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(57) Abstract: The present invention provides dyes having improved characteristics for imaging applications, biosensors comprising
such dyes, and methods of use thereof, including methods for detecting target molecules in a sample and for live-cell imaging. The
biosensors can include a binding member, including a biomolecule or fragments thereof, which can interact with target molecules of
interest and can be specific to a given conformational state or covalent modification of the target molecule. The presently disclosed
dyes can be used for detecting changes in the binding, conformational change, or posttranslational modification of the target mo -
lecule.
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IMPROVED EXNVIRONMENT SENSING

CYANINE AND MERQUYANINE DYES

STATEMENT OF PRIORITY
NS This application clatms the benefit of U8, Provisional Application Serial
Mo, $1/923,937, filed Jawary 6, 2014, the entive cantents of which are lncorporated

Wy reference hsmzéi:a.

STATEMENT OF FEDERAL SUPPORT

RS Thig fnvention was rade with gmtzrmm‘m support onder Grang Ba.

o

GMES0RTT awarded by the Nationa! lnstiutes of Health, The governmens has certain

rights in this invention.

FIELD OF THE INVENTION
JOU3] The present invention relates to flucrescent dyes and blosansors
comprising said Susreacent dyes and methods of thelr use for detecting & mregt

s

raclectle and an setivity of lovation of a target moleonde within g Hiving pell

BACKGROUND OF THE INVENTION
884 Visualizing protein activation dynamies i vivo has oroven sasential to

N

f‘umimﬂstmding how signaling netwerks sre transiently oonflgured o generate different

ol phenotypes (Machacek ef of, Novurs 46199103 (2009 Cat ot of, X, Mol Deli

Bini. Eé?iiﬁl»»?, 14 (200RY, Gardiner of ol Cure, Biel. 1320292034 {2002,

Y

Flunoreseent blosamsors have become @ valuable teal for guantifying the spatie-
4l

~

temporal ﬁ*ynamias of

£¥3¢

cellular signaling (Hodgson ef ol Meth Cell Biol §5:83-81

{2008 Lawrence ef af., ChemBloChern B:373-278 (2007); Zhang o al,, Mol Bl

g 3

BN R Wt A0 NN o B ik T i W o SRR v FATIENTN P SR & D S TEE i
FTSOTRR (2007 Chenor al, ., Rlochinm. Biophyy. dcta, Proteins Froteomics

ISPF3nS1 (20043, Blosensor based on envivonment serging fusrescent dyes can
N ~ o
3

b
%
B

provide important advantages: 1) they can be brighter than flueressent protetng, 2

unlike biosensors based on flnorescencs rexonance sugrgy tansfer (FRET), iﬁht’:—ii‘

Hucreseence is the product of divect vather than indirect exeitatior, and 3) in same

binsensor designy they report the conformational changes of endogenoug, namodified
"t‘

'g}ff-:-t@ins- Habln er ol X, Curr, Ovln, Cell Biol, 14187173 2002); Toutchidne er el

3w Chem, Soe 3541324145 (2003 st of o Selenece 30510151618
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{20043; Culyani st ol N Chem, Biof, T437-444 201N Nonethelsss, currently
available snvironment-sensing dyes for use tn lve cell imaging applivations often
suffer from one or more Hnlistions, including less than sdequate changes in
fuorescenee responss on tarpet binding, insufficlent brightngas, poor photostability

5y Sy & 7. a a3 b o QIO S i ta
andéor short fuoresnence wavelengthe that sre toxis to cells and overlap with
awtofluorescence. Blegant studies have rosudbted in soversl Suorophores that are

sensiiive 1o their epvironment and have been ysed to report protein activity in viny

{QGoguen et al, Bloorg. Med Chen, Lert 2DSOSRF061 (2011Y Loving ot ol |, Trends

Blotechngd, 287383 (30100, Fov applications in vives, o dye must be capable of
providing sufficiont signalimelse to report protein sctivities at biosensor
concentrations that winimally perturd normal physielogy, This s 2 product of both
the fluoressencs change {n resporse o profein getivity, and the eighmess of the dye,
Dyes used i viro sometimes nndergs hapressive changes i fluorescence intersity,
Dt ave too dim 10 b aved n Hving svstenss. Further, the membran pm‘mezﬁ ity of

o

dyes in often losuifcient for use o oells,

i

HETRY Cyanipe and mersceysnine dves are charactorized by gledtron donor and

e,

geceplor components Hoked by conjugation, wsually a system of double bonds. This

resulta in a ground state that may be represented as a resonance bybeld of charged

tcharged forms (Shivintan of od |, Top. Heterocyel Chery 14:75-108 2008 Kulinich
gr il Buss Chene Revo 781410164 (2009, The potential for resomme

defocalization seross the polvene system renders these dyes gspecially sensitiveto the
effects of hydrogen bonding from the surrounding solvent (Buasel of al, 4oc. Chem,
Koy 23336-231 {19%0)). Changes fnthe local solvation envivanment can rosult in
targe changes in fuorescencs intensity, ag well ag shifts 1o excitation sndd emission

maxita, These changes can be used In guantitative Hve cell imaging applications to

'\.
megsure the activity of o targst protein, wually by attaching the dyes to an “affinity

reagent” that binds only fo the sotivated state of the targeted protein, When the

affinity reagent binds the gctivated, endogenvus target, the dye is placed v s Aifrent

e

]

sobvent enviroment, leading tn fuorescence changes (Nalbant ef of , Science
30316151619 2004); Gorrett er ol Bigchemistry 475385996 (2008, Dyss can

iso be directly attachesd 1o the protein of intorest (o seport eonfirmational changes.

"\
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[olBs]  Plonesring wirk by Brooker dexponsivated that abeorbance properties of

the merosyanines are strongly affected by varying the terming! domor and scoeptor

groups (Brooker ef ol /. dm Chen Spo. §7:1R69-1874 {1945, Brovker eral, 7 4m.
i

Chem, Sec, §R187S-188% (1945} Brooker et ad, J dm Chem Soe, P3:5332-5330

0581 Brocker et af, & Ao Chewm Soc, T35326-3332 (TU3TY, and later studies

/""

confirmed the fwimnd etfect on flustescence properties that srises Brom tho use of
ditferent donoy and acceptor components (Marder o ol , Science 27612331
{1897} Bublitz e ol J Are Chem, Sop, JI8231 12312 (1897 Bublitz ef of, J Am
Chem, Spec JIR33685-3376 (1997 Bublitz e ﬁi,ﬁ!{z w Bev, Py _C Bemy, 487213242
(1987 Marder et od . 3 don Chem. Soe 1153006-3007 (1993)). Nonethelsss, a
miﬁiz;iw by small nuember of specific donvr-ruceptor combinatioos have been
synthesized and fully charncterized with respoct fo the photophysical properties
retevant to live cell imaging

