, until
the plates were approximately 50% confluent. At this
time the media was changed to DMEM/F12 media
containing 2% BSA, 100ng/ml Activin A, 20ng/ml Wnt3a,
and 20 micromolar Y-27632 and the cells were
maintained in this media for 2 days with daily media
changes. On day 3 and 4 the media was changed to
DMEM/F12 media containing 2% BSA, 100ng/ml Activin A,
and 20 micromolar Y-27632. Cells were then released
from the surface with TrypLE and assays by flow
cytometry for expression of the definitive endoderm
(DE) surface marker, CXCR4. We observed that under
these conditions, human ES cells differentiated to a
highly CXCR4 positive population, that was as high as
almost 90% CXCR4+, indicating that the cells were
mostly differentiated to definitive endoderm (Table
5). Furthermore, the attachment of the cells to the
culture surface during growth or during
differentiation was dependent on maintaining ROCK
inhibition, since withdrawal of Y-27632 from the
culture media resulted in cell detachment from the
plastic. We wished to determine if pancreatic endoderm
could be formed from the definitive endoderm derived
on surface modified plates in flask format. To do so,
we incubated the cells for an additional four days
with Y-27632 (20 micromolar), FGF-7 (50 ng/ml), KAAD
cyclopamine (2.5 micromolar), and 1% B27 (Invitrogen)
in DMEMF12 and then an additional four days in this
media supplemented with Retinoic Acid ( 1 micromolar;
Sigma-Aldrich) to differentiate the cells to a
pancreatic endoderm stage. RNA samples were then taken
and analyzed by real-time PCR for the pancreatic
marker Pdxl . Treated samples were normalized to
untreated controls set to a fold change of 1. We
observed that samples had increased levels of PDXl
versus undifferentiated human ES cells, with mRNA
levels at least 256 fold higher in the differentiated
cells than that observed in undifferentiated human ES
cells. Example 16 Surface Treatment and Surface
Modified Plates[0216] Surface modified plates were
prepared by treating injection molded items using a
corona plasma treatment or a microwave plasma
treatment (Table 6). The polymer materials used in
injection molding were polystyrene, polycarbonate, a
blend of polycarbonate and polystyrene, and cyclic
olefin copolymer. The surface modified plates were
individually packed in plastic bags, then sterilized
by gamma irradiation (25 kGy), and finally stored at
room temperature until used in cell culture or surface
characterization experiments. Surface modified plates
18, 30 and 31-32 were molded using the same polymer
materials as surface modified plates 19, 33 and 34,
respectively, but were not plasma treated. Surfaces 14
and 31 were not gamma 



irradiated. [0217] Corona plasma treatment was carried
out in a metal vacuum chamber with only one electrode
inside the chamber and electrically isolated from the
inside of chamber (CLab Plasma; Vetaphone AJS,
Denmark). The metal walls served as counter electrode
(ground). A self-tuning corona generator generated the
electrical field giving sufficient energy to generate
plasma in the entire chamber. An item to be treated
was placed at the bottom of the chamber. The chamber
was closed and evacuated to a pressure of 10 2 mbar.
At this pressure the valve to the vacuum pump was
closed and the corona generator engaged. The generator
was set to generate an output of 2000 W. The plasma
was energized for 5 to 60 seconds. The gas inlet valve
(air) was then opened, and the pressure in the chamber
returned to atmospheric level. [0218] The microwave
plasma treatment was carried out in a quarts vacuum
chambers (Model 300-E for surface modified plates 5-12
and Model 440 for surface modified plates 14 and 15;
both from Technics Plasma GmbH, Germany). The energy
to generate the plasma was supplied by a 2.43 GHz
microwave generator outside the chamber. An item to be
treated was placed on a glass plate inside the
chamber. The chamber was closed and evacuated to a
pressure between 0.3 and 0.5 mbar. The valve to the
vacuum pump was kept open, and the pressure was
maintained at the desired value by adjusting gas (air
or oxygen) flow with the gas inlet valve. The
microwave generator was then engaged. The generator
was set to generate an output of 500 or 600 W. The
pump valve was then closed, and the air inlet valve
was opened, in order to bring the pressure in the
chamber to atmospheric level.[0219] Table 6 shows
power, time, pressure, and gasses used in preparing
surface modified plates by corona plasma or microwave
plasma. Example 17 Surface Characterization of the
Surface Modified Plates of the Present Invention Water
Contact Angles [0220] Surface modified plates 1-4 and
13 were individually packed in plastic bags,
sterilized, and stored at room temperature throughout
the test period. Contact angles were first measured
one week after surface treatment and sterilization,
and then again at the time points given in Figure 29.
All contact angle measurements were done using the
static sessile drop method and a PG-X measuring Head
from FIBRO Systems AB, Sweden [goniometer consisting
of video camera and computer software (v. 3.1)]. The
tangent leaning method was used for calculation of the
contact angles. Drops of 4.0 mL MiIIiQ water was
applied using automatic drop application in static
mode, according to the manufactures instructions. The
contact angle of each drop was measured once (7 drops
were applied to each sample per time point). For each
time point, a new sample was used in order to avoid
any influence from earlier measurements. Measurements
on Nunclon Delta and CeIlBIND surfaces was performed
under the same experimental conditions as measurements
on Surface 1-4 and 13, but the surface treatment and
sterilization was done more than 12 weeks before the
first measurement (Nunclon Delta(tm)* was sterilized
one week before the first measurement). Figure 29
shows that surface modified plates 1-4 and 13 were of
similar hydrophilicity and more hydrophilic (lower
water contact angles) than Nunclon Delta(tm) and
CellBIND(tm) surfaces. The hydrophilicity of surface
modified plates 1-4 and 13 was stable for at least 12
weeks after surface treatment and sterilization.
[0221] CellBIND(tm) has previously been described as
having a contact angle of 13.4 degrees (standard
deviation of 4 degrees) [Corning Technical Report
(2005), Corning(r) CellBIND(r) Surface: An Improved
Surface for Enhanced Cell Attachment (CLS-AN- 057
REVl) onhttp://catalog2.
corning.com/Lifesciences/media/pdf/t_CellBIND_Improved
_Surface_ CLS_AN_057.pdf]. Negative Charge Density
[0222] The density of negative charges on surface
modified plates 1-4 and 13, Nunclon Delta(tm) surface,
CellBIND(tm) surface, Primaria(tm) surface, Falcon(tm)
surface, and a non-treated (but sterilized)
polystyrene surface (all in 3-cm dish format) was
determined. Three ml of aqueous crystal violet
solution (0.015% w/v) was dispensed in each dish, and
dishes were incubated for 60 minutes at room
temperature under gentle shaking (50 rpm). In order to
remove crystal violet not bound to the surfaces, the
dishes were washed three times with 3 ml MiIIiQ water,
and then dried over night at 600C. The crystal violet
bound to the surface was desorbed by addition of 1.5
ml of 0.1M HCl in EtOH solution (99%) and incubating
the dishes for 2 minutes at room temperature under
gentle shaking (50 rpm). Absorbance of the HChEtOH
solution with desorbed crystal violet was measured at
590 nm using an EnVision 2100 microplate reader
(Perkin Elmer; Waltham, MA, USA). Absorbance values
were corrected for background absorbance of HCl:EtOH
solution. The negative charge density was measured on
three dishes per surface, and absorbance measurement
was performed in triplicate for each dish. [0223] The
negative charge density for surface modified plates is
shown in Figure 30. The negative charge densities of
Surfaces 1-4 and 13 were similar, but longer surface
treatment time in the interval of 5-60 seconds tended
to result in a lower surface negative charge density.
Surfaces 1-4 and 13 had significantly lower negative
charge densities than CellBIND(tm) surface and a
Nunclon Delta(tm) surface treated in 2007. Surfaces
1-4 and 13 had negative charge densities at the same
level as a Nunclon Delta(tm) surface treated in 2005,
and significantly higher negative charge densities
than Primaria surface, Falcon surface, and a
non-treated (but sterilized) polystyrene surface. The
lower negative charge density of Nunclon Delta(tm)
surface treated in 2005 than of Nunclon Delta(tm)
surface treated in 2007, suggest that surfacetreated
polystyrene becomes slightly less negatively charged
over time. The high level of negative charge density
of CellBIND(tm) is not because of higher surface
roughness and thus surface area (See AFM analysis in
this Example).X-Ray Photoelectron Spectroscopy (XPS) 



[0224] Surface modified plates 1-4 and 13-15, and
plates with Nunclon Delta(tm), Costar(tm), Falcon(tm),
CellBIND(tm) and Primaria(tm) surfaces were analyzed
using XPS. Sample was presented to the x-ray source by
cutting sections from the plates and mounting them
with spring clips onto a stainless steel sample
holder. Samples were irradiated with Al karadiation
(1486 eV). The analysis was performed with an angle of
45 between the sample and analyzer. The spectra were
curve fit using the software package provided by the
instrument's vendor, Physical Electronics. The
software utilized commercial Matlab(tm) routines for
data processing. The instrument used for the analysis
was a Physical Electronics Model 5400 X-Ray
Photoelectron Spectrometer. The outermost two to five
nanometers in depth in a region of about one
millimeter in diameter from the surface treated part
of the plates was analyzed in each of two plates per
surface. [0225] Surface elemental composition in units
of atomic percent is shown in Table 7. All surface
modified plates contained carbon, oxygen and nitrogen
(hydrogen is not detected in XPS) in the surface.
Surfaces 1-4, Surface 13 and CellBIND(tm) surface
contained more oxygen than the other surfaces
analyzed. Surfaces 1-4 and Surfaces 13-15 contained
less nitrogen than Primaria(tm), but more nitrogen
than the surfaces of Nunclon Delta(tm), Costar(tm),
Falcon(tm), and CellBIND(tm) plates. Oxygen and
nitrogen levels correlated positively with longer
surface treatment time (Surfaces 1-4 and 13), and the
highest levels of both of these elements were obtained
using 30 or 60 seconds of corona plasma treatment
(Surface 3 and Surface 4, respectively). Surfaces 3
and 4 were similar in elemental composition. Surfaces
2 and 13 were similar in elemental composition, and
more like Surfaces 3 and 4 than Surface 1 in elemental
composition. [0226] CIs spectra peaks were curve fit
(best chi-squared fit), in order to identify and
quantify the bonding environments for carbon in the
surfaces, by using peak widths and energy locations
for species as found in the literature (Table 8). The
concentrations are reported in units of atomic
percent, which were obtained by multiplying the area
percent by the atomic concentration. Surfaces 2-4 and
13 were similar in terms of the carbon bonding
environments. The proportion of carbon in C*-C-O-C-C*
bonding environment was lower in Surfaces 2-4 and 13
than in the other surfaces analyzed. The proportion of
carbon in 0-[C=O]-O bondingenvironment was higher in
Surfaces 2-4 and 13 than in the other surfaces
analyzed. Similarities between Surfaces 2-4 and 13 and
Surface 1, CellBIND(tm) surface, and/or Primaria(tm)
surface were also identified. The proportion of carbon
in C-O-C or CNH3+ bonding environment (same energy
location in spectra) was higher in Surfaces 1-4 and 13
than in the other surfaces analyzed. The proportion of
carbon in C-OC*= O bonding environment was higher in
Surfaces 2-4, Surface 13, and Primaria(tm) surface
than in the other surfaces analyzed. The proportion of
carbon in CO3 - bonding environment was higher in
Surfaces 2-4, Surface 13, and CellBIND(tm) surface
than in the other surfaces analyzed. The proportion of
carbon in C=O bonding environment was higher in
Surfaces 1-4, Surface 13, and CellBIND(tm) surface
than in the other surfaces analyzed. The proportion of
carbon in C-[O]-C bonding environment was higher in
Surfaces 1-4, Surface 13, CellBIND(tm) surface, and
Primaria(tm) surface than in the other surfaces
analyzed. The energy loss peak resulted from an
aromatic  II transition, and is an indicator of
surface aromaticity. [0227] The Ols spectra peaks were
almost Gaussian and could not be curve fit. NIs
spectra peaks were curve fit (best chi-squared fit),
in order to identify and quantify the bonding
environments for nitrogen in the surfaces, by using
peak widths and energy locations for species as found
in the literature (Table 9). The concentrations are
reported in units of atomic percent, which were
obtained by multiplying the area percent by the atomic
concentration. The NIs signals from Nunclon Delta(tm),
CellBIND , Costar , and Falcon surfaces were weak, and
it was, therefore, not possible to do identification
of the bonding environments for nitrogen in these
surfaces. NIs spectra were indistinguishable for
surface modified plates 1-4 and 13, and data resulting
from curve fitting of two representative NIs spectra
is shown. The proportion of nitrogen in -NH 3 +
bonding environment was higher in Surfaces 1-4 and 13
than in Surfaces 14 and 15 and Primaria(tm) surface.
Nitrogen in -NH bonding environment was detected only
in Surfaces 14 and 15 and Primaria(tm) surface.
Nitrogen in -NO bonding environment was detected only
in Surfaces 1-4 and 13, and in a single sample of
Surface 15. Nitrogen in -NO 3 bonding environment was
detected only in Surface 15 and Primaria(tm) surface.
[0228] CellBIND(tm) has previously been described as
having an elemental composition of 70.4% carbon, 29.0%
oxygen, 0.6% nitrogen, and <0.01% other elements, and
arelatively high concentration of C-[O]-C, C=O, and
COOH/R groups, as analyzed by ESCA [Corning Technical
Report (2005), Corning(r) CellBIND(r) Surface: An
Improved Surface for Enhanced Cell Attachment
(CLS-AN-057 REVl) on http://catalog2.
corning.com/Lifesciences/media/pdf/t_CellBIND_Improved
_Surface_ CLS_AN_057.pdf]. [0229] Primaria(tm) has
previously been described as having an elemental
composition of 74.6% carbon, 14.1% oxygen, 11.1%
nitrogen, and 0.2% other elements, with mainly nitrile
(CN) and urea [HN(C=O)NH] carbon-to-nitrogen bonding
environments, as analyzed by ESCA. Atomic Force
Microscopy (AFM) [0230] Surface modified plates 1-4
and 13, and plates with Nunclon Delta(tm) and
CellBIND(tm) surfaces were analyzed using AFM. Samples
were analyzed using a Digital Instruments Multimode
Atomic Force Microscope in tapping mode. The tip used
was a tapping mode tip, type TESP7. Samples were
attached to the sample disks with double sticky tape.
Regions of 10 mm x 10 mm and 500 nm x 500 nm of the
surface-treated part of the plates were analyzed.
Surface mean roughness (Ra) and maximum height (Rmax)
in units of nanometers are shown in Table 10. Like the
plates with Nunclon Delta and CellBIND surfaces,
surface modified plates 1-4 



