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SEQ ID NO : 185 

MHHHHHHGYPYDVPDYAGAOPARSANDTVVVGSIIFTEGIIVANMVAEMIEAHTDLKVVRKLNLGGVNVN 

FEAIKRGGANNGIDIYVEYTGHGLVDILGFPEPNVYITADKOKNGIKANEKIRHNVEDGSVOLADHYOON 
TPIGDGPVLLPDNHYLSTOSVLSKDPNEKRDHMVLLEFVTAAGIILGMDELYKGGTGGSMSKGEELFTGV 

VPILVELDGDVNGHKFSVRGEGEGDATNGKLTLKFICTTGKIPVPWPTLVITLTYGVOCFSRYPDHMKOH 
DFFKSAMPEGYVOERTISFKDDGTYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNFPPPAIT 

DPEGAYETVKKEYKRKWNIVWLKPLGFNNTYTLTVKDELAKOYNLKTFSDLAKISDKLILGATMFFLEGP 

DGYPGLQKLYNFKFKHTKSMDMGIRYTAIDNNEVOVIDAWATDGLLVSHKLKILEDDKAFFPPYYAAPII 
RODVLDKHPELKDVLNKLANQISLEEMOKLNYKVDG?GODPAKVAKEFLKEKGLILOVDEOKLISEEDLN 
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SEQ ID NO : 186 

METDTLLLWVLLLWVPGSTGDRSANDTVVVGSIIFTEGIIVANMVAEMIEAHTDLKVVRKLNLGGVNVNF 

EAIKRGGANNGIDIYVEYTGHGLVDILGFPEPNVYITADKOKNGIKANFKIRHNVEDGSVOLADHYQONT 
PIGDGPVLLPDNHYLSTOSVLSKDPNEKRDHMVLLEFVTAAGITLGMDELYKGGTGGSMSKGEELFTGVV 

PILVELDGDVNGHKFSVRGEGEGDATNGKLTLKFICTTGKLPVPWPTLVTTLTYGVOCFSRYPDHMKQHD 
FFKSAMPEGYVOERTISFKDDGTYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNFPPPATTD 

PEGAYETVKKEYKRKWNIVWLKPLGFNNTYTLTVKDELAKOYNLKTFSDLAKISDKLILGATMFFLEGPD 

GYPGLQKLYNEKFKHTKSMDMGIRYTAIDNNEVOVIDAWATDGLLVSHKLKILEDDKAFFPPYYAAPIIR 
QDVLDKHPELKDVINKLANQISLEEMOKINYKVDGEGQDPAKVAKEFLKEKGLILOVDEQKLISEEDLNA 
VGODTOEVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR 
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GENETICALLY ENCODED BIOSENSORS 

a 

a 
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APPLICATIONS 

[ 0001 ] This application is a Divisional of , and claims the 
benefit of priority under 35 U.S.C. § 121 to , U.S. application 
Ser . No. 16 / 902,160 filed Jun . 15 , 2020 , now allowed , which 
is a Continuation of , and claims priority under 35 U.S.C. S 
121 to , U.S. application Ser . No. 16 / 002,697 filed Jun . 7 , 
2018 , which is a Continuation - In - Part of , and claims priority 
under 35 U.S.C. § 120 to , U.S. application Ser . No. 15/904 , 
574 filed Feb. 26 , 2018 , which is a Divisional application of , 
and claims the benefit of priority under 35 U.S.C. § 121 to , 
U.S. application Ser . No. 15 / 664,326 filed Jul . 31 , 2017 , 
which is a Divisional application of , and claims the benefit 
of priority under 35 U.S.C. § 121 to , U.S. application Ser . 
No. 14 / 350,199 filed Nov. 18 , 2014 , which is a U.S. National 
Phase application of , and claims the benefit of priority under 
35 U.S.C. 371 to , International Application No. PCT / 
US2012 / 059219 filed Oct. 8 , 2012 , which claims the benefit 
of priority under 35 U.S.C. § 119 ( e ) to U.S. Application No. 
61 / 544,867 filed Oct. 7 , 2011 . 

