US 20150018665A1

12) Patent Application Publication (o) Pub. No.: US 2015/0018665 A1

a9y United States

Jasanoff et al. (43) Pub. Date: Jan. 15, 2015
(34) MOLECULAR AND CELLULAR IMAGING CO7K 14/3575 (2006.01)
USING ENGINEERED HEMODYNAMIC AG61B 5/145 (2006.01)
RESPONSES CI2N 9/02 (2006.01)
) AG6IK 49/14 (2006.01)
(71)  Applicant: Massachusetts Institute of Technology, A61B 5/00 (2006.01)
Cambridge, MA (US) AG61B 5/026 (2006.01)
(72) Inventors: Alan Pradip Jasanoff, Cambridge, MA (52) US.CL
(US)’ Adrian Lukas S]usarczyk’ CPC ... AG61B 5/02028 (201301), AG6IB 5/0075

Cambridge, MA (US); Mitul Desai,
Arlington, MA (US); Mariya Barch,
Cambridge, MA (US); Gil G.
Westmeyer, Muenchen (DE)

(73) Assignee: Massachusetts Institute of Technology,
Cambridge, MA (US)

(21) Appl. No.: 14/332,099

(22) Filed: Jul. 15, 2014

Related U.S. Application Data

(60) Provisional application No. 61/846,232, filed on Jul.

15, 2013.

Publication Classification

(51) Int.CL
AGIB 5/02 (2006.01)
AGIB 5/04 (2006.01)

(2013.01); A61B 5/4848 (2013.01); A61B
5/04001 (2013.01); A61B 5/026 (2013.01);
AGIB 5/14546 (2013.01); CI2N 9/0075
(2013.01); A6IK 49/14 (2013.01); COTK
14/57527 (2013.01); CI2N 9/0069 (2013.01);
C12Y 113/12007 (2013.01); CO7K 2319/61
(2013.01); CO7K 2319/50 (2013.01); CO7K
2319/41 (2013.01); CO7K 2319/42 (2013.01);
CO7K 2319/22 (2013.01); CO7K 2319/60
(2013.01)

USPC ... 600/410; 600/407; 600/479; 530/399;
435/189

(7) ABSTRACT

According to some aspects, the invention relates to methods
and compositions for evaluation of hemodynamic responses
(e.g., using molecular imaging) with high sensitivity.
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MOLECULAR AND CELLULAR IMAGING
USING ENGINEERED HEMODYNAMIC
RESPONSES

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Application Ser. No. 61/846,232,
entitled “MOLECULAR AND CELLULAR IMAGING
USING ENGINEERED HEMODYNAMIC RESPONSES”
filed on Jul. 15, 2013, which is herein incorporated by refer-
ence in its entirety.

FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support
under Grant Nos. DA028299 and NS076462 awarded by the
National Institutes of Health. The government has certain
rights in the invention

BACKGROUND OF INVENTION

[0003] A variety of approaches exist for noninvasive func-
tional or molecular physiological imaging. Such methods
include, for example, optical microscopy methods as well as
positron emission tomography, computed tomography and
magnetic resonance imaging. A challenge in molecular imag-
ing is achieving sufficient sensitivity for the molecular targets
of interest, which may be present only at very low concentra-
tions. For example, to detect certain molecular targets in the
body, over 10 uM of a conventional magnetic resonance
imaging (MRI) contrast agent is typically used. Such concen-
trations may overwhelm endogenous analytes, resulting in
perturbations to normal biological function. In certain cases
(e.g. certain neurotransmitters in the brain) analytes are too
dilute to be detectable by probe concentrations in the micro-
molar range. Because effective MRI contrast agents are usu-
ally polar and large (e.g., >500 Da), in certain instances high
concentrations are also particularly difficult to deliver past the
blood-brain barrier (BBB), complicating experiments and
making clinical applications less plausible.

[0004] In addition, certain conditions are a challenge to
diagnose using conventional imaging techniques because of
the subtlety of associated physiological and microstructural
effects. For example, use of conventional computed tomog-
raphy and MRI scans are often not sufficiently sensitive to
structural perturbations present in mild traumatic brain injury
(mTBI). Detection of BBB disruption in mTBI is of particular
interest. An approach for studying blood brain barrier integ-
rity in patients employs MRI contrast agents such as Gd-
DTPA, which are injected intravenously and then accumulate
in brain at sites of BBB leakage. Such agents typically need to
reach concentrations close to 100 uM to be detected however,
and may not escape the vasculature in sufficient quantities to
enable detection of subtle BBB disruptions in mTBI.

[0005] Accordingly, improved methods for noninvasive
functional and molecular physiological imaging are needed.

SUMMARY OF INVENTION

[0006] According to some aspects, the invention relates to
methods and compositions for molecular imaging with high
sensitivity. Insome embodiments, methods and compositions
provided herein enable highly sensitive assays for drug test-
ing, basic research, clinical diagnostics and other purposes. In
some embodiments, engineered hemodynamic contrast
agents, imaging agents and related methods are provided that
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enable high resolution imaging of molecular and cellular
phenomena in organs, tissues and other structures. In some
embodiments, agents are provided that produce detectable
contrast (e.g., contrast that is detectable using MRI) at sub-
micromolar concentrations, which are 1000-fold or more
lower than concentrations associated with conventional con-
trast agents.

[0007] Hemodynamic contrast agents and imaging agents
provided herein can be used to enhance the sensitivity of a
broad range of conventional imaging techniques including,
for example, functional MR, optical imaging techniques, and
others. Because the agents provided herein are useful across a
broad range of imaging techniques, direct comparisons can be
made among different imaging techniques to enhance confi-
dence in results obtained. This aspect is particularly benefi-
cial in the clinical diagnostic context. Accordingly, in some
embodiments, methods and compositions provided herein
extend the usefulness of imaging techniques to research and
clinical challenges requiring high resolution and sensitive
detection of objects or events in vivo.

[0008] In some embodiments, imaging methods are pro-
vided for detecting physiological abnormalities in organs,
tissues and other structures. In some embodiments, methods
and compositions are provided that are useful for image-
based assessment and mapping of traumatic injury (e.g., trau-
matic brain injury) phenotypes in clinically relevant popula-
tions. In some embodiments, methods and compositions
provided here provide engineered hemodynamic contrast that
is suitable for detection by techniques that are easy to imple-
ment at points of care such as, for example, diffuse optical
imaging and photoacoustic tomography methods and others.
[0009] Methods provided herein may be used for diagnos-
ing clinical conditions, evaluating drug candidates in humans
and in animals, and performing fundamental research in ani-
mal models of healthy and diseased physiological function
for the ultimate purpose of developing diagnostics and thera-
peutics. In some embodiments, methods and compositions
provided herein are useful for fundamental neuroscience
research in pharmaceutical discovery. In some embodiments,
methods and compositions provided herein are useful for
monitoring of drug action in pharmaceutical development. In
some embodiments, methods and compositions provided
herein are useful for clinical diagnostics for a broad range of
disease conditions and therapeutic regimens.

[0010] Some aspects of the invention provide methods for
evaluating a tissue in a subject. In some embodiments, the
methods involve providing to the tissue an exogenous vaso-
active agent in a submicromolar concentration that is effec-
tive for inducing a hemodynamic response in the tissue;
obtaining an image representation of the tissue; and evaluat-
ing the tissue based on a hemodynamic response detected in
the image representation. In some embodiments, the methods
involve producing a hemodynamic response in a tissue of a
subject by providing an effective amount of an exogenous
vasoactive agent to the tissue; obtaining an image represen-
tation of the tissue; and evaluating the tissue based on a
hemodynamic response detected in the image representation.
In some embodiments, the methods involve obtaining an
image representation of a tissue in a subject; and evaluating
the tissue based on a hemodynamic response detected in the
image representation, in which the hemodynamic response is
induced by an exogenous vasoactive agent.

[0011] Insome embodiments, the vasoactive agent is pro-
vided to the tissue by administering the vasoactive agent to
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the subject. In some embodiments, administering is per-
formed intravenously. In some embodiments, the vasoactive
agent is provided to the tissue by administering the vasoactive
agent directly to the tissue. In certain embodiments, the sub-
jectis engineered to express the vasoactive agent in the tissue,
and the vasoactive agent is provided to the tissue by inducing
expression of the vasoactive agent. In some embodiments, the
vasoactive agent is provided to the tissue by delivering to the
subject a virus comprising a transgene engineered to express
the vasoactive agent. In certain embodiments, the virus is
engineered to selectively target cells in the tissue. In some
embodiments, the transgene is engineered to selectively
express the vasoactive agent in the tissue.

[0012] Incertain embodiments, the image representation is
obtained by performing imaging. In some embodiments, the
imaging is optical imaging. In certain embodiments, the opti-
cal imaging is selected from: photography, reflectance
videography, optical endoscopy, brightfield microscopy, con-
focal microscopy, fluorescence microscopy, optogenetic
stimulation and detection, optical coherence microscopy,
optical coherence tomography, diffuse optical tomography,
near infrared spectroscopy, and Doppler shift-sensitive spec-
troscopy or imaging. In some embodiments, the imaging is
magnetic resonance imaging (MRI). In certain embodiments,
the MRI is functional MRI. In some embodiments, the func-
tional MRI is blood-oxygen-level-dependent (BOLD) con-
trast MRI. In certain embodiments, the imaging is positron
emission tomography. In some embodiments, the imaging is
infrared thermography, photoacoustic imaging, ultrasonogra-
phy, echocardiography, or computed tomography.

[0013] In certain embodiments, the methods further
involve mapping locations of hemodynamic responses within
the tissue in the subject based on spatial positioning of hemo-
dynamic responses in the image representation. In some
embodiments, the methods further involve obtaining a plu-
rality of image representations of the tissue over time and
evaluating spatiotemporal changes hemodynamic responses
within the tissue based on differences in the magnitude and/or
spatial positioning of hemodynamic responses among the
image representations.

[0014] Insome embodiments, the methods involve obtain-
ing a first image representation of a tissue in a subject; obtain-
ing a second image representation of the tissue; and evaluat-
ing the tissue based on hemodynamic responses detected in
the first or second image representations, in which the hemo-
dynamics responses are induced by an exogenous vasoactive
agent in the tissue, and the first and second image represen-
tations are obtained using different imaging techniques.
[0015] Incertain embodiments, the methods involve detec-
tion of hemodynamic responses without explicit image for-
mation. For example, in some embodiments, data may be
acquired using optical spectroscopy, magnetic resonance
spectroscopy. or other forms of localized spectroscopy and
detection of signals related to hemodynamic responses. Mea-
surements may be performed by obtaining a first reading from
tissue; obtaining a second reading of the tissue; and evaluat-
ing the tissue based on hemodynamic responses detected in
the first or second readings.

[0016] In some embodiments, measurements may be
obtained intermittently or continuously during administra-
tion of a vasoactive agent or monitoring of tissue properties.
[0017] Insomeembodiments, the detection of an analyte of
interest by a sensor capable of evoking hyperemia by activat-
ing a G-protein coupled receptor in vivo can be read out using
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an in vitro assay of receptor activation. The in vitro assay uses
reporter cells (such as yeast, animal, or human cells) that have
been engineered to functionally express the relevant receptor,
such as a G-protein coupled receptor, and to respond to its
activation with a readily detectable signal. In some embodi-
ments, the detectable signal is an optical signal, such as fluo-
rescence, luminescence, or light absorbance. In some
embodiments, the reporter cell readout is performed in a
microplate and read out using a microplate reader in a labo-
ratory setting. In some embodiments, the reporter cell readout
is performed in a lateral flow device.

[0018] Incertainembodiments, the hemodynamic response
comprises a change in blood volume in the tissue. In some
embodiments, the hemodynamic response comprises an
increase in blood flow in the tissue. In certain embodiments,
the hemodynamic response comprises a decrease in blood
flow in the tissue. In some embodiments, the hemodynamic
response comprises changes in oxy/deoxyhemoglobin bal-
ance in the tissue. In certain embodiments, the tissue is neu-
ronal tissue and the hemodynamic response is associated with
changes in neural activity.

[0019] In some embodiments, the methods involve deter-
mining that the hemodynamic response is associated with
excitatory neural activity in the tissue. In certain embodi-
ments, the methods involve determining that the hemody-
namic response is associated with inhibitory activity in the
tissue.

[0020] In some embodiments, the vasoactive agent is a
small molecule. In certain embodiments, the vasoactive agent
comprises lipid moiety. In some embodiments, the vasoactive
agent is a protein. In certain embodiments, the vasoactive
agent has amolecular mass in arange of 0.5 kDaand 150kDa.

[0021] In some embodiments, the vasoactive agent com-
prises a detectable moiety. In certain embodiments, evaluat-
ing the tissue comprises evaluating a signal emanating from
the detectable moiety and relating the signal to a hemody-
namic response. In some embodiments, the signal is indica-
tive of a concentration of a physiological analyte; a catalytic
activity; or a biological activity. In certain embodiments, the
biological activity is gene expression; protein secretion; pro-
tein modification; receptor activation; pathway activation;
pathway inhibition; exocytosis; endocytosis; or vesicle
cycling.

[0022] Insome embodiments, the vasoactive agent modu-
lates hemodynamic response through activation of one or
more endogenous biochemical pathways in cells of the tissue.
In certain embodiments, the effective amount of the vasoac-
tive agent is a submicromolar concentration of the vasoactive
agent in the tissue. In some embodiments, the vasoactive
agent produces an artificial hemodynamic response in the
tissue. In certain embodiments, the vasoactive agent is a vaso-
active neuropeptide that is secreted by endogenous cells, for
example neurons. In some embodiments, the vasoactive agent
effects dilation of the microvasculature. In certain embodi-
ments, the vasoactive agent binds to a heterodimeric, G-pro-
tein coupled receptor on the surface of cells. In some embodi-
ments, the vasoactive agent is a vasoactive neuropeptide that
translates molecular signals into engineered hyperemia. In
certain embodiments, the vasoactive agent is nitric acid syn-
thase (NOS) or an engineered derivative thereof. In some
embodiments, the vasoactive agent is calcitonin gene-related
peptide (CGRP) or an engineered derivative thereof. In cer-
tain embodiments, the vasoactive agent is an engineered pro-
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tein that is conditionally active. In some embodiments, the
protein is activated by interacting with an endogenous analyte
in the tissue.

[0023] In certain embodiments, the vasoactive agent is a
fusion protein comprising a neurotransmitter analog, CGRP,
and a binding domain such that the interaction between the
binding domain and the analog disrupts CGRP function. In
some embodiments, the vasoactive agent is an engineered
chimera of a catalytic domain of inducible NOS (NOS) and a
regulatory domain of NOS. In certain embodiments, activity
of the engineered chimera is dependent on calcium bound
calmodulin, and independent on a blood brain barrier (BBB)-
permeable inhibitor with specificity for an endogenous NOS
catalytic domain. In some embodiments, the BBB-permeable
inhibitor is 7-nitroindazole (7-NI).

[0024] In certain aspects of the invention, methods are pro-
vided for evaluating signaling of a biochemical pathway in a
tissue. In some embodiments, the methods involve providing
to a tissue a vasoactive agent, the activity of which vasoactive
agent is modulated by signaling of a biochemical pathway in
the tissue, in which modulation of the vasoactive agent results
in a hemodynamic response in the tissue; and evaluating
signaling of the biochemical pathway in the tissue by assess-
ing in an image representation of the tissue presence or
absence of a hemodynamic response resulting from modula-
tion of the vasoactive agent in the tissue. In some embodi-
ments, the signaling is calcium signaling. In some embodi-
ments, the signaling is indicative of catalytic activity of
matrix metalloproteases involved in tumor metastasis. In
some embodiments, the signaling is indicative of catalytic
activity of Fibroblast Activating Protein involved in tumor
invasion and metastasis. In some embodiments, the signaling
is indicative of catalytic activity of caspases involved in apo-
ptosis. In some embodiments, the vasoactive agent is an engi-
neered protein. In some embodiments, the engineered protein
is activated by a calcium-binding protein that is present in the
tissue, in which activation of the engineered protein results in
ahemodynamic response in the tissue. In some embodiments,
the methods further involve obtaining an image representa-
tion of the tissue.

[0025] In some aspects of the invention, methods are pro-
vided for evaluating calcium signaling in a tissue. In some
embodiments, the methods involve providing to a tissue an
engineered protein that is activated to induce a hemodynamic
response in the tissue through interactions with a calcium-
binding protein; inhibiting activity of an endogenous protein
that induces the hemodynamic response in the tissue; and
evaluating calcium signaling in the tissue by assessing pres-
ence or absence of the hemodynamic response resulting from
activation of the engineered protein in the tissue. In some
embodiments, the engineered proteins comprises a catalytic
domain of inducible NOS (iNOS) fused to a regulatory
domain of NOS. In some embodiments, the calcium binding
protein is calmodulin, and wherein calcium-bound calmodu-
lin activates the engineered protein. In some embodiments,
inhibiting activity of an endogenous protein comprises deliv-
ering to the tissue an inhibitor of endogenous NOS activity in
the tissue. In some embodiments, presence or absence of the
hemodynamic response is assessed by obtaining an image
representation of the tissue and assessing the image represen-
tation for the presence or absence of the hemodynamic
response in the tissue. In some embodiments, the methods
further involve stimulating signaling of the biochemical path-
way in the tissue or calcium signaling in the tissue by sub-
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jecting the subject to a physical or behavioral task. In some
embodiments, the methods further involve delivering to the
tissue an agent that stimulates signaling of the biochemical
pathway in the tissue or calcium signaling in the tissue. In
some embodiments, the vasoactive agent or engineered pro-
tein is provided to dopaminergic neurons in the tissue.

[0026] In some aspects of the invention, methods are pro-
vided for assessing blood-brain barrier (BBB) integrity. In
some embodiments, the methods involve providing to the
vasculature of a subject an exogenous vasoactive agent that is
impermeable to the BBB; obtaining an image representation
of brain tissue; and assessing BBB integrity by evaluating the
image representation for the presence or absence of a hemo-
dynamic response induced by the exogenous vasoactive
agent. In some embodiments, the exogenous vasoactive agent
is calcitonin gene-related peptide (CGRP). In some embodi-
ments, the hemodynamic response is a vasodilatory effect in
the brain vasculature, and detection of the hemodynamic
response in the image representation indicates disruption of
the BBB. In some embodiments, the methods further involve
detecting the hemodynamic response and determining that
disruption of the BBB is a result of a traumatic injury, car-
cinogenesis or inflammation.

[0027] In some aspects of the invention, methods are pro-
vided for evaluating ligand binding in a tissue. In some
embodiments, the methods involve providing to a tissue a
vasoactive agent, the activity of which vasoactive agent is
modulated by binding to a ligand, in which modulation of the
vasoactive agent results in a hemodynamic response in the
tissue; obtaining an image representation of the tissue; and
evaluating ligand binding by assessing in the image represen-
tation presence or absence of ahemodynamic response result-
ing from modulation of the vasoactive agent in the tissue. In
some embodiments, a compound is provided that comprises a
calcitonin gene-related peptide (CGRP) fused to an analyte
binding molecule that inhibits activity of CGRP in the
absence of analyte. In some embodiments, a compound is
provided that comprises a calcitonin gene-related peptide
(CGRP) fused to an analyte binding domain and inhibitory
domain, such that the compound is vasoactive in the presence
of an analyte which disrupts intramolecular interactions
between the binding and inhibitory domains.

[0028] Insome embodiments, a compound is provided that
comprises a calcitonin gene-related peptide (CGRP) fused to
a second peptide, wherein the compound is vasoactive fol-
lowing enzymatic modification of the peptide. In some
embodiments, the enzymatic modification is cleavage of the
second peptide. In some embodiments, the enzymatic modi-
fication is acetylation, acylation, adenylylation, ADP-ribosy-
lation, carbamylation, deamidation, deamination, glycation,
glycosylation, hydroxylation, imine formation, methylation,
myristoylation, o-glycosylation, palmitoylation, phosphory-
lation, prenylation, sulfation, sumoylation, transglutamina-
tion, or ubiquitination. In some aspects, compositions are
provided that comprise a compound disclosed herein and a
physiologically acceptable carrier. In some aspects, kits are
provided that comprise one or more containers housing a
compound or composition disclosed herein. According to
some aspects, methods are provided that involve providing a
compound disclosed herein to a tissue; obtaining an image
representation of the tissue; and determining presence or
absence of ahemodynamic response in the tissue based on the
image representation.
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[0029] According to some aspects, methods are provided
that involve introducing an imaging agent precursor to a
subject; via a reaction involving the precursor, effecting pro-
duction, in the subject, of an imaging agent; and imaging
tissue via the agent. In some embodiments, the reaction
involves at least the precursor and a physiological species. In
some embodiments, the imaging agent is produced at a con-
centration at least five times the concentration of the agent. In
some embodiments, the reaction involving the precursor
occurs in the imaged tissue. In some embodiments, the imag-
ing agent precursor is introduced at a concentration of 0.0001
to 100 mg/kg, 0.01 to 100 mg/kg, 0.001 to 10 mg/kg, or
0.0001 to 10 mg/kg of body weight, e.g., about 100, 10, 1, 0.1,
0.01, 0.001, or 0.0001 mg per kg of body weight of the
subject.

[0030] According to some aspects, methods are provided
that involve introducing a bioactive agent to a subject; via a
reaction involving the bioactive agent, effecting an detectable
alteration of the quantity of an imaging agent in a tissue in the
subject; and imaging the tissue via the imaging agent. In some
embodiments, the bioactive agent is a vasoactive agent. In
some embodiments, the imaging agent is deoxyhemoglobin
or oxyhemoglobin. In some embodiments, the reaction
effects a dilation or constriction of vasculature in the tissue.

