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ABSTRACT

Provided and described are mechanosensory polypeptides
and encoding polynucleotide products and compositions
thereof, methods of expressing such polypeptides and poly-
nucleotides in a cell type of interest, and methods of
inducing and/or modifying the activity and/or function of
various types of cells that express the exogenous mecha-
nosensory polypeptides using ultrasound.

Specification includes a Sequence Listing.




Patent Application Publication  Oct. 26, 2023 Sheet 1 of 45 US 2023/0340534 A1

AN T e s
RN KR EE RN SR

FIG. 1A




US 2023/0340534 A1

Oct. 26, 2023 Sheet 2 of 45

Patent Application Publication

.\..\\\

\\\W\.\\.\\\\ ..




Patent Application Publication  Oct. 26, 2023 Sheet 3 of 45 US 2023/0340534 A1

FIG. 1C
_ 2
w O
g o
&
w B N
SEC LYt
§j§ ®
KRR o
8 48
Tt
&
23
{:}m
3 ) i ¥ 3
2 4 8 8 10
log2{average CPM)
FIG. 1D
45 N frap
% o i* N
| R . *x aw
5 404 8 pm—
X 35 ®

FLYCH FLYC2 O&CA



Patent Application Publication  Oct. 26, 2023 Sheet 4 of 45 US 2023/0340534 A1

FIG. 2A

o
>

£ ool MseS

Droseraceae FLYC profeing

A thalana MSL proteing.
hicraplastimitochonerial
-plasma membrane




Patent Application Publication

Oct. 26,2023 Sheet 5 of 45

FIG. 2B

3
T
& s

g
;
¢

=

2%
rYs
iy
w1
7%

fwe v R ﬁ\\% o
W oee TR w{}

4
g

54
11

Tl oM ey o &
R : MR Ny,
DR T S N A T G
& 8 & 9

&

Ty
7

{:";

o
LOUHORNOERRo
R ORS00y
R RN R
SURIE SRR R R
mmm&;m\?§

RO .
ST

RN T
ORI RO
R R IR

e S
%mmmww 3

AN TR

A A A A A R
RSN

b
Xy
PR
wy
X

US 2023/0340534 A1



Patent Application Publication

FIG. 2C

Oct. 2

R

4y

%,

Fi,

6,2023 Sheet 6 of 45

AR

N 3 S,
LN T

R
\‘\“‘ AN
TG
R R
Ve v
3 8
S

%&m\\\w\\mw&%
\\\mi&&t\w&wm&\w\‘e
TR,
a{\\“*\“‘\* SURRRRS

AT e
Aoaee®

ERUT
SRR R R
SRR

." Nm:m‘o\‘\. \. \\;{;{ -

}‘\-\;‘\M&
TR

N R

e

SRR R R

o

R

SR S SRR
AN

e A A N NN Nt

TR
¥ N 0N o\ o

, TS

¥

R RN

US 2023/0340534 A1



VPYIR0 ~

US 2023/0340534 A1

Oct. 26,2023 Sheet 7 of 45

§7 SOPRPD 'SYOS0 BuyEY Y
| 800 SyY0S0 Bueley
Yne0 dendy snusa

£

{7 "Dl

Patent Application Publication



Patent Application Publication  Oct. 26, 2023 Sheet 8 of 45 US 2023/0340534 A1

FIG. 2E

\\\\\\\\\\\§'

///

\\\xm&w\ e
R R S Ry
S —
A DR
SRS
AR RS
A R S e

OBCA



Patent Application Publication  Oct. 26, 2023 Sheet 9 of 45 US 2023/0340534 A1




Patent Application Publication  Oct. 26, 2023 Sheet 10 of 45  US 2023/0340534 Al

FIG. 3B

Trigger hair (fongitudinal sections)

g

Y
33
PR
¥
Yo
&
:\\\‘\\
SN

N

e

Cuticlex
autofluorescence

(e

o ek

"
b

sy




Patent Application Publication  Oct. 26, 2023 Sheet 11 of 45  US 2023/0340534 Al




Patent Application Publication  Oct. 26, 2023 Sheet 12 of 45  US 2023/0340534 Al

Y
N

FIG. 3D

S~
-
2
0
@
7
@
%
£
-
7
-
o
ot
o)
c
Q
N
-
Q
ot
8
c
0]
e
&




Patent Application Publication  Oct. 26, 2023 Sheet 13 of 45  US 2023/0340534 Al

FIG. 3E

o
e
2
ol
QG
@
73
&
e
o
-
w0
-
3
Yo
Nt
-
@
=
@
el




Patent Application Publication  Oct. 26, 2023 Sheet 14 of 45  US 2023/0340534 Al

FIG. 4A

Cell-aftached



Patent Application Publication  Oct. 26, 2023 Sheet 15 of 45  US 2023/0340534 Al

FIG. 4B




US 2023/0340534 A1

Oct. 26, 2023 Sheet 16 of 45

Patent Application Publication

T {wd)




US 2023/0340534 A1

Oct. 26,2023 Sheet 17 of 45

Patent Application Publication

(vd)

r

7
7
:

L4

‘\.
NO-BRISUY

ar ‘O




Patent Application Publication  Oct. 26, 2023 Sheet 18 of 45  US 2023/0340534 Al

FIG. S5A




Patent Application Publication  Oct. 26, 2023 Sheet 19 of 45  US 2023/0340534 Al

FIG. 5C

N \‘*@{}

x‘i’?;\ &
FLYC1.1 FLYC1.2




Patent Application Publication  Oct. 26, 2023 Sheet 20 of 45  US 2023/0340534 Al

FIG. SD




Patent Application Publication  Oct. 26, 2023 Sheet 21 of 45  US 2023/0340534 Al

Tentacle head |

FIG. SE




Patent Application Publication  Oct. 26, 2023 Sheet 22 of 45  US 2023/0340534 Al

action polential

75,

e,
45
.

7

¥ S
Fa
& §F
;S

'»z/z/z/z/z/z/z/z/z/?//.

. o

5 S

B SRR
K \\k\\‘&\\&
s N

LRI

opll oontacts -

bRy

TR
AR
AR

plasmodesmatalos

FIG. 6A
ng cell

-BROTESS

&
&
&
Y
&
3
2
&
R

RS
‘\\5\\\\5\\\&.{\ N
AR
RN

oo
R

W

R RRSNRR

«\\\N\\\\\%&
NI

R
3
3

R

;§ B

S e
AR

SRR
\\-:&\\\\\%‘“‘

" indertation zone |



Patent Application Publication  Oct. 26, 2023 Sheet 23 of 45  US 2023/0340534 Al

i

ion potentisl

-8k

FIG. 6B
i

APTBEBING T8

DeFLY Cee




Patent Application Publication  Oct. 26, 2023 Sheet 24 of 45  US 2023/0340534 Al

FIG. 7A




Patent Application Publication  Oct. 26, 2023 Sheet 25 of 45  US 2023/0340534 Al

generation of
genetic clones

FI1G. 7B




Patent Application Publication  Oct. 26, 2023 Sheet 26 of 45  US 2023/0340534 Al

FIG. 8A

§
&
L
@
ﬁ
Q
&
2
<
R
«Q
"
o |
O
)]
O
‘NI
Q.
H
-
G-
T3
-~
&
9|




Patent Application Publication  Oct. 26, 2023 Sheet 27 of 45  US 2023/0340534 Al

FIG. 8B




Patent Application Publication  Oct. 26, 2023 Sheet 28 of 45  US 2023/0340534 Al

FIG. 9A

e,
&
vl

8

5
Lt
i)

B

\‘g

ko
s 4

byid
)]
g

S

Dy

o
&

X
Soone
53
o

D
Saeee

o




Patent Application Publication  Oct. 26, 2023 Sheet 29 of 45  US 2023/0340534 Al

FI1G. 9B




Patent Application Publication  Oct. 26, 2023 Sheet 30 of 45  US 2023/0340534 Al

FIG. 10




US 2023/0340534 A1

Oct. 26, 2023 Sheet 31 of 45

Patent Application Publication

QRIE-BL UOHNIS apedi
DEYDERE-HED

00L 08 09 GF

(wd) 08"

Loo-

[ K|

(Aw)

LOATTHWQ



Patent Application Publication  Oct. 26, 2023 Sheet 32 of 45  US 2023/0340534 Al

FIG. 12A

FLYCH {D. muscipula)  585-ATTRLIVLLSSQLVVAAF TFGNTCRTIFEATIFVEVHAD 503
FLYCLA{D. capensfs) 535 MITKVLLFFSSQLLVAVEVEGNTCRTIFEATIFVEVHAP 503
FLYCL2(D. capensis)  556-MITRVLLFFTSQLLVAVEVEGNTCRTIFEATIFVEVHAP-594
MesS {E. coli §2-0TASVIAVLGAACLAVCLAL GRSV LANGVLLVMFRPE 130

FI1G. 12B

FIG. 12C




Patent Application Publication  Oct. 26, 2023 Sheet 33 of 45  US 2023/0340534 Al

FIG. 12D

1249008
Inside-out 40

{mv}
i H

¥ . :

i

! 1 f 1 1
20 40 60 80 100

® FLYCH
- FLYC1(K579E)




Patent Application Publication

i

X e

R

FIG. 13A

e
A

.;.:.g\_\;{

Oct. 26, 2023 Sheet 34 of 45

S

P e
R 3\ S
R %

A

i
s

ERRRes

e

R

US 2023/0340534 A1



Patent Application Publication  Oct. 26, 2023 Sheet 35 of 45  US 2023/0340534 Al

RS

e

F1G. 13B




Patent Application Publication  Oct. 26, 2023 Sheet 36 of 45  US 2023/0340534 Al

FIG. 14




Patent Application Publication  Oct. 26, 2023 Sheet 37 of 45  US 2023/0340534 Al

FIG. 15




Patent Application Publication  Oct. 26, 2023 Sheet 38 of 45  US 2023/0340534 Al

FIG. 16A

Ultrasound |1 Stimuli




Patent Application Publication  Oct. 26, 2023 Sheet 39 of 45  US 2023/0340534 Al

12 18

FIG. 16B

. , il &

BINSOI0 0] DRPBBU NS JO JaQUINN



Patent Application Publication  Oct. 26, 2023 Sheet 40 of 45  US 2023/0340534 Al

17A

~
¥eo

FIC




Patent Application Publication  Oct. 26, 2023 Sheet 41 of 45  US 2023/0340534 Al

1200

FIG. 178

400

ING1-FLYC

< et o e s

AIfER0



US 2023/0340534 A1

Oct. 26, 2023 Sheet 42 of 45

Patent Application Publication

IO PRUOE e
EXERE ) E St

L10ALd Buisseadx3 LSNE

ds81 "OId

£

{una) swgy
8z 0z §i 8L

b 103
w

I0M PlUGL
ANED = ~GODOT

10 0} asuodsey 950 Hdld LSNI

V81 "Dl



Patent Application Publication  Oct. 26, 2023 Sheet 43 of 45  US 2023/0340534 Al

F1G. 19




Patent Application Publication  Oct. 26, 2023 Sheet 44 of 45  US 2023/0340534 Al

FI1G. 20A FIG. 20B

e US sq AITC

4 ok

hsTRPAT hsTRPA1 BeTRPAT hsTRPAA
# + R R
i S arom  FLYCt



Patent Application Publication  Oct. 26, 2023 Sheet 45 of 45  US 2023/0340534 Al

FIG. 21A

FLYCH
s, -70 mimHg
o U

YCHRIME) 55
»}&g | 4 Wm

50 pA

Tau deactivation {ms}

FI1G. 21B



US 2023/0340534 Al

SONOGENETIC STIMULATION OF CELLS
EXPRESSING A HETEROLOGOUS
MECHANOSENSITIVE PROTEIN

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/
US2021/058708, filed Nov. 10, 2021, designating the United
States and published in English, which claims priority to and
benefit of U.S. Provisional Patent Application No. 63/112,
256, filed Nov. 11, 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 invention was made with government support
under Grant Nos. MH111534, NS115591, SR35GM122604,
HL143297, P30 014195, CA014195, NS072031, and
F32GM101876 awarded by the National Institutes of Health
and by Grant Nos. DBI-0735191, DBI-1265383, and DBI-
1743442 awarded by the National Science Foundation. 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_
Listing, (Date of creation: May 4, 2023; Size: 68,628 bytes;
Name: 167776-011602US-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
manipulation of target neurons and other cell types.

SUMMARY

[0006] Provided and featured herein are products and
compositions featuring mechanosensory polypeptides and
polynucleotides, methods for expressing such polypeptides
and polynucleotides in a cell type of interest, and methods
for inducing the activation of the mechanosensory polypep-
tide in neurons and other cell types using ultrasound.

[0007] In one aspect, a method for inducing cation or
anion influx or efflux in a cell is provided, in which the
method involves expressing in the cell a heterologous,
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mechanosensory polypeptide selected from one or more of
the following: DmFLYC1, DmFLYC2, DcFLYCI.1,
DcFLYC1.2, and DmOSCA; and applying ultrasound to the
cell, thereby inducing cation or anion influx or efflux in the
cell.

[0008] In another aspect, a method for initiating a cellular
response to mechanical deformation or stretch caused by
ultrasound is provided, in which the method involves trans-
ducing a cell to express a heterologous, mechanosensory
polypeptide selected from one or more of the following:
DmFLYC1, DmFLYC2, DcFLYC1.1, DcFLYC1.2, and
DmOSCA: applying ultrasound to the cell; and inducing
cation or anion influx or efflux in the mechanosensory
polypeptide expressing cell and an alteration in cell activity
and/or function following the application of ultrasound,
thereby initiating a cellular response to mechanical defor-
mation or stretch caused by ultrasound.

[0009] In another aspect, a method for inducing a cellular
response to mechanical deformation or stretch caused by
ultrasound and modulating activity and/or function of a cell
is provided, in which the method involves transducing a cell
to express a heterologous, mechanosensory polypeptide
selected from one or more of the following: DmFLYCI,
DmFLYC2, DcFLYCL.1, DcFLYC1.2, and DmOSCA;
applying ultrasound to the mechanosensory polypeptide-
expressing cell; and inducing cation or anion influx or efflux
in the mechanosensory polypeptide-expressing cell and an
alteration in cell activity and/or function following the
application of ultrasound, thereby inducing a cellular
response to mechanical deformation or stretch caused by
ultrasound and modulating cell activity and/or function.
[0010] In an embodiment of the above-delineated meth-
ods, the heterologous, mechanosensory polypeptide is a
variant of the DmFLYC1 polypeptide. In an embodiment,
the variant is an R334E FLYCI1 variant polypeptide. In
embodiments, the R334E FLYCI variant polypeptide com-
prises an amino acid sequence having at least 85% or at least
95% sequence identity to the sequence of SEQ ID NO: 42.
In an embodiment, the R334E FLYC1 variant polypeptide
comprises or consists essentially of the sequence of SEQ ID
NO: 42. In an embodiment of any of the above aspects, the
cell is sensitized to mechanical deformation or stretch
caused by ultrasound. In an embodiment of any of the above
aspects, the application of ultrasound effects a change in
mechanosensory polypeptide conductance in the cell and
modulates a cell activity and/or function.

[0011] In an embodiment of any of the above aspects and
embodiments thereof, applying ultrasound induces an anion
influx or efflux in the cell. In some embodiments, applying
the ultrasound induces an anion influx that inhibits or
silences an activity and/or function of the cell. In some
embodiments, applying the ultrasound induces an anion
efflux that excites or stimulates an activity and/or function of
a plant cell. In some embodiments, the polypeptide is
selected from one or more of the following: DmFLYC1,
DmFLYC2, DcFLYC1.1, and DcFLYC1.2. In some embodi-
ments, the polypeptide contains a sequence having at least
85% sequence identity to a polypeptide sequence selected
from SEQ ID NOs: 5, 7, 11, 13, or 42. In some embodi-
ments, the polypeptide is encoded by a sequence having at
least 85% sequence identity to a polynucleotide sequence
selected from SEQ ID NOs: 6, 8, 12, or 14. In some
embodiments, the polypeptide is encoded by a sequence
having at least 95% sequence identity to a polynucleotide
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sequence selected from SEQ ID NOs: 6, 8, 12, or 14. In
some embodiments, the polypeptide is encoded by a
sequence comprising or consisting essentially of a poly-
nucleotide sequence selected from SEQ ID NOs: 6, 8, 12, or
14.

[0012] In an embodiment of any of the above-delineated
aspects and embodiments thereof, applying ultrasound
induces a cation influx in the cell. In some embodiments, the
cation influx increases activity of the cell. In some embodi-
ments, the polypeptide is DmOSCA. In some embodiments,
the polypeptide contains a sequence having at least 85%
sequence identity to SEQ ID NO: 9. In some embodiments,
the polypeptide contains a sequence having at least 95%
sequence identity to SEQ ID NO: 9. In some embodiments,
the polypeptide comprises or consists essentially of the
sequence of SEQ ID NO: 9. In some embodiments, the
polypeptide is encoded by a polynucleotide sequence having
at least 85% sequence identity to SEQ ID NO: 10. In some
embodiments, the polypeptide is encoded by a polynucle-
otide sequence having at least 95% sequence identity to SEQ
ID NO: 10. In some embodiments, the polypeptide is
encoded by a polynucleotide sequence comprising or con-
sisting essentially of SEQ ID NO: 10.

[0013] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
encoded by a polynucleotide sequence codon-optimized for
expression in a mammalian or human cell and is non-
naturally occurring. In an embodiment of any of the above-
delineated aspects and embodiments thereof, the polypep-
tide is expressed in the cell following transduction of the cell
by a plasmid or viral vector containing a polynucleotide
sequence encoding the polypeptide. In an embodiment of
any of the above-delineated aspects and embodiments
thereof, the cell is transduced by a viral vector selected from
a lentivirus vector or an adeno-associated virus (AAV)
vector. In an embodiment of any of the above-delineated
aspects and embodiments thereof, the cell is a mammalian
cell. In an embodiment of any of the above-delineated
aspects and embodiments thereof, the cell is a human cell. In
an embodiment of any of the above-delineated aspects and
embodiments thereof, the cell is one or more of a muscle
cell, a cardiac muscle cell, an insulin secreting cell, a
pancreatic cell, a kidney cell, or a neuronal cell. In an
embodiment, the cell is a neuronal cell, In an embodiment,
the cell is a plant cell and anion efflux and/or stimulation of
the plant cell activity or function is induced by ultrasound
application to the cell. In an embodiment, the cell is in vitro,
ex vivo, or in vivo.

[0014] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the ultrasound has a
frequency of about 0.2 MHz to about 20 MHz. In an
embodiment 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, the methods of any of the above aspects can
further involve contacting the cell with a microbubble prior
to applying ultrasound.

[0015] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the cell is in a subject. In
an embodiment, the subject is a mammal. In an embodiment,
the subject is a human.

[0016] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the ultrasound is gener-
ated using an opto-acoustic system or a transducer. In an
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embodiment of any of the above-delineated aspects and
embodiments thereof, the ultrasound is generated using a
lead zirconate titanate (PZT) transducer.

[0017] In another aspect is provided a plasmid or viral
vector containing a polynucleotide encoding a mechanosen-
sory polypeptide selected from one or more of the following:
DmFLYC1, DmFLYC2, DcFLYCl.l, DcFLYCIL.2,
DmOSCA, or a variant thereof. In an embodiment, the
mechanosensory polypeptide is a variant of the DmFLYC1
polypeptide. In an embodiment, the variant is an R334E
FLYC1 variant polypeptide. In embodiments, the R334E
FLYC1 variant polypeptide comprises an amino acid
sequence having at least 85% or at least 95% sequence
identity to the sequence of SEQ ID NO: 42. In an embodi-
ment, the R334E FLYC1 variant polypeptide comprises or
consists essentially of the sequence of SEQ ID NO: 42.
[0018] In another aspect is provided a cell containing the
plasmid or viral vector of the above-delineated aspect or a
heterologous gene sequence encoding a polypeptide selected
from one or more of the following: DmFLYC1, DmFLYC2,
DcFLYC1.1, DcFLYC1.2, and DmOSCA, or a variant
thereof. In an embodiment, the encoded polypeptide is a
variant of the DmFLYCI polypeptide. In an embodiment,
the variant is an R334E FLYCI1 variant polypeptide. In
embodiments, the R334E FLYCI variant polypeptide com-
prises an amino acid sequence having at least 85% or at least
95% sequence identity to the sequence of SEQ ID NO: 42.
In an embodiment, the R334E FLYCI1 variant polypeptide
comprises or consists essentially of the sequence of SEQ ID
NO: 42.

[0019] In an embodiment, the vector is a viral vector,
which is a lentivirus vector or an adeno-associated virus
(AAV) vector.

[0020] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide comprises
a sequence having at least 85% sequence identity to a
polypeptide sequence selected from one or more of SEQ 1D
NOs: 5, 7, 11, 13, or 9. In an embodiment of any of the
above-delineated aspects and embodiments thereof, the
polypeptide comprises a sequence having at least 95%
sequence identity to a polypeptide sequence selected from
one or more of SEQ ID NOs: 5, 7, 11, 13, or 9. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide comprises a sequence
comprising or consisting essentially of a sequence selected
from one or more of SEQ ID NOs: 5, 7, 11, 13, or 9. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is encoded by a
sequence having at least 85% sequence identity to a poly-
nucleotide sequence selected from one or more of SEQ 1D
NOs: 6, 8, 12, 14, or 10. In an embodiment of any of the
above-delineated aspects and embodiments thereof, the
polypeptide is encoded by a sequence having at least 95%
sequence identity to a polynucleotide sequence selected
from one or more of SEQ ID NOs: 6, 8, 12, 14, or 10. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is encoded by a
sequence comprising or consisting essentially of a poly-
nucleotide sequence selected from one or more of SEQ 1D
NOs: 6, 8, 12, 14, or 10.

[0021] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the cell is a plant cell and
anion efflux and/or stimulation of the plant cell activity or
function is induced by ultrasound application to the cell. In
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an embodiment of any of the above-delineated aspects and
embodiments thereof, the cell is a mammalian cell. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the cell is a human cell. In an embodi-
ment 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 pancreatic
cell, a kidney cell, or a neuronal cell. In an embodiment, the
cell is a neuronal cell.

[0022] In another aspect, an isolated polynucleotide
encoding a mechanosensory DmFLYC!1 polypeptide, or a
variant thereof, is provided. In another aspect, an isolated
polynucleotide encoding a mechanosensory DmFLYC2
polypeptide is provided. In another aspect, an isolated
polynucleotide encoding a mechanosensory DeFLYCI.1
polypeptide is provided. In another aspect, an isolated
polynucleotide encoding a mechanosensory DcFLYC1.2
polypeptide is provided. In another aspect, an isolated
polynucleotide encoding a mechanosensory DmOSCA poly-
peptide is provided.

[0023] In a further aspect, a mechanosensory polypeptide
encoded by the polynucleotide of any one of the above-
delineated aspects and embodiments thereof is provided. In
another aspect, a plasmid or viral vector containing the
isolated polynucleotide of any one of the above-delineated
aspects and embodiments thereof is provided.

[0024] In an aspect, a cell containing the isolated poly-
nucleotide of any one of the above-delineated aspects and
embodiments thereof is provided. In an aspect, a cell
expressing the mechanosensory polypeptide of any one of
the above-delineated aspects and embodiments thereof is
provided.

[0025] In another aspect, a composition comprising the
cell of any of above-delineated aspects and embodiments
thereof is provided. In an embodiment, the composition
further comprises a pharmaceutically acceptable carrier,
excipient, or diluent.

[0026] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the isolated polynucle-
otide is codon-optimized for expression in mammalian cells.
In an embodiment of any of the above-delineated aspects
and embodiments thereof, the isolated polynucleotide is
codon-optimized for expression in human cells.

[0027] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
DmFLYC1, which contains a sequence having at least 85%
sequence identity to SEQ ID NO: 5 or to SEQ ID NO: 42.
In an embodiment of any of the above-delineated aspects
and embodiments thereof, the polypeptide is DmFLYCI,
comprising a sequence having at least 95% sequence iden-
tity to SEQ ID NO: 5 or to SEQ ID NO: 42. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is DmFLYC1 com-
prising or consisting essentially of SEQ ID NO: 5 or SEQ ID
NO: 42. In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
encoded by a polynucleotide sequence having at least 85%
sequence identity to SEQ ID NO: 6. In an embodiment of
any of the above-delineated aspects and embodiments
thereof, the polypeptide is encoded by a polynucleotide
sequence having at least 95% sequence identity to SEQ ID
NO: 6. In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
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encoded by a polynucleotide sequence comprising or con-
sisting essentially of SEQ ID NO: 6.

[0028] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
DmFLYC2 and contains a sequence having at least 85%
sequence identity or at least 95% sequence identity to SEQ
ID NO: 7. In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
DmFLYC2 comprising or consisting essentially of SEQ ID
NO: 7. In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
encoded by a polynucleotide sequence having at least 85%
or at least 95% sequence identity to SEQ ID NO: 8. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is encoded by a
polynucleotide sequence comprising or consisting essen-
tially of SEQ ID NO: 8.

[0029] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
DcFLYC1.1 and contains a sequence having at least 85% or
at least 95% sequence identity to SEQ 1D NO: 11. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is DcFLYCI1.1 com-
prising or consisting essentially of SEQ ID NO: 11. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is encoded by a
polynucleotide sequence having at least 85% or at least 95%
sequence identity to SEQ ID NO: 12. In an embodiment of
any of the above-delineated aspects and embodiments
thereof, the polypeptide is encoded by a polynucleotide
sequence comprising or consisting essentially of SEQ ID
NO: 12

[0030] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
DcFLYC1.2 and contains a sequence having at least 85% or
at least 95% sequence identity to SEQ ID NO: 13. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is DcFLYC1.2 com-
prising or consisting essentially of SEQ ID NO: 13. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is encoded by a
polynucleotide sequence having at least 85% or at least 95%
sequence identity to SEQ ID NO: 14. In an embodiment of
any of the above-delineated aspects and embodiments
thereof, the polypeptide is encoded by a polynucleotide
sequence comprising or consisting essentially of SEQ ID
NO: 14.

[0031] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
DmOSCA and contains a sequence having at least 85% or at
least 95% sequence identity to SEQ ID NO: 9. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is DmOSCA com-
prising or consisting essentially of SEQ ID NO: 9. In an
embodiment of any of the above-delineated aspects and
embodiments thereof, the polypeptide is encoded by a
polynucleotide sequence having at least 85% or at least 95%
sequence identity to SEQ ID NO: 10. In an embodiment of
any of the above-delineated aspects and embodiments
thereof, the polypeptide is encoded by a polynucleotide
sequence comprising or consisting essentially of SEQ ID
NO: 10.

[0032] In an embodiment of any of the above-delineated
aspects and embodiments thereof, the polypeptide is
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DmFLYCI. In an embodiment of any of the above-delin-
eated aspects and embodiments thereof, the DmFLYCI
polypeptide is encoded by a polynucleotide sequence com-
prising or consisting essentially of SEQ ID NO: 5 or
comprising or consisting essentially of SEQ ID NO: 42.
[0033] In an embodiment of any one of the above-delin-
eated aspects and embodiments thereof, the anion influx or
efflux is a chloride anion influx or efflux.

[0034] Compositions and articles defined by the aspects
and embodiments as described herein were isolated or
otherwise manufactured in connection with the examples
provided herein. Other features and advantages of the
aspects and embodiments provided herein will be apparent
from the detailed description, and from the claims.

Definitions

[0035] 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 Spring
Harbor Press (Cold Spring Harbor, N'Y 1989). Any methods,
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.

