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Supplementary Table I. List of biosensors based on single polypeptide chains

Representative

Biosensor specificity biosensor(s) Reference(s)
Translocation-based biosensors
Piins(@.5)P2ns(1,4,5)Ps GFP-PHpcs, CYPHR 3
ynamics
PtdIns(3,4,5)P; GFP-ARNO; CFP-AktPH 2
1,2-diacylglycerol Cys1-GFP, DAGR 36
Single FP-based intrinsic biosensors
pHluorins; deGFP1-4;
pH E°GFP 7
halide ions YFP-H148Q 10
redox roGFP1,2 11,12
redox (superoxide) cpYFP 1
Single FP-based extrinsic biosensors
Ca? Camgaroo; Pericam; G- 14-17
CaMP; Case12
ATP:ADP ratio Perceval 8
cGMP FlincG "
voltage FlaSh; SPARC 2021
redox (H.05) HyPer 2
FRET-based biosensors
Ca2+ Cameleons; F|P-CBSM, TN- 23-26
XXL
For imaging of Zn2* CLY9-2His; Cys,His, 2728
ions
cr Clomeleon; Cl-sensor 29:30
PO, FLIPPi 3
pH CFP-YFP tandem 32
For imaging of CAMP CFP-Epac-YFP; ICUET1, 3335

metabolites

HCN2-camps
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cGMP CGY; Cygnet; cGES-DES5, 36-39
cGi series
PtdIns(3,4)P,, Ptdins(4,5)P, CAY 40
PtdIns(3,4,5)P;
inositol 1,4,5-trisphosphate LIBRA 4
diacylglycerol Daglas 42
BAI2 (a fqranosyl borate CLPY 43
diester)
various sugars FLIP series pandl
. . . FLIP series; Arg sensor; 46,48-50
various amino acids GIUSNFR
Protein kinase A ART; AKAR1-3 o3
Protein kinase B/Akt Aktus; BKAR 3433
Protein kinase C CKAR; KCP-1 336
Protein kinase D DKAR 37
For imaging of epidermal growth factor 58
kinase activity receptor (EGFR) EGFR reporter
Abl Crk-based reporter 5%
ABI, EGFR Picchu »
Src Src reporter 60
Insulin Receptor Phocus o
ATM ATOMIC 62
Extracellular signal-regulated . 63,64
kinase (ERK) EAS; Erkus
Aurora B kinase aurora B sensor 6
. donor FP-substrate- 66
various proteases
For i . f acceptor FP
o‘:;:::g:;%z histone lysine methylation K9 reporter; K27 reporter 67
activities O-GIcNAc transferase O-GIcNAc sensor o8
protein phosphatase CaNAR1 69
(calcineurin)
For imaging of voltage VSFP2, Mermaid o
redox and
voltage redox HSP-FRET; CY-RL5,6 27
For imaging of Raichu-Ras, -Ra
. . 2 . — - , -Rap1, -Rac, - 74-76
protemaanc:jt.vat.on Rho family GTPase activation Cdc42: RhoA biosensor
conformational | MAP kinase-activated protein 77
. . GMB
changes kinase 2 conformation
Akt conformation GFP-Akt-YFP; ReAktion 78,79
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PKB conformation GFP-PKB-RFP 80
Wiskott -Aldrich
syndrome protein (WASP) Cdc42-GEF sensors 8
conformation
CaMKIl conformation Camuia; CYCaMlla 82,83
Estrogen receptor ligand 84
L . ; CEY
binding domain conformation
ERK conformation Miu2 8
activation of plasma membrane 86
Annexin A4 self-association CYNEX4 87

The references provided are not necessarily the primary report of the biosensor. In some cases
we have identified recent representative papers that contain references to the earlier work.