[0031] According to some aspects, methods are provided
that involve introducing a bioactive agent to a subject; via a
reaction involving the bioactive agent, effecting an detectable
alteration of endogenous contrast in the subject; and imaging
tissue based on the endogenous contrast. In some embodi-
ments, the bioactive agent is a vasoactive agent. In certain
embodiments, the endogenous contrast is a diffusion pattern
of water and/or other molecules through an organ or tissue
structure. In some embodiments, the organ is a brain. In some
embodiments, the tissue structure is vasculature. In some
embodiments, the imaging is performed using diffusion-
weighted MR

[0032] According to some aspects, engineered vasoactive
agents are provided that have the formula X*-L'-X2-12-X?, in
which X" is ablocking domain and/or ligand binding domain,
L' and I.* are independently linkers or absent, X? is a protease
recognition site and/or a ligand or analog thereof, and X is a
vasoactive molecule (e.g.. as depicted in FIG. 2F). According
to some aspects, engineered vasoactive agents are provided
that have the formula X!-L-X?-X* or X!-X2-L-X?, in which
X' is a blocking domain and/or ligand binding domain, L is a
linker, X? is a protease recognition site and/or a ligand or
analog thereof, and X® is a vasoactive molecule (e.g., as
depicted in FIG. 2F). In some embodiments, X" is a blocking
domain, L is a linker, X is a protease recognition site, and X>
is a vasoactive molecule. In some embodiments, X' is a ligand
binding domain, L is a linker, X is a ligand or analog thereof,
and X? is a vasoactive molecule. In some embodiments, engi-
neered vasoactive agents are provided that have the formula
X1-X? or X*-L-X?, in which X" is one or several repeats of an
exopeptidase cleavage sequence, L is a linker, and X* is a
vasoactive molecule. In some embodiments, X here serves a
dual purpose as a blocking domain and protease cleavage site.
In some embodiments, engineered vasoactive agents are pro-
vided that have the formula X'-L'-X?L*X3, where X" is an
N-terminal subsequence of a vasoactive peptide, L' and 1.2
are linkers, X* is an allosteric ligand binding domain, and X*
is a C-terminal subsequence of a vasoactive peptide. Many
additional embodiments that combine sensing domains and
vasoactive domains are contemplated; in some aspects, such
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molecules are constructed using synthetic chemical building
blocks as opposed to peptides or other biopolymers.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1A depicts a non-limiting example of a process
flow chart for functional molecular imaging;

[0034] FIG. 1B depicts a non-limiting example of a process
flow chart for functional molecular imaging in the context of
organism scale synthetic biology;

[0035] FIGS. 2A-2F depict a non-limiting example of a
cell-based bioassay that reports activation of the CGRP
receptor,

[0036] FIG. 2A shows activation of the heterodimeric
CGRP receptor elevates intracellular cAMP; in vascular
smooth muscle cells, cAMP inhibits myosin light chain
kinase and leads to muscle relaxation and vasodilation; in
engineered HEK293FT reporter cells, cAMP allosterically
activates an engineered luciferase;

[0037] FIG. 2B shows the lentiviral DNA constructs used to
generate HEK293FT CGRP reporter cells;

[0038] FIG. 2C shows, after antibiotic selection, the
reporter cells express the fluorescent markers associated with
each lentiviral construct; FIG. 2D shows dose-response
curves with synthetic CGRP (Sigma) for HEK293FT CGRP
reporter cells and for HEK293FT cells transduced with only
the luciferase-bearing lentivirus show receptor-dependent
cAMP elevation in response to subnanomolar CGRP concen-
trations;

[0039] FIG. 2E shows receptor activation by CGRP is spe-
cifically inhibited by [8-37]CGRP, which is atruncated form
of wildtype human alpha CGRP comprising amino acids 8
through 37, acting as a competitive inhibitor of CGRP agonist
activity;

[0040] FIG. 2F depicts non-limiting examples of CGRP-
based sensors;

[0041] FIGS. 3A-D depict a non-limiting example of an
engineered hemodynamic response induced by CGRP injec-
tion;

[0042] FIG. 3A shows an optical image of exposed cortex
highlighting vascular regions of interest (ROIs);

[0043] FIG. 3B shows percent signal changes over time
(x-axis) for ROIs outlined in FIG. 3A; 10 nM CGRP was
infused during the shaded time period;

[0044] FIG. 3C shows an MRI map showing areas of sig-
nificant signal change (colored voxels) due to 500 nM CGRP
infusion through a cannula in the left hemisphere; control
infusion of cerebrospinal fluid on the right side produced no
significant changes; FIG. 3D show quantified group data
(n=4):

[0045] FIGS. 4A-D are non-limiting examples of the
effects of terminal modifications on CGRP agonist activity;
[0046] FIG. 4A shows primary and secondary structure of
CGRP (SEQ ID NO: 1). FIG. 4B shows that after incubation
with 10 mM DTT, the potency of CGRP is reduced due to
opening of the N-terminal disulfide ring;

[0047] FIG. 4C shows the replacement of the C-terminal
amide with carboxylic acid reduced potency by 3 orders of
magnitude; extension with a terminal glycine partially
restores potency,

[0048] FIG. 4D shows N-terminal extension of CGRP by
Gly or lleAlaGly has a much smaller effect on potency than
C-terminal alterations;

[0049] FIGS.5A-D is a non-limiting example of molecular
sensors based on CGRP;
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[0050] FIG. 5A shows schematic architecture of CGRP-
based protease sensors with cleavage sites for (top to bottom)
MMP-9, caspase-3, Factor Xa, TEV protease, and enteroki-
nase; MSAWSHPQFEKGA (SEQ ID NO: 2); GGSG (SEQ
ID NO: 13); GPLGIAG, DEVD, IEGR, ENLYFQG,
DDDDK (SEQ ID NOs: 8-12, respectively).

[0051] FIG. 5B shows a caspase sensor incubated in the
presence or absence of caspase-3;

[0052] FIG. 5C depicts MALDI spectrum showing cleav-
age of caspase sensor;

[0053] FIG. 5D shows sensors for caspase-3, enterokinase
and TEV protease show bioactivity after proteolytic removal
of the GFP blocking domain;

[0054] FIG. 6 depicts a non-limiting example of engineered
nitric oxide synthase (Chi-1); and

[0055] FIG. 7 depicts a non-limiting example of Chi-1
enzymatic activity; results were normalized to the maximum
nitrate formation on that day and were from 3 independent
transfection experiments; control refers to transfection
reagent only; iono refers to calcium ionophore antibiotic
a23187 at 5 um; nNOS refers to rat n(NOS; and Chi 1 refers to
engineered nNOS.

DETAILED DESCRIPTION OF INVENTION

[0056] Provided herein are methods for molecular imaging
with high sensitivity. Methods provided herein are useful in a
broad range of areas, including, but not limited to, biomedical
research, target discovery, as well as drug screening, devel-
opment, and characterization. In some embodiments, meth-
ods provided herein are useful for gaining a functional physi-
ological understanding of mechanisms underlying major
disease areas. Accordingly, in some embodiments, use of
methods provided herein may lead to the discovery of addres-
sable functional mechanisms in health and disease. In some
embodiments, methods provided herein may be used to assess
pharmacological or pharmacokinetic properties of drugs (in-
cluding lead molecules) based on molecular imaging.
[0057] Certain methods provided herein are useful for
evaluating an organ, tissue or other structure in a subject. In
some embodiments, methods provided herein involve provid-
ing to an organ, tissue or other structure in a subject an
exogenous vasoactive agent for purposes of inducing a hemo-
dynamic response. In some embodiments, the exogenous
vasoactive agent is provided in a submicromolar concentra-
tion (e.g., 1 nM to less than 1 pM, 1 pM to less than 1 uM, 1
pMto 500 nM, 1 nM to 100nM, 10 nM to 200 nM, 50 nM to
500nM, 1 nM to less than 1 pM) that is effective for inducing
ahemodynamic response in the tissue. In some embodiments,
methods provided herein further involve obtaining an image
representation of an organ, tissue or other structure and evalu-
ating the organ, tissue or other structure based on a hemody-
namic response detected in the image representation.

[0058] As used herein, the term “subject” refers to any
animal, such as a mammal, including but not limited to a
human, non-human primate, rodent (e.g., mouse, rat), pig,
guinea pig, rabbit, cat, dog, goat, cow, horse, etc.

[0059] As used herein, the term “hemodynamic response”
refers to an alteration of blood vessel dilation and/or blood
flow and/or blood pressure and/or oxygenation level of blood
in a subject.

[0060] As used herein, the term “vasoactive agent” refers to
any agent that effects a constriction or dilation of a blood
vessel, and/or that modulates blood pressure and/or heart rate
in a subject. A vasoactive agent can bring about vasodilation
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or vasoconstriction. A vasoactive agent may be a natural or
synthetic molecule. A vasoactive agent may be a small mol-
ecule, such as, for example, nitric oxide (NO), small mol-
ecules that promote generation of NO, prostaglandins,
eicosanoids, cytochromes, ATP, analogues of ATP, or other
small molecules. A vasoactive agent may comprise a protein
or peptide, such as nitric oxide synthase, cyclooxygenase
(COX), Calcitonin gene-related peptide (CGRP) and others.

[0061] Insome embodiments, a vasoactive agent is a mol-
ecule having the formula X'-L-X*-X? or X*-X2-L-X?, in
which X" is a blocking domain and/or ligand binding domain,
L is a linker, X? is a protease recognition site and/or a ligand
or analog thereof, and X* is a vasoactive molecule. In some
embodiments, a vasoactive agent is a molecule having the
formula X'-L-X>-X?, in which X" is a blocking domain, L is
a linker, X* is a protease recognition site, and X? is a vasoac-
tive molecule. In some embodiments, a vasoactive agent is a
molecule having the formula X*-L-X2-X3, in which X' is a
ligand binding domain, L is a linker, X* is a ligand or analog
thereof, and X? is a vasoactive molecule. In some embodi-
ments, engineered vasoactive agents are provided that have
the formula X*-X? or X'-L-X?, in which X" is one or several
repeats of an exopeptidase cleavage sequence, L is a linker,
and X? is a vasoactive molecule. X* here serves adual purpose
as a blocking domain. In some embodiments, engineered
vasoactive agents are provided that have the formula X'-L'-
X*1.2X? where X' is an N-terminal subsequence of a vaso-
active peptide, L' and L are linkers, X* is an allosteric ligand
binding domain, and X> is a C-terminal subsequence of a
vasoactive peptide.

[0062] With regard to L, any suitable linker may be used,
including, for example, polypeptide and non-polypeptide
linkers. In some embodiments, polypeptide linkers may com-
prise small flexible amino acids such as Gly, Ser, Ala and Thr.
In one embodiment the linker comprises or consists of glycine
residues. In one embodiment the linker comprises or consists
of serine residues. In one embodiment the linker comprises or
consists of alanine residues. In one embodiment the linker
comprises or consists of threonine residues. In one embodi-
ment the linker comprises or consists of glycine and serine
residues. In one embodiment the linker comprises or consists
of glycine, serine and alanine residues. In one embodiment
the linker comprises or consists of glycine, serine, alanine and
threonine residues. It should be appreciated understood that
all permutations of glyine and/or serine and/or alanine and/or
threonine residues may be used in some embodiments. In one
embodiment, a linker comprises or consists of 30-80% gly-
cine residues and 20-70% serine residues. In one embodi-
ment, the linker comprises or consists of 35-50% glycine
residues; 30-40% serine residues; 5-15% threonine residues
and 10-20% alanine residues. In one embodiment, the amino
acid residues are randomly distributed within the linker. Spe-
cific examples of suitable linkers include glycine-serine poly-
mers comprising for example repeats of sequences such as
GS, GGS, GGSG (SEQ ID NO: 13), GSGGS (SEQ ID NO:
20), GGGGS (SEQ IDNO: 21) and GGGS (SEQ IDNO:22).
In some embodiments, polypeptide linkers may be 1 to 5
amino acids, 1 to 10 amino acids, 5 to 20 amino acids, 10 to 30
amino acids, 10 to 40 amino acids, 20 to 50 amino acids, 30 to
100 amino acids or more.

[0063] In embodiments in which X* comprises a protease
recognition site, any suitable protease recognition site may be
used. In some embodiments, the protease recognition siteis a
recognition site of a serine protease or a serine-threonine
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protease. In some embodiments, the protease recognition site
is a recognition site of a matrix metalloproteinase, such as
MMP-9. In some embodiments, the protease recognition site
is a recognition site of a caspase, such as caspase-3. In some
embodiments, the protease recognition site is a recognition
site of an endopeptidase, such as Tobacco Etch Virus (TEV)
protease or Factor Xa. Further non-limiting examples of suit-
able protease recognition sites are provided in FIG. SA.

[0064] Inembodimentsinwhich X* comprises a ligand, the
ligand may bind selectively to a ligand binding protein of X*.
In some embodiments, a vasoactive peptide of X* is unable to
effect a hemodynamic response when a ligand of X? is bound
to a ligand binding protein of X' in the absence of soluble
ligand. However, in some embodiments, in the presence of
soluble ligand, the soluble ligand competes for binding to the
ligand binding protein with the tethered ligand of X?, thereby
relieving the inhibitory effect on the vasoactive peptide, and
permitting the vasoactive peptide to induce a hemodynamic
response. In some embodiments, X* comprises a neurotrans-
mitter or analog thereof that binds to a neurotransmitter bind-
ing protein of X', allowing the vasoactive agent to function as
a sensor for the presence of soluble neurotransmitter. In some
embodiments, a neuroactive peptide (e.g., CGRP, Max,
ADM) is conjugated to a tethered neurotransmitter analog
and to a neurotransmitter binding protein in such a way that
intramolecular binding between the tethered analog and bind-
ing domain reversibly disrupts peptide’s ability to induce
vasodilation.

[0065] In embodiments in which X' comprises a blocking
protein, the blocking protein is typically configured to block,
reduce or inhibit the ability of the vasoactive molecule of X*
to effect a hemodynamic response. In some embodiments,
cleavage of a protease recognition site of X separates the
blocking protein of X* from the vasoactive molecule of X?,
thereby relieving the inhibition. In some embodiments, the
blocking protein is a globular protein. In some embodiments,
the blocking protein is an enzyme, messenger protein, or
structural protein. In some embodiments, the blocking pro-
tein 1s a hemoglobin or other member of the globin protein
family. In some embodiments, the blocking protein is an
immunoglobulins (e.g., IgA, IgD, IgE, IgG and IgM) or a
fragment thereof. In some embodiments, the blocking protein
is an alpha, beta or gamma globulin. In some embodiments,
the blocking protein is a fluorescent protein, such as, for
example, a green fluorescent protein or variant thereof.

[0066] With regard to X*, any suitable vasoactive molecule
may be used, including, for example, a vasoactive peptide. In
some embodiments a vasoactive peptide is selected from the
group consisting of: calcitonin gene-related peptide (CGRP),
human atrial natriuretic peptide (hANP), endothelin (ET),
adrenomedullin (ADM), Maxadilan (Max), pituitary adeny-
late cyclase-activating polypeptide (PACAP), vasoactive
intestinal peptide (VIP), peptide histidine isoleucine (PHI),
peptide histidine methionine (PHM), peptide histidine valine
(PHV), peptide N-terminal histidine C-terminal methionelm-
ide, angiotensin I, angiotensin [I, bombesin, cholecystokinin-
pancreozymin, neurotensin, oxytocin, prolactin, sauvagine,
somatostatin, substance P, opioid peptides, relaxin, amylin,
thyrotropin-releasing hormone, parathyroid hormone, uro-
tensin, histamine, endothelium-derived hyperpolarizing fac-
tor (EDHF), vasopressin and related natural and synthetic
analogs of any of them. In some embodiments a vasoactive
peptide is a tachykinin, such as, for example, neurokinin A,
bradykinin, neuokinin B, and others. In some embodiments a
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vasoactive peptide is calcitonin gene-related peptide (CGRP)
or an analog thereof. In some embodiments a vasoactive
peptide is adrenomedullin (ADM), or an analog thereof. In
some embodiments a vasoactive peptide is Maxadilan (Max)
or an analog thereof.

[0067] Inembodiments in which X' represents one or sev-
eral repeats of an exopeptidase cleavage sequence, X' simul-
taneously serves as a blocking domain attenuating the
potency of the vasoactive moiety X* while X" is present such
that removal of X* by one or several repeated exopeptidase
cleavage events restores the potency of X°. For example, X*
can be the amino acid sequence APAP which is removed by
two cleavage events mediated by the alanyl-prolyl exopepti-
dase activity of Fibroblast Activation Protein (FAP).

[0068] Inembodiments in which X represents an allosteric
ligand binding domain inserted into the middle of a vasoac-
tive agent, any naturally occurring or engineered ligand bind-
ing domain that is capable of allosterically modulating the
agonist activity of the vasoactive moiety is suitable. For
example, bacterial Periplasmic Binding Proteins may be used
to engineer fluorescent biosensors by allosterically modulat-
ing fluorescent reporter fusions. In some embodiments, mem-
bers of the same family of protein domains may be employed
to alter the spatial conformation of a vasoactive moiety, such
as Maxadilan in such way that its receptor agonist activity
(and thereby its vasoactive property) is attenuated or
enhanced in the presence of a ligand of interest. Other suitable
sources of ligand binding domains include naturally occur-
ring receptors for ligands of interest, such as neurotransmitter
receptors, or engineered variants thereof. Those skilled in the
art will appreciate that similar sensor architectures may be
assembled using small molecules or other nonbiosynthetic or
biosynthetic building blocks.

[0069] As used herein, the term “image representation”
refers to any depiction of the spatial organization or arrange-
ment of one or more objects or events. In some embodiments,
an image representation is a two-dimensional depiction. In
some embodiments, an image representation is a three-di-
mensional depiction. Examples of image representations
include, but are not limited to, images, photographs, videos,
x-rays, microfiche, microfilm, or any other recordings or
depictions of the physical appearance or arrangement of any
object or event by any technique. In some embodiments, an
image representation can be produced from any data contain-
ing positional or spatial information. For example, certain
recording techniques, such as electroencephalography
(EEG), magnetoencephalography (MEG), electrocardio-
graphy (EKG), which produce data containing positional
information, can be used to produce an image representations
of the data (e.g., image representations of electrical activity).
Image representations encompass any digital image or video
retrievable from computer storage.

[0070] Insome embodiments, molecular imaging methods
are provided herein that involve measuring and/or visualizing
molecular concentrations or activities in vivo. In some
embodiments, cellular imaging methods are provided herein
that involve measuring and/or visualizing aspects of cellular
fanction. In some embodiments, methods provided herein
involve relating signals of interest (e.g., molecular concentra-
tions or activities, or aspects of cellular function) with a
hemodynamic response.

[0071] Insomeembodiments, methods provided herein are
useful for clinical diagnostic imaging. In such embodiments,
methods provided herein may involve molecular imaging ofa
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hemodynamic response to assess molecular concentrations or
activities. In some embodiments, molecular imaging of
hemodynamic responses is used to assess concentrations or
activities of neurotransmitters. In some embodiments,
molecular imaging of hemodynamic responses is used to
assess concentrations or activities of factors associated with
disease. In some embodiments, image-based detection of
hemodynamic responses using methods provided herein
facilitates the study of drug effects in vivo. In some embodi-
ments, image-based detection of hemodynamic responses is
useful for detecting disruptions to blood brain barrier due to
traumatic brain injury, inflammation, carcinogenesis or other
conditions.

[0072] In some embodiments, methods are provided for
assessing functional hyperemia in organs, tissues or other
structures in a subject. As used herein, the term “functional
hyperemia” refers to a hemodynamic response to increased
neural activity involving increases in blood flow. In some
embodiments, increases in blood flow are triggered by eleva-
tions in neural activity levels during stimuli or behavioral
tasks. In some embodiments, blood flow increases associated
with functional hyperemia lead to changes in cerebral blood
volume and oxy/deoxyhemoglobin balance.

[0073] In some embodiments, methods provided herein
may be used to visualize tissue structures and/or boundaries.
In some embodiments, where a structure of interest is the
brain, any suitable modality of imaging of brain tissue may be
used. For example, optical imaging of blood vessel dilation or
magnetic resonance imaging of the changes in magnetic
properties of blood which accompany changes in blood oxy-
genation level may be used for purposes of translating
molecular or cellular phenomena of interest into a hemody-
namic response.

[0074] Insome embodiments, methods are provided herein
that involve functional brain imaging for assessing hemody-
namic phenomena. In some embodiments, methods provided
herein are particularly useful because they capture informa-
tion about the specificity of underlying neuronal activity,
which is often lost using conventional approaches. For
example, methods provided herein may be used to distinguish
hemodynamic contributions arising from excitatory vs.
inhibitory activity. In some embodiments, methods provided
herein utilize magnetic resonance imaging (MRI) to detect
and/or monitor functional hyperemia via a BOLD effect in
which a brightening of tissue MRI signal results from
decreased deoxyhemoglobin during blood flow increases. In
some embodiments hyperemic responses may be detected
using vascular MRI contrast mechanisms such as dynamic
arterial spin labeling, cerebral blood volume imaging, and
other methodologies sensitive to hemodynamics.

[0075] In some embodiments, hyperemic responses are
also assessed using optical imaging techniques. Optical tech-
niques include but are not limited to light microscopy, reflec-
tance imaging, confocal microscopy, multiphoton micros-
copy, superresolution microscopy, diffuse optical
tomography, near infrared spectroscopy and imaging, and
diffuse fluorescence or luminescence imaging. In some
embodiments, detection of hyperemic responses using opti-
cal imaging techniques achieve higher temporal resolution
than certain MRI based techniques. In some embodiments,
hyperemiic responses are assessed using imaging techniques
based on ultrasound, nuclear medicine, or other imaging tech-
niques. These embodiments include but are not restricted to
ultrasound imaging, photoacoustic tomography, positron
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emission tomography, single photon emission computed
tomography, X-ray computed tomography. Those skilled in
the art will appreciate in what manner each of these detection
methods can be applied to detect hyperemia or and other
aspects of blood flow.