and 13 were relatively smooth, and Ra and Rmax did not
correlate with surface treatment time in either of the
two scans. Analysis of non-treated polystyrene and
oxidized polystyrene surfaces intended for cell
culture, and Primaria(tm) surface has been described
by Shen and Horbett (J. Biomed. Mater. Res.
57:336-345, 2001): surface roughness approximately 4
nm for all three surfaces. Example 18 Surface
Elemental Composition and Contact Angle in Relation to
Human ES Cell Attachment and Colony Formation [0231] A
summary of the results of the XPS analysis of surface
elemental composition, the surface contact angle
measurements, and human ES cell attachment and colony
formation experiments is given in Table 11.[0232]
Human ES cell attachment to and colony formation (at
least 15 colonies per 10 cm2 surface) on a solid
substrate surface in the absence of a compound capable
of inhibiting Rho or Rho kinase was observed on only
surface modified plates 2-4 and 13, CeIlBIND plates,
and Primaria plates (cells were presented to the
surfaces as a suspension of clusters of cells).
Surface modified plates 2-4 and 13 supported cell
attachment, colony formation and passaging. After
about three passages, the growth rate of human ES
cells on surface modified plates 2-4 and 13 declined
spontaneously (only in the absence of Rho inhibition
and Rho kinase inhibition), although cell morphology
indicated that the cells were not differentiating.
Furthermore, pluripotency marker expression was
maintained in cells passaged four times on Surface 3.
CellBIND(tm) plates supported human ES cell attachment
and colony formation, but differentiation of the cells
was observed prior to the first passage. Based upon
cell morphology observations, Primaria(tm) plates
supported human ES cell attachment and colony
formation, without signs of differentiation (passaging
was not tested). Both oxygen (for example, Surface 2
versus Surface 14) and nitrogen (for example,
Primaria(tm) versus Costar(tm); and Surfaces 2 and 13
versus CellBIND(tm)) content of surfaces had an effect
on the ability of the surfaces to support human ES
cell attachment and colony formation in the absence of
Rho inhibition and Rho kinase inhibition. Surfaces
with a nitrogen content of at least about 0.9%, a sum
of nitrogen and oxygen content of at least about
22.3%, and a water contact angle of at least about
13.9 degrees supported human ES cell attachment and
colony formation in the absence of Rho inhibition or
Rho kinase inhibition. [0233] Human ES cell attachment
and colony formation (at least 15 colonies per 10 cm2
surface) on a solid substrate surface in the presence
of a compound capable of inhibiting Rho or Rho kinase
was observed on surface modified plates 1-15, surface
modified plate 19, surface modified plate 33, surface
modified plate 34, CellBIND(tm), and Primaria(tm)
(cells were presented to the surfaces as a suspension
of clusters of cells). We noted that surfaces 2-4 and
13 and Primaria(tm) were better than surfaces 1, 19,
33 and 34 and CellBIND(tm), which again were better
than surfaces 5-12, 14 and 15, at promoting human ES
cell attachment and colony formation. On surface
modified plates 3 and 4, and in the presence of a Rho
kinase inhibitor, human ES cells attached and formed
colonies that expanded and could be passaged at least
10 times, giving rise to pluripotent cells with normal
karyotype (karyotype tested only in cellsgrown on
Surface 4). Both oxygen (for example, CeIlBIND(tm)
versus Nunclon Delta ) and nitrogen (for example,
Primaria versus Costar ; and Surfaces 2 and 13 versus
CellBIND(tm)) content of surfaces had an effect on the
ability of the surfaces to support human ES cell
attachment and colony formation in the presence of Rho
kinase inhibition. Surfaces with a nitrogen content of
at least about 0.5%, a sum of nitrogen and oxygen
content of at least about 17.2%, and a water contact
angle of at least about 13.9 degrees supported human
ES cell attachment and colony formation in the
presence of Rho kinase inhibition. Surfaces with a
nitrogen content of at least about 0.5%, a sum of
nitrogen and oxygen content of at least about 17.3%
but less than 19.9%, and a water contact angle of at
least about 9.4 degrees supported human ES cell
attachment and colony formation in the presence of Rho
kinase inhibition in some cases (surface 14), but not
in others (surfaces 22-24). [0234] We noted that
removal of Rho kinase inhibitor from human ES cell
cultures cultured on surface modified plate 4 resulted
in detachment of the human ES cells from the surface
of the solid substrate. The cells could then be
reattached to the surface by retreatment with a Rho
kinase inhibitor. Given that enzymatic passage of
human ES cells is a potential stressor and may cause
karyotypic instability, using temporary removal of Rho
kinase inhibitor to passage human ES cells could
eliminate the stresses of enzymatic passage. [0235]
Human ES cell attachment and colony formation was also
demonstrated using animalcomponent- free medium, Rho
kinase inhibition and surface modified plate 4.
Pretreatment of surface modified plate 4 with
extracellular matrix proteins resulted in more
colonies, but only in the presence of Rho kinase
inhibition. [0236] In addition to passaging human ES
cells with enzymatic methods that maintain colony
style culture conditions by passaging cells as
clusters, human ES cells could also be passaged as
single cells using enzymes like TrypLE(tm) or
Accutase(tm). In the presence or in the absence of Rho
kinase inhibitor, human ES cell colonies dissociated
into a suspension of single cells using TrypLE(tm)
attached to surface modified plates 3 and 4, and
formed colonies that could be passaged at least five
times and give rise to cells with pluripotency
markers.[0237] Removal of Rho kinase inhibitor from
the human ES cell cultures prepared by passaging the
cells as a suspension of single cells did not result
in detachment of the human ES cells from the surface
of the solid substrate, but resulted in colonies that
grew faster than if the Rho kinase inhibitor was not
removed. Example 19 Treatment with Y-27632 Enhance
HEK293 Cell Attachment to Surface Modified Plates
[0238] Human embryonic kidney cells 293 (HEK293, ECACC
no. 85 120602) were maintained in Eagle's Minimum
Essential Medium (EMEM; Lonza, Venders, 



Belgium) containing 10% fetal bovine serum (FBS;
Lonza). The cells were adapted to Pro293a-CDM medium
(Lonza), a chemically defined, serum-free medium
optimized for cultivation of adherent HEK293, by
gradually and over several passages using the
sequential ratios of 3:1, 1:1, 1:3, 1:7, and finally
0:1 of serum-supplemented EMEM and Pro293a-CDM medium.
For maintenance and adaptation, HEK293 cells were
seeded at 2.0 x 104 cells/cm2 in 75-cm2 flasks with
Nunclon Delta(tm) surface (Thermo Fisher Scientific,
Roskilde, Denmark) and passaged at 70-80% confluence
using Trypsin/EDTA for dissociation. [0239]
Pro293a-CDM medium (100 ml) supplemented with Y-27632
(Sigma Chemical Co., St. Louis, MO) in concentrations
of 1.0, 4.0 or 10 mM was dispensed in flat-bottomed,
96-well plates with Surface 4, Nunclon Delta(tm)
surface, or CellBIND(tm) surface. Another 100 ml of
Pro293a-CDM medium with HEK293 cells was added to the
wells (4.0 x 104 cells/cm2) . The cultures were then
incubated at 37C in a humidified atmosphere of 5% CO
in air for: (i) 96 hours; or (ii) 48 hours, followed
by washing cultures once with 200 ml Dulbecco's
Phosphate Buffered Saline (DPBS; Lonza), then adding
200 ml of Pro293a-CDM medium without Y-27632, and
finally incubating cultures for another 48 hours.
[0240] The number of viable cells in the wells was
then determined using a lactate dehydrogenase (LDH)
activity kit from Roche, Switzerland. Briefly, wells
were washed with Pro293a-CDM medium, and adherent
cells were lysed in 100 ml DPBS with 2% (v/v) Triton
X-100 (Sigma Chemical Co.) during a 30-min incubation
at37C. Lysate and 100-ml catalyst and dye reagent
mixture were mixed and incubated in the dark at 25C
for 30 min. The reaction was stopped by adding 50 ml
of 1.0 M HCl, and the absorbance at 490 nm was
measured in a microplate reader (Genios Pro; Tecan,
Austria). The number of cells was calculated using the
A490 values from these samples and from standards
containing LDH from a known number of cells. [0241]
The effect of the solid substrate surfaces and Y-27632
on attachment and growth of HEK293 cells in
Pro293a-CDM medium is shown in Figure 31a, where the
96-hour continuous exposure to Y-27632 is labeled
"Y-27632 96h on" and the 48-hour continuous exposure
to Y-27632 followed by a change of medium and 48 hours
of incubation in the absence of Y-27632 is labeled
"Y-27632 48h on/48h off. In the absence of Y-27632,
HEK293 cells attached to all three surfaces. A change
of medium after 48 hours of incubation resulted in
significantly fewer cells in the cultures, measured
after 96 hours of incubation. Y-27632 enhanced
attachment of HEK293 cells on Surface 4 and
CellBIND(tm) surface when applied at concentrations of
2.0 and 5.0 mM. Removing Y-27632 after 48 hours of
incubation resulted in significant detachment of cells
from all three surfaces. [0242] A similar experiment,
but using 2.0 x 104 non-adapted HEK293 cells per cm2
and EMEM supplemented with 10% FBS throughout, was
performed. The effect of the solid substrate surfaces
and Y-27632 on attachment and growth of HEK293 cells
in EMEM supplemented with 10% FBS is shown in Figure
31b, where the 96-hour continuous exposure to Y-27632
is labeled "Y-27632 96h on" and the 48-hour continuous
exposure to Y-27632 followed by a change of medium and
48 hours of incubation in the absence of Y-27632 is
labeled "Y-27632 48h on/48h off. In the absence of
Y-27632, HEK293 cells attached to all three surfaces.
A change of medium after 48 hours of incubation
resulted in significantly fewer cells in the cultures,
measured after 96 hours of incubation. Y-27632
enhanced attachment of HEK293 cells on Surface 4 and
CellBIND(tm) surface when applied at concentrations of
2.0 and 5.0 mM. Removing Y-27632 after 48 hours of
incubation resulted in significant detachment of cells
from Surface 4 and CellBIND(tm). Example 20Treatment
with Y-27632 and H-1 152 Enhance HEK293 Cell Growth on
Surface Modified Plates [0243] HEK293 cells were
maintained in EMEM (Lonza) containing 10% FBS (Lonza).
Cells were passaged at 70-80% confluence using
Trypsin/EDTA for dissociation, and seeded at c 2.0 x
104 cells/cm2 in 75-cm2 flasks with Nunclon Delta(tm)
surface (Thermo Fisher Scientific, Roskilde, Denmark).
[0244] EMEM (500 ml) supplemented with 10 % FBS
containing 1.0, 5.0, 10, 15 or 20 mM Y-27632 (Sigma
Chemical Co.), or 0.4, 1.2, 1.6, 2.4 or 2.8 mM H-1 152
(Calbiochem, EMD Chemicals Inc., Darmstadt, Germany)
was dispensed in Multidish 24-well plates with either
Surface 4 or a non-treated (but gamma irradiated; 25
kGy) polystyrene surface. Another 500 ml of EMEM
supplemented with 10% FBS and containing HEK293 cells
were added to the wells (2.0 x 104 cells/cm2) . The
cultures were placed in an IncuCyte(tm) Plus (Essen
Instruments, Michigan, USA) and incubated at 37C in a
humidified atmosphere of 5% CO in air. The
IncuCyte(tm) Plus is an automated imaging platform,
configured to fit inside a CO incubator, and designed
to provide kinetic, non-invasive live cell imaging by
acquiring phase contrast images of the cells at
user-defined times and locations within the cultures.
The primary metric of the instrument is culture
confluence, that is, the fraction of the surface that
is covered by cells. The HEK293 cells were incubated
for 72 hours without manipulations, and images were
collected every two hours at 9 positions in triplicate
cultures. Culture confluence was determined using the
IncuCyte(tm) Plus software (v. 3.4.1.25966). [0245]
Increasing concentration of Y-27632 and H-1 152
enhances attachment and growth of HEK293 cells on
Surface 4 (Figure 32a). The effect of a non-treated
cell culture surface and Y-27632 or H-1 152 on
attachment and growth of HEK293 is shown in (Figure
32b). Growth and attachment of HEK293 cells was
slightly enhanced in the presence of 10 mM Y-27632 and
0.6 - 1.2 mM H-1 152. However, the enhancement of
growth and attachment of HEK293 cells on a non-treated
cell culture surface is insignificant in comparison to
Surface 4. Example 21Treatment with H-1 152 Enhances
HEK293 Cell Growth and Attachment to Surface Modified
Plates 



[0246] HEK293 cells were maintained in EMEM (Lonza)
containing 10% FBS (Lonza). Cells were passaged at
70-80% confluence using Trypsin/EDTA for dissociation,
and seeded at c 2.0 x 104 cells/cm2 in 75-cm2 flasks
with Nunclon Delta(tm) surface (Thermo Fisher
Scientific, Roskilde, Denmark). [0247] EMEM ( 1.0 ml)
supplemented with 10 % FBS containing 0.4, 0.8, 1.2,
1.6, 2.0, 2.4 or 2.8 mM H-1 152 was dispensed in
Multidish 12-well plates with Surface 4. Another 1.0
ml of EMEM supplemented with 10% FBS and containing
HEK293 cells were added to the wells (4.O x 104
cells/cm2) . The cultures were placed in an
IncuCyte(tm) Plus, and incubated at 37C in a
humidified atmosphere of 5% CO in air for 42 hours
(images were collected every 6 hours). One ml of
culture medium was then removed by pipetting, and 1.0
ml EMEM supplemented with 10% FBS containing 0.2, 0.4,
0.6, 0.8, 1.0, 1.2 and 1.4 mM H-1 152 was added. The
cultures were placed in the IncuCyte(tm) Plus again,
and images were collected every hour over the
following 25 hours. Images were collected at 9
positions in triplicate cultures, and culture
confluence was determined using the IncuCyte(tm) Plus
software. Images from the IncuCyte(tm) Plus collected
at specific positions in HEK293 cell cultures grown in
the absence or presence of H-1 152 (0.6 mM) was
retrieved and presented as phasecontrast micrographs
for the comparison of HEK293 culture morphology at the
following time points: start of incubation (0 hours),
just before medium change (42 hours), 1 hour after the
medium change (43 hours), and, finally, after 52 hours
of incubation. [0248] In the absence of H-1 152 and in
the presence of 0.2 mM or 0.4 mM H-1 152, the change
of 50% of the medium after 42 hours of incubation
resulted in a significant reduction in culture
confluence (Figure 33a). In the presence of 0.6 mM,
0.8 mM or 1.4 mM H-1 152, the effect of changing the
medium was minimal. HEK293 cells grown on Surface 4 in
the presence of H-1 152 covered the solid substrate
surfaces more evenly than HEK293 cells grown on
Surface 4 in the absence of H-1 152 (Figure 33b). In
the absence of H-1 152, HEK293 cells formed large
clusters, whereas, HEK293 cells in the presence of H-1
152 formed smaller clusters with lower cell
density.Example 22 Treatment with Y-27632 Enhances
HEK293 Cell Growth Over Three Passages on Surface
Modified Plates [0249] EMEM (500 ml) supplemented with
10 % FBS containing 5.0 mM Y-27632 was dispensed in
wells of Multidish 24-well plates with Surface 4 or
Nunclon Delta(tm) surface. Another 500 ml of EMEM
supplemented with 10% FBS and containing HEK293 cells
was added to the wells (2.0 x 104 cells/cm2), and the
cultures were incubated at 37C in a humidified
atmosphere of 5% CO in air for 3 days. Cells were
passaged by treatment with Trypsin/EDTA (Lonza,
Venders, Belgium) for two minutes at 37C, and the
total cell number was determined using a NucleoCount
Cell Counter (Chemometec AJS, Allerd, Denmark). For
successive passages, HEK293 cells were seeded at 2.0 x
104 cells/cm2. The growth of HEK293 cells on Surface 4
and Nunclon Delta(tm) surface was enhanced by the
presence of 2.5 mM Y-27632 (Figure 34). Example 23
Attachment, Cultivation and Maintenance of Human
Embryonic Stem Cells Using Surface Modified Plates 4,
18, and 19 that lack Extracellular Matrix
Protein/Components and Feeder Cells [0250] Passage 42
Hl hES cells maintained on 1:30 MATRIGEL coated
plasticware in MEF conditioned media supplemented with
8ng/ml of bFGF were lifted by LIBERASE(tm) enzymatic
treatment and plated to surface modified 96 well
format plates at a 1 to 2 dilution in MEF conditioned
media supplemented with 8ng/ml of bFGF. The cells were
plated to modified surfaces 4, 18, or 19, or
Primaria(tm). In order to determine the effect of Rho
Kinase inhibition on binding to the modified surface
we treated the cells with either l OmM of the Rho
Kinase inhibitor Y-27632, or 3 or l OmM of the Rho
Kinase inhibitor H-1 152glycyl. Untreated cells served
as controls. After 24 hours in culture the wells were
aspirated, the cells were dried, and the wells were
stained with Crystal violet. [0251] We observed that
after 24 hours in culture, ES cell colonies had
attached and spread when treated with Rho Kinase
inhibitors on surface modified plates 4 and 19 and
thePrimaria(tm) plate, however the same effect was not
observed on surface modified plate 18 (Figure 35).
Example 24 Attachment, Cultivation and Maintenance of
Human Embryonic Stem Cells Using Surface Modified
Plates 30, 31, 32, 33, and 34 that lack Extracellular
Matrix Protein/Components and Feeder Cells [0252]
Passage 47 Hl hES cells maintained on 1:30 MATRIGEL
coated plasticware in MEF conditioned media
supplemented with 8ng/ml of bFGF were lifted by
TrypLE(tm) enzymatic treatment and plated to surface
modified 96 well format plates at a 1 to 3 dilution in
MEF conditioned media supplemented with 8ng/ml of
bFGF. The cells were plated to modified surfaces 30,
31, 32, 33, or 34. In order to determine the effect of
Rho Kinase inhibition on binding to the modified
surface we treated the cells with 3mM of the Rho
Kinase inhibitor H-1 152glycyl. Untreated cells served
as controls. Additionally, cells were seeded to wells
in the surface modified plate that were pretreated
with Matrigel(tm). 24 hours after plating the media
was changed with fresh MEF conditioned media
supplemented with 8ng/ml of bFGF, and for cells seeded
in the presence of the Rho Kinase inhibitor the media
was supplemented with 3mM H- 1152glycyl. After 48
hours in culture the wells were aspirated, the cells
were dried, and the wells stained with Crystal violet.
[0253] We observed that after 48 hours in culture, ES
cell colonies had attached and spread when treated
with Rho Kinase inhibitors on surface modified plates
33 and 34 (Figure 39 and 40 respectively), however the
same effect was not observed on surface 