[0036] By “FLYC1” or “DmFLYC1” is meant a mecha-
nosensory polypeptide capable of conferring ultrasound
sensitivity on a cell, e.g., a neuron, and having at least about
85% amino acid sequence identity to the DmFLYC1 poly-
peptide sequence provided below, a fragment thereof, or a
human ortholog thereof, and having the biological activity
described herein. In embodiments, the mechanosensory
polypeptide has at least about 90%, at least about 95%, or at
least about 98% amino acid sequence identity to the
DmFLYC1 polypeptide sequence provided below, a frag-
ment thereof, or a human ortholog thereof, and has the
biological activity described herein. In some embodiments,
the DmFLYC1 polypeptide is substantially identical to the
DmFLYC1 polypeptide sequence provided below or a func-
tional variant, isoform, homolog, or ortholog having sub-
stantial identity thereto. In some embodiments, the
DmFLYC1 polypeptide is a functional homolog, isoform,
ortholog, or fragment of the DmFLYC1 polypeptide
sequence provided below. In some embodiments, the
FLYC1 polypeptide heterologously expressed in cells, such
as, without limitation, fibroblasts and insulin-secreting
(INS) cells, is inhibitory to the cells upon ultrasound (US)
stimulation. In some embodiments, the DmFLYC1 polypep-
tide is or includes the DmFLYC1 polypeptide sequence
provided immediately below.

DmFLYC1 polypeptide sequence:

(SEQ ID NO: 5)
MGSYLHEPPGDEPSMRIEQPKTADRAPEQVAIHICEPSKVVTESFPFSET
AEPEAKSKNCPCPEIARIGPCPNKPPKIPINRGLSRISTNKSRPKSRFGE

PSWPVESSLDLTSQSPVSPYREEAFSVENCGTAGSRRGSFARGTTSRAAS
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-continued
SSRKDETKEGPDEKEVYQRVTAQLSARNOKRMTVKLMIELSVFLCLLGCL
VCSLTVDGFKRYTVIGLD IWKWFLLLLVIFSGMLITHWI VHVAVFFVEWK
FLMRKNVLYFTHGLKTSVEVF IWITVVLATHVMLI KPDVNQPHQTRKILE
FVTWTIVTVLIGAFLWLVKTTLLKILASSFHLNRFFDRIQESVFHHSVLO
TLAGRPVVELAQG I SRTESQDGACGQVSFMEHTKTONKKVVDVGKLHOMKQ
EKVPAWTMOLLVDVVSNSGLS TMSGMLDEDMVEGGVELDDDEI TNEEQAT
ATAVRIFDNIVQDKVDQSY IDRVDLHRFLIWEEVDHLFPLFEVNEKGQI S
LKAFAKWYVKVYNDQAALKHALNDNKTAVKQLNKLVTAI LI VMMIVIWLI
VTGIATTKLIVLLSSQLVVAAFIFGNTCKTIFEAIIFVFVMHPFDVGDRC
VIDGNKMLVEEMNILTTVFLKWDKEKVYYPNSILCTKAI GNFFRS PDQGD
VLEFS$VDFTTPVLKIGDLKDR IKMYLEQNLNFWHPQHNMYVVKE ENVNKI
KMALFVNHTINFQDFAEKNRRRS ELVLELKKIFEELDIKYNLLPQEISIR

NM.

[0037] In an embodiment, a variant of the FLYC1 poly-
peptide is provided in which the amino acid arginine (R) at
position 334 is replaced with the amino acid glutamic acid
(B), e, “R334E variant”. The “R” amino acid that is
changed to “E” at position 334 in the FLYC! amino acid
sequence is underlined and in bold in the DmFLYCI poly-
peptide sequence presented supra. The amino acid sequence
of the FLYC1 R334E polypeptide variant containing an “E”
at position 334 is shown below. The variant “E” at position
334 is designated in bold and underlining in the below

sequence.

(SEQ ID NO: 42)
MGSYLHEPPGDEPSMRIEQPKTADRAPEQVATHICEPSKVVTESFPFSET

AEPEAKSKNCPCPEIARIGPCPNKPPKIPINRGLSRISTNKSRPKSRFGE
PSWPVESSLDLTSQSPVSPYREEAFSVENCGTAGSRRGSFARGTTSRAAS
SSRKDETKEGPDEKEVYQRVTAQLSARNQKRMTVKLMIELSVFLCLLGCL
VCSLTVDGFKRYTVIGLDIWKWFLLLLVIFSGMLITHWIVHVAVFEVEWK
FLMRKNVLYFTHGLKTSVEVFIWITVVLATWVMLIKPDVNQPHQTRKILE
FVITWTIVTVLIGAFLWLVKTTLLKILASSFHLNEFFDRIQESVFHHSVLQ
TLAGRPVVELAQGISRTESQDGAGQVSFMEHTKTONKKYVVDVGKLHQMKQ
EKVPAWTMQLLVDVVSNSGLS TMSGMLDEDMVEGGVELDDDEI TNEEQAT
ATAVRIFDNIVQDKVDQSYIDRVDLHRFLIWEEVDHLFPLFEVNEKGQIS
LKAFAKWVVKVYNDQAALKHALNDNKTAVKQLNKLVTAILIVMMIVIWLI
VIGIATTKLIVLLSSQLVVAAFIFGNTCKTIFEAIIFVFVMHPFDVGDRC
VIDGNKMLVEEMNILTTVFLKWDKEKVYYPNSILCTKAIGNFFRSPDQGD
VLEFSVDFTTPVLKIGDLKDRIKMYLEQNLNFWHPQHNMVVKEIENVNKI
KMALFVNHTINFQDFAEKNRRRSELVLELKKIFEELDIKYNLLPQEISIR

NM

[0038] By “DmFLYCI1 polynucleotide” or “FLYC1 poly-
nucleotide” is meant a nucleic acid molecule encoding a
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DmFLYC1 polypeptide. In particular embodiments, the
codons of the DmFLYC1 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, mammalian expression or
mammalian cell expression, plant expression or plant cell
expression). The sequence of an exemplary DmFLYCI
polynucleotide is provided immediately below. In some
embodiments, the DmFLYC1 nucleic acid molecule is sub-
stantially identical to the DmFLYC1 nucleic acid molecule
provided below or a functional variant, ortholog, or homolog
having substantial identity thereto. In some embodiments,
the DmFLYCI nucleic acid molecule is a nucleic acid
molecule with the DmFLYC1 polynucleotide sequence pro-
vided below. In some embodiments, the DmFLYC1 nucleic
acid molecule is a functional homolog, isoform, or fragment
of the nucleic acid molecule with the sequence provided
below. In some embodiments, the DmFLYC1 nucleic acid
molecule is or includes the DmFLYCI polynucleotide
sequence provided immediately below. In some embodi-
ments, for example, for expression in a mammalian cell,
e.g., a human cell, the codon-optimized DmFLYCI poly-
nucleotide 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%, or
at least 98% sequence identity thereto is used.

DmFLYC1 polynucleotide sequence (DmFLYCI
codon-optimized polynucleotide sequence) :

(SEQ ID NO: 6)
ATGGGATCCTATTTACATGAGCCCCCCGGCGACGAGCCTTCCATGAGGAT
CGAGCAGCCTAAGACAGCTGACAGAGCTCCCGAGCAAGTTGCCATTCACA
TCTGTGAACCTTCCAAAGTCGTGACCGAGTCCTTTCCCTTCTCCGAGACA
GCCGAGCCCGAGGCTAAGT CCAAGAACTGCCCTTGCCCCGARATTGCCAG
AATTGGCCCTTGCCCTAACAAACCTCCCAAGATCCCTATCAATAGGGGTT
TATCTCGTATCTCCACCAACAAGAGCAGACCTAAGTCCAGATTCGGAGAG
CCCAGCTGGCCCGTTGAGAGCTCTTTAGACCTCACAAGCCAGTCCCCCGT
CAGCCCTTATCGTGAGGAAGCCTTCAGCGTCGAAAATTGCGGCACAGCCG
GCTCTCGTAGGGGATCCTTCGCTAGGGGAACAACCAGCAGAGCCGCCTCC
AGCTCTCGTAAGGATGAAACARAAGGAGGGCCCCGATGAAAAGGAAGTGTA
CCAGAGGGTGACAGCCCAGCTGAGCGCTAGAAACCAGAAGAGGATGACCG
TCAAGCTGATGATCGAACTGTCCGTGTTTTTATGTCTGCTGGGCTGTCTG
GTCTGCTCTTTAACAGTGGATGGAT TCAAGAGGTACACCGTGATCGGTTT
AGACATCTGGAAATGGTTTTTACTGCTGCTGGTCATCTTCAGCGGAATGC
TGATCACACACTGGATCGTGCACGTCGCCGTCTTCTTCGTGGAGTGGAAA
TTTCTGATGAGAAAAAACGTGCTGTACTTTACCCACGGTTTAAAAACCTC
CGTCGAGGTGTTCATCTGGAT CACAGT CGTGCTCGCCACTTGGGTGATGC
TGATTAARACCCGACGTGAACCAGCCCCACCAAACTCGTAAGATTTTAGAG
TTTGTGACTTGGACCATCGTGACAGTCCTCATTGGCGCCTTTTTATGGCT
GGTGAAAACCACACTCCTCAARATTCTGGCCAGCTCCTTCCACCTCAATA

GATTCTTCGATCGTATCCAAGAATCCGTGTTTCACCATAGCGTGCTCCAG
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ACACTCGCCGECAGACCCCTTATCUAGCTAGCTCAAGGTAT TAGCAGAAC
CGAGAGCCARGATGGAGCCGGACAAGTTTCCTTTATGGAGCACACARAGA
CCCAAAACARGAARGTGGT CGACGTGGGCAAGCTGCACCAGATGAAGCAR
GRAARAGGTGCCCGCTTGGACAATGCAGCTGCTCATGGATGTCGTGTCCAA
CTCCGRTTTATCCACAATGTCCGGCATGCTAGACCAAGACATAATGGAGE
GCGEAGTGCAGCTCCATCACGATGAGATCACCAACGAGGAACAAGCTATT
GCCACCGCCGTTCGTATCTTCGACAATATCGTGCAAGATAAGGTGGACCA
GAGCTACATTGACAGAGTCGACCTCCATAGGTTTTTAATCTGGGAGGAGE
TCGATCATTTATTCCCTTTATTCGAGGTCARTGAGAAGEGCCARATCTCT
TTAAAGGCCTTTGCCAAGTCGET CETCAAGATATACAATGATCAAGCCGL
TTTAAAGCACGCCCTCAACCACAACAAGACCGUCGTCAAGCAACTGAATA
AGCTCGTGACCGCTATTCTGATTGTGATGATGATCGTGATT TGGCTGATC
GTCACCGGCATCGCCACAACARAACTGATCGTGCTGCTGAGCAGCCAGCT
CGTCGTCGCTGCCTTTATCTTCGGCAACACTTGTAARACAATCTTCGAGG
CCATCATCTTCETCTTCATCATGCACCCCTTTGACGTGAGAGATCATTGT
GTCATCGACGGAAACAAAATGCTCUTGGAGCAGATGAACATCCTCACCAC
CGTCTTTTTAARATGGGATAAAGAGAAGGTCTATTACCCCAACTCCATTT
TATGCACCARGGCTATCGGCAATTTCTTTCGTAGCCCCGATCARGGCGAC
GTTTTAGAGTTCTCCGTCGACTTCACAACACCCGTTTTARARATTGGCGA
TTTAAAGGACAGAATCAAGATCTACCTCAAACAGAATTTARATTTCTGRC
ACCCCCARCACAACATGGTGCTC AAGGAGATCGAGAACGTCAACAAGATT
AAGATGGCTCTGTTCGTGAACCACACCATCAACTTCCAAGATTTCGCCGA
ARAAAATAGGAGGAGATCCGAACTGATTTTAGAACTGARARAGATTTTCG
AAGAGCTGGACATCAAGTACAACTTATTACCTCAAGARATTTCCATTCGT
AATATGTGA.

[0039] By “FLYC2” or “DmFLYC2” is meant a mecha-
nosensory polypeptide capable of conferring ultrasound
sensitivity on a cell, e.g., a neuron, and having at least about
85% amino acid sequence identity to the DmFLYC2 poly-
peptide sequence provided below, a fragment thereof, or a
human ortholog thereof, and having the biological activity
described herein. In embodiments, the mechanosensory
polypeptide has at least about 90%, at least about 95%, or at
least about 98% amino acid sequence identity to the
DmFLYC2 polypeptide sequence provided below, a frag-
ment thereof, or a human ortholog thereof, and has the
biological activity described herein. In some embodiments,
the DmFLYC2 polypeptide is substantially identical to the
DmFLYC2 polypeptide sequence provided below or a func-
tional variant, isoform, homolog, or ortholog having sub-
stantial identity thereto. In some embodiments, the
DmFLYC2 polypeptide is a functional homolog, isoform,
ortholog, or fragment of the DmFLYC2 polypeptide
sequence provided below. In some embodiments, the

DmFLYC2 polypeptide is or includes the DmFLYC2 poly-
peptide sequence provided immediately below.
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DmFLYC2 polypeptide sequence:
(SEQ ID NO: 7)
MEGVRNPLRNSFNKAHEAEPQRKKNLEQEERLILLQHRNDPNSQSFSSED

PNSLLLQVKVEVAGSCDPAKTAVPTKPPVSPGGGGNLIWRDSSYDFRNDV
VKGCSRDTDDDSGEFDFQKHRVAEEEDEGEERDPESQTLSPVSESPHEYG
KITPRGAAKVSFKESELVHRRPSDGGVFAADGVSASVRDEEVVMCTSNAS
CORKSTSTRVKTKSRLLDPPDDGDTRSGRILRSGLMPRSEDHEDEDPFSG
EDIPEEYKKMKFSFLSAVELVSLLLIIAGLVCSVVIPVVRRVTVWDMQLW
KWEVMVLVLICGGLVSGWLIRFVVFFIERNFLLRKRVLYFVYGLRRAVQR
CLWLGWVLIAWRLILDKKVEKETNSRSLLYVTKILVCLVVGTLIWLLKTL
LVKVLAMSFHVSTFFDRIQEALFDQYVIETLSGPPTIEIQHVKEDEDQVM
LEVQKLQSAGLS IPAELKATCLPNVNVNGKPVGSDPGPTPGVGKSPRSGV
IGKSPRFSRAMPEKEEGAGGI TIDHLHRLNQKNI SAWNMKRLMNIVRYGV
LSTLDEQILESGIEDEPSLHIKNENQAKAAAKRLFKNVARPGSKCIYLED
LMRFMREDEAARTMRAIEGSAESKGISKIALKNWVVNVFRERRALALSLN
DTKTAVNKLHQLLNFIVGFTIAI INLLILGVPMTHFFVFITSQLLLLTFM
FGNTFKTTFEAI IFLFVMHPFDVGDRCEVEGVQMIVEEMNILTTVFLRYD
NLKITYPNSVLATKPINNYYRSPEMGDSVDFCVHISTPVEKIVVMKERIT
RYMESRRDHWRPSPKVVMREVEDMNRLKFSVWMCHTMNHQDMGERWARRE

LLVVEMVKIFKELDVQYRMLPHDVNVRTMPSLVCDRLPSNWITCTGK .

[0040] By “DmFLYC2 polynucleotide” or “FLYC2 poly-
nucleotide” is meant a nucleic acid molecule encoding a
DmFLYC2 polypeptide. In particular embodiments, the
codons of the DmFLYC2 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, mammalian expression or
mammalian cell expression, plant expression or plant cell
expression). The sequence of an exemplary DmFLYC2
polynucleotide is provided immediately below. In some
embodiments, the DmFLYC2 nucleic acid molecule is sub-
stantially identical to the DmFLYC2 nucleic acid molecule
provided below or a functional variant, ortholog, or homolog
having substantial identity thereto. In some embodiments,
the DmFLYC2 nucleic acid molecule is a nucleic acid
molecule with the DmFLYC2 polynucleotide sequence pro-
vided below. In some embodiments, the DmFLYC2 nucleic
acid molecule is a functional homolog, isoform, or fragment
of the nucleic acid molecule with the sequence provided
below. In some embodiments, the DmFLYC2 nucleic acid
molecule is or includes the DmFLYC2 polynucleotide
sequence provided immediately below. In some embodi-
ments, for example, for expression in a mammalian cell,
e.g., a human cell, the codon-optimized DmFLYC2 poly-
nucleotide 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%, or
at least 98% sequence identity thereto is used.
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DmFLYC2 polynucleotide sequence (DmFLYC2
codon-optimized polynucleotide sequence) :

(SEQ ID NO: 8)
ATGGAGGGCGTTCGTAACCCTTTAAGGAACTCCTTCAACAAGGCCCACGA
AGCCGAGCCTCAGAGGAAGAAGAATCTGGAACAAGAAGAGAGGCTGATTT
TACTGCAACATAGGAACGACCCCAACTCCCAGAGCTTCAGCTCCGAAGAT
CCTAACTCTTTACTGCTGCAAGTTAAGGTGGAGGTGGCCGGAAGCTGCGA
TCCCGCTAAAACCGCCGTGCCCACAAAACCCCCCGTTAGCCCCGGTGGCG
GCGGAAATTTAATCTGGAGAGACAGCAGCTACGACTTTCGTAATGACGTG
GTGAAGGGCTGCTCCAGAGACACCGACGACGACTCCGGCGAATTCGACTT
CCAGAAGCATCGTGTGGCCGAGGAGGAGGACGAAGGCGAAGAAAGAGATC
CCGAGTCCCAGACACTCAGCCCCGTTTCCGAGTCCCCCCACGAGTATGGC
AAAATCACCCCCAGAGGAGCCGCTAAAGTGAGCTTCAAGGAGAGCGAGCT
GGTGCACAGAAGGCCTAGCGATGGCGGAGTGTTTGCCGCCGATGGAGTGA
GCGCCAGCGTGAGGGACGAGGAGGTCGTGATGTGCACCTCCAACGCCTCT
TGTCAGAGGAAGAGCACAAGCACTCGTGTGAAAACCAAGTCTCGTCTGCT
CGATCCTCCCGATGACGGCGACACCAGATCCGGTCGTATTTTACGTTCCG
GTTTRAATGCCCAGAAGCGAAGAT CACGAGGACGAAGACCCCTTTTCCGGC
GAAGACATCCCCGAAGAGTATAAGAAGATGAAGTTTAGCTTTTTATCCGC
TGTGGAGCTGGTCTCTTTATTATTAATCATCGCCGGCCTCGTCTGCAGCG
TCGTGATTCCCGTGGTGAGGAGGGTCACCGTGTGGGATATGCAGCTCTGG
AAGTGGGAAGTGATGGTGCTCGTTTTAATCTGCGGCGGT TTAGTCAGCGG
ATGGCTGATCAGATTTGTGGTCTTITTTCATCGAAAGARACTTTTTACTGA
GGAAGAGGGTGCTCTATTTCGTGTACGGTTTAAGAAGGGCTGTGCAAAGG
TGCCTCTGGCTGGGCTGGGTGCTGATCGCTTGGAGACTGATCCTCGACAA
GAAGGTCGAGAAGGAGACCAATTCTCGTAGCTTATTATATGTCACCAAGA
TTTTAGTCTGTTTAGTGGTGGGCACTTTAATCTGGCTGCTGAAAACTTTA
CTGGTGAAGGTTTTAGCCATGTCCTTTCATGTGAGCACCTTCTTCGATCG
TATTCAAGAAGCTTTATTCGACCAGTACGTCATTGARACACTCTCCGGCC
CCCCCACAATTGAGATCCAGCATGTCAAGGAAGACGAGGACCAAGTTATG
CTGGAGGTGCAGAAACTGCAAAGCGCCGGTTTAAGCATTCCCGCTGAGCT
CAAGGCCACTTGTTTACCCAATGTGAATGTCAATGGCAAGCCCGTTGGCA
GCGATCCCGGTCCTACACCCGGCGTGGGAAAGTCCCCTAGATCCGGAGTG
ATTGGAAAGAGCCCTCGTTTCTCTCGTGCCATGCCCGAGAAGGAGGAAGG
AGCCGGCGGCATCACCATCGATCACCTCCACAGACTCAACCAGAAGAACA
TCTCCGCTTGGAATATGAAGAGACTGATGAACATCGTGAGGTATGGCGTT
TTATCCACACTGGACGAACAGATCCTCGAGAGCGGCATCGAAGACGAACC
CTCTTTACATATCAAGAACGAGAACCAAGCCAAGGCTGCCGCCAAGAGGC
TCTTCAAAAATGTCGCTCGTCCCGGTAGCAAATGCATCTAT CTGGAGGAC

CTCATGAGAT TCATGAGGGAAGATGAGGCCGCTAGAACAATGAGGGCTAT

CGAGGGTTCTGCCGAGTCCAAAGGCATCTCCAAGATCGCCCTCAAGAATT
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-continued
GUGTCGTGAATGTGTTCAGAGAGAGCAGCECTTTAGCTTTATC TTTARAT
GACACCARGACCGCCGTGAACAACCTGCACCAGTTATTARACT TCATCGT
GGGCTTCACAATCGCCATCATCTGGCTCCTCATTTTAGGCGTGCCCATGA
CCCACTTCTTTGTGTTCATTACCAGCCAGTTATTACTCCTCACCTTCATG
TTCGGAAATACATTCAAAACAACATTTGAGACCATTATTTTTCTGTTTGT
CATGCATCCTTTCGACGTGEGCCACAGATGTGAGCTCCAAGGAGTGCAGA
TGATCGTGGAAGAGATGAACATT TTAACCACCATCTITTTAAGGTACGAC
AATTTARAGATCACCTATCCCAATAGCGTTTTAGCTACCARGCCCATCAA
CAATTATTACAGAAGCCCCGARATGGGAGACAGCETCGACTTCTGCGTCC
ACATCTCCACCCCCGTCRARARGATTGTCATCATGAAGGAGAGGATCACA
AGGTACATGCAGTC TCGTAGGCACCAC TGGAGACCTTCCCCCARAGTGAT
CATGAGGGAGGTGGAGGATATGAATAGACTCAAGTTCTCCGTCTGGATGT
GCCACACAATGAACCACCARGACATGGGCGAGAGATGGGCTCGTAGGGAG
CTGCTGGTCGTGGAGATGGTCAAGATCTTCAAGGAGCTCGACGTGCAGTA
TCGTATGCTECCCCACGATATCARCGTGAGRACCATECCCAGCCTCRTAT
GUGACAGACTGCCTAGCAATTGGAT CACATGCACCGEAARATGA,

[0041] By “DmOSCA” is meant a mechanosensory poly-
peptide capable of conferring ultrasound sensitivity on a
cell, e.g., aneuron, and having at least about 85% amino acid
sequence identity to the DmOSCA polypeptide sequence
provided below, a fragment thereof, or a human ortholog
thereof, and having the biological activity described herein.
In embodiments, the mechanosensory polypeptide has at
least about 90%, at least about 95%, or at least about 98%
amino acid sequence identity to the DmOSCA polypeptide
sequence provided below, a fragment thereof, or a human
ortholog thereof, and has the biological activity described
herein. In some embodiments, the DmOSCA polypeptide is
substantially identical to the DmOSCA polypeptide
sequence provided below or a functional variant, isoform,
homolog, or ortholog having substantial identity thereto. In
some embodiments, the DmOSCA polypeptide is a func-
tional homolog, isoform, ortholog, or fragment of the
DmOSCA polypeptide sequence provided below. In some
embodiments, the DmOSCA polypeptide is or includes the

DmOSCA polypeptide sequence provided immediately
below.

DmOSCA polypeptide sequence:

(SEQ ID NO: 9)
MESNPEYIASLGDIVVAAVINIFFAFVFFIAFAIFRIQPVNDRVYYTKWY
LRGLRSSSTNPDAFVRKCVNLSFGSYLKFLNWMPAALQMPETELIQHAGL
DSAVYLRIYLVGLKIFIPITILALSIVIPVNWTDGGLEKSKLIAFNNLDK
LSISNIRPGSEKFWTHIGMAYTVTFWACYILKKEYESIESMRLQFLASSG
RKPEQFTVLVRNVPLDSDESTSELVEHFFKVNHPDDYLTRQVIYDANVLT

DLVRERKKKQMWLNFYQLKYTRSQSRKPFCKTGFLGLWGTKVDAIDYYTM

EVERLSKEISSKREMIANDTKAVMLAAFVSFKTRRGAATICAHTQQARNPT
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LWLTOWAPEPRDI YWRNLAIPYASLSIRKLIVSVTFFFLATFFMIPIAFY

QSLANIEGIEKALPFLRPVIEARFVKSIIQGFLPGIVLKIFLTFLPSILM
MMCKSEGIISLSALERRAAARYYVFLLINVFLGSIVTGTAFEQLNNILHE
TANAIPETIGAAIPMKVTFFITYTMVDGWAGMAAEILRLKPLICYHLKVC
FLVNTEKDKEEAMNPQSFGFNTREPQIQLYFLVALVYAVAAPILLPFIVL
LFSLGYIVYRHQI INVYNQEYESGAAFWPDVHKRIVVALVVSQLLLLGLL
STKKASHSTPLLVALPVLTISFHYLCKGRFLPAFVTHPLQEATLKDSMDL
AREPGLHFKRYLONAYTHPLLKVGDNAETDEAFQEVEQGCQLVQTKRQLW

RTFS.

[0042] By “DmOSCA polynucleotide” is meant a nucleic
acid molecule encoding a DmOSCA polypeptide. In par-
ticular embodiments, the codons of the DmOSCA 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, mammalian expression or mammalian cell expression,
plant expression or plant cell expression). The sequence of
an exemplary DmOSCA polynucleotide is provided imme-
diately below. In some embodiments, the DmOSCA nucleic
acid molecule is substantially identical to the DmOSCA
nucleic acid molecule provided below or a functional vari-
ant, ortholog, or homolog having substantial identity thereto.
In some embodiments, the DmOSCA nucleic acid molecule
is a nucleic acid molecule with the DmOSCA polynucleotide
sequence provided below. In some embodiments, the
DmOSCA nucleic acid molecule is a functional homolog,
isoform, or fragment of the nucleic acid molecule with the
sequence provided below. In some embodiments, the
DmOSCA nucleic acid molecule is or includes the
DmOSCA polynucleotide sequence provided immediately
below. In some embodiments, for example, for expression in
a mammalian cell, e.g., a human cell, the codon-optimized
DmOSCA 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%, or at least 98% sequence identity thereto is used.