[0076] Insomeembodiments, methods are provided herein
for functional imaging in vivo of tissue and organs (including,
but not limited to, the brain). In some embodiments, a func-
tionally relevant molecular or cellular phenomenon is
detected using an engineered moiety and relayed into a hemo-
dynamic response, which is then externally detected and
recorded. In some embodiments, the concentration ofa physi-
ological analyte is detected. In some embodiments, catalytic
activity of an enzyme is detected. In some embodiments, a
biological activity, such as gene expression or secretion is
detected. In some embodiments, a molecular entity (e.g., a
synthetic or engineered biological molecule) effects a hemo-
dynamic response upon detection of a signal of interest (e.g,,
calcium signaling) through activation of endogenous path-
ways.

[0077] In some embodiments, methods provided herein
involve implementation of functional brain imaging using
optical imaging or BOLD MRI as a readout.

[0078] In some embodiments, biochemical pathways that
regulate natural hemodynamics with nanomolar sensitivity to
endogenous modulators, are modulated using exogenous
agents (e.g., exogenous vasoactive agents) to achieve artifi-
cial hemodynamic responses.

[0079] In some embodiments, engineered vasoactive neu-
ropeptides are used for translating molecular signals into
engineered hyperemia. In some embodiments, engineered
nitric acid synthase (NOS) is used for translating molecular
signals into engineered hyperemia.

[0080] In some embodiments, methods provided herein
may be used to visualize spatial and/or temporal patterns of
gene expression. In some embodiments, methods provided
herein may be used to detect of physiologically relevant
molecular species. In some embodiments, methods provided
herein may be used to detect catalytic activity.

[0081] In some embodiments, hyperemic responses
induced by vasoactive agents or probes could also be detected
by non-imaging methods. Such methods may be based on
visual inspection (e.g. of vasodilation in skin), or by nonin-
vasive readouts. Noninvasive readouts include pulse oxim-
etry, in vivo spectroscopy at near infrared or other wave-
lengths, and non-imaging analogs of ultrasound,
photoacoustic tomography, magnetic resonance, X-ray,
nuclear medicine, endoscopy, and other modalities com-
monly used for medical analysis. In some embodiments,
hypereniic responses may be detected by conventional pho-
tography and analysis of photographic images. In some
embodiments, detection may be performed using portable
devices, such as devices commonly used for medical moni-
toring in clinical settings. Such devices may include pulse
oximetry devices, Doppler ultrasound devices, endoscopic
devices, or other devices used for invasive photonic or chemi-
cal detection. In some embodiments, devices suitable for
detecting hyperemia, blood flow, or vascular structure may be
employed.

[0082] In some embodiments, detection of an analyte of
interest by a sensor capable of evoking hyperemia by activat-
ing a receptor, such as a G-protein coupled receptor, in vivo
can be read out using an in vitro assay of receptor activation.
In some embodiments, the ex vivo assay of GPCR activation
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is a microplate assay using reporter cells which functionally
express the relevant receptor. In some embodiments, the
reporter cells are human cells. In some embodiments, the
reporter cells are non-human animal cells. In some embodi-
ments, the reporter cells are yeast cells. In some embodi-
ments, the reporter cells respond to receptor activation by
producing an optical signal, for example but not limited to
fluorescence, luminescence, or absorbance. Such an assay
may be employed as a laboratory diagnostic test for an analyte
of interest in a biological sample. In some embodiments, an
analyte of interest can be a clinical diagnostic biomarker. In
some embodiments, an analyte of interest may be an enzyme
(examples of which are given elsewhere in this patent). In
some embodiments, an analyte of interest may be a ligand
(examples of which are given elsewhere in this patent). In
some embodiments, an analyte of interest may be Prostate
Specific Antigen. In some embodiments, an analyte of inter-
est may be a pathogen-associated biomarker. In some
embodiments, the biological sample may be urine, blood,
saliva, tissue extract, or any patient-derived fluid.

[0083] Insomeembodiments, the in vitro assay of receptor
(e.g., G-protein coupled receptor) activation by an analyte-
responsive vasoactive sensor can be a lateral flow assay. In the
lateral flow assay, reporter cells (such as yeast cells) function-
ally expressing the relevant receptor and capable of produc-
ing an optical readout upon receptor activation are deposited
in a matrix capable of fluid transport. A biological sample
(such as a patient-derived fluid or a fluid prepared through
additional steps from a patient sample) is placed onto the
matrix and allowed to flow into contact with the reporter cells.
Then, an optical readout of receptor activation is performed.
Devices implementing such an in vitro readout of the detec-
tion of an analyte of interest by engineered switchable vaso-
active sensors may be employed. In some embodiments, the
use of engineered switchable receptor agonists in conjunction
with adevice and method for their in vitro readout could serve
as a point-of-care medical diagnostic test.

Sensitive and Functionally-Specific Measures of Brain
Activity.

[0084] In some embodiments, methods are provided in
which the brain is engineered to report precise aspects of its
own function, in real time, and at a comprehensive spatial
scale in conjunction with noninvasive imaging-based detec-
tion. In contrast to conventional molecular neuroimaging
approaches, which have typically focused on individual
chemical or biomolecular probes, sensitive and specific neu-
roimaging readouts are established herein by purposefully
perturbing endogenous biological systems, which in some
embodiments are related to neurovascular coupling in the
brain.

[0085] In some embodiments, methods provided herein
addresses several challenges in neuroscience and neuroimag-
ing. In some embodiments, by facilitating noninvasive analy-
sis of molecular-level neurophysiology, measurements pro-
vided herein facilitate assessment of molecular signaling
events across a whole brain. In some embodiments, a wide
array of neural phenomena are detected using components
that are targeted via genetic or non-genetic approaches. In
some embodiments, by engaging and manipulating biologi-
cal processes that are readily detected using methods such as
magnetic resonance imaging (MRI) and diffuse optical
tomography (DOT), improvements in sensitivity of molecu-
lar measurements are achieved. In some embodiments, by
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improving sensitivity of in vivo molecular imaging, use of
invasive delivery of substantial amounts of exogenous imag-
ing agents or use of radioactive tracers is obviated, reducing
potential toxicity and unwanted interactions with cells.
Accordingly, in some embodiments, methods provided
herein facilitate real-time molecular neuroimaging using
multiple modalities in human subjects. In some embodi-
ments, specific methods are provided by which endogenous
hemodynamics is utilized to support molecular imaging of
multiple neural activity components without the use of actual
molecular imaging agents.

[0086] In some embodiments, methods provided herein
enable monitoring of brain function with molecular specific-
ity across entire brains and provide information about the
cellular nature of underlying neuronal activity and mechanis-
tic information about brain function. In some embodiments,
molecular imaging agents are provided that are sensitive to
neuronal activity and detectable using noninvasive imaging
methods.

[0087] In some embodiments, methods and compositions
provided herein improve sensitivity of molecular neuroimag-
ing by applying a strategy involving synthetic biology—the
engineering of biological systems themselves, rather than
introduction of conventional chemical or biomolecular
probes. In some embodiments, methods provided herein
involve reengineering functional hyperemia, a fast and potent
physiological reflex to generic neural activity that is the basis
of current hemodynamic functional imaging techniques.

Neuroimaging Using Synthetic Biology: Reengineering
Functional Hyperemia.

[0088] Insomeembodiments, functional hyperemia relates
to increases in blood flow triggered by elevations in neural
activity levels during stimuli or behavioral tasks. In some
embodiments, blood flow increases in turn lead to changes in
cerebral blood volume and oxy/deoxyhemoglobin balance
that are part of a hemodynamic response to increased neural
activity.

[0089] In some embodiments, the spatial and temporal
resolution of reengineered functional hyperemia is relatively
high. In some embodiments, normal hemodynamic responses
to neuronal activity have a rise time of several seconds, but
onset of hemodynamic signals is much faster and may reflect
highly localized components of neural activity. In some
embodiments, for comparison, response time of a hypotheti-
cal molecular sensor to 100 nM of an analyte under pseudo-
first order conditions would generally be on the order of 10 s
(assuming k_,=10° M~'s™"), s0 a rise time of the hemody-
namic response is comparable. In some embodiments,
although point spread functions for BOLD fMRI responses
have been reported to be on the order of 1 mm, structural units
that mediate neurovascular coupling operate at a microscopic
level, with vascular smooth muscle and even individual cap-
illaries (<10 um diameter) under neural control. In some
embodiments, artificial hyperemic mechanisms engineered
to operate primarily on these units are capable of achieving
spatial resolution considerably better than conventional func-
tional imaging. In some embodiments, functional imaging
weighted towards a signal from smaller blood vessels can be
performed using MRI and may be both faster and more spa-
tially precise than other forms of fMRI. In some embodi-
ments, by using a specific mechanism that ties hemodynamic
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signals to molecular parameters of neural activity, endog-
enous hemodynamics provides a local and molecularly-spe-
cific signal.

[0090] In some embodiments, biochemical events that lead
to normal functional hyperemia involve nitric oxide synthase
(NOS) and cyclooxygase (COX)-mediated pathways as inter-
mediaries. In some embodiments, reengineering functional
hyperemia to permit detection of analytes and neuronal sig-
naling events involves inhibiting endogenous hyperemic
responses and then adding back to the system an artificial
hyperemic response to a molecular or cellular target of inter-
est.

[0091] Insome embodiments, substantial or complete sup-
pression of functional hyperemia, with minimal perturbation
to neural activity, has been achieved using injectable BBB-
permeable NOS inhibitors; inhibition has also been achieved
with COX, cytochrome P450, and adenosine (A2A) receptor
blockers. In some embodiments, NOS or combined inhibition
is transient, lasting only for the duration of functional imag-
ing. In some embodiments, transient inhibition is not particu-
larly advantageous where an engineered hyperemic response
overwhelms background signal or where measurements are
conducted under conditions where background hemody-
namic activity averages away. Thus, in some embodiments,
methods are provided that involve monitoring hemodynamic
parameters for which the signal-to-background ratio of arti-
ficial hyperemia is maximized.

[0092] Insomeembodiments, numerous biochemical path-
ways can be manipulated in a precise manner to bring about
artificial hyperemic responses in the presence of inhibited
endogenous hemodynamics. In some embodiments, several
of these pathways are sensitive to nanomolar-level concen-
trations of biomolecular modulators, including some that do
not normally participate in functional hyperemia, indicating
that certain neurovascular responses can act as amplifiers for
submicromolar molecular signals. In some embodiments,
amplification, made possible because of the intrinsic mag-
netic and optical properties of blood, represents a strength of
certain imaging method disclosed herein. In some embodi-
ments, a further strength relates to the induction of artificial
functional hyperemia using a variety of genetic and nonge-
netically-controlled strategies.

Engineering Artificial Hyperemia.

[0093] In some embodiments, protein engineering
approaches are used to develop a variant of neuronal nitric
oxide synthase (nNOS) that resists inhibition by selective
nNOS blockers. nNOS is implicated in normal functional
hyperemia; blockade of nNOS by the selective inhibitors
ARL-17477 or L-nitroarginine (L-NNA) abolishes or sharply
reduces fMRI-detectable responses to stimulation.

[0094] Insomeembodiments, anNOS isoform utilizes cal-
cium-bound calmodulin (Ca,CaM) as a cofactor and thus
catalyzes nitric oxide (NO) formation in a highly neural activ-
ity-dependent fashion. Another NOS variant, the so-called
inducible NOS (iNOS). differs from nNOS in its sensitivity to
several inhibitors, and in its independence from calcium ion
concentrations (CaM is constitutively bound). In some
embodiments, a mutant enzyme that contains the iNOS cata-
lytic domain but the nNOS regulatory and reductase domains
retains calcium dependence typical of nNOS. In some
embodiments, since inhibitor sensitivity is generally on the
structure of the catalytic domain, this ntNOS-INOS chimera is
an enzyme with the ability to restore genetically targetable
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NOS-dependent functional hyperemia responses in the pres-
ence of a selective nNOS inhibitor.

[0095] In some embodiments, a small panel of nNOS-
iNOS chimeras are constructed and tested for their sensitivity
to CadCaM and to selective nNOS inhibitors. In some
embodiments, further protein engineering, and/or synthetic
modification to the inhibitors, may be performed to obtain
desired specificity profiles. In some embodiments, the gene
for inhibitor-resistant nNOS is transduced into neuronal cells
using viral vectors to test for restoration of functional hype-
remia in the presence of nNOS inhibition in vivo. In some
embodiments, unlike experiments involving genetically-en-
coded MRI contrast agents, particularly high levels of variant
nNOS expression are not utilized; moreover, further contrast
agents or metal ions are not administered. In some embodi-
ments, NO production is on a par with endogenous levels, and
disruption to neuronal processing itselfis also minimal.

[0096] In some embodiments, the variant nNOS construct
is targeted to genetically-defined neuronal populations. In
some embodiments, this may be performed either using
recombinase-activated constructs or cell type-specific pro-
moters, and may also be performed in conjunction with viral
vectors to transduce a subject, e.g., a mouse or rat. In some
embodiments, for whole-brain transfection, BBB-permeable
viral vectors or an ultrasound-based technique may be used
for transient BBB disruption.

[0097] In some embodiments, to produce artificial hyper-
emia without the need for genetic manipulations, variants of
a vasoactive molecule called calcitonin gene-related peptide
(CGRP) are provided. CGRP is a potent peptidic vasodilator,
with an 50%-effective concentration (EC50) below 10 nM for
vasodilation of intracerebral arterioles. In some embodi-
ments, the dominant o isoform of CGRP is a 37 amino acid
polypeptide that acts via a family of G-protein coupled recep-
tors on vascular smooth muscle cells. In some embodiments,
CGRP is naturally released from trigeminal ganglia. In some
embodiments, normal CGRP levels in the cerebrospinal fluid
are only in the picomolar range. In some embodiments,
injected CGRP produces vasodilation and MRI-detectable
responses at concentrations 1000 times lower than those uti-
lized for the neurotransmitter-sensitive MRI contrast agents.
In some embodiments, to perform target-specific functional
imaging with CGRP variants, protein engineering is used to
generate ligand-sensitive variants of CGRP. In some embodi-
ments, CGRP is conjugated to a tethered neurotransmitter
analog and to a neurotransmitter binding protein in such a
way that intramolecular binding between the tethered analog
and binding domain reversibly disrupts CGRP’s ability to
induce vasodilation. In some embodiments, in the presence of
the neurotransmitter target itself, intramolecular binding is
competitively suppressed, restoring CGRP activity. In some
embodiments, because of the sensitivity of brain vasculature
to CGRP, only nanomolar concentrations of CGRP-based
agents are delivered, meaning that the barrier against trans-
BBB permeation is significantly lower than that for a conven-
tional MRI contrast agent or optical dyes.

[0098] In some embodiments, brain delivery of agents on
this scale may be accomplished using so-called molecular
trojan horses, such as transferrin or insulin, which are natu-
rally transported into the brain and have been shown to deliver
bioactive amounts of conjugated biomolecular cargo. In some
embodiments, CGRP is used as a genetically encoded
reporter to report neuropeptide release events.
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[0099] In some embodiments, methods and compositions
provided herein are useful for sensitive detection of neu-
rotransmitters and neuropeptides in vivo. In some embodi-
ments, this detection is accomplished by expressing engi-
neered nNOS, secretable CGRP analogs, or other molecules
in genetically targeted cells. In some embodiments, informa-
tion about spatial and temporal characteristics of chemical
signaling events is obtained on a whole brain level. In some
embodiments, methods and compositions provided herein
enable the assessment of long-range functional connectivity
and resting state activity in the brain. In some embodiments,
by associating artificial hyperemic responses directly to spe-
cific excitatory and inhibitory neural cell types, as well as to
neural populations with anatomically distinct projection pat-
terns, it is possible to functionally dissect mechanisms of
functional connectivity and determine how information flow
is mediated by the different cell groups.

[0100] In some embodiments, methods and compositions
provided herein enable robust molecule- or cell-specific func-
tional imaging with methods using noninvasive techniques
including DOT or photoacoustic tomography. In some
embodiments, methods and compositions provided herein are
useful for assessing activity on a time scale of seconds. How-
ever, in some embodiments, slower changes in gene expres-
sion or synaptic plasticity are sensitively detected.

[0101] Reagents and Materials

[0102] Insome embodiments, nucleic acids and viral vec-
tors encoding bioactive (e.g., vasoactive) agents or engi-
neered derivatives are provided. In some embodiments,
nucleic acids and viral vectors encoding CGRP or engineered
derivatives are provided. In some embodiments, fusion pro-
teins are provided that comprise CGRP fused to protein
domains which inhibit CGRP activity. In some embodiments,
fusion proteins are provided that comprise CGRP fused to
analyte binding domains and analyte analogs, such that the
entire fusion is not vasoactive in isolation but can be rendered
vasoactive by free analyte which disrupts the intramolecular
interaction between binding domain and analyte analog.
[0103] Insomeembodiments, fusion proteins are provided
that comprise CGRP fused to an inactivating domain which
can be become active upon enzymatic modification (for
example, upon proteolytic cleavage). In some embodiments
of the fused proteins, the CGRP portion is a mutant (e.g., a
mutant with altered target affinity).

[0104] Methods of using reagents for functional brain
imaging via the hemodynamic response include the use of
natural CGRP or of engineered derivatives. The reagents may
be injected as peptides or delivered in the form of a nucleic
acid, for example using viral vectors, for in situ expression of
the CGRP constructs. Expression of CGRP constructs from
promoters which are specific to certain cell types or cell
states, and can report such cell states. In some embodiments,
CGRP derivatives are provided that are conditionally active,
e.g., have a biologically inactive state but can become acti-
vated by binding or by catalytic action of an analyte of inter-
est. In some embodiments, CGRP derivatives are provided
whose secretion is controlled by a signal of interest. In some
embodiments, optimized and validated protocols are pro-
vided for (i) engineering CGRP derivatives and other reagents
and for (i1) performing in vivo imaging using such materials.
[0105] In some embodiments, transgenic expression con-
structs for CGRP or engineered derivatives are provided that
have a coding region for CGRP or an engineered derivative
placed under the regulatory control of promoters of interest to
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achieve specific expression depending on tissue or cell type or
on gene regulatory events. In some embodiments, CGRP or
engineered derivatives may be transgenically expressed, or
injected, in brain structures of interest and perform their
action only there, simplifying the mapping of measured sig-
nals onto a brain atlas. Ligand-sensitive CGRP derivatives
have been designed for the detection of specific molecular
species such as neurotransmitters (e.g., as depicted in FIG. 2).
[0106] Further molecules are provided for detection of
catalytic activity, such as that of matrix metalloproteases
involved in tumor metastasis or proteases involved in apop-
tosis.

[0107] In some embodiments, an engineered chimera is
provided that has a catalytic domain of inducible NOS (NOS)
fused to a regulatory domain of neuronal NOS (nNOS). The
chimera exhibits dependence on calcium-bound calmodulin
(Ca,CaM) as conferred by the nNOS regulatory domain, and
independence of certain synthetic, BBB-permeable inhibitors
with specificity for the nNOS catalytic domain such as 7-ni-
troindazole (7-NI). Furthermore, calcium detection by engi-
neered NOS may be used as a tool for measuring brain activ-
ity.

[0108] In some embodiments, compositions are provided
that comprise a compound (e.g., a protein, engineered protein
or chimera) and a carrier, e.g., a pharmaceutically acceptable
or physiologically acceptable carrier.

[0109] The term “carrier” denotes an organic or inorganic
ingredient, natural or synthetic, with which the active ingre-
dient is combined to facilitate the application. As used herein,
the term “pharmaceutically acceptable” means a non-toxic
material that does not interfere with the effectiveness of the
biological activity of the active ingredients. The term “physi-
ologically acceptable” refers to a non-toxic material that is
compatible with a biological system such as a cell, cell cul-
ture, tissue, or organism. The characteristics of the carrier will
depend on the route of administration. Physiologically and
pharmaceutically acceptable carriers include diluents, fillers,
salts, buffers, stabilizers, solubilizers, and other materials
which are well known in the art.

[0110] Compositions of the invention can be administered
by any conventional route, including injection or by gradual
infusion over time. The administration may, for example, be
oral, intravenous, intrathecal, intraneural, intracerebral, intra-
parenchymal, epidural, intratumoral, intraperitoneal, intra-
muscular, intracavity, subcutaneous, or transdermal. The
composition can be administered in an effective amounts. An
“effective amount” is an amount of a compound or composi-
tion that alone, or together with further doses, produces the
desired response, e.g., a hemodynamic response, either
directly or indirectly.

[0111] Incertain aspects of the invention, kits are provided,
comprising a container housing a compound or composition.
In some embodiments, individual components of a composi-
tion may be provided in one container. Alternatively, it may be
desirable to provide the components of the composition sepa-
rately in two or more containers, e.g., one container for a
compound (e.g., a vasoactive agent), and at least another for
a carrier. The kit may be packaged in a number of different
configurations such as one or more containers in a single box
or package. The different components can be combined, e.g,,
according to instructions provided with the kit. The compo-
nents can be combined according to a method described
herein, e.g., to prepare and administer a compound or com-
position. The kit can also include a delivery device.
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[0112] The present invention is further illustrated by the
following Examples, which in no way should be construed as
further limiting.