modified plates 30, 3 1 or 32 (Figures 36-40
respectively). Example 25 Attachment, Cultivation and
Maintenance of Human Embryonic Stem Cells Using
Surface Modified Plates 22, 23, 24 or 29 that lack
Extracellular Matrix Protein/Components and Feeder
Cells [0254] Passage 46 Hl hES cells maintained on
1:30 MATRIGEL coated plasticware in MEF conditioned
media supplemented with 8ng/ml of bFGF were lifted by
Liberase(tm)enzymatic treatment and plated to surface
modified 60mm dishes at a 1 to 3 dilution in MEF
conditioned media supplemented with 8ng/ml of bFGF.
The cells were plated to surface modified plates 3, 4,
22, 23, 24 and 29. In order to determine the effect of
Rho Kinase inhibition on binding to the modified
surface we treated the cells with 3mM of the Rho
Kinase inhibitor H-1 152glycyl to plate the cells. The
media was changed with fresh MEF conditioned media
supplemented with 8ng/ml of bFGF and l mM of the Rho
Kinase inhibitor H-1 152glycyl 24 hours after plating
the cells. Cells seeded to modified surface 3, 4 or
matrigel(tm) coated plastic served as controls. The
plates were observed by phase microscopy 24 and 48
hours after plating. We observed that after 48 hours
in culture, ES cell colonies had not attached to
surface modified plates 22, 23, 24 or 29 plated with
or without Rho Kinase inhibitor, while cells plated to
surface modified plate 3 or 4 in the presence of Rho
Kinase inhibitor did attach and spread. Example 26
Further Surface Characterization of the Surface
Modified Plates of the Present Invention Water Contact
Angles Surface modified plates 1-4 and 13 were
individually packed in plastic bags, sterilized, and
stored at room temperature throughout a 40-week test
period. Contact angles were first measured one week
after surface treatment and sterilization, and then
again at the time points given in Figure 4 1. All
contact angle measurements were done as described in
Example 17. Measurements on Nunclon Delta(tm) and
CeIlBIND(tm) surfaces was performed under the same
experimental conditions as measurements on Surface 1-4
and 13, but the surface treatment and sterilization
was done more than 12 weeks before the first
measurement (Nuclon Delta(tm)* was sterilized one week
before the first measurement). Figure 4 1 shows that
surface modified plates 1-4 and 13 were of similar
hydrophilicity and more hydrophilic (lower water
contact angles) than Nunclon Delta(tm) and
CeIlBIND(tm) surfaces. The hydrophilicity of surface
modified plates 1-4 and 13 was stable for at least 4 1
weeks after surface treatment and sterilization.[0256]
Contact angles were also measured on surface modified
plates 5-12, 22-24, 29, 30 and 33, which were packed
in plastic bags, sterilized as described in Example
16, and stored at room temperature for 9 weeks (except
for surface modified plate 29 which was stored for 28
weeks). Surface modified plates 18, 19, 32 and 34 were
in singlemicrowell format and could, therefore, not be
used for measurements of contact angles. Surface
modified plates 30 and 33 were in a microwell plate
format, and contact angle measurements were performed
on the backside of the plate and not inside wells.
Contact angles were measured as described in Example
17 (for the highly hydrophilic surface modified plate
29, a smaller drop of 2.5 ml MiIIiQ water was
applied), but triplicate samples were analysed, with 7
drops being applied per sample. Measurements on plates
with Costar , Falcon , Primaria and Nunclon Delta(tm)
surfaces was performed under the same experimental
conditions, but the surface treatment and
sterilization was done more than 12 weeks before the
first measurement. Figure 42 shows that surface
modified plates 5-12 were more hydrophilic (lower
water contact angles) than Nunclon Delta(tm),
Costar(tm) and Falcon(tm) surfaces. The hydrophilicity
of surfaces 5-12 was comparable to the hydrophilicity
of the Primaria(tm) surface, and higher than the
hydrophilicity of surfaces 1-4 and 13 (shown in Figure
41). The hydrophilicity of surface modified plates
22-24 and 33 was comparable to the hydrophilicity of
surfaces 1-4 and 13 (shown in Figure 41), whereas the
hydrophilicity of surface 30 was comparable to the
hydrophilicity of Nunclon Delta , Costar and Falcon
surfaces. Surface modified plate 29 was significantly
more hydrophilic than the other surfaces analysed.
Negative Charge Density [0257] The density of negative
charges on surface modified plates 5-12 (all 5-cm dish
format), 18, 19, 30, 32, 33 and 34 (all microwell
format), surface modified plates 22- 24 and 29 (all
6-cm dish format), and CellBIND(tm) surface (3-cm dish
format), Primaria surface (multidish-6 format) and
Nunclon Delta surface (3-cm dish format) was
determined. Aqueous crystal violet solution (0.015%
w/v) in excess was added to each format (0.34 ml/cm2
for dish format and 0.13 ml/cm2 for microwell format),
and was incubated for 60 minutes at room temperature
under gentle shaking (50 rpm). In order to remove
crystal violet not bound to the surfaces, the dishes
were washed three times with 3 ml MiIIiQ water for the
dish formats and three times with350 ml MiIIiQ water
for microwell formats, and then dryed over night at
600C. The crystal violet bound to the surface was
desorbed by addition of 0.17 ml/cm2 of 0.1 M HCl in
EtOH solution (99%) and incubating the dishes for 2
minutes at room temperature under gentle shaking (50
rpm). Absorbance of the HChEtOH solution with desorbed
crystal violet was measured at 590 nm using an
EnVision 2100 microplate reader (Perkin Elmer;
Waltham, MA, USA). Absorbance values were corrected
for background absorbance of HChEtOH solution. The
negative charge density was measured on three dishes
with surface modified plates 5-12, 22-24, 29, CeIlBIND
, Primaria and Nunclon Delta , and absorbance
measurements were performed in triplicate for each
dish. For surface modified plates 18, 19, 30, 32, 33
and 34, one sample was tested with triplicate
measurements. [0258] The negative charge densities of
surface modified plates 5-12 were similar, and these
surfaces had significantly lower negative charge
densities than CeIlBINDTM surface and Nunclon DeltaTM
surface, but significantly higher negative charge
densities than 



the Primaria(tm) surface (Figure 43). The negative
charge densities of surface modified plates 19, 33 and
34 were significantly higher than the negative charge
densities of surface modified plates 18, 30 and 32,
the latter being the respective non-treated surfaces
in the same polymer material. The negative charge
densities of surface modified plates 22-24 and 29 were
normalized to the negative charge density of the
Nunclon Delta(tm) surface, and Figure 44 shows that
surface modified plates 22-24 had higher negative
charge densities than the Nunclon Delta(tm) surface,
whereas the negative charge density for surface
modified plate 29 was significantly lower than the
negative charge density of the Nunclon Delta(tm)
surface (and surface 4). X-Ray Photoelectron
Spectroscopy (XPS) [0259] Surface modified plates
5-12, 18, 19, 22-24, 29, 30, 31-34 were analyzed using
XPS as described in Example 17. Surface elemental
composition in units of atomic percent is shown in
Table 12. All surfaces contained carbon, oxygen and
nitrogen (hydrogen is not detected in XPS), except
surface modified plates 31 and 32 (not plasma
treated), which did not contain nitrogen. Surface
modified plates 5-12 contained less oxygen than
surface modified plates 1-4 and 13, but significantly
more oxygen than Costar(tm), Falcon(tm) and Nunclon
Delta(tm) surfaces (shown in Table 7). Surface
modified plates 5-12, were prepared by microwave
plasma treatment while surface modified plates 1-4 and
13 were produced by corona plasma treatment. Surface
modified plates 19, 33 and 34, which were prepared by
Corona plasma treatment, but injection molded from
other polymers than polystyrene (which was used in the
preparation of surface modified plates 1-4 and 13),
contained oxygen levels comparable to those of surface
modified plates 1-4 and 13. Surface modified plates
22-24 contained less oxygen than surface modified
plates 1-4 and 13. Surface modified plate 29 contained
oxygen at a level comparable to surface modified
platesl-4 and 13. Surface modified plates 5-12, 19, 33
and 34 contained less nitrogen than surface modified
plates 1-4 and 13, but more nitrogen than Costar ,
Falcon and Nunclon Delta surfaces (shown in Table 7).
Surface modified plate 29 contained significantly more
nitrogen than the other surfaces analysed, including
the Primaria(tm) surface. CIs spectra peaks were curve
fit (best chi-squared fit), in order to identify and
quantify the bonding environments for carbon in the
surface modified plates, by using peak widths and
energy locations for species as found in the
literature (Table 13). The concentrations are reported
in units of atomic percent, which were obtained by
multiplying the area percent by the atomic
concentration. All plasma-treated surfaces, except
surfaces 10, 22-24 and 29, were similar in terms of
the carbon bonding environments. The proportion of
carbon in C-[O]-C was significantly higher in Surfaces
19, 33 and 34 than in surfaces 5-12, 18, 30 and 32 and
surfaces 1-4 and 13 (shown in Table 8). The proportion
of carbon in 0-[C=O]-O bonding environment was lower
in surfaces 5-12, 19, 33 and 34 than in surfaces 1-4
and 13. The proportion of carbon in C*-C-O-C-C* was
significantly higher in surfaces 5-9, 11, 12, 19, 33
and 34 than in surfaces 1-4 and 13, but comparable to
Nunclon Delta(tm) and CeIlBIND(tm) surfaces. The
proportion of carbon in C-O-C or C-NHs + bonding
environment (same energy location in spectra) was
lower in surfaces 5-12, 19, 33 and 34 than in surfaces
1-4 and 13, but was higher than in Costar , Falcon ,
CellBIND(tm) and Primaria(tm) surfaces. The proportion
of carbon in C-O-C*=O bonding environment was higher
in surfaces 19, 33 and 34 than in surfaces 5-12, and
comparable to the level in surfaces 1-4 and 13. The
proportion of carbon in C=O bonding environment was
higher in surfaces 5-12 than in surfaces 19, 33 and
34, but lower than in surfaces 1-4 and 13. The
proportion of carbon in CO3 bonding environment was
higher in surfaces 5-12 than in surfaces 19, 33 and
34, and comparable to the level in surfaces 1-4 and
13. Surfaces 22-24 were similar in termsof carbon
bonding enviroments. The proportion of carbon in
C-[O]-C, 0-[C=O]-O, C-O-C or C-NH 3 + , C-O-C *=O and
C=O for surfaces 22-24 was significant lower than for
surfaces 1-4 and 13. The proportion of carbon in CO
and C*-C-O-C-C* bonding environments was higher for
surfaces 22-24 than for surfaces 1-4 and 13. The
carbon bonding environment of surface 29 was different
from the carbon bonding environment of all other
plasma-treated surfaces. The proportion of carbon in
C-[O]- C was comparable to surfaces 1-4 and 13. The
proportions of carbon in 0-[C=O]-O, CO3 and
C*-C-O-C-C* bonding environments were lower for
surface 29 than for surfaces 1-4 and 13. The
proportions of carbon in C-O-C or C-NH 3 +, C-O-C *=0
and C=O bonding environments were higher for surface
29 than for surfaces 1-4 and 13. The energy loss peak
resulted from an aromatic II-"11* transition, and is
an indicator of surface aromaticity . [0261] The Ols
spectra peaks were almost Gaussian and could not be
curve fit. NIs spectra peaks were curve fit (best
chi-squared fit), in order to identify and quantify
the bonding environments for nitrogen in the surfaces,
by using peak widths and energy locations for species
as found in the literature (Table 14). The
concentrations are reported in units of atomic
percent, which were obtained by multiplying the area
percent by the atomic concentration. The proportion of
nitrogen in -NH 3 + bonding environment in all
surfaces, except surface 9, was lower than in surfaces
1-4 and 13. Nitrogen in -NH bonding environment in
surfaces 5-12, 19, 33 and 34 varied, but was higher
than in surfaces 1-4 and 13. Nitrogen in -NO bonding
environment in surfaces 5-12, 19, 33 and 34 varied,
but was lower than in surfaces 1-4 and 13. Nitrogen in
-NO 3 bonding environment in surfaces 5-12, 19, 33 and
34 varied, but was higher than in surfaces 1-4 and 13.
The nitrogen bonding environments of surfaces 22-24
and 29 were different from the other plasma-treated
surfaces. The proportion of nitrogen in -NH 2 bonding
environment in surfaces 22-24 and 29 varied, but was
significantly higher than in surfaces 1-4 and 13. The
proportion of nitrogen in -NO 2 bonding environment
was lower in surfaces 22-24 and 29 than in surfaces 1-



