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(57) ABSTRACT

Provided and described are bacterial mechanosensory poly-
peptide and encoding polynucleotide products and compo-
sitions thereof, methods of expressing such polypeptides and
polynucleotides in a cell type of interest, and methods of
inducing and/or modifying the activity or function of various
types of cells, including neurons, which express exogenous
bacterial mechanosensory polypeptides, using ultrasound.

Specification includes a Sequence Listing.
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SONOGENETIC MODULATION OF CELLS
EXPRESSING BACTERIALLY-DERIVED
MECHANOSENSITIVE PROTEINS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation under 35 U.S.C.
§ 111(a) of PCT International Patent Application No. PCT/
US2021/057646, filed Nov. 2, 2021, designating the United
States and published in English, which claims priority to and
benefit of U.S. Provisional Application No. 63/109,578, filed
Nov. 4, 2020, the entire contents of each of which are
incorporated by reference herein.

STATEMENT OF RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH

[0002] This work was supported by Grant Number
MH111534 from the National Institutes of Health. The
government has certain rights in the invention.

SEQUENCE LISTING

[0003] The present application contains a Sequence List-
ing which has been submitted electronically in XML format
following conversion from the originally filed TXT format.
[0004] The content of the electronic XML Sequence List-
ing, (Date of creation: May 2, 2023; Size: 52,958 bytes;
Name: 167776-011502US-Sequence_Listing.xml), and the
original TXT format, is herein incorporated by reference in
its entirety.

BACKGROUND

[0005] Understanding how neural circuits generate spe-
cific behaviors requires an ability to identify the participat-
ing neurons, record and perturb their activity patterns. The
best-understood motor circuit, the crab stomatogastric gan-
glion (STG) has benefited from electrophysiological access
to well-defined cell types as well as an ability to manipulate
them. A number of approaches have been developed for
manipulating neuronal activity using light (optogenetics) or
small molecules. While these methods have revealed
insights into circuit computations in a number of model
systems including mice, they are associated with drawbacks,
such as the difficulty of delivering a stimulus to the target
neurons present in deeper brain regions. Thus, there remains
a need for new products and methods for the non-invasive
stimulation of target neurons and other cell types.

SUMMARY

[0006] Provided and described herein are compositions
featuring bacterial mechanosensory polypeptides and poly-
nucleotides, methods for expressing such polypeptides and
polynucleotides in a cell type of interest, and methods for
inducing the activation of a heterologous bacterial mecha-
nosensory polypeptide expressed in neurons and other cell
types using ultrasound. Also provided are treatment and
therapeutic methods involving the use of the bacterial
mechanosensory polypeptides heterologously expressed in a
cell type of interest, such as a neuronal cell type, to control
or modulate the activity of neurons, e.g.. in the brain and
spinal cord, in a non-invasive manner.
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[0007] In an aspect, a method of inducing cation influx in
acell is provided, in which the method comprises expressing
in the cell a polypeptide selected from MscS, MscL, MscK,
MscL G228, MscMILR, MscMJ, MscS-Like 3, MscSfam,
or MscS-like; wherein the polypeptide is encoded by a
polynucleotide sequence having at least 85% sequernce iden-
tity to a polynucleotide sequence selected from SEQ ID NO:
3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23
or SEQ ID NO: 26, respectively; and applying ultrasound to
the cell, thereby inducing cation influx in the cell. In an
embodiment of the method, the cell is sensitized to mechani-
cal deformation or stretch caused by ultrasound. In an
embodiment of the method, the application of ultrasound
effects a change in mechanosensory polypeptide conduc-
tance in the cell and activates or modifies cell activity or
function.

[0008] In an aspect, a method of rendering a cell respon-
sive to mechanical deformation or stretch caused by ultra-
sound is provided, in which the method comprises (a)
transducing a cell to express a heterologous, bacterial
mechanosensory polypeptide selected from MscS, MscL,
MscK, Mscl. G22S, MscMILR, MscMJI, MscS-Like 3,
MscSfam, or MscS-Like; wherein the mechanosensory
polypeptide is encoded by a polynucleotide sequence having
at least 85% sequence identity to a polynucleotide sequence
selected from SEQ 1D NO: 3, SEQ ID NO: 6, SEQ ID NO:
9, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ
ID NO: 20, SEQ ID NO: 23 or SEQ ID NO: 26, respectively;
(b) applying ultrasound to the cell; and (¢) inducing cation
influx in the bacterial mechanosensory polypeptide express-
ing cell and an alteration in cell activity and/or function
following the application of ultrasound, thereby rendering
the cell responsive to mechanical deformation or stretch
caused by ultrasound.

[0009] In another aspect, a method of sensitizing a cell to
mechanical deformation or stretch caused by ultrasound and
activating and/or modifying activity or function of the cell is
provided in which the method comprises (a) transducing a
cell to express a heterologous, bacterial mechanosensory
polypeptide selected from MscS, MscL, MscK, Mscl. G228,
MscMIJLR, MscMI, MscS-Like 3, MscSfam, or MscS-Like;
wherein the mechanosensory polypeptide is encoded by a
polynuclectide sequence having at least 85% sequence iden-
tity to a polynucleotide sequence selected from SEQ ID NO:
3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23
or SEQ ID NO: 26, respectively; applying ultrasound to the
bacterial mechanosensory polypeptide-expressing cell; and
inducing cation influx in the bacterial mechanosensory poly-
peptide-expressing cell and an alteration in cell activity
and/or function following the application of ultrasound,
thereby sensitizing the cell to mechanical deformation or
stretch caused by ultrasound and activating and/or modify-
ing cell activity or function.

[0010] In an embodiment of the methods of any of the
above-delineated aspects and embodiments thereof, the
polynucleotide sequence encoding the bacterial mecha-
nosensory polypeptide is codon-optimized for expression in
a mammalian or human cell and is non-naturally occurring.
In an embodiment of the methods of any of the above-
delineated aspects and embodiments thereof, the mecha-
nosensory polypeptide is encoded by a polynucleotide
sequence having at least 90% sequence identity to a poly-
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nucleotide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14,
SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively. In an embodiment of the methods
of any of the above-delineated aspects and embodiments
thereof, the mechanosensory polypeptide is encoded by a
polynucleotide sequence having at least 95% sequence iden-
tity to a polynucleotide sequence selected from SEQ ID NO:
3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23
or SEQ ID NO: 26, respectively. In an embodiment of the
methods of any of the above-delineated aspects and embodi-
ments thereof, the mechanosensory polypeptide is encoded
by a polynucleotide sequence having at least 98% sequence
identity to a polynucleotide sequence selected from SEQ ID
NO: 3, SEQID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ
ID NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO:
23 or SEQ ID NO: 26, respectively.

[0011] In an embodiment of the methods of any of the
above-delineated aspects and embodiments thereof, the het-
erologous, bacterial mechanosensory polypeptide is
expressed in the cell following transduction of the cell by a
plasmid or viral vector which contains the polynucleotide
sequence encoding polypeptide. In an embodiment, the cell
is transduced by a viral vector selected from a lentivirus
vector or an adeno-associated virus (AAV) vector. In
embodiments of the methods of any of the above-delineated
aspects and embodiments thereof, the cell is a mammalian
cell or the cell is a human cell. In embodiments of the
methods of any of the above-delineated aspects and embodi-
ments thereof, the cell is one or more of a muscle cell, a
cardiac muscle cell, an insulin secreting cell, a glial cell, or
aneuronal cell. In an embodiment, the cell is a neuronal cell.
In an embodiment, neuronal cell is selected from a motor
neuron, a sensory neuron, an interneuron, or an Agouti-
Related Protein-expression positive (AGRP-*"*) neuron. In
an embodiment of the methods of any of the above-delin-
eated aspects and embodiments thereof, the ultrasound has
a frequency of about 0.2 MHz to about 20 MHz. In an
embodiment of the methods of any of the above-delineated
aspects and embodiments thereof, the ultrasound has a focal
zone of about 1 cubic millimeter to about 1 cubic centimeter.
In an embodiment of the methods of any of the above-
delineated aspects and embodiments thereof, the method
further comprises contacting the cell with a microbubble
prior to applying ultrasound. In an embodiment of the
methods of any of the above-delineated aspects and embodi-
ments thereof, the cell is in vitro, ex vivo, or in vivo.

[0012] In another aspect, a method of treating a disease or
disorder in a subject in need thereof is provided, in which the
method comprises (i) expressing in a cell of a mammalian
subject a heterologous nucleic acid molecule encoding a
mechanosensory polypeptide selected from MscS, MscL,
MscK, Mscl. G22S, MscMILR, MscMJ, MscS-Like 3,
MscSfam, or MscS-Like; wherein the mechanosensory
polypeptide is encoded by a polynucleotide sequence having
at least 85% sequence identity to a polynucleotide sequence
selected from SEQ 1D NO: 3, SEQ ID NO: 6, SEQ ID NO:
9, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ
ID NO: 20, SEQ ID NO: 23 or SEQ ID NO: 26, respectively;
and (ii) applying ultrasound to the cell, thereby treating the
disease or disorder in the subject.

[0013] In another aspect, a method of treating a disease or
disorder in a mammalian subject in need thereof is provided,
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in which the method comprises (i) transducing into a cell of
the subject a polynucleotide molecule encoding an exog-
enous, bacterial mechanosensory polypeptide selected from
MscS, MscL, MscK, Mscl. G22S., MscMJLR, MscMI,
MscS-Like 3, MscSfam, or MscS-Like; wherein the mecha-
nosensory polypeptide is encoded by a polynucleotide
sequence having at least 85% sequence identity to a poly-
nucleotide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14,
SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively, respectively; (ii) applying ultra-
sound to the cell; and (iii) inducing cation influx in the
bacterial mechanosensory polypeptide-expressing cell and
an alteration in cell activity and/or function following the
application of ultrasound, thereby treating the disease or
disorder in the subject.

[0014] Inan embodiment of the above-delineated methods
of treatment, the cell is one or more of a muscle cell, a
cardiac muscle cell, an insulin secreting cell, a glial cell, or
aneuronal cell, In an embodiment, the cell is a neuronal cell.
In an embodiment, the neuronal cell is selected from a motor
neuron, a sensory neuron, an interneuron, or an Agouti-
Related Protein-expression positive (AGRP-""*) neuron. In
an embodiment, the ultrasound is applied to the cell in the
hypothalamus of the subject. In embodiments, the disease or
disorder is a neurological disease or disorder or a neural
circuit disease selected from Parkinson’s disease, depres-
sion, muscle weakness, muscle atrophy, muscle degenera-
tion obsessive-compulsive disorder, an eating disorder,
chronic pain, epilepsy. spinal injury, anxiety, Alzheimer’s,
post-traumatic stress disorder (PTSD), or cervical spinal
cord injury. In other embodiments, the disease or disorder is
muscle weakness, muscle atrophy, muscle degeneration,
spinal injury, or cervical spinal cord injury. In an embodi-
ment, the disease or disorder is an eating disorder.

[0015] Inanother aspect, a method of modulating neuronal
activity or function in a subject in need thereof is provided,
in which the method comprises (i) transducing into a neu-
ronal cell of the subject a polynucleotide molecule encoding
an exogenous, bacterial mechanosensory polypeptide
selected from MscS, MscL, MscK, MscL G228, MscMJLR,
MscMJ, MscS-Like 3, MscSfam, or MscS-Like; wherein the
mechanosensory polypeptide is encoded by a polynucleotide
sequence having at least 85% sequence identity to a poly-
nucleotide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14,
SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively; and (ii) applying ultrasound to the
neuronal cell; thereby modulating neuronal activity or func-
tion in the subject. In an embodiment of the method, the
neuronal cell is selected from a motor neuron, a sensory
neuron, an interneuron, or an Agouti-Related Protein-ex-
pression positive (AGRP-""°) neuron.

[0016] In another aspect, a method of distal modulation of
neuronal activity in a subject in need thereof is provided, in
which the method comprises (1) expressing in a neuronal cell
of a mammalian subject a heterologous nucleic acid mol-
ecule encoding a mechanosensory polypeptide selected from
MscS, MscL, MscK, Mscl. G22S, MscMJLR, MscMI,
MseS-Like 3, MscSfam, or MscS-Like; wherein the mecha-
nosensory polypeptide is encoded by a polynucleotide
sequence having at least 85% sequence identity to a poly-
nucleotide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14,
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SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
1D NO: 26, respectively; and (ii) applying ultrasound to the
neuronal cell at a first site in the subject’s nervous system
and modulating the activity of neuronal cells at a second site
in the subject’s nervous system; wherein the second site is
distal to the first site. In an embodiment of the method, the
neuronal include brain neuron cells, hippocampal neuron
cells, or motor neurons. In an embodiment of the method,
the first site is the spinal cord and the second site is muscle
tissue downstream of the first site. In another embodiment of
the method, the first site involves brain neuronal cells in the
spinal cord and the second site involves motor neuronal cells
in muscle tissue downstream of the first site.

[0017] In an embodiment of the above-delineated treat-
ment or therapeutic methods and embodiments thereof, the
polynucleotide sequence encoding the bacterial mecha-
nosensory polypeptide is codon-optimized for expression in
a mammalian or human cell and is non-naturally occurring.
In an embodiment of the above-delineated treatment or
therapeutic methods and embodiments thereof, the mecha-
nosensory polypeptide is encoded by a polynucleotide
sequence having at least 90% sequence identity to a poly-
nucleotide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14,
SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively. In an embodiment of the above-
delineated treatment or therapeutic methods and embodi-
ments thereof, the mechanosensory polypeptide is encoded
by a polynucleotide sequence having at least 95% sequence
identity to a polynucleotide sequence selected from SEQ ID
NO: 3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ
ID NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO:
23 or SEQ ID NO: 26, respectively. In an embodiment of the
above-delineated treatment or therapeutic methods and
embodiments thereof, the mechanosensory polypeptide is
encoded by a polynucleotide sequence having at least 98%
sequence identity to a polynucleotide sequence selected
from SEQ ID NO: 3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ ID NO:
20, SEQ ID NO: 23 or SEQ ID NO: 26, respectively. In an
embodiment of the above-delineated treatment or therapeu-
tic methods and embodiments thereof, the heterologous,
bacterial mechanosensory polypeptide is expressed in the
cell following transduction of the cell by a plasmid or viral
vector which contains the polynucleotide sequence encoding
polypeptide. In an embodiment, the cell is transduced by a
viral vector selected from a lentivirus vector or an adeno-
virus-associated virus (AAV) vector. In an embodiment of
the above-delineated treatment or therapeutic methods and
embodiments thereof, the cell is a mammalian subject is a
human. In an embodiment of the above-delineated treatment
or therapeutic methods and embodiments thereof, the ultra-
sound has a frequency of about 0.2 MHz to about 20 MHz.
In an embodiment of the above-delineated treatment or
therapeutic methods and embodiments thereof, the ultra-
sound has a focal zone of about 1 cubic millimeter to about
1 cubic centimeter.

[0018] In an embodiment of any one of the above-delin-
eated methods and embodiments thereof, the ultrasound is
generated using an opto-acoustic system or transducer. In an
embodiment, the ultrasound is generated using a lead zir-
conate titanate (PZT) transducer. In an embodiment of any
one of the above-delineated methods and embodiments
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thereof, the application of ultrasound to the cell results in a
behavioral alteration in the subject.

[0019] In another aspect, a plasmid or viral vector com-
prising a polynucleotide encoding a polypeptide selected
from MscS, MscL, MscK, MscL G22S, MscMJLR, MscMJ,
MscS-Like 3, MscSfam, or MscS-Like is provided; wherein
the polynucleotide is codon-optimized for expression in a
mammalian cell and is encoded by a polynucleotide
sequence having at least 85% sequence identity to a poly-
nucleotide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14,
SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively. In an embodiment, the polypeptide
is encoded by a polynucleotide sequence having at least 90%
sequence identity to a polynucleotide sequence selected
from SEQ ID NO: 3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ ID NO:
20, SEQ 1D NO: 23 or SEQ ID NO: 26, respectively. In an
embodiment, the polypeptide is encoded by a polynucleotide
sequence having at least 95% sequence identity to a poly-
nucleotide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14,
SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively. In an embodiment, the polypeptide
is encoded by a polynucleotide sequence having at least 98%
sequence identity to a polynucleotide sequence selected
from SEQ ID NO: 3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ ID NO:
20, SEQ 1D NO: 23 or SEQ ID NO: 26, respectively. In an
embodiment of the vector is a lentivirus vector or an
adeno-associated virus (AAV) vector.

[0020] In another aspect, a cell comprising the plasmid or
viral vector as delineated above and embodiments thereof is
provided. In embodiments, and without limitation, the cell is
one or more of a muscle cell, a cardiac muscle cell, an
insulin secreting cell, a pancreatic cell, an immune cell, a
glial cell, or a neuronal cell. In an embodiment, the cell is a
neuronal cell. In an embodiment, the neuronal cell is
selected from a motor neuron, a sensory neuron, an interneu-
ron, or an Agouti-Related Protein-expression positive
(AGRP-""*) neuron. In embodiments, the cell is a mamma-
lian cell or the cell is a human cell.

[0021] In an embodiment of any one of the above-delin-
eated methods and embodiments thereof, the heterologous
or exogenous polypeptide is encoded by a polynucleotide
sequence comprising a polynucleotide sequence selected
from SEQ ID NO: 3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ ID NO:
20, SEQ ID NO: 23 or SEQ ID NO: 26, respectively.

[0022] In an embodiment of the above-delineated vector
and embodiments thereof, the polypeptide is encoded by a
polynucleotide sequence comprising a polynucleotide
sequence selected from SEQ ID NO: 3, SEQ ID NO: 6, SEQ
ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO:
17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ ID NO: 26,
respectively.

[0023] In an embodiment of the above-delineated cell and
embodiments thereof, the polypeptide is encoded by a
polynuclectide sequence comprising a polynucleotide
sequence selected from SEQ ID NO: 3, SEQ ID NO: 6, SEQ
ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO:
17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ ID NO: 26,
respectively.
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[0024] In embodiments of any of the above-delineated
aspects and embodiments thereof, the mechanosensory poly-
peptide is encoded by a polynucleotide sequence comprising
or consisting essentially of a polynucleotide sequence
selected from SEQ 1D NO: 3, SEQ ID NO: 6, SEQ ID NO:
9, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ
ID NO: 20, SEQ ID NO: 23 or SEQ ID NO: 26.

[0025] In an embodiment of any one of the above-delin-
eated methods, vector, or cell and embodiments thereof, the
mechanosensory polypeptide encoded by the polynucleotide
sequence is MscS. In an embodiment of any one of the
above-delineated methods, vector, or cell and embodiments
thereof, the mechanosensory polypeptide encoded by the
polynucleotide sequence is MscL. In an embodiment of any
one of the above-delineated methods, vector, or cell and
embodiments thereof, the mechanosensory polypeptide
encoded by the polynucleotide sequence is MscK. In an
embodiment of any one of the above-delineated methods,
vector, or cell and embodiments thereof, the mechanosen-
sory polypeptide encoded by the polynucleotide sequence is
MscLl, G22S. In an embodiment of any one of the above-
delineated methods, vector, or cell and embodiments
thereof, the mechanosensory polypeptide encoded by the
polynucleotide sequence is MscMILR. In an embodiment of
any one of the above-delineated methods, vector, or cell and
embodiments thereof, the mechanosensory polypeptide
encoded by the polynucleotide sequence is MscMlJ.

[0026] In an embodiment of any one of the above-delin-
eated methods, vector, or cell and embodiments thereof, the
mechanosensory polypeptide encoded by the polynucleotide
sequence s MscS-Like 3. In an embodiment of any one of
the above-delineated methods, vector, or cell and embodi-
ments thereof, the mechanosensory polypeptide encoded by
the polynucleotide sequence is MscSfam. In an embodiment
of any one of the above-delineated methods, vector, or cell
and embodiments thereof, the mechanosensory polypeptide
encoded by the polynucleotide sequence is MscS-Like.
[0027] Compositions and articles as provided and
described herein were isolated or otherwise manufactured in
connection with the examples provided herein. Other fea-
tures and advantages of the description and embodiments
herein will be apparent from the detailed description, and
from the claims.

Definitions

[0028] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as commonly
understood by a person of ordinary skill in the art. See, e.g.,
Singleton et al., DICTIONARY OF MICROBIOLOGY
AND MOLECULAR BIOLOGY 2nd ed., J. Wiley & Sons
(New York, NY 1994); Sambrook et al, MOLECULAR
CLONING, A LABORATORY MANUAL, Cold Springs
Harbor Press (Cold Springs Harbor, N 'Y 1989). Any meth-
ods, devices and materials similar or equivalent to those
described herein can be used in the practice of the aspects
and embodiments described herein. The following defini-
tions are provided to facilitate understanding of certain
terms used frequently herein and are not meant to limit the
scope of the present disclosure.

[0029] By “bacterial mechanosensory polypeptide” or
“bacterial mechanotransduction polypeptide” is meant a
polypeptide substantially identical to a mechanosensory
polypeptide encoded by a wild type prokaryotic organism. In
various embodiments, the mechanosensory polypeptide as
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described herein is or is derived from MscS (e.g., E. coli
MscS), MsclL (e.g., E. coli MsclL), MscK (e.g., E. coli
MscK), MscL G228 (e.g., mutated E. coli MscL channel),
MscS-like (e.g., B. halodurans), MscMJ (e.g.. M. jannere-
schi), MscMILR (e.g., M. jannereschi), MscS-Like 3 (e.g.,
A. thaliana), MscSfam (A. fulgidus), or a fragment thereof.
In some embodiments, the mechanosensory polypeptide is
MseS. In some embodiments, a codon-optimized polynucle-
otide sequence encodes the mechanosensory polypeptide. In
an embodiment, a mechanosensory polypeptide or mecha-
notransduction polypeptide responds to mechanical deflec-
tion or stretch when expressed in the membrane of a cell into
which it is transfected, transformed, or transduced.

[0030] By “MscS polypeptide” is meant a mechanosen-
sory protein capable of conferring ultrasound sensitivity on
acell, e.g., a neuron, and having at least about 85% sequence
identity to the MscS sequence provided below, a fragment
thereof, or a human ortholog thereof, and having the bio-
logical activity described herein. In embodiments, the
mechanosensory protein has at least about 85%, at least
about 90%, at least about 95%, or at least about 98%
sequence identity to the MscS polypeptide sequence pro-
vided below, a fragment thereof, or a human ortholog
thereof, and has the biological activity described herein. The
wild type bacterial small conductance mechanosensitive
channel, MscS, is comprised of 286 amino acids and is one
of four mechanosensitive channels in . coli that play a role
in osmoregulation. In various embodiments, MscS 1is
responsive to membrane pressures of 5-8 mN/m and does
not require any other cellular structures for gating function.
In some embodiments, MscS, when in its open conforma-
tion, forms a pore about 13 A in diameter, and conducts at
about 0.5 nS of stretch. In some embodiments, the MscS
polypeptide is the polypeptide as identified by its Genbank
Accession number or a functional fragment, homolog, iso-
form, or ortholog thereof. In some embodiments, the MscS
polypeptide is substantially identical to the protein identified
by the Genbank Accession number or a functional variant,
isoform, homolog, or ortholog having substantial identity
thereto. In some embodiments, the MscS polypeptide is the
polypeptide identified by the Genbank Accession number
ACI78461.1. In some embodiments, the MscS polypeptide
is a functional homolog, isoform, ortholog, or fragment of
the polypeptide identified by the Genbank Accession num-
ber ACI78461.1. In some embodiments, the MscS polypep-
tide contains the MscS polypeptide sequence provided
immediately below. In some embodiments, the MscS poly-
peptide consists essentially of the MscS polypeptide
sequence provided immediately below.

MscS Polypeptide Sequence:
[0031]

(SEQ ID NO: 1)
MEDLNVVDSINGAGSWLVANQALLLSYAVNIVAALAIIIVGLIIARMISN

AVNRLMISRKIDATVADFLSALVRYGIIAFTLIAALGRVGVQTASVIAVL
GAAGLAVGLALQGSLSNLAAGVLLVMFRPFRAGEYVDLGGVAGTVLSVQI
FSTTMRTADGKIIVIPNGKIIAGNIINFSREPVRRNEFIIGVAYDSDIDQ
VKQILTNIIQSEDRILKDREMTVRLNELGASSINFVVRVWSNSGDLONVY

WDVLERIKREFDAAGISFPYPQMDVNFKRVKEDKAA .

[0032] By “MscS polynucleotide” is meant a nucleic acid
molecule encoding an MscS polypeptide. In particular
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embodiments, the codons of the MscS polynucleotide are
optimized for expression in an organism of interest or in the
cells of an organism of interest (e.g., optimized for human
expression or expression in human cells, bacterial expres-
sion or bacterial cell expression, mammalian expression or
mammalian cell expression). The sequence of an exemplary
MscS polynucleotide is provided immediately below. In
some embodiments, the MscS polynucleotide is the nucleic
acid molecule as identified by its Genbank Accession num-
ber or a functional fragment, ortholog, or homolog thereof.
In some embodiments, the MscS polynucleotide is substan-
tially identical to the nucleic acid molecule identified by the
Genbank Accession number or a functional variant,
ortholog, or homolog having substantial identity thereto. In
some embodiments, the MscS polynucleotide is the nucleic
acid molecule identified by the Genbank Accession number
EU895900.1. In some embodiments, the MscS polynucle-
otide is a functional homolog, isoform, or fragment of the
nucleic acid molecule identified by the Genbank Accession
number EU895900.1. In some embodiments, the MscS
polynucleotide contains the MscS polynucleotide sequence
provided immediately below. In some embodiments, the
MscS polynucleotide consists essentially of the MscS poly-
nucleotide sequence provided immediately below.

MscS Polynucleotide Sequence:

[0033]

(SEQ ID NO: 2)
ATGGAAGATTTGAATGT TGTCGATAGCATAAACGECGCGGGAAGCTGGCT

GGTAGCTAACCAGGCGCTGCTGCTAAGTTATGCAGTAAACATCGTGGCGG
CACTCGCGATCATCATCGTTGGTTTGATTATCGCGCGGATGATTTCCAAC
GCGGTGAATCGCCTGATGATCTCCCGTAAAATCGATGCCACTGTTGCTGA
TTTTCTTTCTGCATTAGTCCGTTACGGTATTATCGCCTTTACGCTAATCG
CAGCCCTGGGACGCGTGGGTGTACARAACAGCGTCAGTCATTGCTGTACTC
GGTGCCGCAGGCTTAGCTGTTGGTCTGGCTTTGCAGGGGTCACTTTCTAA
CCTGGCCGCTGGCGTGTTACTTGTCATGTTCCGCCCETTCCGTGCCGGAG
AATATGTTGACCTCGGCGGCGTAGCCGGTACTGTGCTGAGTGTGCAGATT
TTCTCCACCACCATGCGTACTGCAGACGGTAAAATTATCGTTATTCCGAA
CGGTAARATTATTGCCGGARATATTAT TAACTTCTCCCGCGAGCCAGTTC
GCCGTAACGAATTTATTATTGGCGTGGCGTATGATTCCGATATCGATCAG
GTTAAGCAGATCCTGACCAATATTATCCAGTCTGAAGATCGCATTTTGAA
AGATCGCGAAATGACTGTGCGCCTGAACGAACTTGGTGCATCGTCGATTA
ATTTCGTGGTCCGCGTCTGGAGCAACAGCGGCGATCTGCARAACGTGTAC
TGGGATGTGCTGGAGCGTATTAAACGTGAATTTGATGCCGCCGGTATCAG
CTTCCCGTACCCGCAAATGGATGTGAACTTTAAGCGGGTGARAGAAGACA

ARAGCTGCG.

[0034] Insome embodiments, for example, for expression
in a mammalian cell, e.g., a human cell, the codon-optimized
MscS polynucleotide sequence provided below is used, or a
sequence with at least 85% sequence identity thereto is used.
In embodiments, a sequence with at least 90%, at least 95%,
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or at least 98% sequence identity thereto is used. Codon-
optimized MscS (also termed Gp155 MscS) polynucleotide
sequence:

(SEQ ID NO: 3)
ATGGAGGATCTGAATGTCGTGGACTCTATCAATGGGGCCGGGTCTTGGCT

GGTCGCTAACCAGGCACTGCTGCTGAGCTATGCTGTGAACATTGTGGCCG
CTCTGGCCATCATTATCGTCGGGCTGATTATCGCTCGCATGATCAGTAAC
GCAGTGAATAGACTGATGATTTCAAGGAAGATCGATGCTACCGTGGCAGA
CTTCCTGTCTGCCCTGGTCAGATACGGCATTATCGCTTTTACTCTGATTG
CAGCCCTGGGAAGGGTGGGCGTCCAGACCGCCTCCGTGATCGCTGTCCTG
GGAGCTGCAGGACTGGCAGTGGGCCTGGCCCTGCAGGGGTCTCTGAGTAA
TCTGGCCGCTGGCGTGCTGCTGGTCATGTTCAGGCCCTT TCGCGCAGGGG
AGTATGTGGATCTGGGCGGGGTCGCTGGAACAGTGCTGTCCGTCCAGATT
TTCTCTACCACAATGCGCACTGCCGACGGARAGATTATCGTGATCCCCAA
CGGAAAAATTATCGCCGGCAACATTATCAATTTCAGCCGAGAGCCTGTGC
GGAGAAATGAGTTCATCATCGGCGTGGCCTACGACAGCGATAT TGACCAG
GTGAAGCAGATCCTGACCAACATTATCCAGTCCGAAGATCGCATCCTGAA
AGACCGAGAGATGACAGTGCGGCTGAACGAACTGGGCGCCAGCTCCATCA
ATTTCGTGGTCAGAGTGTGGTCAAACAGCGGGGATCTGCAGAACGTGTAC
TGGGACGTGC TGGAGCGGATCAAGCGGGAATTTGATGCAGCCGGCATCTC
ATTCCCCTACCCACAGATGGATGTCAACTTCAAGAGAGTCAAGGAGGATA

AAGCCGCTTAA.

[0035] By “MscL polypeptide” is meant a mechanosen-
sory protein capable of conferring ultrasound sensitivity on
acell, e.g., a neuron, and having at least about 85% sequence
identity to the MscL. polypeptide sequence provided below,
a fragment thereof, or a human ortholog thereof, and having
the biological activity described herein. In embodiments, the
mechanosensory protein has at least about 85%, at least
about 90%, at least about 95%, or at least about 98%
sequence identity to the MscL polypeptide sequence pro-
vided below, a fragment thereof, or a human ortholog
thereof, and has the biological activity described herein. In
other embodiments, the polypeptide is the polypeptide as
identified by its Genbank Accession number or functional
fragment or homolog thereof. In some embodiments, the
MscL polypeptide is substantially identical to the protein
identified by the Genbank Accession number or a variant or
homolog having substantial identity thereto. In some
embodiments, the MscL polypeptide is the polypeptide as
identified by the Genbank Accession number ACI76971.1.
In some embodiments, the Mscl polypeptide is a homolog
or functional fragment of the polypeptide identified by the
Genbank Accession number ACI76971.1. In some embodi-
ments, the MscL polypeptide comprises the MscL. polypep-
tide sequence provided immediately below. In some
embodiments, the MscL polypeptide consists essentially of
the MscL polypeptide sequence provided immediately
below.
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MscL Polypeptide Sequence:

[0036]

(SEQ ID NO: 4)
MSIIKEFREFAMRGNVVDLAVGVIIGAAFGKIVSSLVADI IMPPLGLLIG

GIDFKQFAVTLRDAQGDIPAVVMHYGVFIQNVFDFLIVAFAIFMAIKLIN

KLNRKKEEPAAAPAPTKEEVLLTEIRDLLKEQNNRS .