SEQUENCE LISTING 
[ 0002 ] The instant application contains a Sequence Listing 
that has been submitted in ASCII format via EFS - Web and 
is hereby incorporated by reference in its entirety . The 
ASCII copy , created on 25 Oct. 2021 , is named 30872_ 
0020003_SEQ.txt , and is 254553 bytes in size . 

TECHNICAL FIELD 

analyte . In some embodiments , signaling by the signaling 
portion detectably decreases upon interaction of the frame 
work portion with the analyte . In some embodiments , sig 
naling by the signaling portion is proportional to the level of 
interaction between the framework portion and the analyte . 
[ 0007 ] In some embodiments , the signaling portion is a 
superfolder ( SF ) fluorescent protein ( see , for example , 
Pedelacq et al . , 2006 , Nature Biotechnol . , 24 : 79-88 ) , a 
protein that exhibits robust folding , even when fused to a 
protein that folds poorly . In some embodiments , the SF 
protein is circularly permuted . In some embodiments , the SF 
protein is a green fluorescent protein , a yellow fluorescent 
protein , a red fluorescent protein , or a blue fluorescent 
protein . 
[ 0008 ] In some embodiments , the framework portion has 
a first structure in the absence of an analyte and a second 
structure , that is detectably distinct from the first structure , 
in the presence of the analyte . In some embodiments , the 
conformational change between the first structure and the 
second structure allosterically regulates the signaling por 
tion . In some embodiments , the framework portion is a 
periplasmic binding protein ( PBP ) or a variant of a PBP . 
[ 0009 ] In some embodiments , the analyte - binding frame 
work portion binds specifically to an analyte selected from 
the group consisting of glucose , maltose , phosphonate , 
glutamate , GABA , and ACh . 
[ 0010 ] In another aspect , a recombinant peptide biosensor 
is provided that includes an amino acid sequence having at 
least 90 % identity to a recombinant peptide biosensor 
selected from the group consisting of SEQ ID NOs : 176 
182 , wherein the recombinant peptide biosensor binds spe 
cifically to glutamate . 
[ 0011 ] In one embodiment , the recombinant peptide bio 
sensor includes a recombinant peptide biosensor selected 
from the group consisting of SEQ ID NOs : 176-182 com 
prising 10 or fewer conservative amino acid substitutions , 
wherein the recombinant peptide biosensor binds specifi 
cally to glutamate . In some embodiments , the recombinant 
peptide biosensor includes a recombinant peptide biosensor 
selected from the group consisting of SEQ ID NOs : 176 
182 . 
[ 0012 ] In still another aspect , a recombinant peptide bio 
sensor is provided that includes an amino acid sequence 
having at least 90 % identity to a recombinant peptide 
biosensor having the sequence shown in SEQ ID NO : 183 , 
wherein the recombinant peptide biosensor binds specifi 
cally to glucose . 
[ 0013 ] In some embodiments , the recombinant peptide 
biosensor includes a recombinant peptide biosensor having 
the sequence shown in SEQ ID NO : 183 comprising 10 or 
fewer conservative amino acid substitutions , wherein the 
recombinant peptide biosensor binds specifically to glucose . 
In some embodiments , the recombinant peptide biosensor 
includes a recombinant peptide biosensor having the 
sequence shown in SEQ ID NO : 183 . 
[ 0014 ] In one aspect , a recombinant peptide biosensor is 
provided that includes an amino acid sequence having at 
least 90 % identity to a recombinant peptide biosensor hav 
ing the sequence shown in SEQ ID NO : 184 , wherein the 
recombinant peptide biosensor binds specifically to GABA . 
[ 0015 ] In one embodiment , the recombinant peptide bio 
sensor includes a recombinant peptide biosensor having the 
sequence shown in SEQ ID NO : 184 comprising 10 or fewer 
conservative amino acid substitutions , wherein the recom 

[ 0003 ] This disclosure relates to genetically encoded bio 
sensors and methods for the design , production , and use of 
such biosensors . 