EXAMPLES
Example 1

Molecular Functional Imaging Using Engineered
Neuropeptides

[0113] Calcitonin gene-related peptide (CGRP) is a 37
amino acid, vasoactive neuropeptide which is secreted by
neurons and effects dilation of the microvasoulature by bind-
ing to a heterodimeric, G-protein coupled receptor on the
surface of endothelial cells. CGRP is a potent peptidic vasodi-
lator, with half-maximal effect at a concentration below 10
nM.

[0114] CGRP receptors are expressed inside the brain and
in the presence of an intact BBB, intravenously injected
CGRP has no detectable vasodilatory effect in the brain vas-
culature. Disruption of the BBB by traumatic injury, carcino-
genesis, or inflammation renders it penetrable by CGRP.
Thus, BOLD MRI following systemic CGRP injection may
be used to detect BBB disruption.

[0115] Other vasoactive peptides used include engineered
adrenomedullin (ADM) and especially engineered Maxadi-
lan (Max), a vasoactive peptide from the salivary glands of
sandflies which causes vasodilation in mammals much like
CGRP (see, e.g., U.S. Pat. No. 5,480,864). In some embodi-
ments, Maxadilan is advantageous because it has a relatively
high potency (e.g., greater than CGRP by a factor of 100). In
some embodiments, the EC50 for cAMP elevation by Maxa-
dilan is in the picomolar range. In some embodiments, Maxa-
dilan is advantageous because it is comprised of over 60
amino acids, many of which can be altered with minor impact
on potercy and activity. In some embodiments, this feature
permits a ligand-binding allosteric domain to be inserted at
one of the ends or in the middle of the molecule such that a
fusion polypeptide has maxadilan-like activity in the pres-
ence but not the absence of a ligand of interest. In some
embodiments, Maxadilan is advantageous because of the
wide and relatively even expression in the brain of the PAC1
receptor, which is activated by maxadilan.

[0116] In some embodiments, CGRP receptor is advanta-
geous because it triggers minimal physiological responses
apart from vasodilation. Activation of the PACI receptor may
trigger pleiotropic effects, which will involve assessment for
each particular analyte and imaging test as to whether they are
acceptable for the purposes of the imaging objective.

[0117] Artificial hyperemia was induced by CGRP injec-
tionin the brains of live animals. Results are presented in FIG.
3. FIG. 3 A shows optical image of exposed cortex highlight-
ing vascular regions of interest (ROIs). FIG. 3B shows per-
cent signal changes over time for ROIs coded in panel of FIG.
3A; 10 nM CGRP was infused during the shaded period. FIG.
3C shows an MRI map showing areas of significant signal
change (colored voxels) due to 100 nM CGRP infusion
through a cannula in the left hemisphere. Control infusion of
cerebrospinal fluid on the right side produced no significant
changes; group data (n=4) are quantified in FIG. 3D.
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Example 2

Molecular Functional Imaging Using Engineered
NOS

[0118] Nitric oxide synthase (NOS) is an intermediary in
the hyperemic response, and exists in several isoforms which
differ in their responsiveness to regulatory factors.

[0119] Inthisexample, a strategy is provided for molecular
functional imaging of the brain using engineered NOS. An
engineered chimera is produced that has a catalytic domain of
inducible NOS (NOS) and of the regulatory domain of neu-
ronal NOS (uNOS). The chimera exhibits dependence on
calcium-bound calmodulin (Ca,CaM) as conferred by the
nNOS regulatory domain, and independernce of certain syn-
thetic, BBB-permeable inhibitors with specificity for the
nNOS catalytic domain such as 7-nitroindazole (7-NI).
[0120] Using the chimeras, neural activity and calcium
release is related to NOS activity by (i) inhibition of endog-
enous nNOS activity using systemic administration of 7-NI
and (i) calcium-dependent activation of the nNOS-INOS
chimeras. Imaging of the resulting hemodynamic response is
accomplished by optical imaging and/or BOLD MRI.
[0121] The engineered chimeras are delivered to tissues
using any appropriate method. For example, the chimeras are
directly or indirectly administered to the tissue. Alternatively,
transgenes engineered to express the chimera are delivered to
a tissue (e.g., brain tissue) of a live animal (e.g., a mouse or
rat) using viral vectors. In some instances, the viral vectors
are engineered to target specific cell types of interest in the
animal.

[0122] This strategy is useful (e.g., in a neurophysiological
research context) for the deconvolution of calcium signaling
(after stimulation, or during behavioral exercises) by geneti-
cally defined cell type, in addition to spatiotemporal resolu-
tion of the activity. For example, by targeting the chimeras to
only dopaminergic neurons and inhibiting endogenous nNOS
activity, calcium release in this cell type can be recorded by
BOLD MRI.

[0123] FIG. 6 shows engineered nitric oxide synthases
(NOS). To artificially trigger hemodynamic response using
NOS, a chimeric NOS, (Chi-1) was expressed that consists of
the oxygenase domain of the human iNOS and the calmodu-
lin-binding domain and the reductase domain of the rat
nNOS.

[0124] To assess the extent to which Chi-1 had calcium
inducible NOS activity, rat atNOS and Chi-1 were expressed
in HEK 293 cells using transient transfection (FIG. 7). 48
hours post transfection, 1 mM LArginine and 5 pM A23187 (a
calcium ionophore) were added to induce activity. Nitrite
formation was measured 8 hours post induction using Greiss
Reagent.

[0125] These constructs may be used in the presence of
isoform-selective NOS ihibitors. In some embodiments,
engineered NOS will be enzymatically active in presence of
an nNOS selective inhibitor (ARL-17477) but not in the pres-
ence of an INOS selective inhibitor (1400-W). In some
embodiments, these variants may be used for in vivo appli-
cations.

Example 3

A CGRP-Based Molecular Sensor

[0126] A CGRP-based molecular sensor for neurotransmit-
ter concentrations is constructed as a fusion protein compris-
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ing a neurotransmitter analog, CGRP, and a binding domain
such that the interaction between the binding domain and the
analog disrupts CGRP function. In the presence of the neu-
rotransmitter of interest, the free neurotransmitter is bound by
the binding domain instead and CGRP function is (reversibly)
restored. Thus, vasodilation is induced in response to the
neurotransmitter with spatial and temporal specificity and
recorded by optical or magnetic resonance imaging.

[0127] CGRP reporter cells were created by lentiviral
transduction of HEK293FT cells with genes encoding the
heterodimeric CGRP receptor, comprised of human CAL-
CRL and RAMPI, and a luminescent reporter. HEK293FT
cell lines carrying the following lentiviral constructs were
used:

(SEQ ID NO: 16)
PEXPR-T7-cf£SGFP2-Linker-Cleavage-Site-CGRP-Gly

(SEQ ID NO: 17)
pLV-hEFla-GLo22F-IRES-H2B-Cerulean-2A-puro

(SEQ ID NO: 18)
pLV-hEFla-HA-CALCRL-IRES-EYFP-2A-Hygro

(SEQ ID NO: 19)
pLV-hEFla-myc-RAMP1-IRES-mKate-2A-bla

[0128] Glo22F is a gene, offered by Promega Corp., encod-
ing an engineered luciferase whose activity is allosterically
modulated by cyclic AMP (Fan et al. “Novel Genetically
Encoded Biosensors Using Firefly Luciferase”. ACS Chem.
Biol., 2008, 3 (6), pp 346-351 DOI: 10.1021/cb8000414).
This luminescent cAMP reporter system offers relatively fast
readouts from live cells and strong signal-to-noise ratio.

[0129] CGRP-based molecular sensors may be produced
by recombinant expression in E. coli followed by extraction,
purification, and refolding. In this regard, fusion proteins of
the general structure have been developed: Strepll-GFP-
(linker)-(protease site)-CGRP-Gly, where Strepll is an affin-
ity tag for purification, GFP is one example of a large globular
blocking domain, and CGRP-Gly is human alpha CGRP
extended with a single glycine residue in lieu of C-terminal
amidation. The StreplI affinity tag can be found from amino
acids 1 through 13, the cfSGFP2 blocking domain (PLoS
One. 2012; 7 (5):e37551. Development of cysteine-free fluo-
rescent proteins for the oxidative environment. Suzuki T, Arai
S, Takeuchi M, Sakurai C, Ebana H, Higashi T, Hashimoto H,
Hatsuzawa K, Wada 1.) can be found from amino acids 14
through 251, the linker and protease site can be found from
amino acids 252 to 252+n where n can be any number of
amino acids (e.g., 1 to 10, 1 to 50, 1 to 100 amino acids).
haCGRP-Gly: Human alpha calcitonin gene-related peptide
extended with one C-terminal glycine residue spans from
amino acid 252+n+1 to the end of the peptide sequence. The
general class of polypeptides that function as CGRP-based
protease sensors have the following general amino acid
sequence:

(SEQ ID NO: 14)
MSAWSHPQFEKGAVSKGEELF TGVVPI LVELDGDVNGHKF SVSGEGE

GDATYGKLTLKFISTTGKLPVPWPTLVTTLTYGVQMFARYPDHMKQH

DFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGI
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-continued
DFKEDGNI LGHKLEYNYNSHNVY ITADKQKNGI KANFKI RHNI EDGG

VQLADHYQONTPIGDGPVLLPDNHYLSTQSKLSKDPNEKRDHMVLLE
FVTAAGITLGMDELYK- {Linker) - (Protease gite) -

(SEQ ID NO: 15)
ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAFG.

[0130] In some embodiments the linker and protease site
can have the following amino acid sequences or combinations
of amino acid sequences which comprise a Caspase-3 sensor
with a GGSG (SEQ ID NO: 13) linker and DEVD (SEQ ID
NO: 9) protease site, a TEV protease sensor with a GGSG
(SEQ ID NO: 13) linker and ENLYFQG (SEQ ID NO: 11)
protease site, an Enterokinase sensor with a GGSG (SEQ 1D
NO: 13) linker and a DDDDK (SEQ ID NO: 12) protease site,
a MMP-9 sensor with a GGSG (SEQ ID NO: 13) linker and
GPLGIAG (SEQ ID NO: 8) protease site, or a Factor Xa
sensor with a GGSG (SEQ ID NO: 13) linker and a IEGR
(SEQ ID NO: 10) protease site.

[0131] Ithasbeen shown that synthetic CGRP-Gly peptide
fully activates the CGRP receptor in cell culture with nano-
molar potency. Fusions of the structure described above, with
protease sites specifically enabling cleavage by, for example,
caspase-3; TEV protease; and enterokinase were unable to
activate the CGRP receptor in the cell-based bioassay even at
high micromolar concentrations when uncleaved; and able to
fully activate the CGRP receptor after being cleaved by their
respective protease. See FIGS. 4A-4D and 5A-5D.

Example 4

Assessment of Traumatic Brain Injury (TBI)
Overview

[0132] Acute neurotrauma resulting from blast exposure or
impact injury is accompanied by inertial and shearing forces
that mechanically injure nerve cells, nerve fiber tracts, and
small blood vessels in the brain. These acute injuries lead to
neuronal dysfunction, axonal conduction defects, blood-
brain barrier (BBB) disruption, and focal neuroinflammation
that clinically manifest as neurobehavioral and cognitive
deficits. These clinical symptoms often resolve over time.
However, in susceptible individuals, acute TBI may trigger
pathogenic cascades leading to chronic neurological
sequelae, including chronic traumatic encephalopathy
(CTE). Perivascular tau accumulation and chronic neuroin-
flammation characterize the earliest stages of CTE neuropa-
thology, thus implicating microvascular pathology as a pre-
sumptive factor linking acute TBI to later development of
CTE.

[0133] Understanding the pathogenesis of TBI and CTE is
important for development of diagnostics and therapies for
these disorders. This example relates to a noninvasive
molecular imaging technology that elicits hemodynamic sig-
nal changes near TBI-associated vascular lesions. Results
may be compared with complementary assessments of focal
BBB disruption following injury. The relationship between
BBB disruption and other markers of TBI- and CTE-related
neuropathology that colocalize with the neuroinflammatory
damage induced by the acute injury, making use of a highly
sensitive post mortem metallomic imaging technique, are
correlated with results from in vivo molecular imaging. The
methods provide an option for multimodal clinical or point-
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of-care diagnosis of TBI, in addition to helping to character-
ize a fundamental aspect of neurotraumatic injury.

Perivascular Microstructural Pathology in Traumatic Brain
Injuries.

[0134] Exposureto blast from conventional and improvised
explosive devices (IEDs) affects combatants and civilians in
conflict regions around the world. Blast-exposed individuals
are subject to traumatic brain injury (TBI) with debilitating
neuropsychiatric symptoms, cognitive deficits, and neuro-
logical sequelae that resemble the clinical signs and symp-
toms of head-injured athletes diagnosed with chronic trau-
matic encephalopathy (CTE). CTE is a progressive tau
protein-linked neurodegenerative disease associated with
repetitive concussive and subconcussive head injury. Neuro-
pathological hallmarks of CTE include cortical foci of
perivascular tau pathology, disseminated microgliosis, astro-
cytosis, and axonal degeneration. Clinical symptoms of CTE
include depression, irritability, distractability, executive dys-
function, memory loss, and in advanced cases, cognitive defi-
cits and dementia. Blast exposure is a known precipitant of
TBI in humans and animals.

[0135] Neuropathological abnormalities associated with
traumatic injuries indicate a pathogenic mechanism involving
blood-brain barrier (BBB) disruption induced by the shearing
forces associated with theinciting trauma. Disruption of cere-
brovascular integrity leads to focal microhemorrhage, paren-
chymal hemolysis and iron accumulation, local reactive oxy-
gen species generation, and increased oxidative stress. A
secondary neuroinflammatory cascade may occur which
leads to perivascular tau accumulation and cerebrovascula-
ture abnormalities that define CTE neuropathology. In this
context, CTE neuropathology may follow a common patho-
genic pathway that is independent of the particular context of
the inciting brain injury. Perivascular CTE neuropathology in
football players with repetitive head injury is similar or iden-
tical to that observed in combat soldiers with TBI caused by
repetitive IED blast exposure.

Vascular Pathology as a Basis for Diagnosing TBI and CTE.

[0136] Shared cerebrovascular abnormalities and perivas-
cular inflammatory markers in TBI and CTE indicates an
alternative and powerful avenue for diagnosis and mechanis-
tic analysis of these conditions. For diagnostic purposes in
particular, identification of neurovascular biomarkers of trau-
matic injury could complement techniques such DTI, which
aim to detect subtle abnormalities in the microarchitecture of
neural tissue itself.

[0137] Methods are provided herein to quantify the extent
of vascular injury and BBB disruption. Furthermore, methods
are provided for detection of BBB disruption, and to associate
experimental measures with other indications of neuropathol-
ogy, initially in animal models of mild TBI.

[0138] Provided herein are sensitive molecular tools for
characterizing BBB disruption that are well suited to detect-
ing perivascular trauma in mild TBI and have a positive
impact on diagnosis. Thus, a class of imaging agents is pro-
vided herein that acts at nanomolar concentrations to elicit
artificial hemodynamic responses detectable by MRI and
other imaging modalities. Because these probes are effective
in the brain parenchyma, but not in the vasculature, they
provide a highly sensitive indication of BBB disruption.
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[0139] A validated rodent model of blast injury provides a
context in which to evaluate the probes as potential diagnostic
agents for TBI and CTE.

Diagnostic Strategy for Sensitive In Vivo Detection of
Vascular Lesions in Mild TBL

[0140] A diagnostic strategy is provided for sensitive in
vivo detection of vascular lesions in mild TBI. A class of
vasoactive imaging agents is provided to reveal subtle BBB
disruptions associated with mild TBI. Imaging agents are
applied in a rodent model of blast injury and detection is
performed using magnetic resonance imaging (MRI). Results
using the vasoactive agents are compared with those obtained
using conventional MRI contrast agents, which constitute the
clinical standard for assessment of BBB disruption, but
appear to offer limited sensitivity for detection of vascular
damage in mild TBI.

[0141] Providedisanapproachtomolecular imaging that is
particularly suitable for detection of mild BBB disruption in
TBI. In this approach, image signals are induced by a vaso-
active molecule, rather than by a conventional imaging agent.
A potent vasodilating biomolecule, the calcitonin gene
related peptide (CGRP) is utilized in this example. But other
vasoactive probes, including small molecules as well as addi-
tional polypeptides, may be used.

[0142] Using intracranial injection, detectable contrast in
MRI is induced by nanomolar-scale concentrations of CGRP,
1000-fold lower than concentrations associated with conven-
tional MRI contrast agents. The contrast is induced when
CGRP is in the brain tissue; no contrast is induced by intra-
vascular administration. This is due to the fact that CGRP
receptors are found only in the brain parenchyma, and indi-
cates that leakage of CGRP from the vascular lumen to the
parenchyma would induce contrast potentially specific to
areas of compromised BBB function. In some embodiments,
this molecular imaging approach is referred to as “engineered
hemodynamic” contrast. In some embodiments, the approach
is useful for ultrasensitive imaging both in TBI and in other
diseases associated with BBB dysfunction.

[0143] The approach is evaluated using MRI, which pro-
vides well known sensitivity to hemodynamic effects. Engi-
neered hemodynamic contrast is suitable for detection by
additional methods however, including diffuse optical imag-
ing and photoacoustic tomography methods and others that
provide lower resolution images than MRI but are easy to
implement at points of care.

[0144] Results show that intracranial injection of CGRP
elicits MRI contrast, with dynamic MR1 signal changes on the
order of several percent in response to infusion of 0.1 uM
peptide solution. In parallel, optical imaging changes in due
to infusion of CGRP to exposed rat cortex in a cranial window
preparation were detected. In experiments where CGRP was
peripherally injected into tail vein, no detectable signal
changes were observed. CGRP delivered intravascularly to
animals with perturbed BBB results in analogous signal
changes.

[0145] Efficacy for imaging BBB leakage in TBI is tested
using rats subjected to pressure shocks in a blast tube shown
to simulate IED exposure in humans. This fully validated
model enables sublethal blasts with quantitatively controlled
pressure waveforms to be reproducibly administered with
100% survival of subjects. Following blast treatment, animals
are injected with CGRP at doses shown to produce artificial
hemodynamic responses. Intravenous CGRP injection is per-
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formed using an MRI compatible syringe pump and time-
resolve image series are acquired using T2 and T2*-weighted
MRI pulse sequences implemented on a Bruker 7 T 20 cm
bore scanner. Data is transformed and processed in Matlab,
using analysis routines already established for evaluation of
hemodynamic responses.

[0146] When responses are weak or unobserved, both the
CGRP dose and blast amplitude are adjusted to determine a
threshold for detection. Animals are sacrificed after imaging
to evaluate tissue pathology and quantify BBB disruption,
and to detect CGRP directly in the post mortem brain.
[0147] Positive control experiments are performed using a
Gd-DTPA infusion method, and sensitivity of CGRP vs. Gd-
based detection is quantitatively compared, with CGRP being
effective at far lower doses. The pharmacological dependence
of engineered hemodynamic responses is probed by examin-
ing CGRP-mediated contrast in the absence of CGRP antago-
nists or probes that interfere with alternative hemodynamic
mechanisms, such as blood oxygen level dependent (BOLD)
contrast in functional MRI.

Assessment of BBB Integrity and Focal Disruption Using
Metallomic Imaging.

[0148] Furthermore, BBB integrity and focal disruption are
assessed using metallomic imaging. The extent of BBB dis-
ruption post mortem in blast model animals is assessed using
an extremely sensitive metallomic imaging approach that
detects localized extravasation of erythrocytes and metallic
tracers associated with vascular lesions in mild TBI. Results
are compared with the molecular imaging data, to evaluate the
sensitivity of the noninvasive imaging approach. Data are also
compared with other histological markers associated with
TBI or CTE.

[0149] A complement to the exploratory diagnostic strat-
egy is the unambiguous characterization and quantification of
TBI-related vascular brain damage by post mortem analytical
techniques. Animals subjected to blast treatment are exam-
ined by metallomic imaging and histopathological analysis
for comparison of results to molecular imaging data.

[0150] Assessment of BBB integrity and focal disruption
are performed using laser ablation inductively-coupled
plasma mass spectrometry (LA-ICP-MS) implemented to
assess BBB integrity and focal disruption. BBB disruption
results in accumulation of hemolytic iron, cytokines, and
other neuroinflammatory stimuli in the surrounding brain
tissue and extracellular fluid. Because these processes involve
redistribution of specific metal ions (chiefly iron), the effects
are directly measured by examining elemental distribution in
brain sections obtained from blast model animals. High-reso-
lution metallomic analytical capabilities that utilize a mag-
netic sector field LA-ICP-MS instrument (Element-XR,
Thermo Scientific, Bremen, Germany) provides definitive,
interference-free mass identification (<0.005 amu), broad lin-
ear dynamic range (LDR>1012), and ultra-trace sensitivity
(ppt/ppq) for elements and isotopes across the periodic table.
Hyphenation with femtosecond infrared laser ablation cryo-
genic sampling enables multi-channel ultra-trace metallomic
mapping with unparalleled analytical sensitivity at single-cell
spatial resolution. HR-MIMS provides an approach to ana-
tomically localize and analytically quantitate blood-brain
barrier dysfunction that is not possible using conventional
techniques (e.g. Evans Blue).