DmOSCA polynucleotide sequence (DmOSCA
codon-optimized polynucleotide sequence) :

(SEQ ID NO: 10)
ATGGAGAGCAACCCCGAATATATTGCTAGCCTCGGCGATATCGTGGTCGC
TGCCGTCATCAACATCTTCTTCGCCTTTGTGTTTTTTATCGCTTTTGCCA
TCTTCAGAATCCAGCCCGTGAACGATAGAGTGTACTACACCAAGTGGTAT
CTGAGAGGACTGAGGTCCTCCAGCACAAACCCCGACGCCTTTGTGAGGAA
GTGCGTGAATCTGAGCTTTGGCAGCTATCTGAAGTTTCTGAACTGGATGC
CCGCCGCCCTCCAGATGCCCGAGACAGAGCTGATTCAGCATGCTGGACTC
GATTCCGCCGTGTACCTCAGAATCTATCTCGTCGGACTGAAGATCTTCAT
CCCCATCACCATTCTGGCCCTCAGCATCGTGATTCCCGTGAACTGGACCG
ATGGCGGCCTCGAGAAGTCCAAGCTGATTGCTTTTAACAACCTCGACAAG

CTGTCCATCTCCAACATTAGACCCGGAAGCGAGAAGTTTTGGACCCACAT

CGGCATGGCCTATACCGTCACCTTCTGGGCTTGCTATATTCTGAAAARAAG
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AGTACGAGAGCATCGAAAGCATGAGGCTCCAGTTTCTCGCCAGCAGCGGA
AGGAAGCCCGAGCAGTTTACCGTGCTGGTGAGGAACGTCCCTCTGGATAG
CGATGAATCCACCAGCGAACTGGTCGAACACTTCTTCAAGGTGAACCACC
CCGATGACTATCTGACAAGGCAAGTGATTTACGACGCCAACGTGCTGACC
GACCTCGTGAGGGAGAGGAAGAARAAGCAGATGTGGCTCAACTTCTACCA
GCTGAAGTACACAAGAAGCCAGTCTAGAAAGCCCTTTTGCAAGACCGGCT
TCCTCGGACTGTGGGGCACAAAGGTGGACGCCATCGACTACTACACAATG
GAGGTGGAGAGACT CAGCAAGGAGATCAGCTCCARAAAGGGAGATGATCGC
TAATGACACCAAGGCTGTCATGCTCGCCGCCTTCGTCAGCTTTAAGACAA
GGAGGGGCGCTGCCATTTGCGCTCATACACAGCAAGCCAGAAACCCTACC
CTCTGGCTGACACAGTGGGCCCCCGAACCTAGGGACAT CTACTGGAGGAR
TCTGGCCATCCCCTACGCCTCTCTGAGCATTAGAAAACTGATCGTGAGCG
TGACCTTCTTCTTTCTGGCTACCTTCTTCATGATCCCCATCGCTTTCGTG
CAATCTCTGGCCAACATCGAAGGAATCGAGAAAGCCCTCCCCTTTCTGAG
GCCCGTCATTGAAGCTAGATTCGTGAAGTCCATCATCCAAGGCTTTCTGC
CCGGCATCGTGCTCAAGATTTTTCTGACCTTTCTCCCCAGCATTCTGATG
ATGATGTGCAAGAGCGAGGGAAT CATTTCTCTGAGCGCTCTCGAGAGGAG
AGCTGCCGCTAGATACTACGTCTTTCTGCTGATTAACGTCTTTCTGGGCA
GCATTGTGACCGGCACCGCCTTCGAACAACTCAACAACATTCTGCACGAA
ACAGCCAACGCTATCCCCGAGACCATTGGCGCTGCCATCCCCATGAAAGT
CACCTTTTTTATCACCTACACCATGGTCGATGGCTGEGCCGGCATGECTG
CCGAGATCCTCAGACTCAAACCTCTGATCTGTTACCAT CTGAAGGTGTGT
TTTCTGGTGAACACCGAGAAGGACAAGGAGGAGGCTATGAATCCTCAGTC
CTTCGGCTTCAACACCAGAGAGCCCCAAATCCAGCTCTATTTTCTGGTGG
CTCTGGTCTACGCTGTGGCTGCCCCCATTCTGCTGCCCTTTATCGTCCTC
CTCTTCTCCCTCGGCTACATCGTCTACAGACATCAGATCATCAATGTGTA
CAACCAAGAGTACGAGT CCGGAGCCGCTTTCTGGCCCGATGTGCATAAGA
GGATTGTCGTGGCTCTGGTGGTCAGCCAGCTGCTGCTGCTCGGACTGCTC
AGCACCAAGAAAGCTAGCCATTCCACACCTCTGCTGGTGGCTCTGCCCGT
GCTGACAATCTCCTTCCACTATCTGTGTAAGGGCAGATTTCTGCCCGCCT
TCGTGACACATCCTCTGCARGAGGCCACACTGAARGACTCCATGGATCTG
GCTAGGGAGCCCGGACTGCACTT TAAGAGGTATCTGCAGAACGCTTACAC
CCACCCTCTGCTGAAGGTGGGCGATAATGCTGAAACCGACGAAGCCTTCC
AAGAGGTGGAACAAGGCTGCCAACTGGTGCAAACCAAAAGGCAGCTGTGG
AGARACCTTTAGCTGA.

[0043] By “DcFLYC1.1” is meant a mechanosensory
polypeptide capable of conferring ultrasound sensitivity on
a cell, e.g., a neuron, and having at least about 85% amino
acid sequence identity to the DcFLYCI1.1 polypeptide
sequence provided below, a fragment thereof, or a human
ortholog thereof, and having the biological activity
described herein. In embodiments, the mechanosensory
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polypeptide has at least about 90%, at least about 95%, or at
least about 98% amino acid sequence identity to the
DcFLYC1.1 polypeptide sequence provided below, a frag-
ment thereof, or a human ortholog thereof, and has the
biological activity described herein. In some embodiments,
the DcFLYCI.1 polypeptide is substantially identical to the
DcFLYC1.1 polypeptide sequence provided below or a
functional variant, isoform, homolog, or ortholog having
substantial identity thereto. In some embodiments, the
DcFLYC1.1 polypeptide is a functional homolog, isoform,
ortholog, or fragment of the DcFLYC1.1 polypeptide
sequence provided below. In some embodiments, the
DcFLYC1.1 polypeptide is or includes the DcFLYC1.1
polypeptide sequence provided immediately below.

DcFLYC1.1 polypeptide sequence:

(SEQ ID NO: 11)
MASNTNISQQGGEINFEKQMAHRRRHEQLAIQIPVKTASQTFRFNEEVDT
RSKFSPAPDI TMFYPQPSPNKPPRVPNRTLTRRSTTLKTKPKSRFGEPSL
PIDPAALWELAPNSPTPSFREATPSSNNHRFSVGRGSSFAKGVTPRVAAS
SQRGETTIEGPDEKEVYERVTAQLSARDKKRMTVKLLIELAIFLFVSGCL
ISSLTIHGLKVRKIYGLPIWRLFLFLLVILSGMLVTHWMIHVVVFLIEWK

FLLKKNVVYFTHGLKTSVEVFIWITLILATWGLLIEPDVRHTNRIRNALD

FITWTLLSLLLGSFLWLIKTIMIKTLAASFHLNRFFDRIQESIFHHYVLQ

TLSGRPVVELASGVLTRTETHNGMVSFTEHTKTHKEKKMVDMGKLHQMKQ
EKVPDWTMQLLVDVVSNSGLS TMSGILDEDMAEGGVELDDDEITSEEQATL
ATAVRIFYNIVKDKDDQSYIDRKDLHRFLICEEVDLVFPLFEVKDKDQIN
LKAFSKWVVKLFKERQALKHALNDNKTAVKQLDKLVTSILIVVIIAVWLL
LTEIMTTKVLLFFSSQLLVAVEVFGNTCKTIFEAIIFVFVMHPEFDVGDRC
VVDGTMMLVEEMNILTTVFLKWDKEKVYYPNAVLSTKAIGNYYRSPDQVD
SLEFSIDFRTPLSKIGEIKERIKKYLHQNPHLWHPNHNFVVKEIENVNKI
KMQLIFNHTINFQEFPERMKRRSELVLELKKIFEELDIKYNLLPQEVILN

KVSP.

[0044] By “DcFLYCI.1 polynucleotide” is meant a
nucleic acid molecule encoding a DcFLYC1.1 polypeptide.
In particular embodiments, the codons of the DcFLYC1.1
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, mammalian expression or mammalian cell expression,
plant expression or plant cell expression). The sequence of
an exemplary DcFLYCI.1 polynucleotide is provided
immediately below. In some embodiments, the DcFLYC1.1
nucleic acid molecule is substantially identical to the
DcFLYC1.1 nucleic acid molecule provided below or a
functional variant, ortholog, or homolog having substantial
identity thereto. In some embodiments, the DcFLYC1.1
nucleic acid molecule is a nucleic acid molecule with the
DcFLYC1.1 polynucleotide sequence provided below. In
some embodiments, the D¢FLYC1.1 nucleic acid molecule
is a functional homolog, isoform, or fragment of the nucleic
acid molecule with the sequence provided below. In some
embodiments, the DcFLYC1.1 nucleic acid molecule is or
includes the DcFLYC1.1 polynucleotide sequence provided
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immediately below. In some embodiments, for example, for
expression in a mammalian cell, e.g., a human cell, the
codon-optimized DcFLYC1.1 polynucleotide sequence pro-
vided 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%, or at least 98%
sequence identity thereto is used.

DcFLYC1.1 polynucleotide sequence (DcFLYC1.1
codon-optimized polynuclectide sequence) :

(SEQ ID NO: 12)
ATGGCTAGCAACACAAATATTTCCCAGCAAGGCGGCGAGATCAACTTCGA
AAAGCAGATGGCCCACAGAAGGAGACATGAGCAGCTGGCCATCCAAATCC
CCGTGAAAACCGCCAGCCAGACCTTCAGATTCAACGAGGAAGTGGACACA
AGAAGCAAGTTCAGCCCCGCCCCCGACATTACCATGTTCTACCCCCAGCC
TAGCCCCAACAAACCTCCTAGGGTGCCCAATAGGACACTCACCAGAAGGA
GCACCACACTGAAGACCAAACCCAAATCTAGATTCGGCGAACCTTCTCTG
CCTATCGATCCCGCTGCCCTCTGGGAACTGGCTCCCAATTCCCCTACCCC
CAGCTTTAGAGAGGCCACCCCCTCCTCCAACAACCATAGATTCTCCGTGG
GAAGAGGCAGCAGCTTTGCTAAGGGAGTGACCCCTAGAGTCGCCGCCAGC
AGCCAAAGAGGCGAGACAACAATCGAGGGCCCCGACGAGARAGAAGTGTA
CGAGAGGGTCACAGCCCAGCTGAGCGCTAGGGATAAGAAGAGGATGACCG
TCAAGCTGCTGATCGAGCTGGCCATCTTTCTGTTCGTCAGCGGCTGCCTC
ATCTCCAGCCTCACAATTCACGGACTGAAGGTGAGAAAGATCTACGGACT
GCCTATTTGGAGGCTGTTCCTCTTTCTCCTCGTCATTCTGAGCGGAATGC
TGGTGACACACTGGATGATCCATGTCGTGGTGTTTCTGAT CGAATGGAAG
TTTCTGCTGAAGAAGAATGTGGTCTACTTCACCCACGGACTGAAGACCTC
CGTGGAGGTCTTCATTTGGAT CACACTGATCCTCGCCACATGGGGACTGC
TCATCGAGCCCGACGTCAGACATACCAATAGAATTAGAAATGCCCTCGAC
TTCATCACATGGACACTGCTGTCTCTGCTGCTCGGCAGCTTTCTCTGGCT
GATCAAGACCATCATGATTAAGACACTCGCCGCCTCCTTCCATCTGAATA
GATTTTTCGATAGAATCCAAGAGTCCATCTTCCACCACTACGTGCTGCAG
ACACTCTCCGGCAGACCCGTCGTCGAACTGGCTTCCGGAGTGCTGACAAG
GACCGAGACACACAATGGCATGGTCAGCTTTACCGAGCACACAAAGACCC
ACAAGGAAAAGAAGATGOTGCACATCGCAAAGCTGCACCAGATGAAGCAA
GAGAAGGTCCCCGACTGGACAATGCAGCTGCTGGTGGATGTCGTGAGCAA
CTCCGGCCTCAGCACCATGTCCGGAAT TCTGGACGAGGACATGGCTGAGG
GAGGCGTGGAGCTCGATGACGACGAGATCACCTCCGAGGAGCAAGCCATT
GCTACCGCCGTCAGAATCTTCTATAATATTGTCAAGGACAAGGACGACCA
GTCCTACATCGACAGAAAGGACCTCCATAGATTTCTGATCTGTGAGGAGG
TGGATCTGGTGTTCCCTCTGT TTGAGGTGAAAGACAAAGACCAGATTAAT
CTGAAGGCCTTCAGCAAGTGGGTCGTGAAGCTCTTTAAAGAGAGGCAAGC
CCTCAAGCACGCCCTCAACGACAACAAGACCGCCGTGAAACAGCTCGATA

AGCTGGTGACCTCCATTCTGATTGTGGTGATTATCGCCGTGTGGCTGCTG
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CTGACCGAGATTATGACCACCAAAGTGCTGCTGTTCTTCTCCTCCCAGCT
CCTCGTGGCCGTGTTTGTCTTCGGCAACACATGCAAGACAATCTTCGAGG
CCATTATCTTTGTGTTCGTCATGCATCCCTTCGACGTGGGCGATAGATGT
GTGGTGGACGGCACCATGATGCTGGTCGAAGAGATGAACATCCTCACCAC
CGTCTTTCTGAAGTGGGACAAGGAAAAGGTGTACTACCCCAACGCTGTCC
TCTCCACCAAGGCTATTGGCAAT TACTATAGAAGCCCCGACCAAGTGGAT
TCTCTGGAGTTCTCCATCGACTTTAGAACACCCCTCTCCAARATTGGAGA
GATCAAAGAGAGGATTAAGAAATATCTCCATCAGAACCCCCATCTGTGGC
ACCCCAACCACAACTTCGTGGTGAAGGAGATCGAAAATGTCAATAAGATT
AAGATGCAGCTGATCTTTAATCACACAATTAATTTCCAAGAGTTTCCCGA
GAGGATGAAGAGGAGAAGCGAGCTGGTGCTGGAGCTGAAGAAGATCTTCG
AGGAGCTGGACATCAAGTATAATCTGCTGCCCCAAGAGGTCATTCTCAAC

ARGGTGAGCCCTTGA.

[0045] By “Dc¢FLYCL.2” is meant a mechanosensory
polypeptide capable of conferring ultrasound sensitivity on
a cell, e.g., a neuron, and having at least about 85% amino
acid sequence identity to the DcFLYC1.2 polypeptide
sequence provided below, a fragment thereof, or a human
ortholog thereof, and having the biological activity
described herein. In embodiments, the mechanosensory
polypeptide has at least about 90%, at least about 95%, or at
least about 98% amino acid sequence identity to the
DcFLYC1.2 polypeptide sequence provided below, a frag-
ment thereof, or a human ortholog thereof, and has the
biological activity described herein. In some embodiments,
the DcFLYC1.2 polypeptide is substantially identical to the
DcFLYC1.2 polypeptide sequence provided below or a
functional variant, isoform, homolog, or ortholog having
substantial identity thereto. In some embodiments, the
DcFLYC1.2 polypeptide is a functional homolog, isoform,
ortholog, or fragment of the DcFLYC1.2 polypeptide
sequence provided below. In some embodiments, the
DcFLYC1.2 polypeptide is or includes the DcFLYC1.2
polypeptide sequence provided immediately below.

Dc¢FLYC1.2 polypeptide sequence:

(SEQ ID NO: 13)
MASNTNISQOGGEINFEKQMAHRRRHEQLAIQIPVKTASQTFPFNEEVDT
TRSKFSPAPSFREATPSSNNHRASVGRGSSFVKGVTPRVAASSRRGETTI
EGPDEREVYERVTAQLSARDKKRMTVKLLIELAVFLFVSGCLISSLTIHG
LKVRIICGLPIWRLFLFLLVILSGMLVTHWMLHVVVFLI EWKFLLKKNVV

YFTHGLKTSVEVFIWITLILATWALLIEPDVRHTNRIRNALDFITWTLLS

LLLCSFLWLIKTIMIKTLAASFHLNRFFDRIQESIFHHYVLQTLSGRPVV

ELASGVLTRTETHNGMVSFTEHTKTHTEKKMVDMGKLHQMKQEKVPDWTM
QLLVDVVSNSGLSTMSGILDEDMAEGGVELDDDEITSEEQAIATAVRIFY
NIVKDKDDQTYIDRKDLHRFLICEEVDLVFPLFEVKDKDQISLKAFSKWV

VKLFKERQALKHALNDNKTAVKQLDKLVTSILIVVIIAVWLLLTELMTTK
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-continued
VLLFFTSQLLVAVFVFGNTCKTIFEAT IFVFVMHPFDVGDRCY IDGTTML

VEEMNILTTVFLKWDKEKVYYPNAVLS TKAIGNYYRSPDQVDSLEFSIDF
RTPLSKIGEIKERIKKYLHQNPHLWHPNHNLVVKEIENVNKIKTQLIFNH

TMNFQEFPERMKRRTELVLELKKIFEELDIKYNLLPQEVILNNVGP.

[0046] By “DcFLYC1.2 polynucleotide” is meant a
nucleic acid molecule encoding a DcFLYC1.2 polypeptide.
In particular embodiments, the codons of the DcFLYC1.2
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, mammalian expression or mammalian cell expression,
plant expression or plant cell expression). The sequence of
an exemplary DcFLYC1.2 polynucleotide is provided
immediately below. In some embodiments, the DcFLYC1.2
nucleic acid molecule is substantially identical to the
DcFLYC1.2 nucleic acid molecule provided below or a
functional variant, ortholog, or homolog having substantial
identity thereto. In some embodiments, the DcFLYC1.2
nucleic acid molecule is a nucleic acid molecule with the
DcFLYC1.2 polynucleotide sequence provided below. In
some embodiments, the DcFLYC1.2 nucleic acid molecule
is a functional homolog, isoform, or fragment of the nucleic
acid molecule with the sequence provided below. In some
embodiments, the DcFLYC1.2 nucleic acid molecule is or
includes the DcFLYC1.2 polynucleotide sequence provided
immediately below. In some embodiments, for example, for
expression in a mammalian cell, e.g., a human cell, the
codon-optimized DcFLYC1.2 polynucleotide sequence pro-
vided 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%, or at least 98%
sequence identity thereto is used.

DeFLYC1.2 polynucleotide sequence (DmFLYC1.2
codon-optimized polynucleotide sequence) :

(SEQ ID NO: 14)
ATGGCTAGCAACACAAATATTTCCCAGCAAGGCGGCGAGATCAACTTCGA
AAAGCAGATGGCTCATAGAAGAAGGCATGAGCAACTCGCTATCCAGATCC
CCGTGAAGACAGCCAGCCAGACCTTCCCCTTCAACGAGGAAGTCGATACC
ACAAGAAGCAAGTTCAGCCCCGCCCCCGACATCACCATGTTCTACCCCCA
ACCTAGCCCTAACAAACCCCCTAGGGTGCCCAATAGGAATCTGTCTAGAA
GATCCACCACACTGAAGACAAAGCCCAAGTCTAGATTCGGCGAACCCAGC
CTCCCTATTGACCCCGCCGCTCTGTGGGAACTGGCCCCCAACAGCCCCGC
TCCCTCCTTTAGGGAAGCCACACCCTCCAGCAACAACCACAGAGCCTCCG
TGGGAAGGGGCAGCTCCTTCGTGAAGGGAGTCACACCTAGGGTGGCCGCC
AGCTCTAGAAGAGGCGAAACCACAATTGAAGGCCCCGACGAGAGAGAGGT
CTATGAGAGAGTGACAGCTCAGCTGAGCGCCAGAGATAAGAAGAGAATGA
CCGTGAAGCTCCTCATTGAGCTCGCCGTCTTTCTGTTTGTGTCCGGATGT
CTGATCTCCAGCCTCACAATTCACGGACTGAAGGTGAGAATTATCTGTGG

ACTGCCCATCTGGAGACTGTTTCTGTTTCTGCTGGTGATCCTCTCCGGAA

TGCTGGTCACACACTGGATGCTCCATGTCGTCGTGTTCCTCATCGAATGG
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AAGTTTCTGCTGAAAAAGAATGTCGTGTACTTCACCCACGGACTGAARAC
CTCCGTCGAGGTGTTCATCTGGATCACACTGATTCTGGCCACATGGGCTC
TGCTGATTGAGCCCGACGTGAGACACACCAATAGAATCAGAAACGCCCTC
GACTTCATCACATGGACACTGCTGTCTCTGCTGCTCTGCTCCTTTCTCTG
GCTGATCAAGACCATCATGATCAAGACACTGGCCGCTTCCTTCCATCTGA
ATAGGTTCTTTGATAGAATCCRAAGAGTCCATCTTCCATCACTACGTGCTC
CAGACCCTCTCCGGAAGGCCCGTGGTCGAGCTCGCTTCCGGCGTCCTCAC
CAGAACAGAGACCCACAACGGAATGGTCAGCTTCACCGAGCATACCAAGA
CCCACACAGAGAAGAAGATGGTGGACATGGGCAAGCTCCACCARAATGAAG
CAAGAGAAGGTCCCCGACTGGACCATGCAGCTGCTGGTGGATGTGGTGAG
CAATAGCGGACTGAGCACCATGTCCGGCATTCTGGACGAAGACATGGCCG
AAGGCGGAGTCGAACTGGACGATGACGAGATCACCTCCGAAGAGCAAGCC
ATTGCCACCGCTGTGAGGATTTTCTACAACATCGTCAAGGACARAGACGA
CCAGACCTACATCGATAGAAAGGATCTGCATAGATTTCTGATCTGCGAAG
AAGTGGACCTCGTGTTCCCCCTCTTTGAAGTGAAGGACAAGGACCAGATC
TCTCTGAAGGCCTTTAGCAAGTGGGTGCTGAAGCTCTTCARGGAGAGGCA
AGCCCTCAAGCACGCCCTCAACGACAATAAGACCGCCGTCAAGCAGCTGG
ATAAACTCGTGACAAGCATCCTCATCGTGGTCATCATCGCCGTCTGGCTG
CTGCTGACCGAACTCATGACCACCAAGGTGCTGCTGTTCTTCACCAGCCA
ACTGCTCGTGGCCGTGTTTGTGT TTGGAAATACATGTAAAACAATCTTTG
AGGCTATCATCTTCGTGTTCGTGATGCACCCTTTCGACGTGGGCGATAGA
TGTGTGATCGATGGAACCACCATGCTGGTCGAGGAGATGAATATCCTCAC
CACAGTGTTTCTGAAGTGGGACARAGAAAAAGTGTACTACCCCAACGCCG
TGCTGAGCACCAAAGCTATTGGARATTACTATAGGTCCCCCGACCAAGTG
GACTCTCTGGAGTTTAGCATCGATTTTAGAACCCCTCTGTCCAAAATCGG
AGAGATTAAGGAAAGGATCAARALATATCTGCACCAGAATCCCCATCTGT
GGCACCCTAATCACAATCTGGTGGTCAAGGAGATCGAGAATGTGAACAAG
ATCAAAACACAACTCATTTTCAATCACACCATGAACTTCCAAGAGTTCCC
CGAGAGGATGAAGAGAAGGACAGAACTCGTGCTGGAGCTGAAGAAAATCT
TCGAGGAGCTGGACATCAAATACAATCTGCTGCCCCAAGAAGTCATTCTG

AACAACGTGGGACCCTGA.

[0047] 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-
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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.

[0048] 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.

[0049] “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
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
is 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.

[0050] 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.

[0051] 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.

[0052] “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
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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.

[0053] 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.,
siRNA) 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.
[0054] 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
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.

[0055] 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. The terms “heterologously
expressed” or “exogenously expressed” are used inter-
changeably herein in reference to the expression of a het-
erologous or exogenous polypeptide in a cell.

[0056] By “fragment” is meant a portion of a polypeptide
or nucleic acid molecule. This portion contains, for example,
at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or
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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.

[0057] 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.

[0058] “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.

[0059] 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%,
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 an embodiment, identity 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.

[0060] 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 1s 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.
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[0061] 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 herein is derived, flank
the gene. The term therefore includes, for example, a recom-
binant DNA that is incorporated into a vector; into an
autonomously 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
c¢DNA 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.

[0062] By an “isolated polypeptide” is meant a polypep-
tide as described herein that has been separated from com-
ponents that naturally accompany it. Typically, the polypep-
tide 1s isolated when it 1s 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 extrac-
tion from a 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,
polyacrylamide gel electrophoresis, or by HPLC analysis.
[0063] 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.

[0064] 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.

[0065] By “modulating” is meant effecting or altering the
activity or function of a cell, tissue, organ, organism, or
subject, for example, by subjecting the cell, tissue, organ,
organism, or subject, to ultrasound stimulation. In an
embodiment, the activity or function of a cell, such as an
insulin-secreting cell, or a neuronal cell is modulated by
applying or delivering ultrasound or ultrasound waves to the
cell. In embodiments, modulating cells in a subject, e.g., in
the brain or CNS of the subject, affects the subject’s behav-
ior or respouse to an agent, stimulus, situation, effect, or
activity. In some embodiments, modulating an activity or
function may cause an increase (enhancement) or decrease
(inhibition or silencing) of cell activity or function, or in a
subject’s response or responsiveness.

[0066] “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-
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nucleotides, or modified versions thereof. Examples of poly-
nucleotides contemplated herein include single and double
stranded DNA, single and double stranded RNA (including
siIRNA), 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.

[0067] 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 ribosome binding site is operably linked to a
coding sequence if it is positioned so as to facilitate trans-
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.

[0068] 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.

[0069] 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 (ie., facilitates the
production of, for example, a recombinant polypeptide as
described herein, or an RNA molecule).

[0070] 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 cis 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.

[0071] 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.

[0072] By “reduces” is meant a negative alteration of at
least 5%, 10%, 25%, 50%, 75%, or 100%.

[0073] By “reference” or “control” is meant a standard
condition. For example, an untreated cell, tissue, or organ
that is used as a reference.

[0074] 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
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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, MscMILR, Msc-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 numbet.

[0075] 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-
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,
34,135,36,37, 38,39, 40,41, 42, 43,44, 45,46, 47, 43, 49,
or 50.

[0076] 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.

[0077] The terms “sonogenetics,” “sonogenetic,” “sono-
genics” or “sonogenic” refer to a non-invasive approach,
method, or technique to manipulate, 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 mechanotransduc-
tive) channel, which is responsive to ultrasound, e.g., low-
intensity ultrasound. Cell activity, 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 ultra-
sound or ultrasound pulses. In an embodiment, the cell types
are located within the mammalian brain. Target cells that
express such heterologous or exogenous mechanosensitive
channel is specific cells renders those cells sensitive to
mechanical deformations generated by noninvasive ultra-
sound 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 embodiment, the region of the
brain is the hypothalamus. In an embodiment, ultrasound is
delivered or applied to the hypothalamus using an external
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transducer. In an embodiment, the transducer is non-inva-
sively positioned on the head of an awake mammalian
subject. In an embodiment, the transducer is a PZT-based
transducer. In an embodiment, the cells are neurons in the
spinal cord.

[0078] The term “subject” as used herein refers to a
vertebrate organism, for example, a mammal, e.g., dog, cat,
rodent, horse, bovine, rabbit, goat, non-human primate, or
human. In an embodiment, a subject may be a human
individual or patient.

[0079] 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.

[0080] 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
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.

[0081] 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 herein.
[0082] As used herein, the terms “treat,” treating,” “treat-
ment,” and the like refer to reducing, abating, decreasing,
ameliorating, or eliminating a disease, disorder, pathology,
or condition and/or symptoms associated therewith. It will
be appreciated that, although not precluded, treating a dis-
ease, disorder, or condition does not require that the disease,
disorder, pathology, condition, or symptoms associated
therewith, be completely eliminated.

[0083] 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 herein.
[0084] 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.
Exemplary non-viral transfection methods include calcium
phosphate transfection, liposomal transfection, nucleofec-
tion, sonoporation, transfection through heat shock, magne-
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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.

[0085] 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.

[0086] 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 or
condition, 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, which could also be referred to as a
“therapeutically effective amount.” A “reduction” of a symp-
tom 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 “prophy-
lactically 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, pathology or condition,
or reducing the likelihood of the onset (or reoccurrence) of
an injury, disease, pathology, or condition, or their symp-
toms. The full prophylactic 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 dis-
rupting 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., Lieberman, 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).

[0087] “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
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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, 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 embodi-
ments, a patient or subject is human.

[0088] 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 embodiments, the material is a volume of liquid, a cell,
a cell membrane, a tissue, or an organ.

[0089] 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.

[0090] 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.”

[0091] 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.