4 and 13. The proportion of nitrogen in O=C-N-C=O
bonding environment was comparable in surfaces 22-24
and 29 and surfaces 1-4 and 13. [0262] Publications
cited throughout this document are hereby incorporated
by reference in their entirety. Although the various
aspects of the invention have been illustratedabove by
reference to examples and preferred embodiments, it
will be appreciated that the scope of the invention is
defined not by the foregoing description but by the
following claims properly construed under principles
of patent law.TABLES Table 1: Expression of
Pluripotency Markers in Cells of the Human Embryonic
Stem Cell Line Hl at Passage 50, Cultured on the
Surface Modified Plates of the Present InventionENERGY
RECOVERY SYSTEM AND METHOD OF USING THE SAME TECHNICAL
FIELD [0001] Embodiments of inventive concepts
exemplarily described herein relate generally to
devices capable of converting kinetic energy
associated with a gas flow into electricity. More
particularly, embodiments exemplarily described herein
relate to energy recovery devices capable of
converting kinetic energy associated with a gas flow
into electricity while preventing an undesirable
amount of back pressure from being exerted against the
gas flow. BRIEF DESCRIPTION OF THE DRAWINGS [0002] The
above and other embodiments of the present invention
will become more apparent with reference to the
attached drawings in which: [0003] FIG. 1 is a
perspective schematic view of an energy recovery
system according to a first embodiment; [0004] FIG. 2
is a cross-sectional view of the energy recovery
system shown in FIG. 1, taken along line 2-2 shown in
FIG. 1; [0005] FIG. 3 is a bottom view of the energy
recovery system shown in FIG. 1; [0006] FIGS. 4A-4C
are schematic views of exemplary locations where the
energy recovery system shown in FIGS. 1-3 may be
disposed relative to a gas flow source; [0007] FIGS.
5A-5C are schematic views exemplarily illustrating a
relationship between a cross-sectional area of a first
end of a conduit in the energy recovery system shown
in FIGS. 1- 3 and a gas flow source; [0008] FIG. 6 is
a perspective schematic view generally showing an
upper portion of an energy recovery system according
to a second embodiment; [0009] FIG. 7 is a perspective
schematic view generally showing a lower portion of
the energy recovery system shown in FIG. 6;[00010]
FIG. 8 is a perspective schematic view of electrical
generators that may be coupled to a blade assembly of
the energy recovery system shown in FIGS. 6 and 7;
[00011] FIG. 9 is a cross-sectional view of an energy
recovery system shown according to a third embodiment;
[00012] FIG. 10 is a top view of the energy recovery
system shown in FIG. 9; [00013] FIG. 11 is a side view
of the energy recovery system according to a fourth
embodiment; [00014] FIG. 12 is a top view of the
energy recovery system shown in FIG. 11; [00015] FIG.
13 is a cross-sectional view of an energy recovery
system according to a fifth embodiment; [00016] FIG.
14 is a top view of the energy recovery system shown
in FIG. 13; [00017] FIG. 15 is a side view of an
energy recovery system according to a sixth
embodiment; [00018] FIG. 16 is a top view of the
energy recovery system shown in FIG. 15; [00019] FIG.
17 is perspective schematic view of a blade
incorporated within the energy recovery system shown
in FIG. 15; [00020] FIG. 18 illustrates an on-site
powering implementation in which an energy recovery
system may be used as a power source to facilitate
operation of a gas flow source; and [00021] FIG. 19
illustrates a net metering implementation capable for
use with an energy recovery system. DETAILED
DESCRIPTION [00022] Embodiments of inventive concepts
will be exemplarily described herein with reference to
the accompanying drawings. These embodiments may,
however, be realized in many different forms and
should not be construed as being limited to the
description set forth herein. The features of the
inventive concepts described herein may be employed in
varied and numerous embodiments without departing from
the scope of the present invention. [00023]
Embodiments exemplarily described herein can be
generally characterized as an energy recovery system
capable of converting the kinetic energy of a gas flow
generated by a gas flow source into electricity while
preventing an undesirable amount of back pressure from
being exerted against the gas flow.[00024] FIG. 1 is a
perspective schematic view of an energy recovery
system according to a first embodiment. FIG. 2 is a
cross-sectional view of the energy recovery system
shown in FIG. 1, taken along line H-II' . FIG. 3 is a
bottom view of the energy recovery system shown in
FIG. 1. [00025] Referring to FIGS. 1-3, an energy
recovery system 100 may be generally characterized as
including a conduit 110, a first blade assembly 120
and an electrical generator 130. [00026] The conduit
110 may include a first end 110a and a second end
110b. The first end 110a may be configured to receive
a portion of a gas flow generated by a gas flow source
(not shown). Further, the conduit 110 may be generally
configured to transmit the received gas flow from the
first end 110a toward the second end 110b. [00027] The
conduit 110 is configured to compress gas transmitted
from the first end 110a of the conduit 110. To
compress the gas, the conduit 110 may, for example, be
configured such that the second end 110b thereof is
narrower than the first end 110a thereof. As a result,
gas received at the first end 110a of the conduit 110
can be compressed as it is transmitted from the first
end 110a toward the second end 110b. It will be
appreciated that the specific dimensions of the
conduit 110 may vary depending on the configuration
and requirements of the gas flow source. In one
embodiment, however, the first end 110a of the conduit
110 may have a diameter of 26 inches and the second
end 110b of the conduit 110 may have a diameter of
18.5 inches. Moreover, the length of the conduit 110
(i.e., from the first end 



110a to the second end 110b) may be 10 inches. [00028]
The first blade assembly 120 is coupled to the conduit
110. The first blade assembly 120 may be configured to
be moved when the received gas flow is transmitted
from the first end 110a of the conduit 110. The first
blade assembly 120 may, for example, include a
rotatable shaft 122 and a plurality of blades 124
coupled to the rotatable shaft 122. The plurality of
blades 124 may be configured to be moved in a
predetermined direction (e.g., rotation in a clockwise
direction, as shown in FIG. 1) when the received gas
flow is transmitted from the first end 110a of the
conduit 110. When the plurality of blades 124 move,
the rotatable shaft 122 moves in the predetermined
direction. In one embodiment, each of the plurality of
blades 124 may be coupled to the rotatable shaft 122
via a corresponding blade connection member 126.
Accordingly, each blade connection member 126 may fix
a corresponding one of the blades 124at a
predetermined pitch angle, 1, measured from a
direction perpendicular to a longitudinal axis of the
rotatable shaft 122. It will be appreciated that the
specific configuration of the blades 124 may vary
depending on the configuration and requirements of the
gas flow source. In one embodiment, however, the
plurality of blades 124 may consist of five blades and
the pitch angle Fi may be 33 inclined with respect to
the clockwise direction. In another embodiment, each
blade 124 may have a length of about 9 inches. [00029]
The electrical generator 130 may be coupled to the
first blade assembly 120. The electrical generator 130
is configured to generate electricity when the first
blade assembly 120 moves. [00030] In one embodiment,
the energy recovery system 100 may further include a
second blade assembly 150 adjacent to the first blade
assembly 120 and coupled to the electrical generator
130. The second blade assembly 150 is configured to be
moved when the gas received at the first end 110a of
the conduit 110 is transmitted beyond the first blade
assembly 120. [00031] Similar to the first blade
assembly 120, the second blade assembly 150 may, for
example, a plurality of blades 154 coupled to the
rotatable shaft 122. The plurality of blades 154 may
be configured to be moved in a predetermined direction
(e.g., rotation in a clockwise direction, as shown in
FIG. 1) when the received gas flow is transmitted
beyond the first blade assembly 120. When the
plurality of blades 154 move, the rotatable shaft 122
moves in the predetermined direction. In one
embodiment, each of the plurality of blades 154 may be
offset from the plurality of blades 124 to minimize
the amount of gas flow that is not used to move a
blade assembly. In one embodiment, each of the
plurality of blades 154 may be coupled to the
rotatable shaft 122 via a blade connection member 156.
Accordingly, the blade connection member 156 may fix
the blades 154 at a predetermined pitch angle, F2,
measured from a direction perpendicular to a
longitudinal axis of the rotatable shaft 122. Pitch
angle F2 may be the same as or different from pitch
angle Fi. It will be appreciated that the specific
configuration of the blades 154 may vary depending on
the configuration and requirements of the gas flow
source. In one embodiment, however, the plurality of
blades 154 may consist of four blades and the pitch
angle F2 may be 27 inclined with respect to the
clockwise direction. In another embodiment, each blade
154 may have a length of about 9 inches. [00032] The
energy recovery system 100 may further include a
shroud member 140. The shroud member 140 may be
coupled to the second end 110b of the conduit 110.
Thefirst blade assembly 120 may be disposed within the
shroud member 140. Similarly, the second blade
assembly 150 may be disposed within the shroud member
140. Accordingly, the shroud member 140 may serve to
protect the first blade assembly 120 and the second
blade assembly 150 from undesirable gas flows in the
ambient environment. In one embodiment, a distance
between the blades 124 and the shroud member 140 is
minimal (e.g., about 1/8 of an inch). As exemplarily
shown, the electrical generator 130 may be disposed
outside the shroud member 140. It will be appreciated,
however, that the electrical generator 130 may be
disposed within the shroud member 140. For example,
the electrical generator 130 may be disposed within
the shroud member 140 and be coupled to the first
blade assembly 120 in a manner similar to that
discussed with respect to FIG. 8. [00033] As
exemplarily illustrated in FIGS. 1 and 2, the shroud
member 140 may include an air intake port 142 defined
therethrough and be configured to receive an ambient
gas (e.g., air) outside the conduit 110 and direct the
ambient gas toward the second blade assembly 150, as
shown by arrow 142a. For example, ambient gas may be
deflected by the exterior surface of the conduit 110
into the air intake port 142. The air intake port 142
transmits the deflected ambient gas into the interior
of the shroud member 140 toward the face of the blades
154. The flow of ambient gas to the face of the blades
154 acts on the blades 154, facilitating movement of
the blades 154 in the predetermined direction. [00034]
In one embodiment, the shroud member 140 includes a
first shroud body 144 coupled to the second end 110b
of the conduit 110 and a second shroud body 146
coupled to the first shroud body 144 in a spaced-apart
manner such that the air intake port 142 is defined
between the first shroud body 144 and the second
shroud body 146. The first shroud body 144 and the
second shroud body 146 may be coupled to each other
via first shroud body connection members 148a and
second shroud body connection members 148b. Each first
shroud body connection member 148a may include a first
end and a second end opposite the first end. The first
end of each first shroud body connection member 148a
and the second end of each first shroud body
connection member 148a is connected to an end of a
corresponding second shroud body connection member
148b. The second shroud body 146 is connected to one
or more regions of each of the second shroud body
connection member 148b. Constructed as exemplarily
described above, the first shroud body connection
member 148a and the secondshroud body connection
member 148b fix the first shroud body 144 and the
second shroud body 146 relative to each other so as to
define the air intake port 142. [00035] In the
embodiment exemplarily described above, the shroud
member 140 is provided as a plurality of separate
components coupled together in a manner that defines
the air intake port 142 capable of transmitting
ambient gas toward the second blade assembly 150. In
other embodiments, however, the shroud member 140 may
be provided as a single, integral component through
which one or more air intake ports 142 may extend.
Similarly, and although not shown, one or more air
intake ports may extend through a lower portion of the
first shroud body 144 to transmit ambient gas toward
the first blade assembly 120 (e.g., to the face of the
blades 124). The flow of ambient gas to the face of
the blades 124 acts on the blades 124, facilitating
movement of the blades 124 in the predetermined
direction. 



[00036] As mentioned above, the first blade assembly
120 may be disposed within the shroud member 140. In
one embodiment, the first blade assembly 120 may be
fixed to the first shroud body 144 by a blade assembly
connection member 160. As exemplarily illustrated, the
blade assembly connection member 160 includes an axial
connection member 162 and a plurality of radial
connection members 164. The axial connection member
162 (e.g., a drive shaft) is coupled to rotatable
shaft 122 and fixes the rotatable shaft 122 in
alignment with a longitudinal axis of the conduit 110.
Each of the plurality of radial connection members 164
includes a first end and a second end opposite the
first end. The first end of each radial connection
member 164 is coupled to the first shroud body 144 and
the second end of each radial connection member 164 is
coupled to the axial connection member 162. The radial
connection members 164 are sufficiently rigid to
prevent undesirable movement of the axial connection
member 162 when the first blade assembly 120 moves.
[00037] As mentioned above, the second blade assembly
150 may be disposed within the shroud member 140. In
one embodiment, the rotatable shaft 122 of the second
blade assembly 150 may be coupled to the axial
connection member 162. Accordingly, the axial
connection member 162 fixes the rotatable shaft 122 in
alignment with the longitudinal axis of the conduit
110 and the radial connection members 164 are also
sufficiently rigid to prevent undesirable movement of
the axial connection member 162 when the second blade
assembly 150 moves.[00038] As mentioned above, the
electrical generator 130 may be coupled to the first
blade assembly 120 and be configured to generate
electricity when the first blade assembly 120 moves,
hi one embodiment, the electrical generator 130 may be
coupled to the first blade assembly 120 via a belt and
pulley system 170. The belt and pulley system 170 may,
for example, include a first pulley 172 coupled to the
electrical generator 130, a second pulley 174 coupled
to the rotatable shaft 122. In one embodiment, the
second pulley 174 may be coupled to the rotatable
shaft 122 via a pulley connection member 176 that, in
turn is fixed to the rotatable shaft 122. The first
pulley 172 and the second pulley 174 are connected to
each other by a belt 178. [00039] Although the
electrical generator 130 is described above as being
coupled to the first blade assembly 120 by a belt and
pulley system 170, it will be appreciated that the
electrical generator 130 may be coupled to the first
blade assembly 120 by any suitable means. For example,
the electrical generator 130 may be coupled to the
first blade assembly 120 directly (e.g., as a
direct-drive system), by gears, or the like. Further,
although the energy recovery system 100 is described
above as including a single electrical generator 130,
it will be appreciated that the energy recovery system
100 may include a plurality of electrical generators
130 coupled to the first blade assembly 120 and/or the
second blade assembly 150. Each of the electrical
generators 130 may be configured to generate the same
or a different power output when the first blade
assembly 120 and/or the second blade assembly 150
moves. [00040] In one embodiment, the electrical
generator 130 may be coupled to the shroud member 140
(e.g., at the first shroud body 144) via a support
tray 132. A removable housing 134 may be provided on
the support tray 132 to surround and protect the
electrical generator 130 from the ambient environment.
In one embodiment, the removable housing 134 may be
provided as a substantially clear material to permit
inspection of the electrical generator 130. [00041] To
convert the kinetic energy of a gas flow into
electricity, the energy recovery system 100 may be
disposed so that the first end 110a of the conduit 110
receives a portion of a gas flow generated by a gas
flow source. The received gas flow is then transmitted
from the first end 110a of the conduit 110 toward the
second end 110b of the conduit 110. When transmitted
from the first end 110a of the conduit 110, the
received gas flow acts upon the first blade assembly
120. Also, when the received gas flow is transmitted
toward the second end110b of the conduit 110, the gas
becomes compressed because the second end 110b of the
conduit 110 is narrower than the first end 110a of the
conduit 110. Thus, a pressure of the gas at the second
end 110b of the conduit 110 is higher than a pressure
of the gas at the first end 110a of the conduit 110.
When the first blade assembly 120 is acted upon by the
high-pressure gas within the received gas flow, the
plurality of blades 124 move in a predetermined
direction (e.g., rotate in a clockwise direction about
an axis that is substantially parallel with the
longitudinal axis of the conduit 110). Gas within the
gas flow is then released into the ambient environment
and/or the gas flow channel of the gas flow source
(e.g., gas flow source 400) via the shroud member 140.
Thus, gas transmitted beyond the first blade assembly
120 is released into the ambient environment and/or
the gas flow channel of the gas flow source (e.g., gas
flow source 400) via the shroud member 140. Movement
of the plurality of blades 124 causes corresponding
movement of the rotatable shaft 122 which, in turn,
causes corresponding movement of the second pulley
174. Movement of the second pulley 174 is translated
into movement of the first pulley 172 by the belt 178.
When the first pulley 172 moves, the electrical
generator 130 generates electricity. Thus, the
electrical generator 130 is configured to generate
electricity when the first blade assembly 120 moves.
[00042] In embodiments where the energy recovery
system 100 includes the second blade assembly 150, the
gas received at the first end 110a of the conduit may
also be transmitted beyond the first blade assembly
120 to act upon the second blade assembly 150. Gas
within the gas flow is then released into the ambient
environment and/or the gas flow channel of the gas
flow source (e.g., gas flow source 400) via the shroud
member 140. Thus, gas transmitted beyond the second
blade assembly 150 is released into the ambient
environment and/or the gas flow channel of the gas
flow source (e.g., gas flow source 400) via the shroud
member 140. When the second blade assembly 150 is
acted upon by the gas transmitted beyond the first
blade assembly 120, the plurality of blades 154 move
in a predetermined direction which, in turn, causes
corresponding movement of the rotatable shaft 122 and
the second pulley 174. When the first pulley 172
moves, the electrical generator 130 generates
electricity. Thus, the electrical generator 130 is
configured to generate electricity when the first
blade assembly 120 moves. [00043] FIGS. 4A-4C are
schematic views of exemplary locations where the
energy recovery system shown in FIGS. 1-3 may be
disposed relative to a gas flow source.FIGS. 5A-5C are
schematic views exemplarily illustrating a
relationship between a crosssectional area of a first
end of the conduit in the energy recovery system shown
in FIGS. 1-3 and 