[0151] High sensitivity metallomic imaging is comple-
mented by a battery of more conventional histopathological
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analyses. Temporal and regional patterns of microvascular
disruption are characterized using three semiquantitative
techniques: Evans Blue (EB) extravasation by quantitative
fluorescence, brain edema assessment and IgG immunohis-
tochemistry. Typically, BBB compromise produces site-spe-
cific extravasation resulting in the leakage of microvascular
contents into the brain parenchyma. Methods for quantifica-
tion of BBB compromise are used. Briefly, EB (4 ml/kg in 2%
saline) is injected intravenously 30 minutes before BNT. Sub-
quantitative results are analyzed by fluorescence (excitation,
620 nm; emission, 680 nm) and expressed as fluorescence
intensity per gram tissue. Correlation analysis assesses focal
microvascular disruption as a function of regional neuroin-
flammation and compared to CTE neuropathology. Edema
assessment follows standard protocol using the tissue water
weight methods. The spatial statistics of vascular lesions are
compared with findings from molecular imaging studies, and
spatial correlation of findings from individual animals sub-
jected to MRI and post mortem analysis is performed.

Example 5

Laboratory Diagnostic Testing with CGRP-Based
Molecular Sensors

[0152] Molecular sensors based on CGRP as described in
Example 3 and CGRP reporter cells as described in Example
3 can also be used in an in vitro diagnostic assay, in cases
where this is appropriate for the analyte of interest and the
diagnostic goal. The assay result in this type of application is
not an image; the result is a determination of the presence or
absence of the analyte, or of the concentration of the analyte,
in a biological sample of interest.

[0153] Inthe case of protease sensors, the analyte of inter-
est may be the activity of a protease marker such as Prostate
Specific Antigen in a biological sample such as urine and
blood as a biomarker for prostate cancer. In the case of ligand
sensors, the analyte of interest may be drawn from among the
many diagnostic biomarkers currently detected by specific
molecular binding events in immunoassays.

[0154] Several types of measurement apparatus may be
employed to carry out such an assay. For example, in Diag-
nostic Workflow 1, HEK293FT reporter cells are employed in
a microplate-based bioassay as described in Example 3. A
biological sample, for example urine, is mixed with a CGRP-
based sensor in a suitable detection buffer; the mixture is
allowed to react for an appropriate period of time that allows
the molecular detection event to take place; it is then serially
diluted in buffer; and added to different wells of the multiwall
microplate. CGRP receptor activation is then recorded as an
optical signal (for example, luminescence) using amicroplate
reader. Regression analysis of the readout reveals the concen-
tration of the analyte of interest in the sample. Workflow 1
represents a laboratory diagnostic assay.

[0155] Workflow 2 represents a point-of-care diagnostic
assay using engineered CGRP-based molecular sensors. To
implement it, a lateral flow device is employed in which a
lyophilized CGRP-based biosensor and suitable reporter
cells are deposited in a matrix. The reporter cells for this
application are yeast cells functionally expressing a CGRP
receptor (for example, as described in Miret J J, et al., Func-
tional expression of heteromeric calcitonin gene-related pep-
tide and adrenomedullin receptors in yeast. ] Biol Chem.
2002 Mar. 1; 277(9):6881-7.) and an optical reporter of
GPCR activity. A suitable optical readout for a point-of-care
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diagnostic assay is, for example, expression of a pigment
visible to the eye. Live yeast cells are dried, facilitating their
use in a point-of-care diagnostic device that may involve
extended storage times before use. The diagnostic device
further provides buffer components which, when mixed with
the intended biological sample (for example, saliva or urine)
allows the molecular detection event (for example, pro-
teolytic cleavage of the CGRP-based sensor, or molecular
binding to the sensor) to take place. To use the device, a small
quantity of the fluid sample is deposited into the device; a
defined period of time is allowed to elapse during which
sample transport, molecular detection, and reporter cell acti-
vation and optical signal generation take place; and the opti-
cal readout (such as appearance of a colorful pigment at the
location of the reporter cells) is observed for the sample of
interest and for appropriate control samples.

[0156] CGRP-based molecular sensors offer a potential
advantage over other diagnostic methods in that receptor
activation on reporter cells provides a specific, sensitive, and
highly amplified readout of the detection event. In some
embodiments, assays disclosed herein utilize a GPCR ligand
(as an analyte-specific sensor.

[0157] Whileseveral embodiments of the present invention
have been described and illustrated herein, those of ordinary
skill in the art will readily envision a variety of other means
and/or structures for performing the functions and/or obtain-
ing the results and/or one or more of the advantages described
herein, and each of such variations and/or modifications is
deemed to be within the scope of the present invention. More
generally, those skilled in the art will readily appreciate that
all parameters, dimensions, materials, and configurations
described herein are meant to be exemplary and that the actual
parameters, dimensions, materials, and/or configurations will
depend upon the specific application or applications for
which the teachings of the present invention is/are used.
Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equiva-
lents to the specific embodiments of the invention described
herein. It is, therefore, to be understood that the foregoing
embodiments are presented by way of example only and that,
within the scope of the appended claims and equivalents
thereto, the invention may be practiced otherwise than as
specifically described and claimed. The present invention is
directed to each individual feature, system, article, material,
and/or method described herein. In addition, any combination
of two or more such features, systems, articles, materials,
and/or methods, if such features, systems, articles, materials,
and/or methods are not mutually inconsistent, is included
within the scope of the present invention.

[0158] Theindefinitearticles “a” and “an,” as used hereinin
the specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”
[0159] The phrase “and/or,” as used herein in the specifica-
tion and in the claims, should be understood to mean “either
or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present
in other cases. Other elements may optionally be present
other than the elements specifically identified by the “and/or”
clause, whether related or unrelated to those elements spe-
cifically identified unless clearly indicated to the contrary.
Thus, as a non-limiting example, a reference to “A and/or B,”
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when used in conjunction with open-ended language such as
“comprising” can refer, in one embodiment, to A without B
(optionally including elements other than B); in another
embodiment, to B without A (optionally including elements
other than A); in yet another embodiment, to both A and B
(optionally including other elements); etc.

[0160] As used herein in the specification and in the claims,
“or” should be understood to have the same meaning as
“and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and, option-
ally, additional unlisted items. Only terms clearly indicated to
the contrary, such as “only one of” or “exactly one of,” or,
when used in the claims, “consisting of,” will refer to the
inclusion of exactly one element of a number or list of ele-
ments. In general, the term “or” as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. “one or
the other but not both”) when preceded by terms of exclusiv-
ity, such as “either,” “one of,” “only one of;” or “exactly one
of”“Consisting essentially of,” when used in the claims, shall
have its ordinary meaning as used in the field of patent law.

[0161] Asused herein in the specification and in the claims,
the phrase “at least one,” in reference to a list of one or more
elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
elements, but not necessarily including at least one of each
and every element specifically listed within the list of ele-
ments and not excluding any combinations of elements in the
list of elements. This definition also allows that elements may
optionally be present other than the elements specifically
identified within the list of elements to which the phrase “at
least one” refers, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least
one of A or B,” or, equivalently “at least one of A and/or B”)
can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and optionally
including elements other than B); in another embodiment, to
at least one, optionally including more than one, B, with no A
present (and optionally including elements other than A); in
yet another embodiment, to at least one, optionally including
more than one, A, and at least one, optionally including more
than one, B (and optionally including other elements); etc.
[0162] Inthe claims, as well as in the specification above,
all transitional phrases such as “comprising,” “including,”
“carrying,” “having,” “containing,” “involving,” “holding,”
and the like are to be understood to be open-ended, i.e., to
mean including but not limited to. Only the transitional
phrases “consisting of” and “consisting essentially of” shall
be closed or semi-closed transitional phrases, respectively, as
set forth in the United States Patent Office Manual of Patent
Examining Procedures, Section 2111.03.

[0163] Use of ordinal terms such as “first,” “second,’
“third,” etc., in the claims to modify a claim element does not
by itself connote any priority, precedence, or order of one
claim element over another or the temporal order in which
acts of a method are performed, but are used merely as labels
to distinguish one claim element having a certain name from
another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 22

<210> SEQ ID NO 1

<211> LENGTH: 37

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (37)..(37)

<223> OTHER INFORMATION: AMIDATION

«<400> SEQUENCE: 1

Ala Cys Asp Thr Ala Thr Cys Val Thr His Arg Leu Ala Gly Leu Leu
1 5 10 15

Ser Arg Ser Gly Gly Val Val Lys Asn Asn Phe Val Pro Thr Asn Val
20 25 30

Gly Ser Lys Ala Phe
35

«210> SEQ ID NO 2

«<211> LENGTH: 13

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

«<400> SEQUENCE: 2

Met Ser Ala Trp Ser His Pro Gln Phe Glu Lys Gly Ala
1 5 10

«210> SEQ ID NO 3

«<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 3

Gly Gly Ser Gly Gly Pro Leu Gly Ile Ala Gly
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 4

Gly Gly Ser Gly Asp Glu Val Asp
1 5

<210> SEQ ID NO 5

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 5

Gly Gly Ser Gly Ile Glu Gly Arg
1 5
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<210> SEQ ID NO 6

<211>» LENGTH: 11

<212>» TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 6

Gly Gly Ser Gly Glu Asn Leu Tyr Phe Gln Gly
1 5 10

<210> SEQ ID NO 7

<21l> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 7

Gly Gly Ser Gly Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 8

<21l> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 8

Gly Pro Leu Gly Ile Ala Gly
1 5

<210> SEQ ID NO 9

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 9

Asp Glu Val Asp
1

<210> SEQ ID NO 10

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 10

Ile Glu Gly Arg
1

«210> SEQ ID NO 11

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 11
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Glu Asn Leu Tyr Phe Gln Gly
1 5

<210>» SEQ ID NO 12

<211>» LENGTH: 5

<212>» TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 12

Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 13

<211l> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 13

Gly Gly Ser Gly
1

<210> SEQ ID NO 14

<211> LENGTH: 251

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: StreplI-GFP

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (1)..(13)

<223> OTHER INFORMATION: StreplI affinity tag
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (14)..(251)

<223> OTHER INFORMATION: cfSGFP2 blocking domain

<400> SEQUENCE: 14

Met Ser Ala Trp Ser His Pro Gln Phe Glu Lys Gly Ala Val Ser
1 5 10 15

Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu
20 25 30

Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu
35 40 45

Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Ser Thr Thr
50 55 60

Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu Thr Tyr
65 70 75

Val Gln Met Phe Ala Arg Tyr Pro Asp His Met Lys Gln His Asp
85 90 95

Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile
100 105 110

Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe
115 120 125

Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe
130 135 140

Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn
145 150 155

Lys

Asp

Gly

Gly

Gly

80

Phe

Phe

Glu

Lys

Ser
160
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His Asn Val Tyr Ile Thr Ala Asp Lys Gln Lys Asn Gly Ile Lys 2la
165 170 175

Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Gly Val Gln Leu Ala
180 185 190

Agp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu
195 200 205

Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Lys Leu Ser Lys Asp Pro
210 215 220

Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala
225 230 235 240

Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys
245 250

<210> SEQ ID NO 15

<21l> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: haCGRP-Gly

<400> SEQUENCE: 15

Ala Cys Asp Thr Ala Thr Cys Val Thr His Arg Leu Ala Gly Leu Leu
1 5 10 15

Ser Arg Ser Gly Gly Val Val Lys Asn Asn Phe Val Pro Thr 2Asn Val
20 25 30

Gly Ser Lys Ala Phe Gly
35

<210> SEQ ID NO 16

<211> LENGTH: 3154

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pEXPR-T7-cfSGFP2-Linker-Cleavage-Site-CGRP-Gly
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (1)..(117)

<223> OTHER INFORMATION: haCGRP-Gly

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (172)..(215)

«223> OTHER INFORMATION: T7 terminator
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (367)..(1176)

<223> OTHER INFORMATION: KanR: Kanamycin resistance gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (1250)..(1869)

<223> OTHER INFORMATION: pBR322 origin of replication
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2022)..(2065)

<223> OTHER INFORMATION: rrnB Tl terminator
<220> FEATURE:

«<221> NAME/KEY: misc_feature

«222> LOCATION: (2197)..(2224)

<223> OTHER INFORMATION: rrnB T2 terminator
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2297)..(2315)

<223>» OTHER INFORMATION: T7 promoter

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (2353)..(2369)
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<223> OTHER INFORMATION: RBS: ribosome binding site

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2378)..(2416)

<223> OTHER INFORMATION: Strepll affinity tag

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2417)..(3130)

<223> OTHER INFORMATION: cfSGFP2: Cysteine-free GFP

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3131)..(3142)

<223> OTHER INFORMATION: Linker: GGSG

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3143)..(3154)

<223> OTHER INFORMATION: Caspase-3 cleavage site: DEVD

<400> SEQUENCE: 16

gcttgtgaca cagccacctyg tgtcacccac cgectggecy gtetgetgte tegetegggt
ggcgttgtta aaaacaattt tgtgccaacc aatgttggtt caaaagegtt tggctaacaa
agcccgaaag gaagetgagt tggcetgetge caccgcetgag caataactag cataacccect
tggggcctet aaacgggtet tgaggggttt tttgctgaaa ggaggaacta tatccggata
tcecacaggac ggaggtaget ctggeccegtg tetcaaaate tetgatgtta cattgcacaa
gataaaaata tatcatcatg aacaataaaa ctgtctgctt acataaacag taatacaagg
ggtgttatga gccatattca acgggaaacg tcegaggcecge gattaaattc caacatggat
gctgatttat atgggtataa atgggctcge gataatgtcg ggcaatcagg tgcgacaatc
tatcgettgt atgggaagece cgatgegeca gagttgttte tgaaacatgg caaaggtagce
gttgccaatg atgttacaga tgagatggtc agactaaact ggctgacgga atttatgect
cttccgacca tcaagcattt tatccgtact cctggtgatg catggttact caccactgeg
atcceccggaa aaacagcatt ccaggtatta gaagaatatc ctgattcagg tgaaaatatt
gttgatgege tggcagtgtt cctgegecgg ttgcattcga ttectgtttg taattgtect
tttaacagcg atcgegtatt tcgecteget caggcgcaat cacgaatgaa taacggtttyg
gttgatgcga gtgattttga tgacgagcgt aatggectgge ctgttgaaca agtctggaaa
gaaatgcata aacttttgcc attctcaccg gattcagtcg tcactcatgg tgatttctca
cttgataacc ttatttttga cgaggggaaa ttaataggtt gtattgatgt tggacgagtc
ggaatcgcayg accgatacca ggatcttgec atcctatgga actgectegg tgagttttet
ccttecattac agaaacggct ttttcaaaaa tatggtattg ataatcctga tatgaataaa
ttgcagttte atttgatgct cgatgagttt ttctaatcag aattggttaa ttggttgtaa
cattattcag attgggcccce gtteccactga gegtcagace ccgtagaaaa gatcaaagga
tecttettgag atectttttt tetgegegta atetgetget tgcaaacaaa aaaaccaccey
ctaccagegg tggtttgttt gccggatcaa gagctaccaa ctetttttec gaaggtaact
ggcttcagca gagcgcagat accaaatact gttettcetag tgtagecgta gttaggcecac

cacttcaaga actctgtage accgectaca tacctegete tgetaatect gttaccagtyg

gctgetgeca gtggcgataa gtcecgtgtett accgggttgyg actcaagacg atagttacceg

gataaggcgce agcggteggyg ctgaacgggg ggttcegtgca cacagcccag cttggagega

acgacctaca ccgaactgag atacctacag cgtgagctat gagaaagcgce cacgcettccc

60

120

180

240

300

360

420

480

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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gaagggagaa aggcggacag gtatccggta agcggcaggg tcggaacagg agagcgcacyg 1740
agggagctte cagggggaaa cgcctggtat ctttatagte ctgtcegggtt tegecaccte 1800
tgacttgagc gtcgattttt gtgatgctcg tcaggggggce ggagcectatg gaaaaacgcc 1860
agcaacgcgyg cctttttacg gttectggee ttttgctgge cttttgctca catgttcettt 1920
cctgegttat cccctgatte tgtggataac cgtattaccg ctagcatgga tcteggggac 1980
gtctaactac taagcgagag tagggaactg ccaggcatca aataaaacga aaggcccagt 2040
cttcecgactyg agectttegt tttatctgtt gtttgteggt gaacgctcete ctgagtagga 2100
caaatccgce gggageggat ttgaacgttg tgaagcaacg goccggagyyg tggcgggceay 2160
gacgcocegee ataaactgcec aggcatcaaa ctaagcagaa ggccatcectg acggatggec 2220
tttttgcgtt tctacaaact cttectgtta gttagttact taagctcaga ggatcgagat 2280
ctcgatceccyg cgaaattaat acgactcact atagggagag c¢cacaacggt ttcectcetag 2340
aaataatttt gtttaacttt aagaaggaga tatacatatg agcgcegtgga gccatcecgca 2400
gtttgaaaaa ggtgctgtat ccaagggcga agagctgtte acgggcgtag taccgatttt 2460
ggtggagctyg gacggcgatg tgaacggceca taaatttagt gtgageggeg aaggtgaggg 2520
cgatgcgaca tatggcaaac tgaccctgaa atttattagt accaccggta aactgccagt 2580
gecttggecg acgctggtta ccaccctgac ctacggtgtg caaatgtteg ctcegetaccce 2640
cgaccatatg aaacagcatg acttcttcaa gagcgcaatg c¢cggaaggtt acgtgcagga 2700
gcgtacgatt tttttcaaag atgatgggaa ttacaagaca cgtgcggaag tgaaattcga 2760
gggcgatacg ctggttaatc gcatcgaact gaaaggcatc gacttcaaag aagatggtaa 2820
cattctgggt cacaagcttg aatacaacta caactcacat aacgtatata tcacagcaga 2880
taagcagaag aatggtatta aggcgaattt caagatccgt cacaatattg aggatggcgg 2940
tgttcagtta gctgatcatt atcaacagaa cacccctatt ggagatggcc cagtgttget 3000
gccagataat cattacctgt ctacccagag caaactgagc aaagacccta atgagaaacyg 3060
tgatcatatg gtcttactgg agttcgttac agcggcggge attacgctgg gtatggatga 3120
gctgtataag ggtggctcag gtgatgaagt agat 3154
<210> SEQ ID NO 17

<211> LENGTH: 12014

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pLV-hEFla-Glo22F-IRES-H2B-Cerulean-2A-puro
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(1224)

<223> OTHER INFORMATION: hEFla: Human elongation factor 1 alpha promoter
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1269)..(3374)

<223> OTHER INFORMATION: Glo22F: Engineered cAMP-responsive luciferase
<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (3375)..(3976)

<223> OTHER INFORMATION: IRES: Internal ribogome entry site

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3977)..(5095)
<223> OTHER INFORMATION: DNA binding domain of histone 2B fused to
Cerulean

<220> FEATURE:
<221> NAME/KEY: misc_feature
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<222> LOCATION: (5096)..(5149)

<223> OTHER INFORMATION: 2A: Autoproteolytic viral amine acid sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5150)..(5749)

<223> OTHER INFORMATION: Puro: Puromycin resistance gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7307)..(7359)

<223> OTHER INFORMATION: delta U3: Deletion in the U3 region of 3'LTR
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7360)..(7540)

<223> OTHER INFORMATION: LTR: HIV long terminal repeat
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7917)..(7945)

<223> OTHER INFORMATION: AmpR promoter

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7987)..(8847)

<223> OTHER INFORMATION: ZmpR: Ampicillin resistance gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8998)..(9662)

<223> OTHER INFORMATION: pUC ori: pUC origin of replication
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10067)..(10486)

<223> OTHER INFORMATION: Rous Sarcoma Virus / HIV 5'LTR hybrid promoter
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10303)..(10483)

<223> OTHER INFORMATION: LTR: HIV long terminal repeat
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10591)..(10635)

<223> OTHER INFORMATION: Psi: Lentiviral Psi packaging sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11145)..(11378)

<223> OTHER INFORMATION: RRE: Rev response element

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11867)..(11984)