[0037] By “MscL polynucleotide” is meant a nucleic acid
molecule encoding an MscL polypeptide. In particular
embodiments, the codons of the MscL polynucleotide are
optimized for expression in an organism of interest or in the
cells of an organism of interest (e.g., optimized for human
expression or expression in human cells, bacterial expres-
sion or bacterial cell expression, mammalian expression or
mammalian cell expression). The sequence of an exemplary
MscL polynucleotide is provided immediately below. In
some embodiments, the MscL polynucleotide is the nucleic
acid molecule as identified by its Genbank Accession num-
ber or a functional fragment or homolog thereof. In some
embodiments, the MscL polynucleotide is substantially
identical to the nucleic acid molecule identified by the
Genbank Accession number or a variant or homolog having
substantial identity thereto. In some embodiments, the MsclL
polynucleotide is the nucleic acid molecule identified by the
Genbank Accession number EU894410.1. In some embodi-
ments, the MscL polynucleotide is a homolog or functional
fragment of the nucleic acid molecule identified by the
Genbank Accession number EU894410.1. In some embodi-
ments, the Mscl, polynucleotide contains the Mscl, poly-
nucleotide sequence provided immediately below. In some
embodiments, the MscL polynucleotide consists essentially
of the MscL polynucleotide sequence provided immediately
below.

MscL Polynucleotide Sequence:

[0038]

(SEQ ID NO: 5)
ATGAGCATTATTAAAGAATTTCGCGAATTTGCGATGCGCGGGAACGTGGT

GGATTTGGCGGTGEGTGTCATTATCGGTGCGGCATTCGGGAAGATTGTAT
CTTCACTGGTTGCCGATATCATCATGCCACCACTGGECTTATTAATTGGC
GUGATCGACTTTAAACAGTTTGCTGTCACGCTACGCGATGCGCAGGRGRA
TATCCCTGCTGTTGTGATGCATTACGETGTCTTCATTCAAAACGTCTTTG
ATTTTCTGATTGTGGCCTTTGCCATCT TTATGGCGATTAAGCTAATCAAC
AAACTGAATCGGAARAAAGAAGAACCAGCAGCCGCACCAGCACCAACTAA
AGRAAGARGTATTACTGACAGARATTCGTGATTTGCTGARAGAGCAGAATA
ACCGCTCTTAA.

[0039] In some embodiments, for expression in a mam-
malian cell, e.g., a human cell, the following codon-opti-
mized MscL polynucleotide sequence is used, or a sequence
with at least 85% sequence identity thereto is used. In

embodiments, a sequence with at least 90%, at least 95%, or
at least 98% sequence identity thereto is used.
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Codon-Optimized Mscl. (Also Termed Gpl54 Mscl)
Polynucleotide Sequence:

[0040]

(SEQ ID NO: 6)
ATGTCTATCATCAAGGAGTTCAGGGAGTTTGCCATGAGAGGAAACGTGGT

GGACCTGGCAGTGGGCGTGATCATCGGAGCAGCCTTCGGCAAGATCGTGA
GCTCCCTGGTGGCCGACATCATCATGCCACCTCTGGGACTGCTGATCGGA
GGCATCGATTTCAAGCAGT TTGCAGTGACCCTGAGGGACGCACAGGGCGA
TATCCCTGCAGTGGTCATGCACTACGGCGTGTTTATCCAGAACGTGTTCG
ACTTTCTGATCGTGGCCTTCGCCATCTTTATGGCCATCAAGCTGATCAAC
AAGCTGAATCGGAAGAAGGAGGAGCCAGCAGCAGCACCAGCACCAACCAA
GGAGGAGGTGCTGCTGACAGAGATCCGGGATCTGCTGAAGGAGCAGAACA
ATCGCAGCTGA.

[0041] By MscK polypeptide is meant a mechanosensory
protein capable of conferring ultrasound sensitivity on a cell,
e.g., a neuron, and having at least about 85% sequence
identity to the MscK polypeptide sequence provided below,
a fragment thereof, or a human ortholog thereof, and having
the biological activity described herein. In embodiments, the
mechanosensory protein has at least about 85%, at least
about 90%, at least about 95%, or at least about 98%
sequence identity to the MscK polypeptide sequence pro-
vided below, a fragment thereof, or a human ortholog
thereof, and has the biological activity described herein. In
other embodiments, the polypeptide is the polypeptide as
identified by its Genbank Accession number or functional
fragment or homolog thereof. In some embodiments, the
MscK polypeptide is substantially identical to the protein
identified by the Genbank Accession number or a functional
variant, ortholog, or homolog having substantial identity
thereto. In some embodiments, the MscK polypeptide is the
polypeptide identified by the Genbank Accession number
QKX92491.1. In some embodiments, the MscK polypeptide
is a functional homolog, ortholog, or fragment of the poly-
peptide identified by the Genbank Accession number
QKX92491.1. In some embodiments, the MscK polypeptide
contains the MscK polypeptide sequence provided immedi-
ately below. In some embodiments, the MscK polypeptide
consists essentially of the MscK polypeptide sequence pro-
vided immediately below.

MscK Polypeptide Sequence:
[0042]

(SEQ ID NO: 7)
MTMFQYYKRSRHFVFSAFIAFVEVLLCQNTAFARASSNGDLPTKADLQAQ

LDSLNKQKDLSAQDKLVQODLTDTLATLDKIDRIKEETVQLRQKVAEAPE
KMRQATAALTALSDVDNDEETRKILSTLSLRQLETRVAQALDDLQNAQND
LASYNSQLVSLQTQPERVQONAMYNASQQLQQIRSRLDGTDVGETALRPSQ
KVLMQAQQALLNAEIDQORKSLEGNTVLODTLQKQRDYV TANSARLEHQL

QLLQEAVNSKRLTLTEKTAQEAVSPDEAARIQANPLVKQELEINQQLSQR
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-continued
LITATENGNOLMOONIKVKNWLERALQSERNIKEQIAVLKGSLLLSRILY

QOOQTLPSADELENMTNRIADLRLEQFEVNQORDALFQSDAFVNKLEEGH
TNEVNSEVHDALLQVVDMRRELLDQLNKQLGNQLMMAINLQINQQQLMSV
SKNLKSILTQQIFWVNSNRPMDWDWIKAFPQSLKDEFKSMKI TVNWQKAW
PAVFIAFLAGLPLLLIAGLIHWRLGWLKAYQQKLASAVGSLRNDSQLNTP
KAILIDLIRALPVCLIILAVGLILLTMQLNISELLWSFSKKLAIFWLVFG
LCWKVLEKNGVAVRHFGMPEQQTSHWRRQIVRISLALLPIHFWSVVAELS
PLHLMDDVLGQAMIFFNLLLIAFLVWPMCRESWRDKESHTMRLVTITVLS
IIPIALMVLTATGYFYTTLRLAGRWIETVYLVIIWNLLYQTVLRGLSVAA
RRIAWRRALARRQNLVKEGAEGAEPPEEPTIALEQVNQQTLRI TMLLMFA
LFGVMFWAIWSDLITVFSYLDSI TLWHYNGTEAGAAVVKNVTMGSLLFAT
IASMVAWALIRNLPGLLEVLVLSRLNMRQGASYAITTILNYIIIAVGAMT
VFGSLGVSWDKLOWLAAALSVGLGFGLQEIFGNFVSGLIILFERPVRIGD
TVTIGSFSGTVSKIRIRATTITDFDRKEVIIPNKAFVTERLINWSLTDTT
TRLVIRLGVAYGSDLEKVRKVLLKAATEHPRVMHEPMPEVFFTAFGASTL
DHELRLYVRELRDRSRTVDELNRTIDQLCRENDINIAFNQLEVHLHNEKG

DEVTEVKRDYKGDDPTPAVG.

[0043] By “MscK polynucleotide” is meant a nucleic acid
molecule encoding an MscK polypeptide. In particular
embodiments, the codons of the MscK polynucleotide are
optimized for expression in an organism of interest or in the
cells of an organism of interest (e.g., optimized for human
expression or expression in human cells, bacterial expres-
sion or bacterial cell expression, mammalian expression or
mammalian cell expression). The sequence of an exemplary
MscK polynucleotide is provided immediately below. In
some embodiments, the MscK polynucleotide is the nucleic
acid molecule as identified by its Genbank Accession num-
ber or functional fragment, ortholog, or homolog thereof. In
some embodiments, the MscK polynucleotide is substan-
tially identical to the nucleic acid molecule identified by the
Genbank Accession number or a functional variant,
ortholog, or homolog having substantial identity thereto. In
some embodiments, the MscK polynucleotide comprises or
consists of base pairs 3505596 to 3508958 (locus tag:
HU676_16905) of the nucleic acid molecule identified by
the Genbank Accession number CP055259.1. In some
embodiments, the MscK polynucleotide is a functional
homolog, ortholog, or fragment of base pairs 3505596 to
3508958 (locus tag: HU676_16905) of the nucleic acid
molecule identified by the Genbank Accession number
CP055259.1. In some embodiments, the MscK polynucle-
otide contains the MscK polynucleotide sequence provided
immediately below. In some embodiments, the MscK poly-
nucleotide consists essentially of the MscK polynucleotide
sequence provided immediately below.

MscK Polynucleotide Sequence:
[0044]

(SEQ ID NO: 8)
CCCTACCGCTGECETCGGGTCATCGCCTTTGTAGTCECGTTTTACTTCCG

TCACCTCATCGCCCTTCTCGTTGTGCAGATGCACTTCAAGCTGGT TARAG
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GCAATGTTGATGTCGTTTTCACGGCACAGCTGATCGATAGTACGGTTCAG
CTCATCGACAGTACGACTACGGTCACGCAGTTCACGCACATACAGACGCA
GCTCATGATCCAACGTGCTGGCACCAAATGCCGTAAAGAAGACTTCCGGC
ATTGGTTCGTGCATCACCCTTGGGTGCTCAGTCGCCGCCTTCAGTAACAC
TTTACGCACTTTTTCCAGATCGGAGCCATAGGCCACGCCGAGACGGATCA
CCAGACGCGTAGTAGTGTCAGTCAACGACCAGTTGATCAGACGCTCGGTA
ACAAACGCTTTGTTCGGGATGATCACTTCTTTGCGATCGAAATCGGTAAT
CGTTGTCGCACGAATACGGATCTTACTTACCGTCCCCGAGAAGCTACCAA
TGGTTACCGTATCGCCAATACGCACCGGACGTTCGAATAGAATGATCAAA
CCGGAGACGAAGTTACCGAAAATTTCTTGTAAACCAAAACCAAGACCTAC
GGATAATGCTGCGGCCAGCCACTGGAGTTTATCCCAAGAGACGCCCAGCG
ATCCGAACACCGTCATCGCACCAACAGCAATAATGATGTAGTTAAGGATG
GTAGTAATGGCATACGACGCGCCCTGGCGCATATTCAGTCGCGAGAGCAC
CAGCACTTCCAGTAAACCAGGCAGGTTGCGAATCAACGCCCAGGCCACCA
TTGAGGCGATAATCGCAAACAACAGACTGCCCATGGTGACGTTTTTCACC
ACCGCAGCGCCAGCTTCAGTGCCGTTGTAATGCCAGAGCGTGATGCTGTC
GAGATAGCTGAACACGGTGATCAAATCGGACCAAATTGCCCAGAACATGA
CACCGAACAGCGCAAACATCAGCAACATGGTAATACGCAGCGTCTGCTGG
TTAACTTGCTCCAGTGCAATGGTGGGTTCTTCCGGCGGT TCAGCACCTTC
TGCGCCCTCTTTCACCAGATTCTGCCGACGCGCCAGCGCACGACGCCAGG
CGATACGCCGCGCCGCTACGCTTAAGCCACGCAGTACCGTCTGGTACAGC
AGGTTCCAGATGATCACCAGATAAACGGTTTCAATCCAGCGTCCTGCCAG
ACGCAGCGTAGTGTAGAAGTAGCCTGTAGCAGTCAGCACCATCAGCGCAA
TCGGGATTATCGACAGCACGGTAATGGTGACCAGTCGCATGGTGTGCGAC
TCTTTATCACGCCAGCTTTCGCGGCACATCGGCCATACCAGGAAGGCAAT
CAGCAGCAGGTTGAAGAAAATCATCGCTTGCCCCAGCACATCATCCATCA
GATGCAGCGGGGAAAGTTCTGCCACCACAGACCAGAAATGGATAGGCAGC
AATGCGAGACTGATGCGGACAATTTGCCGACGCCAGTGGCTGGTCTGCTG
TTCCGGCATGCCGAAGTGACGTACGGCAACGCCGTTTTTCTCCAGTACCT
TCCAGCACAGGCCAAACACCAGCCAGAATATCGCCAGTTTTTTGCTGAAC
GACCATAGCAGTTCGCTGATGTTGAGCTGCATGGTCAACAGAATCAGGCC
AACCGCGAGAATAATCAGGCACACCGGCAGCGCACGGATCAGGTCGATAA
GGATCGCTTTTGGTGTGTTGAGCTGGCTGTCGTTACGCAGGGAACCCACA
GCGGAAGCCAGTTTTTGTTGATACGCTTTCAGCCAGCCCAGACGCCAGTG
GATCAGCCCGGCAATCAACAGCAGCGGCAAACCAGCGAGGAAAGCGATAA
ARACGGCGGGCCAGGCTTTTTGCCAGTTCACCGTGATTTTCATCGACTTA

AATTCATCTTTCAGGCTTTGCGGGAACGCTTTGATCCAGTCCCAGTCCAT
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TGGACGGTTACTGT TCACCCAAAAGATTTGCTGAGTCAGGATGGATTTCA

GGTTTTTCGACACACTCATTAACTGCTGCTGGTTGATT TGCAGGTTAATG
GCCATCATCAGCTGGTTACCCAACTGT TTGTTGAGT TGATCCAGCAATTC
GCGACGCATATCAACCACTTGCARTAACGCATCGTGAACTTCGCTGTTCA
CTTCQTTEGTGTGACCTTCTTCCAGTTTGTTGACGAACGCATCGCTCTEE
ARGAGTGCATCACGCTECTCCTTAACT TCARACTGTTCGAGACGCAAATC
CGCGATGCGETTGETCATGTT TTCCAGTTCATCCGCCGAGGGCAGCETTT
GTTGTTGCTGETARAGGATACGAGACAACAGCAGECTGCCCTTCAGGACG
GCAATCTGCTCTTTAATATTGCGTT CCGATTGCAGCECCCGCTCCAGCCA
GTTTTTGACTTTAATCTTTTGCTCCAT CAACTGATTACCGTTTTCAGTCG
CGUTAATCAGACGCTGACTTAACTGCTGETTAATTTCCAGTTCCTGCTTC
ACCAGCGGAT TAGCCTGAATACGCGCGGCTTCATCCGGEGAGACGGCTTC
CTGCGCCGTTTTTTCGGTTARAGTCAGGCGCTTGCTGTTTACCGCTTCTT
GCAACAGTTGTAACTGGTGCTCCAGACCAGCGCTETTCGCCGTCACGTAR
TCACGTTACTTTTGCAAGGTATCCTGCAAGACGETETTCCCTTCCAGGCT
TTTACGCTGCTGETCAATCTCCGCATTCAGCAACGCCTECTEAGCCTECA
TTAACACTTTCTGGCTGGEACGT AAGGCTGTCTCECCGACATCAGTCCCA
TCCAGACGACTGCGAATTTGT TGCAGC TGCTGCGAAGCGT TATACATCGC
ATTTTGCACGCGTTCCGGCTCCGTCTGTAACGARACCAGC TGECTGTTAT
ARGACGCCAGATCETTTTGTGCATT TTGCAAATCATCCAGCGCCTEEGCA
ACGCGACGT TTCCAGCTEACACAACGACAGCGTECTCAGAATTTTGCGCTT
TTCTTCGTCGTTATCGACATCGC TAAGTGCTGTTAACGCCGCGGTCECCT
GGCGCATTTTTTCCGGCGCTTCAGCGACTTTTTGCCETAGCTGRACTGTC
TCTTCTTTTATGCGATCGATT TTATCGAGGGTGGCTAATGTATCTGTCAG
ATCCTGCTGCACCAGTTTGTCCTGACCAGAAAGATCTTTTTGT TTATTTA
GTGAGTCAAGTTGCGCCTACAGETC CECTTTTETCGECAGATCACCATTC
GATGACGCCCGCGCARACGCCETCTTC TGGCATAACAAGACARAARCARA
AGCAATAAATGCTGARAAAACAARATGCCGTGATCGTTTGTAATACTGGA
ACATAGTCAT.

[0045] In some embodiments, for expression in a mam-
malian cell, e.g., a human cell, the following codon-opti-
mized MscK polynucleotide sequence is used, or a sequence
with at least 85% sequence identity thereto is used. In
embodiments, a sequence with at least 90%, at least 95%, or
at least 98% sequence identity thereto is used. Codon-

optimized MscK (also termed Gp153 MscK) polynucleotide
sequence:

(SEQ ID NO: 9)
ATGACCATGTTCCAGTACTATAAGCGGTCTCGCCACTTCGTGTTTAGCGC

CTTTATCGCCTTCGTGTTTGTGCTGCTGTGCCAGAACACAGCCTTCGCCA

GGGCCAGCTCCAATGGCGATCTGCCTACCAAGGCCGACCTGCAGGCCCAG
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CTGEATTCCCTGAACAAGCAGAAGGATCTGTCTGCCCAGGACAAGCTGET

GCAGCAGGATCTGACAGACACCCTGGCCACACTGGATAAGATCGACCGCA
TCAAGGAGGAGACCGTGCAGCTGAGGCAGAAGGTGGCAGAGGCACCAGAG
ARGATGAGGCAGGCAACAGCCGCCCTGACCGCCCTGAGCGACGTGGATAA
TGACGAGGAGACAAGGAAGATCCTGTCTACCCTGAGCCTGAGGCAGCTGG
AGACAAGGGTGGCACAGGCCCTGGACGATCTGCAGAACGCCCAGAATGAC
CTGGCCTCCTACAACTCTCAGCTGGTGTCCCTGCAGACCCAGCCCGAGAG
AGTGCAGAACGCCATGTATAATGCCAGCCAGCAGCTGCAGCAGATCAGGT
CCAGACTGGATGGAACAGACGTGGGAGAGACCGCCCTGAGGCCTTCTCAG
AAGGTGCTGATGCAGGCACAGCAGGCCCTGCTGAACGCAGAGATCGATCA
GCAGAGGAAGAGCCTGGAGGGCAATACAGTGCTGCAGGACACCCTGCAGA
AGCAGAGAGATTACGTGACAGCCAATTCCGCCCGGCTGGAGCACCAGCTG
CAGCTGCTGCAGGAGGCCGTGAACTCCAAGAGACTGACACTGACCGAGAA
GACCGCACAGGAGGCCGTGTCTCCAGACGAGGCCGCCAGARATCCAGGCCA
ACCCTCTGGTGAAGCAGGAGCTGGAGATCAATCAGCAGCTGTCTCAGCGG
CTGATCACAGCCACCGAGAACGGCAATCAGCTGATGCAGCAGAACATCAA
GGTGAAGAATTGGCTGGAGCGCGCCCTGCAGAGCGAGAGGAACATCAAGG
AGCAGATCGCCGTGCTGAAGGGCAGCCTGCTGCTGTCCAGAATCCTGTAT
CAGCAGCAGCAGACACTGCCATCCGCCGATGAGCTGGAGAACATGACCAA
TAGAATCGCCGACCTGCGGCTGGAGCAGTTTGAGGTGAACCAGCAGCGGG
ACGCCCTGTTCCAGTCTGATGCCTTTGTGAATAAGCTGGAGGAGGGCCAC
ACCAACGAAGTGAATAGCGAGGTGCACGACGCACTGCTGCAGGTGGTGGA
TATGAGGAGAGAGCTGCTGGACCAGCTGAACAAGCAGCTGGGCAATCAGC
TGATGATGGCCATCAACCTGCAGATCAATCAGCAGCAGCTGATGTCTGTG
AGCAAGAATCTGAAGTCTATCCTGACACAGCAGATCTTCTGGGTGAACAG
CAATAGACCAATGGATTGGGACTGGATCAAGGCCTTCCCCCAGTCTCTGA
AGGACGAGTTTAAGAGCATGAAGATCACCGTGAACTGGCAGAAGGCCTGG
CCTGCCGTGTTCATCGCCTTTCTGGCAGGACTGCCACTGCTGCTGATCGC
AGGACTGATCCACTGGAGGCTGGGATGGCTGAAGGCATACCAGCAGAAGC
TGGCCTCTGCCGTGGGCAGCCTGCGCAACGATTCTCAGCTGAATACACCC
AAGGCCATCCTGATCGACCTGAT CAGGGCCCTGCCCGTGTGCCTGATCAT
CCTGGCCGTGGGCCTGATCCTGCTGACCATGCAGCTGAATATCTCCGAGC
TGCTGTGGTCCTTCTCTAAGAAGCTGGCCATCTTCTGGCTGGTGT TTGGC
CTGTGCTGGAAGGTGCTGGAGAAGAACGGCGTGGCCGTGAGACACTTTGG
CATGCCAGAGCAGCAGACAAGCCACTGGCGGCGCCAGATCGTGCGGATCT
CCCTGGCCCTGCTGCCAATCCACTTCTGGTCCGTGGTGGCAGAGCTGTCT
CCACTGCACCTGATGGACGATGTGCTGGGCCAGGCCATGATCTTCTTTAA
TCTGCTGCTGATCGCCTTTCTGGTGTGGCCTATGTGCAGAGAGAGCTGGC

GGGACAAGGAGTCCCACACCATGAGGCTGGTGACAATCACCGTGCTGAGC
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ATCATCCCAATCGOCCTCATGGTGC TGACAGCCACCEGCTACTTCTATAC

CACACTGCGCCTGGCCGGCAGGTGGAT CGAGACCGTGTACCTGGTCATCA
TCTGGAACCTGCTGTATCAGACCGTGCTGAGGGGACTGTCCGTGGCCGCC
AGGAGAATCGCATGGAGGAGGGCCCTGGCCAGGAGGCAGAATCTGGTGAA
GGAGGGAGCAGAGGGAGCAGAGCCACCTGAGGAGCCCACCATCGCCCTGG
AGCAGGTGAACCAGCAGACACTGAGGATCACCATGCTGCTGATGTTCGCC
CTGTTTGGCGTGATGTTCTGGGCCATCTGGAGCGATCTGATCACAGTGTT
TTCCTACCTGGACTCTATCACACTGTGGCACTATAACGGAACCGAGGCAG
GAGCAGCAGTGGTGAAGAATGTGACCATGGGCTCTCTGCTGTTCGCCATC
ATCGCCAGCATGGTGGCCTGGGCCCTGATCAGAAACCTGCCTGGCCTGCT
GGAGGTGCTGGTGCTGTCCAGACTGAATATGCGGCAGGGCGCCTCTTACG
CCATCACCACAATCCTGAACTATATCATCATCGCCGTGGGCGCCATGACC
GTGTTTGGCAGCCTGGGCGTGTCCTGGGATAAGCTGCAGTGGCTGGCCGC
CGCCCTGAGCGTGGGACTGGGCTTCGGCCTGCAGGAGATCTTCGGCAACT
TCGTGAGCGGCCTGATCATCCTGTTTGAGCGCCCAGTGAGGATCGGCGAC
ACAGTGACCATCGGCAGCTTCTCCGGCACAGTGAGCAAGATCAGGATCAG
GGCCACCACAATCACCGATTTCGACAGAAAGGAAGTGATCATCCCCAACA
AGGCCTTTGTGACAGAGCGGCTGATCAATTGGAGCCTGACCGATACCACA
ACCAGGCTGGTCATCAGGCTGGGAGTGGCATACGGCTCCGACCTGGAGAA
GGTGCGCAAGGTGCTGCTGAAGGCAGCAACCGAGCACCCTAGAGTGATGC
ACGAGCCAATGCCCGAGGTGTTCTTTACAGCCTTTGGCGCCTCCACCCTG
GACCACGAGCTGAGACTGTATGTGCGGGAGCTGAGGGACAGAT CTCGGAC
AGTGGATGAGCTGAACAGAACCATCGATCAGCTGTGCCGGGAGAACGACA
TCAATATCGCCTTCAACCAGCTGGAGGTGCACCTGCACAATGAGAAGGGC
GATGAGGTGACAGAGGTGAAGAGGGACTACAAGGGCGACGATCCTACCCC

AGCAGTGGGATGA.

[0046] By “Mscl. G22S polypeptide” is meant an MscL
polypeptide, as defined above, including the mutation G22S.
An exemplary Mscl G228 polypeptide sequence is pro-
vided immediately below.

MscL, G228 Polypeptide Sequence:
[0047]

(SEQ ID NO: 10)
MSIIKEFREFAMRGNVVDLAVSVIIGAAFGKIVSSLVADIIMPPLGLLIG

GIDFKQFAVTLRDAQGDIPAVVMHYGVFIQONVFDFLIVAFAIFMAIKLIN

KLNRKKEEPAAAPAPTKEEVLLTEIRDLLKEQNNRS .

[0048] By “Mscl. G22S polynucleotide” is meant an
MscL polynucleotide, as defined above, encoding a poly-
peptide comprising the mutation G228. An exemplary MscL
(G228 polynucleotide sequence codon-optimized for expres-
sion in a mammalian cell, e.g., a human cell, is provided
immediately below.
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Codon-Optimized MscL. G228 (Also Termed Gpl76
MsclL.G22sK12) Polynucleotide Sequence:

[0049]

(SEQ ID NO: 11)
ATGTCTATCATCAAGGAGTTCCGGGAGTTTGCCATGAGAGGCAACGTGGT

GGACCTGGCCGTGAGCGTGATCATCGGAGCAGCCTTCGGCAAGATCGTGA
GCAGCCTGGTGGCCGACATCATCATGCCACCTCTGGGACTGCTGATCGGA
GGCATCGATTTCAAGCAGT TTGCAGTGACCCTGAGGGACGCACAGGGCGA
CATCCCTGCCGTGGTCATGCACTACGGCGTGTTTATCCAGAACGTGTTCG
ACTTTCTGATCGTGGCCTTCGCCATCTTTATGGCCATCAAGCTGATCAAC
AAGCTGAATAGGAAGAAGGAGGAGCCAGCTGCCGCCCCAGCACCAACCAA
GGAGGAGGTGCTGCTGACAGAGATCAGGGATCTGCTGAAGGAGCAGAACA
ATCGCAGC.

[0050] By “MscMILR polypeptide” is meant a mecha-
nosensory protein capable of conferring ultrasound sensi-
tivity on a cell, e.g., a neuron, and having at least about 85%
sequence identity to the MscMJLR polypeptide sequence
provided below, a fragment thereof, or a human ortholog
thereof, and having the biological activity described herein.
In embodiments, the mechanosensory protein has at least
about 90%, at least about 95%, or at least about 98%
sequence identity to the MscMJLR polypeptide sequence
provided below, a fragment thereof, or a human ortholog
thereof, and has the biological activity described herein. In
other embodiments, the polypeptide is the polypeptide as
identified by its Genbank Accession number or a functional
fragment, isoform, ortholog, or homolog thereof. In some
embodiments, the MscMJLR polypeptide is substantially
identical to the protein identified by the Genbank Accession
number or a functional variant, ortholog, or homolog having
substantial identity thereto. In some embodiments, the
MscMILR polypeptide is the polypeptide identified by the
Genbank Accession number AAB99143.1. In some embodi-
ments, the MscMJLR polypeptide is a homolog or func-
tional fragment of the polypeptide identified by the Genbank
Accession number AAB99143.1. In some embodiments, the
MscMILR polypeptide contains the MscMILR polypeptide
sequence provided immediately below. In some embodi-
ments, the MscMJILR polypeptide consists essentially of the
MscMILR polypeptide sequence provided immediately
below.

MscMILR Polypeptide Sequence:
[0051]

(SEQ ID NO: 12)
MIITQMISEILMHNTVYNYILSLISIILFIVIGKYANALIERLADKLHKK

SGIELDELLIRALSLPVAIAIILSGFYFGVNFLYLLPSLKTAVNEGILTA
FILCVVVFFDRFLNELVERYLALTISKKTKKDVDDQIVVLTKKLVRLVVW
VVGLLLILSNLGYDIKTLLAGLGIGGLAVALASQNLVSNLIAGLIILTDK
PFKIGNWITFSGGSGIVEDIGIRSTKIRATDNSIIVVPNSKLIDEIIQNV

PSKNKWKVSTTIGVTYNTPVEKIRKAEEITKNILLEHPNVEDEPITVYFK
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-continued
EFCDWSLNIQVVYYIKNSRYNGYQKYI STINEVNLKIKEEFDRKGIEFAF
PTYTLYLKRDD.

[0052] By “MscMILR polynucleotide” is meant a nucleic
acid molecule encoding an MscMILR polypeptide. In par-
ticular embodiments, the codons of the MscMJLR poly-
nucleotide are optimized for expression in an organism of
interest or in the cells of an organism of interest (e.g.,
optimized for human expression or expression in human
cells, bacterial expression or bacterial cell expression, mam-
malian expression or mammalian cell expression). The
sequence of an exemplary MscMJLR polynucleotide is
provided immediately below. In some embodiments, the
MscMILR polynucleotide is the nucleic acid molecule iden-
tified by its Genbank Accession number or functional frag-
ment, ortholog, or homolog thereof. In some embodiments,
the MscMILR polynucleotide is substantially identical to
the polynucleotide identified by the Genbank Accession
number or a functional variant, ortholog, or homolog having
substantial identity thereto. In some embodiments, the
MscMILR polynucleotide comprises or consists of base
pairs 1082519 to 1083604 (locus tag: MJ 1143) of the
nucleic acid molecule identified by the Genbank Accession
number L77117.1. In some embodiments, the MscMILR
polynucleotide is a functional homolog, ortholog, or frag-
ment of base pairs 1082519 to 1083604 (locus tag:
MIJ_1143) of the nucleic acid molecule identified by the
Genbank Accession number [.77117.1. In some embodi-
ments, the MscMILR polynucleotide contains the
MscMILR polynucleotide sequence provided immediately
below. In some embodiments, the MscMILR polynucleotide
consists essentially of the MscMILR polynucleotide
sequence provided immediately below.