a gas flow source. [00044] Constructed as exemplarily
described above, the energy recovery system 100 can
convert the kinetic energy of a gas flow generated by
a gas flow source into electricity while preventing an
undesirable amount of back pressure from being exerted
against the gas flow. Referring generally to FIGS.
4A-4C, a gas flow source 400 may, for example, be
provided as a ventilation system for a building (e.g.,
a hotel, airport, convention center, etc.) and include
a air handling unit 405, an exhaust area 410, a blower
unit 412, and ducts 414. During operation of the gas
flow source 400 (e.g., during rotation of the blower
unit 412), gas is drawn through ducts 414 connected to
the air handling unit 405, thereby generating a gas
flow (denoted by vertical arrows) within the ducts
414. With the air handling unit 405, the gas flow is
directed to the blower unit 412 by way of one or more
structures such as intake manifolds (not shown)
thereby generating a gas flow within the air handling
unit 405, up-wind from the blower unit 412.
Thereafter, the blower unit 412 pushes the gas toward
the exhaust area 410 thereby generating a gas flow
within the air handling unit 405, down-wind from the
blower unit 412. Subsequently, the pushed gas is
exhausted from the gas flow source 400 through the
exhaust area 410, thereby generating a gas flow
through the exhaust area 410 of the air handling unit
405, outside the gas flow source 400. Because a gas
flow is generated within the ducts 414, the air
handling unit 405 and the exhaust area 410, each of
the ducts 414, the air handling unit 405 and the
exhaust area 410 may be generically referred to as a
"gas flow channel" through which a gas flow is
transmitted. As used herein, the cross-sectional area
of a gas flow channel refers to the cross-sectional
area of the gas flow channel along a direction
perpendicular to the direction along which the gas
flow is transmitted through the gas flow channel.
During operation of the blower unit 412, the gas flow
may be transmitted at a flow rate in a range of
500-5,000,000 CFM through any of the aforementioned
gas flow channels. Thus, the energy recovery system
100 may be configured as desired to convert the
kinetic energy of a gas flow having a flow rate in a
range of 500-5,000,000 CFM into electricity. It will
be appreciated that the energy recovery system 100 may
also be configured as desired to convert the kinetic
energy of a gas flow having a flow rate of less than
500 CFM or more than 5,000,000 CFM into
electricity.[00045] Referring to FIG. 4A, the energy
recovery system 100 may be disposed outside the air
handling unit 405 so that the first end 110a of the
conduit 110 receives a portion of a gas flow exhausted
through the exhaust area 410. In one embodiment, the
energy recovery system 100 may be coupled directly to
an exterior of a housing of the gas flow source 400
using one or more brackets (not shown). Alternatively,
the energy recovery system 100 may be coupled to
another structure (not shown) adjacent to the gas flow
source 400 (e.g., a wall). Regardless of the structure
to which the energy recovery system 100 is coupled,
the first end 110a of the conduit 110 should be
maintained a sufficient distance away from the exhaust
area 410 of the gas flow source 400 so that the energy
recovery system 100 does not generate an undesirable
amount of back pressure within the gas flow source
400. [00046] Referring to FIGS. 4A and 5A, it will be
appreciated that the crosssectional area of the first
end 110a of the conduit 110 corresponds to a distance
by which the first end 110a of the conduit 110 is
separated from the exhaust area 410 of the gas flow
source 400. Thus, the distance, D, separating the
first end 110a of the conduit 110 and the exhaust area
410 is dependent upon the ratio, R, of the
cross-sectional area of the first end 110a of the
conduit 110 to the cross-sectional area of the exhaust
area 410. In some embodiments, the cross-sectional
area of the first end 110a of the conduit 110 is less
than the cross-sectional area of the exhaust area 410,
so R is less than 1. As R decreases from less than 1,
the distance D can also decrease. In one embodiment,
the cross-sectional area of the first end 110a of the
conduit 110 is less than 2/3 the cross-sectional area
of the exhaust area 410. Given a sufficiently large D,
it will be appreciated that the cross-sectional area
of the first end 110a of the conduit 110 can be equal
to or greater than the cross-sectional area of the
exhaust area 410. In such alternate embodiments, it is
estimated that the first end 110a of the energy
recovery unit 100 still receives only a portion of the
gas flow exhausted through the exhaust area 410 due to
the large D. Although the discussion has been made
above with respect to the ratio between the
cross-sectional area of the first end 110a of the
conduit 110 and the cross-sectional area of the
exhaust area 410, it will be appreciated that the
discussion also applied with respect to the ratio
between the cross-sectional area of the first end 110a
of the conduit 110 and other of the aforementioned gas
flow channels. That is, the ratio of the
cross-sectional area of the first end 110a of the
conduit 110 to the crosssectional area of a duct 414
or blower unit 412 can be less than 1 to avoid the
generation of an undesirable amount of back pressure
within the gas flow source 400.[00047] Although FIG.
5A illustrates wherein a single energy recovery system
100 is provided to receive a portion of the gas flow
exhausted through a single exhaust area 410, a single
energy recovery system 100 may be provided to receive
a portion of each gas flow exhausted through a
plurality of exhaust areas 410a, associated with one
or more air handling units 405, as shown in FIG. 5B.
The plurality of exhaust areas 410a may be
collectively referred to as a single gas flow channel
of the gas flow source 400, wherein the combined
cross-sectional area of each of the exhaust areas 410a
correspond to the cross-sectional area of such a gas
flow channel. Although FIG. 5B illustrates wherein a
single energy recovery system 100 is provided to
receive a portion of each gas flow exhausted through a
plurality of exhaust areas 410a, a plurality of energy
recovery systems 100 may be provided to each receive a
portion of a gas flow exhausted through a
corresponding one of the plurality of discharge areas
410a, as shown in FIG. 5C. [00048] Referring to FIG.
4B, the energy recovery system 100 may be disposed
inside the gas flow source 400 so that the first end
110a of the conduit 110 receives a portion of a gas
flow generated by the gas flow source 400. In the
illustrated embodiment, the energy recovery system 100
is disposed down-wind from (i.e., behind) the blower
unit 412. In another embodiment, however, the energy
recovery system 100 may be disposed up-wind from
(i.e., in front of) the blower unit 412. In one
embodiment, the gas flow source 400 may be coupled
directly to an interior of a housing of the gas flow
source 400 using one or more brackets (not shown) to
maintain the first end 110a of the conduit 110 a
sufficient distance away from the blower unit 412 of
the gas flow source 400 so that the energy recovery
system 100 does not generate an undesirable amount of
back pressure within the gas flow source 400. [00049]
Referring to FIG. 4C, the energy recovery system 100
described above 



may be disposed in-line with ducts 414 feeding the gas
flow source 400 so that the first end 110a of the
conduit 110 receives a portion of a gas flow generated
by the gas flow source 400. In one embodiment, the gas
flow source 400 may be coupled directly to an interior
of the ducts 414 using one or more brackets (not
shown) to fix the energy recovery system 100 therein.
[00050] FIG. 6 is a perspective schematic view
generally showing an upper portion of an energy
recovery system according to a second embodiment. FIG.
7 is a perspective schematic view generally showing a
lower portion of the energy recovery system shown in
FIG. 6.[00051] Referring to FIGS. 6 and 7, an energy
recovery system 600 may be generally characterized as
including a conduit 610, a blade assembly 620 and
electrical generators 630a, 630b and 630c. [00052]
Similar to the conduit 110, the conduit 610 may
include a first end 610a and a second end 610b. The
first end 610a may be configured to receive at least a
portion of a gas flow generated by a gas flow source
such as gas flow source 400. Further, the conduit 610
may be generally configured to transmit the received
gas flow from the first end 610a toward the second end
610b. [00053] According to the second embodiment, the
conduit 610 is configured to diffuse gas transmitted
from the first end 610a of the conduit 610. To diffuse
the gas, the conduit 610 may, for example, be
configured such that the second end 610b thereof is
narrower than the first end 610a thereof. As a result,
gas received at the first end 610a of the conduit 610
can be diffused as it is transmitted from the first
end 610a toward the second end 610b. [00054] Similar
to the first blade assembly 120, the blade assembly
620 is coupled to the conduit 610. The blade assembly
620 may be configured to be moved when the received
gas flow is transmitted from the first end 610a of the
conduit 610. The blade assembly 620 may, for example,
include a rotatable shaft 622 and a plurality of
blades 624 coupled to the rotatable shaft 622. The
plurality of blades 624 may be configured to be moved
in a predetermined direction (e.g., rotation in a
clockwise direction, as shown in FIG. 6) when the
received gas flow is transmitted from the first end
610a of the conduit 610. When the plurality of blades
624 move, the rotatable shaft 622 moves in the
predetermined direction. In one embodiment, the
plurality of blades 624 may consist of five blades. In
one embodiment, each of the plurality of blades 624
may be coupled to the rotatable shaft 622 via a
corresponding blade connection member 626.
Accordingly, each blade connection member 626 may fix
a corresponding one of the blades 624 at a
predetermined pitch angle, Fi, measured from a
direction perpendicular to a longitudinal axis of the
rotatable shaft 622. [00055] In one embodiment, a
reinforcing member 623 may be coupled to the back of
each of the blades 624 to add structural support to
the blades 624. Each reinforcing member 623 may, for
example, include a first reinforcing member 623a
extending in a longitudinal direction of a
corresponding blade 624 and a plurality of second
reinforcing members 623b extending in a generally
transverse or oblique direction relative to the
longitudinal direction.[00056] The electrical
generators 630a, 630b and 630c may be coupled to the
blade assembly 620. The electrical generators 630a,
630b and 630c are configured to generate electricity
when the blade assembly 620 moves. In one embodiment,
each of the electrical generators 630a, 630b and 630c
is configured to generate a different power output
when the blade assembly 620 moves. An output of each
of the electrical generators 630a, 630b and 630c may
be connected to an output terminal 631, where power
generated by the electrical generators 630a, 630b and
630c is combined into a single power output. [00057]
In one embodiment, the energy recovery system 100 may
further include an additional blade assembly, similar
to second blade assembly 150, adjacent to the blade
assembly 620 and coupled to the electrical generators
630a, 630b and 630c. Such an additional blade assembly
may be configured to be moved when the gas received at
the first end 610a of the conduit 610 is transmitted
beyond the blade assembly 620. [00058] The energy
recovery system 600 may further include a shroud
member 640. The shroud member 640 may be coupled to
the second end 610b of the conduit 610. The blade
assembly 620 may be disposed within the shroud member
640. As exemplarily shown in FIGS. 6 and 7, the
electrical generators 630a, 630b and 630c may be
disposed outside the shroud member 640. In one
embodiment, the electrical generators 630a, 630b and
630c may be substantially equidistant from each other
along the perimeter of the shroud member 640. [00059]
As best shown in FIG. 7, the energy recovery system
600 may further include a baffle member 710 and vanes
720. The baffle member 710 is disposed between the
first end 610a of the conduit 610 and the blade
assembly 620 and is configured to deflect gas
transmitted from the first end 610a of the conduit
610. In one embodiment, the baffle member 710 includes
three triangular baffle plates 710a, 710b, and 710c
coupled together via connection members 712 to form a
pyramid. In one embodiment, the baffle member 710 may
be fixed between the first end 610a of the conduit 610
and the blade assembly 620 by a baffle connection
member 730. As exemplarily illustrated, the baffle
connection member 730 includes a plurality of radial
connection members 732. Each of the radial connection
members 732 includes a first end and a second end
opposite the first end. The first end of each radial
connection member 732 is coupled to an inner wall of
the conduit 610 and the second end of each radial
connection member 732 is coupled to the baffle member
710. The radial connection members 732 are
sufficiently rigid to prevent undesirable movement of
the baffle member 710 when the bladeassembly 620
moves. Support members 734 may be coupled between an
intermediate point of respective radial connection
members 732 and the conduit 610 to ensure structural
rigidity of the baffle member 710. Each of the vanes
720 is coupled to a corresponding one of the blades
624 and may be configured to receive the gas that was
deflected by the baffle member 710. Upon receiving the
deflected gas, the vanes 720 may facilitate movement
of the blades 624 in the predetermined direction.
[00060] As exemplarily illustrated in FIGS. 6 and 7,
the shroud member 640 is provided as a single,
integral component. Although not shown, one or more
air intake ports may be provided to extend through the
shroud member 640 to transmit ambient gas toward the
blade assembly 620 (e.g., to the face of the blades
624), thereby facilitating movement of the blades 624
in the predetermined direction. In another embodiment,
the shroud member 640 may be provided as a plurality
of separate components coupled together in a manner
that defines an air intake port, such as air intake
port 142, capable of transmitting ambient gas toward
the blade 