References

1 T. P. Stauffer, S. Ahn, and T. Meyer, Curr Biol, 1998, 8, 343-346.

2 S. R. Nahorski, K. W. Young, R. A. John Challiss, and M. S. Nash, Trends Neurosci, 2003, 26,
444-452.

3 J. D. Violin, J. Zhang, R. Y. Tsien, and A. C. Newton, J. Cell Biol., 2003, 161, 899-909.

4 K. Venkateswarlu, P. B. Oatey, J. M. Tavaré, and P. J. Cullen, Curr Biol, 1998, 8, 463-466.

5 A. Tengholm and T. Meyer, Curr Biol, 2002, 12, 1871-1876.

6 E. Oancea, M. N. Teruel, A. F. Quest, and T. Meyer, J Cell Biol, 1998, 140, 485-498.

7 G. Miesenbdck, D. A. De Angelis, and J. E. Rothman, Nature, 1998, 394, 192-195.

8 G. T. Hanson, T. B. McAnaney, E. S. Park, M. E. Rendell, et al., Biochemistry, 2002, 41,
15477-15488.

9 R. Bizzarri, C. Arcangeli, D. Arosio, F. Ricci, et al., Biophysical Journal, 2006, 90, 3300-
3314.

10 S. Jayaraman, P. Haggie, R. M. Wachter, S. J. Remington, and A. S. Verkman, J. Biol. Chem.,
2000, 275, 6047-6050.

11 C. T. Dooley, T. M. Dore, G. T. Hanson, W. C. Jackson, et al., J. Biol. Chem., 2004, 279,
22284-22293.

12 P. I. Merksamer, A. Trusina, and F. R. Papa, Cell, 2008, 135, 933-947.

13 W. Wang, H. Fang, L. Groom, A. Cheng, et al., Cell, 2008, 134, 279-290.

14 G. S. Baird, D. A. Zacharias, and R. Y. Tsien, Proc. Natl. Acad. Sci. U.S.A., 1999, 96, 11241-
11246.



Supplementary Material (ESI) for Chemical Society Reviews
This journal is (c) The Royal Society of Chemistry 2009

15 T. Nagai, A. Sawano, E. S. Park, and A. Miyawaki, Proc. Natl. Acad. Sci. U.S.A., 2001, 98,
3197-3202.

16 J. Nakai, M. Ohkura, and K. Imoto, Nat. Biotechnol., 2001, 19, 137-141.

17 E. A. Souslova, V. V. Belousov, J. G. Lock, S. Stromblad, et al., BMC Biotechnol, 2007, 7,
37.

18 J. Berg, Y. P. Hung, and G. Yellen, Nat. Methods, 2009, 6, 161-166.

19 L. W. Nausch, J. Ledoux, A. D. Bonev, M. T. Nelson, and W. R. Dostmann, Proc Natl Acad
Sci U S 4, 2008, 105, 365-370.

20 G. Guerrero, M. S. Siegel, B. Roska, E. Loots, and E. Y. Isacoff, Biophys J, 2002, 83, 3607-
3618.

21 K. Ataka and V. A. Pieribone, Biophys J, 2002, 82, 509-516.

22 V. V. Belousov, A. F. Fradkov, K. A. Lukyanov, D. B. Staroverov, et al., Nat. Methods, 2006,
3, 281-286.

23 A. Miyawaki, J. Llopis, R. Heim, J. M. McCaffery, et al., Nature, 1997, 388, 882-887.

24 A. E. Palmer, M. Giacomello, T. Kortemme, S. A. Hires, et al., Chem. Biol., 2006, 13, 521-
530.

25 V. A. Romoser, P. M. Hinkle, and A. Persechini, J. Biol. Chem., 1997, 272, 13270-13274.
26 M. Mank, A. F. Santos, S. Direnberger, T. D. Mrsic-Flogel, et al., Nat. Methods, 2008, 5, 805
- 811.

27 T. H. Evers, M. A. Appelhof, E. W. Meijer, and M. Merkx, Protein Eng. Des. Sel., 2008, 21,
529-536.

28 P. I. Dittmer, J. G. Miranda, J. A. Gorski, and A. E. Palmer, J Biol Chem, 2009, DOI:
10.1074/j6¢.M900501200.

29 T. Kuner and G. J. Augustine, Neuron, 2000, 27, 447-459.

30 O. Markova, M. Mukhtarov, E. Real, Y. Jacob, and P. Bregestovski, J Neurosci Methods,
2008, 170, 67-76.

31 H. Gu, S. Lalonde, S. Okumoto, L. L. Looger, et al., FEBS Lett, 2006, 580, 5885-5893.

32 N. Hellwig, T. D. Plant, W. Janson, M. Schéfer, et al., J Biol Chem, 2004, 279, 34553-34561.
33 B. Ponsioen, J. Zhao, J. Riedl, F. Zwartkruis, et al., EMBO Rep, 2004, 5, 1176-1180.