[0092] Any compositions or methods and embodiments
thereof as provided herein can be combined with one or
more of any of the other compositions, methods and embodi-
ments thereof as provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0093] FIGS. 1A-1D are images, a scanning electron
micrograph, a plot, and a bar graph relating to identification
of putative mechanosensory channels in the Venus flytrap
trigger hair. FIG. 1A presents representative images of a
soil-grown Venus flytrap clone (left), Venus flytrap leaf
(center), and single trigger hair (right). Black arrowheads in
the center image indicate trigger hairs on leaf. FIG. 1B
presents a scanning electron micrograph of a trigger hair.
Cells of the lever (L), indentation zone (In) and podium (P)
are indicated. Also seen are the digestive glands on the floor
of the lobe. FIG. 1C presents a plot showing fold-enrichment
of protein-coding genes of >100 amino acids in length
(black circles) in the trigger hair relative to the trap. FLYCI,
FLYC2 and OSCA are as labeled “CPM,” i.e., counts per
million of mapped sequencing reads. FIG. 1D presents a bar
graph showing average Fragments Per Kilobase of transcript
per Million mapped reads (FPKM) for FLYC1, FLYC2 and
OSCA 1in traps and trigger hairs. Dots of the same shade of
grey indicate paired biological replicates. **FDR<0.005.

[0094] FIGS. 2A-2F present phylogenetic trees and poly-
peptide topology maps relating to the molecular phyloge-
netic relationship of FLYCATCHER and OSCA proteins.
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FIG. 2A presents a phylogenetic tree presenting a phyloge-
netic analysis by maximum likelihood method to show the
relationship between the conserved MscS domain of
Escherichia coli MscS protein, Arabidopsis thaliana MSL
proteins (MSL1-MSL10), and Dionaea muscipulaNenus fly-
trap (DmFLYC1 and DmFLYC2) and Drosera capensis/
Cape sundew (DcFLYC1.l and DcFLYC1.2) FLY-
CATCHER proteins. FIGS. 2B and 2C present polypeptide
topology maps showing predicted topology for DmFLYCI
(FIG. 2B) and DmFLYC2 (FIG. 2C) proteins. FIG. 2D is a
phylogenetic tree presenting a phylogenetic analysis by
maximum likelihood method showing the relationship
between Arabidopsis thaliana OSCA family proteins and
Venus flytrap DmOSCA. FIG. 2E is a polypeptide topology
map showing predicted topology for DmOSCA protein. In
FIGS. 2A and 2D, bootstrap values >50 are shown; scale,
substitutions per site. In FIGS. 2B, 2C and 2E, amino acid
residues that are conserved with Arabidopsis MSL10, MSLS5
and OSCAL.5, respectively, are indicated in dark circles,
while residues similar in identity are indicated in lighter
circles. The predicted pore domain for each protein is
encircled by a black line.

[0095] FIGS. 3A-3E are images demonstrating FLYCI
mRNA localization in Venus flytrap trigger hairs. FIG. 3A is
an image showing a toluidine blue-stained longitudinal
section through the base of a trigger hair. Elongated sensory
cells are visible at the indentation zone (arrowheads). FIG.
3B presents max projection images through a longitudinal
section after fluorescent in situ hybridization. (Top) FLYC1
transcript and DAPI at low (left) and high (right) magnifi-
cation of the indentation zone. The FLYC1 transcript puncta
was localized in sensory cells. (Bottom) No signal was
observed when using FLYCl-sense probes. High back-
ground fluorescence is observed in all channels. FIG. 3C
presents an image showing toluidine blue-stained transverse
section through the indentation zone. The cells forming the
outer ring are presumed to be the mechanosensors. FIG. 3D
presents max projection images through a transverse section
after fluorescent in situ hybridization. FLYC1 transcript
(red) at low (left) and high (right) magnification. The FLYC1
transcript puncta was localized predominately in the sensory
cells of the indentation zone. FIG. 3E presents max projec-
tion images through a transverse section of the trigger hair
lever. No transcript was observed. Scale bars, pm.

[0096] FIGS. 4A-4D are a collection of plots, schematics,
and a bar graph demonstrating that FLYC1 induces stretch-
activated currents. FIG. 4A provides a schematic of the
patch clamp method and plots showing representative traces
of stretch-activated currents recorded from FLYC1 express-
ing HEK-PIKO cells in the cell-attached patch clamp con-
figuration at =80 mV membrane potential. Stimulus trace
illustrated above the current trace. Left, currents in response
to graded negative pressure steps from 0 to 100 mmHg (A 10
mmHg). Right, current in response to single pulse of -70
mmHg pressure. FIG. 4B is a bar graph showing quantifi-
cation of maximal current response from cells transfected
with mock (N=7), mouse PIEZO1 (N=5), or FLYCI plasmid
(N=10). p=0.0251 (Mock vs. PIEZO1); p=0.0070 (Mock vs.
FLYC1); Dunn’s multiple comparison test. FIG. 4C (left)
presents plots showing representative single channel traces
in response to stretch at the indicated membrane potential.
FIG. 4C (right) presents plots showing average I-V relation-
ship of stretch-activated single channel currents from
FLYCI transfected cells. FIG. 4D (left) presents plots show-
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ing representative stretch-activated single channel currents
recorded from excised inside-out patch configuration in
asymmetrical NaCl solution at the indicated membrane
potential. FIG. 4D (right) presents a plot showing average
1-V of stretch-activated single channel currents in asym-
metrical NaCl solution (E,_ : -30.0+1.4 mV (N=7)).

[0097] FIGS. 5A-5E are images and a bar graph demon-
strating that DcFLYC1.1 and DcFLYC1.2 localize to touch-
sensitive structures of Drosera. FIG. 5A is an image of the
Cape sundew leaf showing tentacle projections with muci-
lage secretions. FIG. 5B is an image of tentacle bending in
response to insect (house fly) touch. Arrowheads mark
examples of tentacles that have bent inward. FIG. 5C is a bar
graph showing relative expression of DcFLYC1.1 and
DcFLYC1.2 in sundew tentacles versus tentacle-less leaves
by qRT-PCR. **p<0.005, moderated t test, results from four
biological replicates of each tissue type. FIG. 5D presents an
image showing toluidine blue-stained longitudinal section
through the head and upper neck of a Cape sundew tentacle.
The head is composed of xylem (X), an endodermis-like
layer (E), and secretory cells (S). FIG. 5E presents Max
projection images, at low (left) and high magnification
(right), showing collective localization of DcFLYC1.1 and
DcFLYC1.2 mRNAs to the outer secretory cells of the
tentacle head (top). Arrows indicate example secretory cells
with DcFLYC puncta. No signal above background was
observed in the leaf (bottom). In FIGS. 5A, 5B, 5D, and 5E,
scale bars represent pm.

[0098] FIGS. 6A and 6B are schematics presenting models
of touch-induced movements in carnivorous Droseraceae
plants. FIG. 6A presents a schematic model for the Venus
flytrap. Not wishing to be bound by theory, mechanical
stimulation of the trigger hair by a prey animal causes
bending at the indentation zone sensory cells (1), leading to
mechanically induced activation of mechanosensitive (MS)
channels and chloride efflux (2). This triggers an action
potential that propagates from the base of the sensory cells
to cells of the podium via plasmodesmata (3). Propagation
of action potentials through the lobe of the leaf results in trap
closure. FIG. 6B presents a schematic model for sundew
tentacles. Not wishing to be bound by theory, the pulling of
mucilage could lead to activation of DcFLYCI.1 and
DcFLYCI1.2 proteins in the outer cell layer of tentacle heads,
triggering a propagating action potential down the tentacle
stalk.

[0099] FIGS. 7A and 7B are an image and a diagram
relating to a Venus flytrap clonal propagation system. FIG.
7A is an image presenting an example of clonal Venus
flytraps growing in tissue culture (10 cm plate) using meth-
ods adapted from Jang and Park. See Jang, G. W., Kim, K.
S., & Park, R. D. (2003) “Micropropagation of Venus fly trap
by shoot culture” Plant Cell Tissue and Organ Culture,
72(1), 95-98. FIG. 7B presents a diagram depicting the
method of propagation. Rosettes were separated by splitting
the rhizome. Plants were then transferred to fresh sterile
growth medium for further propagation in culture or trans-
ferred to soil and ‘hardened’ for at least 2-3 months prior to
experiments.

[0100] FIGS. 8A and 8B present images showing auto-
fluorescence and EFla transcript expression in Venus fly-
trap. FIG. 8A presents images of an unprocessed Venus
flytrap trigger hair in different channels to depict autofluo-
rescence from the plant cuticle. Images were taken with the
same settings as tissue subjected to in situ hybridization.
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FIG. 8B presents images of a longitudinal section of a
trigger hair and trap with smFISH against the housekeeping
gene EFla and FLYCI as well as DAPI. White arrowheads
indicate examples of EFla expression in various cells
throughout the tissue. Scale bars, pum.

[0101] FIGS. 9A and 9B present images showing FLYC2
and DmOSCA transcript expression in a trigger hair. Max
projection through longitudinal sections after fluorescent in
situ hybridization of (FIG. 9A) DmFLYC2 transcript and
(FIG. 9B) DmOSCA transcript at low (left) and high reso-
lution (center and right). No transcript was observed for
DmFLYC2, whereas OSCA was observed mostly in the
sensory cells. Scale bars, pm.

[0102] FIG. 10 is a bar graph relating to DmFLYC2 and
DmOSCA functionality. Macroscopic stretch-activated cur-
rents were recorded from HEK P1-KO cells transfected with
plasmids containing polynucleotides encoding each of the
polypeptides identified along the x-axis, namely, Mock
(N=7), MmPiezol (N=5), AtMSL10 (N=9), DmFLYC1
(N=10), DmFLCY2 (N=10), AtOSCAl.5 (N=4), and
DmOSCA (N=12) plasmids.

[0103] FIG. 11 is a plot and a schematic. FIG. 11 presents
a plot showing chloride permeability in DmFLYC1. Average
1-V (N=5) of DmFLYCI stretch-activated currents recorded
in cell attached patch clamp configuration. The recording
pipette was composed of 100 mM Calcium-gluconate. The
schematic depicts the patch clamp technique to record
stretch-activated currents.

[0104] FIGS. 12A-12D present a sequence alignment,
protein structural images, and a plot relating to the sequence
of a putative pore-forming helix in FLYC1 is compatible
with MscS-like channel structure. FIG. 12A presents a
sequence alignment of the putative pore helix of Venus
flytrap FLYC1 and Drosera DcFLYC1.1 and DcFLYC1.2
proteins with MSL10 and MscS. Nonpolar and polar resi-
dues are shown as light grey and ionizable residues are
shown in dark grey. A glycine predicted to localize at a
central bend in the helix is shown within a grey box. The
sequences presented in FIG. 12A are as follows:

FLYC1 (D. muscipula)
(SEQ ID NO: 1
ATTKLIVLLSSQLVVAAFIFGNTCKTIFEAIIFVEFVMHP

FLYCl1.1 (D. capensis)
(SEQ ID NO: 2
MTTKVLLFFSSQLLVAVFVFGNTCKTIFEAIIFVFVMHP

FLYC1.2 (D. capensis)
(SEQ ID NO: 3
MTTKVLLFFTSQLLVAVFVFGNTCKTIFEAIIFVEFVMHP

McsS (E. coli)
(SEQ ID NO: 4

QTASVIAVLGAAGLAVGLALQGSLSNLAAGVLLVMEFRPF

FIG. 12B is an image presenting modeled heptameric orga-
nization. The sequence of Venus flytrap FLYC1 was
threaded on the inner helix of heptameric MscS in a closed
conformation (PDB 20AU), and minimized using the
Rosetta energy function while imposing C7 symmetry. Pre-
dicted intersubunit hydrogen bonds between serines of pore
segments are shown, while a ring of phenylalanines (F572)
constrict the pore. Helices TM6a, forming the central pore,
and amphipathic helix TM6b are indicated for one pore
segment. FIG. 12C is an image of a cross section through the
protein surface colored by electrostatic potential, showing
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an uncharged (light grey) pore, with positive charge (darker
grey) above and below the pore. FIG. 12D is a plot present-
ing average I-V of stretch-activated single channel currents
from FLYC1 (N=7) and FLYC1(K579E) (N=4) in asym-
metrical NaCl solution. FLYC1 data are the same as that
described in FIG. 3D.

[0105] FIGS. 13A and 13B are scanning electron micros-
copy images showing variation in Cape sundew tentacles.
FIG. 13A is a scanning electron microscopy (SEM) image
showing mucilage-producing tentacles of different lengths
on the Cape sundew leaf blade. An asterisk (*) marks the
staging needle. Tentacles increase in length towards the leaf
edge. FIG. 13B presents a composite image of three SEM
micrographs showing tentacle bending around a D. mela-
nogaster fly. Scale bars, 200 pm.

[0106] FIG. 14 is an image showing unique cell morphol-
ogy of Cape sundew sensory/excretory cells by presenting
toluidine blue-stained longitudinal section through the head
of a Cape sundew tentacle. E, endodermis-like cells; S, outer
two layers of secretory cells. Arrows mark the unique cell
wall buttresses of a single outer secretory cell, around which
membrane crenellations occur.

[0107] FIG. 15 presents a graph showing Drosera FLYC
functionality. Macroscopic  stretch-activated  currents
recorded from HEKPI-KO cells transfected with Mock
(N=7), DmFLYC1 (N=10), DcFLCY1.1 (N=7), DcFLYC1.2
(N=10), and DcFLYC1.1/1.2 (N=11) plasmids.

[0108] FIGS. 16A and 16B present images and a plot
demonstrating that leaves of a Venus fly trap respond to
ultrasound stimuli. FIG. 16A presents images showing
Venus fly trap leaves open (top) and closed (bottom) after
ultrasound stimuli. FIG. 16B presents a plot showing the
number of 100 msec pulses needed to close the trap at
different ultrasound intensities. n>30 for each condition.
Averages and standard deviations are shown.

[0109] FIGS. 17A and 17B present plots demonstrating
that FLYC1 suppresses INS1 activity upon application of
ultrasound. The plots show ratio (y-axis has units of deltaF/
F) of changes in GCaMP fluorescence to baseline in INS1
controls (FIG. 17A) and in INS1-FLYCI1 cells (FIG. 17B).
100 msec pulses of ultrasound are represented by vertical
gray bands. n>17. The x-axis is labeled “Frame”, which has
units of 0.1 seconds, and the y-axis is labeled “deltaF/F”.
[0110] FIGS. 18A and 18B provide graphs demonstrating
that FLYC1 suppresses INS1 activity upon ultrasound. The
graph shown in FIG. 18 A demonstrates that INS1 cells show
a dose-dependent response to KCl in the FLIPR assay. The
graph shown in FIG. 18B demonstrates that FLYC1 expres-
sion suppresses INS1 response to KCl upon ultrasound
stimulation. n=12 wells each, * p<0.05 t-test with Bonfer-
roni correction.

[0111] FIG. 19 presents patch-clamp electrophysiology
traces resulting from the monitoring of sono-silencing chan-
nels. The traces provide examples of excitatory HEK cells
expressing FLYC1 stimulated with different durations of
ultrasound stimuli from a 6.91 MHz transducer.

[0112] FIGS. 20A and 20B show dot plots demonstrating
the FLYCI suppresses ultrasound-evoked hsTRPA1 calcium
events. Shown is the ratio of change in GCaMP fluorescence
relative to baseline in HEK cells expressing hsTRPA1+
dTom controls or hsTRPA1+FLYC1 upon ultrasound stimu-
lation (FIG. 20A) or exposure to AITC chemical agonist (30
uM concentration), (FIG. 20B). n>60 for each condition. **
indicates p<0.01 by logistic regression.
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[0113] FIGS. 21A and 21B show representative traces and
plots demonstrating that the R334E variant exhibits different
activation kinetics. FIG. 21A presents example traces of
stretch-activated current from HEK-P1KO cells expressing
wildtype (WT), (top trace) and R334E (bottom trace) in cell
attached configuration at —-80 mV membrane potential in
response to —70 mmHg pipette pressure. FIG. 21B (left plot)
shows current time and inactivation time (right plot) time for
the cells as described in FIG. 21A. n=6. ** indicates p<0.01
Dunn’s multiple comparison test.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0114] Provided and featured herein are products and
compositions featuring mechanosensory polypeptides and
polynucleotides, methods for expressing such polypeptides
and polynucleotides in a cell type of interest, and methods
for inducing the activation of the mechanosensory polypep-
tide in neuronal cells (e.g., neurons) and other cell types
using ultrasound.

[0115] The aspects and embodiments as described herein
are based, at least in part, on the discovery that specific
proteins, e.g., mechanosensory proteins, derived from plants
confer sensitivity to ultrasound when transduced or trans-
fected into target cells and expressed as heterologous pro-
teins on the target cell surface. The Examples provided and
described 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 mechanosensory pro-
teins can be used non-invasively to control cells.

[0116] In particular, as described and exemplified herein,
the Venus flytrap protein FLYCATCHER1 (FLYCI1) was
identified as a polypeptide (protein) capable of inducing
chloride-permeable stretch-activated and/or ultrasound-acti-
vated currents in naive cells transfected or transduced with
a polynuclectide encoding the polypeptide (protein). As
described and demonstrated herein, FLYC1 is a chloride-
selective inhibitory mechanosensitive channel protein in
mammalian cells. FLYC1 was expressed in excitable HEK
cells and spontaneously active insulinoma cells (INS-1) and
the protein was able to inhibit an activity in an ultrasound-
dependent manner in both types of cell lines. Not wishing to
be bound by theory, the FLYC1 polypeptide was determined
to be a mechanosensitive ion channel likely allowing the
Venus flytrap to sense touch. The products, compositions
and methods described herein allow for precision targeting
of cell inhibition and for inhibiting or silencing the activity
of cells upon ultrasound stimulation.

[0117] As described and exemplified herein, members of
the FLYC and OSCA families of ion channels were identi-
fied as candidate mechanosensors in rapid touch sensation in
carnivorous plants. Members of both ion channel families
were shown to have enriched expression in the sensory
trigger hairs of Venus flytrap. Among these, the FLYC1 gene
was identified as a prime candidate as its mRNA is highly
expressed/enriched in the putative mechanosensory cells
that initiate transduction of the touch-induced signal. The
encoded polypeptide, FLYC1, formed a mechanically acti-
vated ion channel with properties that would facilitate
generation of action potentials in sensory cells. In addition,
expression of FLYC genes was remarkably conserved in two
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morphologically disparate touch-sensitive structures from
different genera in the Droseraceae family.

[0118] As described and demonstrated in the examples
herein, robust macroscopic, as well as single channel
stretch-activated currents, were detected in FLYC1-express-
ing cells in a mammalian cell-expression system, and resi-
dues important for channel properties were identified, sup-
porting the finding that FLYC1 formed mechanosensitive
ion channels. Not intending to be bound by theory, a
chloride-permeable channel like FLYC1 could contribute to
membrane depolarization in plant cells. This is consistent
with the finding that increasing concentrations of extracel-
lular chloride ions was shown previously to reduce or
abolish the electrical response of Venus flytrap sensory cells
to a mechanical stimulus. FLYC1-mediated depolarization,
likely in combination with FLYC2 and OSCA (a mechano-
sensitive calcium permeable ion channel), may initiate
action potentials that propagate into the leaf through plas-
modesmata clustered on the basal side of the sensory cells,
eliciting trap closure (FIG. 6A). A similar chain of events
would occur in the sundew tentacle: prey contact with the
tentacle results in DcFLYC-induced action potentials that
may propagate through plasmodesmata along the outer cell
layers of the tentacle mechanosensory head and stalk, evok-
ing tentacle bending (FIG. 6B). In an embodiment, in plant
cells, FLYCI1 is likely a chloride-selective excitatory mecha-
nosensitive channel protein in plant cells. The findings
described and exemplified herein are consistent with FLYC1
being identified as a bona fide sensor of touch. In various
embodiments, the FLYC1 polypeptide may be used to
modulate an activity in a cell when expressed as a heter-
ologous polypeptide in the cell.

[0119] In various embodiments, the described heterolo-
gous mechanosensory proteins described herein can be used
to render neurons, 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) or anion (e.g., chloride, fluoride, bromide, or
iodide) concentration. The mechanosensory proteins can be
used to alter cellular functions in vivo, in vitro, or €x vivo.
In addition, the mechanosensory proteins can be used to alter
cell function of cells expressing these proteins in cell
culture.

[0120] Accordingly, provided and described are poly-
nucleotides encoding a mechanosensory polypeptide,
expression vectors comprising such polynucleotides, cells
expressing a heterologous mechanosensory polypeptide,
cells expressing a heterclogous recombinant mechanosen-
sory polypeptide, and methods for stimulating such cells
with ultrasound.

Ultrasound

[0121] 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).
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Also, the small focal volume of the ultrasound wave com-
pares well with light that is scattered by multiple layers of
brain tissue (S. [. Al-Juboori et al., PLoS ONE 8 (7). e67626
(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 mechanosen-
sory polypeptides in cells are provided, and methods to
stimulate or modulate the activity or function of cells
expressing heterologous mechanosensory polypeptides
using low-intensity ultrasound stimulation are provided. In
an embodiment, the cells that express the heterologous
mechanosensory polypeptides are neuronal cells, and the
methods involve neuromodulation by the non-invasive use
of ultrasound stimulation, in particular, low-intensity ultra-
sound.

Cells and Cellular Compositions Comprising Recombinant
Mechanosensory Polypeptides

[0122] Provided are cells comprising a heterologous
nucleic acid molecule encoding a mechanosensory polypep-
tide (e.g., FLYC1). Such mechanosensory polypeptides are
heterologously or exogenously expressed in a cell type of
interest. In an embodiment, the cell type of interest
expresses a heterologous mechanosensory polypeptide as
described herein and is sensitive to a rapid change in anion
(e.g., chloride, bromide, fluoride, or iodide) or cation (e.g.,
calcium, potassium, sodium) concentration associated with
mechanosensory modulation or inhibition of an activity of
the cell by ultrasound. In an embodiment, the cell type is a
cardiac muscle cell comprising a mechanosensory poly-
nucleotide under the control of a promoter suitable for
expression in a cardiac cell (e.g., NCX1 promoter). In an
embodiment, the cell type is a muscle cell comprising a
mechanosensory polynucleotide under the control of a pro-
moter 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 (p) islet cell) comprising a
mechanosensory polynucleotide under the control of a pro-
moter suitable for expression in an insulin-secreting cell,
e.g., Pdx1 promoter. In another embodiment, the cell type is
an adipocyte comprising a mechanosensory polynucleotide
under the control of a promoter suitable for expression in an
adipocyte (e.g., 1aP2). In another embodiment, the cell type
is a neuronal cell type (neuron) comprising a mechanosen-
sory 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 interneuron, or an Agouti-Related Pro-
tein-expression positive (AGRP-***) neuron. By way of
nonlimiting examples, a nestin or Tuj 1 promoter is gener-
ally suitable for expression of the mechanosensory poly-
nucleotide in a neuron; an H2b promoter is suitable for
expression of the mechanosensory polynucleotide in a motor
neuron; an Islet 1 promoter is suitable for expression of the
mechanosensory polynucleotide in an interneuron; and an
OMP promoter, T1R, T2R promoter, rhodopsin promoter, or
Trp channel promoter is suitable for expression of the
mechanosensory polynucleotide in a sensory neuron. In
some embodiments, the cell is a plant cell. In some embodi-
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ments, the cell can be an cell of the immune system, e.g., a
T cell, B cell, monocyte, macrophage, natural killer (NK)
cell. Such cells may be cells in vitro, ex vivo, or in vivo. In
particular embodiments, the cells express a mechanosensory
polypeptide that is sensitive to ultrasound. In particular
embodiments, the mechanosensory polypeptide is a
DmFLYC1, DmFLYC2, DmOSCA, DcFLYCIL.1, or
DcFLYC1.2 polypeptide, or a functional portion, isoform,
ortholog, or homolog thereof. In another embodiment, the
mechanosensory  polypeptide, eg, a DmFLYCI,
DmFLYC2, DmOSCA, DcFLYC1.1, or DcFLYC1.2 poly-
peptide, or a functional portion, isoform, ortholog, or
homolog thereof, or the polynucleotide encoding the mecha-
nosensory polypeptide and the like, is codon-optimized for
expression in a mammalian cell or in a plant cell. In another
embodiment, the mechanosensory polypeptide, e.g., a
DmFLYC1, DmFLYC2, DmOSCA, DcFLYCI.1l, or
DcFLYC1.2, or a functional portion, isoform, ortholog, or
homolog thereof, or the polynucleotide encoding the mecha-
nosensory polypeptide and the like, is codon-optimized for
expression in a mammalian cell or a human cell.

Expression of Recombinant Mechanosensory Polypeptides

[0123] 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, neuronal cell lines, or
a plant cell) is genetically or recombinantly engineered to
express a heterologous mechanosensory polynucleotide
whose expression renders the cell responsive to ultrasound
stimulation. Ultrasound stimulation of such cells induces
cation or anion influx or efflux. The molecular techniques
involved in genetically or recombinantly engineering cells to
express heterologous polypeptides are well known to and
routinely practiced by those having skill in the art.

[0124] The mechanosensory polypeptide may be consti-
tutively expressed or its expression may be regulated by an
inducible promoter or other control mechanism where con-
ditions necessitate highly controlled regulation or timing of
the expression of a mechanosensory polypeptide. For
example, heterologous DNA encoding a 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 polynucleotides 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 admin-
istration of a given drug/chemical, or can be tagged to allow
induction by chemicals, or expression in specific cell com-
partments.

[0125] 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
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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.

[0126] 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.

[0127] 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.

[0128] Viral vectors are used to genetically alter cells as
provided and 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 mechanosensory polypeptides, for example,
into the cells. Viral vectors and methods for using them to
deliver or introduce polynucleotides such as DNA or RNA,
to cells are well known to those of skill in the art. Examples
of viral vectors that can be used in the delivery of poly-
nucleotides into the cells as provided and described herein
include, but are not limited to, adenoviral vectors, adeno-
associated viral vectors (AAV), retroviral vectors (including
lentiviral vectors), alpha viral vectors (e. g., Sindbis vec-
tors), and herpes virus vectors. In embodiments, the viral
vectors are recombinant viral vectors.

Targeted Cell Types

[0129] Mechanosensory polypeptides can be heterolo-
gously expressed in virtually any eukaryotic or prokaryotic
cell of interest. In one embodiment, the cell (or target cell)
is a bacterial cell or a pathogenic cell type. In another
embodiment, the cell (or target cell) is a mammalian cell,
such as an adipocyte, muscle cell, cardiac muscle cell,
immune cell, insulin secreting cell (e.g., beta (B) islet cell),
or neuron (e.g., a Motor neuror, 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). In some embodiments,
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the cell is a plant cell. In some embodiments, the plant cell
is not a Dionaea muscipula or a Drosera capensis cell.
Methods of Modulating Activity and/or Function of a Cell
[0130] The methods provided herein are, inter alia, useful
for the modulation (e.g. increase, decrease, silencing, or
inhibition) of an activity and/or function of cells that express
the mechanosensory polypeptides. In particular, ultrasound
stimulation of such cells induces cation or anion influx or
efflux, thereby altering cell activity and/or function. Altering
the intensity of the ultrasound modulates the extent of
alteration in the function and/or activity.

[0131] 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, glial cells, astrocytes, oligodendro-
cytes and microglia cells. Where a neural cell is stimulated,
a function or activity (e.g., excitability) of the neural cell is
modulated by modulating, for example, the expression or
activity of a given gene or protein (e.g., a 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 or lower 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.

[0132] 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 20 kilohertz (20,000 hertz) in healthy,
young adults. Ultrasound (ultrasonic wave) devices operate
with frequencies from 20 kHz up to several gigahertz. The
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 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 a cell (e.g., a sensory neuron). The stimulation of a
mechanosensory protein may cause mechanically sensitive
ion channels to open and produce a transduction current that
changes the membrane potential of a cell.