assembly 620. [00061] As mentioned above, the blade
assembly 620 may be disposed within the shroud member
640. In one embodiment, the blade assembly 620 may be
fixed to the shroud member 640 by a blade assembly
connection member 660. As exemplarily illustrated, the
blade assembly connection member 660 includes an axial
connection member 662 and a plurality of radial
connection members 664. The axial connection member
662 (e.g., a drive shaft) is coupled to rotatable
shaft 622 and fixes the rotatable shaft 622 in
alignment with a longitudinal axis of the conduit 610.
Each of the plurality of radial connection members 664
includes a first end and a second end opposite the
first end. The first end of each radial connection
member 664 is coupled to the shroud member 640 and the
second end of each radial connection member 664 is
coupled to the axial connection member 662. The radial
connection members 664 are sufficiently rigid to
prevent undesirable movement of the axial connection
member 662 when the blade assembly 620 moves. [00062]
As mentioned above, the electrical generators 630a,
630b and 630c may be coupled to the blade assembly 620
and be configured to generate electricity when the
blade assembly 620 moves. In one embodiment, the
electrical generators 630a, 630b and 630c may be
coupled to the blade assembly 620 via a belt and
pulley system 670. The belt and pulley system 670 may,
for example, include first pulleys 672a, 672b and 672c
coupled to the electricalgenerators 630a, 630b and
630c, respectively, second pulleys 674a, 674b and 674c
coupled to the rotatable shaft 622. In one embodiment,
the second pulleys 674a, 674b and 674c may be coupled
to the rotatable shaft 622. The first pulleys 672a,
672b and 672c and the second pulleys 674a, 674b and
674c are connected to each other by belts 678a, 678b
and 678c, respectively. [00063] Although the
electrical generators 630a, 630b and 630c are
described above as being coupled to the blade assembly
620 by a belt and pulley system 670, it will be
appreciated that one or more of the electrical
generators 630a, 630b and 630c may be coupled to the
blade assembly 620 by any suitable means. For example,
one or more of the electrical generators 630a, 630b
and 630c may be coupled to the blade assembly 620
directly (e.g., as a direct-drive system), by gears,
or the like. [00064] In one embodiment, the electrical
generators 630a, 630b and 630c may be coupled to the
shroud member 640 via mounting brackets 632a, 632b and
632c, respectively, fixed to the shroud member 640. In
another embodiment, however, the electrical generators
630a, 630b and 630c may be coupled to the shroud
member 640 via respective support trays similar to
support tray 132. [00065] To convert the kinetic
energy of a gas flow into electricity, the energy
recovery system 600 may be disposed so that the first
end 610a of the conduit 610 receives a portion of a
gas flow generated by a gas flow source. The received
gas flow is then transmitted from the first end 610a
of the conduit 610 toward the second end 610b of the
conduit 610. When transmitted from the first end 610a
of the conduit 610, the received gas flow acts upon
the blade assembly 620. Also, when the received gas
flow is transmitted toward the second end 610b of the
conduit 610, the gas becomes diffused because the
second end 610b of the conduit 610 is wider than the
first end 610a of the conduit 610. Thus, a pressure of
the gas at the second end 610b of the conduit 610 is
lower than a pressure of the gas at the first end 610a
of the conduit 610. When the blade assembly 620 is
acted upon by the low-pressure gas within the received
gas flow, the plurality of blades 624 move in a
predetermined direction (e.g., rotate in a clockwise
direction about an axis that is substantially parallel
with the longitudinal axis of the conduit 610). Gas
within the gas flow is then released into the ambient
environment and/or the gas flow channel of the gas
flow source (e.g., gas flow source 400) via the shroud
member 640. Thus, gas transmitted beyond the blade
assembly 620 is released into the ambient environment
and/or the gas flow channel of the gas flow source
(e.g., gas flow source 400) via the shroud member
640.Movement of the plurality of blades 624 causes
corresponding movement of the rotatable shaft 622
which, in turn, causes corresponding movement of the
second pulleys 674a, 674b and 674c. Movement of the
second pulleys 674a, 674b and 674c is translated into
movement of the first pulleys 672a, 672b and 672c by
corresponding ones of the belts 678a, 678b and 678c.
When the first pulleys 672a, 672b and 672c move, the
electrical generators 630a, 630b and 630c generate
electricity. Thus, the electrical generators 630a,
630b and 630c are configured to generate electricity
when the blade assembly 620 moves. [00066] In
embodiments where the energy recovery system 600
includes the baffle member 710 and vanes 720, the gas
received at the first end 610a of the conduit may also
be deflected by the baffle member 710 to act upon the
vanes 720. When the vanes 720 are acted upon by the
gas deflected by the baffle member 710, the vanes 720
facilitate movement of the blades 624 in the
predetermined direction which, in turn, causes
corresponding movement of the rotatable shaft 622 and
the second pulleys 674a, 674b and 674c. When the first
pulleys 672a, 672b and 672c move, the electrical
generators 630a, 630b and 630c generate electricity.
[00067] Constructed as exemplarily described above,
the energy recovery system 600 may be disposed
relative to a gas flow source, such as gas flow source
400, as exemplarily described with respect to any of
FIGS. 4A-4C. Moreover, the cross-sectional area of the
first end 610a of the conduit 610 may be less than the
cross-sectional area of a gas flow channel, equal to
the cross-sectional area of the gas flow channel, or
greater than the cross-sectional area of the gas flow
channel. It will be appreciated that, in some cases,
the ability of the energy recovery system 600 to
generate electricity while preventing undesirable
generation of back pressure within the gas flow source
400 may be dependent upon the cross-sectional area of
the second end 610b of the conduit 610. Thus, given a
sufficiently large cross-sectional area of the second
end 610b of the conduit 610, the energy recovery
system 600 may be coupled to the exterior of the air
handling unit 405 such that a distance D between the
first end 610a of conduit 610 and the exhaust area 410
is effectively zero. [00068] FIG. 8 is a perspective
schematic view of electrical generators that may be
coupled to a blade assembly of the energy recovery
system shown in FIGS. 6 and 7. [00069] Referring to
the electrical generators 630a, 630b and 630c shown in
FIGS. 6 and 7 may be disposed within the shroud member
640 and be coupled to the blade assembly 620 via a
sprocket and chain system 870. The sprocket and chain
system 870 may include theaforementioned first pulleys
672a, 672b and 672c in addition to chains 872a, 872b
and 872c and sprocket 874. Chains 872a, 872b and 872c
may be disposed within grooves of first pulleys 672a,
672b and 672c, respectively. The sprocket 874 may be
coupled to the rotatable shaft 622 and be 



configured to engage with the chains 872a, 872b and
872c. The electrical generators 630a, 630b and 630c
may be coupled to an electrical generator support
member 810. The electrical generator support member
810 may be fixed between the first end 610a of the
conduit 610 and the blade assembly 620 by the
aforementioned radial connection members 732.
Accordingly, the electrical generator support member
810 shown in FIG. 8 may be covered by the baffle
member 710. [00070] FIG. 9 is a cross-sectional view
of an energy recovery system shown according to a
third embodiment. FIG. 10 is a top view of the energy
recovery system shown in FIG. 9. [00071] Referring to
FIGS. 9 and 10, an energy recovery system 900 may be
generally characterized as including a conduit 910, a
blade assembly 920 and an electrical generator 930.
[00072] Similar to the conduit 110, the conduit 910
may include a first end 91Oa and a second end 910b.
The first end 910a may be configured to receive at
least a portion of a gas flow generated by a gas flow
source such as gas flow source 400. Further, the
conduit 910 may be generally configured to transmit
the received gas flow from the first end 910a toward
the second end 910b. Similar to the conduit 110, the
conduit 910 is configured to compress gas transmitted
from the first end 910a of the conduit 910. [00073]
The blade assembly 920 is coupled to the conduit 910
via a shroud member 940. The blade assembly 920 may be
configured to be moved when the received gas flow is
transmitted from the first end 910a of the conduit
910. The blade assembly 920 may, for example, include
a plurality of blades 924 arranged in ring shape such
that gas is allowed to pass between adjacent blades
924. Constructed as exemplarily described above, the
plurality of blades 924 may define a generally annular
structure when viewed from the top or bottom, wherein
each blade 924 includes an inner edge 922a and an
outer edge 922b. The plurality of blades 924 may be
configured to be moved in a predetermined direction
(e.g., rotation in a counter-clockwise direction, as
shown in FIG. 10) when the received gas flow is
transmitted from the first end 910a of the conduit
910.[00074] The electrical generator 930 may be
coupled to the blade assembly 920 and the shroud
member 940. The electrical generator 930 is configured
to generate electricity when the blade assembly 920
moves. [00075] The shroud member 940 may be coupled to
the second end 910b of the conduit 910. The shroud
member 940 includes a first shroud body 944 and a
second shroud body 946. The first shroud body 944 is
coupled to the second end 910b of the conduit 910. The
first shroud body 944 and the second shroud body 946
are coupled to each other via shroud body connection
members 948. As a result, an annular transmission
space 940a is defined between the first shroud body
944 and the second shroud body 946 and an exhaust
space 940b is defined by the second shroud body 946.
[00076] The blade assembly 920 may be disposed between
the first shroud body 944 and the second shroud body
946. Moreover, the blade assembly 920 is rotatable
about the longitudinal axis of the shroud member 940.
Accordingly, the blade assembly 920 may be coupled to
the first shroud body 944 and/or the second shroud
body 946 in any known manner permitting movement about
the longitudinal axis of the shroud member 940 while
preventing movement along the longitudinal axis of the
shroud member 940. Accordingly, gas transmitted into
the annular transmission space 940a is received by the
blade assembly 920 and gas transmitted from the first
end 910a of the conduit 910 into the exhaust space
940b can be released into the ambient environment.
[00077] As best shown in FIG. 9, the blade assembly
920 is coupled to the second shroud body 946 via a
blade track assembly 970. The blade track assembly 970
may, for example, include a first bearing shell 972
coupled to the second shroud body 946, a second
bearing shell 974 coupled to a collar 978 which, in
turn is coupled to the inner edge 922a of each of the
plurality of blades 924, and a plurality of bearings
976 received within a space defined by the first
bearing shell 972 and the second bearing shell 974.
Constructed as exemplarily described above, the blade
track assembly 970 allows the blade assembly 920 to
rotate about the longitudinal axis of the shroud
member 940 with minimal losses due to friction.
[00078] As exemplarily illustrated in FIGS. 9 and 10,
the first shroud body 944 is provided as a single,
integral component. Although not shown, one or more
air intake ports may be provided to extend through the
first shroud body 944 as exemplarily described above
to transmit ambient gas toward the blade assembly 920
(e.g., to the face of the blades 924),
therebyfacilitating movement of the blades 924 in the
predetermined direction. In another embodiment, the
first shroud body 944 may be provided as a plurality
of separate components coupled together in a manner
that defines an air intake port, such as air intake
port 142, capable of transmitting ambient gas toward
the blade assembly 920. [00079] As exemplarily
illustrated, the energy recovery system 900 may
further include a plurality of gas flow deflection
members 950 disposed on sidewalls of the annular
transmission space 940a (i.e., on opposing surfaces of
the first shroud body 944 and the second shroud body
946). The gas flow deflection members 950 act to
compress gas transmitted into the annular transmission
space 940a and to reduce any undesirable movement that
the second shroud body 946 may experience as gas is
transmitted from the first end 910a of the conduit
910. [00080] As mentioned above, the electrical
generator 130 may be coupled to the blade assembly 920
and be configured to generate electricity when the
blade assembly 920 moves. In one embodiment, the
electrical generator 930 may be coupled to the blade
assembly 920 and the shroud member 940. For example,
the electrical generator 930 may include a plurality
of first stator elements 932a coupled to the first
shroud body 944, a plurality of second stator elements
932b coupled to the second shroud body 946, a
plurality of first rotor elements 934a coupled to the
blade assembly 920 and a plurality of second rotor
elements 934b coupled to the blade assembly 920. The
plurality of first rotor elements 934a are coupled to
the blade assembly 920 so as to be operably proximate
to the plurality of first stator elements 932a when
the blade assembly 920 moves. Similarly, the plurality
of second rotor elements 934b are coupled to the blade
assembly 920 so as to be operably proximate to the
plurality of second stator elements 932b when the
blade assembly 920 moves. When first rotor elements
934a and the second rotor elements 934b are operably
proximate to the plurality of first stator elements 



932a and the plurality of second stator elements 932b,
respectively, during movement of the blade assembly
920, electricity is generated. [00081] In one
embodiment, the plurality of first stator elements
932a and the plurality of second stator elements 932b
are each provided as a coil of electrically conducting
material (e.g., copper wire) and the plurality of
first rotor elements 934a and the plurality of second
rotor elements 934b are each provided as a permanent
magnet. As exemplarily illustrated, a first rotor
element 934a and a second rotor element 934b are
disposed adjacent to each of the blades 924. The
plurality of first stator elements 932a are disposed
to be operablyproximate to every-other one of the
plurality of first rotor elements 934a during movement
of the blade assembly 920. The plurality of second
stator elements 932b are disposed to be operably
proximate to every-other one of the plurality of
second rotor elements 934b during movement of the
blade assembly 920. In addition, plurality of first
stator elements 932a are offset from the second stator
elements 932b such that only one of the first rotor
element 934a or the second rotor element 934b disposed
adjacent to each of the blades 924 is operably
proximate to one of the first stator elements 932a and
the second stator elements 932b, respectively, at any
time during movement of the blade assembly 920.
Operation of the plurality of first stator elements
932a and the plurality of second stator elements 932b
may be coupled to a controller (not shown) that is
configured to optimize generation of electricity, as
is known in the art, by the electrical generator 930
during movement of the blade assembly 920. [00082] To
convert the kinetic energy of a gas flow into
electricity, the energy recovery system 900 may be
disposed so that the first end 910a of the conduit 910
receives a portion of a gas flow generated by a gas
flow source. The received gas flow is then transmitted
from the first end 910a of the conduit 910 toward the
second end 910b of the conduit 910. When transmitted
from the first end 910a of the conduit 910, the
received gas flow acts upon the blade assembly 920.
When the blade assembly 920 is acted upon by the
received gas flow, the plurality of blades 924 move in
a predetermined direction (e.g., rotate in a
counter-clockwise direction about an axis that is
substantially parallel with the longitudinal axis of
the conduit 910). Gas within the gas flow is then
released into the ambient environment and/or the gas
flow channel of the gas flow source (e.g., gas flow
source 400) via the shroud member 940. Thus, gas
transmitted beyond the blade assembly 920 is released
into the ambient environment and/or the gas flow
channel of the gas flow source (e.g., gas flow source
400) via the shroud member 940. Movement of the
plurality of blades 924 causes relative movement
between the plurality of first stator elements 932a
and the plurality of first rotor elements 934a, and
between the plurality of second stator elements 932a
and the plurality of second rotor elements 934b,
thereby causing the generation of electricity by the
electrical generator 930. Thus, the electrical
generator 930 is configured to generate electricity
when the blade assembly 920 moves. [00083] Constructed
as exemplarily described above, the energy recovery
system 900 may be disposed relative to a gas flow
source, such as gas flow source 400, as exemplarily
described with respect to any of FIGS. 4A-4C.
Moreover, the cross-sectional area of the firstend
910a of the conduit 910 may be less than the
cross-sectional area of a gas flow channel, equal to
the cross-sectional area of the gas flow channel, or
greater than the cross-sectional area of the gas flow
channel. It will be appreciated that, in some cases,
the ability of the energy recovery system 900 to
generate electricity while preventing undesirable
generation of back pressure within the gas flow source
400 may be dependent upon the width of the annular
transmission space 940a (i.e., the distance between
the first shroud body 944 and the second shroud body
946) and/or the width of the exhaust space 940b. In
one embodiment, the width of the annular transmission
space 940a may be as small as 1 inch. In one
embodiment, the energy recovery system 900 may be
coupled to the exterior of the air handling unit 405
such that a distance D between the first end 910a of
conduit 910 (or between the shroud member 940) and the
exhaust area 410 is effectively zero. [00084] In one
embodiment, the conduit 910 as described above may be
omitted. In such an embodiment, shroud member 940 may
function as the conduit 910 receiving the gas flow
generated by the gas flow source 400 and transmitting
the received gas flow to blade assembly 920. In
embodiments where the energy recovery unit 900 is
configured to generate electricity using a gas flow
transmitted by a duct 414, a portion of the duct 414
may function as the first shroud body 944. [00085]
FIG. 11 is a side view of the energy recovery system
according to a fourth embodiment. FIG. 12 is a top
view of the energy recovery system shown in FIG. 11.
[00086] Referring to FIGS. 11 and 12, an energy
recovery system 1100 may be generally characterized as
including a conduit 1110, a blade assembly 1120 and an
electrical generator 1130. [00087] Similar to the
conduit 910, the conduit 1110 may include a first end
111Oa and a second end 1110b. The first end 1110a may
be configured to receive at least a portion of a gas
flow generated by a gas flow source such as gas flow
source 400. Further, the conduit 1110 may be generally
configured to transmit the received gas flow from the
first end 1110a toward the second end 1110b. Similar
to the conduit 910, the conduit 1110 is configured to
compress gas transmitted from the first end 1110a of
the conduit 1 1 10. [00088] The blade assembly 1120 is
coupled to the conduit 1110 via a shroud member 1140.
Similar to the blade assembly 920, the blade assembly
1120 may, for example, include a plurality of blades
1124 arranged in ring shape such that gas is allowed
to pass betweenadjacent blades 1124. Constructed as
exemplarily described above, the plurality of blades
1124 may define a generally annular structure when
viewed from the top or bottom, wherein each blade 1124
includes an inner edge 1122a and an outer edge 1122b.
The plurality of blades 1124 may be configured to be
moved in a predetermined direction (e.g., rotation in
a counter clockwise direction, as shown in FIG. 12)
when the received gas flow is transmitted from the
first end 111Oa of the conduit 1110. [00089] The
electrical generator 1130 may be coupled to the blade
assembly 1120. The electrical generator 1130 is
configured to generate electricity when the blade
assembly 1120 moves. [00090] Similar to the shroud
member 940, the shroud member 1140 may be coupled to
the second end 1110b of the conduit 1110. The shroud
member 1140 includes a first shroud body 1144 and a
second shroud body 1146. The first shroud body 1144 is
coupled to the second end 1110b of the conduit 1110.
The first shroud body 1144 and the second shroud body 