<223> OTHER INFORMATION: CPPT: Central polypurine tract

<400> SEQUENCE: 17

ctttgcagct aatggacctt ctaggtcttg aaaggagtgg gaattggctce cggtgccegt 60
cagtgggcag agcgcacatc gcccacagte cccgagaagt tggggggagg ggtcggcaat 120
tgaaccggtg cctagagaag gtggegeggyg gtaaactggg aaagtgatgt cgtgtactgg 180
ctccocgeettt tteeccgaggg tgggggagaa cecgtatataa gtgcagtagt cgccgtgaac 240
gttcttttte gcaacgggtt tgccgccaga acacaggtaa gtgcegtgtg tggttecege 300
gggcctggee tetttacggg ttatggecet tgegtgectt gaattactte cacctggetg 360
cagtacgtga ttcttgatcc cgagettegg gttggaagtg ggtgggagag ttcegaggect 420
tgcgcttaag gagccccttc goctcgtget tgagttgagg cctggcctgg gcgcetgggge 480
cgccgegtge gaatcetggtyg gcaccttcge gectgtetcg ctgctttega taagtctcta 540
gccatttaaa atttttgatg acctgctgeg acgetttttt tctggcaaga tagtettgta 600
aatgcgggcee aagatctgca cactggtatt teggtttttg gggecgeggg cggcegacggyg 660
gcecgtgegt cccagegcac atgttceggeg aggcoggggcec tgcgagoegeg gcecaccgaga 720
atcggacggg ggtagtctca agctggccgg cctgetetgg tgectggect cgegecgecg 780

tgtatcgece cgecetggge ggcaaggcetyg geccggteogyg caccagttge gtgageggaa 840
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agatggccege tteccggece tgctgcaggg agctcaaaat ggaggacgcg gcgctcoggga 900
gagcgggegg gtgagtcace cacacaaagg aaaagggcct ttecgtectc agecgteget 960
tcatgtgact ccacggagta ccgggcgecyg tccaggcace tcgattagtt ctcegagettt 1020
tggagtacgt cgtctttagg ttggggggayg gggttttatg cgatggagtt tccccacact 1080
gagtgggtgyg agactgaagt taggccagct tggcacttga tgtaattctc cttggaattt 1140
gcectttttyg agtttggate ttggttcatt ctcaagecte agacagtggt tcaaagtttt 1200
tttcttecat ttcaggtgte gtgaggaatt agcettggtac taatacgact cactatagcec 1260
tggccaccat goctggegca gtaggcaagyg tggtgcecctt catcgaggcet aaggtggtgyg 1320
acttggacac tggtaagaca ctgggtgtga accagcgcegyg cgagetgtge gteecgtggec 1380
ccatgatcat gagcggctac gttaacaacce ccgaggctac aaacgctcete atcgacaagyg 1440
acggctggcet gcacageggce gacatcgect actgggacga ggacgagcac ttetteatcyg 1500
tggaccggct gaagagcctg atcaaataca agggctacca ggtagcccca gccgaactgg 1560
agagcatcct gctgcaacac cccaacatct tegacgcegg ggtegecgge ctgcccgacg 1620
acgatgccgg cgagetgece gecgecagteg tegtgctgga acacggtaaa accatgaccg 1680
agaaggagat cgtggactat gtggccagcc aggttacaac cgccaagaag ctgcgeggtg 1740
gtgttgtgtt agtggacgag gtgcctaaag gactgaccgyg caagttggac gcoccgcaaga 1800
tcecgegagat tcetcattaag gccaagaagg gatccaattg ggattcectggg tgctcecagag 1860
aaggtatgta tgaaagcttt attgagtcac tgccattcct taaatctttg gagttttcetyg 1920
cacgcctgaa agtagtagat gtgataggca ccaaagtata caacgatgga gaacaaatca 1980
ttgctcaggg agattcgget gattcttttt tcattattga atctggagaa gtgaaaatta 2040
ctatgaaaag aaagggtaaa tcagaagtgg aagagaatgg tgcagtagaa atcgctcgat 2100
gctcgegggyg acagtacttt ggagagcttg ccctggtaac taacaaacct cgagcagctt 2160
ctgcccacge cattgggact gtcaaatgtt tagcaatgga tgtgcaagca tttgaaaggce 2220
ttctgggacce ttgcatggaa attatgaaaa ggaacatcgc tacctatgaa gaacagttag 2280
ttgccctgta tggaacgaac atggatattg tagccaaaaa cattaagaag ggcccagcgce 2340
cattctacce actcgaagac gggaccgecg gecgagcagcet gcacaaagec atgaagegcet 2400
acgccctggt gcccggcace atcgecttta ccgacgcaca tatcgaggtg gacattacct 2460
acgccgagta cttcgagatg agcgttcgge tggcagaage tatgaagcgce tatgggetga 2520
atacaaacca tcggatcgtg gtgtgcagcg agaatagctt gcagttcttc atgccegtgt 2580
tgggtgccct gttcatcggt gtggectgtgg ccccagctaa cgacatctac aacgagegceg 2640
agctgctgaa cagcatgggce atcagccage ccaccgtegt attegtgage aagaaagggce 2700
tgcaaaagat c¢ctcaacgtyg caaaagaagc taccgatcat acaaaagatc atcatcatgg 2760
atagcaagac cgactaccag ggcttccaaa gcatgtacac cttcgtgact tcccatttgce 2820
caccecggett caacgagtac gacttcegtge ccgagagcett cgaccgggac aaaaccatceg 2880
ccctgatcat gaacagtagt ggcagtaccg gattgcccaa gggcgtagec ctaccgcacce 2940
gcaccgcetty tgtccgatte agtcatgcece gegaccccat ctteggcaac cagatcatcce 3000
ccgacaccgce tatcctcage gtggtgccat ttcaccacgg cttcggecatg ttcaccacgce 3060

tgggctactt gatctgegge tttegggteg tgctcatgta ccgettegag gaggagetat 3120
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tecttgcgecag cttgcaagac tataagattc aatctgccct getggtgcce acactattta 3180
gcttettege taagagcact ctcatcgaca agtacgacct aagcaacttg cacgagatcyg 3240
ccageggegyg ggcgecgete agcaaggagdg taggtgagge cgtggccaaa cgcttccace 3300
taccaggcat ccgccagggce tacggcctga cagaaacaac cagcgccatt ctgatcactc 3360
cagaaggggt ttaagactgg gatccgeccce teteectece ccceccctaa cgttactgge 3420
cgaagccgct tggaataagg ccggtgtgceyg tttgtctata tgttatttte caccatattyg 3480
ccgtettttyg gcaatgtgag ggcccggaaa cctggeectyg tettettgac gageattect 3540
aggggtcettt ccectetege caaaggaatyg caaggtcetgt tgaatgtcegt gaaggaagca 3600
gttcctetgy aagcttcettyg aagacaaaca acgtcetgtayg cgaccectttg caggcagegy 3660
aaccceccecac ctggcgacag gtgcectetge ggccaaaage cacgtgtata agatacacct 3720
gcaaaggcegy cacaacccca gtgccacgtt gtgagttgga tagttgtgga aagagtcaaa 3780
tggctectect caagegtatt caacaagggyg ctgaaggatg cccagaaggt accccattgt 3840
atgggatctg atctggggece teggtacaca tgctttacat gtgtttagte gaggttaaaa 3900
aaacgtctag gcecceccgaa ccacggggac gtggttttee tttgaaaaac acgatgataa 3960
tatggccaca gccaccatge cagagccagce gaagtctget cccgecccga aaaagggcte 4020
caagaaggcg gtgactaagg cgcagaagaa aggcggcaag aagcgcaagce gcagcecgcaa o 4080
ggagagctat tccatctatg tgtacaaggt tctgaagcag gtccaccctg acaccggcat 4140
ttcgtecaag gecatgggea tcatgaatte gtttgtgaac gacatttteg agegecatege 4200
aggtgaggct tcccgectgg cgcattacaa caagcgctcg accatcacct ccagggagat 4260
ccagacggece gtgegectge tgctgcctgg ggagttggece aagcacgecg tgtccgaggg 4320
tactaaggcce atcaccaagt acaccagege taaggatcee cgggtaccegg tcgecaccat 4380
ggtgagcaag ggcgaggagc tgttcaccgg ggtggtgcce atcctggteg agctggacgg 4440
cgacgtaaac ggccacaagt tcagegtgte cggcgaggge gagggcgatg ccacctacgg 4500
caagctgacc ctgaagttca tctgcaccac cggcaagctg cccgtgccct ggcccaccct 4560
cgtgaccacce ctgacctggg gcgtgcagtg cttegeeccge taccccgacce acatgaagca 4620
gcacgacttc ttcaagtccg ccatgcccga aggctacgte caggagcgca ccatcttett 4680
caaggacgac ggcaactaca agacccgege cgaggtgaag ttcegagggeg acaccctggt 4740
gaaccgcatce gagctgaagg gcatcgactt caaggaggac ggcaacatcc tggggcacaa 4800
gctggagtac aacgccatca gcgacaacgt ctatatcacce gccgacaagce agaagaacgg 4860
catcaaggce aacttcaaga tccgecacaa catcgaggac ggcagcgtge agetegecga 4920
ccactaccag cagaacaccc ccatecggega cggcccegtg ctgctgeceg acaaccacta 4980
cctgagcace cagtccaagc tgagcaaaga ccccaacgag aagcgcgatc acatggtcect 5040
gctggagttc gtgaccgceg ccgggatcac tctcggcatyg gacgagetgt acaaggaggg 5100
ccgeggeage ctgetgacet gecggegacgt ggaggaaaac cceggcccca tgaccgagta 5160
caagcccacg gtgcgeeteg ccaccecgega cgacgtecce cgggecgtac gcaccctege 5220
cgecgegtte gocgactace ccgccacgeg ccacaccgte gacccggace gccacatcga 5280

gcgggtcacce gagctgcaag aactcttcect cacgcegegte gggctcgaca tcggcaaggt 5340

gtgggtcgeyg gacgacggeg ccgoggtgge ggtctggace acgeecggaga gegtcegaage 5400
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gggggcggty ttegcecgaga tceggcccgeyg catggecgayg ttgageggtt cccggetgge 5460
cgcgcagceaa cagatggaag gcctectgge gecgcaccgg cccaaggage ccgegtggtt 5520
cctggecace gteggcegtgt cgcccgacca ccagggcaag ggtctgggea gcgeccgtegt 5580
gcteeccegga gtggaggcegg ccgagegcege cggggtgcce gecttectgy agacctecge 5640
gcceccgcaac ctececttet acgagegget cggcttcacce gtcaccgecg acgtcgaggt 5700
gcccgaagga ccgcgcacct ggtgcatgac ccgcaagcce ggtgectgayg ggacaggtga 5760
tatccagecac agtggcggcece gctegacaat caacctetgg attacaaaat ttgtgaaaga 5820
ttgactggta ttcttaacta tgttgctect tttacgctat gtggatacgce tgctttaaty 5880
cctttgtate atgctattge tteoccgtatg getttcattt tetectectt gtataaatcee 5940
tggttgctgt ctetttatga ggagttgtgg cecgttgtca ggcaacgtgg cgtggtgtge 6000
actgtgtttg ctgacgcaac ccccactggt tggggcattyg ccaccacctyg tcagetectt 6060
tccgggactt tegetttece cctecctatt gecacggoegyg aactcatcege cgectgectt 6120
gcecgetget ggacagggge teggetgttg ggcactgaca atteegtggt gttgtegggg 6180
aagctgacgt cctttecatg getgetegee tgtgttgoca cctggattet gegegggacy 6240
tecttetget acgtecctte ggcoctcaat ccagecggace ttectteceg cggectgety 6300
cecggetetge ggectettee gegtettege cttegeecte agacgagteg gatctecectt 6360
tgggccgect ccecgectgg aattctgcag atatccggtt agtaatgagt ttggaattaa 6420
ttctgtggaa tgtgtgtcag ttagggtgtg gaaagtccce aggctceccca ggcaggcaga 6480
agtatgcaaa gcatgcatct caattagtca gcaaccaggt gtggaaagtc cccaggctcc 6540
ccagcaggca gaagtatgca aagcatgcat ctcaattagt cagcaaccat agtcccgcecc 6600
ctaactcege ccatcccgec cctaactceg cccagttcoceg cccattectee gccccatgge 6660
tgactaattt tttttattta tgcagaggcc gaggccgcct ctgcctcectga gctattccag 6720
aagtagtgag gaggcttttt tggaggccta ggcttttgca aaaagctccc cctgttgaca 6780
attaatcatc ggcatagtat atcggcatag tataatacga caaggtgagg aactaaacca 6840
tggccaagtt gaccagtgcc gttccggtge tcaccgcgeg cgacgtegec ggageggtceg 6900
agttctggac cgaccggcte gggttctcce gggacttcegt ggaggacgac ttcgeceggtg 6960
tggtccggga cgacgtgacc ctgttcatca gcgeggtcca ggaccaggtg gtgccggaca 7020
acaccctgge ctgggtgtgg gtgecgeggece tggacgaget gtacgccgag tggtcggagg 7080
tegtgtecac gaacttecgg gacgecteceg ggccggecat gaccgagatce ggcgagcagce 7140
cgtgggggceyg ggagttegece ctgcgegace cggceccggcaa ctgegtgcac ttegtggecy 7200
aggagcagga ctgacacgtg ctacgagatt taaatggtac ctttaagacc aatgacttac 7260
aaggcagcetyg tagatcttag ccacttttta aaagaaaagg ggggactgga agggctagcet 7320
cactcccaac gaagacaaga tctgettttt gettgtactg ggtctctetg gttagaccag 7380
atctgagect gggagctete tggetgecta gggaacccac tgcttaagec tcaataaagce 7440
ttgccttgag tgcttcaagt agtgtgtgcc cgtetgttgt gtgactctgg taactagaga 7500
tcectecagac ccttttagte agtgtggaaa atctctageca gtagtagttce atgtcatctt 7560
attattcagt atttataact tgcaaagaaa tgaatatcag agagtgagag gaacttgttt 7620

attgcagett ataatggtta caaataaagc aatagcatca caaatttcac aaataaagca 7680
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tttttttcac tgcattctag ttgtggtttyg tccaaactca tcaatgtatc ttatcatgte 7740
tggctctage tatceccgecc ctaactceccge ccagttecge ccattceteeg ceccatgget 7800
gactaatttt ttttatttat gcagaggccg aggccgacgt gtgtttctta gacgtcaggt 7860
ggcactttte ggggaaatgt gcgcggaacc cctatttgtt tatttttcta aatacattca 7920
aatatgtatc cgctcatgag acaataaccc tgataaatgc ttcaataata ttgaaaaagyg 7980
aagagtatga gtattcaaca tttoccgtgte geccttatte ccttttttge ggcattttge 8040
cttcoectgttt ttgctcaccee agaaacgctyg gtgaaagtaa aagatgcetga agatcagttyg 8100
ggtgcacgay tgggttacat cgaactggat ctcaacagcyg gtaagatcct tgagagtttt 8160
cgccecgaayg aacgttttec aatgatgage acttttaaag ttetgctatg tggegeggta 8220
ttatccegta ttgacgecgg gcaagagcaa cteggtegee gcatacacta ttetcagaat 8280
gacttggttyg agtactcacc agtcacagaa aagcatctta cggatggcat gacagtaaga 8340
gaattatgca gtgctgccat aaccatgagt gataacactyg cggccaactt acttctgaca 8400
acgatcggag gaccgaagga gctaaccgcet tttttgcaca acatggggga tcatgtaact 8460
cgccttgate gttgggaace ggagetgaat gaagcecatac caaacgacga gecgtgacacce 8520
acgatgcectg tagcaatggce aacaacgttg cgcaaactat taactggcega actacttact 8580
ctagcttecee ggcaacaatt aatagactgg atggaggcgg ataaagttgce aggaccactt 8640
ctgcgetegg cecttecgge tggetggttt attgctgata aatctggagce cggtgagegt 8700
gggtctegeyg gtatcattge agcactgggg ccagatggta agecctecceg tatcgtagtt 8760
atctacacga cggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata 8820
ggtgcctcac tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag 8880
attgatttaa aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat 8940
ctcatgacca aaatccctta acgtgagttt tcgttccact gagcgtcaga ccccgtagaa 9000
aagatcaaag gatcttcttg agatcctttt tttctgcgeg taatctgctg cttgcaaaca 9060
aaaaaaccac cgctaccagc ggtggtttgt ttgccggatc aagagctacc aactcttttt 9120
ccgaaggtaa ctggcttcag cagagcgcag ataccaaata ctgtccttcet agtgtagecg 9180
tagttaggcc accacttcaa gaactctgta gcaccgccta catacctcge tctgctaatce 9240
ctgttaccag tggctgctge cagtggcgat aagtcgtgtce ttaccgggtt ggactcaaga 9300
cgatagttac cggataaggc gcageggtceg ggctgaacgg ggggttegtg cacacagcecc 9360
agcttggage gaacgaccta caccgaactg agatacctac agcecgtgaget atgagaaagce 9420
gccacgctte ccgaagggag aaaggcggac aggtatccgyg taagceggcag ggtcggaaca 9480
ggagagcgca cgagggagct tccaggggga aacgcctggt atctttatag tcctgteggg 9540
tttcgeccace tectgacttga gegtegattt ttgtgatgct cgtcaggggg gcggagecta 9600
tggaaaaacg ccagcaacgc ggccttttta cggttcctgg ccttttgetg gecttttget 9660
cacatgttct ttcctgegtt atccectgat tetgtggata accgtattac cgectttgag 9720
tgagctgata ccgctegecg cagecgaacyg accgagegca gcgagtcagt gagcgaggaa 9780
gcggaagagce gcccaatacyg caaaccgcect cteocceecgege gttggecgat tcattaatge 9840
agctggcacg acaggtttcc cgactggaaa gcgggcagtg agcgcaacgc aattaatgtg 9900

agttagctca ctcattagge accccaggcet ttacacttta tgcttceegge tcgtatgttyg 9960
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tgtggaattg tgagcggata acaatttcac acaggaaaca gctatgacca tgattacgec 10020
aagcgcgcaa ttaaccctca ctaaagggaa caaaagctgg agctgcaagce ttaatgtagt 10080
cttatgcaat actcttgtag tcttgcaaca tggtaacgat gagttagcaa catgecttac 10140
aaggagagaa aaagcaccgt gcatgcecgat tggtggaagt aaggtggtac gatcgtgect 10200
tattaggaag gcaacagacg ggtctgacat ggattggacg aaccactgaa ttgccgcatt 10260
gcagagatat tgtatttaag tgcctagcetce gatacaataa acgggtctet ctggttagac 10320
cagatctgag cctgggaget ctetggcectaa ctagggaace cactgcttaa gectcaataa 10380
agcttgectt gagtgcttca agtagtgtgt geccgtcetgt tgtgtgactce tggtaactag 10440
agatccctca gaccctttta gtcagtgtgg aaaatctcta gcagtggege ccgaacaggg 10500
acctgaaage gaaagggaaa ccagagcetcet ctcgacgcag gacteggcett getgaagege 10560
gcacggcaay aggcgagygyy cggcgactgg tgagtacgcece aaaaattttyg actageggag 10620
gctagaagga gagagatggyg tgcgagagceyg tcagtattaa gcogggggaga attagatcgce 10680
gatgggaaaa aattcggtta aggccagggg gaaagaaaaa atataaatta aaacatatag 10740
tatgggcaag cagggagcta gaacgattcg cagttaatce tggcectgtta gaaacatcag 10800
aaggctgtag acaaatactg ggacagctac aaccatccct tcagacagga tcagaagaac 10860
ttagatcatt atataataca gtagcaaccce tctattgtgt gcatcaaagg atagagataa 10920
aagacaccaa ggaagcttta gacaagatag aggaagagca aaacaaaagt aagaccaccg 10980
cacagcaagce ggccgctgat cttcagacct ggaggaggag atatgaggga caattggaga 11040
agtgaattat ataaatataa agtagtaaaa attgaaccat taggagtagc acccaccaag 11100
gcaaagagaa gagtggtgca gagagaaaaa agagcagtgg gaataggagc tttgttcctt 11160
gggttcttgg gagcagcagg aagcactatg ggcgcagcct caatgacget gacggtacag 11220
gccagacaat tattgtctgg tatagtgcag cagcagaaca atttgctgag ggctattgag 11280
gcgcaacagce atctgttgca actcacagtc tggggcatca agcagctcca ggcaagaatc 11340
ctggctgtgg aaagatacct aaaggatcaa cagctcctgg ggatttgggg ttgctctgga 11400
aaactcattt gcaccactgc tgtgccttgg aatgctagtt ggagtaataa atctctggaa 11460
cagattggaa tcacacgacc tggatggagt gggacagaga aattaacaat tacacaagct 11520
taatacactc cttaattgaa gaatcgcaaa accagcaaga aaagaatgaa caagaattat 11580
tggaattaga taaatgggca agtttgtgga attggtttaa cataacaaat tggctgtggt 11640
atataaaatt attcataatg atagtaggag gcttggtagg tttaagaata gtttttgctg 11700
tactttctat agtgaataga gttaggcagg gatattcacc attatcgttt cagacccacc 11760
tceccaaccee gaggggaccce gacaggcccg aaggaataga agaagaaggt ggagagagag 11820
acagagacag atccattcga ttagtgaacg gatctcgacg gttaactttt aaaagaaaag 11880
gggggattgy ggggtacagt gcaggggaaa gaatagtaga cataatagca acagacatac 11940
aaactaaaga attacaaaaa caaattacaa aaattcaaaa ttttattcca gtgtggtgga 12000

attctgcagt ctgc 12014

<210> SEQ ID NO 18

<211> LENGTH: 11354

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: pLV-hEFla-HA-CALCRL-IRES-EYFP-2A-Hygro
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(1224)

<223> OTHER INFORMATION: hEFla: Human elongation factor 1 alpha promoter
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1269)..(2669)

<223>» OTHER INFORMATION: HA-CALCRL

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2670)..(3271)

<223> OTHER INFORMATION: IRES: Internal ribosome entry site
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3272)..(3988)

<223> OTHER INFORMATION: EYFP: Enhanced yellow fluorescent protein
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3995)..(4048)

<223> OTHER INFORMATION: 2A: Autoproteolytic viral amino acid sequence
<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (4049)..(5089)

<223> OTHER INFORMATION: Hygro: Hygromycin resistance gene
<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (6647)..(6699)

<223> OTHER INFORMATION: delta U3: Deletion in the U3 region of 3'LTR
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6700)..(6880)

<223> OTHER INFORMATION: LTR: HIV long terminal repeat

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7257)..(7285)

<223> OTHER INFORMATION: ZAmpR promoter

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7327)..(8187)

<223> OTHER INFORMATION: ZmpR: Ampicillin resistance gene

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8338)..(9002)

<223> OTHER INFORMATION: pUC ori: pUC origin of replication
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9407)..(9826)

<223> OTHER INFORMATION: Rous Sarcoma Virus / HIV 5'LTR hybrid promoter
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9643)..(9823)

<223> OTHER INFORMATION: LTR: HIV long terminal repeat

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9931)..(9975)

<223> OTHER INFORMATION: Psi: Lentiviral Psi packaging sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10485)..(10718)

<223> OTHER INFORMATION: RRE: Rev response element

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (11207)..(11324)