(0877 The preseatly disclosed subjsct matter addecsses Sluorophores with the
requisite combination of briglhtnes and foorescence responsivensss for use in Hving

ceils, aa well a8 incressed membrane perrgeability,

SUMMARY
[B008]  The present invention mrovides cyanine and merocysning dves h Aving

fnproved propertiss for nse o imeging, ncluding useftd combinations of bl ghiness,

photosiability, and sobvent-dependent fluorescence. The nvention futher provides
cvanine and merooyanine dyes having increased coll mermbrane permeability for
enhanced effsciiveness in living cells, These dyesretsin by éﬁﬁ\‘&.ﬁ and solvent

sz—:m%tix-.‘ity‘ while readily vrossing cell membranes and showing sunimal stalning of
mvtracelinlae membranss.
{88091 Thus, one aspect of the invewion relates o a comypound of Formula T or

Formula I

s Y 3
\},-iv“' Vg
TN
%\ }ée"i\A



WO 2015/103587 4 PCT/US2015/010269

04
e
=

whergin:

is an dndeger from Ot 23

pach X is independently hiydrogen or an electron withdeawing group selocied
from the group consisting of carbonyl, ovang, halogen, nitre, sulforyd, and

tritluorormsthvly

D s selected from the group consisting of:

Zn  Wow Zn
PN IR,
ST § N
[ <
1’\\"\ ,-"'L’-\.-' 7 A
L, N \’Q- ¥
H :
Y
) I < o
- Sevdex FE
=N 2 é 4 ﬁé:: e
& DX & daa
Moo
. 5 Ec«; giuy
e 5 Nz
o »,-/‘\ﬁw_}‘: ol e

W is optionally subafituied Craalkyl
s indeger o O o 4

and £ ave each mdependently selecied from the

hydrogen, T alkyl 2 conjugatable side chaln, and

A
N S~ S
o o5 ; { I
e 3\ 4 1 3.
PN PN e N,
¢ ’ ; N

o s anvinteger Bom 0 to 5
DigQoars:
R" iz hydrogen or optionally substituted Cug alkyl;

Acls sedectas] fropt the grogp consisting off

=)
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L8] Anotber aspect of the invention relates to 8 bioscnsor comprising &
wonpound of Formulg L or Formmia and a binding member having a specific affinity
tor the {arget molecule, whereln the bipsensor exhibite a detectable change n g
fluorsseetce property during or aller binding 1o the target wolenule,

19811 A further agpect of the tovention relates tn & method for determining the
presence or wnount of oneor more targst molecudes v a sampls, the method
comprising: {a} providing 5 binsensor of the nvention; {b) contacting the bossmor
with & sanple suspeoted of contalning one or more target molesules fo biad the one o
mors gt minlecules, i present, to the binding rosmber; (0} invadiating the sumple
suspected of containing vue or wors target roclecnles with electromagnetic radiation

by induge the compound of Formula T or Formola I o fuoresoe; and (1) detecting s

fluarescence property of the compound of Formula T or Formula 1o determine the
presence o amount of ene or more target moleoules in the sample,

121 Anadditional aspeet of the Invention relates to a method of detecting an
activity or a location of one or more target molecnls within a cell, the method

corapeising: (27 providing 3 biosensor of the invention; (b) contacting the blosensor

with u cell suspeated of vontsining one or more tarpet moelecudes to bind the one or
more targel molesules, i prosent, 15 the ir;%f;fi'iﬁg mepaber; {0} frradisting the cell
suspectad of containing one or more target molecules with cleciromagnetic radistion
o induce the compound of Feriouls Tor Forputla e flueresce; and {4y detesting ong.
or more of! (1) a fluerescance property of the compound of Pormuda T or Formuda I
{1} a change in & Hunrescencs property of the compound of Fernula | or Famula i
{1y a lovstion of a fluoresesnce of the compeound of Formude T or Pormula 11 and Gy
combinations thereed, 1o determine the setivity or lovation of ons oy more target
motecules o the sell

[6613)  Another aspect of the vvention relates to amethod of

ok g

£
il
G
&

cule and s cellular entity, t

intersction between an endogstons tagel m

comprising: () providiog a cell comprising an endogenous target molecude; (M)

providing a biosensor of the invention; {¢) obsarving o buckyround Suorescence

sigoal from the biosensory {d) vontecting the biosensor with the cell; and () detecting

ty

a changs i fuorsscenve from the

i

iosensor o indicate an interection betwesn the

target miolecule and the cellidar gm*,v
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{8014 A farther aspect of the Invention rolates 16 g kit pomprising a hiosensor e
detecting, montlaring or obsorving 2 tavget wolscule, wharein the biosensor \m;pmsf:
& compound of Forrula T or Fornmla I and g binding member having a speeifi

aflfintty for the target molecule,

18018]  Certain embodiments of the presently disclosed subject matter having been
stated herelnabove, which are addressed in whole or v padt by the presently disclosed
sublect mater, other embodiments will becoms evident a8 the description proceeds
when talken in connection with the acccmpanyiag Examples and Figures as best

deseribed harein below,

BRIEF DESCRIPTION OF THE DRAWINGS

{3016] Having thus deseribed the presently disclosed subject matter in goseral

s

orms, referenie will now be made o the acsompanying Drawdngs, whicl are not

secessattly drawn fo seals.

B817Y Fig 1 shows brighiness values at theenission peak moximum when
exeiting the dye &l Hy exeitation maximum, Values sve prouped by donor iﬁi@t&t—ﬁ_m:}ffssi &
and gy presented for the sot of 4 solvents {dioxane, DMSO, BulH, MeOH in o

of incressing hydeogen bonding capasity.

0018 Plgs. 2A-ZE show the change in excitation maximum (A) and emission

.

ceet ot four snlvents,

o T
T

maximum (B} fom smallost value

{60151 Higs JAS3E show the change inthe & sy of exeltation (A) and emission

{B} froms nop-polar {1 d-dinxansi pa:sf’im' (npethancd) selvent,

[B028]  Fig 4 shows the photostability of Hbrary dyes. Photostability values wers
caloulated as {photobleacking mie of fluoresesin) / (photobleaching rate of dye},
23] Figs 5A-5B show tiie i vitke binding assay of dye labeled CBIY to Cded2.
(A0 Fold change tneresse of emission intensity upon binding of labeled CBD
Cdpdd, (B} Maximum Huorescenoe infenstiy at ssturated binding of CdodR,
Mere221 was vsed it previously published successfil blossnser appiications.

{88331 Fig 6 shows the complete emdsdion specira for binding of merocyaning-
fabeled CBE-MEBP fragment at Tow (0,01 ud) and high (3.0 uM) cotcentrations of

e,
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{90237 Fig. 7 shows the dissociation constant (Kg) values calowlaied for meroCRD

binding with Cded? 1o SO mM MNatl POy, 150 M NaCl buffer at pH 7.5,

[6024]  Dige BA-RC show Cded? biosensors hased onthe naw dyss show the

jocalization of Cded? activation in moving MEF gells. Cells were injected with CRD

biosenser labeled with meredl (A} meres? (B, or mereflT (O Biosensors show

mersased Cded? activation in aregs whare the cell sdge is provruding, s indicaied by
white arrews, Some activity iz aleo seon at perinuclear compartments and in G

nucleus of seme cells, ennsiste h previpus observations {Nalbant of al  Scienve

R

U561 161920040,
it 24

{0625]  Fig 9 shows the flusrescence smission intensity of the fowr confugatable

i}

WRIOLYRUNes over time at ﬁiffﬁ,re ¢ pH Bach dye was prepared as & 1,9 pM solidion
in agueous sodinn phoaphatedeistio avid bufler,
{0261 Fig 19 shows mersovanine dyes that consist of electron donor and

asceptor components that are linked by an extended polyene system, The R groups
indicate the various pdsﬁmm where aeglonyinethyl ester derivatives were Integrated
to sereen for compounds with cell rembrane permeability and mintreal membrang
staining.