1146 are coupled to each other via shroud body
connection members 1148. As a result, an annular
transmission space 1140a is defined between the first
shroud body 1144 and the second shroud body 1146 and
an exhaust space 1140b is defined by the second shroud
body 1146. [00091] The blade assembly 1120 may be
disposed on the first shroud body 1144 and the second
shroud body 1146. Moreover, the blade assembly 1120 is
rotatable about the longitudinal axis of the shroud
member 1140. Accordingly, the blade assembly 1120 may
be coupled to the first shroud body 1144 and/or the
second shroud body 1146 in any known manner permitting
movement about the longitudinal axis of the shroud
member 1140. Gas transmitted into the annular
transmission space 1140a is received by the blade
assembly 1120 and gas transmitted from the first end
1110a of the conduit 1110 into the exhaust space 1140b
can be released into the ambient environment. [00092]
As best shown in FIG. 11, the blade assembly 1120 is
coupled to the second shroud body 1146 via a blade
track assembly 1170. The blade track assembly 1170
may, for example, include a first bearing shell 1172
coupled to the second shroud body 1146, a second
bearing shell 1174 coupled to a collar 1178 which, in
turn is coupled to the inner edge 1122a of each of the
plurality of blades 1124, and a plurality of bearings
1176 received within a space defined by the first
bearing shell 172 and the second bearing shell 1174.
Constructed asexemplarily described above, the blade
track assembly 1170 allows the blade assembly 1120 to
rotate about the longitudinal axis of the shroud
member 1140 with minimal losses due to friction.
[00093] As exemplarily illustrated in FIG. 11, the
first shroud body 1144 is provided as a single,
integral component. Although not shown, one or more
air intake ports may be provided to extend through the
first shroud body 1144 as exemplarily described above
to transmit ambient gas toward the blade assembly 1120
(e.g., to the face of the blades 1124), thereby
facilitating movement of the blades 1124 in the
predetermined direction. In another embodiment, the
first shroud body 1144 may be provided as a plurality
of separate components coupled together in a manner
that defines an air intake port, such as air intake
port 142, capable of transmitting ambient gas toward
the blade assembly 1120. [00094] Similar to the energy
recovery system 900, the energy recovery system 1100
may further include a plurality of gas flow deflection
members 1150 disposed on sidewalls of the annular
transmission space 1140a (i.e., on opposing surfaces
of the first shroud body 1144 and the second shroud
body 1146). The gas flow deflection members 1150 act
to compress the gas transmitted into the annular
transmission space 1140a and to reduce any undesirable
movement that the second shroud body 1146 may
experience as gas is transmitted from the first end
111Oa of the conduit 1110. [00095] As mentioned above,
the electrical generator 130 may be coupled to the
blade assembly 1120 and be configured to generate
electricity when the blade assembly 1120 moves. In one
embodiment, the electrical generator 1130 may be
coupled to the blade assembly 1120 by ring gear 1132
fixed to and extending around the outer circumference
of the blade assembly 1120 and a planetary gear 1134
engaged with the ring gear 1132 and fixed to the
electrical generator 1130. In one embodiment, teeth
1134a of the planetary gear 1134 may engage with teeth
1132a of the ring gear 1132. Although the energy
recovery system 1100 is described above as including a
single electrical generator 1130, it will be
appreciated that the energy recovery system 1100 may
include a plurality of electrical generators 1130
coupled to the blade assembly 1120 via a corresponding
plurality of planetary gears 1134, as exemplarily
shown in FIG. 12. Each of the electrical generators
1130 may be configured to generate the same or a
different power output when the blade assembly 1120
moves. [00096] To convert the kinetic energy of a gas
flow into electricity, the energy recovery system 1100
may be disposed so that the first end 1110a of the
conduit 1 110 receives aportion of a gas flow
generated by a gas flow source. The received gas flow
is then transmitted from the first end 1110a of the
conduit 1110 toward the second end 1110b of the
conduit 1110. When transmitted from the first end
1110a of the conduit 1110, the received gas flow acts
upon the blade assembly 1120. When the blade assembly
1120 is acted upon by the received gas flow, the
plurality of blades 1124 move in a predetermined
direction (e.g., rotate in a counter clockwise
direction about an axis that is substantially parallel
with the longitudinal axis of the conduit 1110). Gas
within the gas flow is then released into the ambient
environment and/or the gas flow channel of the gas
flow source (e.g., gas flow source 400) via the shroud
member 1140. Thus, gas transmitted beyond the blade
assembly 1120 is released into the ambient environment
and/or the gas flow channel of the gas flow source
(e.g., gas flow source 400) via the shroud member
1140. Movement of the plurality of blades 1124 causes
movement of the ring gear 1132 which, in turn, causes
movement of the one or more planetary gears 1134,
thereby causing the generation of electricity by the
one or more electrical generators 1130. Thus, the
electrical generator 1130 is configured to generate
electricity when the blade assembly 1120 moves.
[00097] Constructed as exemplarily described above,
the energy recovery system 1100 may be disposed
relative to a gas flow source, such as gas flow source
400, as exemplarily described with respect to any of
FIGS. 4A-4C. Moreover, the cross-sectional area of the
first end 1110a of the conduit 1110 may be less than
the cross-sectional area of a gas flow channel, equal
to the cross-sectional area of the gas flow channel,
or greater than the cross-sectional area of the gas
flow channel. It will be appreciated that, in some
cases, the ability of the energy recovery system 1100
to generate electricity while preventing undesirable
generation of back pressure within the gas flow source
400 may be dependent upon the width of the annular
transmission space 1140a (i.e., the distance between
the first shroud body 1144 and the second shroud body
1146) and/or the width of the exhaust space 1140b. In
one embodiment, the width of the annular transmission
space 1140a may be as small as 1 inch. In one
embodiment, the energy recovery system 1100 may be
coupled to the exterior of the air handling unit 405
such that a distance D between the first end 1110a of
conduit 1110 (or between the shroud member 1140) and
the exhaust area 410 is effectively zero. [00098] In
one embodiment, the conduit 1110 as described above
may be omitted. In such an embodiment, shroud member
1140 may function as the conduit 1110 receiving the
gas flow generated by the gas flow source 400 and
transmitting the received gas flow to bladeassembly
1120. In embodiments where the energy recovery unit
1100 is configured to generate electricity using a gas
flow transmitted by a duct 414, a portion of the duct
414 may function as the first shroud body 1144.
[00099] FIG. 13 is a cross-sectional view of an energy
recovery system according 



to a fifth embodiment. FIG. 14 is a top view of the
energy recovery system shown in FIG. 13. [000100]
Referring to FIGS. 13 and 14, an energy recovery
system 1300 may be generally characterized as
including a conduit 13 10, a plurality of blade
assemblies 1320, a plurality of electrical generators
1330a and a plurality of electrical generators 1330b.
[000101] Similar to the conduit 1110, the conduit 1310
may include a first end 131Oa and a second end 1310b.
The first end 131Oa may be configured to receive at
least a portion of a gas flow generated by a gas flow
source such as gas flow source 400. Further, the
conduit 1310 may be generally configured to transmit
the received gas flow from the first end 131Oa toward
the second end 1310b. Similar to the conduit 1110, the
conduit 1310 is configured to compress gas transmitted
from the first end 1310a of the conduit 1310. [000102]
Each blade assembly 1320 is coupled to the conduit
1310 via a shroud member 1340. Similar to the shroud
member 1140, the shroud member 1340 may be coupled to
the second end 1310b of the conduit 1310. The shroud
member 1340 includes a first shroud body 1344 and a
second shroud body 1346. The first shroud body 1344 is
coupled to the second end 1310b of the conduit 1310.
The first shroud body 1344 and the second shroud body
1346 are coupled to each other via shroud body
connection members 1348. The shroud body connection
members 1348 may be connected between the first shroud
body 1344 (and/or the blade assemblies 1320) and the
second shroud body 1346. As a result, an annular
transmission space 1340a is defined between the first
shroud body 1344 and the second shroud body 1346 and
an exhaust space 1340b is defined by the second shroud
body 1346. Gas transmitted from the first end 1310a of
the conduit 1310 into the annular transmission space
1340a is received by each blade assembly 1320 and gas
transmitted from the first end 1310a of the conduit
1310 into the exhaust space 1340b can be released into
the ambient environment. [000103] Each blade assembly
1320 may be configured to be moved when the received
gas flow is transmitted from the first end 1310a of
the conduit 1310 into the annular transmission space
1340a. The blade assembly 1320 may include a housing
1321, a projection 1322 disposed within the housing
1321, a beam 1323 pivotally coupled to the projection
1322and blades 1324a and 1324b. A plurality of shafts
1325a and 1325b are provided to extend through the
housing 1321 and are rotatably coupled to
corresponding ones of blades 1324a and 1324b. Shafts
1325a and 1325b are also rotatably coupled to opposite
ends of the beam 1323. The shafts 1325a and 1325b are
slidably coupled to the housing 1321 by means of a
low-friction sealing member (not shown) such as an
O-ring formed of poly(tetrafluoroethene) (PTFE). The
blade assembly 1320 further includes gas flow barriers
1326a and 1326b coupled to the housing 1321 and
adjacent to blades 1324a and 1324b, respectively.
Although FIGS. 13 and 14 illustrate wherein each blade
assembly 1320 is disposed on the first shroud body
1344, it will be appreciated that at least one blade
assembly 1320 may be disposed on the first shroud body
1346. [000104] Constructed as exemplarily described
above, the blades 1324a and 1324b are moveable into
and out of a gas flow transmitted into the annular
transmission space 1340a. When blade 1324a is disposed
within the gas flow, gas within the gas flow acts upon
the blade 1324a causing the blade 1324a to move toward
the housing 1321 . When the blade 1324a moves toward
the housing 1321, the shaft 1325a is pushed radially
outward. Gas within the gas flow moves the blade 1324a
moves toward the housing 1321 until the blade 1324a is
sufficiently shielded from the gas flow by the gas
flow barrier 1326a. When the shaft 1325a is pushed
radially outward, the beam 1323 is rotated about the
projection 1322 (e.g., about an axis that is
substantially perpendicular to the longitudinal axis
of the conduit 1310) so as to push the shaft 1325b
radially inward. When the shaft 1325b is pushed
radially inward, the blade 1324b (which was previously
shielded from the gas flow by gas flow barrier 1326b)
is moved away from the housing 1321 and into the gas
flow transmitted into the annular transmission space
1340a. When blade 1324b is disposed within the gas
flow, gas within the gas flow acts upon the blade
1324b causing the blade 1324b to move toward the
housing 1321 and the reverse of the process described
above is repeated. [000105] A pair of electrical
generators 1330a and 1330b may be coupled to each
blade assembly 1320 via shafts 1325a and 1325b,
respectively. The electrical generators 1330a and
1330b are configured to generate electricity when the
blade assembly 1130 moves. For example, the electrical
generators 1330a and 1330b may each include a stator
element 1332 coupled to a support 1331 and a rotor
element 1334 operably proximate to the stator element
132 and slidably moveable relative to the stator
element 1332. The support 1331 may, for example,
include a platform 1331a coupled to the first shroud
body 1344 and supporting the stator element1332, and a
bracket member 1331b coupled to the first shroud body
1344 and the platform 1331a to prevent undesirable
movement of the platform 1331a during operation of the
energy recovery system 1300. In one embodiment, the
stator element 1332 of each electrical generator 1330a
and 1330b is provided as a coil of electrically
conducting material (e.g., copper wire) and the rotor
element 1334 of each electrical generator 1330a and
1330b is provided as a permanent magnet. Movement of
the rotor element 1334 corresponds to movement of the
blades 1324a or 1324b into and out of the gas flow
transmitted by the annular transmission space 1340a.
Thus, when the blades 1324a or 1324b move into and out
of the gas flow transmitted by the annular
transmission space 1340a, the rotor elements 1334 of
the electrical generators 1330a and 1330b relative to
the stator element 1332. When the rotor elements 1334
of the electrical generators 1330a and 1330b move
relative to the stator element 1332, the electrical
generators 1330a and 1330b generate electricity.
[000106] Although not shown, the energy recovery
system 1300 may further include one or more gas flow
deflection members 1350, similar to flow deflection
members 1150, disposed on one or more sidewalls of the
annular transmission space 1340a. For example, in an
embodiment where the plurality of blade assemblies
1320 are disposed on a surface of the first shroud
body 1344, one or more gas flow deflection members may
be disposed on a surface of the second shroud body
1346. [000107] To convert the kinetic energy of a gas
flow into electricity, the energy recovery system 1300
may be disposed so that the first end 1310a of the
conduit 1310 receives a portion of a gas flow
generated by a gas flow source. The received gas flow
is then transmitted from the first end 1310a of the
conduit 1310 toward the second end 1310b of the
conduit 1310. When transmitted from the first end
1310a of the conduit 1310, the received gas flow acts
upon the blade assembly 1320. When the blade
assemblies 1320 are acted upon by the received gas 