<223> OTHER INFORMATION: CPPT: Central polypurine tract

<400> SEQUENCE: 18

ctttgcagct aatggacctt ctaggtcttg aaaggagtgg gaattggctce cggtgccegt 60
cagtgggcag agcgcacatc gcccacagtc cccgagaagt tggggggagyg ggtcggcaat 120
tgaaccggty cctagagaag gtggcgcggg gtaaactggg aaagtgatgt cgtgtactgg 180

cteegoettt ttececgaggy tgggggagaa ccegtatataa gtgcagtagt cgecgtgaac 240
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gttettttte gcaacgggtt tgccgccaga acacaggtaa gtgcegtgtg tggttecege 300
gggectggece tctttacggg ttatggecct tgcgtgectt gaattacttce cacctggetg 360
cagtacgtga ttcttgatcc cgagettegg gttggaagty ggtgggagag ttecgaggcect 420
tgcgcttaag gageccctte gectegtget tgagttgagyg cctggcectygyg gogoetgggyc 480
cgecgegtge gaatctggtg gcaccttege gectgteteyg ctgctttcga taagtctceta 540
gccatttaaa atttttgatg acctgctgeg acgctttttt tcetggcaaga tagtcettgta 600
aatgcgggcec aagatctgca cactggtatt teggtttttg gggecgegygy cggcgacgygy 660
gceecegtgegt cccagegecac atgtteggeg aggoeggggce tgcegagegeg gecaccgaga 720
atcggacggg ggtagtctca agetggecgg cotgetetgyg tgectggect cgegeegecey 780
tgtatcgeee cgeectggyge ggcaaggetg geceggtegyg caccagttge gtgageggaa 840
agatggcege tteecggece tgctgcaggg agetcaaaat ggaggacgeyg goegcteggga 900
gagegggegy gtgagtcacce cacacaaagg aaaagggect ttecgtecte agecgteget 960
tcatgtgact c¢cacggagta ccgggcegeceg tecaggcace tcgattagtt ctegagettt 1020
tggagtacgt cgtctttagg ttggggggayg gggttttatg cgatggagtt tccccacact 1080
gagtgggtgyg agactgaagt taggccaget tggcacttga tgtaattcte cttggaattt 1140
gcectttttyg agtttggate ttggttcatt ctcaagecte agacagtggt tcaaagtttt 1200
tttcttecat ttcaggtgtc gtgaggaatt agcttggtac taatacgact cactatagcc 1260
tggccaccat gaagaccatc ctggecectga gcacctacat cttetgectg gtgttegect 1320
acccctacga cgtgeccgtg tacgccgcag aattagaaga gagtcctgag gactcaattce 1380
agttgggagt tactagaaat aasaatcatga cagctcaata tgaatgttac caaaagatta 1440
tgcaagaccc cattcaacaa gcagaaggcg tttactgcaa cagaacctgg gatggatggce 1500
tctgctggaa cgatgttgca gcaggaactg aatcaatgca gctctgccct gattactttce 1560
aggactttga tccatcagaa aaagttacaa agatctgtga ccaagatgga aactggttta 1620
gacatccagc aagcaacaga acatggacaa attataccca gtgtaatgtt aacacccacg 1680
agaaagtgaa gactgcacta aatttgtttt acctgaccat aattggacac ggattgtcta 1740
ttgcatcact gcttatcteg cttggcatat tcttttattt caagagccta agttgccaaa 1800
ggattacctt acacaaaaat ctgttcttct catttgtttg taactctgtt gtaacaatca 1860
ttcacctcac tgcagtggcc aacaaccagg ccttagtage cacaaatcct gttagttgca 1920
aagtgtccca gttcattcat ctttacctga tgggctgtaa ttacttttgg atgctctgtg 1980
aaggcattta cctacacaca ctcattgtgg tggccgtgtt tgcagagaag caacatttaa 2040
tgtggtatta ttttecttgge tggggatttc cactgattce tgcttgtata catgccattg 2100
ctagaagctt atattacaat gacaattgct ggatcagttc tgatacccat ctectctaca 2160
ttatccatgg cccaatttgt gctgetttac tggtgaatct ttttttettg ttaaatattg 2220
tacgcgttcet catcaccaag ttaaaagtta cacaccaagc ggaatccaat ctgtacatga 2280
aagctgtgag agctactctt atcttggtgc cattgcttgg cattgaattt gtgctgattce 2340
catggcgacce tgaaggaaag attgcagagyg aggtatatga ctacatcatg cacatcctta 2400
tgcacttcca gggtcttttyg gtgtctacca ttttectgett ctttaatgga gaggttcaag 2460

caattctgag aagaaactgg aatcaataca aaatccaatt tggaaacagc ttttccaact 2520
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cagaagctct tcgtagtgeg tcettacacag tgtcaacaat cagtgatggt ccaggttata 2580
gtcatgactyg tcctagtgaa cacttaaatg gaaaaagcat ccatgatatt gaaaatgttc 2640
tcttaaaace agaaaattta tataattgag actgggatcce gccectetec cteeccccce 2700
cctaacgtta ctggecgaag ccgcttggaa taaggccggt gtgcgtttgt ctatatgtta 2760
ttttccacca tattgcegte ttttggcaat gtgagggcce ggaaacctygg ccectgtcette 2820
ttgacgagca ttcectagggg tetttecect ctegecaaag gaatygcaagg tetgttgaat 2880
gtcgtgaagy aagcagttece tctggaaget tettgaagac aaacaacgtc tgtagcgacce 2940
ctttgcaggc agcggaaccc cccacctgge gacaggtgece tctgeggeca aaagcecacgt 3000
gtataagata cacctgcaaa ggcggcacaa ccccagtgee acgttgtgag ttggatagtt 3060
gtggaaagayg tcaaatggct ctcectcaage gtattcaaca aggggctgaa ggatgceccag 3120
aaggtaccce attgtatggg atctgatctg gggecteggt acacatgcett tacatgtgtt 3180
tagtcgaggt taaaaaaacg tctaggcecce ccgaaccacyg gggacgtggt tttectttga 3240
aaaacacgat gataatatgg ccacagccac catggtgagc aagggcgagg agctgttcac 3300
cggggtgygtyg cccatectygg tegagcetgga cggcgacgta aacggccaca agttcagegt 3360
gtceggegag ggcgagggeg atgccaccta cggcaagetg accctgaagt tcatctgcac 3420
caccggcaag ctgccegtge cctggcccac cectegtgace accttegget acggectgca 3480
gtgcttegee cgctaccccg accacatgaa gcagcacgac ttettcaagt ccgecatgec 3540
cgaaggctac gtccaggagce gcaccatctt cttcaaggac gacggcaact acaagacccg 3600
cgecgaggtyg aagttcegagg gcgacaccct ggtgaaccge atcgagetga agggcatcga 3660
cttcaaggag gacggcaaca tcctggggca caagctggag tacaactaca acagccacaa 3720
cgtctatatc atggccgaca agcagaagaa cggcatcaag gtgaacttca agatccgcca 3780
caacatcgag gacggcageg tgcagctege cgaccactac cagcagaaca cccccatcegg 3840
cgacggcecce gtgctgetge ccgacaacca ctacctgage taccagtcca agetgagcaa 3900
agaccccaac gagaagcgeg atcacatggt cctgetggag ttegtgaceg ccgecgggat 3960
cactctcgge atggacgagc tgtacaagca attggaggge cgcggcagcc tgctgacctg 4020
cggcgacgtg gaggaaaacc ccggecccat gaaaaagcct gaactcaccg cgacgtetgt 4080
cgagaagttt ctgatcgaaa agttcgacag cgtgtccgac ctgatgcage tctcggaggg 4140
cgaagaatct cgtgctttca gcttcgatgt aggagggcgt ggatatgtcc tgcgggtaaa 4200
tagctgcgee gatggtttet acaaagatcg ttatgtttat cggcactttg catcggecge 4260
gctcccgatt ccggaagtge ttgacattgg ggaattcage gagagcctga cctattgcat 4320
ctceegeegt gcacagggtg tcacgttgca agacctgcct gaaaccgaac tgcccgetgt 4380
tectgcagecyg gtegeggagg ccatggatge gatcgcetgceg gecgatcectta gecagacgayg 4440
cgggttcgge ccattcggac cgcaaggaat cggtcaatac actacatggc gtgatttcat 4500
atgcgcgatt gectgatcccee atgtgtatca ctectggcaa actgtgatgg acgacaccegt 4560
cagtgcgtee gtegegcagg ctctcgatga gctgatgett tgggecgagg actgccccga 4620
agtcecggeac ctegtgcacyg cggatttegyg ctecaacaat gtectgacgg acaatggecy 4680
cataacagcg gtcattgact ggagcgaggc gatgttcggg gattcccaat acgaggtcgce 4740

caacatctte ttectggagge cgtggttgge ttgtatggag cagcagacgce gctacttcega 4800
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gcggaggcat ccggagcettg caggatcgec gceggctecgyg gcgtatatgce tccgecattgg 4860
tcttgaccaa ctctatcaga gecttggttga cggcaatttc gatgatgcag cttgggcgca 4920
gggtcgatge gacgcaatcg tccgatccgg agccgggact gtcgggegta cacaaatcgce 4980
ccgcagaage goggecgtet ggaccgatgg ctgtgtagaa gtactcegecg atagtggaaa 5040
ccgacgccee agcactegte cggatcggga gatgggggag gctaactgag ggacaggtga 5100
tatccagecac agtggcggcece gctegacaat caacctetgg attacaaaat ttgtgaaaga 5160
ttgactggta ttcttaacta tgttgctect tttacgctat gtggatacgce tgctttaaty 5220
cctttgtate atgctattge tteoccgtatg getttcattt tetectectt gtataaatcee 5280
tggttgctgt ctetttatga ggagttgtgyg ceccgttgtca ggcaacgtygg cgtggtgtge 5340
actgtgtttg ctgacgcaac ccccactggt tggggcattg ccaccacctg tcagetectt 5400
tccgggactt tegetttece cctecctatt gecacggoegyg aactcatcege cgectgectt 5460
gcecgetget ggacagggyce teggctgttyg ggcactgaca attceegtggt gttgtegggy 5520
aagctgacgt cctttecatg getgetegee tgtgttgeca cctggattet gegegggacy 5580
tecttotget acgtecctte ggcoctcaat ccageggace ttectteceg cggectgety 5640
cecggetetge ggectettee gegtettege cttegeecte agacgagteg gatctecectt 5700
tgggccgect cocecgectygg aattetgecag atatcecggtt agtaatgagt ttggaattaa 5760
ttctgtggaa tgtgtgtcag ttagggtgtg gaaagtccce aggctceccca ggcaggcaga 5820
agtatgcaaa gcatgcatct caattagtca gcaaccaggt gtggaaagtc cccaggetec 5880
ccagcaggca gaagtatgca aagcatgcat ctcaattagt cagcaaccat agtcccgccc 5940
ctaactcege ccatcececcgec cctaactcecg cccagttecg cccattetec gecccatgge 6000
tgactaattt tttttattta tgcagaggcc gaggccgcct ctgcctcectga gctattccag 6060
aagtagtgag gaggcttttt tggaggccta ggcttttgca aaaagctccc cctgttgaca 6120
attaatcatc ggcatagtat atcggcatag tataatacga caaggtgagg aactaaacca 6180
tggccaagtt gaccagtgcc gttccggtge tcaccgcgeg cgacgtegcece ggagceggtceg 6240
agttctggac cgaccggcte gggttctcce gggacttcegt ggaggacgac ttcgeceggtg 6300
tggtccggga cgacgtgacc ctgttcatca gcgeggtcca ggaccaggtg gtgccggaca 6360
acaccctgge ctgggtgtgg gtgecgeggece tggacgaget gtacgccgag tggtcggagg 6420
tegtgtecac gaacttecgg gacgecteceg ggccggecat gaccgagatce ggcgagcagce 6480
cgtgggggceyg ggagttegece ctgcgegace cggceccggcaa ctgegtgcac ttegtggecy 6540
aggagcagga ctgacacgtg ctacgagatt taaatggtac ctttaagacc aatgacttac 6600
aaggcagctg tagatcttag ccacttttta aaagaaaagg ggggactgga agggctagct 6660
cactcccaac gaagacaaga tctgettttt gettgtactg ggtctctetg gttagaccag 6720
atctgagecct gggagctctce tggctgecta gggaacccac tgcttaagcec tcaataaagc 6780
ttgcecttgag tgcttcaagt agtgtgtgee cgtetgttgt gtgactetgg taactagaga 6840
tcectecagac ccttttagte agtgtggaaa atctctagca gtagtagttc atgtcatctt 6900
attattcagt atttataact tgcaaagaaa tgaatatcag agagtgagag gaacttgttt 6960
attgcagctt ataatggtta caaataaagc aatagcatca caaatttcac aaataaagca 7020

tttttttcac tgcattctag ttgtggtttyg tccaaactca tcaatgtatc ttatcatgte 7080
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tggctctage tatceccgecc ctaactceccge ccagttecge ccattceteeg ceccatgget 7140
gactaatttt ttttatttat gcagaggccg aggccgacgt gtgtttctta gacgtcaggt 7200
ggcacttttc ggggaaatgt gcgcggaacc cctatttgtt tatttttcta aatacattca 7260
aatatgtatc cgctcatgag acaataacce tgataaatgce ttcaataata ttgaaaaagyg 7320
aagagtatga gtattcaaca ttteccgtgte gecccttatte ccttttttge ggcattttge 7380
cttcoectgttt ttgctcaccee agaaacgctyg gtgaaagtaa aagatgcetga agatcagttyg 7440
ggtgcacgay tgggttacat cgaactggat ctcaacagcyg gtaagatcct tgagagtttt 7500
cgccecgaayg aacgttttec aatgatgage acttttaaag ttetgctatg tggegeggta 7560
ttatccegta ttgacgecgg gcaagagcaa ctoggtegee gcatacacta ttetcagaat 7620
gacttggttyg agtactcacc agtcacagaa aagcatctta cggatggcat gacagtaaga 7680
gaattatgca gtgctgccat aaccatgagt gataacactyg cggccaactt acttctgaca 7740
acgatcggag gaccgaagga gctaaccgcet tttttgcaca acatggggga tcatgtaact 7800
cgccttgate gttgggaace ggagetgaat gaagccatac caaacgacga gecgtgacacce 7860
acgatgcctyg tagcaatggce aacaacgttyg cgcaaactat taactggcga actacttact 7920
ctagcttecee ggcaacaatt aatagactgg atggaggcgg ataaagttgce aggaccactt 7980
ctgcgetegg coctteegge tggetggttt attgetgata aatctggage cggtgagegt 8040
gggtctegeg gtatcattge agcactgggg ccagatggta agccctceceg tatcgtagtt 8100
atctacacga c¢ggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata 8160
ggtgcctcac tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag 8220
attgatttaa aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat 8280
ctcatgacca aaatccctta acgtgagttt tcgttccact gagcgtcaga ccccgtagaa 8340
aagatcaaag gatcttcttg agatcctttt tttctgcgeg taatctgctg cttgcaaaca 8400
aaaaaaccac cgctaccagc ggtggtttgt ttgccggatc aagagctacc aactcttttt 8460
ccgaaggtaa ctggcttcag cagagcgcag ataccaaata ctgtccttcet agtgtagcecg 8520
tagttaggcc accacttcaa gaactctgta gcaccgccta catacctcge tctgctaatce 8580
ctgttaccag tggctgctge cagtggcgat aagtcgtgtce ttaccgggtt ggactcaaga 8640
cgatagttac cggataaggc gcageggtceg ggctgaacgg ggggttegtg cacacagcecc 8700
agcttggage gaacgaccta caccgaactg agatacctac agcecgtgaget atgagaaagce 8760
gccacgctte ccgaagggag aaaggcggac aggtatccgyg taagceggcag ggtcggaaca 8820
ggagagcgca cgagggagct tccaggggga aacgcctggt atctttatag tcctgteggg 8880
tttcgccace tctgacttga gcgtcgattt ttgtgatget cgtcaggggg gcggagecta 8940
tggaaaaacg ccagcaacgc ggccttttta cggttcocctgg ccttttgetg gecttttget 9000
cacatgttct ttcctgegtt atcccctgat tctgtggata accgtattac cgecctttgag 9060
tgagctgata ccgctegeeg cagccgaacyg accgagegcea gecgagtcagt gagcgaggaa 9120
gcggaagagce gcccaatacg caaaccgcct ctcecccegege gttggcecgat tcattaatgce 9180
agctggcacyg acaggtttec cgactggaaa gegggcagtyg agcegcaacgce aattaatgtyg 9240
agttagctca ctcattaggc accccaggct ttacacttta tgcttcecgge tcgtatgttg 9300

tgtggaattg tgagcggata acaatttcac acaggaaaca gctatgacca tgattacgcec 9360
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aagcgcgcaa ttaaccctca ctaaagggaa caaaagctgg agctygcaagc ttaatgtagt 9420
cttatgcaat actcttgtag tcttgcaaca tggtaacgat gagttagcaa catgccttac 9480
aaggagagaa aaagcaccgt gcatgccgat tggtggaagt aaggtggtac gatcgtgcect 9540
tattaggaag gcaacagacg ggtctgacat ggattggacg aaccactgaa ttgccgeatt 9600
gcagagatat tgtatttaag tgcctagctc gatacaataa acgggtctct ctggttagac 9660
cagatctgag cctgggaget ctetggcectaa ctagggaacce cactygcttaa goectcaataa 9720
agcttgectt gagtgcttca agtagtgtgt geccgtetgt tgtgtgacte tggtaactag 9780
agatccctca gaccctttta gtcagtgtgg aaaatctcta gcagtggcegce ccgaacaggy 9840
acctgaaagc gaaagggaaa ccagagctct ctcgacgcag gactcggett gctgaagege 9900
gcacggcaag aggcdagggg cggcgactgg tgagtacgce aaaaattttyg actagcggag — 9960
gctagaagga gagagatggyg tgcgagagceyg tcagtattaa gcegggggaga attagatcgce 10020
gatgggaaaa aattcggtta aggccagggyg gaaagaaaaa atataaatta aaacatatag 10080
tatgggcaag cagggagcta gaacgattceg cagttaatcee tggcectgtta gaaacatcag 10140
aaggctgtag acaaatactg ggacagctac aaccatccct tcagacagga tcagaagaac 10200
ttagatcatt atataataca gtagcaaccce tctattgtgt gcatcaaagg atagagataa 10260
aagacaccaa ggaagcttta gacaagatag aggaagagca aaacaaaagt aagaccaccg 10320
cacagcaagc ggccgctgat cttcagacct ggaggaggag atatgaggga caattggaga 10380
agtgaattat ataaatataa agtagtaaaa attgaaccat taggagtagc acccaccaag 10440
gcaaagagaa gagtggtgca gagagaaaaa agagcagtgg gaataggagc tttgttcctt 10500
gggttcttgg gagcagcagg aagcactatg ggcgcagcct caatgacget gacggtacag 10560
gccagacaat tattgtctgg tatagtgcag cagcagaaca atttgctgag ggctattgag 10620
gcgcaacagce atctgttgca actcacagtc tggggcatca agcagctcca ggcaagaatc 10680
ctggctgtgg aaagatacct aaaggatcaa cagctcctgg ggatttgggg ttgctcectgga 10740
aaactcattt gcaccactgc tgtgccttgg aatgctagtt ggagtaataa atctctggaa 10800
cagattggaa tcacacgacc tggatggagt gggacagaga aattaacaat tacacaagct 10860
taatacactc cttaattgaa gaatcgcaaa accagcaaga aaagaatgaa caagaattat 10920
tggaattaga taaatgggca agtttgtgga attggtttaa cataacaaat tggctgtggt 10980
atataaaatt attcataatg atagtaggag gcttggtagg tttaagaata gtttttgctg 11040
tactttctat agtgaataga gttaggcagg gatattcacc attatcgttt cagacccacc 11100
tceccaaccee gaggggaccce gacaggcccg aaggaataga agaagaaggt ggagagagag 11160
acagagacag atccattcga ttagtgaacg gatctcgacg gttaactttt aaaagaaaag 11220
gggggattgy ggggtacagt gcaggggaaa gaatagtaga cataatagca acagacatac 11280
aaactaaaga attacaaaaa caaattacaa aaattcaaaa ttttattcca gtgtggtgga 11340

attctgcagt ctgce 11354

<210> SEQ ID NO 19

<211> LENGTH: 9749

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

«223> OTHER INFORMATION: pLV-hEFla-myc-RAMP1-IRES-mKate-2A-Bla
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(1224)

<223> OTHER INFORMATION: hEFla: Human elongation factor 1 alpha promoter
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1269)..(1721)

<223> OTHER INFORMATION: myc-RAMP

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1722)..(2323)

<223> OTHER INFORMATION: IRES: Internal ribosome entry site
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2324)..(3028)

<223> OTHER INFORMATION: mKate2: Red fluorescent prote
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3029)..(3085)

<223> OTHER INFORMATION: 2A: Autoproteolytic viral amino acid sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3086)..(3484)

<223> OTHER INFORMATION: Bla: Blasticidin resistance gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5042)..(5094)

<223> OTHER INFORMATION: delta U3: Deletion in the U3 region of 3'LTR
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5095)..(5275)

<223> OTHER INFORMATION: LTR: HIV long terminal repeat
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5652)..(5680)

<223> OTHER INFORMATION: AmpR promoter

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5722)..(6582)

<223> OTHER INFORMATION: ZmpR: Ampicillin resistance gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6733)..(7397)

<223> OTHER INFORMATION: pUC ori: pUC origin of replication
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7802)..(8221)

<223> OTHER INFORMATION: Rous Sarcoma Virus / HIV 5'LTR hybrid promoter
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8038)..(8218)

<223> OTHER INFORMATION: LTR: HIV long terminal repeat
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8326)..(8370)

<223> OTHER INFORMATION: Psi: Lentiviral Psi packaging sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8880)..(9113)

<223> OTHER INFORMATION: RRE: Rev response element

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9602)..(9719)