MscMILR Polynucleotide Sequence:
[0053]

(SEQ ID NO: 13)
ATGACAATAACTCAAATGATAAGTGAGATTTTAATGCACAATACTGTATA

TAATTATATTCTGTCTCTAATCTCAATTATTTTATTTATTGTTAT TGGGA
AATATGCARATGCACTTATCGAAAGACTTGCAGATAAATTGCATAAAAAG
AGCGGTATAGAATTGGATGAACT TCTAATTAGGGCTTTATCTCTACCTGT
AGCAATAGCAATAATATTATCTGGATT TTACTTTGGAGTAAATTTTCTGT
ATCTTCTCCCCTCATTAAAAACAGCAGTAAATGAAGGGATTTTAACTGCC
TTTATATTGTGTGTTGT TGTATTTTTTGACAGATTTCTTAATGAACTTGT
AGAAAGGTATTTAGCCCTAACAATATCAAAAAAGACAAAAAAAGATGTTG
ATGACCAAATTGTTGTTTTAACCAAAAAGCTCGTTAGATTAGTTGTGTGG
GITGTTGGATTGTTGTTAATTTTGAGCAATCTTGGGTATGATATARARAC
TTTACTTGCTGGTTTGGGTAT TGGTGGTTTAGCTGTGGCTTTAGCGTCTC
AARRATCTTGTTTCTAATTTAATCGCTGGTTTGATAATTTTAACTGATAAA
CCATTTAAGATTGGAAATTGGATAACT TTCAGTGGTGGTAGTGGAATTGT

TGAAGATATTGGAATAAGAAGCACAAAGATAAGGGCAACAGACAACTCAA
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TAATCGTAGTTCCAAACTCAAAACTTATAGATGAAATTATTCAARATGTT

CCATCTAAAAATAAGTGGAAGGT TTCAACAACTATAGGAGTAACTTATAA
TACACCAGTTGAAAAAATAAGGAAGGCAGAGGAAATTATARAARAATATCC
TCTTAGAACATCCAAATGTAGAGGATGAACCAATAACAGTTTATTTTAAG
GAATTTGGAGATTGGAGTCTAAATATCCAAGTAGTTTATTATATTAAAAA
CAGCAGATATAATGGTTATCARAAGTATATTAGCACGATAAATGAAGTTA
ATTTGAAAATAAAAGAGGAAT TTGATAGAAAAGGAATTGAATTTGCATTC

CCAACTTATACATTATATTTAAARAGAGACGAT .

[0054] In some embodiments, for expression in a mam-
malian cell, e.g., a human cell, the following codon-opti-
mized MscMJLR polynucleotide sequence is used, or a
sequence with at least 85% sequence identity thereto is used.
In some embodiments, a sequence with at least 90%, at least
95%, or at least 98% sequence identity thereto is used.

Codon-Optimized MscMJLR (Also
MscMILR) Polynucleotide Sequence:

Termed Gpl79

[0055]

(SEQ ID NO: 14)
ATGACCATCACACAGATGATCAGCGAGATCCTGATGCACAACACCGTGTA

CAATTATATCCTGAGCCTGATCTCCATCATCCTGTTCATCGTGATCGGCA
AGTACGCCAATGCCCTGATCGAGAGGCTGGCCGACAAGCTGCACAAGAAG
TCCGGCATCGAGCTGGATGAGCTGCTGATCCGCGCCCTGTCCCTGCCTGT
GGCAATCGCCATCATCCTGTCTGGCTTCTATTTTGGCGTGAACTTTCTGT
ACCTGCTGCCATCTCTGAAGACCGCCGTGAATGAGGGCATCCTGACAGCC
TTCATCCTGTGCGTGGTGGTGTTCTTTGACAGGTTTCTGAACGAGCTGGT
GGAGAGATACCTGGCCCTGACCATCTCTAAGAAGACAAAGARAGGATGTGG
ACGATCAGATCGTGGTGCTGACCAAGAAGCTGGTGAGACTGGTGGTGTGG
GTGGTGGGCCTGCTGCTGATCCTGAGCAATCTGGGCTACGACATCAAGAC
ACTGCTGGCCGGACTGGGAATCGGAGGCCTGGCCGTGGCCCTGGCCTCCC
AGAACCTGGTGTCTAATCTGATCGCCGGCCTGATCATCCTGACCGATAAG
CCCTTCAAGATCGGCAACTGGATCACATTTTCTGGAGGCAGCGGAATCGT
GGAGGACATCGGCATCCGGAGCACCAAGATCAGAGCCACAGATAACAGCA
TCATCGTGGTGCCAAATTCCAAGCTGATCGACGAGATCATCCAGAACGTG
CCCTCTAAGAATAAGTGGAAGGTGAGCACCACAATCGGCGTGACCTATAA
CACACCTGTGGAGAAGATCCGGAAGGCCGAGGAGATCAT CAAGAACATCC
TGCTGGAGCACCCCAATGTGGAGGACGAGCCTATCACCGTGTACTTCAAG
GAGTTTGGCGATTGGTCCCTGAATATCCAGGTGGTGTACTATATCAAGAA
CAGCCGGTACAATGGCTATCAGAAGTACATCTCCACAATCAACGAAGTGA
ATCTGAAGATCAAGGAGGAGTTCGATCGGAAGGGCATCGAGTTCGCCTTT

CCCACCTATACACTGTACCTGAAGAGAGACGAT .

[0056] By “MscMJ polypeptide” is meant a mechanosen-
sory protein capable of conferring ultrasound sensitivity on
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acell, e.g., a neuron, and having at least about 85% sequence
identity to the MscMIJ polypeptide sequence provided
below, a fragment thereof, or a human ortholog thereof, and
having the biological activity described herein. In embodi-
ments, the mechanosensory protein has at least about 85%,
at least about 90%, at least about 95%, or at least about 98%
sequence identity to the MscMI polypeptide sequence pro-
vided below, a fragment thereof, or a human ortholog
thereof, and has the biological activity described herein. In
other embodiments, the polypeptide is the polypeptide as
identified by its Genbank Accession number or a functional
fragment, isoform, ortholog, or homolog thereof. In some
embodiments, the MscMJ polypeptide is substantially iden-
tical to the protein identified by the Genbank Accession
number or a functional variant, ortholog, or homolog having
substantial identity thereto. In some embodiments, the
MscMI polypeptide is the polypeptide as identified by the
Genbank Accession number AAB98155.1. In some embodi-
ments, the MscMJ polypeptide is a functional homolog,
ortholog, or fragment of the polypeptide identified by the
Genbank Accession number AAB98155.1. In some embodi-
ments, the MscMJ polypeptide contains the MscMI poly-
peptide sequence provided immediately below. In some
embodiments, the MscMI polypeptide consists essentially of
the MscMJ polypeptide sequence provided immediately
below.

MscMI Polypeptide Sequence:
[0057]

(SEQ ID NO: 15)
MNMEIFGNSISNILIFVVITLLGIFIGKIVDKIVRNYLKKIIDKTKTKFD

DIILESIDLPIIVLVVTLFFYFGLRFLILPDYILKLIDEAVKVVVILSAT
YFAVKFIDGIFEHYLIPLTEKTETELDEHI IKPLKKVVKILTILLGILTA
LSSVGYDITALLAGLGVGGLALALAMODTIKNFIAGILILIDKPFSLGHW
VKVKGAEGIVEEIGIRSTRIRTFDYTLITIPNSELLDSAIENLTVRDRRR
VLMTIGLTYNTPVEKIKRAKEIIKEIVENHPATLPPYRVHFREYGDWSLN
LRVEYFVRNMGFDYYLNAVDEINLKIKEEFEKEGIEMAFPTYTVYLEKD

N.

[0058] By “MscMI polynucleotide” is meant a nucleic
acid molecule encoding an MscMJ polypeptide. In particular
embodiments, the codons of the MscMI polynucleotide are
optimized for expression in an organism of interest or in the
cells of an organism of interest (e.g., optimized for human
expression or expression in human cells, bacterial expres-
sion or bacterial cell expression, mammalian expression or
mammalian cell expression). The sequence of an exemplary
MscMJ polynucleotide is provided immediately below. In
some embodiments, the MscMJ polynucleotide is the
nucleic acid molecule identified by its Genbank Accession
number or a functional fragment, ortholog, or homolog
thereof. In some embodiments, the MscMI polynucleotide is
substantially identical to the nucleic acid molecule identified
by the Genbank Accession number or a variant or homolog
having substantial identity thereto. In some embodiments,
the MscMIJ polynucleotide comprises or consists of base
pairs 172170 to 173222 (locus tag: MI_0170) of the nucleic
acid molecule identified by the Genbank Accession number
L77117.1. In some embodiments, the MscMJ polynucle-
otide is a functional homolog, ortholog, or fragment of base
pairs 172170 to 173222 (locus tag: MI_0170) of the nucleic
acid molecule identified by the Genbank Accession number
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L77117.1. In some embodiments, the MscMJ polynucle-
otide contains the MscMJ polynucleotide sequence provided
immediately below. In some embodiments, the MscMJ
polynucleotide consists essentially of the MscMJ polynucle-
otide sequence provided immediately below.

MscMI Polynucleotide Sequence:
[0059]

(SEQ ID NO: 16)
GTTATCTTTCTCCAAATAAACAGTATATGTTGGGAATGCCATCTCTATCC

CTTCTTTTTCAAATTCCTCTTTTATCTTCAAATTTATTTCATCAACGGCA
TTTAAATAGTAATCAAATCCCATGTTTCTAACAAAGTATTCTACCCTCAA
ATTTAAACTCCAATCTCCATATTCCCTAAAATGCACTCTATATGGAGGGA
GAGTAGCTGGATGATTTTCAACAATCTCTTTTATTATCTCCTTAGCCCTC
TTAATTTTCTCTACCGGTGTGTTATAAGTTAAACCGATAGTCATTAAAAC
CCTTCTTCTATCTCTAACTGT TAAGTTTTCAATGGCTGAATCCAACAATT
CTGAGTTTGGGATAGTTATTAAAGTGTAATCAAAAGTTCTAATTCGTGTG
CTTCTTATTCCAATCTCCTCTACAATCCCTTCAGCCCCTTTAACTTTAAC
CCAATGGCCTAAACTAAAGGGTTTGTCAATCAATATTAAAATCCCAGCAA
TGAAGTTTTTTATGGTGTCTTGCATAGCCAAAGCTAAAGCTAAACCCCCT
ACTCCTAARACCAGCCAATAAAGCAGTGATATCATAACCAACAGAGCTTAA
AGCCGTTAATATACCAAGAAGTATTGTTAATATCTTTACAACTTTTTTCA
ATGGCTTTATTATGTGTTCGTCCAACTCTGTTTCTGTCTTTTCGGTTAAT
GGAATTAGGTAGTGTTCAAATATCCCATCAATAAATTTAACTGCARAATA
TGTAGCCGATAAGATAACTACAACTTTTACTGCTTCATCTATCAACTTGA
GTATATAATCTGGCAGAAT TARAAATCTTAACCCAAAATAGAAAAACAAT
GTAACTACTAACACAATAATTGGTAAATCAATAGACTCTAATATTATATC
ATCGAATTTTGTTTTTGTTTTATCTATGATTTTTTTGAGATAATTTCTAA
CTATTTTATCCACAATTTTTCCAATGAAAATACCCAATAGAGTTATAACA
ACAAAAATAAGTATATTAGATATGCTGTTCCCAAAAATTTCCATATTCA

C.

[0060] In some embodiments, for expression in a mam-
malian cell, e.g., a human cell, the following codon-opti-
mized MscMJ polynucleotide sequence is used, or a
sequence with at least 85% sequence identity thereto is used.
In some embodiments, a sequence with at least 90%, at least
95%, or at least 98% sequence identity thereto is used.

Codon-Optimized MscMJ (Also Termed Gpl81 MscMlJ)
Polynucleotide Sequence:

[0061]

(SEQ ID NO: 17)
ATGAACATGGAGATCTTCGGCAACTCTATCAGCAATATCCTGATCTTCGT

GGTCATCACCCTGCTGGGCATCTTTATCGGCAAGATCGTGGACAAGATCG

TGCGCAATTACCTGAAGAAGATCATCGATAAGACCAAGACARAGTTTGAC
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GACATCATCCTGGAGTCTATCGACCTGCCCATCATCGTGCTGGTGGTGAC
ACTGTTCTTTTACTTCGGCCTGCGGTTTCTGATCCTGCCTGACTATATCC
TGAAGCTGATCGATGAGGCCGTGAAGGTGGTGGTCATCCTGAGCGCCACC
TACTTCGCCGTGAAGTTTATCGACGGCATCTTCGAGCACTATCTGATCCC
ACTGACAGAGAAGACCGAGACAGAGCTGGATGAGCACATCATCAAGCCCC
TGAAGAAGGTGGTGAAGATCCTGACCATCCTGCTGGGECATCCTGACCGCC
CTGAGCAGCGTGGGCTATGACATCACCGCCCTGCTGGCCGGACTGGGAGT
GGGAGGCCTGGCCCTGGCCCTGGCCATGCAGGACACAATCARGAACTTCA
TCGCCGGCATCCTGATCCTGATCGATAAGCCCTTCAGCCTGGGCCACTGG
GTGAAGGTGAAGGGAGCAGAGGGAATCGTGGAGGAGATCGGCATCAGATC
CACCCGCATCCGGACATTCGATTACACCCTGATCACAATCCCCAACTCCG
AGCTGCTGGACTCTGCCATCGAGAATCTGACCGTGAGAGATCGGAGAAGG
GTGCTGATGACAATCGGCCTGACCTATAACACACCTGTGGAGAAGATCAA
GAGGGCCAAGGAGATCATCAAGGAGATCGTGGAGAATCACCCAGCCACCC
TGCCCCCTTACAGAGTGCACT ITAGGGAGTATGGCGACTGGTCCCTGAAC
CTGCGCGTGGAGTACTTCGTGCGGAATATGGGCTTTGACTACTATCTGAA
CGCCGTGGATGAGATCAATCTGARGAT CAAGGAGGAGTTCGAGAAGGAGG
GCATCGAGATGGCCTTTCCTACCTACACAGTGTATCTGGAGAAGGATAA

T.

[0062] By “MscS-Like 3 polypeptide” or “MscS-like 3” is
meant a mechanosensory protein, e.g., derived from Arabi-
dopsis thaliana, that is capable of conferring ultrasound
sensitivity on a cell, e.g., a neuron, and having at least about
85% sequence identity to the MscS-Like 3 polypeptide
sequence provided below, a fragment thereof, or a human
ortholog thereof, and having the biological activity
described herein. In embodiments, the mechanosensory pro-
tein has at least about 85%, at least about 90%, at least about
95%, or at least about 98% sequence identity to the MscS-
Like 3 polypeptide sequence provided below, a fragment
thereof, or a human ortholog thereof, and has the biological
activity described herein. In other embodiments, the poly-
peptide is the polypeptide as identified by its Genbank
Accession number or a functional fragment, isoform,
ortholog, or homolog thereof. In some embodiments, the
MscS-Like 3 polypeptide is substantially identical to the
protein identified by the Genbank Accession number or a
functional variant, ortholog, or homolog having substantial
identity thereto. In some embodiments, the MscS-Like 3
polypeptide is the polypeptide as identified by the Genbank
Accession number AEE33512.1. In some embodiments, the
MscS-Like 3 polypeptide is a functional homolog, ortholog,
or fragment of the polypeptide identified by the Genbank
Accession number AEE33512.1. In some embodiments, the
MscS-Like 3 polypeptide contains the MscS-Like 3 poly-
peptide sequence provided immediately below. In some
embodiments, the MscS-Like 3 polypeptide consists essen-
tially of the MscS-Like 3 polypeptide sequence provided
immediately below.
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MscS-Like 3 Amino Acid Sequence:
[0063]

(SEQ ID NO: 18)
MMMRTVALPLSHDLNVHKIHEASGFHNSAAGKNRVYLTRTGLSSCATRQD

VWSLQLLESLSGSIVPVSSRCNAFVCRSALSPGNGNEGPILKSTAVIFTR
VYDALGGNPHLVKLIPAVGILAFATWGLRPLLRLARTTLFEKGNDANSQK
SSTQYIVVSYLQPLLLWSGAILLCRTLDPIVLPSSAGQATKQRLLIFARS
ISTVLAFSCCLSSLLQOVQKFFMETNNPADTRNMGEFSFAGKAVYTAAWVA
AASLFMELLGFSTQKWLTAGGLGTVLLTLAGREILTNFLSSIMIHATRPF
VLNEWIQTKIGGYEVSGTVEQVGWWSPTIIRGDDREAVHIPNHQFSVNIV
RNLTQKTHWRIKTHLAISHLDVSKINNIVADMRKVLSKNPQIEQQKIHRR
VFLEDIDPENQALRILISCFVKTSRFEEYLCVKEAVLLDLLTVIRHHGAR
LATPIRTVQRMRNEAEVDTAGFSDIVFNQAAMNRRYMLIEPSYKINSDDN
SKSPSPSPGQKSPSPGOKSEERDLOEEPSETKAETENNGSVPVSNAKKEN
QKAALGSNSNTGTKGSS TS TSDQPVAQKSEEKKKESVGDPHKAEKDEVSD
DEATIEQTLKSKAKQGS EKNNGESKARDGGGSGTSSLLEENLVLGVALDG
SKRTLPIDEEHKASGALMDSEELGIGSE.

[0064] By “MscS-Like 3 polynucleotide” is meant a
nucleic acid molecule encoding a MscS-Like 3 polypeptide.
In particular embodiments, the codons of the MscS-Like 3
polynucleotide are optimized for expression in an organism
of interest or in the cells of an organism of interest (e.g.,
optimized for human expression or expression in human
cells, bacterial expression or bacterial cell expression, mam-
malian expression or mammalian cell expression). The
sequence of an exemplary MscS-Like 3 polynucleotide is
provided immediately below. In some embodiments, the
nucleic acid molecule is the MscS-Like 3 polynucleotide
identified by its Genbank Accession number or a functional
fragment, ortholog, or homolog thereof. In some embodi-
ments, the MscS-Like 3 polynucleotide is substantially
identical to the nucleic acid molecule identified by the
Genbank Accession number or a variant, ortholog or
homolog having substantial identity thereto. In some
embodiments, the MscS-Like 3 polynucleotide is the nucleic
acid molecule identified by the Genbank Accession number
NM 202317.3. In some embodiments, the MscS-Like 3
polynucleotide is a functional homolog, ortholog, or frag-
ment of the nucleic acid molecule identified by the Genbank
Accession number NM 202317.3. In some embodiments, the
MscS-Like 3 polynucleotide contains the MscS-Like 3 poly-
nucleotide sequence provided immediately below. In some
embodiments, the MscS-Like 3 polynucleotide consists of
the MscS-Like 3 polynucleotide sequence provided imme-
diately below.

MscS-Like 3 Polynucleotide Sequence:
[0065]

(SEQ ID NO: 19)
ATGATGATGCGTACTGTTGCTTTACCATTGTCCCATGATCTGAATGTTCA

TAAGATCCATGAAGCTTCTGGATTCCATAATAGTGCTGCTGGTAAAAATC

GTGTGTATCTGACTCGGACTGGTCTTTCATCATGTGCCACGAGACAAGAC
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GTTTGGAGTCTTCAGCTACTAGAGAGCTTGAGTGGTTCAATAGTACCTGT
ATCATCTAGGTGTAATGCATTTGTTTGCCGGTCAGCTCTCTCTCCTGGGA
ATGGAAATGAAGGCCCTATTCTTAAATCAACTGCAGTAATATTCACAAGG
GTATATGATGCTTTAGGTGGAAATCCTCATTTAGTGAAACTAATTCCAGC
GGTTGGGATTCTTGCATTTGCTACATGGGGTCTTAGACCCCTTCTGCGCC
TTGCCAGAACTACCCTGTT TGAGRAGGGGAATGATGCARATTCACAGAAG
AGTAGCACGCAGTACATTGTTGTGTCATATCTTCAACCTTTGCTGCTTTG
GAGCGGAGCAATCCTTTTATGCAGAACATTGGACCCAATAGTATTGCCTT
CAAGTGCCGGCCAGGCTATTAAACAGCGTCTTCTGATCTTTGCTCGGTCC
ATATCAACGGTGTTGGCATTTTCCTGCTGTTTATCAAGCCTACTTCAGCA
GGTGCAGARAATTTTTTATGGAGACARATAATCCTGCTGATACCAGAAATA
TGGGTTTCAGTTTTGCTGGAAAAGCTGTTTACACTGCTGCGTGGGTTGCT
GCTGCTTCATTGTTTATGGAACTGT TAGGCTTCTCTACCCARAAATGGCT
AACGGCTGGGGGTCTGGGGACAGTACTGCTAACTCTTGCTGGCCGTGAGA
TACTTACTAACTTTCTTTCAAGCATTATGATTCATGCTACACGGCCCTTT
GTTCTGAATGAGTGGATCCAGACCARAGATAGGAGGCTATGAAGTTTCTGG
CACAGTAGAGCAAGTCGGTTGGTGGTCACCTACAATTATCAGAGGTGATG
ACCGGGAAGCAGTTCATATTCCTAACCACCAGTTCAGTGTGAATATTGTG
AGAAATCTCACTCAGAAGACGCATTGGCGCATCARAACACATCTTGCCAT
CAGTCATCTTGATGTCAGCAARAATTAATAATATCGTGGCTGATATGCGCA
AGGTGTTGTCTARAAAATCCTCAAATCGAGCAGCAAAAAATACACAGAAGA
GTCTTTCTGGAGGATATAGAT CCAGAGAACCAAGCCCTTAGGATTCTAAT
ATCCTGTTTTGTCAAGACTTCACGTTT TGAAGAATACCTGTGCGTTAAGG
AAGCAGTGCTCTTGGATCTTCTTACTGTTATTAGGCATCACGGGGCACGT
CTAGCAACTCCCATTAGAACAGTACAGAGGATGCGTAATGAGGCTGAGGT
GGACACTGCAGGATTTTCAGACATCGTTTTCAATCAAGCAGCAATGAACC
GCCGATACATGCTGATTGAGCCATCTTATAAAATCAACAGCGATGACAAT
TCAAAGTCTCCCTCACCCAGCCCAGGGCAAAAGTCACCCAGCCCAGGGCA
AAAGAGTGAAGAAAGGGACCTTCAAGAAGAACCATCGGAAACCAAGGCCG
AAACAGAARACAACGGATCGGTGCCGGTTTCAAATGCCAAAAAGGAAAAC
CAGAAAGCGGCTCTTGGTTCCAACTCCAATACAGGCACTARGGGTTCATC
AACCTCAACATCTGACCAGCCAGTAGCACAAAAGTCAGAAGAARAGAAGA
AAGAGAGCGTGGGAGATCCACATAAAGCAGAGAAGGATGAAGTTTCTGAT
GACGAAGCTACAATAGAGCAGACACTGAAATCAAAAGCAAAACAAGGGAG
CGAGAAAAACAATGGAGAGTCGARAGCTCGAGATGGTGGTGGGTCCGGTA
CTAGTTCTTTACTGGAGGAGAATCTTIGTTCTTGGTGTTGCGTTGGATGGC
TCAAAACGTACACTCCCGATTGATGAAGAACACAAAGCATCTGGTGCACT

AATGGATTCAGAAGAACTTGGTATTGGATCAGAA.

[0066] In some embodiments, for expression in a mam-
malian cell, e.g., a human cell, the following codon-opti-
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mized MscS-Like 3 polynucleotide sequence is used, or a
sequence with at least 85% sequence identity thereto is used.
In some embodiments, a sequence with at least 90%, at least
95%, or at least 98% sequence identity thereto is used.

Codon-Optimized MscS-Like 3 (Also Termed Gpl80
MscLike 4. thaliana) Polynucleotide Sequence:

(SEQ ID NO: 20)
ATGATGATGCGGACAGTGGCCCTGCCACTGTCCCACGACCTGAACGTGCA

CAAGATCCACGAGGCCTCTGGATTCCACAACAGCGCCGCAGGCAAGAATA
GGGTGTACCTGACCAGGACAGGACTGAGCAGCTGCGCAACCAGACAGGAC
GTGTGGTCCCTGCAGCTGCTGGAGTCCCTGTCTGGCAGCATCGTGCCCGT
GTCTAGCCGGTGCAACGCCTTCGTGTGCAGATCCGCCCTGTCTCCTGGCA
ACGGCAATGAGGGCCCAATCCTGAAGAGCACCGCCGTGATCTTTACAAGG
GTGTATGACGCACTGGGAGGAARATCCACACCTGGTGAAGCTGATCCCTGC
AGTGGGCATCCTGGCCTTCGCCACCTGGGGACTGCGCCCTCTGCTGAGGC
TGGCCCGCACCACACTGTTTGAGAAGGGCAACGACGCCAATAGCCAGAAG
TCCTCTACACAGTACATCGTGGTGAGCTATCTGCAGCCACTGCTGCTGTG
GTCCGGAGCAATCCTGCTGTGCCGGACCCTGGACCCCATCGTGCTGCCCA
GCTCCGCCGGACAGGCCATCAAGCAGAGGCTGCTGATCTTCGCCCGCTCC
ATCTCTACAGTGCTGGCCTTTTCCTGCTGTCTGTCTAGCCTGCTGCAGCA
GGTGCAGAAGTTCTTTATGGAGACCAACAATCCTGCCGATACACGCAACA
TGGGCTTCTCTTTTGCCGGCARGGCCGTGTACACCGCAGCATGGETGGCC
GCCGCCAGCCTGT TCATGGAGCTGCTGGGCTTTAGCACCCAGAAGTGGCT
GACAGCAGGAGGACTGGGCACCGTGCTGCTGACACTGGCCGGAAGGGAGA
TCCTGACAAACTTCCTGTCCTCTATCATGATCCACGCCACCCGCCCCTTT
GTGCTGAATGAGTGGATTCAGACCAAGATCGGCGGCTATGAGGTGTCCGG
CACAGTGGAGCAAGTGGGCTGGTGGTCTCCAACCATCATCCGGGGCGALG
ATAGAGAGGCCGTGCACATCCCCAATCACCAGTTCTCCGTGAACATCGTG
AGGAATCTGACCCAGAAGACACACTGGCGCATCAAGACCCACCTGGCCAT
CTCCCACCTGGACGTGTCTAAGATCAACAATATCGTGGCCGATATGCGGA
AGGTGCTGAGCAAGAACCCACAGATCGAGCAGCAGAAGATCCACCGGAGA
GTGTTTCTGGAGGACATCGATCCCGAGAATCAGGCCCTGAGAATCCTGAT
CAGCTGCTTCGTGAAGACAAGCAGATTTGAGGAGTACCTGTGCGTGAAGG
AGGCCGTGCTGCTGGACCTGCTGACCGTGATCAGGCACCACGGCGCCAGA
CTGGCCACCCCAATCAGGACAGTGCAGAGGATGAGAAACGAGGCAGAGGT
GGACACCGCAGGCTTCTCCGACATCGTGTTCAACCAGGCCGCCATGAATA
GGCGCTACATGCTGATCGAGCCTAGCTATAAGATCAACTCCGACGATAAT
AGCAAGTCCCCCTCTCCTAGCCCAGGCCAGAAGTCCCCATCTCCTGGCCA
GAAGAGCGAGGAGAGAGACCTGCAGGAGGAGCCTTCCGAGACCAAGGCCG
AGACAGAGAACAATGGCAGCGTGCCAGTGTCCAACGCCAAGAAGGAGAAT

CAGAAGGCCGCCCTGGGCAGCAACTCCAATACCGGCACAAAGGGCAGCTC
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-continued
CACCTCTACAAGCGATCAGCC CGTGGCCCAGAAGTC TGAGGAGAAGAAGA

AGGAGAGCGTGGGCGACCCTCACAAGGCCGAGAAGGATGAGGTGAGCGAC
GATGAGGCCACCATCGAGCAGACACTGAAGTCCAAGGCCAAGCAGGGCTC
TGAGAAGAACAATGGAGAGTCCAAGGCCAGAGACGGAGGAGGCTCTGGCA
CATCTAGCCTGCTGGAGGAGAATCTGGTGCTGGGAGTGGCCCTGGACGGT
TCTAAGAGAACCCTGCCCATCGATGAGGAGCACAAGGCCAGCGGCGCCCT

GATGGATTCCGAGGAGCTGGGCATCGGCAGCGAG.

[0067] By “MscSfam polypeptide” is meant a mecha-
nosensory protein derived from Archaeoglobus fulgidus dsm
4304 that is capable of conferring ultrasound sensitivity on
acell, e.g., a neuron, and having at least about 85% sequence
identity to the MscSfam polypeptide sequence provided
below, a fragment thereof, or a human ortholog thereof, and
having the biological activity described herein. In embodi-
ments, the mechanosensory protein has at least about 90%,
at least about 95%, or at least about 98% sequence identity
to the MscSfam polypeptide sequence provided below, a
fragment thereof, or a human ortholog thereof, and has the
biological activity described herein. In other embodiments,
the polypeptide is the polypeptide as identified by its Gen-
bank Accession number or a functional fragment, isoform,
ortholog, or homolog thereof. In some embodiments, the
MscSfam polypeptide is substantially identical to the protein
identified by the Genbank Accession number or a variant,
ortholog, or homolog having substantial identity thereto. In
some embodiments, the MscSfam polypeptide is the poly-
peptide identified by the Genbank Accession number
AAB§9702.1. In some embodiments, the MscSfam poly-
peptide is a homolog or functional fragment of the polypep-
tide identified by the Genbank Accession number
AAB§9702.1. In some embodiments, the MscSfam poly-
peptide contains the MscSfam polypeptide sequence pro-
vided immediately below. In some embodiments, the MscS-
fam polypeptide consists essentially of the MscSfam
polypeptide sequence provided immediately below.

MscSfam Polypeptide Sequence:
[0068]

(SEQ ID NO: 21)
MGIMIDVLNYKLYGDVTVYDIIVVIVVMALATIIAKLITTNLRRALIDKM

KRDQLELMLKVIYFGIIIVAFIAVLPALGLDLSGLLVAGGITGIVLGFAS
QSVVANLVSGIFLISEKPIKIGDQVNIDGVAGFVEDVNILSTHIRTYDGL
YVRIPNEKVFTSNITNYVAHIARRFEYVVGIRYSDDAEKAIEIIKRIIEE
HPFALKNPEPVVFVDNLGDSSVNIVVRIWAPSTEWYNVKMELLWKIKTEL

EKNGIEIPFPOQRVVWFANELRANVEGKEERRQA.

[0069] By “MscSfam polynucleotide” is meant a nucleic
acid molecule encoding an MscSfam polypeptide. In par-
ticular embodiments, the codons of the MscSfam polynucle-
otide are optimized for expression in an organism of interest
or in the cells of an organism of interest (e.g., optimized for
human expression or expression in human cells, bacterial
expression or bacterial cell expression, mammalian expres-
sion or mammalian cell expression). The sequence of an
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exemplary MscSfam polynucleotide is provided immedi-
ately below. In some embodiments, the MscSfam polynucle-
otide is the nucleic acid molecule as identified by its
Genbank Accession number or a functional fragment,
ortholog, or homolog thereof. In some embodiments, the
MscSfam polynucleotide is substantially identical to the
nucleic acid molecule identified by the Genbank Accession
number or a variant, ortholog, or homolog having substantial
identity thereto. In some embodiments, the MscSfam poly-
nucleotide comprises or consists of base pairs 1393480 to
1394331 (locus tag: AF_1546) of the nucleic acid molecule
identified by the Genbank Accession number AE000782.1.
In some embodiments, the MscSfam polynucleotide is a
functional homolog, ortholog, or fragment of base pairs
1393480 to 1394331 (locus tag: AF_1546) of the nucleic
acid molecule identified by the Genbank Accession number
AE000782.1. In some embodiments, the MscSfam poly-
nucleotide contains the MscSfam polynucleotide sequence
provided immediately below. In some embodiments, the
MscSfam polynucleotide consists essentially of the MscS-
fam polynucleotide sequence provided immediately below.