[0133] 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) mechanosensory polypeptide, wherein the transfected

»
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or transduced cell expresses the mechanosensory polypep-
tide, in particular, in the cell membrane. An ultrasonic wave
is applied to the transfected or transduced cell, thereby
stimulating the cell. In some embodiments, the mechanosen-
sory polypeptide is DmFLYC1, DmFLYC2, DmOSCA,
DcFLYC1.1, DeFLYC1.2, or a homolog or ortholog thereof.
In some embodiments, the mechanotransduction polypep-
tide is a mechanosensory polypeptide or a functional por-
tion, homolog, or ortholog thereof. In some embodiments,
ultrasound applied to a cell expressing a heterologous
DmFLYC1, DmFLYC2, DmOSCA, DcFLYCI.1,
DcFLYC1.2 mechanosensory polypeptide or a homolog or
ortholog thereof results in a reduction, inhibition, or silenc-
ing of an activity or function in the cell. In some embodi-
ments, 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 an intensity of less than 500 mW/cm?.

[0134] In some embodiments, the ultrasonic wave has an
intensity of from about or at least about 0.01 W/cm?, 0.5
Wiem?, 1 W/em?, 5 W/em?, 10 W/em?, 25 Wiem?, 50
W/em?, 100 W/em?, 150 W/em?, 200 W/em?, 250 W/em?,
300 W/em?, or 400 Wicm®. In some embodiments, the
ultrasonic wave has an intensity of less than about 0.01
Wiem?, 0.5 Wiem?, 1 W/em?, 5 W/em?, 10 W/em?, 25
Wiem?, 50 Wiem?, 100 W/em?, 150 Wiem?, 200 W/em?,
250 W/em?, 300 W/em?, or 400 W/em?. 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.

[0135] Insomeembodiments, 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 ultrasonic 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.
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[0136] In some embodiments, the method further includes
contacting a transfected or transduced cell, e.g., without
limitation, a neural cell, with an ultrasound contrast agent
prior to applying ultrasound. In various embodiments, the
ultrasound contrast agent is a microbubble. In certain
embodiments, the microbubble has a diameter of from about
0.1 pm, 0.2 pm, 0.3 um, 0.4 pm, 0.5 pm, 0.75 pm, 1 pm, 1.5
pm, 2 um, 3 um, 4 um, or 5 um to about 6 um, 7 pm, 8 um,
9 um, 10 pm, 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)

[0137] 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
TRBA-A - A -nER

where P is the uniform pressure applied on the membrane,
R is the memibrane radius, y is the center deflection, 6 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
to form a single applicator. Multiple applicators may be
combined to form a single probe.

[0138] 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
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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.

[0139] 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.

[0140] 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,
Nd:YAG (neodymium-doped yttrium aluminum garnet;
Nd:Y;Al;0,,) 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 in connection with the 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.

[0141] 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-
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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
pm. In various embodiments, the acoustic waves are propa-
gated into tissue or fluid surrounding the small volume of
fluid.

[0142] 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; (i1) 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

[0143] In an aspect, non-invasive therapeutic methods are
provided and described, in which the methods involve the
use of sound waves (ultrasound) to activate mechanosensi-
tive cellular transmembrane proteins (mechanoreceptors)
that in turn excite, increase, silence, or inhibit cellular
function, locally and/or downstream of the initial source of
ultrasound application. In another aspect, a method of alter-
ing the function of a sensory unit that innervates a targeted
tissue portion of an animal is provided. In another aspect, a
method for manipulating the activity or function of a cell or
tissue is provided, in particular, a mammalian cell or tissue,
including a human cell or tissue, or a plant cell or tissue. In
an embodiment, the plant is not Dionaea muscipula or
Drosera capensis. The method involves expressing a heter-
ologous polypeptide in a cell. The methods include express-
ing in a cell or tissue of a subject a therapeutically effective
amount of an exogenous mechanosensory polypeptide (e.g.,
DmFLYC1, DmFLYC2, DmOSCA, DcFLYC1.1, and
DcFLYC1.2) and applying ultrasound (an ultrasonic wave)
to the subject, cell, or tissue, thereby resulting in a change
in mechanosensory polypeptide conductance, e.g., cation or
anion influx or efflux, 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 encod-
ing an exogenous mechanosensory polypeptide (e.g.,
DmFLYC1, DmFLYC2, DmOSCA, DcFLYC1.1, and
DcFLYC1.2) and applying ultrasound (an ultrasonic wave)
to the cell or tissue, resulting in a change in mechanosensory
polypeptide conductance, e.g., cation or anion influx or
efflux. In an embodiment, the method is used to manipulate
a tissue or cell ex vivo, in vivo, in situ, or ex situ. In an
embodiment, the methods involve treating or ameliorating a
disease or disorder by modulating, e.g., enhancing, increas-
ing, silencing, or inhibiting cellular activity or function in a
subject having the disease or disorder. In particular embodi-
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ments, the exogenous mechanosensory polypeptide is a
mechanosensory  polypeptide, namely, DmFLYCI,
DmFLYC2, DmOSCA, DcFLYC1.1, DcFLYC1.2, an
ortholog or homolog thereof, or a functional portion thereof.

[0144] 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 pm, 0.2 pm,
03 um, 0.4 um, 0.5 pm, 0.75 pm, 1 pm, 1.5 pm, 2 pm, 3 pm,
4 um, or 5 um to about 6 um, 7 pm, 8 um, 9 um, 10 um, 50
pm, or 100 pm, and is injected or otherwise introduced into
the body (e.g., the brain), tissue, cell, plant, or culture
medium containing the tissue or cell where it enhances
ultrasound stimulation.

[0145] 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
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 DmFLYC1, DmFLYC2,
DmOSCA, DcFLYC1.1, DcFLYC1.2, or an ortholog or
homolog thereof.

[0146] 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 or plant. 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 acous-
tically sensitive, heterologous mechanosensory protein as
described herein, e.g., a motor neuron, in one area, e.g., the
spinal cord, is stimulated with acoustical energy (ultra-
sound), resulting in activation, inhibition, or silencing 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.
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[0147] 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, mechanosensory proteins
modulate membrane potential of a neuron, or other type of
cell, by transporting ions, e.g., potassium, sodium, calcium,
chloride, bromide, fluoride, or iodide ions, through the
membrane of the cell.

[0148] The practice of the aspects and embodiments as
described herein employs, unless otherwise indicated, con-
ventional techniques of molecular biology (including
recombinant techniques), microbiology, cell biology, bio-
chemistry 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);
“Oligonucleotide 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” (Coli-
gan, 1991). These techniques are applicable to the produc-
tion of the polynucleotides and polypeptides as described
herein, and, as such, may be considered in making and
practicing the aspects and embodiments as described. Par-
ticularly useful techniques for particular embodiments will
be discussed in the sections that follow.

[0149] 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 are not
intended to be limiting.

Compositions and Pharmaceutical Compositions

[0150] Compositions comprising cells expressing a heter-
ologous or exogenous mechanosensory polypeptide as
described herein are provided. In an embodiment, the com-
position is a pharmaceutical composition. Typically, the
carrier or excipient for such a compaosition is a pharmaceu-
tically acceptable carrier or excipient, such as sterile water,
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.

[0151] A composition or pharmaceutical composition is
administered at a dosage or effective amount that amelio-
rates, decreases, diminishes, abates, alleviates, or elimina-
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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.

EXAMPLES

Example 1: Discovery of FLYCATCHER1 and
FLYCATCHER2 (FLYC1 and FLYC2), and
DmOSCA

[0152] The Venus flytrap has evolved rapid touch-induced
movements. Bending of any one trigger hair of the Venus
flytrap generates an action potential in sensory cells at the
base of the trigger hair that propagates through the trap and
is correlated with an increase in cytosolic calcium in leaf
trap cells. Early recordings from Venus flytrap trigger hairs
have suggested that, based on the time scale of action
potential generation, mechanosensitive ion channels may
play a role in transducing force into electrical signals. To
identify possible ion channels required for the touch
response in Venus flytrap, an effort was initiated to find
genes that are preferentially expressed in trigger hairs.
[0153] The Venus flytrap genome is very large—approxi-
mately 20 times the size of that of the commonly studied
model plant Arabidopsis thaliana (Table 1)—and lacks
available inbred strains. Therefore, a clonal propagation
system was established for the collection of genetically
identical material (FIGS. 1A, 1B, 7A and 7B). Using these
clones, a de novo transcriptome was generated representing
genes expressed in trap tissue from Illumina-based short
sequencing reads. The transcriptome of the clonal strain
consisted of almost 28,000 unique transcripts with open
reading frames coding for predicted proteins of at least 100
amino acids. This is larger than the approximately 21,000
genes previously predicted by genome sequencing, reflect-
ing the presence of multiple isoforms in the transcriptome,
possible heterozygosity and strain differences, and/or differ-
ences in genome/transcriptome completeness, indicated by
BUSCO analysis (see Materials and Methods). Comparing
the transcriptome of the plant’s trigger hairs with that of only
the leaf traps revealed that 495 protein-coding genes were
differentially-enriched by greater than 2-fold in the trigger
hair, whereas 1,844 protein-coding genes were similarly
enriched in the trap. Based on homology to Arabidopsis,
many genes preferentially expressed in leaf traps were
associated with photosynthetic function, while those more
highly expressed in the trigger hairs included transcription
factors and genes that may affect cellular and organ struc-
ture.
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TABLE 1

Size estimates of two Arabidopsis (Col-0) samples compared to the
Venus flytrap strain (CPO1).

Species DNA Content (pg/2C) St. Dev.
A. thaliana (Col-0) 0.38 0.010
Sample #1

A. thaliana (Col-0) 0.40 0.007
Sample #2

D. muscipula (CP01) 7.86 0.359

[0154] To find potential mechanosensitive ion channels,
the trigger hair-enriched transcriptome was screened for
transcripts coding for likely multi-pass transmembrane pro-
teins. Of 45 such transcripts, three coded for possible
candidates based on homology to Arabidopsis proteins. Two
of these shared homology to MSL family proteins (transcript
IDs comp20014_c0_seql and comp28902_c0_seql), and
one to the OSCA family (compl16046_c0_seql). These
genes were named FLYCATCHER1 and FLYCATCHER?2
(FLYC1 and FLYC2), and DmOSCA, respectively. Enriched
expression of homologs to the mechanically activated
PIEZO channels were not observed. One of these MSL-
related transcripts, FLYC1, was expressed 85-fold higher in
trigger hairs than in trap tissue (FIGS. 1C and 1D), and was
the second highest enriched gene (a putative terpene syn-
thase was 176-fold enriched; see Materials and Methods).
By contrast, the other two putative ion channels were less
than 7-fold differentially expressed. To validate the tran-
scriptome, the transcript sequence from cDNA of FLYCI
was verified using Sanger sequencing to determine the
complete gene sequence. The absence of single nucleotide
polymorphisms (SNPs) causing amino acid changes in
exons in the strain was determined to be indicative of
selection for the protein product (Materials and Methods).

Example 2: Structural, Sequence, and Phylogenetic
Analyses of FLYC1, FLYC2, and DmOSCA

[0155] FLYCI and FLYC2 coded for predicted proteins of
752 and 897 amino acids, respectively, with homology to
Arabidopsis MSL10 and MSLS5 (FIG. 2A). Ten MSL (MscS-
like) proteins were discovered previously in Arabidopsis
based on their similarity to the bacterial mechanosensitive
channel of small conductance, MscS. Not wishing to be
bound by theory, in Escherichia coli, MscS opens to allow
ion release upon osmotic down-shock and cell swelling,
thereby preventing cell rupture. In Arabidopsis, MSLS8 func-
tions in pollen rehydration, whereas the roles of the remain-
ing MSLs in mechanosensory physiological processes is
unclear. MSL10 forms a functional mechanosensitive ion
channel with slight preference for chloride when heterolo-
gously expressed in Xernopus laevis oocytes. Furthermore,
along with other members of the MSL family, MSL10
accounts for stretch-activated currents recorded from root
protoplasts. While FLYC1 and FLYC2 were 38.8% identi-
cal, they shared 47.5% and 35.5% identity with MSL10
respectively, with most variation in the cytoplasmic N-ter-
minus. Compared to MscS, FLYC1 and FLYC2 had three
additional predicted transmembrane helices, six in total,
with the C-terminus of the proteins sharing highest homol-
ogy (FIGS. 2B and 2C).

[0156] DmOSCA encoded a predicted 754 amino acid
protein with highest homology to Arabidopsis OSCAL.S
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(64% identity), which belong to a 15 member family of
OSCA proteins in Arabidopsis (FIGS. 2D and 2E). Although
initial identification characterized the OSCA family as
hyperosmolarity-activated calcium channels, it has been
demonstrated that several members of the OSCA family are
mechanosensitive ion channels that are non-selective for
cations and that have some chloride permeability. Fly and
mammalian orthologues, Tmem63, also encode mechano-
sensitive ion channels, suggesting that the molecular func-
tion of the OSCA genes is conserved. Furthermore, purifi-
cation and reconstitution of AtOSCA1.2 in proteoliposomes
induced stretch-activated currents, indicating that these pro-
teins are inherently mechanosensitive. Notably, mutant
OSCA1.1 plants have stunted leaf and root growth when
exposed to hyperosmotic stress, possibly as a consequence
of impaired mechanotransduction in response to changes in
cell size. This suggests an ancestral role for these channels
as osmosensors, similar to the MSL family.

Example 3: Identification of Cells Expressing
FLYCI, FLYC2, and DmOSCA

[0157] Experiments were conducted to identify the cells in
the trigger hair that expressed the FLYCI1, FLYC2, and
DmOSCA genes. The trigger hair can be divided into two
main regions: a cutinized lever and a podium on which the
lever sits. An indentation zone at the top of the podium
separates the two regions (FIGS. 3A and 3C). This zone is
where most flexure of the trigger hair occurs. Electrophysi-
ological recordings have demonstrated that mechanical
stimulation of the trigger hair generates action potentials
from a single layer of sensory cells at this indentation zone,
and not from other cells of the podium or lever. By fluo-
rescent in situ hybridization, FLYCI transcript was detected
specifically in indentation zone sensory cells (FIGS. 3B, 3C,
and 3D). No transcript was observed in cells of the lever or
lower podium (FIGS. 3B and 3E). In contrast, EFla tran-
script, a housekeeping gene, was detected throughout the
trigger hair and trap (FIGS. 8A and 8B). FLYCl-sense
probes produced no signal above background (FIG. 3B).
Using similar in situ hybridization methods FLYC2 tran-
scripts were not detected, whereas DmOSCA was found at
high levels within trigger hair sensory cells, but also low
levels in other cell types (FIGS. 9A and 9B). These results
are consistent with RNA-seq findings from whole trigger
hairs, where FLYC2 and DmOSCA were less enriched over
background trap tissue compared to FLYC1, and in the case
of FLYC2, were only weakly expressed (FIG. 1D). Notwith-
standing, the expression profile of FLYC1 and DmOSCA
was consistent with these genes being at the site of touch-
induced initiation of action potentials, resulting in trap
closure.

Example 4: Exogenous Expression of FLYC1,
FLYC2, and DmOSCA in HEK-PIKO Cells

[0158] To test whether FLYCI1, FLYC2, and DmOSCA
were mechanically-activated ion channels and that conferred
mechanosensitivity to naive cells, human codon-optimized
polynucleotide sequences of these genes were exogenously
expressed in mechanically-insensitive HEK-P1KO cells.
Robust stretch-activated currents were recorded from
FLYCl1-expressing cells when negative pressure was applied
to the recording pipette in the cell-attached patch configu-
ration (FIGS. 4A and 4B), but not from FLYC2-, or
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DmOSCA-expressing cells (FIG. 10). In these experiments,
overexpression of human codon-optimized MSL10 and of
OSCA1.5 subcloned from Arabidopsis thaliana did not
produce stretch-activated currents in the system using HEK-
P1KO cells (FIG. 10). Without intending to be bound by
theory, expression of MSL10 in oocytes has been shown to
elicit stretch-activated currents; therefore, trafficking of
these plant proteins may be compromised following expres-
sion in mammalian cells. As would be appreciated by the
skilled practitioner in the art, modifying polynucleotide
expression techniques, the conditions used to express the
plant proteins in HEK-P1KO, the use of other expression
systems and host cells, and/or further codon-optimization,
and the like, may lead to functional stretch-activated cur-
rents by certain of these exogenously-expressed plant-de-
rived proteins. Given the high transcript enrichment, local-
ization in sensory cells, and mechanosensitivity, FLYC1 was
selected as a likely functional mechanosensor in Venus
flytrap sensory hairs.

[0159] Further characterization of FLYC1 channel prop-
erties indicated that stretch induced FLYCI activation
occurred at -70+4 mmHg (N=9), and the channel had a
conductance of 164x9 pS (N=6) (FIG. 4C). Similar to
MSL10 stretch-activated currents in oocytes, FLYC1 cur-
rents had a slow rise time for activation and did not saturate,
suggesting that these channels didn’t inactivate. Upon
removal of the stretch stimulus, the currents decayed with a
time constant of 167+34 ms (N=5). Not wishing to be bound
by theory, in land plants and green algae, chloride-perme-
able channel opening is associated with membrane depolar-
ization, due to the efflux of chloride ions down their elec-
trochemical gradient. Therefore, it was tested whether
FLYC1 is permeable to chloride by recording stretch-acti-
vated FLYC1 currents from excised patches in asymmetrical
NaCl solution. FLYC1 was demonstrated to exhibit a pref-
erence for chloride over sodium with a P.,/P,, ratio of
9.8+1.8 (N=7) (FIG. 4D and FIG. 11), which was higher
than ratios previously obtained for MSL10 (P./P,,: 5.9)
and MscS (P,/Px: 1.2-3.0).

Example 5: Evaluation of the Pore-Lining Helix

[0160] While bacterial MscS are known to be mechani-
cally activated ion channels gated by membrane tension,
much less is known about the structure and function of plant
MSLs. Although homology modelling of MSL10 with MscS
has been indicative of certain residues that alter channel
conductance, molecular determinants of selectivity and gat-
ing in MSL10 remain largely unknown. Because of a high
sequence similarity in the C-terminus of MscS, MSL 10, and
FLYCI1 proteins (FIG. 12A), the extent to which the molecu-
lar architecture of the putative pore-lining helix was shared
among these channels was evaluated. Homology-modelling
of FLYC1 with the known MscS structure suggested that
certain features of the pore-forming transmembrane domain
(TM6) were conserved. These include hydrophobic residues
within the part of the helix that lines the pore (TM6a), and
a glycine kink at G575 followed by an amphipathic helix
(TM6b) that lies parallel to the inner plasma membrane
surface (FIGS. 12B and 12C). Based on the result that
FLYCI has a high preference for chloride, it was tested
whether the positively-charged lysine residues on either side
of the putative pore (K558 and K579) may confer pore
properties. Lysine residues were substituted at positions 558
and 579 with glutamate residues and P/P,,, was measured.
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While selectivity for chloride in both mutants remained
unchanged, the K579E mutant exhibited smaller single
channel currents at positive membrane potentials (FIG.
12D), suggesting that K579 was in the vicinity of the pore.
This analysis confirmed that the predicted TM6 of FLYCI is
part of the pore-lining region of the channel, consistent with
mutagenesis results in MSL10. These findings were further
supported by the cryo-EM (electron microscopy) structure
of AtMSL1, which indicated a similar architecture of the last
transmembrane (TM) of the channel.

Example 6: Exogenous Expression of DcFLYC1.1
and DcFLYC1.2

[0161] Because of the importance of FLYC1 for touch-
induced prey recognition, its expression and function in
mechanosensory structures was hypothesized to be con-
served across carnivorous Droseraceae plants. To test this
hypothesis, the largest genus in the family, Drosera, which
includes approximately 200 species of sundew plants was
investigated. Sundews are characterized by touch-sensitive
projections on their leaf surface called tentacles (FIG. 5A).
These tentacles typically secrete a glob of sticky mucilage
from their head, which acts as a trapping adhesive when
contacted by insect prey. Movement by the adhered insect
results in action potentials along the tentacle, often accom-
panied by radial movement of the tentacle toward the leaf
center. This traps the struggling insect against even more
mucilage-secreting tentacles, allowing for digestion to occur
(FIG. 5B).

[0162] The expression of two FLYCI1 homologs in Cape
sundew (Drosera capensis) was identified by quantitative
reverse transcriptase-(QRT-) PCR. Consistent with findings
from experimental studies of the Venus flytrap, these two
transcripts had 30- to 40-fold higher expression in tentacles
compared to tentacle-less leaf tissue (FIG. 5C). The cloned
cDNAs of these two genes—which were named DcFLYC1.1
and DcFLYC1.2—coded for almost identical predicted pro-
tein products with 96.4% identity. They shared 66.2% and
65.6% identity to Venus flytrap FLYCI, respectively (FIG.
2A).

[0163] Cape sundew tentacles display variation in length
depending on their position on the leaf (FIGS. 13A and
13B), but share a similar mechanosensory head structure,
with two outer layers of secretory cells (FIG. 5D). The
outermost secretory cells have previously been hypothesized
to double as the site of touch sensation. Not only are these
cells directly exposed to the mucilage environment on which
the insect prey adheres and pulls, but they display a unique
morphology of outer cell wall buttresses and plasma mem-
brane crenellations (FIG. 14). In addition, cellulose fibrils
extend from the outer cell wall into the cuticle in much the
same way as they do in the Venus flytrap indentation zone.
smFISH probes against DcFLYC1.1 and DcFLYC1.2 tran-
scripts localized to the outer secretory cells, whereas no
transcripts were observed in the leaf at the base of the
tentacles (FIG. 5E).

[0164] Heterologous expression of human codon-opti-
mized DcFLYC1.1 and DeFLYC1.2 ¢DNA, independently
or together in HEK-P1KO cells, did not result in stretch-
activated currents (FIG. 15). Similar to the findings with
DmFLYC2 and DmOSCA, the lack of activity may be due
to incorrect folding and trafficking of these proteins. Tech-
nical difficulties in live-labeling these ion channels have
limited the ability to present evidence for this (see Materials
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and Methods). Nonetheless, the expression data are consis-
tent with a conserved role for FLYC1 in two divergent
species in carnivorous Droseraceae plants.

Materials and Methods in Connection with Examples 1 to 6

Plant Materials and Growth Conditions

[0165] Venus flytraps were propagated in tissue culture
using methods modified from those previously described
(Jang, G. W., Kim, K. S., & Park, R. D. (2003) “Micro-
propagation of Venus fly trap by shoot culture” Plant Cell
Tissue and Organ Culture, 72(1), 95-98). Seeds (Flytrap-
Store.com, OR) were surface sterilized for 5 minutes (min)
using 70% ethanol with 0.1% Triton X-100; rinsed; and then
seeded onto 'Ax Murashige and Skoog (MS) salts and
vitamins (Caisson Labs), 3% sucrose, and 4.3 g/I. gellan
gum. Following germination, plants were selected for robust
growth in tissue culture as well as large size to facilitate
tissue manipulations. A single strain originating from a
single seed (CPO1) was chosen for further propagation by
continual splitting of rhizomes. After 9-12 months in culture,
the largest rosettes were transferred to soil (fine-grade
sphagnum peat moss) and grown under greenhouse condi-
tions (25-30° C.; ~16 h light 8 h dark, with overhead
artificial red light added in evening hours to bring to 16 h
light length). Soil was kept constantly moist using purified
water. Plants were allowed to harden on soil for at least 2-3
months prior to experiments.

[0166] Drosera capensis var. rubra (Cape sundew) seeds
(AK Carnivores, HI) were surface sterilized. germinated on
plates, and seedlings transferred to soil and grown under
greenhouse conditions.

Imaging

[0167] For imaging of cell wall-stained tissue sections,
freshly harvested plant tissue was dissected in 2% (v/v)
paraformaldehyde and 1.25% (v/v) glutaraldehyde in 50
mmol/LL PIPES buffer, pH 7.2 and fixed for 2 hours (h) in the
same solution. Samples were dehydrated in a graded ethanol
series and embedded in JB-4 Plus Embedding Media (Elec-
tron Microscopy Sciences) according to manufacturer’s
instructions, with the exception that infiltration was per-
formed at room temperature over 7 days. Some dehydrated
samples were then stained with 0.1% eosin in 100% ethanol
prior to embedding to help visualize the material during
sectioning. Sections were cut at 4-6 pm and dried from a
drop of dH20 onto Probe On Plus slides (ThermoFisher
Scientific). Tissues sections were stained with 0.01% aque-
ous Toluidine Blue O, cover-slipped and examined with an
Olympus BX51 microscope.

[0168] Scanning electron microscopy (SEM) was per-
formed by imaging fresh plant tissue in the variable-pressure
mode of a field emission-scanning electron microscope
(Sigma VP; Zeiss) at 5 Pa of nitrogen with the variable-
pressure secondary electron detector.

[0169] For time-lapse movies and light images of D.
capensis during feeding, plants were fed with Drosophila
melanogaster (Canton-S) or house flies (Musca domestica)
and imaged using an Olympus Tough TG-5 camera. To aid
in feeding, all insects were momentarily paralyzed by plac-
ing them in a tube on ice for 5-10 min immediately prior to
plant feeding.
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Estimation of Nuclear Genome Size

[0170] Nuclear genome size was estimated using flow
cytometry methods similar to those reported previously
(Arumuganathan, K., & Earle, E. D., 1991, Plant Molecular
Biology Reporter, 9(3), 229-241. doi:10.1007/b£02672073),
and were performed at Benaroya Research Institute, Seattle,
WA. Nuclei from 50 mg of Arabidopsis leaf or Venus flytrap
petiole tissue were suspended in 0.5 mL solution of 10 mM
MgSO,, 50 mM KCl, 5 mM Hepes pH 8.0, 3 mM dithio-
threitol, 0.1 mg/mL propidium iodide (PI), 1.5 mg/mL
DNAse free RNAse (Roche) and 0.25% Triton X-100.
Nuclei were filtered through a 30 pm nylon mesh and
incubated at 37° C. for 30 min. Stained nuclei were analyzed
with a FACScalibur flow cytometer (Becton-Dickinson). As
an internal standard, samples included nuclei from chicken
red blood cells (2.5 pg/2C). For each measurement, the PI
fluorescence area signals (FL2-A) from 1000 nuclei were
collected and analyzed and the mean positions of the GO/G1
peaks for the sample and internal standard were determined
using CellQuest software (Becton-Dickinson). Nuclear
DNA size estimates are an average of 4 measurements.
Tissue Collection for RNA-Seq and qRT-PCR

[0171] To generate RNA-seq libraries from trigger hair
tissue, trigger hairs were collected over the course of a
month, 3-4 times a week during the hours of 6:30-9:30 pm
under artificial red light. Only traps larger than 1.5 cm in
length were used. 12 trigger hairs were dissected from the
surface of two leaves at a time before snap-freezing in liquid
N, (<5 min between dissection and freezing). Aliquots of
trigger hairs were later pooled during RNA extraction. A
sampling of traps (~20) with the trigger hairs removed was
collected simultaneously as comparison tissue. The experi-
ment was performed in triplicate: 250 trigger hairs were
collected for the first replicate, and 750 trigger hairs for each
of replicates two and three.

[0172] For fed versus unfed trap samples, each tissue
sample included two traps (>1.5 cm in length), each fed with
a single house fly for 24 h. Fed traps were opened at the time
of harvest and the fly carcass removed before snap-freezing
the tissue. Samples were collected in duplicate.

[0173] Cape sundew tentacles were harvested by remov-
ing fresh leaves from plants and placing these directly into
liquid N,. While immersed in the liquid N, the leaves were
agitated and/or scraped to break off the tentacles. The
tentacles and remaining leaf material were then separated for
RNA extraction. Each sample type was collected in quadru-
plicate.