HO27] Fig 1 shows Quoressence intensity of each dye in the initlal soveenin

ij}’;

set. MEF cells wore incubated for 30 minat 37 °C in serum-trse media contabning 18
uhd of & given testdye and 1 uM Hoechst 33342, Phuvonie F-127 was added 1o the
nutigl DMSO stack solutions of dves 1 give ¢ final concentration in the incubation

sotutions of < 4.01% Fluoresvensce intensity {FT} values woore recorded at the pesk of

e emissivn onrve for each dye when excited at the exeitation maxiom wavelength,
Yalues were notmalized based on refative intensity of Bosohat {exe. 351 am, em. 440
nmy

{ﬁi‘éz& Fig, 12 shows the plotof Doorescence intensity for dyve 4 (FAMBATAM

-
s

dve S OAMVBAY ot various incubation concentrationt. Cells wers incubed In
mediun g{:ﬁt&iﬂiﬁg the test dye at 37 50 for 30 minwtes, The dye solution was
sapirated and the cells were washed with medium, trypsinired, and suspended in fresh
medivm. The fuorescence intensity (FIY of the coll suspension was obtgined for gach

dye. Values were normalized for oall pumber based on the relative itepsity of the

nuclear statn Hoechat 33342, whick was included with the dye in egeh test solufion.
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5,;‘;

838 Fig 13 shows the distribution of dyes in MEF celia. Cells were sealed
ndividually o show suboetinlar distriibotion, s boages donotindivate relative uptake
ot each dye. Dive T showed staining of vesicles, perinnelear membrane and nuclear

xohusion. Some d Huge "“MZ’IH}‘-’ of membrans away S the mucleus was u.m\.“ S8,

LY

Prve & showed unifoem sebeeliular distribotion and no organelle specific interactions,

w

>

Variations in totensity were a funetton of cell vohume, g5 indicated by the volume
marker YFP that was stably expressed in the same selll

18038 Fig. 14 shows the emission spectrs for smere76 and merel 6§, Samples
dituted to 1.0 pM in respective solvent (MBS0, MeUOH, or water/0. 1% DMSO)
Exeitation wavelengih was al sample sxcitation maxtnun minus 30 nm,

0033 Fig. 15 chows mowse ombryonde fibroblasts treated with mero 188 or G9a-
mere 16 conjugate.

[B032] Plgs, 104A-16R show the design and synthesis of the small moleculs based
biosensor UaMerg, (&) Overview of the small medecule based binsensar appeoach,
Activation of the protein of interest {FOD) sllows hinding of the sensor, whick results
omeazurable changes in fhunrescencs propertiss of the probe. (1) Crystal siruchwre.
of trifivoperazite bound o calmoduliv indivates solvent exposed Nornethyd plporazine
notinvelved in binding inferactions (PN 1LINY (€ Synthetic route o
riflooperasine analogue {27 and negative control compound (3) each with reactive
iether Corjugation o the envivoimnent-sensing, tnembrane petmeant merosyaning
dye mera?6 gives the calmodulin small molevude Mosensor CaMero and calmodulin
smull rnolocule Mosensor negative control compotnd CalMerg-RC,

(0331 Fig 17 shows inautive verans sotive confurmations »:.\;f'saimﬂ-ﬂniin. Upne
binding caletun, salmisdulin undergoes 2 shifl frovn 8 more globutar sontormarion to
an apen, dumbbell shaped vonformation (PDB 1LINY Ooly once activated will
calmaodulin bind with the small molecule sifluoperazine (TEP),

198341 Figs. 18A-1818 show that Hfuoressence changes of CaMero senser require
the presence of caleiwm and calmodudin (43 The Cabero sensor shows 8 ¢hangs tu
flueresvence intens ? {FD) with tnoreasing ealolumn concenteation only in the presenvs
of calrmodulin. No change in P iy observed with the Cabere-NC compound. . (B}
Changes in CalMers probe FI are revessible: () Changes o CabMers FI with

tnoreasing concentration of valmodulin are observed only i the presence of valohun,



WO 2015/103587 16 PCT/US2015/010269

BU3S]  Figs. 194-190 show that CGaMerd senser shows Fiorestence tesponss un
sthmulation ofiotracellular caloiur release, (A Astroglinl cells Incabatad with the
dye along or Caldern N probe both show unifors intraceliular distribution, Cells
incubeted with CaMere show perinnclear logalization similae o that of the
endoplasmic reticulum marker BRTracker, {B) Ratio mages of astroghal cells pres
and post-stimulation show incresss in flusrescence intensity () in CaMero trested

ox

Teation of FI changes shows modest change at the whaole sell

cells only, (O Quanty
level due to farge changes o selluler morphalogy. Larger changes o Fl are observed
within the perinuciesr vegion {n = 3}
{%’Fﬁiﬁ&_} Fig. 20 shows primsry manine nrurons .i:acub::iac’i with Cabdero show

failowing stivanlation. Celly were stimulated with

ieresse i Huoresconce intonsity

K {?’5 mb). Plotis of average fhuovesoence intensily in the cell body region va,
thme for CaMerg and CalMero-NC {n=&)
37 Fies 21AS21C show ﬂ)m ‘addern gensor shows calmodulin activation at

the coll edge i normally migrating cells, (A) Ratip images of migrstiog MEF calls

show lovalized futensity band at the leading edge only in CaMero treated colls. Far

right panel shows zoom of edge section (scale har for whole cell fmages = 3 g,
zoora = LU pbh (B} Cuentitication of Huorsscence intensity ratio relative to distanes
from the leading edge. ({0 Plot of Nuorescence intensity ratio and calonlated oell
sdge velooity.
{00381 Fig 22 shows g Hoe sean analysis of cell edye m**emm psing
carboxyflunrescein diacetate volume indivator. Pdge interaity gradiont apparant with
Cablere with and without co-treatment with clozapine. No infousity gradient 15 seen

with the CaMero-NC probs,

Ei’?é’?%@'} Figs 234-230 show whole animal trestment with Cadero, (A Bxgis
mtestinal Hsene shows intensity of Caddero probe relative to conrel. (B Co-
Jocalization of GEFP-LifeAst sotin markey observed with Caldere but not with
UaMere MO probe dn smooth musele cells. {O) Plot of Huorescence intensity ovey
firog for CalMdero (dark line) and CaMero- N ight Hne). The €

periodic changss in iﬁl’itﬂﬂﬁi‘i}? consistent with the frequescy of tissue contraction,

Viere probe shows
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DETALED DESCRIPTION
0040 The presently disclosed subjont matter vow will be desoribed more fully
herginaftor with reforence W the seoompanying Flgures, in which some, but not all
embodiments of the presently disclosed subject matter are shown. Many
muodifications and other embodiments of the presently disclosed subjoct matter set
forth hereln will comeio mind to one skilled in the art to wiich the presently

disclosed sulject matter prrtaing having the beneflf of the teachings presented in the