MscSfam Polynucleotide Sequence:

[0070]

(SEQ ID NO: 22)
GTGGGGATTATGATTGACGTGCTGAATTACAAGCTGTATGGAGACGTCAC

GGTTTACGACATTATCGTCGTTATTGTCGTCATGGCCCTTGCCACRATAA
TTGCAAAGCTCATAACAACCAACCTAAGGAGGGCTCTGATTGACAAAATG
AAGAGGGACCAGCTTGAGCTGATGCTCAAGGTTATCTACTTCGGAATAAT
CATCGTTGCCTTCATCGCAGTTTTGCCGGCTCTGGGCCTTGACCTTTCAG
GTTTACTGGTTGCCGGTGGAATTACCGGAATTGTTCTAGGTTTTGCCAGC
CAGAGCGTCGTTGCAAACCTCGTTTCGGGAATCTTCCTGATCTCGGAGAA
ACCGATAAAAATTGGAGATCAGGTTAACATTGACGGTGTGGCGGGCTTCG
TCGAGGATGT TAACATCCTATCAACCATTATAARGAACCTACGATGGTTTG
TACGTCAGAATCCCAAACGAGAAGGTCTTCACGTCCAACATAACCAACTA
CGTCGCCCACATCGCAAGGAGGTTTGAGTACGT TGTGGGCATTAGGTACA
GCGATGATGCTGAGAAAGCCATCGAGATAATAAAAAGAATTAT TGAGGAG
CACCCCTTCGCCCTGAAAAATCCCGAGCCCGTGGTTTTCGTTGACAATCT
TGGGGATAGCAGTGTGAACATCGTCGTGAGAATCTGGGCTCCCTCGACGG
AGTGGTACAACGTGAAGATGGAGCTTCTCTGGAAGATAAAGACTGAGCTT
GAGAAGAACGGAATCGAGATACCTTTCCCGCAGCGTGTGGTGTGGTTTGC

CAACGAGTTGAGAGCCAATGT TGAGGGTAAGGAAGAGAGACGGCAGGCT .

[0071] In some embodiments, for expression in a mam-
malian cell, e.g., a human cell, the following codon-opti-
mized MscSfam polynucleotide sequence is used, or a
sequence with at least 85% sequence identity thereto is used.
In some embodiments, a sequence with at least 90%, at least
95%, or at least 98% sequence identity thereto is used.
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Codon-Optimized MscSfam (Also Termed Gp178 MscSfam
Aful) Polynucleotide Sequence:

[0072]

(SEQ ID NO: 23)
ATGGGCATCATGATCGACGTGCTGAACTACAAGCTGTATGGCGACGTGAC

CGTGTACGACATCATCGTGGT CATCGTGGTCATGGCCCTGGCCACAATCA
TCGCCAAGCTGATCACCACAAATCTGCGGAGAGCCCTGATCGACAAGATG
AAGCGGGATCAGCTGGAGCTGATGCTGAAAGTGATCTACTTCGGCATCAT
CATCGTGGCCTTTATCGCCGTGCTGCCCGCCCTGGGCCTGGATCTGTCCG
GACTGCTGGTGGCAGGAGGAATCACCGGCATCGTGCTGGGCTTCGCCTCT
CAGAGCGTGGTGGCCAACCTGGTGTCCGGCATCTTTCTGATCTCTGAGAA
GCCCATCAAGATCGGCGACCAGGTGAACATCGATGGCGTGGCCGGCTTCG
TGGAGGACGTGAATATCCTGAGCACCATCATCAGGACATACGATGGCCTG
TATGTGCGCATCCCTAATGAGAAGGTGTTCACCTCCAACATCACAAATTA
CGTGGCCCACATCGCCAGGCGCTTTGAGTACGTGGTGGGCATCAGGTATT
CTGACGATGCCGAGAAGGCCATCGAGATCATCAAGCGCATCATCGAGGAG
CACCCTTTCGCCCTGAAGAACCCCGAGCCTGTGGTGTTTGTGGACAACCT
GGGCGATAGCTCCGTGAATATCGTGGTGAGAATCTGGGCCCCAAGCACCG
AGTGGTATAACGTGAAGATGGAGCTGCTGTGGAAGATCAAGACAGAGCTG
GAGAAGAATGGCATCGAGATCCCATTCCCCCAGCGGGTGGTGTGGTTTGC

CAACGAGCTGAGAGCCAATGTGGAGGGCAAGGAGGAGCGGAGACAGGCC.

[0073] By “MscS-like polypeptide” is meant a mecha-
nosensory protein derived from Bacillus halodurans that is
capable of conferring ultrasound sensitivity on a cell, e.g., a
neuron, and having at least about 85% sequence identity to
the MscS-like polypeptide sequence provided below, a frag-
ment thereof, or a human ortholog thereof, and having the
biological activity described herein. In embodiments, the
mechanosensory protein has at least about 90%, at least
about 95%, or at least about 98% sequence identity to the
MscS-Like polypeptide sequence provided below, a frag-
ment thereof, or a human ortholog thereof, and has the
biological activity described herein. In other embodiments,
the polypeptide is the polypeptide identified by its Genbank
Accession number or a functional fragment, isoform,
ortholog, or homolog thereof. In some embodiments, the
MscS-like polypeptide is substantially identical to the pro-
tein identified by the Genbank Accession number or a
variant, isoform, ortholog, or homolog having substantial
identity thereto. In some embodiments, the MscS-like poly-
peptide is the polypeptide identified by the Genbank Acces-
sion number BAB06402.1. In some embodiments, the
MscS-like polypeptide is a homolog or functional fragment
of the polypeptide identified by the Genbank Accession
number BAB06402.1. In some embodiments, the MscS-like
polypeptide contains the MscS-like polypeptide sequence
provided immediately below. In some embodiments, the
MscS-like polypeptide consists essentially of the MscS-like
polypeptide sequence provided immediately below.

Oct. 26, 2023

MscS-Like Polypeptide Sequence:
[0074]

(SEQ ID NO: 24)
MNSYYARQWERFVQSFERFNWODYLIPVAIFIIFLVFRKVFTKYIFKLIL

RLAKKSKTDVLTNLLLSFEKPLRAFWIILGTYLALMALPFPVTAVAFVDH
LYRSLLILLLGWGFFNYTAAHSTIFLTIAKWMDLDENSMVIPFLSKMLRE
IVVALTILIILAEWEFKIGGF IAGLGLGGLAFALAAQDT IGNFFGGVIIV
TEKPFSKGDWIQTPTVEGVVEDITFRSTRVRTFADSVVTVPNSTLASEPI

TNWSQMRKRRITFNLGLEYAT TKEQLQSVRTKIEAYLRQHDQVDQEVIMY

HFSEFNSSSLDIFIYFFTINTIVWSEWYVVKEEINLKIIEILEEEGVSVAF
PSRSVYMKRESEGEILPPQKALESKEKDQ.

[0075] By “MscS-like polynucleotide” is meant a nucleic
acid molecule encoding an MscS-like polypeptide. In par-
ticular embodiments, the codons of the MscS-like poly-
nucleotide are optimized for expression in an organism of
interest or in the cells of an organism of interest (e.g.,
optimized for human expression or expression in human
cells, bacterial expression or bacterial cell expression, mam-
malian expression or mammalian cell expression). The
sequence of an exemplary MscS-like polynucleotide is pro-
vided immediately below. In some embodiments, the MscS-
like polynucleotide is the nucleic acid molecule as identified
by its Genbank Accession number or a functional fragment,
ortholog, or homolog thereof. In some embodiments, the
MscS-like polynucleotide is substantially identical to the
nucleic acid molecule identified by the Genbank Accession
number or a variant or homolog having substantial identity
thereto. In some embodiments, the MscS-like polynucle-
otide comprises or consists of base pairs 2803820 to
2804959 (gene: BH2683) of the polynucleotide identified by
the Genbank Accession number BA000004.3. In some
embodiments, the MscS-like polynucleotide is a functional
homolog, ortholog, or fragment of base pairs 2803820 to
2804959 (gene: BH2683) of the polynucleotide identified by
the Genbank Accession number BA0O0O0004.3. In some
embodiments, the MscS-like polynucleotide contains the
MscS-like polynucleotide sequence provided immediately
below. In some embodiments, the MscS-like polynucleotide
consists essentially of the MscS-like polynucleotide
sequence provided immediately below.

MscS-Like Polynucleotide Sequence:
[0076]

(SEQ ID NO: 25)
TTGETCTTTTTCTTTTGAT TCTAACGCTTTTTGCGGAGGTAAGATCTCAC

CCTCTGATTCTCGCTTCATATACACGCTGCGGCTCGGGAACGCAACAGAT
ACTCCTTCTTCCTCTAAAATCTCGATGATTTTTAAGTTGATCTCTTCTTT
CACCACATACCATTCAGACCAGACGATGGTGTTCGTAAAGARATAGATAA
ARATATCGAGGCTAGAGGAGT TAAATTCACTAAAATGAACCATGATCACC
TCTTGATCCACTTGATCGTGCTGACGCAAATAGGCTTCAATTTTCGTTCG

CACCGATTGGAGCTGCTCTTTCGTCGTTGCGTATTCAAGTCCAAGGTTAA
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-continued

ACGTAATCCGGCGTTTTCGCATCTGGGACCAGTTCGTAATCGGTTCACTT
GCAAGCGT TGAGTTCGGAACGGTTACCACCGAATCCGCAAACGTGCGAAC
TCTCGTGCTACGGAACGTTATATCTTCAACCACACCCTCAACAGTTGGCG
TCTGGATCCAATCCCCTTTCGAGAATGGCTTTTCAGTCACGATAATGACC
CCGCCGAAAAAATTGCCGATCGTATCT TGTGCGGCCAAGGCAAACGCCAA
TCCCCCTAAGCCTAGACCTGCGATARAGCCACCGATCTTARACTCCCATT
CCGCAAGGATGATCAGAATGGTGAGGGCCACGACAATAARACCGTAGCATT
TTGGACAAAAACGGGATAACCATACTGTTTTCATCAAGATCCATCCATTT
GGCAATTGTTAAGAAGATCGTCGAATGGGCCGCTGTATAATTAAARAAATC
CCCATCCTAAAAGTAAAATTAATAGCGAACGGTACAAGTGGTCTACARAG
GCGACAGCTGTCACGGGGAACGGCARAGCCATAAGAGCTARGTATGTTCC
GAGAATAATCCAAAACGCCCGCAACGGCTTCTCARAAGGAAAGTAACAAGT
TTGTAAGGACGTCGGTTTTCGACTTTT TCGCTAGCCGTAAAATAAGCTTA
AAAATATACTTCGTAAATACTTTTCGAAATACAAGAAAGATGATAAAAAT
CGCAACGGGTATAAGATAGTCTTGCCAGTTAAACCGTTCAAACGATTGAA

CAAAACGTTCCCATTGTCTCGCGTAATATGAATTCAT.

[0077] In some embodiments, for expression in a mam-
malian cell, e.g., a human cell, the following codon-opti-
mized MscS-like polynucleotide sequence is used, or a
sequence with at least 85% sequence identity thereto is used.
In some embodiments, a sequence with at least 90%, at least
95%, or at least 98% sequence identity thereto is used.

Codon-Optimized MscS-Like (Also Termed Gp177 Msclik
Bhal) Polynucleotide Sequence:

[0078]

(SEQ ID NO: 26)
ATGAACAGTTACTATGCAAGGCAGTGGGAGCGGTTTGTCCAGTCATTTGA

ACGGTTTAATTGGCAGGATTATCTGAT TCCAGTGGCTATCTTCATCATCT
TTCTGGTGTTCCGGAAGGTGTTTACCAAGTACATCTTCAAGCTGATCCTG
AGACTGGCCAAGAAGTCTAAGACCGATGTGCTGACAAACCTGCTGCTGAG
CTTTGAGAAGCCCCTGAGGGCCTTCTGGATCATCCTGGGCACATATCTGG
CCCTGATGGCACTGCCATTTCCTGTGACCGCAGTGGCCTTCGTGGACCAC
CTGTACCGCTCCCTGCTGATCCTGCTGCTGGGCTGGGGCTTCTTTAACTA
TACAGCCGCCCACTCTACCATCTTTCTGACAATCGCCAAGTGGATGGACC
TGGATGAGAACAGCATGGTGATCCCTTTTCTGTCTAAGATGCTGCGGTTC
ATCGTGGTGGCCCTGACCATCCTCATCATCCTGGCCGAGTGGGAGTTTAA
GATCGGCGGCTTCATCGCAGGCCTGGGCCTGGGAGGCCTGGCCTTTGCCC
TGGCCGCCCAGGATACAATCGGCAATT TCTTTGGCGGCGTGATCATCGTG
ACCGAGAAGCCTTTCTCCAAGGGCGACTGGATTCAGACCCCAACAGTGGA

GGGCGTGGTGGAGGACATCACCTTTCGGAGCACAAGGGTGCGCACCTTCG
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-continued
CCGACTCCGTGETCACAGTGCCAAACTCTACCCTGGCCAGCGAGCCCATE

ACAAATTGGAGCCAGATGAGAAAGCGGAGAATCACCTTCAACCTGGGCCT
GGAGTACGCCACCACAAAGGAGCAGCTGCAGAGCGTGAGGACCAAGATCG
AGGCCTATCTGCGCCAGCACGACCAGGTGGATCAGGAGGTGATCATGGTG
CACTTTAGCGAGTTCAACAGCTCCTCTCTGGACATCTTCATCTACTTCTT
TACCAACACAATCGTGTGGTCCGAGTGGTACGTGGTGAAGGAGGAGATCA
ATCTGAAGATCAT CGAGAT CCTGGAGGAGGAGGGCGTGAGCGTGGCATTC
CCCAGCCGGTCCGTGTACATGAAGAGAGAATCCGAAGGGGARATCCTGCC
ACCTCAGAAAGCACTGGAAAGCAAAGAGAAAGATCAG.

[0079] The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified. e.g., hydroxyproline,
y-carboxyglutamate, and O-phosphoserine. Amino acid ana-
logs refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, i.e., an a
carbon that is bound to a hydrogen, a carboxyl group, an
amino group, and an R group, e.g.. homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure
that is different from the general chemical structure of an
amino acid, but that functions in a manner similar to a
naturally occurring amino acid. The terms “non-naturally
occurring amino acid” and “unnatural amino acid” refer to
amino acid analogs, synthetic amino acids, and amino acid
mimetics, which are not found in nature.

[0080] Amino acids may be referred to herein by either
their commonly known three letter symbols or by the
one-letter symbols recommended by the ITUPAC-IUB Bio-
chemical Nomenclature Commission. Nucleotides, likewise,
may be referred to by their commonly accepted single-letter
codes.

[0081] By “behavioral alteration” is meant a change in
how a subject acts, reacts, or responds to stimulation. In
some embodiments, the behavioral alteration may involve
an alteration in eating habits, manner of interaction with
other subjects (e.g., aggression, generosity, avoidance,
increase in quality of interaction, etc.), tendency toward
self-harm, tendency to cause damage (e.g., damage to prop-
erty or objects), tendency toward obsessive or compulsive
actions, sexual activity, manner of socializing with others,
behavior toward drugs (e.g., drug addiction), tendency to
abuse or take regulated substances (e.g., alcohol or drugs),
pathological or risky behaviors (e.g., cheating, stealing,
gambling, sexual promiscuity, etc.), or tendency to harm
others physically or emotionally.

[0082] “Conservatively modified variants™ applies to both
amino acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, conservatively modified
variants refers to those nucleic acids which encode identical
or essentially identical amino acid sequences, or where the
nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy



US 2023/0340408 A1l

of the genetic code, a large number of functionally identical
nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino
acid alanine. Thus, at every position where an alanine is
specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the
encoded polypeptide. Such nucleic acid variations are
“silent variations,” which are one species of conservatively
modified variations. Every nucleic acid sequence herein,
which encodes a polypeptide also describes every possible
silent variation of the nucleic acid. One of skill will recog-
nize that each codon in a nucleic acid (except AUG, which
1s ordinarily the only codon for methionine, and TGG, which
is ordinarily the only codon for tryptophan) can be modified
to yield a functionally identical molecule. Accordingly, each
silent variation of a nucleic acid, which encodes a polypep-
tide is implicit in each described sequence with respect to the
expression product, but not with respect to actual probe
sequences.

[0083] By “altered” is meant an increase (or enhance-
ment), or a decrease (or reduction). An increase is any
positive change, e.g., by at least about 5%, 10%, or 20%; or
by about 25%, 50%, 75%, or even by 100%, 200%, 300%
or more. A decrease is a negative change, e.g., a decrease by
about 5%, 10%, or 20%, or by about 25%, 50%, 75%; or
even an increase by 100%, 200%, 300% or more.

[0084] The terms “comprises”, “comprising”, and are
intended to have the broad meaning ascribed to them in U.S.
Patent Law and can mean “includes”, “including” and the
like.

[0085] “Contacting” is used in accordance with its plain
ordinary meaning and refers to the process of allowing at
least two distinct species (e.g. chemical compounds includ-
ing biomolecules, reagents, or cells) to become sufficiently
proximal to react, interact, effect, affect or physically touch.
It should be appreciated, however, that the resulting reaction
product can be produced directly from a reaction between
the added reagents or from an intermediate of one or more
of the added reagents, which can be produced in the reaction
mixture or under the contacting conditions. Contacting may
include allowing two species to react, interact, or physically
touch, wherein the two species may be a recombinant viral
particle as described herein and a cell. In some embodi-
ments, the two species are an ultrasound contrast agent that
is exposed to ultrasound and a cell. In some embodiments,
the two species are ultrasound and a cell.

[0086] The word “expression” or “expressed” as used
herein in reference to a gene means the transcriptional
and/or translational product of that gene. The level of
expression of a DNA molecule in a cell may be determined
on the basis of either the amount of corresponding mRNA
that is present within the cell or the amount of protein
encoded by that DNA produced by the cell. The level of
expression of non-coding nucleic acid molecules (e.g.,
siIRNA) may be detected by standard PCR or Northern blot
methods well known in the art. See, Sambrook et al., 1989
Molecular Cloning: A Laboratory Manual, 18.1-18.88.
[0087] Expression of a transfected gene can occur tran-
siently or stably in a cell. During “transient expression” the
transfected gene is not transferred to the daughter cell during
cell division. Since its expression is restricted to the trans-
fected cell, expression of the gene is lost over time. In
contrast, stable expression of a transfected gene can occur
when the gene is co-transfected with another gene that
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confers a selection advantage to the transfected cell. Such a
selection advantage may be a resistance towards a certain
toxin that is presented to the cell. Expression of a transfected
gene can further be accomplished by transposon-mediated
insertion into to the host genome. During transposon-medi-
ated insertion, the gene is positioned in a predictable manner
between two transposon linker sequences that allow inser-
tion into the host genome as well as subsequent excision.
Stable expression of a transfected gene can further be
accomplished by infecting a cell with a lentiviral vector,
which after infection forms part of (integrates into) the
cellular genome thereby resulting in stable expression of the
gene.

[0088] The term “exogenous” (synonymous with “heter-
ologous™) refers to a molecule, reagent, or substance (e.g., a
compound, nucleic acid (polynucleotide) or protein (poly-
peptide or peptide) that originates or derives from a source
outside of a given cell or organism. For example, an “exog-
enous promoter” as referred to herein is a promoter that does
not originate from the source (e.g., a given cell or organism)
in which it is expressed. By way of example, an “exog-
enous” or “heterologous” polypeptide or polynucleotide as
referred to herein does not originate from the source (e.g., a
given cell, tissue, organ, or organism) in which it is
expressed, but is obtained or derived from a different source
and is introduced or delivered into a given cell, tissue, organ,
or organism by genetic or recombinant techniques and then
is expressed in that given cell, tissue, organ, or organism. By
way of example, an exogenous promoter may be derived
from a given organism, such as a bacterium, plant, or fungus
(yeast), and used in another organism or cell type, such as a
mammalian cell. Conversely, the term “endogenous” (e.g.,
“endogenous promoter,” “endogenous protein or polypep-
tide,” or “endogenous polynucleotide”) refers to a molecule
or substance that is native to, or originates within, a given
cell, tissue, organ, or organism.

[0089] By “fragment” is meant a portion of a polypeptide
or nucleic acid molecule. This portion contains at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% of the entire
length of the reference nucleic acid molecule or polypeptide.
A fragment may contain 10, 20, 30, 40, 50, 60, 70, 80, 90,
or 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000
nucleotides or amino acids.

[0090] The term “gene” means the segment of DNA
involved in producing a protein; it includes regions preced-
ing and following the coding region (leader and trailer) as
well as intervening sequences (introns) between individual
coding segments (exons). The leader, the trailer as well as
the introns include regulatory elements that are necessary
during the transcription and the translation of a gene. Fur-
ther, a “protein gene product” is a protein expressed from a
particular gene.

[0091] “Hybridization” means hydrogen bonding, which
may be Watson-Crick, Hoogsteen or reversed Hoogsteen
hydrogen bonding, between complementary nucleobases.
For example, adenine and thymine are complementary
nucleobases that pair through the formation of hydrogen
bonds.

[0092] The terms “identical” or percent “identity,” in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino
acid residues or nucleotides that are the same (i.e., about
60% identity, or 65%, 70%, 75%, 80%, 85%, 90%, 91%,
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92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher
identity over a specified region, when compared and aligned
for maximum correspondence over a comparison window or
designated region) as measured using a BLAST or BLAST
2.0 sequence comparison algorithms with default parameters
described below, or by manual alignment and visual inspec-
tion. Such sequences are then said to be “substantially
identical” or “homologous.” This definition also refers to, or
may be applied to, the compliment of a test sequence. The
definition also includes sequences that have deletions and/or
additions, as well as those that have substitutions. As
described below, the preferred algorithms can account for
gaps and the like. In some embodiments, sequence dentity
exists over a region that is at least about 25 amino acids or
nucleotides in length, or over a region that is 50-100 amino
acids or nucleotides in length.

[0093] The terms “isolated,” “purified,” or “biologically
pure” refer to material that is free to varying degrees from
components which normally accompany it as found in its
native state. “Isolate” denotes a degree of separation from
original source or surroundings. “Purify” denotes a degree
of separation that is higher than isolation. A “purified” or
“biologically pure” protein is sufficiently free of other mate-
rials such that any impurities do not materially affect the
biological properties of the protein or cause other adverse
consequences. That is, a nucleic acid, polypeptide, or pep-
tide is purified if it is substantially free of cellular material,
viral material, or culture medium when produced by recom-
binant DNA techniques, or chemical precursors or other
chemicals when chemically synthesized. Purity and homo-
geneity are typically determined using analytical chemistry
techniques, for example, polyacrylamide gel electrophoresis
or high performance liquid chromatography. The term “puri-
fied” can denote that a nucleic acid or protein gives rise to
essentially one band in an electrophoretic gel. For a protein
that can be subjected to modifications, for example, phos-
phorylation or glycosylation, different modifications may
give rise to different isolated proteins, which can be sepa-
rately purified.

[0094] By *“isolated polynucleotide” is meant a nucleic
acid (e.g., a DNA) that is free of the genes which, in the
naturally-occurring genome of the organism from which the
nucleic acid molecule as described is derived, flank the gene.
The term therefore includes, for example, a recombinant
DNA that is incorporated into a vector; into an autono-
mously replicating plasmid or virus; or into the genomic
DNA of a prokaryote or eukaryote; or that exists as a
separate molecule (for example, a cDNA or a genomic or
cDNA fragment produced by PCR or restriction endonu-
clease digestion) independent of other sequences. In addi-
tion, the term includes an RNA molecule that is transcribed
from a DNA molecule, as well as a recombinant DNA that
is part of a hybrid gene encoding additional polypeptide
sequence.

[0095] By an “isolated polypeptide” is meant a polypep-
tide as described that has been separated from components
that naturally accompany it. Typically, the polypeptide is
isolated when it is at least 50%, at least 55%, or at least 60%,
by weight, free from the proteins and naturally-occurring
organic molecules with which it is naturally associated. In
embodiments, a preparation is at least 75%, or at least 90%,
or at least 99%, by weight, a mechanosensory polypeptide as
described herein. An isolated polypeptide as described
herein may be obtained, for example, by extraction from a
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natural source, by expression of a recombinant nucleic acid
encoding such a polypeptide; or by chemically synthesizing
the protein. Purity can be measured by any appropriate
method, for example, column chromatography, polyacryl-
amide gel electrophoresis, or by HPLC analysis.

[0096] By “mammal” is meant any warm-blooded animal
including, but not limited to, non-human primate (monkey,
ape, baboon and the like), human, cow, horse, pig, sheep,
goat, mouse, rat, dog, cat, and the like. In an embodiment,
the mammal is a human.

[0097] The terms “mechanosensitive”, “mechanically
activated”, “mechanoreceptor”, “mechanotransduction”,
“stretch-gated”, “acoustically sensitive”, and other similar
terms of art as used herein are considered interchangeable
and are used to refer to a cell, tissue, or polypeptide, or other
material object that is sensitive to activation or inactivation
by acoustical energy, such as ultrasound.

[0098] By “modulating” is meant effecting or altering the
activity or function of a cell, tissue, organ, organism, or
subject, for example, by subjecting the a cell, tissue, organ,
organism, or subject, to ultrasound stimulation. In an
embodiment, the activity or function of a neuronal cell is
modulated by applying or delivering ultrasound or ultra-
sound waves to the neuronal cell. In embodiments, modu-
lating neuronal cells in a subject, e.g., in the brain or CNS
of the subject, affects the subject’s behavior or response to
an agent, stimulus, situation, effect, or activity. In some
embodiments, modulating an activity or function may cause
an increase or decrease in an the subject’s response or
responsiveness. In some embodiments, modulating an activ-
ity or function may cause an increase (enhancement) or
decrease (inhibition) of cell activity or function, or in a
subject’s response or responsiveness.

[0099] “Nucleic acid” refers to deoxyribonucleotides or
ribonucleotides and polymers thereof in either single- or
double-stranded form, or complements thereof. The term
“polynucleotide” refers to a linear sequence of nucleotides.
The terms “polynucleotide” and “nucleic acid molecule” are
used interchangeably herein. The term “nucleotide™ typi-
cally refers to a single unit of a polynucleotide, i.e., a
monomer. Nucleotides can be ribonucleotides, deoxyribo-
nucleotides, or modified versions thereof. Examples of poly-
nucleotides contemplated herein include single and double
stranded DNA, single and double stranded RNA (including
siRNA), and hybrid molecules having mixtures of single and
double stranded DNA and RNA. The terms also encompass
nucleic acids containing known nucleotide analogs or modi-
fied backbone residues or linkages, which are synthetic,
naturally occurring, and non-naturally occurring, which
have similar binding properties as the reference nucleic acid,
and which are metabolized in a manner similar to the
reference nucleotides. Examples of such analogs include,
without limitation, phosphorothioates, phosphoramidates,
methyl phosphonates, chiral-methyl phosphonates, and 2-O-
methyl ribonucleotides.

[0100] Nucleic acid is “operably linked” when it is placed
into a functional relationship with another nucleic acid
sequence. For example, DNA for a presequence or secretory
leader is operably linked to DNA for a polypeptide if it is
expressed as a preprotein that participates in the secretion of
the polypeptide; a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription of the
sequence; or a ribosonie binding site is operably linked to a
coding sequence if it is positioned so as to facilitate trans-
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lation. Generally, “operably linked” means that the DNA
sequences being linked are near each other, and, in the case
of a secretory leader, contiguous and in reading phase.
However, enhancers do not have to be contiguous. Linking
is accomplished by ligation at convenient restriction sites. If
such sites do not exist, the synthetic oligonucleotide adap-
tors or linkers are used in accordance with conventional
practice.

[0101] The term, “obtaining” as in “obtaining an agent”
includes synthesizing, deriving, isolating, purchasing, or
otherwise acquiring the agent, e.g., a protein, polynucle-
otide, or sample.

[0102] By “positioned for expression” is meant that a
polynucleotide (e.g., a DNA molecule) is positioned adja-
cent to a DNA sequence, which directs transcription, and, for
proteins, translation of the sequence (i.e., facilitates the
production of, for example, a recombinant polypeptide as
described or provided herein, or an RNA molecule).
[0103] The term “plasmid” or “vector” refers to a nucleic
acid molecule that encodes for genes and/or regulatory
elements necessary for the expression of genes. Expression
of a gene from a plasmid or vector can occur in c¢is or in
trans. If a gene is expressed in cis, the gene and the
regulatory elements are encoded by the same plasmid and
vector. Expression in trans refers to the instance where the
gene and the regulatory elements are encoded by separate
plasmids or vectors.

[0104] As used herein, the terms “prevent,” “preventing,”
“prevention,” “prophylactic treatment” and the like refer to
reducing the probability of developing a disorder or condi-
tion in a subject, who does not have, but is at risk of or
susceptible to developing a disorder or condition.

[0105] By “reduces” is meant a negative alteration of at
least 5%, 10%, 25%, 50%, 75%, or 100%.

[0106] By “reference” or “control” is meant a standard
condition. For example, an untreated cell, tissue, or organ
that is used as a reference.

[0107] The terms “protein”, “peptide”, and “polypeptide”
are used interchangeably to denote an amino acid polymer or
a set of two or more interacting or bound amino acid
polymers. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid,
as well as to naturally occurring amino acid polymers and
non-naturally occurring amino acid polymer. For specific
polypeptides described herein (e.g., MscS, MscL, MscK,
MscL G228, MscS-like, MscMJ, MscMJLR, MscS-Like 3,
MscSfam), the named polypeptide includes any of the
polypeptide’s naturally occurring forms, or variants, iso-
forms, or homologs that maintain the polypeptide’s mecha-
nosensory activity (e.g., within at least 50%, 80%, 90%,
95%, 96%, 97%, 98%, 99% or 100% activity compared to
the native polypeptide). In some embodiments, variants or
homologs have at least 90%, 95%, 96%, 97%, 98%. 99% or
100% amino acid sequence identity across the whole
sequence or a portion of the polypeptide sequence (e.g. a 50,
100, 150 or 200 continuous amino acid portion) compared to
a naturally occurring form. In other embodiments, the poly-
peptide is the polypeptide as identified by its Genbank
Accession number.

[0108] Ranges provided herein are understood to be short-
hand for all of the values within the range. For example, a
range of 1 to 50 is understood to include any number,
combination of numbers, or sub-range from the group con-
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sisting 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,35, 36,37, 38,39, 40,41, 42, 43, 44, 45,46, 47, 43, 49,
or 50.

[0109] The term “recombinant” when used with reference,
e.g., to a cell, or nucleic acid, protein, or vector, indicates
that the cell, nucleic acid, protein or vector, has been
modified by the introduction of a heterologous nucleic acid
or protein or the alteration of a native nucleic acid or protein,
or that the cell is derived from a cell so modified. Thus, for
example, recombinant cells express genes that are not found
within the native (non-recombinant) form of the cell or
express native genes that are otherwise abnormally
expressed, under expressed or not expressed at all. Trans-
genic cells and plants are those that express a heterologous
gene or coding sequence, typically as a result of recombinant
methods.