flow, each of the blades 1324a and 1324b moves in a
predetermined direction (e.g., sliding in radially
outward and inward directions that are substantially
perpendicular to the longitudinal axis of the conduit
1310). Gas within the gas flow is then released into
the ambient environment and/or the gas flow channel of
the gas flow source (e.g., gas flow source 400) via
the shroud member 1340. Thus, gas transmitted beyond
the blade assemblies 1320 is released into the ambient
environment and/or the gas flow channel of the gas
flow source (e.g., gas flow source 400) via the shroud
member 1340. Movement of the plurality of blades 1324a
and 1324b causesrelative movement between the stator
element 1332 and the rotor element 1334 of each of the
electrical generators 1330a and each of the electrical
generators 1330b, thereby causing the generation of
electricity by the electrical generators 1330a and
electrical generators 1330b. Thus, the electrical
generators 1330a and 1330b are configured to generate
electricity when the blade assemblies 1320 move.
[000108] Constructed as exemplarily described above,
the energy recovery system 1300 may be disposed
relative to a gas flow source, such as gas flow source
400, as exemplarily described with respect to any of
FIGS. 4A-4C. Moreover, the cross-sectional area of the
first end 1310a of the conduit 1310 may be less than
the cross-sectional area of a gas flow channel, equal
to the cross-sectional area of the gas flow channel,
or greater than the cross-sectional area of the gas
flow channel. It will be appreciated that, in some
cases, the ability of the energy recovery system 1300
to generate electricity while preventing undesirable
generation of back pressure within the gas flow source
400 may be dependent upon the number of blade
assemblies 1320, the width of the annular transmission
space 1340a (i.e., the distance between the first
shroud body 1344 and the second shroud body 1346)
and/or the width of the exhaust space 1340b. In one
embodiment, the width of the annular transmission
space 1340a may be as small as 1 inch. In one
embodiment, the energy recovery system 1300 may be
coupled to the exterior of the air handling unit 405
such that a distance D between the first end 131Oa of
conduit 1310 (or between the shroud member 1340) and
the exhaust area 410 is effectively zero. [000109] In
one embodiment, the conduit 13 10 as described above
may be omitted. In such an embodiment, shroud member
1340 may function as the conduit 1310 receiving the
gas flow generated by the gas flow source 400 and
transmitting the received gas flow to blade assemblies
1320. In embodiments where the energy recovery unit
1300 is configured to generate electricity using a gas
flow transmitted by a duct 414, a portion of the duct
414 may function as the first shroud body 1344.
[000110] FIG. 15 is a side view of an energy recovery
system according to a sixth embodiment. FIG. 16 is a
top view of the energy recovery system shown in FIG.
15. FIG. 17 is perspective schematic view of a blade
incorporated within the energy recovery system shown
in FIG. 15.[000111] Referring to FIGS. 15-17, an
energy recovery system 1500 may be generally
characterized as including a conduit 1510, a blade
assembly 1520, and a plurality of electrical
generators 1530a and 1530b. [0001 12] The conduit 1510
may include a first end 151Oa and a second end 1510b.
The first end 151Oa may be configured to receive a
portion of a gas flow generated by a gas flow source
such as gas flow source 400. Further, the conduit 1510
may be generally configured to transmit the received
gas flow from the first end 1510a toward the second
end 1510b. [000113] The blade assembly 1520 is coupled
to the conduit 1510 via a shroud member 1540. The
shroud member 1540 may be coupled to the second end
1510b of the conduit 1510. The blade assembly 1520 may
be configured to be moved when the received gas flow
is transmitted from the first end 1510a of the conduit
1510. Thus, the blade 1520 may overlap with the gas
flow channel so as to receive a portion of the gas
flow transmitted by the gas flow channel. [000114] The
blade assembly 1520 may, for example, include a
plurality of rotatable shafts 1522a and 1522b and a
plurality of blades 1524 coupled to the rotatable
shafts 1522a and 1522b via wheels 1526a and 1526b,
respectively. Wheel 1526a may include a rim 1527a, a
plurality of spokes 1528a each having a first end
connected to the rim 1527a and a second end connected
to the rotatable shaft 1522a. Similarly, wheel 1526b
may include a rim 1527b, a plurality of spokes 1528b
each having a first end connected to the rim 1527b and
a second end connected to the rotatable shaft 1522b.
Rotatable shaft 1522a is connected between electrical
generator 1530a and the plurality of spokes 1528a.
Similarly, rotatable shaft 1522b is connected between
electrical generator 1530b and the plurality of spokes
1528b. Opposite ends of each of the blades 1524 are
connected to the rims 1527a and 1527b. Rotatable
shafts 1522a and 1522b are substantially coaxial.
Constructed as exemplarily described above, the
rotatable shafts 1522a and 1522b move when the blades
1524 move. In one embodiment, each blade 1524 is
rotatable about an axis that is substantially
perpendicular to a direction along which gas flow is
transmitted from the first end of the conduit 1510.
[000115] According to some embodiments, a longitudinal
shape of each blade 1524 generally corresponds to the
shape of an edge of the gas flow channel transmitting
the gas flow that is intended to act upon the blade
assembly 1520. For example, if an edge of the gas flow
channel is curved, then the longitudinal shape of each
blade 1524 is similarly curved. In oneembodiment, and
as best shown in FIG. 17, each blade 1524 may be
provided as an airfoil having a leading edge 1524a and
a trailing edge 1524b. When provided as an airfoil,
each blade 1524 may produce lift at certain times
(e.g., when the leading edge 1524a of a blade 1524 is
disposed within the gas flow and is oriented at a
predetermined angle of attack relative to the flow
direction of the gas flow) as the blade assembly 1520
moves about the longitudinal axis of the shafts 1522a
and 1522b. The lift produced may further facilitate
movement of the blade assembly 1520 about the
longitudinal axis of the shafts 1522a and 1522b. [0001
16] The electrical generators 1530a and 1530b may be
coupled to the blade assembly 1520 via shafts 1522a
and 1522b, respectively. Accordingly, the electrical
generators 1530a and 1530b may be coupled to the blade
assembly 1520 in a direct-drive manner. It will be
appreciated that one or more of the electrical
generators 1530a and 1530b may be coupled to the blade
assembly 1520 by any suitable means. For example, one
or more of the electrical generators 1530a and 1530b
may be coupled to the blade assembly 1520 by gears, by
a belt and pulley system, or the like. The electrical
generators 1530a and 1530b are configured to generate
electricity when the blade assembly 1520 moves. In one
embodiment, each of the electrical generators 1530a
and 1530b is configured to generate the same or a
different power output when 



the blade assembly 1520 moves. The electrical
generators 1530a and 1530b may, for example, be
coupled to the gas flow source 400 (e.g., the air
handling unit 405) via mounting supports 1532.
[000117] To convert the kinetic energy of a gas flow
into electricity, the energy recovery system 1500 may
be disposed so that the first end 1510a of the conduit
1510 receives a portion of a gas flow generated by a
gas flow source. The received gas flow is then
transmitted from the first end 1510a of the conduit
1510 toward the second end 1510b of the conduit 1510.
When transmitted from the first end 1510a of the
conduit 1510, the received gas flow acts upon the
blade assembly 1520 to move the blades 1524. hi one
embodiment, the received gas flow acts upon blades
1524 that are proximal to the gas flow channel of the
gas flow source (e.g., blades 1524 in the lower-right
quadrant of the blade assembly 1520 illustrated in
FIG. 15) by pushing against such proximally located
blades 1524. In one embodiment, the received gas flow
acts upon blades 1524 that are distal to the gas flow
channel of the gas flow source (e.g., blades 1524 in
the upper-right quadrant of the blade assembly 1520
illustrated in FIG. 15) by moving around such distally
located blades 1524 in an asymmetric manner to induce
lift. Gas within thegas flow is then released into the
ambient environment and/or the gas flow channel of the
gas flow source (e.g., gas flow source 400) via the
shroud member 1540. Thus, gas transmitted beyond the
blade assembly 1520 is released into the ambient
environment and/or the gas flow channel of the gas
flow source (e.g., gas flow source 400) via the shroud
member 1540. Movement of the plurality of blades 1524
causes corresponding movement of the shafts 1522a and
1522b which, in turn, causes the electrical generators
1530a and 1530b to generate electricity. [000118]
Constructed as exemplarily described above, the energy
recovery system 1500 may be disposed relative to a gas
flow source, such as gas flow source 400, as
exemplarily described with respect to any of FIGS.
4A-4C. Moreover, the cross-sectional area of the first
end 1510a of the conduit 1510 may be less than the
cross-sectional area of a gas flow channel of the gas
flow source 400. It will be appreciated that, in some
cases, the ability of the energy recovery system 1500
to generate electricity while preventing undesirable
generation of back pressure within the gas flow source
400 may be dependent upon the degree to which the
blade assembly 1520 overlaps with the gas flow
channel. Although FIGS. 15 and 16 illustrate only one
energy recovery system 1500, it will be appreciated
that any number of energy recovery systems 1500 may be
disposed relative to the gas flow source. For example,
a plurality of energy recovery systems 1500 may be
disposed along the perimeter of the exhaust area 410
of the air handling unit 405. [000119] FIG. 18
illustrates an on-site powering implementation in
which an energy recovery system may be used as a power
source to facilitate operation of a gas flow source.
[000120] Referring to FIG. 18, kinetic energy
associated with a gas flow generated by a gas flow
source 1802 may be converted into electricity by an
energy recovery system 1804. The energy recovery
system 1804 may be provided as exemplarily described
with respect to one or more of the embodiments above.
In one embodiment, the power output of the energy
recovery system 1804 may be monitored at an output
meter 1806. [000121] The output of the energy recovery
system 1804 may be transmitted to an
inverter/controller unit 1808. In one embodiment, the
inverter/controller unit 1808 may convert power
generated by the energy recovery system 1804 (DC
power) into power suitable to operate the gas flow
source 1802 (AC power). In another embodiment, the
inverter/controller unit 1808 may store the power
generated by the energy recovery system 1804 (DC
power) in, for example,a 12V battery bank 1810. Power
stored in the 12V battery bank 1810 may be used to
operate the gas flow source 1802 at a later time.
[000122] Items 1812, 1814, 1816 and 1818 refer to a
facility circuit control box, a utility meter, a
sub-station, and a utility company, respectively, all
of which are involved in delivering power to the gas
flow source 1802. As shown in FIG. 18, power can be
transmitted from the facility circuit control box 1812
to the gas flow source 1802. Accordingly, when the gas
flow source 1802 is being operated using power
generated by the energy recovery system 1804, less
power is required from the utility company 1818 (via
sub-station 1816 and sub-station 1814). [000123] FIG.
19 illustrates a net metering implementation capable
for use with an energy recovery system. [000124]
Referring to FIG. 19, kinetic energy associated with a
gas flow generated by a gas flow source 1902 may be
converted into electricity by an energy recovery
system 1904. The energy recovery system 1904 may be
provided as exemplarily described with respect to one
or more of the embodiments above. In one embodiment,
the power output of the energy recovery system 1904
may be monitored at an output meter 1906. [000125] The
output of the energy recovery system 1904 may be
transmitted to an inverter/controller unit 1908. In
one embodiment, the inverter/controller unit 1908 may
convert power generated by the energy recovery system
1904 (DC power) into AC power and transmit the
converted power to an existing power transmission grid
connecting a sub-station 1916 to an incoming
electricity meter 1914. The gas flow source 1902 may
be operated upon receiving power from an input power
source 1920 which, in turn, receives power transmitted
from the incoming electricity meter 1914. In another
embodiment, the inverter/controller unit 1908 may
convert power generated by the energy recovery system
1904 (DC power) into AC power and transmit the
converted power to one or more electrical outlets
(e.g., 120V outlets 1912) that are off of the power
transmission grid. Items 1918 refers to a utility
company involved with delivering power to the gas flow
source 1902 via the sub-station 1916, the incoming
electricity meter 1914 and the input power source
1920. [000126] The foregoing is illustrative of
example embodiments and is not to be construed as
limiting thereof. Therefore, it is to be understood
that the foregoing is illustrative of example
embodiments and is not to be construed as limited to
the specific embodimentsdisclosed, and that
modifications to the disclosed embodiments, as well as
other embodiments, are intended to be included within
the scope of the appended claims.What is claimed is:
1. An energy recovery system, comprising: a conduit
having a first end and a second end, wherein the first
end of the conduit is configured to receive a gas flow
transmitted by a gas flow channel of a gas flow source
and wherein the conduit is configured to transmit the
received gas flow from the first end thereof 



toward the second end thereof; a first blade assembly
coupled to the conduit, wherein the first blade
assembly is configured to be moved when the received
gas flow is transmitted from the first end of the
conduit; and an electrical generator coupled to the
first blade assembly, wherein the electrical generator
is configured to generate electricity when the first
blade assembly moves, wherein a cross-sectional area
of the first end of the conduit is less than a
cross-sectional area of the gas flow channel. 2. The
energy recovery system of claim 1, wherein the second
end of the conduit is narrower than the first end of
the conduit to compress gas within the gas flow
transmitted from the first end of the conduit. 3. The
energy recovery system of claim 1, wherein the second
end of the conduit is wider than the first end of the
conduit to diffuse the gas within the gas flow
transmitted from the first end of the conduit. 4. The
energy recovery system of claim 1, wherein the first
blade assembly comprises: a shaft; and a blade coupled
to the shaft, wherein the blade is configured to be
moved in a predetermined direction when the received
gas flow is transmitted from the first end of the
conduit. 5. The energy recovery system of claim 4,
wherein the energy recovery system further comprises:a
baffle member disposed between the first end of the
conduit and the first blade assembly, wherein the
baffle member is configured to deflect the gas flow
transmitted from the first end of the conduit; and a
vane coupled to the blade, wherein the vane is
configured to receive the deflected gas flow and move
the blade upon receiving the deflected gas flow. 6.
The energy recovery system of claim 4, wherein the
blade is rotatable about an axis that is substantially
perpendicular to a direction along which gas flow is
transmitted from the first end of the conduit. 7. The
energy recovery system of claim 1, wherein the
electrical generator comprises a plurality of
electrical generators, each of which is configured to
generate a different power output when the first blade
assembly moves. 8. The energy recovery system of claim
1, further comprising a shroud member coupled to the
second end of the conduit, wherein the first blade
assembly is disposed within the shroud member. 9. The
energy recovery system of claim 8, wherein the
electrical generator is disposed inside the shroud
member. 10. The energy recovery system of claim 8,
wherein the electrical generator is disposed outside
the shroud member. 11. The energy recovery system of
claim 8, further comprising a second blade assembly
adjacent to the first second assembly, wherein the
second blade assembly is configured to be moved when
the received gas flow is transmitted beyond the first
blade assembly. 12. The energy recovery system of
claim 11, wherein the second blade assembly is coupled
to the electrical generator.13. The energy recovery
system of claim 11, wherein the second blade assembly
is disposed within the shroud member. 14. The energy
recovery system of claim 13, wherein the shroud member
includes an air intake port defined therethrough,
wherein the air intake port is configured to receive
an ambient gas outside the conduit and direct the
ambient gas toward at least one of the first blade
assembly and the second blade assembly. 15. The energy
recovery system of claim 1, wherein the
cross-sectional area of the first end of the conduit
corresponds to a distance by which the first end of
the conduit is separated from the gas flow channel
outside the gas flow source. 16. The energy recovery
system of claim 1, wherein the cross-sectional area of
the first end of the conduit is 2/3 the
cross-sectional area of the gas flow channel. 17. An
energy recovery system, comprising: a conduit
configured to receive a gas flow transmitted by a gas
flow channel of a gas flow source and diffuse the
received gas flow; a blade assembly adjacent to the
conduit, wherein the blade assembly is configured to
be moved by the gas flow diffused by the conduit; and
an electrical generator coupled to the blade assembly,
wherein the electrical generator is configured to
generate electricity when the blade assembly moves.
18. An energy recovery system, comprising: a conduit
having a first end and a second end opposite the first
end, wherein the first end of the conduit is
configured to receive at least a portion of a gas flow
transmitted by a gas flow channel of a gas flow source
and wherein the conduit is configured to transmit the
received gas flow from the first end thereof toward
the second end thereof; a shroud member coupled to the
second end of the conduit and defining an annular
transmission space therein;a blade assembly disposed
within the annular transmission space, wherein the
blade assembly is configured to be moved when the
received gas flow is transmitted from the first end of
the conduit; and an electrical generator coupled to
the blade assembly, wherein the electrical generator
is configured to generate electricity when the blade
assembly moves. 19. The energy recovery system of
claim 18, wherein the blade assembly includes a
plurality of blades arranged in a ring shape. 20. The
energy recovery system of claim 18, further comprising
a gas flow deflection member disposed on a sidewall of
the annular transmission space, wherein the gas flow
deflection member is configured to compress gas within
the gas flow transmitted from the first end of the
conduit. 