£
.
o
A
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W
£
')
o
L6
=
{:::(
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5
¥ v
%S
4oF
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=

Foregoing xium*fpvmm and the associatesd Figares, Therefore
that the presently disclosed subyject wmatter s not o be Hmited o the specifin
embodiments disclosed and thet modifications and other ernbodiments ars fntended

be ineluded within the scope of the af*ep&im,d clalmy. Adthough speoifie {erms are

;,J.«

employed herein, they ave used v g generie and deseriptive sense only and not for

purposes of Hmimtion,

ML Unless the comiext indicates otherwise, 1t is spenifically intended that the
varlous features of the Invertion described hovetn can be nssd t0 any cornbination.
Moreover, the prosent iInvention alyo contemplates that In some embodiments of the
invention any feative or combination of Tegtures sot fortdt herein can be excluded oo
omitied, To dlostrate, 1ihe specification states thet u complex comprises compongnd
A, B oand £ 1t is specifically intended that any of A, B or €, or a combination thersef,
van be omitted and diselaimed sirigzﬂaﬂ:\f oy in any combination.

0843 Unless otheewise defined, sll technica! and scisntific torras used hereln

have the same mexalng 33 Conunon §}y‘ paderstond by one of erdinary skill in the art to

which this invention belongs. The terminclogy vsed i the description of the

invention hereii is for the pupose of describin ng particular esbodiments poly and is
not intended to be Himthing of the fnvention,

{aa3] Al publications, patent applivations, patents, patent publications and other
references cited hereln ars incorporated by referepce in their entireties for the
teachings relovant tu the sentence andéor paragraph fn which the reference is
presanted.

FBd4] The terms s, “an,™ and SHe™ raler

s\

L9 b RO ey
o “one or more™ when used {0 g

spplication; including the claits, Thus, Tor example, reference to “a sample” ins
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et
Tt

a plurality of samples, unless the context cloarly is to the conteary (e, a plurality of

samples), and so forth,

IB048]  Also as used heredn, “and/or” refers to and encompasses any and gl
possible combinations of one ormore of the assovtated Hated Heras, a5 well as the lack

of combinations when interpreted in the alternative For™,
%

B Throughount this specification and the-claims, the words Yeomprise,

P

“coraprises,” and “comprising” are wied ina nog-exclusive sense, excapt where the
context requirss otherwige
{8047]  The transittondd phrase “consisting essentially of” weans that the seope of

aclain is fe be interpreted to suvompass the specified waterials ot stops recited inthe

’5’.,‘

clalny, “and those that do not meterially affect the basic and g haracigristelsy” of

the clatmed Invention. See, I re Hers, 537 F.24 349,

{COPA 1976) (crmphasis in the originall, see glsa MBEP

{08481 Asused hereln, the fenn “about,” when referring to 2 valne is meant 1o
enetmpass variaions of, in some embodiments & 2056, in some ernbodiments = 10%,
in some embodiments & 5%, In some sobodimenis £ 1%, in some embodiments

S

e amount, as such

S 00.5%, and 10 somis exabodimente 2 G150 &
variations ave appropriste to perform the disclosed methods or employ the daclosed

orposiio
L Compounds
W8T Cyanine and meroeyaning dyves cun be used as Buorescent labels for

blemolecules, such as proteins or sntibedies, fur histochemioal studies or

inmunobased gssays. Such dyes can be stteactive for nseas Huorophores due, in patt,

o thelr wide range of available \_;sz'e.w}mg’ihs% larpe molar extipetion

high guantun yields, Further, beosuse of the sensitivity of the Huorsscence Intensity
and wavelength of merooyaine dyes 1o solvent polarity and other charastoristion of
the dye enviromment, the presently disclosed meroovanine dyes can be used a8
Sensurs, 0.4, & blosensor, of profein activation, profei-protein binding, and protein

conformmational changes.
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{088 One aspect of the invention relates 0 g compownd of Formula T or Formula

b

ek

X X b
wherer:
nis an infeper from Doy
gach X i independently hydrogen or an electron withdrawing gronp selegiad

from the group consisting of varbonyl, eyavo, halogen, niiroe, sulfonyl, and

N aha

trifluoroanethvl

D s s:‘::%-ﬁsctﬁd frem the grovp consisting oft

. W
zﬁ\ ¥ ::: }’)\f 2{“& RS
T N X R &
P 1 s ? {i Se TE S
s ,3.,\ SR ix E‘, . J g P
\Q\v".ﬁ \?\% ¥ . x,\”\::‘;f, e, ?\i . m;\ ‘g .
%
3 ¥ A
i
SN
YR e _ )
\ preovoey < ¢ n‘ﬂ& ,}M““““\ )
¥
W i AR
AN d S
Ly H
Bt

prs

W s optiopally substituted Oy g atkel;

roie s dntegey from Gie 4:

Y and & are each independently selected fronm the group consisting of
hydiogen,

Ly alkyl, 8 conpugatable side chain, and
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;'2?

3

Yo 13
Jo:

£

S

iy
R
P
5
G,
i
£
o
4,
b
&
£
o
5‘W
oo
3
5

o 1 an duteger from 8o §;
VoS
R i3 hydrogen or optionally subsifuted Cig alkyl;

Ads selected from the group consisting of)

N
S | o 2 B
Dl i\ s ] N
o 7 »{\"\' g e § PR )
& Y . g D 2 e f el BN
gl emg b el I : g] . fe g and
N oy, o Dy B
4 N pe &
A S ” A s
hd 8] et [ A
i

o i
-: S s
Nt T :
s selected from the grovp cousisting off
- LY
s Wy |
T ,:"A Loy i S . W
%\— o N 5 ,,;{;; ", ,Q . p {:\3\ e S: \T" S\
i Ly g D S ,}wgw. \} S
\\\(:\-\;.'."(\‘&*' : SO f"‘"\"‘" B :“' 3 \:fo Ndﬁ P Ns .
¥ 5 3 y
hs
Wy
T e Zo oo A
A e i‘a‘é 3 ‘\}...%_w i \ . X‘nﬁ:\waﬁf \ »
£ £ Sl znd e \ Loy
S Wt W TE ary i 3 3 ’:.".‘;.,‘} :
£ % Tyt it S ft&*j"-\—ag_\é—& N
&‘4. R % \\‘ e
ek 7 Y N
‘!‘3’%‘} R o
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1
A8 M8
N 1 ; s i ERT
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W
z Vo
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i esoiing oY Yol
A AUER
hacenty