[0110] The term “sonogenetics” or “sonogenics” refers to
a non-invasive approach, method, or technique to manipu-
late, control, or modulate the activity or function of a cell or
cell type, such as a neuron (e.g., a motor neuron), that
expresses a heterologous or exogenous mechanosensitive
(also called mechanotransductive) channel, which is respon-
sive to ultrasound, e.g., low-intensity ultrasound. Cell activ-
ity, such as neuronal cell activity, can be controlled or
modulated by expressing a heterologous or exogenous
mechanosensitive channel in a target cell, e.g., a neuron or
type of neuronal cell such as a motor neuron, and subjecting
the cell to ultrasound (low-intensity ultrasound), which is
thereby responsive to ultrasound or ultrasound pulses. In an
embodiment, the cell types are located within the mamma-
lian brain. Target cells that express such heterologous or
exogenous mechanosensitive channel is specific cells ren-
ders those cells sensitive to mechanical deformations gen-
erated by noninvasive ultrasound waves. In an embodiment,
the cells are neurons in regions of the brain or in the spinal
cord (central nervous system, CNS). In an embodiment the
cells are in peripheral nervous system (PNS). In an embodi-
ment, the region of the brain is the hypothalamus. In an
embodiment, ultrasound is delivered or applied to the hypo-
thalamus using an external transducer. In an embodiment,
the transducer is non-invasively positioned on the head of an
awake mammalian subject. In an embodiment, the trans-
ducer is a PZT-based transducer. In an embodiment, the cells
are neurons in the spinal cord.

[0111] The term “subject” as used herein refers to a
vertebrate, such as a mammal (e.g., dog, cat, rodent, horse,
bovine, rabbit, goat, non-human primate, or human). In an
embodiment, a subject is a human individual or patient.
[0112] By “substantially identical” is meant a polypeptide
or nucleic acid molecule exhibiting at least 50% identity to
a reference amino acid sequence (for example, any one of
the amino acid sequences described herein) or nucleic acid
sequence (for example. any one of the nucleic acid
sequences described herein). In embodiments, such a
sequence is at least 60%, or at least 80% or 85%, or at least
90%, 95% or even 99% identical at the amino acid level or
nucleic acid to the sequence used for comparison.

[0113] Sequence identity is typically measured using
sequence analysis software (for example, Sequence Analysis
Software Package of the Genetics Computer Group, Uni-
versity of Wisconsin Biotechnology Center, 1710 University
Avenue, Madison, Wis. 53705, BLAST, BESTFIT, GAP, or
PILEUP/PRETTYBOX programs). Such software matches
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identical or similar sequences by assigning degrees of
homology to various substitutions, deletions, and/or other
modifications. Conservative substitutions typically include
substitutions within the following groups: glycine, alanine;
valine, isoleucine, leucine; aspartic acid, glutamic acid,
asparagine, glutamine; serine, threonine; lysine, arginine;
and phenylalanine, tyrosine. In an exemplary approach to
determining the degree of identity, a BLAST program may
be used, with a probability score between e~ and e~
indicating a closely related sequence.

[0114] By “transformed cell” is meant a cell into which (or
into an ancestor of which) has been introduced, by means of
recombinant DNA techniques, a polynucleotide molecule
encoding (as used herein) a polypeptide as described and
provided herein.

[0115] As used herein, the terms “treat,” treating,” “treat-
ment,” and the like refer to reducing, abating, decreasing,
ameliorating, or eliminating a disease, disorder, or condition
and/or symptoms associated therewith. It will be appreciated
that, although not precluded, treating a disease, disorder, or
condition does not require that the disease, disorder, condi-
tion or symptoms associated therewith be completely elimi-
nated.

[0116] By “transformed cell” is meant a cell into which (or
into an ancestor of which) has been introduced, by means of
recombinant DNA techniques, a polynucleotide molecule
encoding (as used herein) a polypeptide as described and
provided herein.

[0117] The terms “transfection”, “transduction”, “trans-
fecting” or “transducing” can be used interchangeably and
are defined as a process of introducing a nucleic acid
molecule or a protein to a cell. Nucleic acids are introduced
to a cell using non-viral or viral-based methods. The nucleic
acid molecules may be gene sequences encoding complete
proteins or functional portions thereof. Non-viral methods of
transfection include any appropriate transfection method
that does not use viral DNA or viral particles as a delivery
system to introduce the nucleic acid molecule into the cell.
FExemplary non-viral transfection methods include calcium
phosphate transfection, liposomal transfection, nucleofec-
tion, sonoporation, transfection through heat shock, magne-
tofection and electroporation. In some embodiments, the
nucleic acid molecules are introduced into a cell using
electroporation following standard procedures well known
in the art. For viral-based methods of transfection any useful
viral vector may be used in the methods described herein.
Examples for viral vectors include, but are not limited to
retroviral, adenoviral, lentiviral and adeno-associated viral
vectors. In some embodiments, the nucleic acid molecules
are introduced into a cell using a retroviral vector following
standard procedures well known in the art. The terms
“transfection” or “transduction” also refer to introducing
proteins into a cell from the external environment. Typically,
transduction or transfection of a protein relies on attachment
of a peptide or protein capable of crossing the cell membrane
to the protein of interest. See, e.g., Ford et al. (2001) Gene
Therapy 8:1-4 and Prochiantz (2007) Nat. Methods 4:119-
20.

[0118] As used herein, the terms “treat,” treating,” “treat-
ment,” and the like refer to reducing or ameliorating a
disorder and/or symptoms associated therewith. It will be
appreciated that, although not precluded, treating a disorder
or condition does not require that the disorder, condition or
symptoms associated therewith be completely eliminated.
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[0119] An “effective amount” is an amount sufficient to
accomplish a stated purpose (e.g. achieve the effect for
which it is administered, treat a disease, reduce enzyme
activity, reduce one or more symptoms of a disease, disorder,
or condition, or reduce viral replication in a cell). An
example of an “effective amount™ is an amount sufficient to
contribute to the treatment, prevention, or reduction of a
symptom or symptoms of a disease or disorder, which could
also be referred to as a “therapeutically effective amount.” A
“reduction” of a symptom or symptoms (and grammatical
equivalents of this phrase) means decreasing of the severity
or frequency of the symptom(s), or elimination of the
symptom(s). A “prophylactically effective amount” of a drug
is an amount of a drug that, when administered to a subject,
will have the intended prophylactic effect, e.g., preventing or
delaying the onset (or reoccurrence) of an injury, disease,
disorder, pathology or condition, or reducing the likelihood
of the onset (or reoccurrence) of an injury, disease, disorder,
pathology, or condition, or their symptoms. The full pro-
phylactic effect does not necessarily occur by administration
of one dose, and may occur only after administration of a
series of doses. Thus, a prophylactically effective amount
may be administered in one or more administrations. An
“activity decreasing amount,” as used herein, refers to an
amount of antagonist required to decrease the activity of an
enzyme or protein (e.g. Tat, Rev) relative to the absence of
the antagonist. A “function disrupting amount,” as used
herein, refers to the amount of antagonist required to disrupt
the function of an enzyme or protein relative to the absence
of the antagonist. The exact amounts will depend on the
purpose of the treatment, and will be ascertainable by one
skilled in the art using known techniques (see, e.g., Lieber-
man, Pharmaceutical Dosage Forms (vols. 1-3, 1992);
Lloyd, The Art, Science and Technology of Pharmaceutical
Compounding (1999); Pickar, Dosage Calculations (1999);
and Remington: The Science and Practice of Pharmacy,
20th Edition, 2003, Gennaro, Ed., Lippincott, Williams &
Wilkins).

[0120] “Patient,” “subject” or “subject in need thereof”
refers to a living organism or individual suffering from,
afflicted with, having, at risk for, or susceptible or prone to,
a disease, pathology, disorder, or condition that can be
treated by using the products, compositions and methods
provided herein. The term does not necessarily indicate that
the subject has been diagnosed with a particular disease or
disorder, but typically refers to an individual under medical
supervision. Non-limiting examples include humans, other
mammals, bovines, rats, mice, dogs, monkeys, goat, sheep,
cows, deer, as well as other non-mammalian animals. In
some embodiments, a patient or subject is human.

[0121] The terms “ultrasonic wave”, “acoustical energy”,
“acoustic wave”, or “ultrasound” are used interchangeably
herein to refer to the disturbance in a material corresponding
to the mechanical transfer or mechanical transduction of
energy through the material. In various embodiments, the
disturbance is a vibration of the materials’ components. In
some entbodiments, the material is a volume of liquid, a cell,
a cell membrane, a tissue, or an organ.

[0122] Unless specifically stated or obvious from context,
as used herein, the term “or” is understood to be inclusive.
Unless specifically stated or obvious from context, as used

herein, the terms “a”, “an”, and “the” are understood to be
singular or plural.
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[0123] Unless specifically stated or obvious from context,
as used herein, the term “about” is understood as within a
range of normal tolerance in the art, for example within 2
standard deviations of the mean. About can be understood as
within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%,
0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from context, all numerical values provided herein are
modified by the term “about.”

[0124] The recitation of a listing of chemical groups in any
definition of a variable herein includes definitions of that
variable as any single group or combination of listed groups.
The recitation of an embodiment for a variable or for an
aspect herein includes that embodiment as any single
embodiment or in combination with any other embodiments
or portions thereof as described herein.

[0125] Any compositions or methods provided herein can
be combined with one or more of any of the other compo-
sitions and methods provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0126] FIGS. 1A and 1B provide a schematic and images
showing expression of bacterial mechanosensory proteins in
mouse brain. FIG. 1A is a schematic showing the injection
site for viral vectors containing polynucleotides encoding
the bacterial mechanosensory proteins. The areas of the
brain shown in FIG. 1A include the mammillary nucleus
(MM); periaqueductal gray area (PAG); substantia nigra-
pars compacta (SNc); substantia nigra-pars reticulata (SNr);
red nucleus (RN); medial lemniscus (ml); cerebral peduncle
(cp); and ventral tegmental area (VTA). FIG. 1B is a
collection of images of the rodent brain showing that the
indicated microbial proteins were expressed in the ventral
tegmental area (VTA). Expression was observed to be
restricted to dopaminergic neurons.

[0127] FIGS. 2A to 2D provide a schematic, recordings
and a graph relating to sonogenetics in the spinal cord. FIG.
2A is a schematic showing the position of the ultrasound
transducer for targeting bacterial mechanosensory protein-
expressing motor neurons in the spinal cord, and the record-
ing electrode in the downstream gastrocnemius muscle.
FIGS. 2B and 2C are recordings of electrical impulses
showing that ultrasound elicited evoked muscle potentials
when motor neurons that expressed MscS were targeted
(FIG. 2B), but not when control motor neurons that
expressed green fluorescent protein (GFP) were targeted
(FIG. 2C). FIG. 2D is a graph showing that ultrasound-
evoked muscle potentials (dark grey circles, at 10 ms pulse
from a 385 KHz transducer) matched those elicited by
electrical stimuli (white-filled circles, 0.05 ms electrical
pulse) for the parameters of duration and latency. EMG
refers to “electromyography” and USSC refers to “ultra-
sound sensitive channel.” In FIGS. 2B and 2C, the upper line
represents the ultrasound signal intensity over time in sec-
onds, and the lower line represents the intensity of electrical
signal in the muscle over time in seconds. In FIGS. 2B and
2C, the vertical axis represents signal intensity and the
horizontal axis represents time in seconds. The horizontal
axis is 200 ms and the y-axis is 200 pV.

[0128] FIGS. 3A and 3B provide a schematic, images, and
bar graphs relating to sonogenetics in the brain of an animal.
The left panel of FIG. 3A is a schematic showing injection
sites for delivering an adeno-associated virus vector harbor-
ing a polynucleotide encoding the MscS polypeptide (AAV-
MScS) or an adeno-associated virus vector encoding green
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fluorescent protein (AAV-GFP) into the arcuate nucleus. The
right panels of FIG. 3A provides images showing expression
of the MscS polypeptide and GFP in AGRP-positive
(AGRP-***; agouti-related protein-expression positive) neu-
rons in the arcuate nucleus of mouse brain. FIG. 3B provides
bar graphs showing that animals expressing the MscS pro-
tein in AGRP*** (agouti-related protein-expression positive)
neurons consumed an increased amount of food (based on a
behavioral feeding assay) upon ultrasound stimulation com-
pared to food consumption by control animals expressing
GFP.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0129] Featured and provided herein are compositions
featuring bacterial mechanosensory polypeptides and poly-
nucleotides, methods for expressing such polypeptides and
polynucleotides in a cell type of interest, and methods for
inducing the activation of the bacterial mechanosensory
polypeptide in neuronal cells (e.g., neurons) and other cell
types using ultrasound.

[0130] The aspects and embodiments described herein are
based, at least in part, on the discovery that specific proteins,
e.g., mechanosensory proteins, confer sensitivity to ultra-
sound when transduced or transfected into target cells and
expressed as heterologous proteins on the target cell surface.
The Examples provided herein demonstrate that such
mechanosensory proteins have a sensitivity to ultrasound.
Not wishing to be bound by theory, ultrasound can generate
a mechanical deflection in the focal zone that leads to
activation of the expressed mechanosensory protein. In
embodiments described and exemplified herein, the mecha-
nosensory proteins can be used non-invasively to control
neuronal cells, namely, motor neurons and ARGP(+ve)
hypothalamic neurons in the rodent spinal cord and brain.
The products, compositions and methods described herein
allow for precision targeting of neuronal stimulation at the
neuron level. The non-invasive nature of ultrasound permit
long-term use of the described mechanosensory proteins for
treatment of diseases and disorders, including neurological
and neurodegenerative diseases and disorders, and/or the
symptoms thereof, such as, without limitation, essential
tremor, Parkinson’s disease, ataxia, and pain. In an embodi-
ment, the disease, disorder, or condition is an eating disor-
der.

[0131] In various embodiments, the described heterolo-
gous mechanosensory proteins can be used to render neu-
rons, cardiac muscle, urinary bladder tissues, T-cells, or
beta-cells responsive to ultrasound. In some embodiments,
the mechanosensory proteins can be used to render sensitive
to ultrasound any cell type that is sensitive to a rapid change
in cation (e.g., calcium, potassium, sodium) concentration.
The mechanosensory proteins can be used to alter cellular
functions in vivo, in vitro, or ex vivo. In addition, the
mechanosensory proteins can be used to alter cell function
of cells expressing these proteins in cell culture.

[0132] Accordingly, provided and described herein are
polynucleotides encoding a bacterial mechanosensory poly-
peptide, expression vectors comprising such polynucle-
otides, cells expressing a heterologous bacterial mecha-
nosensory polypeptide, cells expressing a heterologous
recombinant bacterial mechanosensory polypeptide, and
methods for stimulating such cells with ultrasound.
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Ultrasound

[0133] Ultrasound is well suited for stimulating neuron
populations as it focuses easily through intact thin bone and
deep tissue (K. Hynynen and F. A. Jolesz, Ultrasound Med
Biol 24 (2), 275 (1998)) to volumes of just a few cubic
millimeters (G. T. Clement and K. Hynynen, Phys Med Biol
47 (8), 1219 (2002)). The non-invasive nature of ultrasound
stimulation is particularly significant for manipulating ver-
tebrate neurons including those in humans, as it eliminates
the need for invasive techniques, such as surgery, to insert
light fibers (required for some current optogenetic methods).
Also, the small focal volume of the ultrasound wave com-
pares well with light that is scattered by multiple layers of
brain tissue (S. I. Al-JTuboori et al., PLoS ONE 8 (7), 67626
(2013)). Moreover, ultrasound has been previously used to
manipulate deep nerve structures in human hands and reduce
chronic pain (W. D. O’Brien, Jr., Prog Biophys Mol Biol 93
(1-3), 212 (2007); L. R. Gavrilov et al., Prog Brain Res 43,
279 (1976)). As described herein, novel, non-invasive com-
positions for the heterologous expression of bacterial
mechanosensory polypeptides in cells are provided, and
methods to stimulate or modulate the activity or function of
cells expressing heterologous bacterial mechanosensory
polypeptides using low-intensity ultrasound stimulation are
provided. In an embodiment, the cells that express the
heterologous bacterial mechanosensory polypeptides are
neuronal cells, and the methods involve neuromodulation by
the non-invasive use of ultrasound stimulation, in particular,
low-intensity ultrasound.

Cells and Cellular Compositions Comprising Recombinant
Bacterial Mechanosensory Polypeptides

[0134] Provided are cells comprising a recombinant
nucleic acid molecule encoding a bacterial mechanosensory
polypeptide. Such mechanosensory polypeptides of bacte-
rial origin are heterologously or exogenously expressed in a
cell type of interest. In an embodiment, the cell type of
interest expresses a heterologous bacterial mechanosensory
polypeptide as described herein and is sensitive to a rapid
change in cation (e.g., calcium, potassium, sodium) concen-
tration associated with mechanosensory modulation or
stimulation of the cell by ultrasound. In an embodiment, the
cell type is a cardiac muscle cell comprising a bacterial
mechanosensory polynucleotide under the control of a pro-
moter suitable for expression in a cardiac cell (e.g., NCX1
promoter). In an embodiment. the cell type is a muscle cell
comprising a bacterial mechanosensory polynucleotide
under the control of a promoter suitable for expression in a
muscle cell, e.g., myoD promoter. In another embodiment,
the cell type is an insulin secreting cell (e.g., a beta (B) islet
cell) comprising a bacterial mechanosensory polynucleotide
under the control of a promoter suitable for expression in an
insulin-secreting cell, e.g., Pdx1 promoter. In another
embodiment, an adipocyte comprising a bacterial mecha-
nosensory polynucleotide under the control of a promoter
suitable for expression in an adipocyte (e.g., iaP2) is pro-
vided. In another embodiment, the cell type is a neuron
comprising a bacterial mechanosensory polynucleotide
under the control of a promoter suitable for expression in a
neuronal cell. In an embodiment and by way of nonlimiting
example, the neuronal cell may be a neuron in the central
nervous or peripheral nervous system, a neuron in the brain
or spinal cord, a motor neuron, a sensory neuron, an
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interneuron, an Agouti-Related Protein-expression positive
(AGRP-***) neuron. By way of nonlimiting examples, a
nestin or Tuj 1 promoter is generally suitable for expression
of the bacterial mechanosensory polynucleotide in a neuron;
an H2b promoter is suitable for expression of the bacterial
mechanosensory polynucleotide in a motor neuron; an Islet
1 promoter is suitable for expression of the bacterial mecha-
nosensory polynucleotide in an interneuron; and an OMP
promoter, TIR, T2R promoter, rhodopsin promoter, or Trp
channel promoter is suitable for expression of the bacterial
mechanosensory polynucleotide in a sensory neuron. Such
cells may be cells in vitro, ex vivo, or in vivo. In particular
embodiments, the cells express a bacterial mechanosensory
polypeptide that is sensitive to ultrasound. In particular
embodiments, the mechanosensory polypeptide is selected
from a MscS, MscL, MscK, MscL G22S, MscS-like,
MscMJ, MscMJLR, MscS-Like 3, or MscSfam polypeptide,
or a functional portion, isoform, ortholog, or homolog
thereof. In another embodiment, the mechanosensory poly-
peptide, e.g., a MscS, MscL, MscK, Msc. G228, MscS-like,
MscMI, MscMILR, MscS-Like 3, or MscSfam polypeptide,
or a functional portion, isoform, ortholog, or homolog
thereof, or the polynucleotide encoding the mechanosensory
polypeptide and the like, is codon-optimized for expression
in a mammalian cell. In another embodiment, the mecha-
nosensory polypeptide, e.g., a MscS, MscL, MscK, MscL,
G228, MscS-like, MscMJ, MscMILR, MscS-Like 3, or
MscSfam polypeptide, or a functional portion, isoform,
ortholog, or homolog thereof, or the polynucleotide encod-
ing the mechanosensory polypeptide and the like, is codon-
optimized for expression in a mammalian cell or a human
cell.

Expression of Recombinant Bacterial Mechanosensory
Polypeptides

[0135] In one approach, a cell of interest (e.g., a neuron,
such as a motor neuron, sensory neuron, neuron of the
central or peripheral nervous system, or neuronal cell lines)
is genetically or recombinantly engineered to express a
heterologous bacterial mechanosensory polynucleotide
whose expression renders the cell responsive to ultrasound
stimulation. Ultrasound stimulation of such cells induces
cation influx. The molecular techniques involved in geneti-
cally or recombinantly engineering cells to express heter-
ologous polypeptides is well known to and routinely prac-
ticed by those having skill in the art.

[0136] The bacterial mechanosensory polypeptide may be
constitutively expressed or its expression may be regulated
by an inducible promoter or other control mechanism where
conditions necessitate highly controlled regulation or timing
of the expression of a bacterial mechanosensory polypep-
tide. For example, heterologous DNA encoding a bacterial
mechanosensory polypeptide gene to be expressed is
inserted in one or more pre-selected DNA sequences. This
can be accomplished by homologous recombination or by
viral integration into the host cell genome. The desired gene
sequence can also be incorporated into a cell, particularly
into its nucleus, using a plasmid expression vector and a
nuclear localization sequence. Methods for directing poly-
nucleotides to the nucleus have been described in the art.
The genetic material can be introduced using promoters that
will allow for the gene of interest to be positively or
negatively induced using certain chemicals/drugs, to be
eliminated following administration of a given drug/chemi-
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cal, or can be tagged to allow induction by chemicals, or
expression in specific cell compartments.

[0137] Calcium phosphate transfection can be used to
introduce plasmid DNA containing a target gene or poly-
nucleotide into cells and is a standard method of DNA
transfer to those of skill in the art. DEAE-dextran transfec-
tion, which is also known to those of skill in the art, may be
preferred over calcium phosphate transfection where tran-
sient transfection is desired, as it is often more efficient.
Since the cells as described herein are isolated cells, micro-
injection can be particularly effective for transferring genetic
material into the cells. This method is advantageous because
it provides delivery of the desired genetic material directly
to the nucleus, avoiding both cytoplasmic and lysosomal
degradation of the injected polynucleotide. Cells can also be
genetically modified using electroporation.

[0138] Liposomal delivery of DNA or RNA to genetically
modify the cells can be performed using cationic liposomes,
which form a stable complex with the polynucleotide. For
stabilization of the liposome complex, dioleoyl phosphati-
dylethanolamine (DOPE) or dioleoyl phosphatidylcholine
(DOPQ) can be added. Commercially available reagents for
liposomal transfer include Lipofectin (Life Technologies).
Lipofectin, for example, is a mixture of the cationic lipid
N-[1-(2, 3-dioleyloxy)propyl]-N—N-—N-trimethyl ammo-
nia chloride and DOPE. Liposomes can carry larger pieces
of DNA, can generally protect the polynucleotide from
degradation, and can be targeted to specific cells or tissues.
Cationic lipid-mediated gene transfer efficiency can be
enhanced by incorporating purified viral or cellular envelope
components, such as the purified G glycoprotein of the
vesicular stomatitis virus envelope (VSV-G). Gene transfer
techniques which have been shown effective for delivery of
DNA into primary and established mammalian cell lines
using lipopolyamine-coated DNA can be used to introduce
target DNA into the de-differentiated cells or reprogrammed
cells described herein.

[0139] Naked plasmid DNA can be injected directly into a
tissue comprising cells of interest. Microprojectile gene
transfer can also be used to transfer genes into cells either in
vitro or in vivo. The basic procedure for microprojectile
gene transfer was described by J. Wolff in Gene Therapeu-
tics (1994), page 195. Similarly, microparticle injection
techniques have been described previously, and methods are
known to those of skill in the art. Signal peptides can be also
attached to plasmid DNA to direct the DNA to the nucleus
for more efficient expression.

[0140] Viral vectors are used to genetically alter cells as
described herein and their progeny. Viral vectors are used, as
are the physical methods previously described, to deliver
one or more polynucleotide sequences encoding the bacte-
rial mechanosensory polypeptides, for example, into the
cells. Viral vectors and methods for using them to deliver
DNA to cells are well known to those of skill in the art.
Examples of viral vectors that can be used to genetically
alter the cells as described herein include, but are not limited
to, adenoviral vector, adeno-associated viral vectors (AAV),
retroviral vectors (including lentiviral vectors), alpha viral
vectors (e.g., Sindbis vectors), and herpes virus vectors.

Targeted Cell Types

[0141] Bacterial mechanosensory polypeptides can be
expressed in virtually any eukaryotic or prokaryotic cell of
interest. In one embodiment, the cell (or target cell) is a
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bacterial cell or other pathogenic cell type. In another
embodiment, the cell (or target cell) is a mammalian cell,
such as an adipocyte, muscle cell, cardiac muscle cell,
insulin secreting cell (e.g., beta (B) islet cell), pancreatic
cell, a glial cell, or neuron (e.g.. a motor neuron, a sensory
neuron, a neuron of the central nervous system (e.g., a
neuron in the brain or in a region of the brain, e.g., the
hypothalamus), a neuron of the peripheral nervous system,
an interneuronal cell, and neuronal cell lines or populations).
Other cell types include, without limitation, immune cells,
such as cells of the hematopoietic lineages, T cells, B cells,
monocytes, macrophages, stem cells, pluripotent stem cells,
induced pluripotent stem cells, primary cells, established
cells or cell lines.

Methods of Stimulating a Neuronal Cell

[0142] The methods provided herein are, inter alia, useful
for the stimulation (activation) of cells that express the
bacterial mechanosensory polypeptides. In particular, ultra-
sound stimulation of such cells induces cation influx,
thereby altering cell activity. Expression of a bacterial
mechanosensory polypeptide in a pathogen cell (bacterial
cell) and subsequent ultrasound stimulation induces cation
influx and bacterial cell killing. Ultrasound stimulation of a
muscle cell expressing a heterologous bacterial mecha-
nosensory polypeptide results in muscle contraction. This
can be used to enhance muscle contraction or functionality
in subjects in need thereof, including subjects suffering from
muscle weakness, paralysis, or muscle wasting. Altering the
intensity of the ultrasound modulates the extent of muscle
activity.

[0143] The terms “neuron,” “neural cell,” or “neuronal
cell” are used interchangeably herein and refer to a cell of
the brain or nervous system, such as the central nervous
system (CNS) or the peripheral nervous system (PNS).
Non-limiting examples of neural or neuronal cells include
neurons, interneurons, astrocytes, oligodendrocytes and
microglia cells. Where a neural cell is stimulated, a function
or activity (e.g., excitability) of the neural cell is effected by
modulating, for example, the expression or activity of a
given gene or protein (e.g., a bacterial mechanosensory
polypeptide) within the neural cell. The change in expres-
sion or activity may be 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or more in comparison to a control (e.g.,
unstimulated cell). In certain instances, expression or activ-
ity is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or
higher than the expression or activity in the absence of
stimulation. In certain instances, expression or activity is
1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or lower than
the expression or activity in the absence of stimulation. The
neural cell may be stimulated by applying an ultrasonic
wave to the neural cell.

[0144] The term “applying” as provided herein is used in
accordance with its plain ordinary meaning and includes the
terms contacting, introducing and exposing. An “ultrasonic
wave” as provided herein is an oscillating sound pressure
wave having a frequency greater than the upper limit of the
human hearing range. Ultrasound (ultrasonic wave) is thus
not separated from “normal” (audible) sound by differences
in physical properties, only by the fact that humans cannot
hear it. Although this limit varies from person to person, it
is approximately kilohertz (20,000 hertz) in healthy, young
adults. Ultrasound (ultrasonic wave) devices operate with
frequencies from 20 kHz up to several gigahertz. The
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methods provided herein use the energy of an ultrasonic
wave to stimulate a neural cell expressing an exogenous
mechanosensory protein. A mechanotransduction protein as
provided herein refers to a cellular protein capable of
converting a mechanical stimulus (e.g., sound, pressure,
movement) into chemical activity. Cellular responses to
mechanosensation or mechanotransduction are variable and
give rise to a variety of changes and sensations. In some
embodiments, the bacterial mechanosensory protein is a
mechanically gated ion channel, which makes it possible for
sound, pressure, or movement to cause a change in the
excitability of acell (e.g., a sensory neuron). The stimulation
of a bacterial mechanosensory protein may cause mechani-
cally sensitive ion channels to open and produce a trans-
duction current that changes the membrane potential of a
cell.

[0145] In one aspect, a method of stimulating a cell is
provided. The method includes transfecting or transducing a
cell with a recombinant vector or viral vector containing a
nucleic acid sequence encoding an exogenous (heterolo-
gous) bacterial mechanosensory polypeptide, wherein the
transfected or transduced cell expresses the mechanosensory
polypeptide, in particular, in the cell membrane. An ultra-
sonic wave is applied to the transfected or transduced cell,
thereby stimulating the cell. In some embodiments, the
bacterial mechanosensory polypeptide is MscS, MscL,
MscK, MscL G228S, MscS-like, MscMJ, MscMJLR, MscS-
Like 3, MscSfam, or a homolog or ortholog thereof. In some
embodiments, the mechanotransduction polypeptide is a
bacterial mechanosensory polypeptide or a functional por-
tion, homolog, or ortholog thereof. In some embodiments,
the ultrasonic wave has a frequency of about 0.8 MHz to
about 4 MHz. In some embodiments, the ultrasonic wave
has a frequency of about 1 MHz to about 3 MHz. In some
embodiments, the ultrasonic wave has a focal zone of about
1 cubic millimeter to about 1 cubic centimeter. In some
embodiments, the ultrasonic wave has a frequency of about
385 KHz. In some embodiments, the ultrasonic wave has a
frequency of about 10 MHz. In some embodiments, the
ultrasonic wave has a frequency of about or of at least about
0.001 MHz, 0.01 MHz, 0.1 MHz, 0.2 MHz, 0.3 MHz, 0.4
MHz, 0.5 MHz, 1 MHz, 2 MHz, 3 MHz, 4 MHz, 5 MHz, 6
MHz, 7 MHz, 8§ MHz, 9 MHz, 10 MHz, 11 MHz, 12 MHz,
13 MHz, 14 MHz, 15 MHz, 20 MHz, 30 MHz, 40 MHz, or
50 MHz. In some embodiments, the ultrasonic wave has a
frequency of less than about 0.001 MHz, 0.01 MHz, 0.1
MHz, 0.2 MHz, 0.3 MHz, 0.4 MHz, 0.5 MHz, 1 MHz, 2
MHz, 3 MHz, 4 MHz, 5 MHz, 6 MHz, 7 MHz, 8 MHz, 9
MHz, 10 MHz, 11 MHz, 12 MHz, 13 MHz, 14 MHz, 15
MHz, 20 MHz, 30 MHz, 40 MHz, or 50 MHz. In some
embodiments, the ultrasonic wave has a frequency of from
about 0.2 MHz to about 20 MHz, from about 0.15 MHz to
about 0.6 MHz, from about 0.3 MHz to about 0.4 MHz, from
about 9 MHz to about 11 MHz, or of from about 5 MHz to
about 20 MHz. In some embodiments, the ultrasonic wave
has a frequency of from about 0.1 MHz to about 20 MHz.
In some embodiments, the ultrasonic wave has a frequency
of from 0.1 MHz to 20 MHz. In some embodiments, the
ultrasonic wave has an intensity of less than 500 mW/cm®.