34 L. M. DiPilato, X. Cheng, and J. Zhang, Proc. Natl. Acad. Sci. U.S.4., 2004, 101, 16513-
16518.



Supplementary Material (ESI) for Chemical Society Reviews
This journal is (c) The Royal Society of Chemistry 2009

Chemical Society Reviews

35 V. O. Nikolaev, M. Bilinemann, E. Schmitteckert, M. J. Lohse, and S. Engelhardt, Circ Res,
2006, 99, 1084-1091.

36 M. Sato, N. Hida, T. Ozawa, and Y. Umezawa, Anal Chem, 2000, 72, 5918-5924.

37 A. Honda, C. L. Sawyer, S. M. Cawley, and W. R. Dostmann, Methods Mol Biol, 2005, 307,
27-43.

38 V. O. Nikolaev, S. Gambaryan, and M. J. Lohse, Nat Methods, 2006, 3, 23-25.

39 M. Russwurm, F. Mullershausen, A. Friebe, R. Jager, et al., Biochem. J., 2007, 407, 69-77.
40 G. Cicchetti, M. Biernacki, J. Farquharson, and P. G. Allen, Biochemistry, 2004, 43, 1939-
1949.

41 A. Tanimura, A. Nezu, T. Morita, R. J. Turner, and Y. Tojyo, J Biol Chem, 2004, 279, 38095-
38098.

42 M. Sato, Y. Ueda, and Y. Umezawa, Nat Methods, 2006, 3, 797-799.

43 S. Rajamani, J. Zhu, D. Pei, and R. Sayre, Biochemistry, 2007, 46, 3990-3997.

44 M. Fehr, W. B. Frommer, and S. Lalonde, Proc Natl Acad Sci U S A, 2002, 99, 9846-9851.
45 1. Lager, M. Fehr, W. B. Frommer, and S. Lalonde, FEBS Lett, 2003, 553, 85-89.

46 K. Deuschle, S. Okumoto, M. Fehr, L. L. Looger, et al., Protein Sci., 2005, 14, 2304-2314.
47 1. Lager, L. L. Looger, M. Hilpert, S. Lalonde, and W. B. Frommer, J. Biol. Chem., 2006,
281, 30875-30883.

48 T. Kaper, L. L. Looger, H. Takanaga, M. Platten, et al., PLoS Biol, 2007, 5, €257.

49 M. Bogner and U. Ludewig, J Fluoresc, 2007, 17, 350-360.

50 S. A. Hires, Y. Zhu, and R. Y. Tsien, Proc Natl Acad Sci U S A4, 2008, 105, 4411-4416.

51 Y. Nagai, M. Miyazaki, R. Aoki, T. Zama, et al., Nat Biotechnol, 2000, 18, 313-316.

52 J. Zhang, Y. Ma, S. S. Taylor, and R. Y. Tsien, Proc. Natl. Acad. Sci. U.S.A., 2001, 98,
14997-15002.

53 M. D. Allen and J. Zhang, Biochem. Biophys. Res. Commun., 2006, 348, 716-721.

54 K. Sasaki, M. Sato, and Y. Umezawa, J Biol/ Chem, 2003, 278, 30945-30951.

55 M. T. Kunkel, Q. Ni, R. Y. Tsien, J. Zhang, and A. C. Newton, J Biol Chem, 2005, 280, 5581-
5587.

56 A. Schleifenbaum, G. Stier, A. Gasch, M. Sattler, and C. Schultz, J Am Chem Soc, 2004, 126,
11786-11787.

57 M. T. Kunkel, A. Toker, R. Y. Tsien, and A. C. Newton, J Biol Chem, 2007, 282, 6733-6742.



Supplementary Material (ESI) for Chemical Society Reviews
This journal is (c) The Royal Society of Chemistry 2009