$851 in speeific smbodiments, the fnvention sagompasses pompovnds having
_ % g

any one of the desertbed D mudetios coupled with any one of the A moleties, The
vention further sncompasses compounds having any eoe of the E moleties sovpled

with any one of the & muoieties,

{083 I some swboditnents, the compound dogs not contain an elesiron
withdrawing group oo the polymethine chain convecting Aand D or BEand G, e g,
gach Xisa 'i“yﬁmgzm, In other embodiments, the compound vontains a single electron
withdrawing growg, @8, soe X isan eleciron withdrawing group, o gertain
embodiments, the clactron withdiawing group is attached 1o the imiymatbim cham
warbon that Is vonneoted to Door B In certain embodiments, the elestron withﬁmwing
group 1y attached o the polymethine chaln carbon that is connscted o A or G In
other embodiments, the elestron withdrawing group is atached to woarbon in the
middle of the pelymething chain, e.g, 2 carbon that Is aot connested to A, DL E, ov 3.
In further embodiments, the compound containg two or mers slectron withdrawing
groups, In these embodinents, one ormore of the electror withdpawing groups may
be attached 1o & polymethine chain curbon that is sonnected tw A, DL E, ov G, Placing
electrov-withdrawing grovps at selected posiions o the pelymething chadn veduoss

v

photobleaching of cyanine and merocvaning dves.
Eﬁ'ﬁﬁi’ii The conjugatable side chaln of ¥ anddor & comprises 2 linkerasd a
reactive group and is one that is capable of ponjugating the compound o @ binding
member having an afftrdty for ¢ targst moleculs as desaribed below. Tn some

epthodiments, the compotnd comprizes one conjugsiable side chaim, In other
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e

embodiments, the compound cotoprises ore than one conjugstable side chain, In
anme smbodinsents, the compound dogs not comprise o cornfugstable side chain.
{341 {n sowe erobodiments, the conjugatable side chain s selacied frorm the

group consisting off

whersin

&
e

m\:‘g&r from 1o 5,

e

NSLEER
pis aninteger from 1 ia 5;
UlsQoe s
R s 4 leaving group:
%2 iy hvdroger, L, Na"or KTy
7 }{5 and R®are each independently T alioh and
R 45 Crg alkyl or CFs,
0058]  In cermpin embodiments, R is & hale gom, e, todids, Insome

pribodiments, the coniugatable side chain s

i 1
KV,R
T {CHg { “Hp)aSTORY

HET o other embodiments, the conjugatahle side chain 8

f
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[

N7 ﬁ\v‘ !
$ {GHQ‘?‘}» {.\Hg ,K‘}C},{RS )

15887 In some embodinsents, af least one of Y and £ is & conjugatable vide chadn
sl the compound containg anly ong condugatable slde chaln, In some embodiments,
the conjugatable side chaln {3 on the D or B molety, e, the YV in the I or B modety.
i other embodiments, the conjugatable side chaln s onfhe A or G mglely, eg, the Y

inthe & or G moiety. In some embodiments, the Y s the D or B moefety is hydrogen

ot Chg alkyl and one $in the componnd, ez, one Z i she Door B moiet ety or one L
the A or {}mz}iaty‘, 15 corgugatable side olsatn
P38 Inzome embodiments of the invention, the componnds comprise one oy

maore substituonts that ave permeability enbancers, fe., subsiituents that increase (he
abiifity of the compound to cross eell membranes. In Foomula §and Formula 1LY
andfor © moay be one or more permeability enbancers. In somne embodiments, the

pormeability snbvmoer is

wherein:
O 18 an integer from G to 5y

isthor s

®his tredrogen or optionally substitited Cig 8

er {8 an sestoxymethyl

SL

U Irv certain embodiments, the permeghility enban

aster, e.g,
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EHTH o some embodiments, the compound mmpﬁseg one o mpre pereability

3

&
aatheneess, e, L2 3, 4, or B permsability eubancers; 2o, 1, 300 3 peroteability
snhancers. o certain ambodiments, the one or more permeshility snhancers are
attached o the I or E molety. In sertain embodimenss, the one or more permeshility
erthancers are aftached to the & or Gmuiety. In coviain embodiments, the compound
congprises ot least vwo pormeability enhaneers and the permeability enhancers arg
attached to both the D or B molety and the & or G molely. In some embodiments, the
compound does not compriss a permeability enbancer,
MG In some evabodiments, the compound comprises a conjugaable side chain
nd one or racts permeabilily enhancers. fn cevtain smbudiments, he Y in e Do B

moiety is & vonjugatehle side chain and st least one £ 45

o R

i ‘if{
L v 4
> &&\\({.3;’ S

A

{62 Iooscms smbodiments; the Y inthe Dor B motety s hydrogsn and at least

one 2 iy

{p0a3] In some embodiments, the Y i the D or Emelety I hedimpen, nie Fis s

conrugatable side chaln, and ot least one 218

o R’

t ¥

M f 1 i i
'S“ ‘:‘"\\,r 2 \3 IS - 0"“)*\
F 1 4

] TR
£y

[0864]  Iosome emboditients, the Yin the I or Bmoiety and at least one Z are
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In some ambodiments, one i & conjugatable side chain and the Yinthe

ety and at least one £ae

In some embodiments, the compoond coraprises ut least two £ modetisg

v some pnibodirnents, the compound comprises ot least three ¥ nwieties

I partain ermbodiments of the compounds of the Invention, I iy
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LSS s certaln enibodintents, D is

P "‘\

e.g., wherein R i3 halogen, 2.2, 1.
10074] In some ermbodiments, the componnd is selected from the following st or
any subcombination thereof, Each of these compounds may further conprise s

conjugatable sidechain andfor ope or more permeability evhangers,

Compound Stevetire
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({671 Insome embodiments, the compoind i selecied from the following Hist or

any subcombination thereof. Each of these compounds mey further comprise g

conjugatable sidechain andior one or more permeability enhancers:

Compound | Sracture
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MeraRT

HO73 Incenipin embodiments of the compounds of the invention, D s

A iS’-:

P74 Iy osome embodiments of these corapounds, af least one Y is

o R O
}”tf Qi' «-"E\ i’\

"y

\'\J‘}
r

™

18073 frv particular epobodunents, the compound 1s selected from the following
Hat or any subcombipation thereof, Bach of these compounds may further comprise 8

cuniugatable sidechain,
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WTe]  The pressutly disclosed dyes can by many times brighter than other dyes

used previously to shudy amtthody-antigen and other profem-protein Interactions in

=3

vitro, Sge, for exarople, Renard e ¢l & Mol Blol. 336167175 (2003); Sloan and

,

Hellinga, Protein Eng., 11 819-823 (1988 Iwatant a1 of, 33"5‘.}@%@&23’5’:‘}3’ 10318
Y&y I

10323 {1999}, The guantum yield of the presently diselosed dves can be high, for

)

example, in hydrophohic onvivonments, For exaniple, for many of the presently
disclosed dyes in @ hydrophobic environment or solvent, the guantum yvield, in some
emhodinents, 19 greater than about 0.4, in some smbodiments, greater than about 0.5,
in some ambodiments, gregter than about 0.6, in some smbaodiments, greater than
about 07, i gome embodinerds, greater than about §.&, and, in some smbodimenis,

5

greater thanvabout 0.9, Further, the combination of ¢ bigh extinction coefficient snd a
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bigh quantum yield, g5 subibited by scue embodiments of the presently disclosed

dyes, can provide a strong direst signal from Mossusors comprising such dyes. Buch

high quantum viglds and sxtinction coefficients can allow detections from very small
q

amourss of i‘si@_z‘i&s‘;&ﬁt\ winimally perturbing the bclogieal setivity of the endogencus

profeing being studied, and enabling high resolution koetic studies by obtaining many

s ? £

3

images before phnto-blsaching vocuss.