[0146] In some embodiments, the ultrasonic wave has an
intensity of from about or at least about 0.01 W/em?, 0.5
Wiem?, 1 Wiem?, 5 W/em?, 10 W/em?, 25 W/em?, 50
W/em?, 100 W/em?, 150 W/em?, 200 W/em?, 250 W/em?,
300 W/em?®, or 400 W/cm?. In some embodiments, the
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ultrasonic wave has an intensity of less than about 0.01
W/em?, 0.5 Wiem?, 1 Wicm?, 5 W/em?, 10 Wicm?, 25
W/em®, 50 W/em?, 100 W/em®, 150 W/em®, 200 W/em?®,
250 W/em?, 300 W/em?, or 400 W/cm?. In some embodi-
ments, the ultrasonic wave produces a peak negative pres-
sure of from between 0.05 and 3 MPa within a targeted
region.

[0147] Insome embodiments, ultrasonic waves are admin-
istered to a cell or tissue in pulses or bursts. In some
embodiments, the pulse repetition frequency for the pulses
or bursts is from about 0.1 Hz to about 200 Hz, or from about
0.5 Hz to about 2 Hz. In some embodiments, the pulse
repetition frequency is about 1 Hz. In various embodiments,
the vltrasonic waves are administered with a duty cycle from
about 0.005% to about 100%, from about 0.01% to about
50%, from about 0.1% to about 10%. or from about 0.5% to
about 2%. In some embodiments, the duty cycle is about 1%.
By “duty cycle” is meant the fraction of the time duration of
a single on and off cycle of ultrasonic wave administration
over which an ultrasonic wave is actively administered.
[0148] In some embodiments, the method further includes
contacting a transfected or transduced cell, e.g., a neural cell,
with an ultrasound contrast agent prior to applying ultra-
sound. In various embodiments, the ultrasound contrast
agent is a microbubble. In certain embodiments, the
microbubble has a diameter of from about 0.1 um, 0.2 um,
0.3 ym, 0.4 um, 0.5 pm, 0.75 pm, 1 um, 1.5 pm, 2 um, 3 pm,
4 pm, or 5 pm to about 6 um, 7 pm, 8 um, 9 um, 10 um, 50
pm, or 100 pm. In certain embodiments, the neural cell
forms part of an organism. In some embodiments, the
organism is a mammal (e.g., non-human primate, human,
murine, bovine, ovine, rodent, camelid, feline, canine mam-
mal).

Generation of Acoustical Energy (Ultrasound)

[0149] Various devices may be used to generate an ultra-
sound wave, such as acoustic and ultrasonic emitters, trans-
ducers or piezoelectric transducers, composite transducers,
micromachined ultrasound transducers (MUTs) including
capacitive micromachined ultrasonic transducers (cMUTs),
Micro-Electro-Mechanical Systems (MEMS), silicon on
insulator MEMS (SOI MEMS). A device for generating
ultrasound waves may be provided as single or multiple
transducers or in array configurations. The ultrasound waves
may be of any shape, and may be focused or unfocused.
Focal spot size depends on probe active aperture diameter
(A), wavelength (lambda) and focal length (F). The center
deflection of a clamped circular plate under a uniform
pressure can be found from the following equation for a
circular membrane

_Eh4 16y . (7—v)y3 . 4Rlo'y
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where P is the uniform pressure applied on the membrane,
R is the membrane radius, y is the center deflection, ¢ is the
intrinsic stress of the membrane material, E is the Young’s
modulus of the membrane material, and v is Poisson’s ratio
of the membrane material. This equation can be used to
estimate the pressure of the ultrasound waves under a
prescribed membrane deflection. Such emitters may be
made atop a substrate. Multiple substrates may be combined
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to form a single applicator. Multiple applicators may be
combined to form a single probe.

[0150] In some embodiments, an ultrasonic wave is gen-
erated by an opto-acoustic system or transducer, such as that
described, for example, in U.S. Pat. No. 6,022,309 and U.S.
Pat. Appl. Pub. No. 20050021013, the entire disclosures of
which are incorporated herein by reference in their entirety
for all purposes. In some embodiments, ultrasonic waves are
generated by optical energy delivered by pulsed laser light,
optionally guided through an optical fiber. In some embodi-
ments, the optical fiber is disposed within a catheter. In some
embodiments, optical energy is deposited in a water-based
optical energy-absorbing fluid, e.g. saline, thrombolytic
agent, blood or thrombus, and generates an acoustic impulse
in the fluid through thermoelastic and/or thermodynamic
mechanisms. By pulsing the laser at a repetition rate (e.g.,
from 10 Hz to 100 kHz) ultrasonic waves can be established
locally in the medium. In some embodiments, a high rep-
etition rate laser system is used to produce the optical
energy. In various embodiments, the laser light has a pulse
frequency within the range of from about 10 Hz to about 100
kHz, or in the range of from about 20 kHz to about 1,000
kHz, or in the range of from about 0.1 MHz to about 50
MHz, or from about 0.1 MHz to about 20 MHz, or from
about 0.2 MHz to about 10 MHz, or from about 1 MHz to
about 20 MHz, or a wavelength within the range of about
200 nm to about 5000 nm and an energy density within the
range of about 0.01 J/em? to about 4 J/em?. In one embodi-
ment, the pulse frequency is within the range of about 5 kHz
to about 25 kHz. In various embodiments, an optical fiber
used to deliver optical energy to a fluid has a core diameter
of 200 microns or of 100 microns or less.

[0151] Not wishing to be bound by theory, an absorbing
fluid responds thermoelasticly to the deposition of the opti-
cal energy such that a region of high pressure is created in
the fluid in a volume of a composition (e.g., a fluid, blood,
a tissue, a cell, a composition comprising cells, etc.) heated
by the optical energy. The boundary of the high pressure
zone decays into a pattern of acoustic waves and a com-
pression wave propagates away from the energy deposition
region (diverging wave front) and a rarefaction wave propa-
gates towards the center of the energy deposition region
(converging wave front). When the rarefaction wave con-
verges on the center of the initial deposition region, it creates
a region of tensile stress that promotes the formation of a
cloud of cavitation bubbles which coalesce to form a larger
bubble. Eventually, the cavitation bubble collapses resulting
in an expanding acoustic wave. Collapse and subsequent
rebound of the cavitation bubble will generate acoustic
waves in the surrounding fluid, which will carry off a portion
of the energy of the cavity. The collapse and rebound
processes take place on a time scale governed principally by
the fluid density and the maximum size of the initial cavity.
The first collapse and rebound will be followed by subse-
quent collapse and rebound events of diminishing intensity
until the energy of the cavity is dissipated in the fluid. In
some embodiments, subsequent laser pulses are delivered to
repeat or continue this cycle and generate ultrasonic waves
at a frequency or frequencies determined by the laser pulse
frequency.

[0152] The pulsed laser energy source used as described
herein is not limiting and can be based on, as non-limiting
examples, a gaseous, liquid or solid state medium. Rare
earth-doped solid state lasers, ruby lasers, alexandrite lasers,
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Nd:YAG (neodymium-doped yttrium aluminum garnet;
Nd:Y3A15012) lasers and Ho:YLF (neodymium-doped
yttrium lithium fluoride) lasers. Any of these solid state
lasers may incorporate non-linear frequency-doubling or
frequency-tripling crystals to produce harmonics of the
fundamental lasing wavelength. A solid state laser producing
a coherent beam of ultraviolet radiation may be employed
directly with the products, compositions, and methods as
described herein or used in conjunction with a dye laser to
produce an output beam which is tunable over a wide portion
of the ultraviolet and visible spectrum.

[0153] In one aspect, an ultrasonic wave may be generated
in a fluid by: (i) depositing laser energy in a volume of the
fluid comparable to a dimension (e.g., diameter or a maxi-
mum dimension of an area over which laser energy is
absorbed by the fluid) of an optical fiber used to deliver the
laser energy and in a time scale of duration less than the
acoustic transit time across the dimension (as controlled by,
for example, choice of laser wavelength and/or absorbing
fluid); (ii) controlling the laser energy such that the maxi-
mum size of a generated cavitation bubble is approximately
the same as the fiber dimension; and (iii) pulsing the laser at
a repetition rate such that multiple cycles of this process
generate an acoustic radiation field in the fluid. Resonant
operation may be achieved by synchronizing the laser pulse
repetition rate with cavity lifetime. In some embodiments,
operation leads to a fluid-based transducer that cycles at
1-100 kHz with a reciprocating displacement of 100-200
um. In various embodiments, the acoustic waves are propa-
gated into tissue or fluid surrounding the small volume of
fluid.

[0154] In another aspect, an ultrasonic wave may be
generated in a fluid by: (i) depositing laser energy in a small
volume of fluid (as controlled by, for example, choice of
laser wavelength and absorbing fluid) within a blood vessel
or circumvented by a tissue; (ii) controlling the laser energy
such that the maximum size of a vapor bubble generated is
approximately the same as or less than the diameter of a
blood vessel within which the vapor bubble is generated or
the diameter defined by the circumventing tissue within
which the vapor bubble is generated; and (iii) pulsing the
laser energy at a repetition rate such that multiple cycles of
the bubble generation and collapse process generates an
acoustic waves in the fluid. In various embodiments, the
acoustic waves are propagated into tissue or fluid surround-
ing the small volume of fluid.

Methods of Treatment and Cellular Manipulation

[0155] In one aspect, non-invasive therapeutic methods
are provided, which use sound waves (ultrasound) to acti-
vate mechanosensitive cellular transmembrane proteins
(mechanoreceptors) that in turn excite, increase, or inhibit
cellular function, locally and/or downstream of the initial
source of ultrasound application. In another aspect, a method
of altering the function of a sensory unit that innervates a
targeted tissue portion of an animal is provided. In another
aspect, a method of treating or ameliorating a neurological
or neurodegenerative disease or disorder in a subject in need
thereof is provided. In another aspect, a method for manipu-
lating the activity or function of a cell or tissue is provided,
in particular, a mammalian cell or tissue, including a human
cell or tissue. The methods include expressing in a cell or
tissue of a subject a therapeutically effective amount of an
exogenous mechanosensory polypeptide (e.g., MscS, MscL,



US 2023/0340408 A1l

MscK, MscL G228, MscS-like, MscMI, MscMJLR, MscS-
Like 3, MscSfam) and applying ultrasound (an ultrasonic
wave) to the cell or tissue, thereby resulting in a change in
mechanosensory polypeptide conductance, e.g., cation
influx, in the cell or tissue. In an embodiment, the methods
include administering or delivering to a cell or tissue of a
subject a therapeutically effective amount of a recombinant
nucleic acid, a vector, or a viral vector encoding an exog-
enous mechanosensory polypeptide (e.g., MscS, MscL,
MscK, MscL G228, MscS-like, MscMI, MscMJLR, MscS-
Like 3, MscSfam) and applying ultrasound (an ultrasonic
wave) to the cell or tissue, resulting in a change in mecha-
nosensory polypeptide conductance, e.g., cation influx, in
the cell or tissue. In an embodiment, the methods involving
application of ultrasound to a cell are used to manipulate a
tissue or cell ex vivo, in vivo, in situ, or ex situ, or to
modulate the activity or function of the cell. In an embodi-
ment, the methods involve treating or ameliorating a cardiac
disease by modulating, e.g., altering, controlling, enhancing,
or increasing, cardiac muscle activity. In an embodiment, the
methods involve treating or ameliorating a neurological
disease or disorder by modulating, e.g., altering, controlling,
enhancing, or increasing, neural or neuronal cell activity in
the subject. In some embodiments, the neurological disease
or disorder is Parkinson’s disease, depression, obsessive-
compulsive disorder, chronic pain, epilepsy or cervical spi-
nal cord injury. In some embodiments, the method can
include the manipulation of neurons (e.g., deep brain stimu-
lation or other applications), cardiac muscle (e.g., a pace-
maker), urinary bladder, T-cells (e.g., in treatment of cancer
or an immune disease), beta-cells (e.g., insulin production),
or a combination thereof. In embodiments, the neurological
disease is retinal degeneration or atrial fibrillation. In some
embodiments, the neurological disease is a neurodegenera-
tive disease, for example, Alzheimer’s disease, Parkinson’s
disease, motor neuron diseases, Huntington’s disease, spi-
nocerebellar ataxia (SCA), or spinal muscular atrophy
(SMA). In some embodiments, the methods involve treating
or ameliorating an eating disorder. In particular embodi-
ments, the exogenous mechanosensory polypeptide is a
bacterial mechanosensory polypeptide, namely, MscS,
MscL, MscK, MscL G228, MscS-like, MscMJ, MscMILR,
MscS-Like 3, MscSfam, or an ortholog or homolog or
functional portion thereof.

[0156] In some embodiments, the method further includes
administering to the subject, cell, or tissue an ultrasound
contrast agent prior to the application of ultrasound to the
subject, cell, or tissue. In some embodiments, the ultrasound
contrast agent is a microbubble. In some embodiments, the
microbubble has a diameter of from about 0.1 pum, 0.2 pm,
03 um, 0.4 um, 0.5 pm, 0.75 pm, 1 pm, 1.5 pm, 2 um, 3 pm,
4 um, or 5 um to about 6 um, 7 pm, 8 um, 9 um, 10 pm, 50
pm, or 100 pm, and is injected or otherwise introduced into
the body (e.g., the brain), tissue, cell, or culture medium
containing the tissue or cell where it enhances ultrasound
stimulation.

[0157] In various embodiments, the method involves
delivering or applying acoustical energy (ultrasound) to a
targeted tissue or cell. In general, the delivery or application
of the acoustical energy to the targeted tissue or cell is
non-invasive. In some embodiments the target tissue or cell
forms part of a sensory unit. In various embodiments, the
tissue or cell has been configured to express an acoustically
sensitive transmembrane protein, e.g., an exogenous or
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heterologous acoustically sensitive transmembrane protein,
such that when the tissue or cell is exposed to acoustical
energy, a membrane potential of cell or cells comprising the
tissue is modulated at least in part due to exposure of the
acoustically sensitive protein to the acoustical energy. The
tissue or cell may have been genetically or recombinantly
modified to express the acoustically sensitive transmem-
brane protein. The acoustically sensitive transmembrane
protein may be selected from MscS, MscL, MscK, MscL
G228, MscS-like, MscMJ, MscMJLR, MscS-Like 3, MscS-
fam, or an ortholog or homolog thereof

[0158] The acoustical source may be selected from, as
non-limiting examples, a piezoelectric transducer, e.g., a
PZT-based transducer, a composite transducer, a microma-
chined ultrasound transducer, a capacitive micromachined
ultrasonic transducer, and a micro-electro-mechanical sys-
tem. The acoustical source may comprise a silicon-on-
insulator type micro-electro-mechanical system. In some
embodiments, the acoustical energy is delivered transcuta-
neously from an acoustical source. In some embodiments,
the acoustical energy is delivered transcranially. In some
embodiments, the tissue or cell is in the brain, e.g., the
hypothalamus, of a subject. In some embodiments, the tissue
or cell constitutes part of the central nervous system. In
some embodiments, the tissue or cell constitutes part of the
peripheral nervous system. In some embodiments, the
acoustical source is disposed on or within a tissue or organ
of the subject. In some embodiments, the acoustical source
is disposed on or within the brain of the subject. In a
particular embodiment, a nerve cell expressing an acousti-
cally sensitive, heterologous bacterial transmembrane pro-
tein as described herein, e.g., a motor neuron, in one area,
e.g., the spinal cord, is stimulated with acoustical energy
(ultrasound), resulting in activation of nerve cells, e.g.,
motor neurons, in another area, e.g., in downstream muscle
tissue. In some embodiments, the method involves using a
plurality of acoustic emitters to activate cells or tissue(s) of
a subject. In embodiments, the cells are neurons, e.g., motor
neurons, in the spinal cord and/or in downstream muscles.
[0159] In an aspect, a method for sonogenetics-based
neuromodulation in a patient is provided. In some embodi-
ments, the method involves determination of a desired
nervous system functional modulation which can be facili-
tated by sonogenetic excitation and/or inhibition. The
method can further involve a selection of a neuroanatomic
resource within the patient to provide such outcome. The
method can involve causing cells of the neuroanatomic
resource to render them sensitive to acoustical energy. The
method can further involve delivering acoustical energy to
the targeted neuroanatomy to cause controlled, specific
excitation and/or inhibition of such neuroanatomy by virtue
of the presence of the mechanoresponsive protein in cells
thereof. In some embodiments, bacterial mechanosensory
proteins modulate membrane potential of a neuron, or other
type of cell, by transporting ions, e.g., potassium, sodium, or
calcium ions, through the membrane of the cell.

Compositions and Pharmaceutical Compositions

[0160] Compositions comprising cells expressing a heter-
ologous or exogenous bacterial mechanosensory polypep-
tide as described herein are provided. In an embodiment, the
composition is a pharmaceutical composition. Typically, the
carrier or excipient for such a composition is a pharmaceu-
tically acceptable carrier or excipient, such as sterile water,
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aqueous saline solution, aqueous buffered saline solutions,
aqueous dextrose solutions, aqueous glycerol solutions,
ethanol, or combinations thereof. The preparation of such
solutions ensuring sterility, pH, isotonicity, and stability is
affected according to protocols established in the art. Gen-
erally, a carrier or excipient is selected to minimize allergic
and other undesirable effects, and to suit the particular route
of administration, e.g., subcutaneous, intramuscular, intra-
nasal, and the like.

[0161] A composition or pharmaceutical composition is
administered at a dosage or effective amount that amelio-
rates, decreases, diminishes, abates, alleviates, or elimina-
tions the effects of a disease, disorder, or condition, and/or
the symptoms thereof. The composition may be provided in
a dosage form that is suitable for parenteral (e.g., subcuta-
neous, intravenous, intramuscular, intrathecal, or intraperi-
toneal) administration route. The pharmaceutical composi-
tions may be formulated and prepared according to
conventional pharmaceutical practice (see, e.g., Remington:
The Science and Practice of Pharmacy (20th ed.), ed. A. R.
Gennaro, Lippincott Williams & Wilkins, 2000 and Ency-
clopedia of Pharmaceutical Technology, eds. J. Swarbrick
and J. C. Boylan, 1988-1999, Marcel Dekker, New York). A
pharmaceutical composition may be administered parenter-
ally by injection, infusion or implantation (subcutaneous,
intravenous, intramuscular, intraperitoneal, intrathecal, and
the like). Compositions for parenteral use may be provided
in unit dosage forms (e.g., in single-dose ampules), or in
vials containing several doses and in which a suitable
preservative may be added (see below). The composition
may be in the form of a solution, a suspension, an emulsion,
an infusion device, or a delivery device for implantation.
[0162] The practice of the aspects and embodiments
herein employs, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant
techniques), microbiology, cell biology, biochemistry and
immunology, which are well within the purview of the
skilled artisan. Such techniques are explained fully in the
literature, such as, “Molecular Cloning: A Laboratory
Manual”, second edition (Sambrook, 1989); “Oligonucle-
otide Synthesis” (Gait, 1984); “Animal Cell Culture”
(Freshney, 1987); “Methods in Enzymology” “Handbook of
Experimental Immunology” (Weir, 1996); “Gene Transfer
Vectors for Mammalian Cells” (Miller and Calos, 1987);
“Current Protocols in Molecular Biology” (Ausubel, 1987);
“PCR: The Polymerase Chain Reaction”, (Mullis, 1994);
“Current Protocols in Immunology” (Coligan, 1991). These
techniques are applicable to the production of the polynucle-
otides and polypeptides as described herein, and, as such,
may be considered in making and practicing the described
products, compositions and methods. Particularly useful
techniques for particular embodiments will be discussed in
the sections that follow.

[0163] The following examples are put forth so as to
provide those of ordinary skill in the art with a complete
disclosure and description of how to make and use the assay,
screening, and therapeutic methods as described and pro-
vided herein, and are not intended to be limiting.

EXAMPLES
Example 1: Expression of Mechanosensory

Polypeptides in the Mouse Brain

[0164] MscS, Mscl, MscK, Mscl G228, MscS-like,
MscMJ, MscMJILR, MscS-Like 3, and MscSfam polypep-
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tides were identified as candidate bacterial mechanosensory
proteins for expression in neurons in the mouse brain. The
mechanosensitive channel of small conductance (MscS), the
mechanosensitive channel of large conductance (MscL), and
MscK (potassium-dependent mechanosensitive channel) are
derived from Escherichia coli, MscS-like is from Bacillus
halodurans, MscMJ and MscMILR are from Methanocal-
dococcus jannaschii, MscS-Like 3 is from Arabidopsis
thaliana (A. thaliana), and MscSfam is from Archaeoglobus
fulgidus. In particular, MscS is a transmembrane protein that
functions as a nonspecific mechanosensitive channel in the
bacterial cell and opens in response to pressure inside the
bacterial cell (turgor pressure), relieving the pressure before
the cell ruptures. MscS is a hepatamer with three transmem-
brane helices and a large cytoplasmic soluble domain. The
MscS polypeptide constitutes 286 amino acids and is one of
four mechanosensitive channels in . coli that play a role in
osmoregulation. MscS is responsive to membrane pressures
of 5-8 mN/m and does not require any other cellular struc-
tures for gating function. When in its open conformation, the
pore is 13 A in diameter and conducts at 1 nS. Other
members of the MscS channel family can be as large as
1,120 amino acids.

[0165] Nucleotide sequences encoding the polypeptides
were codon optimized for expression in human cells. Poly-
nucleotides, including codon-optimized polynucleotide
sequences, encoding the MscS, MscL, MscK, MscMIJ, and
MscMJLR polypeptides were synthesized and cloned into
adeno-associated virus (AAV) vectors for CRE-dependent
(cyclization recombinase-dependent) expression in neuronal
cells in vitro or in vivo. In particular, the polynucleotide
sequences encoding the codon-optimized polypeptides for
expression in cells, including human cells, such as neurons
in the brain and CNS, are as set forth supra and in SEQ ID
NOS: 3, 6. 9, 11, 14, 17, 20, 23 and 26.

[0166] The virus vectors were then injected into the ven-
tral tegmental area of a mouse that expressed CRE (cycl-
ization recombinase) in dopaminergic neurons. As shown in
FIGS. 1A and 1B, the bacterial polypeptides were expressed
in mouse brain cells following injection.

Example 2: Manipulation of Neurons Using a
Mechanosensory Polypeptide

[0167] Studies were performed to express heterologous
bacterial mechanosensory proteins in the central nervous
system (CNS), e.g.. in neurons, e.g., neurons within the
brain, or in the spinal cord, of animals (mice), subject the
neurons in the animals to ultrasound, and assess the resulting
activity in the animals via electromyography, a technique
that measures muscle response or electrical activity in
response to a nerve’s stimulation of the muscle.

[0168] Bacterial small conductance mechanosensitive
channel (MscS) channel proteins were expressed in motor
neurons in the spinal cord of mice by stereotaxic injection of
AAVs (adeno-associated virus vectors) containing poly-
nucleotides encoding MscS channel proteins into mice
whose motor neurons specifically express CRE (cyclization
recombinase) (FIG. 2A). Electromyography was used to
monitor animals expressing mechanosensory proteins in
motor neurons (FIGS. 2A to 2D). In anesthetized animals,
activating motor neurons using a 385 KHz ultrasound trans-
ducer, but not a 10 MHz transducer, resulted in electrical
signals in downstream muscles (FIGS. 2B and 2C). More-
over, the time course and latency of the ultrasound-evoked
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muscle potentials matched those elicited by electrical
impulses, suggesting that sonogenetics can be used to non-
invasively control motor neurons in vivo (FIGS. 2B to 2D).
Without intending to be bound by theory, ultrasound is likely
causing a complex change in the cell membrane, e.g.,
deflection, and a change in membrane capacitance, which is
detected by the sonogenetic channels.

[0169] In addition, a small PZT-based transducer (a piezo-
electric transducer of lead zirconate titanate (PZT); XMS-
310B Panametrics, Olympus Corporation) was designed to
be positioned on the head of an awake, behaving animal,
e.g., amouse (8-12 weeks old), to deliver ultrasound to the
hypothalamus. AAV-MscS (adeno-associated virus vectors
encoding MscS) were injected into the arcuate nucleus of an
AGRP-CRE (agouti-related protein—cyclization recombi-
nase) mouse, and expression of the channel in AGRP+ve
(agouti-related protein positive) neurons was evaluated and
confirmed (FIG. 3A). A feeding assay was used to test
whether mice expressing MscS in AGRP+ve (agouti-related
protein positive) neurons ate increased amounts of food in
response to ultrasound at 10 MHz (FIG. 3B). The feeding
assay was carried out as described in Aponte, et al., “AGRP
neurons are sufficient to orchestrate feeding behavior rapidly
and without training”, Nature Neuroscience, 14:351-355
(2011), which is incorporated herein in its entirety by
reference for all purposes.

[0170] The above results demonstrate that MScS and other
microbial proteins encoded by human codon-optimized
polynucleotides are heterologously expressed in cells in the
mouse brain and have the ability to manipulate and control
neurons (motor neurons), such as neuronal behavior and
function, in the spinal cord and hypothalamus in a non-
invasive manner upon application of ultrasound to the
neuronal cells.

Example 3: Expression of Codon-Optimized
Mechanosensory Polypeptides in Human Cells

[0171] In addition to the expression of the described
mechanosensitive proteins in neurons within the mouse
brain, the codon-optimized polynucleotides encoding
mechanosensitive proteins (polypeptides) were expressed in
human cells. Such non-naturally occurring, codon-opti-
mized polynucleotide sequences encoding the polypeptides
were synthesized and cloned into viral vectors for CRE-
dependent human cell expression. In particular and by way
of example, codon-optimized polynucleotide sequences
encoding the mechanosensitive polypeptides for expression
in human cells are as set forth supra and in SEQ ID NOS:
3,6,9, 11, 14, 17, 20, 23 and 26.

Example 4: Materials and Methods

[0172] The materials and methods described below were
used in the above-described examples.

Viruses and Injections

[0173] An adeno-associated virus vector harboring a poly-
nucleotide encoding a mechanosensitive bacterial protein as
described herein, namely, AAV9-hsyn1-DIO-myc-mechano-
sensitive protein-encoding polynucleotide, was injected at
5el2 or maximum possible titer along with lel2 AAV9-
hsyn1-DIO-GFP (Addgene #100043-AAV9) diluted in
Hank’s Balance Salt Solution when necessary to achieve the
desired amount of virus. Male and female ~8-10 week old
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DAT-cre mice (Jax stock 006660) were injected unilaterally
at coordinates AP-3.2 ML-0.65 DV-4.3 (ventral tegmental
area) with 750 nL virus. Injections were performed through
small holes drilled in the skull at the appropriate coordinates,
and virus was delivered through a glass needle attached to a
Nanoject iii (Dummond Scientific Company) at 3 nl/s. After
five minutes, the needle was removed, incision was sutured,
and the mouse was allowed to recover for 3 days, followed
by 3 weeks incubation for virus expression. Expression was
confirmed via sacrifice and immunohistochemistry for the
myc tag on the encoded protein.

Immunohistochemistry and Imaging

[0174] After a 3 week incubation, mice were perfused and
fixed with 0.9% saline and 4% paraformaldehyde (PFA)
through a peristaltic pump. Brains were immediately
removed and soaked in 4% paraformaldehyde (PFA) over-
night, then moved to 30% sucrose solution for 48 hours.
Fach brain was sectioned at 35 pm/section into tissue
collection solution (glycerol, ethylene glycol, phosphate
buffered saline (PBS)). Brain sections containing ventral
tegmental area (VTA) were stained by immunohistochem-
istry for myc-tag using tyramide signal amplification (TSA).
Briefly, tissue was quenched for 30 minutes (min) in hydro-
gen peroxide, and then blocked with phosphate buffered
saline (PBS)/10% TRITONX/5% Horse Serum for 1 hour.
Sections were mutated overnight in rabbit anti-myc antibody
(1:500 dilution; Cell Signaling 2272S), followed by a 3 hour
room temperature (RT) incubation in biotinylated donkey
anti-rabbit antibody (1:500 dilution; Jackson Immunore-
search 711-065-152). Sections were then washed in phos-
phate buffered saline (PBS), incubated for 30 min in ABC
(Vector Labs PK-4000), washed in phosphate buffered saline
(PBS), incubated for 30 min in tyramide, washed in PBS,
and mutated (2.5 hours RT) in streptavidin conjugated
Alexa-647 (Thermo Fischer S21374). Finally, sections were
stained with 1:1000 DAPI (4',6-diamidino-2-phenylindole)
and washed in phosphate buffered saline (PBS) before being
mounted onto glass slides to which a cover slip was applied
with Prolong Gold Antifade Mounting Medium (Thermo
Fischer Scientific).

[0175] Images of myc labeling corresponding to protein
expression were collected on a Zeiss Airyscan 880 confocal
microscope. Consistent imaging settings were maintained
throughout to compare relative expression levels of each
candidate protein.

Feeding Assay

[0176] AGRP-cre (agouti-related protein—Cre recombi-
nase) mice were acclimated to feeding behavior boxes prior
to viral injections. Briefly, mice were placed in a plexiglass
cage (12"x12"x18") with smooth walls containing only a
wall-mounted pellet feeder filled with 0.2 g pellets (Preci-
sion Pellets). Mice underwent a 5-day training protocol in
which they were fasted overnight, but food was restored
throughout the day immediately after training. Day 1: mice
were pair acclimated with 20 pellets placed on the floor (30
min). Day 2: mice were singly acclimated with 10 pellets
placed on the floor (30 min). Day 3-4: Mice were singly
acclimated with food only in the pellet feeder (30 min). On
Day 5, mice were placed in the chamber and number of
pellets consumed over 30 minutes was recorded. Only mice
that consumed greater than 10 pellets during training were
used for behavioral studies.
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[0177] Acclimated AGRP-cre mice (males and females
about 8 weeks of age) were injected with AAV9-hSyn-DIO-
GFP or AAV9-hSyn-DIO-MscS targeting the arcuate
nucleus of the hypothalamus. Two weeks later, a metal
ferrule was attached to the skull via dental cement. After a
1-week recovery period, mice underwent a sham training
session in which the ultrasound transducer was attached to
their head (under brief isoflurane anesthesia) via the ferrule
and mice were allowed to recover and explore the feeding
boxes for 45 minutes.

[0178] For testing, mice were briefly anesthetized while
the transducer was attached. Mice were then placed in the
behavior boxes and allowed to recover. Testing was con-
ducted in blocks as follows: 0-5 min: No ultrasound, 5-35
min: intermittent ultrasound stimulation or sham treatment:
35-50 min: no ultrasound. Ultrasound was delivered as
1-second-long bursts comprising 20 ms on, 30 ms off
ultrasound, with 4 seconds without stimulation between
bursts. Number of pellets consumed were recorded in real
time and via video monitoring in 5-minute bins. At the end
of the session, remaining pellets were weighed 1o ensure that
accurate tallies were taken. Sham and ultrasound treatment
sessions were randomized. At least 2 days elapsed between
testing sessions.