RNA Extraction for qRT-PCR and RNA-Seq

[0174] Total RNA was extracted using a modified LiCl-
based method similar to that described by others (Bemm, F.
et al., 2016, Genome Res, 26(6), 812-825. doi:10.1101/gr.
202200.115; Jensen, M. K. et al., 201), PLoS One, 10(4),
€0123887. doi:10.1371/journal.pone.0123887). Briefly, fro-
zen plant material was ground to a powder and 700 pL. of
RNA extraction buffer added (2% CTAB, 2% polyvinylpyr-
rolidone K25, 100 mM Tris HCI pH 8.0, 25 mM Na-EDTA
pH 8.0, 2M NaCl, 2% v/v [-mercaptoethanol). If necessary,
tissue aliquots were pooled at this stage, or later during
ethanol precipitation. Samples were vortexed 2 min and then
incubated 65° C. for 10 min, vortexing occasionally. Debris
was removed by centrifugation and 600 pL. chloroform was
added to the supernatant and mixed. The sample was cen-
trifuged at 10,000 rpm for 10 min. %5 vol 7.5 M LiCl was
added to the aqueous phase which was then incubated
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overnight at 4° C. with gentle mixing. RNA was pelleted by
centrifugation at 10,000 rpm for 10 min at 4° C. The RNA
pellet was washed with 70% ethanol, air-dried, and re-
suspended in 100 pL. H20. The RNA was then re-precipi-
tated by adding 0.1 vol 3M NaAcetate (pH 5.2), 2.5 vol
100% ethanol and an optional 1.5 pl GlycoBlue (Thermo
Fisher) for low yield samples; mixing; and incubating for 1
h at -80° C. The RNA was pelleted by centrifugation at
12,000 rpm for 20 min at 4° C. The pellet was washed with
70% ethanol, air dried, and re-suspended in 30-50 pl, H,O.
These samples were then used directly to generate cDNA for
gqRT-PCR. Alternatively, samples for RNA-seq were re-
suspended in 22 ul, H20, and to this was added 2.5 ul, 10x
TURBO buffer and 1 uL. TURBO DNase (Thermo Fisher).
Samples were incubated at 37° C. for 20-30 min. 2.5 ul
Inactivation Reagent was then added, and samples incubated
for a further 5 min at room temperature, mixing occasion-
ally. The resin was removed by centrifugation at 10,000 rpm
for 1.5 min and transferring the supernatant to a new tube.
RNA quality and yield was assessed by Agilent TapeStation
before proceeding with sequencing library generation.

RNA-Seq and Venus Flytrap Trap Transcriptome Assembly

[0175] Stranded mRNA-Seq libraries were prepared using
[lumina TruSeq Stranded mRNA Library Prep Kit accord-
ing to the manufacturer’s instructions. Libraries were quan-
tified, pooled and sequenced at paired-end 125 bp reads
using the [lumina HiSeq 2500 platform at the Salk NGS
Core. Raw sequencing data was demultiplexed and con-
verted into FASTQ files using CASAVA (v1.8.2). All
samples were sequenced simultaneously on a single flow
cell lane. The average sequencing depth was 8.8 million
reads per library. Library quality was assessed using FastQC
(v0.11.5) and Illumina adapter sequences and poor quality
reads trimmed using Trimmomatic (0.36.0) with the sug-
gested parameters by Trinity, an application for generating
de novo transcriptomes widely used in the art.

[0176] Most aspects of the de novo transcriptome assem-
bly and RNA-Seq analysis were performed using CyVerse
cybercomputing infrastructure (S. Goff et al., 2011, Fron-
tiers in Plant Science, 2, doi: 10.3389/fpls.2011.00034). To
acquire the most complete representation of the Venus
flytrap trap transcriptome, reads collected from house fly-fed
and unfed traps were included, in addition to the paired
trigger hair and trigger hair-less trap samples to build the
trap transcriptome (Table 2). Trinity (v2.5.1) was used for
the de novo build, using default settings and an assembled
contig length of greater than 300 nt. The final transcriptome
included 80,592 contigs, which were grouped into 77,539
components. Herein, each Trinity component is generally
referred to as a “gene”. The maximum contig length was
15,873 nt; average and median lengths 867 and 536 nt,
respectively; and N50 1,197 nt.

TABLE 2

Summary of sequencing reads used to build the de novo transcriptome
(NCBI Transcriptome Shotgun Assembly Sequence Database accession #
GHIF00000000, corresponding to submission number SUB5415411).

Paired SRA accession
Sample replicates  Tissue  # paired reads #
unfedl no 2 traps 9,079,584 SRR8834216
unfed2 no 2 traps 9424911 SRR8834215
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TABLE 2-continued

Summary of sequencing reads used to build the de novo transcriptome
(NCBI Transcriptome Shotgun Assembly Sequence Database accession #
GHJIF00000000, corresponding to submission number SUB3415411).

Paired SRA accession
Sample replicates  Tissue  # paired reads #
fedl no 2 traps 9,597,638 SRR8834218
fed2 1o 2 traps 9,887,029 SRR8834217
trapl yes (A) ~20traps® 4410249  SRR8834220
trigger_hairl yes (A) 250 hairs 3,702,412 SRR&834221
trap2 yes (B) ~20traps® 10,974,314 SRR8834219
trigger_hair2 yes (B) 750 hairs 9,711,759 SRR&834214
trap3 yes (C)  ~20 traps® 11418472  SRR8834222
trigger_hair3 yes (C) 750 hairs 9,975,164 SRR8834213

“Trigger hairs removed.

[0177] CEGMA (Core FEukaryotic Genes Mapping
Approach) and BUSCO (Benchmarking Universal Single-
Copy Orthologs) analyses were used to assess the complete-
ness of the Venus flytrap trap transcriptome. Using CEGMA,
of 248 ultra-conserved core eukaryotic genes tested for, all
were present in the transcriptome, including 246 of which
the coding sequences were defined as complete by CEGMA
criteria. In a search for the presence of near-universal single
copy orthologs using BUSCO (v3.0; lineage: plantae; spe-
cies: Arabidopsis), 94.7% of BUSCOs were present, 92.6%
of which were defined as complete. This number is greater
than that reported for the previously published Venus fly trap
genome sequence (Palfalvi, G. et al.,, 2020, Curr Biol,
30(12), 2312-2320 2315, doi:10.1016/1.cub.2020.04.051).
[0178] To further test the quality of the transcriptome,
reads were aligned for each sample back to the transcrip-
tome using Bowtie 2 (v2.2.4). For each sample, 80-90% of
the paired reads mapped back concordantly, while the over-
all alignment rate was >90%. These values were similar
when the reads for each sample from a second sequencing
run were independently aligned.

[0179] TransDecoder (v1.0) was used to find open reading
frames (ORFs) that coded for possible proteins or incom-
plete protein fragments of at least 100 amino acids in length
on the +strand. In total, 33,710 ORFs (open reading frames)
fulfilling these criteria were found (this number increased
only a small amount, to 34,080, if the-strand was also
included). Of these, 14,886 were identified as complete.
These values are similar to those previously reported for a
Venus flytrap transcriptome generated from multiple tissues
(Jensen, M. K. et al., (2015), Transcriptome and genome size
analysis of the Venus flytrap, PLoS One, 10(4), 0123887.
doi:10.1371/journal.pone.0123837).

[0180] To assign homologous sequences from Arabidopsis
to protein-coding transcripts, complete and partial polypep-
tides were blasted against the Arabidopsis TAIR10 proteome
using default settings in Blastp (v2.2.29), with an e-value
threshold of <0.01. The top hit only was retained for
downstream analysis. To predict the number of transmem-
brane passes per protein, TMHMM v. 2.0 was used.
[0181] The de novo Venus flytrap trap transcriptome is
available through the National Center for Biotechnology
Information (NCBI) Transcriptome Shotgun Assembly
(TSA) database with accession number GHIFO0000000.
The uploaded transcriptome has the following modifications
from that described above and used for differential gene
expression analysis below: the last 42 nt of contig
comp11005_c0_seql and the first 21 nt of comp46326_c0_
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seql were removed (possible adapter sequences), and 18
contigs were flagged as possible contaminants and deleted.
The uploaded transcriptome includes 80,574 contigs.

RNA-Seq Differential Gene Expression Analysis

[0182] Methods supported by Trinity were used for find-
ing genes differentially expressed between trigger hair and
trigger hair-less trap tissue samples. To increase the
sequencing read count number over any given contig, a
second sequencing run of all samples was performed (SRA
accession  numbers SRR&834210, SRR&834209,
SRR8834208, SRR8834207, SRR8834212  and
SRR8834211). The concatenated reads were trimmed from
both sequencing runs using Trimmomatic as described
above, and aligned these to de novo Venus flytrap trap
transcriptome using Bowtie. RSEM (v1.2.12) was used to
find expected gene counts, and edgeR to find differentially-
expressed genes using a paired experimental design for
statistical testing. For the analysis in edgeR (v3.12.1), the
gene list was first filtered to include only those Trinity
components whose transcript(s) included an ORF (open
reading frame) coding for a protein (or fragment thereof) of
at least 100 amino acids in length. For components with
more than one such protein assigned to them, the longest
ORF (open reading frame) was assumed to be the most
relevant, and was used as the basis for assigning an Arabi-
dopsis homolog to the gene/component. Genes that had
counts per million (CPM)<2 in over half the samples were
excluded from the analysis. A table of genes passing these
criteria showing gene expression values as mean CPM in
traps and trigger hairs, as well as differential expression in
trigger hairs versus traps calculated using edgeR algorithms
with false discovery rate (FDR) can be found at the NCBI
Gene Expression Omnibus (GEO) database with GEO
Series accession number GSE131340. This repository also
includes a list of all protein-coding genes and blast results
against the Arabidopsis proteome. Genes that had a fold-
enrichment difference of 2-fold or more, in addition to FDR
<0.05, were designated as having trigger hair- or trap-
enriched expression. Fold-enrichment was calculated using
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edgeR algorithms, and not directly from mean CPM values.
For gene ontology (GO) analysis, GO terms were assigned
to each gene based on its homologous Arabidopsis protein
(Arabidopsis TAIR10 annotation data downloaded April
2018). GO enrichment was performed using BiNGO 3.03
(biological process terms only) with Benjamini and Hoch-
berg corrected p value <0.05.

[0183] The highest differentially-expressed gene in the
trigger hair transcriptome coded for a protein with homology
to a terpene synthase (transcript 1D compl18811_c0_seql;
approximately 175-fold enrichment). It is possible that the
expression of this gene is a vestigial remnant of the proposed
evolutionary history of the trigger hair from an ancestral,
tentacle-like secretory structure. However, enriched expres-
sion of other genes obviously associated with volatile pro-
duction were not observed. When the transcript was blasted
against the Arabidopsis TAIR10 genome, a reported hit
against Arabidopsis MSL10 was found, due to a conserved
17 nt stretch. Thus, a shared regulatory sequence may exist
between this transcript and MSL-related genes.

Cloning of Venus Flytrap ¢cDNAs, and Sequencing of
DmFLYC1 Genomic DNA

[0184] cDNA from Venus flytrap whole-trap tissue was
prepared from RNA using the Maxima First Strand cDNA
Synthesis Kit (Thermo Fisher). FLYCL ¢cDNA (Trinity ID
#comp20014_c0_seql) was then PCR amplified using prim-
ers CP1010 and CP1011 (Table 3). which anneal in the
predicted 5' and 3' UTRs, and was ligated into pCR-Blunt
1I-TOPO (Invitrogen). A clone was generated that matched
the predicted sequence from the de novo transcriptome, as
assessed by Sanger sequencing methods. Similarly, EFla
(comp10702_c0_seql) was PCR amplified from cDNA tem-
plate using primers CP1144 and CP1145, and ligated into
pCR-Blunt II-TOPO. This EF1o. transcript was chosen as a
ubiquitously expressed control gene for the RNAscope
experiments due to its high expression in all RNA-seq tissue
samples. The EFla. ¢DNA insert was sequenced using
flanking M13F and M13R primers that anneal in the pCR-
Blunt II-TOPO vector, and verified that the first ~1.1 kb and
last ~350 bp of the cDNA matched the prediction from the
de novo transcriptome.

TABLE 3

Primer sequences used to amplify FLYC1 cDNA

Primer SEQ ID NO: Sequence (5'—3')

CP0994 15 CCAGTGTCACCTTATAGGGAAGAAGCG

CP0995 16 CCCTCGACGTAGTTCCCCTAGC

CP1009 17 cacatcgat TCACATATTGCGGATACTAATTTCTTGGGGC
CP1010 18 acacccgggGCTAGCTTTCATCCACCGAATAARCACC
CP1011 19 cacatcgatACATCATTGACCAGARGCARGGCACTC
CP1033 20 TGGCATCTTCATTCCATTTGAATAGGTTCTTTG
CP1034 21 GCATACCCGACATGGTCGACAAGC

CP1035 22 TGACAAGTTTGTTTAACTGCTTCACTGCTG

CP1144 23 AGGTCTTTAGATTAACTCTTCAACATGGGTAAGG
CP1145 24 ACAAGACTTCATTTTGCACCCTTCTTTATCG
CP1172 25 GATTGAGCAAACAARAAGGCGCATGARG
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TABLE 3-continued
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Primer sequences used to amplif

FLYC1 cDNA

Primer SEQ ID NO: Sequence (5'—3')

CP1173 26 ARATTTTGACCTACGTTGACCGTCAGC
CP1174 27 TGATCAGGCTGCGCTTARACATGC

CP1176 28 ACATTCTACTTTGTTTGCAATTGTTTTCCCACTC
CP1177 29 ARGAAACATTAAGCTGCACCTGCTCC

CP1208 30 GAGAGGTCCACCAACCTTGACTGE

CP1209 31 AGCAACGETCTGACGCATGTCC

cp1218 32 GTGCCAGTGGGARGAGTTGAGAC

cP1219 33 CAGAGAAAGTCTCGACAACCATRRE

CP1224 34 CAAATCATTGAAAACGTGAAGGGAAGCACTG
CP1225 35 CCTATGAGATACTTAGCCTGTTAGCCATGC
CP1233 36 GCCCTTCTATAGTAGTCTCACCTCTTCG
CP1237 37 GCCATGCGCAGCATATGETACTAGC

CP1240 38 GCTATTTCTTATTCTCCTGAGCACAACATACTG
cP1242 39 TGATCGCTGTGTCGTAGATGGAACAATG
CP1243 40 CTAATGGATTGCARACTAGGAGATGCTTAGC
[0185] Venus flytrap genomic DNA was extracted from

fresh plant tissue using a CTAB-based method (Murray, M.
G., & Thompson, W. F. (1980), Rapid isolation of high
molecular weight plant DNA, Nucleic Acids Res, 8(19),
4321-4325). Using this as template, overlapping fragments
covering the gene were PCR-amplified and sequenced using
Sanger sequencing. Overlapping and nested primer sets
were: CP1010 and CP0995; CP0994 and CP1034; CP1033
and CP1035; CP1172 and CP1173; CP1176 and CP1177;
and CP1174 and CP1009 (see Table 3). The presence of two
overlapping peaks on a chromatogram was used as evidence
of heterozygosity and allelic variation. The most 3' primer
(CP1009) annealed over the stop codon and last 31 bases of
the coding sequence, and, as such, the existence of addi-
tional SNPs within this stretch cannot be ruled out. 32 SNPs
in total were detected in the FLYCI gene, of which only 2
were found in the coding region and were silent (i.e. coded
for the same amino acid).

[0186] For electrophysiological characterization, FLYCI,
FLYC2, and OSCA cDNAs were gene synthesized (human
codon optimized) into pIRES2-mCherry vector from
Genewiz. K558E and K579E substitutions in FLYC1 were
generated using Q5 Site-Directed Mutagenesis Kit (New
England BioLabs) according to the manufacturer’s instruc-
tion and confirmed by full-length DNA Sanger sequencing.
Identification of Drosera capensis ¢cDNA Sequences and
Design of qRT-PCR Primers

[0187] To find Drosera FLYC1 homologs, the first exon of
Venus flytrap FLYC1 was blasted against the scaffold assem-
blies of the D. capensis genome (Butts, C. T. et al., 2016,
Proteins, 84(10), 1517-1533, doi:10.1002/prot.25095).
Because the first exon codes for the N-terminal cytoplasmic
domain, which is most divergent among MSL family mem-

bers, it may therefore best differentiate among different MSL
genes and identify the best FLYC1 homolog. Four close
homologous sequences were found using this method
(e-value of 0.0; >60% query cover; NCBI blastn), two of
which were located on scaffold LIEC01006169.1, one on
LIEC01010092.1, and another on LIEC01012078.1. Posi-
tion 42843-46002 of scaffold LIEC01006169.1 (reverse
strand; start to stop codon) and position 23270-26408 of
scaffold LIEC01012078.1 (forward strand; start to stop
codon) were predicted to code for transcripts closely resem-
bling the complete Venus flytrap FLYC1 sequence based on
inferred exon structure and conserved sequences. The genes
were called DcFLYC1.1 and DcFLYC1.2, respectively.
[0188] To determine the exact DcFLYCI.1 and
DcFLYC1.2 sequences coded for in the D. capensis plants,
the cDNAs were aniplified using primers predicted to bind
in the 5' and 3' UTRS (primers CP1240 and CP1243; and
CP1224 and CP1225, respectively). Each cDNA was ampli-
fied from template derived from two different plants, and
these PCR products were independently cloned into pCR-
Blunt II-TOPO vector. For DcFLYC1.1, 1 of 2 and 2 of 2
clones from each of the two reactions from independent
templates shared the same cDNA sequence as determined by
Sanger sequencing. For DcFLYC1.2, 3 of 7 and 4 of § clones
from each of the two reactions shared the same cDNA
sequence. Other clones had additional base differences not
seen in any other clone. While these might represent endog-
enous variation in this tetraploid species, they are more
likely a result of PCR amplification errors or low-fidelity
transcription and reverse transcription processes.

[0189] DcFLYC1.1 and DcFLYC1.2 ¢cDNAs share high
sequence similarity. To resolve between the two by qRT-
PCR, primer pairs were designed where one of the two
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primers annealed in a less-conserved stretch of residues in
the 5' or 3' UTR (CP1242 and CP1237, and CP1224 and
CP1233, respectively). The resolution of the two cDNAs
using these primers was confirmed by directly sequencing
the two PCR products by Sanger sequencing. DcFLYCI.1
and DcFLYC1.2 cDNAs were gene synthesized by Genewiz
(human codon optimized) and subcloned into pIRES2-
mCherry vector for electrophysiological characterization.
[0190] To design qRT-PCR primers for the D. capensis
EFla reference transcripts, a PCR product from cDNA
template was amplified using primers CP1208 and CP1209.
Sanger sequencing of this product suggested the presence of
at least two highly similar EF 1o transcripts, as evidenced by
double peaks on the chromatogram. These may represent the
products of different genes or alleles. To avoid biases against
any one EF1a transcript, the gRT-PCR primers were refined
to anneal over unambiguous bases (CP1218 and CP1219).
gRT-PCR

[0191] Analysis of Cape sundew leaves and tentacles by
gqRT-PCR was performed using SYBR green-based proto-
cols. Briefly, 500-1000 ng of RNA was used to generate
cDNA using the Maxima First Strand ¢DNA Synthesis Kit
(Thermo Fisher), from which dilutions were used as tem-
plate for gPCR. Comparisons were performed in biological
quadruplicate. Cycling reaction temperatures were 95° C.
for 10 sec, 60° C. for 20 sec, and 72° C. for 30 sec.
Fold-changes in gene expression were calculated using the
AACt method.

Bioinformatics ~ Analyses:  Homology
Protein/Nucleotide =~ Comparisons,  Protein
Predictions, and Evolutionary History

[0192] Unless otherwise specified, all nucleotide and
amino acid comparisons were made using the default set-
tings of MUSCLE. For phylogenetic tree analysis of MscS
domain and OSCA proteins shown in FIGS. 2A and 2D,
Maximum Likelihood trees were built from MUSCLE align-
ments of MscS domains (Haswell, E. S., & Meyerowitz, E.
M. (2006). MscS-like proteins control plastid size and shape
in Arabidopsis thaliana. Curr Biol, 16(1), 1-11.doi:10.1016/
j.cub.2005.11.044) and full-length OSCA proteins using
MEGA X software (LG+G model, 4 discrete Gamma cat-
egories) and viewed using iTOL. All positions with less than
95% site coverage were eliminated (partial deletion option).
The trees with the highest log likelihood and bootstrap
values from 1000 replications are shown in the figures.
[0193] Protein topologies of FLYC1 and FLYC2 (FIGS.
2B and 2C) were predicted using Proffer. DmOSCA topol-
ogy (FIG. 2E) was determined by aligning the protein
against Arabidopsis OSCA1.2 and assigning TM (trans-
membrane) and pore domains at the same positions identi-
fied in the OSCA1.2 protein structure. To model the Venus
flytrap FLYC1 TMG6 putative pore domain, residues A555-
P593 were threaded to residues Q92-F130 of MscS in a
closed conformation (PDB 20AU). C7 symmetry was
imposed using Rosettascripts, and side chain and backbone
conformations were minimized using the Rosetta energy
function with the solvation term turned off due to exposed
hydrophobics in the partial structure.

Modelling,
Topology

Accession Numbers

[0194] RNA-Seq data, the de novo transcriptome, ORF
(open reading frame) identification, and downstream differ-
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ential gene expression analysis can be found at NCBI using
the accession numbers referenced above, and under the
umbrella Bioproject PRINA530242. CDS sequences sub-
cloned and sequenced from plant cDNA template are avail-
able in GenBank (DmFLYC1, DcFLYC1.1, and DeFLYCI.
2).

Cell Culture and Transient Transfection with Heterologous
Polynucleotides

[0195] PIEZO1l-knockout Human Embryonic Kidney
293T (HEK-P1KO) cells were used for all heterologous
expression experiments. HEK-P1KO cells were generated
using CRISPR-Cas9 nuclease genome editing technique as
described previously (Lukacs, V. et al., 2015, Nat Commun,
6, 8329. doi:10.1038/ncomms9329), and were negative for
mycoplasma contamination. Cells were grown in Dulbec-
co’s Modified Eagle Medium (DMEM) containing 4.5
mgml-1 glucose, 10% fetal bovine serum, 50 units'ml-1
penicillin and 50 pg'ml-1 streptomycin. Cells were plated
onto 12-mm round glass poly-D-lysine coated coverslips
placed in 24-well plates and transfected using lipofectamine
2000 (Invitrogen) according to the manufacturer’s instruc-
tions. All plasmids were transfected at a concentration of
700 ng'ml-1. Cells were recorded from 24 to 48 hours after
transfection.

Electrophysiology

[0196] Patch-clamp experiments in cells were performed
in standard cell-attached, or excised patch (inside-out) mode
using Axopatch 200B amplifier (Axon Instruments). Cur-
rents were sampled at 20 kHz and filtered at 2 kHz or 10
kHz. Leak currents before mechanical stimulations were
subtracted off-line from the current traces. Voltages were not
corrected for a liquid junction potential (LIP) except for ion
selectivity experiments. LJP was calculated using Clampex
10.6 software. All experiments were performed at room
temperature.

Solutions

[0197] For cell-attached patch clamp recordings, external
solution used to zero the membrane potential contained (in
mM) 140 KCl, 1 MgCl,, 10 glucose and 10 HEPES (pH 7.3
with KOH). Recording pipettes were of 1-3 MQ resistance
when filled with standard solution composed of (in mM) 130
mM NaCl, 5 KCl, 1 CaCl,, 1 MgCl,, 10 TEA-CI and 10
HEPES (pH 7.3 with NaOH).

[0198] Ion selectivity experiments were performed in
inside-out patch configurations. PCI/PNa was measured in
extracellular solution composed of (in mM) 150 NaCl and
10 HEPES (pH 7.3 with NaOH) and intracellular solution
was composed of (in mM) 30 NaCl, 10 HEPES and 225
Sucrose (pH 7.3 with NaOH). Calcium-gluconate solution
was composed of (inmM) 50 Calcium gluconate, 0.5 CaCl,,
10 HEPES, 170 Sucrose (pH 7.3 with NaOH).

Mechanical Stimulation

[0199] Macroscopic stretch-activated  currents were
recorded in the cell-attached or excised, inside-out patch
clamp configuration. Membrane patches were stimulated
with 1 second negative pulses through the recording elec-
trode using Clampex controlled pressure clamp HSPC-1
device (ALA-scientific), with inter-sweep duration of 40
seconds. Stretch-activated single-channel currents were
recorded in the cell-attached configuration. Since single-
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channel amplitude is independent of the pressure intensity,
the most optimal pressure stimulation was used to elicit
responses that allowed single-channel amplitude measure-
ments. These stimulation values were largely dependent on
the number of channels in a given patch of the recording cell.
Single-channel amplitude at a given potential was measured
from trace histograms of 5 to 10 repeated recordings.
Histograms were fitted with Gaussian equations using
Clampfit 10.6 software. Single-channel slope conductance
for each individual cell was calculated from linear regres-
sion curve fit to single-channel I-V plots.

Permeability Ratio Measurements

[0200] Reversal potential for each cell in the mentioned
solution was determined by interpolation of the respective
current-voltage data. Permeability ratios were calculated by
using the following Goldman-Hodgkin-Katz (GHK) equa-
tions:

[0201] Pc1/Pna Ratios:

RT  Py,[Na], + P[Cl);
E,py = —In—m—-"-"—-7—
F " Pua[Nal; + Pei[Cl],

In Sitm Hybridization and Imaging

[0202] Whole Venus flytrap and Cape sundew leaves were
cut from the plant, fresh frozen in liquid N,, and 15 pm
sections collected. RNA in situ hybridization (RNAscope)
was performed on sections according to manufacturer’s
instructions (ACDBio: #323100) using probes against
DmFLYC1 (ACDBio; Ref: 546471, lot: 18177B),
DmFLYC1-sense (ACDBio; Ref: 566181-C2, lot: 18361A),
DmFLYC2 (ACDBio; Ref: 546481, Ilot: 18177C),
DmOSCA (ACDBio; Ref: 571691, lot: 19032A), DcFLYC1.
1/DcFLYC1.2 (ACDBio; Ref: 572451, lot: 19037B), and
EF1o (ACDBio; Ref: 559911-C2, lot: 18311B). DmFLYC1-
sense (FIG. 3B) and DmFLYC2 (FIGS. 9A and 9B) were
tested on the same section. However, DmFLYC2 probe was
independently tested in two additional experiments and no
signal was observed. Slides were mounted with
Vectashield+DAPI (Ref: H1200, lot: ZEO815). Stained sec-
tions were imaged with a Nikon C2 laser scanning confocal
microscope and z-stacks were acquired through the entire
section with a 60x objective. Displayed images are max
projections of the entire z-stack. Images were processed
using ImageJ (Fiji image processing package). Bungaro-
toxin binding sequence (BBS) targeted immunostaining
experiments.

[0203] Labeling efficiency of DmFLYC1 was first tested
with the intent of using a similar strategy for DmFLYC2,
DmOSCA, and DcFLYC1.1/1.2. Protein expression at the
membrane can be estimated by inserting a bungarotoxin
binding sequence (BBS) in putative extracellular loops of
the proteins of interest, and immunolabelling with o-bun-
garotoxin conjugated to a fluorescent tag and measuring
fluorescence efficiency using flow cytometry. The 13 amino
acid bungarotoxin binding sequence (WRYYESSLEPYPD;
SEQ ID NO: 41) was cloned-in using Q5 site-directed
mutagenesis kit in at the sites G216, P287, V289, or P292 in
DmFLYCl-ires mCherry. PIEZO1-BBS-ires GFP (green
fluorescent protein) construct, which has been demonstrated
to be expressed at the membrane, was used as a positive
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control. HEK-P1 KO cells were transfected with PIEZO1-
BBS, and FLYC1-BBS constructs. 48 hours post transfec-
tion, media was aspirated and cells were resuspended in 100
LL labeling buffer (PBS containing 2% Fetal bovine serum
and 1 mM EDTA) using versene to detach cells from the
plate. Cells were incubated with 1:100 Alexa Fluor 647-
conjugated o-bungarotoxin for PIEZO1 and Alexa Fluor
488-conjugated a-bungarotoxin for DmFLYCl (Thermo
Fisher Scientific, Ref B13422, Ref B35450) in 1004 labeling
buffer for 15 minutes at room temperature. Cells were then
washed 3x with labeling buffer with a 5 minute incubation
at each step and subjected to flow cytometry (LSR II).
Labelling efficiency was measured using Flowjo. While
positive labeling of PIEZO1-BBS was observed, labelling of
FLYC1 was not observed at four distinct sites in two
different putative extracellular loops of the protein. Insertion
of the BBS in FLYC1 may have affected folding and
trafficking of the wild-type protein.