{0877 o some embodiments, the “dena™ dng structwres (D and By and/or th
“peceptor” ring siructures (A and Giof g compound of Formuta T or Formela H oan
incdude pne of tore substituent groups, Buch ring systems comprising one or more

substituent groups can be refurved 1o ac “derivatives” of the parent compound, fe, &

devivative of o compound of Formula T or Formula I Az used herein, a “derivative?
refers to a chemical compound that is derived from or ohiained from g puren

conpound gud contains sesential cloments of the parent compound {e.g., ability tu

Huoresee), but fypically has ooe or more diffeesnt functional groups. Such functional
gronps can e added to 8 parsat componnd, Yor example, o imgrove the mokeaule’s

tubility, absorption, biological half Life, Ruorescent propertics, and the like, arto

fZ}

L

soyease the oty of the molecple, elinminate or attenuate any wndesirahle side

sffect of the moleeule, and the Tk

‘{E}é}?ﬁ} In some embodimente, the substitution of one or more functiondl groups
1 the dosoe and/or seeeptor ring structure can fmprove the selubility of the dye in

paﬁimﬁm‘ solvents, such a3 watet, For example, as described in USRS, Patent

Application Fublication No. 2006/3029946 10 Hahw, the presently disclosed dyes can

beé designed i Rave eobenced water solubility by affsching substituent groups o the

ring stencturs that sterically block aggregation without unduly increasing
h;;-*»;iraph:@;“ﬁiciiiy, Under some olrcumstapees, thiy ag )proa\.h wan be more desiralde then

enhancing water solublitty using highly charged groups that can affect protein
inferaction

[0079]  Planw merscyavine dyes knowen o the art gre thought to form nons
Huorescent hydrogen sonjngates in waler, thereby roducing the exposure of thew
hysﬁmpéwi}ia surfees toowater, Such aggregation can be devreased by incorporating
bulky, nonsplande substibeents with feteagonal geometry in the aromatic tings o migke

stecking unfavorable. This approach can provide dyes with good watsr solubility



WO 2015/103587 o PCT/US2015/010269

while retaining sebstantial hydrophobic characier. For example, bnthe presently
disclosed 1RO dyes, the out-ofiplane substiivent groups can be two alkyl, 2.8,
methyl, groups bound fo » carbon atorn of wo aromatic ving, or tva oxygen atoms
bound to 2 sulfur atom of a bsterocyelic ing structure, To this ead, the presemily
disclosed dyes toay have one or more groups arvanged in, for example, 8 tetraponal
geometey from rings ol the dys. Inmany cases, the substituent groups nclode groups
with one or more varbons providing sterie hindeance (o ring stacking, andior polar o
weak tonie charaeter to enhange water sclubiliby.

HHESUT  Accordingly, the substituents on one ormore riog structures of the
compound of Formula Lor Formala T can be any Bunetional group that inhibits
stacking of the aromatic vings snd/or enbances water solubility, Such substituent

w can provide sterie hinderance to ving stacking, thereby inhibiting aggregation,

without redusing water solubility of the dve. Insome embodimeras, the sylstituent
group ean ave sn abiphetic vaiure, 2.2, 4 straight-chain or branched alkyl group, In
some embadiments, the substituent group can have o polur or weskly chyrged
vharactor. Gengrally, the presently disclosed dyss can be derdvatized with side chains
o prevent aggregation, improve solubility, affect inferactions with proteius, enghle
covalent gitechment o prodetny, and inprove cell menibrans permosshility,

0081} In somse embodiments, the 1;:1'@3&;‘:;&}_3»' disclosed compound of Formula T ov
Porroule Have snvivonmentally sensitive. As nsed herein, the term “environmentally

susitive™ o relation 1 g compound of Formula T or Permula Hrefers to a dye in
which a fhicrsscanees signal Fom the dve chanpes when the dye is moposed to &

chatge inenvironment, for exaraple, 8 hydraphobicity, hydrogen bouding, polasity, o
sorformationsl change. Thus, s Thiprescence signal from g compound of Formuda Lo
Fornmla 1 detect

hy&r{)gﬁz’a bonding, change In {he hydrophobicity of the envirenument, changed solaity

,4

sty changes upon sxposure g change in solvent, change in
o polarizstion, tr change affecting the conformation of thedye, o one ambmﬁmemn
the fluorescence sipnal from the rompound of Formuda Tor Formuda U incroases when
the dye by exposed to an eavironment that is more h:ydraghf:‘bii:a.. In goother
smbodiment, the fuorescencs signal provided by the sompound of Formla T o
Formula Hincreases when fhe dyve is exposed to anenvironment where there i3

 hvdrogen binding between the dye and & component of the environment.
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L4
St

Such an ngtease in %\f@fﬁmphohwr ar an increase i hydrogen bonding cas ooour
when g presently diselossd biosensor comprising a compound of Formuls Lo
Formuda I binds to a tavget pm’éein ov subcellular componot. To ofher embodimesn

the Huoes vided by the compound of Forraula Loy Fornmia 0

g}(r(_3p§{£‘8 n

furthey ei;kboﬁimm {5, the fluorsscence signal provided by the compound of Formula

QM

ot Formwla 1T docreasey when the dye is exposed to an envionment that has Ea;:s

hydeogen binding. Such an ingrease in hydraphilicity or g dooreass in hydrogen

biesding can cecur whers 2 bosensor romprising & sompound of Formmla T or Formmla
1115 exposed 1o an aquecus snvironment or whet such g bosensor becornes wibeund
from 8 targed protein or subeellnlar component.

O8] Insome embodiments, the presently disclosed dyes can have an extended

sedtterion sirochs having &paﬁ}f;rig;ed ound state, which allows the presently

isclossd dyvey to tespond to changes Tu solvent polity. Such dyes van exiibit a
strong solveni-dependent excliation wavelength shift, while retain \ng s bright
Huorescence, Other solvent-sensitive dyes eperently used in viteo are poorely sulted
for nesdn living cells, They are not sefficiently brighe to guantify speotral changes
from soall amounts of labeled protein, and thelr short excitation and emission
wavelamysths damage cells and overlap cellular sutofluorescence. To be bright and
fluoresce ot longer wavelengths, dyes must have extended corjugation, which can
reduce water solubility and lead to selfiagpregation. The dyves des stgnad for use in

e

lving nells weze spe iiioéﬂ} ted to'be incensitive to thelr enviroument, beoguse

!‘)!1

they are used to quantily protein distribution (Le., Fluoresceln, Rhodaming, alexs,
Cy35) Insuch dyes, solubility problems could be evercome by fncorporating
charged groups around the siys:e-sﬂ edges. This approach might sot be desirable in dyes
that gre intendad 10 be used for detsoting proteins, because those dyves must inferact
with hydropbobic profein regions 1 be wefil for reporiing protein conformativnal

ey

chaages. Dyes must interact with the protein surface so thal protein conformuational
changes aiffect thelr inferactions with water, hydrﬁgm bonding, or hydrophabic
irderactions, For domaine or antibady-based sensors, dyes must be able 1o move fom

water to hydrophobic pockets during protein binding evernts. Prior to the development

of'the presently disclosed dyes, use of solvatoehronie dves o roomitor proteln activily
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i vive was restricted o proteing zha't could by labeled with hydrophobio dyes in
organic cosobvexds. Habneral, & Biol Chem JE3 20355203458 (1990,
{06831 Such snvironmentally-sousitive dyes can be used as blosensors. Use o

blosensors with the presently disclosed vompound of Forpuda Loy Formuls U san

provide advantages over ctpvently avatiable afl

mity probe schemes, such as those that

irvolve frmaging antibodies labeled with not-environmentslly sensitive dyes. See,