Electromyography (EMG):

[0179] Adeno-associated virus (AAVs) expressing MScS
or green fluorescent protein (GFP) controls were injected
into ChAT:Cre expressing animals to drive expression of the
transgene (heterologous polynucleotide) in motor neurons.
Electromyography (EMG) experiments were conducted
between 2-4 weeks after viral injection. Electromyography
(EMG) data were collected under ketamine (100 mg/kg) and
xylazine (10 mg/kg) anaesthesia from the right and left
biceps brachii and right and left biceps femoris through fine
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wire electrodes (A-M Systems 790700) connected to a
PowerLab and BioAmp (AD Instruments). Data were col-
lected at 40 k/sec, bandpass filtered from 300 Hz to 1 kHz.
Correct electrode placement was confirmed by positive
electromyography (EMG) signal in response to pinch. The
skin over the skull was opened, and the 6.91 MHz lithium
niobate ultrasound transducer was coupled to the skull using
ultrasound gel (Parker Aquasonic 100). Ultrasound stimuli
(1 ms, ms, 100 ms durations) were administered at no less
than 10 second intervals at intensities ranging from 0.35-1.
05 MPa, to the lumbar spinal cord. Visual movement of the
right fore or hindlimb in response to stimulation was noted
and electromyography (EMG) responses were analysed for
latency and duration. Only responses occurring after cessa-
tion of the stimulus were considered in the analyses. The
experimenter was blinded as to the group during both
collection and analysis of the data.

OTHER EMBODIMENTS

[0180] From the foregoing description, it will be apparent
that variations and modifications may be made to the aspects
and embodiments as described herein for adapting to various
usages and conditions. Such embodiments are also within
the scope of the following claims.

[0181] The recitation of a listing of elements in any
definition of a variable herein includes definitions of that
variable as any single element or combination (or subcom-
bination) of listed elements. The recitation of an embodi-
ment herein includes that embodiment as any single embodi-
ment or in combination with any other embodiments or
portions thereof.

[0182] All patents and publications mentioned in this
specification are herein incorporated by reference to the
same extent as if each independent patent and publication
were specifically and individually indicated to be incorpo-
rated by reference.

SEQUENCE LISTING

Sequence total quantity: 26
SEQ ID NO: 1 moltype = AA length =
FEATURE Location/Qualifiers
source 1..286
mol_type

286

protein

SEQUENCE: 1

MEDLNVVDSI NGAGSWLVAN
IDATVADFLS ALVRYGIIAF
GVLLVMFRPF RAGEYVDLGG
EPVRRNEFII GVAYDSDIDQ
SNSGDLONVY WDVLERIKRE

SEQ ID NO: 2
FEATURE
source

SEQUENCE: 2
atggaagatt
caggcgetge
ggtttgatta
atcgatgcca
acgctaateg
ggtgccgcay
ggcgtgttac
gtagccggta
aaaattatcg
gagccagtte

tgaatgttgt
tgctaagtta
tegcgeggat
ctgttgetga
cagceetgygg
gcttagetgt
ttgtcatgtt
ctgtgctgag
ttattececgaa
gccgtaacga

organism =

QALLLSYAVN
TLIAALGRVG
VAGTVLSVQI
VKQILTNIIQ
FDAAGISFPY

moltype =

Escherichia coli

IVAALAIIIV GLIIARMISN
VQTASVIAVL GAAGLAVGLA
FSTTMRTADG KIIVIPNGKI
SEDRILKDRE MTVRLNELGA
POMDVNFKRYV KEDKAA

DNA length = 858

Location/Qualifiers

1..858

mol type =
orggnism =
cgatageata
tgcagtaaac
gatttccaac
ttttetttet
acgegtgggt
tggtctgget
ccgeecgtte
tgtgcagatt
cggtaaaatt
atttattatt

genomic DNA
Escherichia coli

gaagetgget
cactegegat
gcetgatgat
gttacggtat
cgtcagteat
cactttctaa
aatatgttga
ccatgegtac
atattattaa
atgattccga

aacggegedg
atcgtggegg
gcggtgaate
gcattagtce
gtacaaacag
ttgcaggggt
cgtgceeggay
ttctecacca
attgecggaa

ggegtggegt

AVNRLMISRK
LQGSLSNLAA
IAGNIINFSR
SSINFVVRVW

ggtagctaac
catcatcgtt
ctecccgtaaa
tatcgecttt
tgetgtacte
cectggeeget
ceteggeggce
tgcagacggt
ctteteeege
tatcgatcag

60

120
180
240
286

60

120
180
240
300
360
420
480
540
600
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30

-continued

gttaagcaga tcctgaccaa tattatccag tctgaagatce gcattttgaa agatcgcgaa 660
atgactgtge gectgaacga acttggtgea tegtcgatta atttegtggt ccgegtetgg 720
agcaacageg gegatetgea aaacgtgtac tgggatgtge tggagegtat taaacgtgaa 780
tttgatgcecg ccggtatcag cttecccgtac ccgcaaatgg atgtgaactt taagcgggtg 840
aaagaagaca aagctgcg 858
SEQ ID NO: 3 moltype = DNA length = 861
FEATURE Location/Qualifiers
misc_feature 1..861

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..861

mol type = other DNA

organism = synthetic construct
SEQUENCE: 3
atggaggatc tgaatgtegt ggactctatce aatggggecyg ggtettgget ggtegetaac 60
caggcactgc tgctgagcta tgetgtgaac attgtggecg ctetggecat cattatcegte 120
gggctgatta tcgctcgecat gatcagtaac gcagtgaata gactgatgat ttcaaggaag 180
atcgatgcta ccgtggcaga cttectgtet gecctggteca gatacggceat tategetttt 240
actctgattg cagccctggg aagggtgggce gtccagaccg cctecgtgat cgetgtectg 300
ggagctgeag gactggcagt gggcectggece ctgcaggggt ctcetgagtaa tctggecget 360
ggcgtgetge tggteatgtt caggeecttt cgegcagggg agtatgtgga tcetgggeggyg 420
gtcgetggaa cagtgetgte cgtccagatt ttctetacca caatgegecac tgecgacgga 480
aagattatcg tgatccccaa cggaaaaatt atcgccggca acattatcaa tttcagccga 540
gagcctgtge ggagaaatga gttcatcatc ggcgtggect acgacagcga tattgaccag 600
gtgaagcaga tcctgaccaa cattatccag tccgaagatce gcatcctgaa agaccgagag 660
atgacagtgc ggctgaacga actgggcgec agetccatca atttegtggt cagagtgtgg 720
tcaaacagcg gggatctgca gaacgtgtac tgggacgtgce tggagcggat caagcgggaa 780
tttgatgcag ccggcatctce attecccctac ccacagatgg atgtcaactt caagagagtc 840
aaggaggata aagccgctta a 861
SEQ ID NO: 4 moltype = AA length = 136
FEATURE Location/Qualifiers
source 1..136

mol type = protein

organism = Escherichia coli
SEQUENCE: 4
MSIIKEFREF AMRGNVVDLA VGVIIGAAFG KIVSSLVADI IMPPLGLLIG GIDFKQFAVT 60
LRDAQGDIPA VVMHYGVFIQ NVFDFLIVAF AIFMAIKLIN KLNRKKEEPA AAPAPTKEEV 120
LLTEIRDLLK EQNNRS 136
SEQ ID NO: 5 moltype = DNA length = 411
FEATURE Location/Qualifiers
source 1..411

mol type = genomic DNA

organism = Escherichia coli
SEQUENCE: 5
atgagcatta ttaaagaatt tcgcgaattt gcgatgcgeg ggaacgtggt ggatttggeg 60
gtgggtgtca ttatecggtge ggcattcggg aagattgtat cttcactggt tgecgatatc 120
atcatgccac cactgggcett attaattggc gggatcgact ttaaacagtt tgetgtcacg 180
ctacgegatg cgcaggggga tatccctget gttgtgatge attacggtgt cttecattcaa 240
aacgtectttyg attttetgat tgtggecttt gecatcttta tggcgattaa gctaatcaac 300
aaactgaatc ggaaaaaaga agaaccagca gecgcaccag caccaactaa agaagaagta 360
ttactgacag aaattcgtga tttgctgaaa gagcagaata accgctctta a 411
SEQ ID NO: ¢ moltype = DNA length = 411
FEATURE Location/Qualifiers
misc_feature 1..411

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..411

mol type = other DNA

organism = synthetic construct
SEQUENCE: 6
atgtctatca tcaaggagtt cagggagttt gccatgagag gaaacgtggt ggacctggca 60
gtgggcgtga tcateggage agecttegge aagategtga gcetceetggt ggecgacatce 120
atcatgccac ctetgggact getgategga ggeatcgatt tcaageagtt tgeagtgace 180
ctgagggacg cacagggega tatccectgea gtggtcatge actacggegt gtttatccag 240
aacgtgtteg actttctgat cgtggectte gecatcttta tggecatcaa gctgatcaac 300
aagctgaatc ggaagaagga ggagccagca gcagcaccag caccaaccaa ggaggaggtg 360
ctgctgacag agatcecggga tctgetgaag gagcagaaca ategeagetg a 411
SEQ ID NO: 7 moltype = AA length = 1120
FEATURE Location/Qualifiers
gource 1..1120

mol type = protein
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31

-continued

organism = Escherichia coli
SEQUENCE: 7
MTMFQYYKRS RHFVFSAFIA FVFVLLCONT AFARASSNGD LPTKADLQAQ LDSLNKQKDL 60
SAQDKLVQQD LTDTLATLDK IDRIKEETVQ LRQKVAEAPE KMRQATAALT ALSDVDNDEE 120
TRKILSTLSL RQLETRVAQA LDDLONAQND LASYNSQLVS LQTQPERVQON AMYNASQQLO 180
QIRSRLDGTD VGETALRPSQ KVLMQAQQOAL LNAEIDQORK SLEGNTVLQD TLQKQRDYVT 240
ANSARLEHQL QLLQEAVNSK RLTLTEKTAQ EAVSPDEAAR IQANPLVKQE LEINQQLSQR 300
LITATENGNQ LMQONIKVEN WLERALQSER NIKEQIAVLK GSLLLSRILY QQQQTLPSAD 360
ELENMTNRIA DLRLEQFEVN QQRDALFQSD AFVNKLEEGH TNEVNSEVHD ALLQVVDMRR 420
ELLDQLNKQL GNQLMMAINL QINQQQLMSV SKNLKSILTQ QIFWVNSNRP MDWDWIKAFP 480
QSLKDEFKSM KITVNWQKAW PAVFIAFLAG LPLLLIAGLI HWRLGWLKAY QQKLASAVGS 540
LRNDSQLNTP KAILIDLIRA LPVCLIILAV GLILLTMQLN ISELLWSFSK KLAIFWLVFG 600
LCWKVLEKNG VAVRHFGMPE QQTSHWRRQI VRISLALLPI HFWSVVAELS PLHLMDDVLG 660
QAMIFFNLLL IAFLVWPMCR ESWRDKESHT MRLVTITVLS IIPIALMVLT ATGYFYTTLR 720
LAGRWIETVY LVIIWNLLYQ TVLRGLSVAA RRIAWRRALA RRQONLVKEGA EGAEPPEEPT 780
IALEQVNQQT LRITMLLMFA LFGVMFWAIW SDLITVFSYL DSITLWHYNG TEAGAAVVKN 840
VTMGSLLFAI IASMVAWALI RNLPGLLEVL VLSRLNMRQG ASYAITTILN YIIIAVGAMT 900
VFGSLGVSWD KLQWLAAALS VGLGFGLQEI FGNFVSGLII LFERPVRIGD TVTIGSFSGT 960
VSKIRIRATT ITDFDRKEVI IPNKAFVTER LINWSLTDTT TRLVIRLGVA YGSDLEKVRK 1020
VLLKAATEHP RVMHEPMPEV FFTAFGASTL DHELRLYVRE LRDRSRTVDE LNRTIDQLCR 1080
ENDINIAFNQ LEVHLHNEKG DEVTEVKRDY KGDDPTPAVG 1120
SEQ ID NO: 8 moltype = DNA length = 3360
FEATURE Location/Qualifiers
source 1..3360

mol type = genomic DNA

organism = Escherichia coli
SEQUENCE: 8
ccctaccget ggecgtegggt catcgecttt gtagtcgegt tttactteeg tcacctcatce 60
gcectteteg ttgtgcagat gcacttcaag ctggttaaag gcaatgttga tgtcgttttc 120
acggcacagce tgatcgatag tacggttcag ctcatcgaca gtacgactac ggtcacgcag 180
ttcacgcaca tacagacgca gctcatgate caacgtgetg gecaccaaatg ccgtaaagaa 240
gacttecgge attggttegt geatcacecet tgggtgetea gtegecgecet tcagtaacac 300
tttacgcact ttttccagat cggagccata ggccacgccg agacggatca ccagacgcgt 360
agtagtgtca gtcaacgacc agttgatcag acgctcggta acaaacgctt tgttcgggat 420
gatcacttct ttgcgatcga aatcggtaat cgttgtcgca cgaatacgga tcttacttac 480
cgtcceccgayg aagctaccaa tggttaccgt atcgecaata cgcaccggac gttcgaatag 540
aatgatcaaa ccggagacga agttaccgaa aatttcttgt aaaccaaaac caagacctac 600
ggataatgct gcggccagcc actggagttt atcccaagag acgcccagcg atccgaacac 660
cgtcatcgca ccaacagcaa taatgatgta gttaaggatg gtagtaatgg catacgacgc 720
gcectggege atattcagtc gcgagagcac cagcacttcece agtaaaccag gcaggttgeg 780
aatcaacgcce caggcecacca ttgaggegat aatcgcaaac aacagactge ccatggtgac 840
gtttttcace accgecagege cagcettcagt gecgttgtaa tgecagageg tgatgetgte 900
gagatagctg aacacggtga tcaaatcgga ccaaattgcc cagaacatga caccgaacag 960
cgcaaacatc agcaacatgg taatacgcag cgtctgctgg ttaacttgct ccagtgcaat 1020
ggtgggttct tccggeggtt cagcacctte tgcgecctet ttcaccagat tcetgeccgacg 1080
cgccagcgca cgacgccagg cgatacgecg cgecgctacg cttaagecac gcagtaccegt 1140
ctggtacagc aggttccaga tgatcaccag ataaacggtt tcaatccage gtcctgecag 1200
acgcagcgta gtgtagaagt agcctgtagc agtcagcacc atcagcgcaa tcgggattat 1260
cgacagcacg gtaatggtga ccagtcgcat ggtgtgcgac tctttatcac geccagcettte 1320
gcggcacate ggccatacca ggaaggcaat cagcagcagyg ttgaagaaaa tcatcgettg 1380
cceccageaca tcatecatca gatgcagegg ggaaagttet gecaccacag accagaaatg 1440
gataggcage aatgcgagac tgatgeggac aatttgeega cgecagtgge tggtetgetg 1500
ttceggcatg ccgaagtgac gtacggcaac gccgttttte tccagtacct tccagcacag 1560
gccaaacacc agccagaata tcgccagttt tttgctgaac gaccatagca gttcgctgat 1620
gttgagctge atggtcaaca gaatcaggcc aaccgcgaga ataatcaggce acaccggcag 1680
cgcacggate aggtcgataa ggatcgcttt tggtgtgttg agetggetgt cgttacgcag 1740
ggaacccaca gcggaagcca gtttttgttg atacgettte ageccagccca gacgccagtg 1800
gatcagcccg gcaatcaaca gcagcggcaa accagcgagyg aaagcgataa aaacggcggg 1860
ccaggctttt tgccagttca ccgtgatttt catcgactta aattcatctt tcaggcetttg 1920
cgggaacgct ttgatccagt cccagtccat tggacggtta ctgttcacce aaaagatttg 1980
ctgagtcagg atggatttca ggtttttcga cacactcatt aactgetget ggttgatttg 2040
caggttaatg gccatcatca gctggttacc caactgtttg ttgagttgat ccagcaattc 2100
gcgacgcata tcaaccactt gcaataacgce atcgtgaact tcgetgttga cttegttggt 2160
gtgaccttct tccagtttgt tgacgaacgc atcgctctgyg aagagtgcat cacgctgetg 2220
gttaacttca aactgttcga gacgcaaatc cgcgatgegyg ttggtcatgt tttceccagttce 2280
atcegecgag ggeagegttt gttgttgetyg gtaaaggata cgagacaaca gcaggetgee 2340
cttcaggacg gcaatctgct ctttaatatt gcgttccgat tgcagecgcecce gctccagceca 2400
gtttttgact ttaatgtttt gctgcatcaa ctgattaccyg ttttcagtcg cggtaatcag 2460
acgctgactt aactgctggt taatttccag ttcctgctte accagcggat tagecctgaat 2520
acgegegget tcateecgggg agacggette ctgegecgtt tttteggtta aagtcaggeg 2580
cttgctgttt accgettctt gcaacagttg taactggtgce tccagacgag cgctgttcge 2640
cgtcacgtaa tcacgttgct tttgcaaggt atcctgcaag acggtgttcce cttecagget 2700
tttacgctge tggtcaatct ccgcattcag caacgcctgce tgggectgca ttaacacttt 2760
ctggcetggga cgtaaggetg tcetegecgac atcagtecca tccagacgac tgcgaatttg 2820
ttgcagctge tgcgaagcgt tatacatcge attttgcacg cgttegggct gcgtctgtaa 2880
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cgaaaccagce tggctgttat aagacgccag atcgttttgt gegttttgca aatcgtccag 2940
cgectgggea acgegagttt ccagetggeg caacgacage gtgctcagaa ttttgegegt 3000
ttettegteg ttategacat cgetaagtge tgttaacgee geggtegect ggegeatttt 3060
ttceggeget tcagegactt tttgccgtag ctgaactgte tcttetttta tgcgatcgat 3120
tttatcgagg gtggctaatg tatctgtcag atcctgctge accagtttgt cctgagcaga 3180
aagatctttt tgtttattta gtgagtcaag ttgcgcectge aggtecgcett ttgteggcag 3240
atcaccattc gatgacgcece gcgcaaacgc cgtgttctgyg cataacaaga caaaaacaaa 3300
agcaataaat gctgaaaaaa caaaatgccg tgatcgtttg taatactgga acatagtcat 3360

SEQ ID NO: 9 moltype = DNA length = 3363
FEATURE Location/Qualifiers
misc_feature 1..3363

note = Description of artificial sequence: synthetic

polynucleotide sequence
source 1..3363

mol _type = other DNA

organism = gynthetic construct
SEQUENCE: 9
atgaccatgt tccagtacta taagcggtct cgeccactteg tgtttagege ctttatcgee 60
ttcgtgtttyg tgctgctgtg ccagaacaca geccttcgeca gggccagcte caatggegat 120
ctgecctacca aggccgacct gcaggeccag ctggattece tgaacaagea gaaggatcetg 180
tctgecccagy acaagetggt gcagcaggat ctgacagaca ccctggecac actggataag 240
atcgaccgea tcaaggagga gaccgtgeag ctgaggeaga aggtggeaga ggecaccagag 300
aagatgaggce aggcaacagc cgccctgacc gccctgagceg acgtggataa tgacgaggag 360
acaaggaaga tcctgtctac cctgagectg aggcagctgg agacaagggt ggcacaggcc 420
ctggacgatc tgcagaacgce ccagaatgac ctggectect acaactctca getggtgtee 480
ctgcagaccce agcccgagag agtgcagaac gccatgtata atgccagcca gcagectgcag 540
cagatcaggt ccagactgga tggaacagac gtgggagaga ccgcectgag gecttctcag 600
aaggtgctga tgcaggcaca gcaggccctg ctgaacgcag agatcgatca gcagaggaag 660
agcctggagyg gcaatacagt gctgcaggac accctgcaga agcagagaga ttacgtgaca 720
gccaatteceg cceggcetgga gcaccagetg cagctgetge aggaggccgt gaactccaag 780
agactgacac tgaccgagaa gaccgcacag gaggecgtgt ctecagacga ggecgecaga 840
atccaggeca acectetggt gaageaggag ctggagatea atcageaget gtetcagegyg 900
ctgatcacag ccaccgagaa cggcaatcag ctgatgcagc agaacatcaa ggtgaagaat 960
tggctggage gcgcectgca gagcgagagg aacatcaagg agcagatcge cgtgctgaag 1020
ggcagectge tgcetgtcecag aatcctgtat cagcagcage agacactgec atccgecgat 1080
gagctggaga acatgaccaa tagaatcgcec gacctgcgge tggagcagtt tgaggtgaac 1140
cagcagcggg acgccectgtt ccagtctgat gectttgtga ataagctgga ggagggccac 1200
accaacgaag tgaatagcga ggtgcacgac gcactgctge aggtggtgga tatgaggaga 1260
gagctgctgy accagctgaa caagcagctg ggcaatcagce tgatgatggc catcaacctg 1320
cagatcaatc agcagcagct gatgtctgtg agcaagaatc tgaagtctat cctgacacag 1380
cagatcttet gggtgaacag caatagacca atggattggg actggatcaa ggecttecce 1440
cagtctetga aggacgagtt taagagcatg aagatcaccg tgaactggca gaaggectgg 1500
cctgcegtgt tcategectt tcetggcagga ctgccactge tgctgatcge aggactgatce 1560
cactggaggce tgggatggct gaaggcatac cagcagaagc tggcctctge cgtgggcage 1620
ctgcgcaacg attctcaget gaatacaccce aaggccatcce tgatcgacct gatcagggcce 1680
ctgcecegtgt gectgatcat cctggcecgtyg ggcctgatcee tgctgaccat gcagetgaat 1740
atctcecgage tgctgtggte cttcetctaag aagctggeca tettetgget ggtgtttgge 1800
ctgtgctgga aggtgctgga gaagaacggc gtggccgtga gacactttgg catgccagag 1860
cagcagacaa gccactggcg gcgccagatce gtgcggatcet ccetggecct getgecaate 1920
cacttectggt cecgtggtgge agagetgtcet ccactgcacce tgatggacga tgtgetggge 1980
caggccatga tcttetttaa tetgetgetg atcegecttte tggtgtggee tatgtgcaga 2040
gagagetgge gggacaagga gtcccacace atgaggetgyg tgacaatcac cgtgetgage 2100
atcatcccaa tcgcectgat ggtgctgaca gccaccgget acttctatac cacactgege 2160
ctggcecggca ggtggatcga gaccgtgtac ctggtcatca tctggaacct gctgtatcag 2220
accgtgctga ggggactgte cgtggccgee aggagaatcg catggaggag ggecctggee 2280
aggaggcaga atctggtgaa ggagggagca gagggagcag agcecacctga ggagcccacce 2340
atcgececctgg agcaggtgaa ccagcagaca ctgaggatca ccatgctgct gatgttcgee 2400
ctgtttggcg tgatgttctg ggccatctgg agcgatctga tcacagtgtt ttcctacctg 2460
gactctatca cactgtggca ctataacgga accgaggcag gagcagcagt ggtgaagaat 2520
gtgaccatgyg gctctctget gttegecate atcgecagea tggtggectg ggcececctgatce 2580
agaaacctge ctggectget ggaggtgcetg gtgetgteca gactgaatat gcggcaggge 2640
gcctcettacg ccatcaccac aatcctgaac tatatcatca tcgecegtggg cgccatgace 2700
gtgtttggca goectggygcgt gtectgggat aagetgcagt ggetggecgce cgecctgage 2760
gtgggactgyg gcttcggcct gcaggagatc ttcggcaact tcgtgagcgg cctgatcatc 2820
ctgtttgage gcccagtgag gatcggcgac acagtgacca tcggcagett ctceggcaca 2880
gtgagcaaga tcaggatcag ggecaccaca atcaccgatt tegacagaaa ggaagtgate 2940
atccccaaca aggectttgt gacagagcegg ctgatcaatt ggagectgac cgataccaca 3000
accaggctgyg tcatcaggct gggagtggca tacggcteeg acctggagaa ggtgcgcaag 3060
gtgctgctga aggcagcaac cgagcaccct agagtgatgc acgagccaat gcccgaggtg 3120
ttetttacag cetttggege ctcecaccetg gaccacgage tgagactgta tgtgegggag 3180
ctgagggaca gatctcggac agtggatgag ctgaacagaa ccatcgatca gctgtgccgg 3240
gagaacgaca tcaatatcgc cttcaaccag ctggaggtgc acctgcacaa tgagaagggc 3300
gatgaggtga cagaggtgaa gagggactac aagggcgacyg atcctacccc agcagtggga 3360
tga 3363
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SEQ ID NO: 10 moltype = AA length = 136
FEATURE Location/Qualifiers
gource 1..136
mol type = protein
organism = Escherichia coli
SEQUENCE: 10

MSIIKEFREF AMRGNVVDLA VSVIIGAAFG KIVSSLVADI IMPPLGLLIG GIDFKQFAVT 60
LRDAQGDIPA VVMHYGVFIQ NVFDFLIVAF AIFMAIKLIN KLNRKKEEPA AAPAPTKEEV 120

LLTEIRDLLK EQNNRS 136
SEQ ID NO: 11 moltype = DNA length = 408
FEATURE Location/Qualifiers
misc feature 1..408

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..408

mol type = other DNA

organism = synthetic construct
SEQUENCE: 11
atgtctatca tcaaggagtt ccgggagttt gccatgagag gcaacgtggt ggacctggee 60
gtgagcgtga tcatcggage agecttegge aagategtga gcagectggt ggecgacatce 120
atcatgccac ctetgggact gectgatcegga ggeatcgatt tcaagcagtt tgcagtgace 180
ctgagggacg cacagggega catccctgec gtggtcatge actacggegt gtttatccag 240
aacgtgttcg actttctgat cgtggccttc gccatcttta tggccatcaa gctgatcaac 300
aagctgaata ggaagaagga ggagccaget geegecccag caccaaccaa ggaggaggtg 360
ctgctgacag agatcaggga tctgctgaag gagcagaaca atcgcage 408
SEQ ID NO: 12 moltype = AA length = 361
FEATURE Location/Qualifiers
gource 1..361

mol type = protein

organism = Methanocaldococcus jannaschii
SEQUENCE: 12
MTITQMISEI LMHNTVYNYI LSLISIILFI VIGKYANALI ERLADKLHKK SGIELDELLI 60
RALSLPVAIA IILSGFYFGV NFLYLLPSLK TAVNEGILTA FILCVVVFFD RFLNELVERY 120
LALTISKKTK KDVDDQIVVL TKKLVRLVVW VVGLLLILSN LGYDIKTLLA GLGIGGLAVA 180
LASQNLVSNL IAGLIILTDK PFKIGNWITF SGGSGIVEDI GIRSTKIRAT DNSIIVVPNS 240
KLIDEIIQNV PSKNKWKVST TIGVTYNTPV EKIRKAEEII KNILLEHPNV EDEPITVYFK 300
EFGDWSLNIQ VVYYIKNSRY NGYQKYISTI NEVNLKIKEE FDRKGIEFAF PTYTLYLKRD 360
D 361
SEQ ID NO: 13 moltype = DNA length = 1083
FEATURE Location/Qualifiers
source 1..1083

mol type = genomic DNA

organism = Methanocaldococcus jannaschii
SEQUENCE: 13
atgacaataa ctcaaatgat aagtgagatt ttaatgcaca atactgtata taattatatt 60
ctgtctctaa tctcaattat tttatttatt gttattggga aatatgcaaa tgcacttatc 120
gaaagacttg cagataaatt gcataaaaag agcggtatag aattggatga acttctaatt 180
agggctttat ctctacctgt agcaatagca ataatattat ctggatttta ctttggagta 240
aattttectgt atcttectece ctecattaaaa acagcagtaa atgaagggat tttaactgee 300
tttatattgt gtgttgttgt attttttgac agatttctta atgaacttgt agaaaggtat 360
ttagccctaa caatatcaaa aaagacaaaa aaagatgttg atgaccaaat tgttgtttta 420
accaaaaagc tcgttagatt agttgtgtgg gttgttggat tgttgttaat tttgagcaat 480
cttgggtatg atataaaaac tttacttgct ggtttgggta ttggtggttt agectgtgget 540
ttagcgtcte aaaatcttgt ttctaattta atcgctggtt tgataatttt aactgataaa 600
ccatttaaga ttggaaattg gataactttc agtggtggta gtggaattgt tgaagatatt 660
ggaataagaa gcacaaagat aagggcaaca gacaactcaa taatcgtagt tccaaactca 720
aaacttatag atgaaattat tcaaaatgtt ccatctaaaa ataagtggaa ggtttcaaca 780
actataggag taacttataa tacaccagtt gaaaaaataa ggaaggcaga ggaaattata 840
aaaaatatce tcttagaaca tccaaatgta gaggatgaac caataacagt ttattttaag 900
gaatttggag attggagtct aaatatccaa gtagtttatt atattaaaaa cagcagatat 960
aatggttatc aaaagtatat tagcacgata aatgaagtta atttgaaaat aaaagaggaa 1020
tttgatagaa aaggaattga atttgcattc ccaacttata cattatattt aaaaagagac 1080
gat 1083
SEQ ID NO: 14 moltype = DNA length = 1083
FEATURE Location/Qualifiers
misc_feature 1..1083