Example 7: Venus Fly Trap Plants are Sensitive to
Ultrasound Stimuli

[0204] Inland plants and green algae, chloride-permeable
channel opening is associated with membrane depolariza-
tion due to the efflux of chloride ions down their electro-
chemical gradients. To ascertain whether plants had mecha-
nosensitive chloride-channels that could be triggered by
ultrasound stimuli, the well-known carnivorous plant, Dio-
naea muscipula (Venus fly trap), was selected for experi-
mentation. The leaf of the Venus fly trap consists of an open
bilobed trap, which attracts animal prey (insect) by volatile
secretions. When an animal contacts one of the 3-4 mecha-
nosensory hairs on each lobe, it bends the hair, which, in
turn, generates an action potential in the sensory cells at the
base of that hair and propagates throughout the trap. Two
action potentials within a short 30 second time window lead
to rapid closure, ensnaring the prey. This trap closes in 100
msecs, one of the fastest movements in the plant kingdom.
[0205] In Examples 1-6 described supra, genes that are
selectively expressed in trigger hairs were identified, includ-
ing two transcripts with homology to the MSL class and one
to the OSCA family. One of these three transcripts was
highly enriched in mechanosensitive trigger hairs and was
termed FLYC1 (flycatcher 1). Example 4 supra demonstrates
that expressing human codon-optimized FLYC1 in mechani-
cally insensitive HEK-P1KO cells (A. E. Dubin et al., 2017,
Neuron, 94:266-270. E263) rendered them sensitive to
membrane stretch, thus confirming that this channel is
chloride-selective.

[0206] To test the sensitivity of Venus fly trap plants to
ultrasound stimuli, the plants were mounted on a lithium
niobate transducer, which allowed for delivery of different
frequencies of ultrasound stimuli and to monitor responses
of the plant. It was found that the plants’ traps closed when
at least two pulses of ultrasound stimuli of >1 MPa were
delivered within 30 milliseconds (FIGS. 16A and 16B).
These data confirmed that ultrasound stimuli could trigger
the mechanosensory hairs, resulting in closure.

Example 8: Exogenous Expression Establishing
FLYC1 as a Candidate Sono-Silence Channel

[0207] As described supra, FLYC1 is a chloride-selective
mechanosensitive protein that is highly enriched in the
trigger hairs of the Venus fly trap. An immortalized rat



US 2023/0340534 Al

pancreatic beta cell line (INS1), (I. Cosar-Castellano et al.,
2008, Diabetes, 57:3056-3068) was used to express the
genetically encoded caleium indicator, GCaMP6 (T. W.
Chen et al., Nature, 499:295-300). These cells exhibited
spontaneous calcium events as measured by changes in
GCaMP6 fluorescence. A human codon-optimized poly-
nucleotide sequence encoding the FLYC1 polypeptide was
used to transduce INS1 cells, which expressed the heterolo-
gous FLYCI polypeptide. The heterologous FLYC1 poly-
peptide-expressing INS’ cells were found to have reduced
spontaneous responses following ultrasound stimulation
(FIGS. 17A and 17B). In addition, the morphology of the
INS’ cells was not altered by FLYC1 alteration or ultrasound
stimulation. The results of these experiments suggest that
FLYC1 polypeptide may function as a sono-silencing chan-
nel when expressed as a heterologous protein in another cell
type, such as an INS1 cell.

Example 9: Fluorescence Imaging Plate Reader
Membrane-Potential Assay

[0208] A plate reader-based fluorescence imaging plate
reader (FLIPR) membrane-potential assay (FMP assay) was
used to confirm that the FLYC1 polypeptide functioned as an
ion channel when expressed as a heterologous (or exog-
enous) polypeptide in a given cell. The FMP (FLIPR mem-
brane potential) kits provide proprietary assays developed
by Molecular Dynamics for use in GPCR (G-protein-
coupled receptor) and ion channel discovery by those skilled
in the art. INS1 cells molecularly engineered to express a
heterologous FLYC1 polypeptide were cultured in a 96-well
plate. The FMP dye (FLIPR membrane potential dye) was
added to the wells, and a baseline (t=0) reading was obtained
from the plate reader. Different amounts of potassium chlo-
ride were added to the wells and changes in FMP (FLIPR
membrane potential) fluorescence were monitored every
five minutes for up to 20 minutes. Consistent with the
manufacturer’s handbook, a dose-dependent increase in
fluorescence was observed with a peak response of an
approximately 2.5 fold change to 60 mM KCI. INS1 cells
expressing the heterologous FLYC1 polypeptide showed a
lower response to KCl stimulation (FIGS. 18A and 18B).
FIGS. 17A, 17B, 18A and 18B also show that heterolo-
gously expressed FLYC1 in INS-1 cells can suppress INS-1
cell activity, leading to less insulin secretion.

Example 10: Sono-Silencing Characteristics

[0209] To determine the sono-silencing characteristics of
the FLYCI polypeptide exogenously expressed in HEK
cells, each cell expressing a heterologous FLYCI polypep-
tide was held at +60 mV, and various ultrasound pulse
duration stimuli were delivered to the cells using 6.91 MHz
transducers. The cells were held at +60 mV in order to
observe maximal hyperpolarizing responses, as the equilib-
rium potential for chloride is approximately -70 mV.
Lithium niobate transducers were used to deliver ultrasound
stimuli to the cells. It was found that HEK cells expressing
the FLYC1 polypeptide responded variably to ultrasound
stimuli of different durations while the intensity was kept
constant (2 MPa). Additionally, it was observed that the
HEK cells which expressed the FLYC1 polypeptide dis-

Oct. 26, 2023

played some voltage-dependency at depolarizing membrane
potentials (FIG. 19). As demonstrated by FIG. 19, the
FLYC1 expressed in INS-1 cells was able to inhibit excitable
cells.

Example 11: Calcium Imaging Analyses

[0210] Calcium imaging was used to assess whether the
FLYC1 polypeptide expressed in cells was able to suppress
ultrasound activation of hsTRPA1. For these experiments,
imaging techniques were employed in which an ultrasound
transducer was aligned with a cell culture dish holder, and
changes in cellular responses were recorded as changes in
GCaMP fluorescence. Without intending to be bound by
theory, because ultrasound activation of hsTRPA1 requires
amplification from membrane-bound calcium channels, the
simultaneous entry of chloride ions (from the expression of
FLYC1 polypeptide) was expected to attenuate this
response. The results showed that expression of the FLYC1
polypeptide in the cells consistently suppressed ultrasound
(US)-evoked, but not AITC-activated, TRPA1 responses
(FIGS. 20A and 20B). AITC is a chemical agonist that
activates TRPAL1 via an ultrasound-independent mechanism.
(M. Raisinghani et al., 2011, J. Physiol Cell Physiol, 301:
C587-600 and M. Duque et al., 2020, bioRxiv: 2020.2010.
2014.338699.) As established by FIGS. 20A and 20B, the
expression of the exogenous FLYC1 polypeptide is inhibi-
tory by suppressing ultrasound-evoked activation of
hsTRPA1-expressing cells.

[0211] In addition, an R334E variant of the FLYC1 poly-
peptide was identified that exhibited slower inactivation
kinetics in response to membrane stretch when expressed in
cells (e.g., HEK-P1KO cells (FIGS. 21A and 21B). The
R334E FLYC1 variant polypeptide sequence is provided in
SEQ ID NO: 42. The expression of the FLYC1 variant
polypeptide in cells confirmed that the FLYC1 polypeptide
may be altered to obtain channels that exhibit different
functional properties.

OTHER EMBODIMENTS

[0212] From the foregoing description, it will be apparent
that variations and modifications may be made to the various
aspects and embodiments as described herein for adapting to
various usages and conditions. Such embodiments are also
within the scope of the following claims.

[0213] 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.

[0214] 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.
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SEQ ID NO: 1 moltype = AA 1length = 39
FEATURE Location/Qualifiers
gource 1..39

mol type = protein

organism = Dionaea muscipula
SEQUENCE: 1
ATTKLIVLLS SQLVVAAFIF GNTCKTIFEA IIFVFVMHP 39
SEQ ID NO: 2 moltype = AA 1length = 39
FEATURE Location/Qualifiers
source 1..39

mol_type = protein

organism = Drosera capensis
SEQUENCE: 2
MTTKVLLFFS SQLLVAVFVF GNTCKTIFEA IIFVFVMHP 39
SEQ ID NO: 3 moltype = AA length = 39
FEATURE Location/Qualifiers
gource 1..39

mol_type = protein

organism = Drosera capensis
SEQUENCE: 3
MTTKVLLFFT SQLLVAVFVF GNTCKTIFEA IIFVFVMHP 39
SEQ ID NO: 4 moltype = AA length = 39
FEATURE Location/Qualifiers
source 1..39

mol type = protein

organism = Escherichia coli
SEQUENCE: 4
QTASVIAVLG AAGLAVGLAL QGSLSNLAAG VLLVMFRPF 39
SEQ ID NO: 5 moltype = AA length = 752
FEATURE Location/Qualifiers
gource 1..752

mol type = protein

organism = Dionaea muscipula
SEQUENCE: 5
MGSYLHEPPG DEPSMRIEQP KTADRAPEQV AIHICEPSKV VTESFPFSET AEPEAKSKNC 60
PCPEIARIGP CPNKPPKIPI NRGLSRISTN KSRPKSRFGE PSWPVESSLD LTSQSPVSPY 120
REEAFSVENC GTAGSRRGSF ARGTTSRAAS SSRKDETKEG PDEKEVYQRV TAQLSARNQK 180
RMTVKLMIEL SVFLCLLGCL VCSLTVDGFK RYTVIGLDIW KWFLLLLVIF SGMLITHWIV 240
HVAVFFVEWK FLMREKNVLYF THGLKTSVEV FIWITVVLAT WVMLIKPDVN QPHQTRKILE 300
FVIWTIVTVL IGAFLWLVKT TLLKILASSF HLNRFFDRIQ ESVFHHSVLQ TLAGRPVVEL 360
AQGISRTESQ DGAGQVSFME HTKTQNKKVV DVGKLHQMKQ EKVPAWTMQL LVDVVSNSGL 420
STMSGMLDED MVEGGVELDD DEITNEEQAI ATAVRIFDNI VQDKVDQSYI DRVDLHRFLI 480
WEEVDHLFPL FEVNEKGQIS LKAFAKWVVK VYNDQAALKH ALNDNKTAVK QLNKLVTAIL 540
IVMMIVIWLI VTGIATTKLI VLLSSQLVVA AFIFGNTCKT IFEAIIFVFV MHPFDVGDRC 600
VIDGNKMLVE EMNILTTVFL KWDKEKVYYP NSILCTKAIG NFFRSPDQGD VLEFSVDFTT 660
PVLKIGDLKD RIKMYLEQNL NFWHPQHNMV VKEIENVNKI KMALFVNHTI NFQDFAEKNR 720
RRSELVLELK KIFEELDIKY NLLPQEISIR NM 752
SEQ ID NO: 6 moltype = DNA length = 2259
FEATURE Location/Qualifiers
misc_feature 1..2259

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..2259

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 6
atgggatcct atttacatga gccccccgge gacgagectt ccatgaggat cgagcagect 60
aagacagctg acagagctcc cgagcaagtt gecattcaca tctgtgaace ttccaaagte 120
gtgaccgagt cctttecectt ctcecgagaca gecgageccg aggctaagte caagaactge 180
cecttgeceeg aaattgecag aattggeccet tgecctaaca aacctcccaa gatcectate 240
aataggggtt tatctcgtat ctccaccaac aagagcagac ctaagtccag attcggagag 300
cccagetgge ccgttgagag ctctttagac ctcacaagcce agtcccccgt cagcccttat 360
cgtgaggaag ccttcagcegt cgaaaattgc ggcacagccg gctctegtag gggatectte 420
gctaggggaa caaccagcag agccgectce agctctcgta aggatgaaac aaaggagggc 480
cccgatgaaa aggaagtgta ccagagggtg acagcccagce tgagcgctag aaaccagaag 540
aggatgaccg tcaagctgat gatcgaactg tcegtgtttt tatgtctget gggetgtctg 600
gtctgctett taacagtgga tggattcaag aggtacaccg tgatcggttt agacatctgg 660
aaatggtttt tactgctget ggtcatctte ageggaatge tgatcacaca ctggategtg 720
cacgtcgeeg tcettettegt ggagtggaaa tttctgatga gaaaaaacgt gctgtacttt 780
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-continued

acccacggtt taaaaaccte cgtcgaggtg ttcatctgga tcacagtegt getegecact 840

tgggtgatge tgattaaace cgacgtgaac cageccccacce aaactegtaa gattttagag 900

tttgtgactt ggaccategt gacagtecte attggegeet ttttatgget ggtgaaaace 960

acactcctca aaattctggc cagctccttce cacctcaata gattcttcga tcgtatccaa 1020
gaatccgtgt ttcaccatag cgtgctccag acactcgeccg gcagaccegt tgtggagetg 1080
gctcaaggta ttagcagaac cgagagccaa gatggagecy gacaagtttce ctttatggag 1140
cacacaaaga cccaaaacaa gaaagtggtc gacgtgggca agctgcacca gatgaagcaa 1200
gaaaaggtgc ccgcttggac aatgcagctg ctcegtggatyg tcgtgtccaa ctceceggttta 1260
tccacaatgt ccggecatgct ggacgaagac atggtggagg gcggagtgga gctggatgac 1320
gatgagatca ccaacgagga acaagctatt gccaccgccyg ttcecgtatctt cgacaatatc 1380
gtgcaagata aggtggacca gagctacatt gacagagtcyg acctccatag gtttttaatc 1440
tgggaggagyg tcgatcattt atteccttta ttcgaggtca atgagaaggg ccaaatetet 1500
ttaaaggect ttgccaagtyg ggtegtcaag gtgtacaatyg atcaagecege tttaaageac 1560
gccctcaacyg acaacaagac cgccgtgaag caactgaata agctegtgac cgctattetg 1620
attgtgatga tgatcgtgat ttggctgatc gtcaccggca tcgccacaac aaaactgatc 1680
gtgctgctga gcagccagcet cgtcgteget gectttatct tceggcaacac ttgtaaaaca 1740
atcttcgagg ccatcatctt cgtecttegtyg atgcaccect ttgacgtggg agatcgttgt 1800
gtcatcgacyg gaaacaaaat gctcgtggag gagatgaaca tcctcaccac cgtcecttttta 1860
aaatgggata aagagaaggt ctattacccc aactccattt tatgcaccaa ggctatcgge 1920
aatttcttte gtagecceccga tcaaggcgac gttttagagt tctcecgtcga cttcacaaca 1980
cccgttttaa aaattggega tttaaaggac agaatcaaga tgtacctcga acagaattta 2040
aatttectgge accecccaaca caacatggtg gtcaaggaga tcgagaacgt caacaagatt 2100
aagatggete tgttegtgaa ccacaccatce aacttccaag atttegecga aaaaaatagg 2160
aggagatccg aactggtttt agaactgaaa aagattttcg aagagctgga catcaagtac 2220

aacttattac ctcaagaaat ttccattcgt aatatgtga 2259
SEQ ID NO: 7 moltype = AA length = 897

FEATURE Location/Qualifiers

source 1..897

mol_type = protein

organism = Dionaea muscipula
SEQUENCE: 7
MEGVRNPLRN SFNKAHEAEP QRKKNLEQEE RLILLQHRND PNSQSFSSED PNSLLLQVKV 60
EVAGSCDPAK TAVPTKPPVS PGGGGNLIWR DSSYDFRNDV VKGCSRDTDD DSGEFDFQKH 120
RVAEEEDEGE ERDPESQTLS PVSESPHEYG KITPRGAAKYV SFKESELVHR RPSDGGVFAA 180
DGVSASVRDE EVVMCTSNAS CQRKSTSTRV KTKSRLLDPP DDGDTRSGRI LRSGLMPRSE 240
DHEDEDPFSG EDIPEEYKKM KFSFLSAVEL VSLLLIIAGL VCSVVIPVVR RVTVWDMQLW 300
KWEVMVLVLI CGGLVSGWLI RFVVFFIERN FLLRKRVLYF VYGLRRAVQR CLWLGWVLIA 360
WRLILDKKVE KETNSRSLLY VTKILVCLVV GTLIWLLKTL LVKVLAMSFH VSTFFDRIQE 420
ALFDQYVIET LSGPPTIEIQ HVKEDEDQVM LEVQKLQSAG LSIPAELKAT CLPNVNVNGK 480
PVGSDPGPTP GVGKSPRSGV IGKSPRFSRA MPEKEEGAGG ITIDHLHRLN QKNISAWNMK 540
RLMNIVRYGV LSTLDEQILE SGIEDEPSLH IKNENQAKAA AKRLFKNVAR PGSKCIYLED 600
LMRFMREDEA ARTMRAIEGS AESKGISKIA LKNWVVNVFR ERRALALSLN DTKTAVNKLH 660
QLLNFIVGFT IAIIWLLILG VPMTHFFVFI TSQLLLLTFM FGNTFKTTFE AIIFLFVMHP 720
FDVGDRCEVE GVQMIVEEMN ILTTVFLRYD NLKITYPNSV LATKPINNYY RSPEMGDSVD 780
FCVHISTPVE KIVVMKERIT RYMESRRDHW RPSPKVVMRE VEDMNRLKFS VWMCHTMNHQ 840

DMGERWARRE LLVVEMVKIF KELDVQYRML PHDVNVRTMP SLVCDRLPSN WITCTGK 897
SEQ ID NO: 8 moltype = DNA length = 2694

FEATURE Location/Qualifiers

misc_feature 1..2694

note = Description of artificial sequence: gynthetic

polynucleotide sequence
source 1..2694

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 8
atggagggcyg ttegtaaccce tttaaggaac tccttcaaca aggcccacga agecgagect 60
cagaggaaga agaatctgga acaagaagag aggctgattt tactgcaaca taggaacgac 120
cccaacteee agagcttcag cteccgaagat cctaactett tactgctgea agttaaggtg 180
gaggtggecg gaagetgega tcecgetaaa accgecgtge ccacaaaacce ccecgttage 240
cceggtggeg geggaaattt aatcetggaga gacagcaget acgacttteg taatgacgtg 300
gtgaagggct gctccagaga caccgacgac gactccggeg aattcgactt ccagaagcat 360
cgtgtggecyg aggaggaggda cgaaggcgaa gaaagagatc ccgagtccca gacactcage 420
ccegttteeg agteccceca cgagtatggce aaaatcaccce ccagaggagce cgctaaagtg 480
agcttcaagg agagcgagcet ggtgcacaga aggectageg atggeggagt gtttgecgee 540
gatggagtga gcgecagegt gagggacgag gaggtegtga tgtgeaccte caacgectet 600
tgtcagagga agagcacaag cactcgtgtg aaaaccaagt ctegtetget cgatcecteee 660
gatgacggcg acaccagatc cggtegtatt ttacgttccg gtttaatgcee cagaagcgaa 720
gatcacgagg acgaagaccc cttttecgge gaagacatce ccgaagagta taagaagatg 780
aagtttaget ttttatcege tgtggagetg gtctetttat tattaatcat cgeeggecte 840
gtctgcageg tcgtgattce cgtggtgagg agggtcaccg tgtgggatat gcagectctgg 900
aagtgggaag tgatggtgct cgttttaatc tgecggcggtt tagtcagegyg atggctgate 960
agatttgtgg tctttttcat cgaaagaaac tttttactga ggaagagggt gctctatttc 1020
gtgtacggtt taagaagggc tgtgcaaagg tgecctctgge tgggetgggt getgateget 1080
tggagactga tcctcecgacaa gaaggtcgag aaggagacca attctcgtag cttattatat 1140
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gtcaccaaga ttttagtctg tttagtggtg ggcactttaa tctggetget gaaaacttta 1200
ctggtgaagyg ttttagccat gtcctttcat gtgagcacct tcttegatcg tattcaagaa 1260
getttatteg accagtacgt cattgaaaca cteteeggee ccececcacaat tgagatecag 1320
catgtcaagg aagacgagga ccaagttatg ctggaggtgc agaaactgca aagcgccggt 1380
ttaagcattce ccgctgaget caaggccact tgtttaccca atgtgaatgt caatggcaag 1440
cecegttggca gegateecgg tectacaccee ggcegtgggaa agtcecccectag atceceggagtyg 1500
attggaaaga gccctegttt ctectegtgece atgcccgaga aggaggaagyg ageeggcggce 1560
atcaccatcg atcacctcca cagactcaac cagaagaaca tctccgettg gaatatgaag 1620
agactgatga acatcgtgag gtatggcgtt ttatccacac tggacgaaca gatcctcgag 1680
agcggcatcg aagacgaacc ctctttacat atcaagaacg agaaccaagc caaggctgec 1740
gccaagagge tcttcaaaaa tgtcgetegt cccggtageca aatgcatcta tctggaggac 1800
ctcatgagat tcatgaggga agatgaggcce gctagaacaa tgagggctat cgagggttet 1860
geecgagteca aaggcatcete caagategece ctcaagaatt gggtegtgaa tgtgttcaga 1920
gagaggaggg ctttagcttt atctttaaat gacaccaaga ccgccgtgaa caagctgcac 1980
cagttattaa acttcatcgt gggcttcaca atcgccatca tctggctcct cattttagge 2040
gtgcccatga cccacttctt tgtgttcatt accagccagt tattactcct caccttcatg 2100
ttcggaaata cattcaaaac aacatttgag gccattattt ttcetgtttgt catgcatcct 2160
ttcgacgtgg gcgacagatg tgaggtggaa ggagtgcaga tgatcgtgga agagatgaac 2220
attttaacca ccgtcttttt aaggtacgac aatttaaaga tcacctatcc caatagcgtt 2280
ttagctacca agcccatcaa caattattac agaagccccg aaatgggaga cagcgtcgac 2340
ttctgegtee acatctecac cccegtcgaa aagattgteg tcatgaagga gaggatcaca 2400
aggtacatgg agtctegtag ggaccactgg agaccttcecece ccaaagtggt catgagggag 2460
gtggaggata tgaatagact caagttctee gtctggatgt gecacacaat gaaccaccaa 2520
gacatgggcg agagatgggc tcgtagggag ctgctggteg tggagatggt caagatcttce 2580
aaggagctcg acgtgcagta tcgtatgctg ccccacgatg tgaacgtgag aaccatgccc 2640
agcctegtgt gcgacagact gcctagcaat tggatcacat gcaccggaaa atga 2694
SEQ ID NO: 9 moltype = AA length = 754
FEATURE Location/Qualifiers
gource 1..754

mol type = protein

organism = Dionaea muscipula
SEQUENCE: 9
MESNPEYIAS LGDIVVAAVI NIFFAFVFFI AFAIFRIQPV NDRVYYTKWY LRGLRSSSTN 60
PDAFVRKCVN LSFGSYLKFL NWMPAALQMP ETELIQHAGL DSAVYLRIYL VGLKIFIPIT 120
ILALSIVIPV NWTDGGLEKS KLIAFNNLDK LSISNIRPGS EKFWTHIGMA YTVTFWACYI 180
LKKEYESIES MRLQFLASSG RKPEQFTVLV RNVPLDSDES TSELVEHFFK VNHPDDYLTR 240
QVIYDANVLT DLVRERKKKQ MWLNFYQLKY TRSQSRKPFC KTGFLGLWGT KVDAIDYYTM 300
EVERLSKEIS SKREMIANDT KAVMLAAFVS FKTRRGAAIC AHTQQARNPT LWLTQWAPEP 360
RDIYWRNLAI PYASLSIRKL IVSVTFFFLA TFFMIPIAFV QSLANIEGIE KALPFLRPVI 420
EARFVKSIIQ GFLPGIVLKI FLTFLPSILM MMCKSEGIIS LSALERRAAA RYYVFLLINV 480
FLGSIVTGTA FEQLNNILHE TANAIPETIG AAIPMKVTFF ITYTMVDGWA GMAAEILRLK 540
PLICYHLKVC FLVNTEKDKE EAMNPQSFGF NTREPQIQLY FLVALVYAVA APILLPFIVL 600
LFSLGYIVYR HQIINVYNQE YESGAAFWPD VHKRIVVALV VSQLLLLGLL STKKASHSTP 660
LLVALPVLTI SFHYLCKGRF LPAFVTHPLQ EATLKDSMDL AREPGLHFKR YLQNAYTHPL 720
LKVGDNAETD EAFQEVEQGC QLVQTKRQLW RTFS 754
SEQ ID NO: 10 moltype = DNA length = 2265
FEATURE Location/Qualifiers
misc_feature 1..2265

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..2265

mol type = other DNA

organism = synthetic construct
SEQUENCE: 10
atggagagca accccgaata tattgctage ctecggcgata tcgtggtcge tgecgtcate 60
aacatcttct tcgectttgt gttttttate gettttgecca tcttcagaat ccageccecgtg 120
aacgatagag tgtactacac caagtggtat ctgagaggac tgaggtcctce cagcacaaac 180
ccecgacgect ttgtgaggaa gtgcgtgaat ctgagctttg gcagctatet gaagtttetg 240
aactggatgc cecgecgecct ccagatgecce gagacagage tgattcagea tgetggacte 300
gattecgecg tgtacctcag aatctatcte gtcggactga agatettcat ccecatcacce 360
attctggcce tcagcatcgt gattcccgtg aactggaccg atggecggcct cgagaagtcc 420
aagctgattg cttttaacaa cctegacaag ctgtccatet ccaacattag acccggaage 480
gagaagtttt ggacccacat cggcatggcce tataccgtca ccttetggge ttgctatatt 540
ctgaaaaaag agtacgagag catcgaaagc atgaggctec agtttctege cagcagegga 600
aggaagceceg ageagtttac cgtgetggtg aggaacgtee ctetggatag cgatgaatee 660
accagcgaac tggtcgaaca cttettcaag gtgaaccace ccgatgacta tctgacaagg 720
caagtgattt acgacgccaa cgtgctgacc gacctcgtga gggagaggaa gaaaaagcag 780
atgtggctca acttctacca gctgaagtac acaagaagcc agtctagaaa gcccttttge 840
aagaccgget tceteggact gtggggcaca aaggtggacg ccatcgacta ctacacaatg 900
gaggtggaga gactcagcaa ggagatcagc tccaaaaggg agatgatcgc taatgacacc 960
aaggctgtca tgctegecge cttegtcage tttaagacaa ggaggggcge tgccatttge 1020
gctcatacac agcaagccag aaaccctacc ctctggcetga cacagtggge ccccgaacct 1080
agggacatct actggaggaa tctggecate ccctacgect ctcetgagcat tagaaaactg 1140
atcgtgageg tgaccttctt ctttectgget accttcttca tgatccccat cgetttegtg 1200
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caatctcetgg ccaacatcga aggaatcgag aaagccctcece cctttetgag gecegtcatt 1260
gaagctagat tcgtgaagte catcatccaa ggetttetge ccggecategt gctcaagatt 1320
tttetgacet ttetecccag cattetgatg atgatgtgea agagegaggg aatcatttet 1380
ctgagcgcete tcgagaggag agctgccgct agatactacg tctttcectgct gattaacgte 1440
tttectgggeca gcattgtgac cggcaccgcce ttcgaacaac tcaacaacat tctgcacgaa 1500
acagccaacg ctatccecga gaccattgge getgecatcee c¢catgaaagt cacctttttt 1560
atcacctaca ccatggtcga tggctgggcece ggcatggetyg ccgagatcct cagactcaaa 1620
cctctgatcet gttaccatct gaaggtgtgt tttctggtga acaccgagaa ggacaaggag 1680
gaggctatga atcctcagtc cttcggettc aacaccagag agccccaaat ccagctctat 1740
tttctggtgg ctetggtcta cgectgtgget gecccccatte tgetgeectt tatcgteccte 1800
ctcttetece tecggetacat cgtctacaga catcagatca tcaatgtgta caaccaagag 1860
tacgagtceg gagecgcettt ctggeccgat gtgcataaga ggattgtegt ggetcetggtg 1920
gtcagecage tgetgetget cggactgete agecaccaaga aagetageca ttecacacet 1980
ctgctggtgg ctetgecccegt gctgacaatc tccttccact atctgtgtaa gggcagattt 2040
ctgcecegect tegtgacaca tcctcectgcaa gaggccacac tgaaagactc catggatctg 2100
gctagggagce ccggactgca ctttaagagg tatctgcaga acgcttacac ccaccctcectg 2160
ctgaaggtgyg gcgataatgc tgaaaccgac gaagccttece aagaggtgga acaaggctge 2220

caactggtgc aaaccaaaag gcagctgtgg agaaccttta gctga 2265
SEQ ID NO: 11 moltype = AA length = 754