¢.g Nizak et al, Sefence 30984987 (3003}, For ewample, the presently disclosed
rosthods dlow 2 change in fluoresconoes Infensity or smission wavelength io be
measursd in near real linhe, ssoomparad (o the vistalizatien of 8 target retrospectively
by radioastive or BLISA formats. In many cases, the Oeeting presences of targst
cannot be observed by methods with delayed devection.
{8R4] The preseutly disclosed dyes can be compatible with aqueous chemistries
ar aquw;sf&rg&mic solvent combinations used fo prepar: blosensors. The dyes can
have reactive gie 1;33_ and/or protected groups w faoilitate progesses for binding dyes
Hiosensors oo m:‘;ing 8¢ a:mw;otm& of Formuda [ of Foomula 1] s.g, dyes linked toa
binding member, can be compatible with and move frealy iy intraceliular andfo
extracelliniar cuvirouzoents of Hving cells. Diyes ont the blosensors can exist in or near
bindiog regions berween a sensor and target o provide a deteciable sipnal withowt
signtficantly interfering with binding,
18085]  The presently disclosed compounds of Formala T or Formulda I generally
have i erdasion wavelength o the visible speciral region and van, i some
embodiments, exhibit a ratiometric response © cne or wore target molecules:
Embodiments that exhibit a shift in excitation or smission wavelength upon Hyand
hinding euable a bicsenser compeising a ;a‘as_smfiy disclosed compound of F{f}rmuia i
o Formula I to be selfrefevencing, o such eimbodiments, the fuorophore exhibits
ar increase in a frst excltation or emission wavelengih in the presence of 2 targst
mpiende aod & deorease {5 & seonnd wavelpngih. A ratio between the fiest
wavelength and the second wavelength van be calculated 1o detemine the amount of
target molesuledn the sample under test, Such self rﬁt::mmmg can correct for

varialions i excilation source intensity and oth ustatality in

the biosensor withow! requdring a reference dye, Thus, a single um’ogf*am o be
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used o observe g ralicuetric responss in the binzensor, As used hersin, the term
“ratiomeiric response” means that the intensities of the frst wavelongth and the

sseend wavelength vary such that the ratio of the two ermission wavele engths can be

used o indlonte interaction with the target molecule in g Samp}&_
I, Biosensors Comprising Compounds of Formula  or Foraaula I
{0861 insome embodiments, the presently disclosed subject matter provides &

blosensor somprising 2 x:eamgmmz\i of Forrmda Toor Formula I and 8 binding msembey

having a spectfic affinity for & twget malecule that can be used to detect and quaniity

2

the presence audior activitiss of one or more target molecules, The bicsensor can
bind to one or moge target moleawies and the detection of such binding svents vais be
ased in homogeneous assays, .., amays o which the fluorescent properties of the
dye can undergo a change s a '&stii’vz.af the binding evert, andd for Hve-cell imaglng.
The presently distlosed biosensors an be used to detect and/or quantify diverse
protein activides, including changing subeellidar lovations, conformational changes,
setivation siates, postiransistional modifivations, and/or small bgand binding of
proteins fn vivo,

[OBRT] Asused berein, the terns “biosensor” and “blosensor compound”
generally refer o ¢ compound that undergoes a detectable change in apecific respons
to g target molecule. The prescntly disclosad Mosensors combine the medsonlar

oguition properties of biologival magromalecules, such ag a binding member of 1

FECOE
specific binding pair, or soalb molecules, with a Suoraphore capable of producing &
detectable signal, e, a detectalie change iy ose oy more fluoveseat properties, upon

E&Li-nfiiﬁg_ with a targst molecule. The term “producing a detectable signal” refers 1o the

ability 1o recognize a changein a property of a reporter groun, e, a fluamphore, ina

marmer that enables the detection of Ugand-protein binding.

LS

Lo

[0088]  The present nvention provides methods which can use specific binding
partners for w particular target molecnle of uterest, A specific hinding pariner ov
mernber, as used heveln, i85 & member of & specific binding palr. A “spesific binding
palt” refers to two different moltecules where one of the moleculos through chemieal

or physical resans specifivally blnds the second molecule. Inthis sense, & targst
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mwoiecnle ix g reciproal member of & specific binding pair. Further, spesific binding
paivy can inclade members that are snslogs of the erviginal speeific hinding pariners,

for examypde, an anslog of & target molerule can have g glmilar structure To the targst

miglecule, By “similar™ i1y mtended that, for example, an spalog has an aming acid
seguence that has at least abont 60% or 83%% sequence Wendity, about T0% o 75%

SeqUene i_é:mi;ii;y,v aboat 80% or R5% spguence identity, about 90%, 1%, 929, 93%%,

D495, 9394 o, 7%, 98%, 99% or greater amine acid sequencs dentily compared

ﬁ

to a target molecule wmine acid 2equence using aligument programs and standard
parameters well kmown inthe art. dAn analog of a target moeleculs also can have the
samie function as the target moleouls,

88 A biosensor can tanslate g binding event huio a diveaily msasurable
fuerescent property, Such changes in one or more fluorsscence properties include,
but ave not Bmived to, wn increase or decrease in fluarescencs intensity, o shift in
excifation or emdsgon maxineg, shope of the excilstion or vxnission band profiles, 2
chapge n Huorescence lifetinmg, ¢ change in anisotropy, & change v polarization, and
combinatings thereod. Further, the producing of & detsctable signal can be reversible
or porsraversible, The signalproducing event includes continuous, programmed, and
eptsodic means, Including one-time or reusshle spplications, The rﬁ‘«'fzzri;‘iif)iﬁ% S-ig:m§~

producing event carn be instantaneons vr can be Uus-dependeny; o long ag g

o
correlation with the presence or voncentration of target moleenle is eslablished.
§{§€}§3§§ Ag used herein, the tevm “flucrephore™ inclides a molety of' ¢ latger

weleoule or pandugate that can be Induced to et Suorescence when iradiated, f.e.,

excited, by electromagnetic madistion of an appropriate wavelength, More

<

'é'ﬁf’iii?‘dﬁ&fi}g

a Thaorophord ¢an be g functional group of 2 molecnis oy conjugate that

absorbs light of a certain wavelength and srnits Heln at different wavelsugih, The

tensity and the wavelength of the Hght emiltted, az well g other fuorescence

properiies icluding: but not mited to, fluorescence Hletime, + nigsmmpg,g polarization,
and sambinations thereot, depend on the identity of the Hucrophore and its chemical

sivvivonmant. A fnorophore san nclude s fluorescent molsvale, such as the presently