<223> OTHER INFORMATION: CPPT: Central polypurine tract

<400> SEQUENCE: 19

ctttgcaget aatggacctt ctaggtcttg aaaggagtgg gaattggetce cggtgeccegt 60
cagtgggcag agcgcacatc gcccacagte cccgagaagt tggggggagg ggtcggcaat 120
tgaaccggty cctagagaag gtggcgcggg gtaaactggg aaagtgatgt cgtgtactgg 180
ctccgecttt ttecccgaggyg tgggggagaa ccgtatataa gtgcagtagt cgccgtgaac 240

gttettttte gcaacgggtt tgccgecaga acacaggtaa gtgcegtgtg tggttecege 300
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gggcctggee tctttacggg ttatggecct tgcgtgcectt gaattacttc cacctggetg 360
cagtacgtga ttcttgatcc cgagettegg gttggaagty ggtgggagag ttcgaggect 420
tgcgcttaag gagcccctte gecctegtget tgagttgagyg cctggccetgg gegetgggge 480
cgccgogtge gaatctggtyg gcaccttege gectgtcteyg ctgctttcga taagtctceta 540
gccatttaaa atttttgatg acctgctgeg acgctttttt tctggcaaga tagtcttgta 600
aatgcgggcce aagatctgca cactggtatt teggtttttyg gggcegegyyg cggcegacggy 660
gccegtgegt cccagcegeac atgtteggeg aggcggggce tgcegagegeyg gecaccgaga 720
atcggacggyg ggtagtctca agectggecgg cetgctctgg tgectggect cgcgecgecy 780
tgtatcgece cgecctggyge ggcaaggctg geccggtegyg caccagttgce gtgageggaa 840
agatggcege tteceggecee tgctgcaggg agctcaaaat ggaggacgeg gcgotceggga 900
gagcgggegy gtgagtcacc cacacaaagg aaaagggcct ttecgtectc agecgteget 960
tcatgtgact ccacggagta ccgggcgecyg tecaggcace tcgattagtt ctegagettt 1020
tggagtacgt c¢gtctttagg ttggggggag gggttttatg cgatggagtt tccccacact 1080
gagtgggtgy agactgaagt taggccaget tggcacttga tgtaattctce cttggaattt 1140
gcectttttyg agtttggate ttggttcatt ctcaagecte agacagtggt tcaaagtttt 1200
tttcttecat ttcaggtgte gtgaggaatt agcettggtac taatacgact cactatagcec 1260
tggccaccat gaagaccatc ctggccctga gcacctacat cttctgectg gtgttegecg 1320
agcagaagct gatcagcgag gaggacctgg cctgccagga ggctaactac ggtgcecctee 1380
tcegggaget ctgectcacce cagttccagg tagacatgga ggccgteggg gagactcetgt 1440
ggtgtgactg gggcaggacc atcaggagct acagggagct ggccgactgce acctggcaca 1500
tggcggagaa gctgggctge ttctggccca atgcagaggt ggacaggttc ttcctggcag 1560
tgcatggeeg ctacttcagg agetgcccca tctcaggcag ggeegtgegg gaccegeceg 1620
gcagcatcct ctacccette atcgtggtec ccatcacggt gaccctgetg gtgacggcac 1680
tggtggtctg gcagagcaag cgcactgagg gcattgtgta ggactgggat ccgcccctcet 1740
ccctecccee ccectaacgt tactggccga agccgettgg aataaggccg gtgtgegttt 1800
gtctatatgt tattttccac catattgccg tcettttggca atgtgagggc ccggaaacct 1860
ggccctgtet tcttgacgag cattcctagg ggtcttteee ctetegeccaa aggaatgcaa 1920
ggtctgttga atgtcgtgaa ggaagcagtt cctctggaag cttcttgaag acaaacaacyg 1980
tctgtagega ccectttgcag gcagcggaac cccccacctg gcgacaggtg cctetgegge 2040
caaaagccac gtgtataaga tacacctgca aaggcggcac aaccccagtg ccacgttgtyg 2100
agttggatag ttgtggaaag agtcaaatgg ctctcctcaa gcgtattcaa caaggggctg 2160
aaggatgcce agaaggtacc ccattgtatg ggatctgate tggggccteg gtacacatgce 2220
tttacatgtg tttagtcgag gttaaaaaaa cgtctaggcc ccccgaacca cggggacgtyg 2280
gttttecttt gaaaaacacyg atgataatat ggccacagece accatggtga gcgagetgat 2340
taaggagaac atgcacatga agctgtacat ggagggcacc gtgaacaacc accacttcaa 2400
gtgcacatcc gagggcgaag gcaagcccta cgagggcacc cagaccatga gaatcaaggc 2460
ggtcgagggce ggccctcectee ccttegectt cgacatcctyg gctaccaget tcatgtacgg 2520

cagcaaaacc ttcatcaacc acacccaggg catccccgac ttcetttaage agtecttecce 2580
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cgagggctte acatgggaga gagtcaccac atacgaagat gggggcgtgce tgaccgctac 2640
ccaggacacce agectccagg acggctgect catctacaac gtcaagatca gaggggtgaa 2700
cttcccatee aacggccctyg tgatgcagaa gaaaacactc ggctgggagg cctccaccga 2760
gacactgtac cccgctgacg gcggectgga aggcagagce gacatggcece tgaagctcgt 2820
gggcgggggce cacctgatct gcaaccttaa gaccacatac agatccaaga aacccgctaa 2880
gaacctcaag atgcccggcg tctactatgt ggacaggaga ctggaaagaa tcaaggaggc 2940
cgacaaagag acatacgtcg agcagcacga ggtggctgtg gccagatact gcgacctcce 3000
tagcaaactyg gggcacaaac ttaattccge tgagggcecge ggcagectygce tgacctgegyg 3060
cgacgtggag gaaaacccag gcoccaatgge taagectttyg tctcaagaag aatccaccct 3120
cattgaaaga gcaacggcta caatcaacag catccccate tctgaagact acagegtege 3180
cagcgcagcet ctetectageg acggecgcat cttcactggt gtcaatgtat atcattttac 3240
tgggggacct tgtgcagaac tcgtggtgcet gggcactgcet getgetgegg cagcetggcaa 3300
cctgacttgt atcegtegega teggaaatga gaacagggge atcttgagece cctgeggacy 3360
gtgccgacayg gtgcttcteg atctgcatee tgggatcaaa gcecatagtga aggacagtga 3420
tggacagcecg acggcagttg ggattcecgtga attgectgecee tectggttatg tgtgggaggyg 3480
ataagggaca ggtgatatcc agcacagtgg cggccgeteg acaatcaacce tcetggattac 3540
aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac gctatgtgga 3600
tacgctgett taatgecttt gtatcatget attgettoce gtatggettt cattttetec 3660
tcecttgtata aatcctggtt gctgtctett tatgaggagt tgtggcccgt tgtcaggcaa 3720
cgtggcgtgg tgtgcactgt gtttgctgac gcaaccccoca ctggttgggg cattgccacc 3780
acctgtcage tcctttccgg gacttteget ttcccectee ctattgeccac ggcggaactce 3840
atcgccgect gecttgeceg ctgctggaca ggggetcgge tgttgggcac tgacaattcce 3900
gtggtgttgt cggggaagct gacgtccttt ccatggctge tcgectgtgt tgccacctgg 3960
attctgcgeg ggacgtcctt ctgctacgtce cctteggcece tcaatccage ggaccttect 4020
tceegeggee tgetgecgge tcetgeggect cttecgegte ttegectteg ccctcagacg 4080
agtcggatct ccectttggge cgectccceg cctggaattce tgcagatatc cggttagtaa 4140
tgagtttgga attaattctg tggaatgtgt gtcagttagg gtgtggaaag tccccaggcet 4200
ccccaggcag gcagaagtat gcaaagcatg catctcaatt agtcagcaac caggtgtgga 4260
aagtccccag gctccecccage aggcagaagt atgcaaagca tgcatctcaa ttagtcagea 4320
accatagtcc cgccectaac tccgecccatce ccgeccctaa ctecgeccag ttcegeccat 4380
tctecgecee atggectgact aatttttttt atttatgcag aggcecgagge cgcctcetgece 4440
tctgagcetat tccagaagta gtgaggagge ttttttggag gcctaggctt ttgcaaaaag 4500
ctccececctgt tgacaattaa tcatcggcat agtatatcgg catagtataa tacgacaagg 4560
tgaggaacta aaccatggcc aagttgacca gtgcecgttece ggtgetcace gecgegegacyg 4620
tecgecggage ggtegagtte tggaccgacce ggctegggtt ctccegggac ttcegtggagg 4680
acgacttege cggtgtggtc cgggacgacyg tgaccctgtt catcagegeyg gtecaggacce 4740
aggtggtgce ggacaacacc ctggectggg tgtgggtgcg cggcctggac gagctgtacyg 4800

ccgagtggte ggaggtegtyg tccacgaact tccgggacge cteegggecy gocatgaccg 4860
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agatcggcga gcagcegtygg gggcgggagt tegecctgeg cgacccggec ggcaactgeg 4920
tgcacttegt ggccgaggag caggactgac acgtgctacg agatttaaat ggtaccttta 4980
agaccaatga cttacaaggc agctgtagat cttagccact ttttaaaaga aaagggggga 5040
ctggaagggce tagctcactc ccaacgaaga caagatctge tttttgettg tactgggtcet 5100
ctctggttag accagatctyg agectgggag ctetetgget gectagggaa cccactgcett 5160
aagcctcaat aaagettgec ttgagtgett caagtagtgt gtgcccgtet gttgtgtgac 5220
tctggtaact agagatccoct cagacccttt tagtcagtgt ggaaaatctce tagcagtagt 5280
agttcatgte atcttattat tcagtattta taacttgcaa agaaatgaat atcagagagt 5340
gagaggaact tgtttattgc agcttataat ggttacaaat aaagcaatag catcacaaat 5400
ttcacaaata aagcattttt ttcactgcat tctagttgtg gtttgtceccaa actcatcaat 5460
gtatcttate atgtcetgget ctagetatce cgceccctaac tecgeccagt tcecgeccatt 5520
ctcocgeecca tggctgacta atttttttta tttatgcaga ggccgaggee gacgtgtgtt 5580
tcttagacgt caggtggcac ttttegggga aatgtgegeg gaacccectat ttgtttattt 5640
ttctaaatac attcaaatat gtatccgete atgagacaat aaccctgata aatgettcaa 5700
taatattgaa aaaggaagag tatgagtatt caacatttcce gtgtegeccet tattceecttt 5760
tttgcggeat tttgecttee tgtttttget cacccagaaa cgctggtgaa agtaaaagat 5820
gctgaagatce agttgggtgc acgagtgggt tacatcgaac tggatctcaa cagcggtaag 5880
atccttgaga gttttegecee cgaagaacgt tttcecaatga tgagcacttt taaagttcetyg 5940
ctatgtggeg cggtattatc ccgtattgac gccgggcaag agcaactcgg tcgccgcata 6000
cactattctc agaatgactt ggttgagtac tcaccagtca cagaaaagca tcttacggat 6060
ggcatgacag taagagaatt atgcagtgct gccataacca tgagtgataa cactgcggcc 6120
aacttacttc tgacaacgat cggaggaccg aaggagctaa ccgctttttt gcacaacatg 6180
ggggatcatg taactcgcct tgatcgttgg gaaccggage tgaatgaagc cataccaaac 6240
gacgagcgtg acaccacgat gcctgtagca atggcaacaa cgttgcgcaa actattaact 6300
ggcgaactac ttactctagc ttcccggcaa caattaatag actggatgga ggcggataaa 6360
gttgcaggac cacttctgcg ctcggccctt cecggctgget ggtttattge tgataaatct 6420
ggagccggtyg agegtgggte tegcggtatce attgcagcac tggggccaga tggtaagccce 6480
tcecegtateg tagttatcta cacgacgggg agtcaggcaa ctatggatga acgaaataga 6540
cagatcgctg agataggtgc ctcactgatt aagcattggt aactgtcaga ccaagtttac 6600
tcatatatac tttagattga tttaaaactt catttttaat ttaaaaggat ctaggtgaag 6660
atcctttttg ataatctcat gaccaaaatc ccttaacgtg agttttegtt ccactgageg 6720
tcagaccccyg tagaaaagat caaaggatct tcecttgagatce ctttttttet gegegtaatc 6780
tgctgcttge aaacaaaaaa accaccgcta ccagecggtgg tttgtttgec ggatcaagag 6840
ctaccaactc tttttcecgaa ggtaactgge ttcagcagag cgcagatacc aaatactgte 6900
cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcacc gcctacatac 6960

ctcgetetge taatectgtt accagtggcet getgecagtyg gegataagtce gtgtettacce 7020

gggttggact caagacgata gttaccggat aaggcgcagce ggtcgggctg aacggggggt 7080

tegtgocacac ageccagett ggagcegaacg acctacaccg aactgagata cctacagegt 7140
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gagctatgag aaagcgccac gcttcccgaa gggagaaagg cggacaggta tccggtaage 7200
ggcagggtcg gaacaggaga gcgcacgagg gagcttccag ggggaaacgc ctggtatctt 7260
tatagtcctyg tecgggttteg ccacctcectga cttgagegte gatttttgtg atgctegtca 7320
ggggggcgga gcectatggaa aaacgccage aacgceggect ttttacggtt cctggecttt 7380
tgctggectt ttgctcacat gttetttect gegttatcce ctgattetgt ggataaccgt 7440
attaccgect ttgagtgagce tgataccget cgccgcagece gaacgaccga gcgcagegag 7500
tcagtgagcyg aggaagcgga agagcgcecca atacgcaaac cgectctecce cgegegttgg 7560
ccgattcatt aatgcagetg gcacgacagg ttteccgact ggaaageggyg cagtgagegce 7620
aacgcaatta atgtgagtta gctcactcat taggcaccce aggctttaca ctttatgett 7680
ccggetegta tgttgtgtgg aattgtgage ggataacaat ttcacacagg aaacagetat 7740
gaccatgatt acgccaagcg cgcaattaac cctcactaaa gggaacaaaa gctggagctg — 7800
caagcttaat gtagtcttat gcaatactct tgtagtcttyg caacatggta acgatgagtt 7860
agcaacatgce c¢ttacaagga gagaaaaagc accgtgcatg ccgattggtg gaagtaaggt 7920
ggtacgatcy tgcecttatta ggaaggcaac agacgggtct gacatggatt ggacgaacca 7980
ctgaattgce gcattgcaga gatattgtat ttaagtgcct agcetcgatac aataaacggyg 8040
tctetetggt tagaccagat ctgagectgg gagetcetcotg gectaactagg gaacccactyg 8100
cttaagcctc aataaagctt gccttgagtg cttcaagtag tgtgtgcccg tctgttgtgt 8160
gactctggta actagagatce cctcagacce ttttagtcag tgtggaaaat ctctagcagt 8220
ggcgeccgaa cagggacctg aaagcgaaag ggaaaccaga gctctetega cgcaggactce 8280
ggcttgctga agcgegcacg gcaagaggceg aggggeggceg actggtgagt acgccaaaaa 8340
ttttgactag cggaggctag aaggagagag atgggtgcga gagcgtcagt attaagcggg 8400
ggagaattag atcgcgatgg gaaaaaattc ggttaaggcc agggggaaag azaaaatata 8460
aattaaaaca tatagtatgg gcaagcaggg agctagaacg attcgcagtt aatcctggcce 8520
tgttagaaac atcagaaggc tgtagacaaa tactgggaca gctacaacca tcccttcaga 8580
caggatcaga agaacttaga tcattatata atacagtagc aaccctctat tgtgtgcatc 8640
aaaggataga gataaaagac accaaggaag ctttagacaa gatagaggaa gagcaaaaca 8700
aaagtaagac caccgcacag caagecggecg ctgatcttca gacctggagg aggagatatg 8760
agggacaatt ggagaagtga attatataaa tataaagtag taaaaattga accattagga 8820
gtagcaccca ccaaggcaaa gagaagagtg gtgcagagayg aaaaaagagc agtgggaata 8880
ggagctttgt tccttgggtt cttgggagca gcaggaagca ctatgggcgce agcctcaatg 8940
acgctgacgg tacaggccag acaattattg tctggtatag tgcagcagca gaacaatttg 9000
ctgagggcta ttgaggcgca acagcatctyg ttgcaactca cagtcetgggg catcaagcag 9060
ctccaggcaa gaatcctggce tgtggaaaga tacctaaagg atcaacagct cctggggatt 9120
tggggttgcet ctggaaaact catttgcace actgetgtge cttggaatge tagttggagt 9180
aataaatctc tggaacagat tggaatcaca cgacctggat ggagtgggac agagaaatta 9240
acaattacac aagcttaata cactccttaa ttgaagaatc gcaaaaccag caagaaaaga 9300
atgaacaaga attattggaa ttagataaat gggcaagttt gtggaattgg tttaacataa 9360

caaattggct gtggtatata aaattattca taatgatagt aggaggcettg gtaggtttaa 9420
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gaatagtttt

cgtttecagac

aaggtggaga

cttttaaaay

tagcaacaga

tgctgtactt

ccacctecca

gagagacaga

aaaaggyygygy

catacaaact

tctatagtga
accccgaggy
gacagatcca

attggggggt

aaagaattac

atagagttag gcagggatat
gacccgacag gcccgaagga
ttcgattagt gaacggatcet
acagtgcagy ggaaagaata

aaaaacaaat tacaaaaatt

Jan. 15,2015

tteccagtgty gtggaattet gcagtcetyge

<210>
<21ll>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Polypeptide
<400> SEQUENCE: 20

Gly Ser Gly Gly Ser
1 5

<210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 21

Gly Gly Gly Gly Ser
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 22

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Polypeptide
<400> SEQUENCE: 22
Gly Gly Gly Ser

1

tcaccattat 9480
atagaagaag 9540
cgacggttaa 9600
gtagacataa 9660
Caaaatttta 9720

9749

1. A method for evaluating a tissue in a subject, the method
comprising:
producing a hemodynamic response in a tissue of a subject
by providing an effective amount of a vasoactive agent to
the tissue;
obtaining an image representation of the tissue; and

evaluating the tissue based on a hemodynamic response

detected in the image representation.

2. The method of claim 1, wherein the hemodynamic
response is produced by providing to the tissue an exogenous
vasoactive agent in a submicromolar concentration that is
effective for inducing a hemodynamic response in the tissue

3. The method of claim 1, wherein the vasoactive agent is
provided to the tissue by administering the vasoactive agent to
the subject.

4-21. (canceled)

22. The method of claim 1, wherein the hemodynamic
response comprises a change in blood volume in the tissue.

23. The method of claim 1, wherein the hemodynamic
response comprises an increase in blood flow in the tissue.

24. The method of claim 1, wherein the hemodynamic
response comprises a decrease in blood flow in the tissue.

25. The method of claim 1, wherein the hemodynamic
response comprises changes in oxy/deoxyhemoglobin bal-
ance in the tissue.

26. The method of claim 1, wherein the tissue is neuronal
tissue and wherein the hemodynamic response is associated
with changes in neural activity.

27. The method of claim 26 further comprising determin-
ing that the hemodynamic response is associated with exci-
tatory neural activity in the tissue.

28. The method of claim 26 further comprising determin-
ing that the hemodynamic response is associated with inhibi-
tory activity in the tissue.

29. The method of claim 1, wherein the vasoactive agent is
amolecule having the formula X'-L'-X?-L*-X?, in which X*
is ablocking domain and/or ligand binding domain, L' and .2
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are independently linkers or absent, X? is a protease recogni-
tion site and/or a ligand or analog thereof, and X* is a vaso-
active molecule.
30-44. (canceled)
45. The method of claim 29, wherein the vasoactive mol-
ecule is calcitonin gene-related peptide (CGRP) or an engi-
neered derivative thereof.
46. The method of claim 29, wherein the vasoactive mol-
ecule is adrenomedullin (ADM) or an engineered derivative
thereof.
47. The method of claim 29, wherein the vasoactive mol-
ecule is Maxadilan (Max) or an engineered derivative thereof.
48-73. (canceled)
74. A method for evaluating presence of a molecular ana-
lyte in a tissue, the method comprising:
providing to a tissue a vasoactive agent, the activity of
which vasoactive agent is modulated by binding to an
analyte, wherein modulation of the vasoactive agent
results in a hemodynamic response in the tissue;

obtaining an image representation of the tissue; and

evaluating ligand binding by assessing in the image repre-
sentation presence or absence of a hemodynamic
response resulting from modulation of the vasoactive
agent in the tissue.

75-101. (canceled)

Jan. 15,2015

102. An engineered vasoactive agent having the formula
X'LA-X2-1L2-X3, in which X! is a blocking domain and/or
ligand binding domain, I." and I are independently linkers or
absent, X2 is a protease recognition site and/or a ligand or
analog thereof, and X? is a vasoactive molecule.

103. The engineered vasoactive agent of claim 102,
wherein X' is a blocking domain, . is a linker, I* is absent,
X2 is a protease recognition site, and X is a vasoactive mol-
ecule.

104. The engineered vasoactive agent of claim 102,
wherein X' is a ligand binding domain, L' is a linker, L? is
absent, X is a ligand or analog thereof, and X* is a vasoactive
molecule.

105. A method for evaluating a tissue in a subject, the
method comprising:

producing a hemodynamic response in a tissue of a subject

by providing an effective amount ofa vasoactive agent to
the tissue;

detecting spectroscopic signals indicative of the hemody-

namic response; and

evaluating the tissue based on the hemodynamic response.

106. The method of claim 105, wherein the spectroscopic
signals are detected using optical spectroscopy, magnetic
resonance spectroscopy, or localized spectroscopy.
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