FEATURE Location/Qualifiers

gource 1..754

mol type = protein

organism = Drosera capensis
SEQUENCE: 11
MASNTNISQQ GGEINFEKQM AHRRRHEQLA IQIPVKTASQ TFRFNEEVDT RSKFSPAPDI 60
TMFYPQPSPN KPPRVPNRTL TRRSTTLKTK PKSRFGEPSL PIDPAALWEL APNSPTPSFR 120
EATPSSNNHR FSVGRGSSFA KGVTPRVAAS SQRGETTIEG PDEKEVYERV TAQLSARDKK 180
RMTVKLLIEL AIFLFVSGCL ISSLTIHGLK VRKIYGLPIW RLFLFLLVIL SGMLVTHWMI 240
HVVVFLIEWK FLLKKNVVYF THGLKTSVEV FIWITLILAT WGLLIEPDVR HTNRIRNALD 300
FITWTLLSLL LGSFLWLIKT IMIKTLAASF HLNRFFDRIQ ESIFHHYVLQ TLSGRPVVEL 360
ASGVLTRTET HNGMVSFTEH TKTHKEKKMV DMGKLHQMKQ EKVPDWTMQL LVDVVSNSGL 420
STMSGILDED MAEGGVELDD DEITSEEQAI ATAVRIFYNI VKDKDDQSYI DRKDLHRFLI 480
CEEVDLVFPL FEVKDKDQIN LKAFSKWVVK LFKERQALKH ALNDNKTAVK QLDKLVTSIL 540
IVVIIAVWLL LTEIMTTKVL LFFSSQLLVA VEVFGNTCKT IFEAIIFVFV MHPFDVGDRC 600
VVDGTMMLVE EMNILTTVFL KWDKEKVYYP NAVLSTKAIG NYYRSPDQVD SLEFSIDFRT 660
PLSKIGEIKE RIKKYLHQNP HLWHPNHNFV VKEIENVNKI KMQLIFNHTI NFQEFPERMK 720

RRSELVLELK KIFEELDIKY NLLPQEVILN KVSP 754
SEQ ID NO: 12 moltype = DNA length = 2265

FEATURE Location/Qualifiers

misc_feature 1..2265

note = Description of artificial sequence: synthetic

polynucleotide sequence
source 1..2265

mol _type = other DNA

organism = gynthetic construct
SEQUENCE: 12
atggctagca acacaaatat ttcccagcaa ggcggcgaga tcaacttcga aaagcagatg 60
gcccacagaa ggagacatga gcagetggec atccaaatce ccgtgaaaac cgecagccag 120
accttcagat tcaacgagga agtggacaca agaagcaagt tcagecccege ccccgacatt 180
accatgttet acccccagec tagecccaac aaacctecta gggtgeccaa taggacacte 240
accagaagga gcaccacact gaagaccaaa cccaaatcta gatteggega accttetetg 300
cctatcgate ccgectgeccct ctgggaactg gctcccaatt cccctaccce cagctttaga 360
gaggccaccce cctcctecaa caaccataga ttcteccgtgg gaagaggcag cagctttget 420
aagggagtga ccectagagt cgecgecage agecaaagag gcgagacaac aatcgagggce 480
ccecgacgaga aagaagtgta cgagagggtce acagcccagce tgagcgctayg ggataagaag 540
aggatgaccg tcaagctgct gatcgagetg gccatcttte tgttegtecag cggetgecte 600
atctccagec tcacaattca cggactgaag gtgagaaaga tctacggact gcctatttgg 660
aggctgttee tctttetect cgtcattetg ageggaatge tggtgacaca ctggatgate 720
catgtegtgg tgtttetgat cgaatggaag tttetgetga agaagaatgt ggtctactte 780
acccacggac tgaagaccte cgtggaggte ttecatttgga tcacactgat cctegecaca 840
tggggactgce tcatcgagcc cgacgtcaga cataccaata gaattagaaa tgccctcgac 900
ttcatcacat ggacactgct gtetcetgetg cteggcaget ttetcetgget gatcaagace 960
atcatgatta agacactcgc cgcctcectte catctgaata gatttttcga tagaatccaa 1020
gagtccatct tccaccacta cgtgctgcag acactetecyg gcagaccegt cgtcgaactg 1080
getteeggayg tgetgacaag gaccgagaca cacaatggea tggteagett tacegagcac 1140
acaaagacce acaaggaaaa gaagatggtg gacatgggaa agctgcacca gatgaagcaa 1200
gagaaggtcce ccgactggac aatgcagctg ctggtggatyg tcgtgagcaa ctceccggectce 1260
agcaccatgt ccggaattct ggacgaggac atggctgagg gaggcgtgga gctcgatgac 1320
gacgagatca cctccgagga gcaagecatt getaccgeeg tcagaatcett ctataatatt 1380
gtcaaggaca aggacgacca gtcctacatc gacagaaagg acctccatag atttctgatc 1440
tgtgaggagyg tggatctggt gttccctetyg tttgaggtga aagacaaaga ccagattaat 1500
ctgaaggcct tcagcaagtg ggtcgtgaag ctctttaaag agaggcaagc cctcaagcac 1560
geectcaacy acaacaagac cgecgtgaaa cagetcgata agetggtgac ctcecattetg 1620
attgtggtga ttatcgccgt gtggctgctg ctgaccgaga ttatgaccac caaagtgctg 1680
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ctgttettet ccteccaget cctegtggee gtgtttgtet tcggcaacac atgcaagaca 1740
atcttcgagg ccattatctt tgtgttegte atgcatccect tcgacgtggg cgatagatgt 1800
gtggtggacyg gecaccatgat getggtegaa gagatgaaca tecteaccac cgtetttetyg 1860
aagtgggaca aggaaaaggt gtactacccc aacgctgtcce tctccaccaa ggctattgge 1920
aattactata gaagccccga ccaagtggat tctctggagt tctccatcga ctttagaaca 1980
ccecteteca aaattggaga gatcaaagag aggattaaga aatatctcca tcagaacccee 2040
catctgtgge accccaacca caacttecgtyg gtgaaggaga tcgaaaatgt caataagatt 2100
aagatgcagc tgatctttaa tcacacaatt aatttccaag agtttcccga gaggatgaag 2160
aggagaagcg agctggtgct ggagctgaag aagatcttcg aggagctgga catcaagtat 2220

aatctgctge cccaagaggt cattctcaac aaggtgagcc cttga 2265
SEQ ID NO: 13 moltype = AA length = 755

FEATURE Location/Qualifiers

source 1..755

mol type = protein

organism = Drosera capensis
SEQUENCE: 13
MASNTNISQQ GGEINFEKQM AHRRRHEQLA IQIPVKTASQ TFPFNEEVDT TRSKFSPAPD 60
ITMFYPQPSP NKPPRVPNRN LSRRSTTLKT KPKSRFGEPS LPIDPAALWE LAPNSPAPSF 120
REATPSSNNH RASVGRGSSF VKGVTPRVAA SSRRGETTIE GPDEREVYER VTAQLSARDK 180
KRMTVKLLIE LAVFLFVSGC LISSLTIHGL KVRIICGLPI WRLFLFLLVI LSGMLVTHWM 240
LHVVVFLIEW KFLLKKNVVY FTHGLKTSVE VFIWITLILA TWALLIEPDV RHTNRIRNAL 300
DFITWTLLSL LLCSFLWLIK TIMIKTLAAS FHLNRFFDRI QESIFHHYVL QTLSGRPVVE 360
LASGVLTRTE THNGMVSFTE HTKTHTEKKM VDMGKLHQOMK QEKVPDWTMQ LLVDVVSNSG 420
LSTMSGILDE DMAEGGVELD DDEITSEEQA IATAVRIFYN IVKDKDDQTY IDRKDLHRFL 480
ICEEVDLVFP LFEVKDKDQI SLKAFSKWVV KLFKERQALK HALNDNKTAV KQLDKLVTSI 540
LIVVIIAVWL LLTELMTTKV LLFFTSQLLV AVFVFGNTCK TIFEAIIFVF VMHPFDVGDR 600
CVIDGTTMLY EEMNILTTVF LKWDKEKVYY PNAVLSTKAI GNYYRSPDQV DSLEFSIDFR 660
TPLSKIGEIK ERIKKYLHQN PHLWHPNHNL VVKEIENVNK IKTQLIFNHT MNFQEFPERM 720

KRRTELVLEL KKIFEELDIK YNLLPQEVIL NNVGP 755
SEQ ID NO: 14 moltype = DNA length = 2268

FEATURE Location/Qualifiers

misc_feature 1..2268

note = Description of artificial sequence: synthetic

polynucleotide sequence
gource 1..2268

mol type = other DNA

organism = synthetic construct
SEQUENCE: 14
atggctagca acacaaatat ttcccagcaa ggeggcgaga tcaacttcga aaagcagatg 60
gctcatagaa gaaggcatga gcaactcget atccagatece ccgtgaagac agecagecag 120
accttececet tcaacgagga agtcgatace acaagaagea agttcagece cgeccecgac 180
atcaccatgt tctaccccca acctagccct aacaaacccce ctagggtgcce caataggaat 240
ctgtctagaa gatccaccac actgaagaca aagcccaagt ctagattcgg cgaacccagce 300
ctcectattyg acccegecge tetgtgggaa ctggecceca acagececge toectecttt 360
agggaagcca caccctccag caacaaccac agagectecg tgggaagggg cagctcectte 420
gtgaagggag tcacacctag ggtggccgcc agctctagaa gaggcgaaac cacaattgaa 480
ggcccecgacg agagagaggt ctatgagaga gtgacagctc agctgagcgc cagagataag 540
aagagaatga ccgtgaagct cctcattgag ctcgecgtet ttetgtttgt gtcecggatgt 600
ctgatcteca gectcacaat tcacggactyg aaggtgagaa ttatetgtgg actgeccate 660
tggagactgt ttetgtttet getggtgate ctetecggaa tgetggtecac acactggatg 720
ctecatgtey tegtgttect catcgaatgg aagtttetge tgaaaaagaa tgtegtgtac 780
ttcacccacg gactgaaaac ctccgtcgag gtgttcatct ggatcacact gattctggec 840
acatgggctce tgctgattga gcccgacgtg agacacacca atagaatcag aaacgccctc 900
gacttcatca catggacact gctgtcetcetg ctgctetget cctttetcetg getgatcaag 960
accatcatga tcaagacact ggcecgcettece ttccatctga ataggttctt tgatagaatc 1020
caagagtcca tctteccatca ctacgtgctce cagaccctcet ccggaaggcce cgtggtcgag 1080
ctcgettecyg gegtectcac cagaacagag acccacaacg gdaatggtcag cttcaccgag 1140
cataccaaga cccacacaga gaagaagatg gtggacatgg gcaagctcca ccaaatgaag 1200
caagagaagg tcccecgactg gaccatgcag ctgctggtgg atgtggtgag caatagcgga 1260
ctgagcacca tgtcegygeat tctggacgaa gacatggeeg aaggeggagt cgaactggac 1320
gatgacgaga tcacctccga agagcaagcc attgccaccg ctgtgaggat tttctacaac 1380
atcgtcaagyg acaaagacga ccagacctac atcgatagaa aggatctgca tagatttcetg 1440
atctgcgaag aagtggacct cgtgttcccce ctctttgaag tgaaggacaa ggaccagatc 1500
tcteotgaagg cectttagcaa gtgggtggtyg aagcetcettca aggagaggca agecectcaag 1560
cacgeectea acgacaataa gaccgeegte aageagetygyg ataaactegt gacaageate 1620
ctcatcgtgg tcatcatcge cgtcectggetg ctgctgaccg aactcatgac caccaaggtg 1680
ctgctgttct tcaccagcca actgetegtg gecgtgtttg tgtttggaaa tacatgtaaa 1740
acaatctttg aggctatcat cttcgtgttc gtgatgcacc ctttcgacgt gggcgataga 1800
tgtgtgatecg atggaaccac catgetggte gaggagatga atatcctcac cacagtgttt 1860
ctgaagtggg acaaagaaaa agtgtactac cccaacgccg tgctgagcac caaagctatt 1920
ggaaattact ataggtcccce cgaccaagtg gactctctgyg agtttagcat cgattttaga 1980
acccctetgt ccaaaatcgg agagattaag gaaaggatca aaaaatatct gcaccagaat 2040
ccecatcetgt ggeaccctaa tcacaatcetg gtggtcaagg agatcgagaa tgtgaacaag 2100
atcaaaacac aactcatttt caatcacacc atgaacttcc aagagttccc cgagaggatg 2160
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aagagaagga cagaactcgt gctggagetg aagaaaatct tcgaggaget ggacatcaaa 2220

tacaatctge tgecccaaga agtcattcetg aacaacgtgg gaccctga 2268
SEQ ID NO: 15 moltype = DNA length = 27

FEATURE Location/Qualifiers

misc_feature 1..27

note = Description of artificial sequence: synthetic
oligonucleotide sequence
source 1..27
mol type = other DNA
organism = gynthetic construct
SEQUENCE: 15

ccagtgteace cttataggga agaagcey 27
SEQ ID NO: 16 moltype = DNA length = 22

FEATURE Location/Qualifiers

misc_feature 1..22

note = Description of artificial sequence: synthetic
oligonucleotide sequence
source 1..22
mol_type = other DNA
organism = gynthetic construct
SEQUENCE: 16

ccctecgacgt agttecccta gc 22
SEQ ID NO: 17 moltype = DNA length = 40

FEATURE Location/Qualifiers

misc_feature 1..40

note = Description of artificial sequence: synthetic
oligonucleotide sequence
gource 1..40
mol type = other DNA
organism = gynthetic construct
SEQUENCE: 17

cacatcgatt cacatattgc ggatactaat ttcttgggge 40
SEQ ID NO: 18 moltype = DNA length = 37

FEATURE Location/Qualifiers

misc_feature 1..37

note = Description of artificial sequence: synthetic
oligonucleotide sequence
gource 1..37
mol type = other DNA
organism = synthetic construct
SEQUENCE: 18

acacccegggy ctagetttca tecaccgaat aaacacce 37
SEQ ID NO: 19 moltype = DNA length = 36

FEATURE Location/Qualifiers

misc_feature 1..36

note = Description of artificial sequence: synthetic
oligonucleotide sequence
gource 1..36
mol type = other DNA
organism = synthetic construct
SEQUENCE: 19

cacatcgata catcattgac cagaagcaag gcacte 36
SEQ ID NO: 20 moltype = DNA length = 33

FEATURE Location/Qualifiers

misc_feature 1..33

note = Description of artificial sequence: gynthetic
oligonucleotide sequence
source 1..33
mol type = other DNA
organism = gynthetic construct
SEQUENCE: 20

tggcatctte attccatttg aataggttct ttg 33
SEQ ID NO: 21 moltype = DNA length = 24

FEATURE Location/Qualifiers

misc_feature 1..24

note = Description of artificial sequence: synthetic
oligonucleotide sequence

gource 1..24
mol type = other DNA
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organism = gynthetic construct
SEQUENCE: 21
gcatacceega catggtegace aage

SEQ ID NO: 22 moltype = DNA length = 30
FEATURE Location/Qualifiers
misc_feature 1..30

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..30

mol_type = other DNA

organism = gynthetic construct
SEQUENCE: 22
tgacaagttt gtttaactgc ttcactgctg

SEQ ID NO: 23 moltype = DNA length = 34
FEATURE Location/Qualifiers
misc_feature 1..34

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..34

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 23
aggtctttag attaactctt caacatgggt aagg

SEQ ID NO: 24 moltype = DNA length = 31
FEATURE Location/Qualifiers
misc_feature 1..31

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..31

mol type = other DNA

organism = synthetic construct
SEQUENCE: 24
acaagacttc attttgcacc cttctttatc g

SEQ ID NO: 25 moltype = DNA length = 27
FEATURE Location/Qualifiers
misc_feature 1..27

note = Description of artificial sequence:

oligonucleotide sequence
source 1..27

mol type = other DNA

organism = synthetic construct
SEQUENCE: 25
gattgagcaa acaaaaggcg catgaag

SEQ ID NO: 26 moltype = DNA length = 27
FEATURE Location/Qualifiers
misc_feature 1..27

note = Description of artificial sequence:

oligonucleotide sequence
source 1..27

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 26
asattttgac ctacgttgac cgtcagce

SEQ ID NO: 27 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc_feature 1..24

note = Description of artificial sequence:

oligonucleotide sequence
source 1..24

mol_type = other DNA

organism = gynthetic construct
SEQUENCE: 27
tgatcaggct gcgcttaaac atge

SEQ ID NO: 28 moltype = DNA length = 34
FEATURE Location/Qualifiers
misc_feature 1..34

note = Description of artificial sequence:

oligonucleotide sequence
source 1..34

24

synthetic

30

synthetic

34

synthetic

31

gynthetic

27

synthetic

27

synthetic

24

synthetic
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mol_type = other DNA

organism = gynthetic construct
SEQUENCE: 28
acattctact ttgtttgcaa ttgttttcce actce

SEQ ID NO: 29 moltype = DNA length = 26
FEATURE Location/Qualifiers
misc_feature 1..26

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..26

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 29
aagaaacatt aagctgcacc tgctcc

SEQ ID NO: 30 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc_feature 1..24

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..24

mol type = other DNA

organism = synthetic construct
SEQUENCE: 30
gagaggtcca ccaaccttga ctgg

SEQ ID NO: 31 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc_feature 1..22

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 31
agcaacggtc tgacgcatgt cc

SEQ ID NO: 32 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc_feature 1..23

note = Description of artificial sequence:

oligonucleotide sequence
source 1..23

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 32
gtgccagtgy gaagagttga gac

SEQ ID NO: 33 moltype = DNA length = 25
FEATURE Location/Qualifiers
misc_feature 1..25

note = Description of artificial sequence:

oligonucleotide sequence
source 1..25

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 33
cagagaaagt ctcgacaacc atggg

SEQ ID NO: 34 moltype = DNA length = 31
FEATURE Location/Qualifiers
misc_feature 1..31

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..31

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 34
caaatcattyg aaaacgtgaa gggaagcact g

SEQ ID NO: 35 moltype = DNA length = 30
FEATURE Location/Qualifiers
misc_feature 1..30

note = Description of artificial sequence:

oligonucleotide sequence

34

synthetic

26

synthetic

24

gynthetic

22

synthetic

23

synthetic

25

synthetic

31

synthetic
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gource 1..30

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 35
cctatgagat acttagectg ttagecatge

SEQ ID NO: 36 moltype = DNA length = 28
FEATURE Location/Qualifiers
misc_feature 1..28

note = Description of artificial sequence:

oligonucleotide sequence
gource 1..28

mol type = other DNA

organism = synthetic construct
SEQUENCE: 36
gcecttetat agtagtctca cctetteg

SEQ ID NO: 37 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc_feature 1..24

note = Description of artificial sequence:

oligonucleotide sequence
source 1..24

mol type = other DNA

organism = synthetic construct
SEQUENCE: 37
gccatgcgca gcatatgtac tagc

SEQ ID NO: 38 moltype = DNA length = 33
FEATURE Location/Qualifiers
misc_feature 1..33

note = Description of artificial sequence:

oligonucleotide sequence
source 1..33

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 38
gctatttett attctcctga gcacaacata ctyg

SEQ ID NO: 39 moltype = DNA length = 28
FEATURE Location/Qualifiers
misc_feature 1..28

note = Description of artificial sequence:

oligonucleotide sequence
source 1..28

mol _type = other DNA

organism = gynthetic construct
SEQUENCE: 39
tgatcgctgt gtegtagatg gaacaatyg

SEQ ID NO: 40 moltype = DNA length = 31
FEATURE Location/Qualifiers
misc_feature 1..31

note = Description of artificial sequence:

oligonucleotide sequence
source 1..31

mol type = other DNA

organism = synthetic construct
SEQUENCE: 40
ctaatggatt gcaaactagg agatgcttag c

SEQ ID NO: 41 moltype = AA length = 13
FEATURE Location/Qualifiers
REGION 1..13

note = Description of artificial sequence:

peptide sequence
gource 1..13

mol type = protein

organism = synthetic construct
SEQUENCE: 41
WRYYESSLEP YPD

SEQ ID NO: 42 moltype = AA length = 752
FEATURE Location/Qualifiers
REGION 1..752

note = Description of artificial sequence:

30

synthetic

28

gynthetic

24

synthetic

33

synthetic

28

synthetic

31

synthetic

13

synthetic
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source

SEQUENCE :

MGSYLHEPPG
PCPEIARIGP
REEAFSVENC
RMTVKLMIEL
HVAVFFVEWK
FVIWTIVTVL
AQGISRTESQ
STMSGMLDED
WEEVDHLFPL
IVMMIVIWLI
VIDGNKMLVE
PVLKIGDLKD
RRSELVLELK

42

DEPSMRIEQP
CPNKPPKIPI
GTAGSRRGSF
SVFLCLLGCL
FLMRKNVLYF
IGAFLWLVKT
DGAGQVSFME
MVEGGVELDD
FEVNEKGQIS
VTGIATTKLI
EMNILTTVFL
RIKMYLEQNL
KIFEELDIKY

polypeptide sequence

1..752
mol type
organism

KTADRAPEQV
NRGLSRISTN
ARGTTSRAAS
VCSLTVDGFK
THGLKTSVEV
TLLKILASSF
HTKTQNKKVV
DEITNEEQAT
LKAFAKWVVK
VLLSSQLVVA
KWDKEKVYYP
NFWHPQHNMV
NLLPQEISIR

protein
synthetic

AIHICEPSKY
KSRPKSRFGE
SSRKDETKEG
RYTVIGLDIW
FIWITVVLAT
HLNEFFDRIQ
DVGKLHQMKQ
ATAVRIFDNI
VYNDQAALKH
AFIFGNTCKT
NSILCTKAIG
VKEIENVNKI
NM

construct

VTESFPFSET
PSWPVESSLD
PDEKEVYQRV
KWFLLLLVIF
WVMLIKPDVN
ESVFHHSVLQ
EKVPAWTMQL
VQDKVDQSYI
ALNDNKTAVK
IFEAIIFVEV
NFFRSPDQGD
KMALFVNHTI

AEPEAKSKNC
LTSQSPVSPY
TAQLSARNQK
SGMLITHWIV
QPHQTRKILE
TLAGRPVVEL
LVDVVSNSGL
DRVDLHRFLI
QLNKLVTAIL
MHPFDVGDRC
VLEFSVDFTT
NFQDFAEKNR

60

120
180
240
300
360
420
480
540
600
660
720
752

What is claimed is:

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

expressing in the cell a heterologous, mechanosensory
polypeptide selected from the group consisting of
DmFLYC1, DmFLYC2, DcFLYC1.1, DcFLYC1.2, and
DmOSCA, or a variant thereof; and

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

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

3. The method of claim 1, wherein the application of
ultrasound effects a change in mechanosensory polypeptide
conductance in the cell and modulates a cell activity and/or

function.

4. The method of claim 1, wherein the polypeptide

comprises a sequence having at least 85% sequence identity
to a polypeptide sequence selected from SEQ ID NOs: 5, 7,
9, 11, 13 or 42; or is encoded by a sequence having at least
85% sequence identity to a polynucleotide sequence selected
from SEQ ID NOs: 6, 8, 10, 12, or 14.

5. A method for initiating or inducing a cellular response
to mechanical deformation or stretch caused by ultrasound,
the method comprising:

(a) transducing a cell to express a heterologous, mecha-
nosensory polypeptide selected from DmFLYCI,
DmFLYC2, DeFLYC1.1, DeFLYCL.2, and DmOSCA,
or a variant thereof;,

(b) applying ultrasound to the cell; and

(¢) inducing cation or anion influx or efflux in the mecha-
nosensory polypeptide expressing cell and an alteration
in cell activity and/or function following the applica-
tion of ultrasound, thereby initiating a cellular response
to mechanical deformation or stretch caused by ultra-
sound.

6. The method of claim 1, wherein the polypeptide is
encoded by a polynucleotide sequence codon-optimized for
expression in a mammalian or human cell and is non-
naturally occurring.

7. The method of claim 1, wherein the polypeptide is
expressed in the cell following transduction of the cell by a
plasmid or viral vector comprising a polynucleotide
sequence encoding the polypeptide.

8. The method of claim 7, wherein the cell is transduced
by a viral vector selected from a lentivirus vector or an
adeno-associated virus (AAV) vector.

9. 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 pancreatic cell, a kidney cell, or a neuronal cell.

10. The method of claim 1, wherein the ultrasound has a
frequency of about 0.2 MHz to about 20 MHz.

11. The method of claim 1, wherein the ultrasound has a
focal zone of about 1 cubic millimeter to about 1 cubic
centimeter.

12. The method of claim 1, further comprising contacting
the cell with a microbubble prior to applying ultrasound.

13. The method of claim 1, wherein the cell is in vitro, ex
vivo, or in vivo.

14. The method of claim 1, wherein the cell is in a subject.

15. A plasmid or viral vector comprising a polynucleotide
encoding a mechanosensory polypeptide selected from
DmFLYC1, DmFLYC2, DcFLYCI1.1, DecFLYCIL.2,
DmOSCA, or a variant thereof.

16. The plasmid or viral vector of claim 15, wherein the
viral vector is a lentivirus vector or an adeno-associated
virus (AAV) vector.

17. A cell comprising the plasmid or viral vector of claim
15 or a heterologous gene sequence encoding a polypeptide
selected from the group consisting of DmFLYCI,
DmFLYC2, DcFLYC1.1, DcFLYC1.2, and DmOSCA, or a
variant thereof.

18. The cell of claim 17, wherein the cell is one or more
of a muscle cell, a cardiac muscle cell, an insulin secreting
cell, a pancreatic cell, a kidney cell, or a neuronal cell.

19. The cell of claim 17, wherein the cell is a plant cell.

20. An isolated polynucleotide encoding a mechanosen-
sory polypeptide or a variant thereof selected from the group
consisting of DmFLYC1, DmFLYC2, DcFLYCI.1,
DcFLYC1.2, DmOSCA.
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21. A mechanosensory polypeptide encoded by the poly-
nucleotide of claim 20.

22. A plasmid or viral vector comprising the isolated
polynucleotide of claim 20.

23. A cell comprising the isolated polynucleotide of claim
20.

24. A cell expressing the mechanosensory polypeptide of
claim 21.
25. A composition comprising the cell of claim 23.

* % % ok k
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