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..1083

mol type = other DNA

organism = gynthetic construct

SEQUENCE: 14
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atgaccatca cacagatgat cagcgagatc ctgatgcaca acaccgtgta caattatatce 60
ctgagectga tetecatcat cctgtteate gtgatcggea agtacgecaa tgeectgate 120
gagaggctygg ccgacaaget gcacaagaag tccggeateg agetggatga getgetgate 180
cgegeectgt ccetgectgt ggcaatcgece atcatcctgt ctggettcta ttttggegtg 240
aactttctgt acctgctgcc atctctgaag accgccgtga atgagggcat cctgacagecc 300
ttcatcctgt gegtggtggt gttetttgac aggtttctga acgagcetggt ggagagatac 360
ctggcectga ccatctctaa gaagacaaag aaggatgtgg acgatcagat cgtggtgctg 420
accaagaagc tggtgagact ggtggtgtgg gtggtgggec tgetgctgat cctgagcaat 480
ctgggctacg acatcaagac actgctggec ggactgggaa tcggaggect ggeegtggee 540
ctggcecteee agaacctggt gtctaatetg atcgecggec tgatcatccet gaccgataag 600
ccetteaaga teggcaactg gatcacattt tetggaggea geggaategt ggaggacatce 660
ggcatccegga gcaccaagat cagagecaca gataacagca tcategtggt gecaaattec 720
aagctgateg acgagatcat ccagaacgtg cectcetaaga ataagtggaa ggtgagcace 780
acaatcggeg tgacctataa cacacctgtg gagaagatcc ggaaggccga ggagatcatc 840
aagaacatcc tgctggagca ccccaatgtg gaggacgagc ctatcaccgt gtacttcaag 900
gagtttggcg attggtcect gaatatccag gtggtgtact atatcaagaa cagceggtac 960
aatggctate agaagtacat ctccacaatc aacgaagtga atctgaagat caaggaggag 1020
ttcgatecgga agggcatcga gttegecttt cccacctata cactgtacct gaagagagac 1080
gat 1083
SEQ ID NO: 15 moltype = AA length = 350
FEATURE Location/Qualifiers
source 1..350

mol type = protein

organism = Methanocaldococcus jannaschii
SEQUENCE: 15
MNMEIFGNSI SNILIFVVIT LLGIFIGKIV DKIVRNYLKK IIDKTKTKFD DIILESIDLP 60
IIVLVVTLFF YFGLRFLILP DYILKLIDEA VKVVVILSAT YFAVKFIDGI FEHYLIPLTE 120
KTETELDEHI IKPLKKVVKI LTILLGILTA LSSVGYDITA LLAGLGVGGL ALALAMQDTI 180
KNFIAGILIL IDKPFSLGHW VKVKGAEGIV EEIGIRSTRI RTFDYTLITI PNSELLDSAI 240
ENLTVRDRRR VLMTIGLTYN TPVEKIKRAK EIIKEIVENH PATLPPYRVH FREYGDWSLN 300
LRVEYFVRNM GFDYYLNAVD EINLKIKEEF EKEGIEMAFP TYTVYLEKDN 350
SEQ ID NO: 16 moltype = DNA length = 1050
FEATURE Location/Qualifiers
source 1..1050

mol type = genomic DNA

organism = Methanocaldococcus jannaschii
SEQUENCE: 16
gttatcttte tccaaataaa cagtatatgt tgggaatgcc atctctatcc cttettttte 60
aaattcctcet tttatcttca aatttatttce atcaacggca tttaaatagt aatcaaatce 120
catgtttcta acaaagtatt ctaccctcaa atttaaactc caatctccat attecctaaa 180
atgcacteta tatggaggga gagtagetgg atgatttteca acaatctett ttattatcte 240
cttagcccte ttaattttet ctaccggtgt gttataagtt aaaccgatag tcattaaaac 300
ccttctteta tctctaactg ttaagttttc aatggctgaa tccaacaatt ctgagtttgg 360
gatagttatt aaagtgtaat caaaagttct aattcgtgtg cttcttattc caatcteccte 420
tacaatccct tcagcccctt taactttaac ccaatggect aaactaaagyg gtttgtcaat 480
caatattaaa atcccagcaa tgaagttttt tatggtgtect tgcatagcca aagctaaagce 540
taaacccect actectaaac cagccaataa agcagtgata tcataaccaa cagagcttaa 600
agccgttaat ataccaagaa gtattgttaa tatctttaca acttttttca atggctttat 660
tatgtgttcg tccaactetg tttetgtett tteggttaat ggaattaggt agtgttcaaa 720
tatcccatca ataaatttaa ctgcaaaata tgtagccgat aagataacta caacttttac 780
tgecttecatet atcaacttga gtatataatc tggcagaatt aaaaatctta acccaaaata 840
gaaaaacaat gtaactacta acacaataat tggtaaatca atagactcta atattatatc 900
atcgaatttt gtttttgttt tatctatgat ttttttgaga taatttctaa ctattttatc 960
cacaattttt ccaatgaaaa tacccaatag agttataaca acaaaaataa gtatattaga 1020
tatgctgtte ccaaaaattt ccatattcac 1050
SEQ ID NO: 17 moltype = DNA length = 1050
FEATURE Location/Qualifiers
misc_feature 1..1050

note = Description of artificial sequence: gynthetic

polynucleotide sequence
source 1..1050

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 17
atgaacatgg agatcttegg caactctatce agcaatatcee tgatettegt ggtcatcace 60
ctgctgggea tcetttategg caagatcgtg gacaagateg tgegcaatta cctgaagaag 120
atcatcgata agaccaagac aaagtttgac gacatcatcc tggagtctat cgacctgcce 180
atcategtge tggtggtgac actgttettt tactteggee tgeggtttet gatcctgect 240
gactatatcc tgaagctgat cgatgaggcc gtgaaggtgg tggtcatcct gagecgccacc 300
tacttcgeeyg tgaagtttat cgacggcatc ttcgagcact atctgatcce actgacagag 360
aagaccgaga cagagctgga tgagcacatc atcaagcccc tgaagaaggt ggtgaagatc 420
ctgaccatee tgetgggeat cctgaccegece ctgagcageg tgggetatga catcaccgee 480
ctgectggecg gactgggagt gggaggcctg gccctggece tggccatgca ggacacaatc 540
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aagaacttca tcgecggeat cctgatectg atcgataage ccttcagect gggecactgg 600
gtgaaggtga agggagcaga gggaatcgtg gaggagatcg gcatcagate caccegcatce 660
cggacatteg attacaccet gatcacaate cecaactecg agetgetgga ctetgecate 720
gagaatctga ccgtgagaga tcggagaagg gtgctgatga caatcggcct gacctataac 780
acacctgtgg agaagatcaa gagggccaag gagatcatca aggagatcgt ggagaatcac 840
ccagccaccee tgeccectta cagagtgcac tttagggagt atggcgactyg gteccctgaac 900
ctgcgegtgg agtacttegt gcggaatatg ggetttgact actatctgaa cgecgtggat 960
gagatcaatc tgaagatcaa ggaggagttc gagaaggagyg gcatcgagat ggectttect 1020
acctacacag tgtatctgga gaaggataat 1050
SEQ ID NO: 18 moltype = AA length = 678
FEATURE Location/Qualifiers
gource 1..678

mol type = protein

organism = Arabidopsis thaliana
SEQUENCE: 18
MMMRTVALPL SHDLNVHKIH EASGFHNSAA GKNRVYLTRT GLSSCATRQD VWSLQLLESL 60
SGSIVPVSSR CNAFVCRSAL SPGNGNEGPI LKSTAVIFTR VYDALGGNPH LVKLIPAVGI 120
LAFATWGLRP LLRLARTTLF EKGNDANSQK SSTQYIVVSY LQPLLLWSGA ILLCRTLDPI 180
VLPSSAGQAI KQRLLIFARS ISTVLAFSCC LSSLLQQVQK FFMETNNPAD TRNMGFSFAG 240
KAVYTAAWVA AASLFMELLG FSTQKWLTAG GLGTVLLTLA GREILTNFLS SIMIHATRPF 300
VLNEWIQTKI GGYEVSGTVE QVGWWSPTII RGDDREAVHI PNHQFSVNIV RNLTQKTHWR 360
IKTHLAISHL DVSKINNIVA DMRKVLSKNP QIEQQKIHRR VFLEDIDPEN QALRILISCF 420
VKTSRFEEYL CVKEAVLLDL LTVIRHHGAR LATPIRTVQR MRNEAEVDTA GFSDIVFNQA 480
AMNRRYMLIE PSYKINSDDN SKSPSPSPGQ KSPSPGQKSE ERDLQEEPSE TKAETENNGS 540
VPVSNAKKEN QKAALGSNSN TGTKGSSTST SDQPVAQKSE EKKKESVGDP HKAEKDEVSD 600
DEATIEQTLK SKAKQGSEKN NGESKARDGG GSGTSSLLEE NLVLGVALDG SKRTLPIDEE 660
HKASGALMDS EELGIGSE 678
SEQ ID NO: 19 moltype = DNA length = 2034
FEATURE Location/Qualifiers
gource 1..2034

mol type = genomic DNA

organism = Arabidopsis thaliana
SEQUENCE: 19
atgatgatgc gtactgttgce tttaccattg tcccatgate tgaatgttca taagatccat 60
gaagcttetg gatteccataa tagtgctgct ggtaaaaatc gtgtgtatct gactcggact 120
ggtctttcat catgtgccac gagacaagac gtttggagte ttcagctact agagagcttg 180
agtggttcaa tagtacctgt atcatctagg tgtaatgcat ttgtttgceg gtcagctcte 240
tctocctggga atggaaatga aggcecctatt cttaaatcaa ctgcagtaat attcacaagg 300
gtatatgatg ctttaggtgg aaatcctcat ttagtgaaac taattccage ggttgggatt 360
cttgcatttg ctacatgggg tcttagacce cttetgegec ttgecagaac tacectgttt 420
gagaagggga atgatgcaaa ttcacagaag agtagcacgce agtacattgt tgtgtcatat 480
cttcaacctt tgctgctttg gagcggagca atccttttat gcagaacatt ggacccaata 540
gtattgcctt caagtgccgg ccaggctatt aaacagcgte ttctgatctt tgcteggtce 600
atatcaacgg tgttggcatt ttectgetgt ttatcaagece tacttcagea ggtgcagaaa 660
ttttttatgg agacaaataa tcctgctgat accagaaata tgggtttcag ttttgctgga 720
aaagctgttt acactgctgce gtgggttget getgctteat tgtttatgga actgttagge 780
ttctctacce aaaaatgget aacggcetggg ggtctgggga cagtactget aactcttget 840
ggccgtgaga tacttactaa ctttetttca agcattatga ttcatgctac acggeecttt 900
gttctgaatg agtggatcca gaccaagata ggaggctatg aagtttetgyg cacagtagag 960
caagtcggtt ggtggtcacce tacaattatce agaggtgatg accgggaage agttcatatt 1020
cctaaccace agttcagtgt gaatattgtg agaaatctceca ctcagaagac gcattggege 1080
atcaaaacac atcttgccat cagtcatctt gatgtcagca aaattaataa tatcgtgget 1140
gatatgcgca aggtgttgtc taaaaatcct caaatcgagce agcaaaaaat acacagaaga 1200
gtctttectgy aggatataga tccagagaac caagccctta ggattctaat atcctgtttt 1260
gtcaagactt cacgttttga agaatacctg tgcgttaagyg aagcagtgcet cttggatctt 1320
cttactgtta ttaggcatca cggggcacgt ctagcaactc ccattagaac agtacagagg 1380
atgcgtaatg aggctgaggt ggacactgca ggattttcag acatcgtttt caatcaagca 1440
gcaatgaacc gccgatacat gctgattgag ccatcttata aaatcaacag cgatgacaat 1500
tcaaagtete cctecacccag cccagggcaa aagtcaccca gcccagggca aaagagtgaa 1560
gaaagggacc ttcaagaaga accatcggaa accaaggecg aaacagaaaa caacggatcg 1620
gtgccggttt caaatgccaa aaaggaaaac cagaaagcgg ctcttggttc caactccaat 1680
acaggcacta agggttcatc aacctcaaca tctgaccage cagtagcaca aaagtcagaa 1740
gaaaagaaga aagagagcgt gggagatcca cataaagcag agaaggatga agtttctgat 1800
gacgaagcta caatagagca gacactgaaa tcaaaagcaa aacaagggag cgagaaaaac 1860
aatggagagt cgaaagcteg agatggtggt gggtecggta ctagttettt actggaggag 1920
aatcttgtte ttggtgttgc gttggatggce tcaaaacgta cactcccgat tgatgaagaa 1980
cacaaagcat ctggtgcact aatggattca gaagaacttg gtattggatc agaa 2034
SEQ ID NO: 20 moltype = DNA length = 2034
FEATURE Location/Qualifiers
misc_feature 1..2034

note = Description of artificial sequence: synthetic

polynucleotide sequence

source 1..2034
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-continued

mol_type = other DNA

organism = gynthetic construct
SEQUENCE: 20
atgatgatgce ggacagtggc cctgccactg tcccacgace tgaacgtgca caagatccac 60
gaggcctcetg gattccacaa cagcgccgca ggcaagaata gggtgtacct gaccaggaca 120
ggactgagca gctgegcaac cagacaggac gtgtggtcce tgcagetget ggagtecctg 180
tctggcagea tegtgccegt gtectagecgg tgcaacgect tegtgtgcag atccgecctyg 240
tctoctggea acggcaatga gggcccaatce ctgaagagca ccgecgtgat ctttacaagg 300
gtgtatgacg cactgggagg aaatccacac ctggtgaagc tgatccctge agtgggcatc 360
ctggcetteg ccacctgggg actgcegeect ctgetgagge tggeccgceac cacactgttt 420
gagaagggca acgacgccaa tagccagaag tcctctacac agtacatcgt ggtgagetat 480
ctgcagecac tgetgetgtg gteeggagea atcetgetgt gecggacect ggacccecate 540
gtgetgeeca geteegeegy acaggecate aagcagagge tgetgatett cgecegetece 600
atctctacag tgctggcctt ttcctgectgt ctgtctagece tgctgcagca ggtgcagaag 660
ttctttatgg agaccaacaa tcctgccgat acacgcaaca tgggcttcte ttttgecgge 720
aaggcegtgt acaccgcage atgggtggece gecgecagec tgttcatgga getgetggge 780
tttagcacce agaagtggct gacagcagga ggactgggca ccgtgctget gacactggee 840
ggaagggaga tcctgacaaa cttcetgtece tctatcatga tccacgccac ccgeeecttt 900
gtgctgaatg agtggattca gaccaagatc ggcggctatg aggtgtccgg cacagtggag 960
caagtgggct ggtggtctcc aaccatcatc cggggcgacg atagagaggc cgtgcacatc 1020
cccaatcace agttectecgt gaacatcgtyg aggaatctga cccagaagac acactggcege 1080
atcaagacce acctggcecat ctcecacctg gacgtgtceta agatcaacaa tategtggee 1140
gatatgcgga aggtgctgag caagaaccca cagatcgage agcagaagat ccaccggaga 1200
gtgtttctgg aggacatcga tcccgagaat caggccctga gaatcctgat cagectgette 1260
gtgaagacaa gcagatttga ggagtacctg tgcgtgaagg aggccgtgct gctggacctg 1320
ctgaccgtga tcaggcacca cggcgcecaga ctggcecacce caatcaggac agtgcagagyg 1380
atgagaaacyg aggcagaggt ggacaccgca ggcttcetecyg acategtgtt caaccaggec 1440
gccatgaata ggcgctacat gctgatcgag cctagctata agatcaactc cgacgataat 1500
agcaagtcee cctetectag cccaggecag aagtccccat ctectggcca gaagagcgag 1560
gagagagacc tgcaggagga gccttecgag accaaggcecy agacagagaa caatggcagce 1620
gtgccagtgt ccaacgccaa gaaggagaat cagaaggcecg ccctgggcag caactccaat 1680
accggcacaa agggcagete cacctctaca agegatcage ccgtggecca gaagtcetgag 1740
gagaagaaga aggagagcgt gggcgaccet cacaaggecy agaaggatga ggtgagegac 1800
gatgaggcca ccatcgagca gacactgaag tccaaggcca agcagggctce tgagaagaac 1860
aatggagagt ccaaggccag agacggagga ggctctggca catctagcct gctggaggag 1920
aatctggtge tgggagtggce cctggacgge tctaagagaa ccctgceccat cgatgaggag 1980
cacaaggcca gcggcegecct gatggattce gaggagcetgg gcatcggcag cgag 2034
SEQ ID NO: 21 moltype = AA length = 283
FEATURE Location/Qualifiers
gource 1..283

mol type = protein

organism = Archaeoglobus fulgidus
SEQUENCE: 21
MGIMIDVLNY KLYGDVTVYD IIVVIVVMAL ATIIAKLITT NLRRALIDKM KRDQLELMLK 60
VIYFGIIIVA FIAVLPALGL DLSGLLVAGG ITGIVLGFAS QSVVANLVSG IFLISEKPIK 120
IGDQVNIDGV AGFVEDVNIL STIIRTYDGL YVRIPNEKVF TSNITNYVAH IARRFEYVVG 180
IRYSDDAEKA IEIIKRIIEE HPFALKNPEP VVFVDNLGDS SVNIVVRIWA PSTEWYNVKM 240
ELLWKIKTEL EKNGIEIPFP QRVVWFANEL RANVEGKEER RQA 283
SEQ ID NO: 22 moltype = DNA length = 849
FEATURE Location/Qualifiers
source 1..849

mol type = genomic DNA

organism = Archaeoglobus fulgidus
SEQUENCE: 22
gtggggatta tgattgacgt gctgaattac aagctgtatyg gagacgtcac ggtttacgac 60
attatcgteg ttattgtegt catggccctt gccacaataa ttgcaaaget cataacaacce 120
aacctaagga gggctctgat tgacaaaatg aagagggacc agcttgaget gatgctcaag 180
gttatctact tcggaataat catcgttgcec ttcatcgcag ttttgecgge tctgggectt 240
gacctttcag gtttactggt tgecggtgga attaccggaa ttgttetagg ttttgecage 300
cagagegteg ttgcaaaccet cgttteggga atctteoctga teteggagaa accgataaaa 360
attggagatc aggttaacat tgacggtgtg gcgggcttcg tcgaggatgt taacatccta 420
tcaaccatta taagaaccta cgatggtttg tacgtcagaa tcccaaacga gaaggtctte 480
acgtccaaca taaccaacta cgtegcccac atcgcaagga ggtttgagta cgttgtggge 540
attaggtaca gcgatgatgc tgagaaagec atcgagataa taaaaagaat tattgaggag 600
cacceetteg cectgaaaaa teeegagece gtggtttteg ttgacaatet tggggatage 660
agtgtgaaca tcgtcegtgag aatctggget cectcegacgg agtggtacaa cgtgaagatg 720
gagcttctet ggaagataaa gactgagctt gagaagaacg gaatcgagat acctttceceg 780
cagcgtgtgg tgtggtttgce caacgagttg agagccaatg ttgagggtaa ggaagagaga 840
cggcagget 849
SEQ ID NO: 23 moltype = DNA length = 849
FEATURE Location/Qualifiers
misc_feature 1..849

note = Description of artificial sequence: synthetic
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-continued

polynucleotide sequence
gource 1..849

mol type = other DNA

organism = synthetic construct
SEQUENCE: 23
atgggcatca tgatcgacgt gctgaactac aagetgtatg gcgacgtgac cgtgtacgac 60
atcatcgtgg tcatcgtggt catggccctg gccacaatca tcgccaaget gatcaccaca 120
aatctgcgga gagccctgat cgacaagatg aagcgggatc agetggaget gatgctgaaa 180
gtgatctact tcggcatcat catcgtggec tttategeeg tgctgeccge cctgggectyg 240
gatctgtecg gactgcetggt ggcaggagga atcaccggca tcgtgetggyg cttegectet 300
cagagegtgg tggecaacct ggtgteegge atctttetga tcetetgagaa geccatcaag 360
atcggegace aggtgaacat cgatggegtg gecggetteg tggaggacgt gaatatectg 420
agcaccatca tcaggacata cgatggectg tatgtgegea teectaatga gaaggtgtte 480
acctccaaca tcacaaatta cgtggcccac atcgccagge gctttgagta cgtggtggge 540
atcaggtatt ctgacgatgc cgagaaggcc atcgagatca tcaagcgcat catcgaggag 600
caccettteg cectgaagaa ccecgagect gtggtgtttg tggacaacct gggegatage 660
tcegtgaata tcgtggtgag aatctgggec ccaagcaccg agtggtataa cgtgaagatg 720
gagctgctgt ggaagatcaa gacagagctg gagaagaatg gcatcgagat cccattcccc 780
cagcgggtgg tgtggtttge caacgagetg agagccaatg tggagggcaa ggaggagcegg 840

agacaggcc 849
SEQ ID NO: 24 moltype = AA length = 379

FEATURE Location/Qualifiers

source 1..379

mol type = protein

organism = Bacillus halodurans
SEQUENCE: 24
MNSYYARQWE RFVQSFERFN WQDYLIPVAI FIIFLVFRKV FTKYIFKLIL RLAKKSKTIDV 60
LTNLLLSFEK PLRAFWIILG TYLALMALPF PVTAVAFVDH LYRSLLILLL GWGFFNYTAA 120
HSTIFLTIAK WMDLDENSMV IPFLSKMLRF IVVALTILII LAEWEFKIGG FIAGLGLGGL 180
AFALAARQDTI GNFFGGVIIV TEKPFSKGDW IQTPTVEGVV EDITFRSTRV RTFADSVVTV 240
PNSTLASEPI TNWSQMRKRR ITFNLGLEYA TTKEQLQSVR TKIEAYLRQH DQVDQEVIMV 300
HFSEFNSSSL DIFIYFFTNT IVWSEWYVVK EEINLKIIEI LEEEGVSVAF PSRSVYMKRE 360

SEGEILPPQK ALESKEKDQ 379
SEQ ID NO: 25 moltype = DNA length = 1137

FEATURE Location/Qualifiers

source 1..1137

mol_type = genomic DNA
organism = Bacillus halodurans

SEQUENCE: 25

ttggtetttt tettttgatt ctaacgettt ttgeggaggt aagatctcac cctetgatte 60
tcgettcata tacacgetge ggetegggaa cgcaacagat actecttett cctetaaaat 120
ctcgatgatt tttaagttga tctcttcttt caccacatac cattcagacc agacgatggt 180
gttcgtaaag aaatagataa aaatatcgag gctagaggag ttaaattcac taaaatgaac 240
catgatcacc tcttgateca cttgategtg ctgacgcaaa taggcttceaa ttttegtteg 300
caccgattgg agetgctett tcgtegttge gtattcaagt ccaaggttaa acgtaatccg 360
gcgttttege atctgggace agttegtaat cggttcactt gcaagegttyg agttecggaac 420
ggttaccacc gaatccgcaa acgtgcgaac tctegtgcta cggaacgtta tatcttcaac 480
cacacccteca acagttggeg tctggatcca atcccecttte gagaatgget tttcagtcac 540
gataatgacc ccgccgaaaa aattgecgat cgtatcttgt geggecaagyg caaacgccaa 600
tececectaag cctagacetg cgataaagec accgatcetta aactecccatt ccgecaaggat 660
gatcagaatg gtgagggcca cgacaataaa ccgtagcatt ttggacaaaa acgggataac 720
catactgttt tcatcaagat ccatccattt ggcaattgtt aagaagatcg tcgaatgggc 780
cgctgtataa ttaaaaaatc cccatcctaa aagtaaaatt aatagcgaac ggtacaagtg 840
gtctacaaag gcgacagctyg tcacggggaa cggcaaagce ataagagcta agtatgttcc 900
gagaataatc caaaacgccce gcaacggctt ctcaaaggaa agtaacaagt ttgtaaggac 960
gtcggtttte gacttttteg ctagccgtaa aataagctta aaaatatact tcgtaaatac 1020
ttttcgaaat acaagaaaga tgataaaaat cgcaacgggt ataagatagt cttgccagtt 1080

aaaccgttca aacgattgaa caaaacgttc ccattgtctc gcgtaatatg aattcat 1137
SEQ ID NO: 26 moltype = DNA length = 1137

FEATURE Location/Qualifiers

misc_feature 1..1137

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..1137

mol _type = other DNA

organism = synthetic construct
SEQUENCE: 26
atgaacagtt actatgcaag gcagtgggag cggtttgtee agtcatttga acggtttaat 60
tggcaggatt atctgattcc agtggctatc ttcatcatct ttctggtgtt ccggaaggtg 120
tttaccaagt acatcttcaa gctgatcctg agactggcca agaagtctaa gaccgatgtg 180
ctgacaaacc tgctgctgag ctttgagaag ccecctgaggg ccttctggat catcctggge 240
acatatctgg ccetgatgge actgecattt cetgtgaceg cagtggectt cgtggaccac 300
ctgtaccget ccctgectgat cctgetgctg ggctgggget tctttaacta tacagecgece 360
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cactctacca tctttetgac aategccaag tggatggace tggatgagaa
atccctttte tgtectaagat getgeggtte ategtggtgg cectgaccat
ctggeegagt gggagtttaa gateggegge tteatcgeag gectgggect
gcctttgeee tggccgecca ggatacaatce ggcaatttet ttggeggegt
accgagaage ctttectecaa gggcgactgg attcagacce caacagtgga
gaggacatca ccttteggag cacaagggtyg cgcacctteg ccgactecgt
ccaaactcta ccetggccag cgagcccatce acaaattgga gccagatgag
atcacctteca acctgggect ggagtacgec accacaaagg agcagctgeca
accaagatcg aggcctatct gcgecagcac gaccaggtgg atcaggaggt
cactttagcg agttcaacag ctcctctetg gacatcttea tctacttett
atecgtgtggt ccgagtggta cgtggtgaag gaggagatca atctgaagat
ctggaggagg agggcgtgag cgtggcatte cccagceggt cegtgtacat
teecgaagggyg aaatectgee acctcagaaa geactggaaa gcaaagagaa

cagcatggtg 420
cctgatcatce 480
gggaggectyg 540
gatcatcgtg 600
gggegtggtyg 660
ggtgacagtg 720
aaagcggaga 780
gagcgtgagg 840
gatcatggtg 900
taccaacaca 960
catcgagatc 1020
gaagagagaa 1080
agatcag 1137

What is claimed is:

1. A method of inducing cation influx in a cell, the method
comprising:

expressing in the cell a polypeptide selected from MscS,
MscL, MscK, MscL. G22S, MscMJLR, MscMJ, MscS-
Like 3, MscSfam, or MscS-like; wherein the polypep-
tide is encoded by a polynucleotide sequence having at
least 85% sequence identity to a polynucleotide
sequence selected from SEQ ID NO: 3, SEQ ID NO: 6,
SEQ IDNO: 9, SEQ ID NO: 11, SEQ ID NO: 14, SEQ
ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively; and

applying ultrasound to the cell, thereby inducing cation
influx in the cell.

2. The method of claim 1, wherein the cell is sensitized to
mechanical deformation or stretch caused by ultrasound.

3. A method of rendering a cell responsive to mechanical
deformation or stretch caused by ultrasound or sensitizing a
cell to mechanical deformation or stretch caused by ultra-
sound and activating and/or modifying activity or function
of the cell, the method comprising:

(a) transducing a cell to express a heterologous, bacterial
mechanosensory polypeptide selected from MscS,
MscL, MscK, MscL. G22S, MscMJLR, MscMJ, MscS-
Like 3, MscSfam, or MscS-Like; wherein the mecha-
nosensory polypeptide is encoded by a polynucleotide
sequence having at least 85% sequence identity to a
polynucleotide sequence selected from SEQ ID NO: 3,
SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ
ID NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID
NO: 23 or SEQ ID NO: 26, respectively;

(b) applying ultrasound to the cell; and

(¢) inducing cation influx in the bacterial mechanosensory
polypeptide expressing cell and an alteration in cell
activity and/or function following the application of
ultrasound, thereby rendering the cell responsive to
mechanical deformation or stretch caused by ultra-
sound.

4. The method of claim 1, wherein the polynucleotide
sequence encoding the bacterial mechanosensory polypep-
tide is codon-optimized for expression in a mammalian or
human cell and is non-naturally occurring.

5. The method of claim 1, wherein the heterologous,
bacterial mechanosensory polypeptide is expressed in the
cell following transduction of the cell by a plasmid or viral
vector which contains the polynucleotide sequence encoding
polypeptide.

6. The method of claim 5, wherein the cell is transduced
by a viral vector selected from a lentivirus vector or an
adeno-associated virus (AAV) vector.

7. The method of claim 1, wherein the cell is one or more
of a muscle cell, a cardiac muscle cell, an insulin secreting
cell, a glial cell, or a neuronal cell.

8. The method of claim 7, wherein the neuronal cell is
selected from a motor neuron, a sensory neuron, an interneu-
ron, or an Agouti-Related Protein-expression positive
(AGRP-***) neuron.

9. The method of claim 1, wherein the ultrasound has a
frequency of about 0.2 MHz to about 20 MHz and/or has a
focal zone of about 1 cubic millimeter to about 1 cubic
centimeter.

10. A method of treating a disease or disorder in a subject
in need thereof, the method comprising:

(1) expressing in a cell of a mammalian subject a heter-
ologous nucleic acid molecule encoding 2 mechanosen-
sory polypeptide selected from MscS, Mscl, MscK,
MscL G228, MscMILR, MscMJ, MscS-Like 3, MscS-
fam, or MscS-Like; wherein the mechanosensory poly-
peptide is encoded by a polynucleotide sequence hav-
ing at least 85% sequence identity to a polynucleotide
sequence selected from SEQ ID NO: 3, SEQ ID NO: 6,
SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 14, SEQ
ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23 or SEQ
ID NO: 26, respectively; and

(ii) applying ultrasound to the cell, thereby treating the
disease or disorder in the subject.

11. A method of treating a disease or disorder in a
mammalian subject in need thereof or modulating neuronal
activity or function in a subject in need thereof, the method
comprising:

(i) transducing into a cell of the subject a polynucleotide
molecule encoding an exogenous, bacterial mecha-
nosensory polypeptide selected from MscS, MscL,
MscK, Mscl G228, MscMILR, MscMJ, MscS-Like 3,
MscSfam, or MscS-Like; wherein the mechanosensory
polypeptide is encoded by a polynucleotide sequence
having at least 85% sequence identity to a polynucle-
otide sequence selected from SEQ ID NO: 3, SEQ ID
NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO:
14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23
or SEQ ID NO: 26, respectively;

(ii) applying ultrasound to the cell; and

(iii) inducing cation influx in the bacterial mechanosen-
sory polypeptide-expressing cell and an alteration in
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cell activity and/or function following the application
of ultrasound, thereby treating the disease or disorder in
the subject.

12. The method of claim 10, wherein the cell is one or
more of a muscle cell, a cardiac muscle cell, an insulin
secreting cell, a glial cell, or a neuronal cell.

13. The method of claim 12, wherein the cell is a neuronal
cell.

14. The method of ¢laim 13, wherein the neuronal cell is
selected from a motor neuron, a sensory neuron, an interneu-
ron, or an Agouti-Related Protein-expression positive
(AGRP-""*) neuron.

15. The method of claim 10, wherein the ultrasound is
applied to the cell in the hypothalamus of the subject.

16. The method of c¢laim 10, wherein the disease or
disorder is a neurological disease or disorder, or a neural
circuit disease selected from Parkinson’s disease, depres-
sion, muscle weakness, muscle atrophy, muscle degenera-
tion obsessive-compulsive disorder, eating disorders,
chronic pain, epilepsy, spinal injury, anxiety, Alzheimer’s,
post-traumatic stress disorder (PTSD), or cervical spinal
cord injury or muscle weakness, muscle atrophy, muscle
degeneration, spinal injury, or cervical spinal cord injury.

17. A method of distal modulation of neuronal activity in
a subject in need thereof, the method comprising:

(1) expressing in a neuronal cell of a mammalian subject

a heterologous nucleic acid molecule encoding a
mechanosensory polypeptide selected from MscS,
MscL, MscK, MscL. G22S, MscMJLR, MscMJ, MscS-
Like 3, MscSfam, or MscS-Like; wherein the mecha-
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nosensory polypeptide is encoded by a polynucleotide
sequence having at least 85% sequence identity to a
polynucleotide sequence selected from SEQ ID NO: 3,
SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ
ID NO: 14, SEQ ID NO: 17, SEQ 1D NO: 20, SEQ ID
NO: 23 or SEQ ID NO: 26, respectively; and

(ii) applying ultrasound to the neuronal cell at a first site
in the subject’s nervous system and modulating the
activity of neuronal cells at a second site in the sub-
ject’s nervous system; wherein the second site is distal
to the first site.

18. The method of claim 17, wherein the neuronal cells
are selected from brain neuron cells, hippocampal neuron
cells, or motor neurons.

19. The method of claim 17, wherein the first site is the
spinal cord and the second site is muscle tissue downstream
of the first site.

20. A plasmid or viral vector comprising a polynucleotide
encoding a polypeptide selected from MscS, MscL, MscK,
MscL G228, MscMILR, MscMJ, MscS-Like 3, MscSfam,
or MscS-Like; wherein the polynucleotide is codon-opti-
mized for expression in a mammalian cell and is encoded by
a polynucleotide sequence having at least 85% sequence
identity to a polynucleotide sequence selected from SEQ ID
NO: 3, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 11, SEQ
ID NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO:
23 or SEQ ID NO: 26, respectively.

21. A cell comprising the plasmid or viral vector of claim
20.
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