BACKGROUND 

* 

[ 0004 ] Protein - based sensors that transduce microscopic 
binding events into macroscopically observable signals are 
available to allow real - time visualization of a variety of 
biological events and / or molecules ( Frommer et al . , Chem . 
Soc . Rev. , 38 : 2833-2841 , 2009 ) . Such sensors can be tar 
geted and / or expressed in living cells , tissues , and organ 
isms , and permit imaging with minimally invasive tech 
niques ( Okumoto , Curr . Opin . Biotechnol . , 21 : 45-54 , 2010 ) . 
Application of these sensors is limited by the narrow range 
of analytes that can be detected and / or by their inability to 
distinguish signal over noise . a 

SUMMARY 

a 

a 

[ 0005 ] In one aspect , a recombinant peptide biosensor is 
provided that includes an analyte - binding framework por 
tion and a signaling portion , wherein the signaling portion is 
present within the framework portion at a site or amino acid 
position that undergoes a conformational change upon inter 
action of the framework portion with a defined , specific , or 
selected analyte . 
[ 0006 ] In one embodiment , the signaling portion is allos 
terically regulated by the framework portion such that 
signaling from the signaling portion is altered upon inter 
action of the framework portion with the analyte . In some 
embodiments , signaling by the signaling portion detectably 
increases upon interaction of the framework portion with the 
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binant peptide biosensor binds specifically to GABA . In one 
embodiment , the recombinant peptide biosensor includes a 
recombinant peptide biosensor having the sequence shown 
in SEQ ID NO : 184 . 
[ 0016 ] In another aspect , a recombinant peptide biosensor 
is provided that includes an amino acid sequence having at 
least 90 % identity to a recombinant peptide biosensor hav 
ing a sequence selected from the group consisting of SEQ ID 
NO : 185 and 186 , wherein the recombinant peptide biosen 
sor binds specifically to ACh . 
[ 0017 ] In one embodiment , the recombinant peptide bio 
sensor includes a recombinant peptide biosensor having a 
sequence selected from the group consisting of SEQ ID NO : 
185 and 186 comprising 10 or fewer conservative amino 
acid substitutions , wherein the recombinant peptide biosen 
sor binds specifically to ACh . In one embodiment , the 
recombinant peptide biosensor includes a recombinant pep 
tide biosensor having a sequence selected from the group 
consisting of SEQ ID NO : 185 and 186 . 
[ 0018 ] In one aspect , a nucleic acid is provided that 
encodes a recombinant peptide biosensor as described 
herein . 
[ 0019 ] In one aspect , a vector is provided that includes a 
nucleic acid as described herein . 
[ 0020 ] In one aspect , a cell is provided that includes a 
nucleic acid as described herein . 
[ 0021 ] In one aspect , a cell is provided that includes a 
vector as described herein . 
[ 0022 ] In one aspect , a kit is provided that includes a 
recombinant peptide biosensor as described herein , a nucleic 
acid as described herein , a vector as described herein , and / or 
the cell as described herein . 
[ 0023 ] In still another aspect , a method is provided for 
detecting glutamate , the method comprising detecting a 
level of fluorescence emitted by a recombinant peptide 
biosensor , the peptide biosensor having an amino acid 
sequence selected from the group consisting of SEQ ID 
NOs : 176-182 , and correlating the level of fluorescence with 
the presence of glutamate . 
[ 0024 ] In some embodiments , the recombinant peptide 
biosensor is expressed from a nucleic acid . In some embodi 
ments , the method includes contacting the recombinant 
peptide biosensor with a sample comprising glutamate . In 
some embodiments , the method includes correlating the 
level of fluorescence with a concentration of glutamate . In 
some embodiments , the method includes comparing the 
level of fluorescence with a level of fluorescence emitted by 
the recombinant peptide biosensor in the presence of a 
sample comprising a known concentration or range of 
concentrations of glutamate . In some embodiments , the 
method is performed in vitro . 
[ 0025 ] In some aspects , a method for detecting glucose is 
provided , the method comprising detecting a level of fluo 
rescence emitted by a recombinant peptide biosensor , the 
peptide biosensor having an amino acid sequence shown in 
SEQ ID NO : 183 , and correlating the level of fluorescence 
with the presence of glucose . 
[ 0026 ] In some aspects , a method for detecting GABA is 
provided , the method comprising detecting a level of fluo 
rescence emitted by a recombinant peptide biosensor , the 
peptide biosensor having an amino acid sequence shown in 
SEQ ID NO : 184 , and correlating the level of fluorescence 
with the presence of GABA . 