58 A.Y. Ting, K. H. Kain, R. L. Klemke, and R. Y. Tsien, Proc. Natl. Acad. Sci. U.S.4, 2001,
98, 15003-15008.

59 K. Kurokawa, N. Mochizuki, Y. Ohba, H. Mizuno, et al., J Biol Chem, 2001, 276, 31305-
31310.

60 Y. Wang, E. L. Botvinick, Y. Zhao, M. W. Berns, et al., Nature, 2005, 434, 1040-1045.

61 M. Sato, T. Ozawa, K. Inukai, T. Asano, and Y. Umezawa, Nat Biotechnol, 2002, 20, 287-
294,

62 S. A. Johnson, Z. You, and T. Hunter, DNA Repair (Amst), 2007, 6, 1277-1284.

63 H. M. Green and J. Alberola-Ila, BMC Chem Biol, 2005, 5, 1.

64 M. Sato, Y. Kawai, and Y. Umezawa, Anal Chem, 2007, 79, 2570-2575.

65 B. G. Fuller, M. A. Lampson, E. A. Foley, S. Rosasco-Nitcher, et al., Nature, 2008, 453,
1132-1136.

66 X. Xu, A. L. Gerard, B. C. Huang, D. C. Anderson, et al., Nucleic Acids Res., 1998, 26, 2034-
2035.

67 C. W. Lin, C. Y. Jao, and A. Y. Ting, J. Am. Chem. Soc., 2004, 126, 5982-5983.

68 L. D. Carrillo, L. Krishnamoorthy, and L. K. Mahal, J Am Chem Soc, 2006, 128, 14768-
14769.

69 R. H. Newman and J. Zhang, Mol Biosyst, 2008, 4, 496-501.

70 D. Dimitrov, Y. He, H. Mutoh, B. J. Baker, et al., PLoS ONE, 2007, 2, e440.

71 H. Tsutsui, S. Karasawa, Y. Okamura, and A. Miyawaki, Nat Methods, 2008, 5, 683-685.
72 R. D. Guzy and P. T. Schumacker, Exp Physiol, 2006, 91, 807-819.

73 V. L. Kolossov, B. Q. Spring, A. Sokolowski, J. E. Conour, et al., Exp Biol Med (Maywood),
2008, 233, 238-248.

74 N. Mochizuki, S. Yamashita, K. Kurokawa, Y. Ohba, et al., Nature, 2001, 411, 1065-1068.
75 R. E. Itoh, K. Kurokawa, Y. Ohba, H. Yoshizaki, et al., Mol Cell Biol, 2002, 22, 6582-6591.
76 O. Pertz, L. Hodgson, R. L. Klemke, and K. M. Hahn, Nature, 2006, 440, 1069-1072.

77 A. Neininger, H. Thielemann, and M. Gaestel, EMBO Rep, 2001, 2, 703-708.

78 V. Calleja, S. M. Ameer-Beg, B. Vojnovic, R. Woscholski, et al., Biochem J, 2003, 372, 33-
40.

79 B. Ananthanarayanan, M. Fosbrink, M. Rahdar, and J. Zhang, J Biol Chem, 2007, 282,
36634-36641.



Supplementary Material (ESI) for Chemical Society Reviews
This journal is (c) The Royal Society of Chemistry 2009

Chemical Society Reviews

80 V. Calleja, D. Alcor, M. Laguerre, J. Park, et al., PLoS Biol, 2007, 5, €95.

81 A. Seth, T. Otomo, H. L. Yin, and M. K. Rosen, Biochemistry, 2003, 42, 3997-4008.

82 K. Takao, K. Okamoto, T. Nakagawa, R. L. Neve, et al., J Neurosci, 2005, 25, 3107-3112.
83 A. Piljic and C. Schultz, ACS Chem. Biol., 2008, 3, 156-160.

84 S. De, 1. G. Macara, and D. A. Lannigan, J Steroid Biochem Mol Biol, 2005, 96, 235-244.
85 A. Fujioka, K. Terai, R. E. Itoh, K. Aoki, et al., J Biol Chem, 2006, 281, 8917-8926.

86 G. R. Corradi and H. P. Adamo, J Biol Chem, 2007, 282, 35440-35448.

87 A. Piljic and C. Schultz, Mol. Biol. Cell, 2006, 17, 3318-3328.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