[ 0027 ] In some aspects , a method for detecting ACh is provided , the method comprising detecting a level of fluo 
rescence emitted by a recombinant peptide biosensor , the 
peptide biosensor having an amino acid sequence selected 
from the group consisting of SEQ ID NOs : 185 and 186 , and 
correlating the level of fluorescence with the presence of 
ACh . 
[ 0028 ] In some aspects , a method for detecting a defined , 
selected , or specific analyte is provided , the method com 
prising detecting a level of fluorescence emitted by a recom 
binant peptide biosensor of claim 1 ; and correlating the level 
of fluorescence with the presence of a defined , selected , or 
specific analyte 
[ 0029 ] In some embodiments , the recombinant peptide 
biosensor is expressed from a nucleic acid . In some embodi 
ments , the method includes contacting the recombinant 
peptide biosensor with a sample comprising the analyte . In 
some embodiments , the method includes correlating the 
level of fluorescence with a concentration of the analyte . In 
some embodiments , the method includes comparing the 
level of fluorescence with a level of fluorescence emitted by 
the recombinant peptide biosensor in the presence of a 
sample comprising a known concentration or range of 
concentrations of the analyte . In some embodiments , the 
method is performed in vitro . In some embodiments , the 
analyte is selected from the group consisting of glutamate , 
glucose , GABA , and ACh . 
[ 0030 ] The present disclosure provides genetically 
encoded recombinant peptides containing an analyte - bind 
ing framework portion linked ( e.g. , operably linked ) to a 
signaling portion , wherein the signaling portion is allosteri 
cally regulated by the framework portion upon interaction of 
the framework portion with an analyte ( e.g. , a defined , 
selected , and / or specific analyte ) . These constructs can be 
used as biosensors , e.g. , to transduce microscopic binding 
events into macroscopically observable signals . 
[ 0031 ] The present disclosure provides , in part , recombi 
nant peptides for use as biosensors ( e.g. , recombinant pep 
tide biosensors ) that include ( e.g. , comprise , consist essen 
tially of , or consist of ) , e.g. , include at least , an analyte 
binding framework portion and a signaling portion . As 
described in further detail herein , such signaling portions are 
present within the framework portion at a site or amino acid 
position that undergoes a conformational change ( e.g. , a 
conformational change sufficient to alter a physical and / or 
functional characteristic of the signaling portion , e.g. , a 
substantial conformational change ) upon interaction of the 
framework portion with a defined , specific , or selected 
analyte ( e.g. such as an analyte to which the framework 
portion or a region thereof , and / or the biosensor , specifically 
binds ) . 
[ 0032 ] For example , in some instances , the signaling por 
tion is allosterically regulated by the framework portion 
such that signaling from the signaling portion is altered ( e.g. 
wherein a first level of signaling is altered or changed to a 
second level of signaling that can be distinguished using 
routine methods of detection from the first ) upon interaction 
of the framework portion with the analyte . In some 
instances , signaling by the signaling portion can detectably 
increase or decrease upon interaction of the framework 
portion with the analyte . In some instances , signaling by the 
signaling portion upon interaction of the biosensor with a 
defined , specific , or selected analyte ( e.g. such as an analyte 
to which the framework portion or a region thereof , and / or 
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