disclosed corapounds of Pormula Tor Formula I

[0R1] In some soybodinentts, the presently disclosed compounds of Formula T o

Fosmaula 11 inchade 2 reactive group, «.g., substituens Y and 7, which can be

'
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w

conjugated with another moleonds, such as a binding mauber, v g, one member of &
cific binding pair, which has an affinity for a target molecuie of interest, 2.5, the
\;“@ﬁsx merber of a binding pale, Such conjugates can beused as » Mosensor
gompound W detect the presence, ealion, conformation, adiivetion stale,
modification, binding, and the like, of a targer molecule.
ORI} Asused herein, the term “corjugate.” and variations thersof, refers to »
nicecie compising Bao or more subwidts bound fogether, ophonally theough g
tinking group, to fong a single mulecnlar structyre, The binding of the two or more
subunis can be throush a divsct chomdeal bond betwoeen the subwuts or through &
linking grovp, Such binding b2 conjugats typleally ds irreversible. As used hersin,
the term “affinity” refers to the strength of the attraction between one binding rember
of & spenific binding pair to another binding member of a speaiﬁ binding pair sl n
narticntar hm»img site. The term “specifiely” and derivationg thereof, rafie to the
liketihood that a binding member will bind to ancther menther of wypecific hinding
pair. Buch binding between vne binding member, g, 8 bluding protein, Yo another
binding member of a specific binding pain, e, a gand or gnalyte, can be reversihle,
[0083]  In some embodiments, substituents ¥ andfvr 2 can be g conjugatable
sidechain and the presently disclossd dyes can be linked to ¢ bloding member of s
speoific binding g.@a%r, such as a binding profein, O a portion thereof, such a8 a binding
domaly, or asmall moelecule, to prepare a biosensor, T some a:‘af‘»visme nts, the
bin ::imgjembﬁf iiﬂcigdes sne oF more conjugaiable sidechalnreactive groups, |
functional grovps that can atipch o, e.g., orm g covalent hond with, 7 aem}ugﬁiaﬁ}e
sidechain, and e dye includes a conjugatable sidecham, A;iiﬁmziti‘ve}};, some

snvbodiments, the dye includes the conjugatable sidechainreactive group and the

binding wember includes the conjugatshle . In another embodiment, both
the binding member and dye include co j ugatable sidechalnsrenctive gronps. 1o sweh
smbodimenty, the linkage 1o theough a bivalent linker group. Genersily, a Hnkage san
Boon Ty »~3 3:( G S AT o T Fia {-;‘ T “}Jc:w i > (. on 3 = ¥e EQ
e formed by contacting the binding member and dyve in soiution, The confugatabls

sidechain can be a floxible chain-like structure, such as an aliphstic chadn or a
polymier, ¢ 2., @ prinmeey alkyl, polvethyleos ghveol, or alkylamido chaln In some

3 peptide or pucleis aeid having

) A BTG PR A vt iarrate s Tay s e e st ve
smbudiments, the conjugatable sidschain

hydrophilic chamaoter
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{00941 o some embodiments, conjugatable sidechaing can be provided on
cotapounds of Formula i or Fogmuda I In such embodiments, the presently disclosed
sempounds of Formula T or Formula U can be dertvatized 1o make reastive forms
which could be az‘mhspaaiﬁz:aiiy Hached {6 proteing, As used hereln, the term
“derivatized,” and vestations thereof, @5 meant to include any chemieal modification,
addition, deletion, or substitution 1o 3 parent compound, Further, a derlvative can
invlude any reastion product of the derivative, for example, the reaction produst of the
derivative with an amine acid residpe. Avcordingly, in some smbodiments, the
presenily disclosed dyes can include an aromatic ting structure having s eonjugatable
sidechaln that can be conjugated, e, covalently aitached, 1o an saine acid, for
xanple, an aming acid residus of 3 profein. A ron-limiting example of o derivative
is an ester or amids of ¢ parent compound having w carbuyylic acid funciional group,
HIREL  Porsxample, devivatives of the presently disclosed compounds of Formula
Lor Forrmula 1 can be made with succinimuidyl ester conjugatable sidechain fur
attachment to lysine or with an fedoacety] Hnker for selective reaction with eysteine.
Use ot these groups for site- xgsevx te proteln labsling is known o the adt. See eg,

3

Dent and Astare, Bloconiugation, 364-482 {1998}, For example, the reactive

fw

compornds of Fermula 1 or Formula 1 can be synthesized from starting smaterials

-l

having an amino group, which can be used for aitachment of g side phain vomprising

¥
¥

a reactive lnker group of the epd of the synthesis, Accordingly, in some

embodiments, cysteine-selective iodoscenyl groups can be aftached to the dye ring
struciure for covalent binding to a binding member or binding dorain thepeof

{0096 o some smbodinents, the prosently dizclosed dyes can include a thicl-
veagtive group that can be conjugated to the thiol motely of a eysteine amine acid
residue in 2 satueal or nonatural protein. As used herein, the term “thiol-reaotive

group’ refers 1o @ substiivent group that can react with g thiel molely o form

14 .

carbon-sidfie bond. Bxarnples of suitable thinkreactive groups that can be introduced
inte the prosently disclosed dyes include a halo-acely! group, ., 2 halo-acetaraido
group. In seme sroboditsents, the hale-acety! group includes an iodoacetel grous.
One of ordipary il in the art upon review of the preseatly disclosed subjest matier

would recognize that other thiolreactive groups knowi in the ark sugh ag maleimide
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and dithiopynidyl groups, are suitable Tor use with the prosently diselosed subiect

maiier
faesTl In some embodiments, the residue 1o which the dye s attached s 2
oysteing. In some smbodiments, one or pore such residues can include conjugstable
sidechain-regelive groups other then oystetne, Conjugstable sidechainresctive
groups can inclode apy chernical functionsl groups o the dye, the binding mewber,
or hoth, that e react with selected conjugatable sidschains to form one or more
chemical bonds, For a‘xampi natural avgne acids, modified or devivatized andne
acids, andfor other residues in & binding member or hinding domain can grovide
conugatable sidechainresctive groups, such as amines, sulthydryls, carboxyliv acids,
aloohols, aldehydes, and tioly, that oan covalently bond to luker melecules,
{0881 Conpygatable sidechains can be any type sniiabde to resct with
ks

members to compounds of Formudd Tor Formula I Representative confupatable

a;
;

g hetween selected hinding

Q

coniugatabie sidechain-reactive groups 1o form a lin
sidechaing suitable for use with the presently disclosed sulijet matter Ingluds, but re
not imited to, sidehuaing reastive with primary ainines {e.g hydroxysuccinimide,
carboxyl, NHS er, twothicoyanale, imidoester, spoxide), side

chaing reactive with subfhydryl proups (g, maleimides, haloacetyls, dlildopyridylsl,

side chaing regctive with aldehydes and other carbony! gorups (0.8, hydrazines,
hydrazides), sidechaing reactive with carboxyl groups (a.g, ethyidiethvlamin

N

propyicarbodiimide (BRI and sidechsing reactive with Moorthogong] regetive
groups such as termdeal alkyne, oyeloslkyne, alkene, tetrazing, 1.3-dipole (e.p., azid

nitrong; nitrtle oxided, Conjugatable sidechaing can inclade 1 flexible aliphatic ot

polymer chatn of sudtable lenpth and hy rophilictly to byidge betwesn Hnked
motecilzs, Bivalent lnker groups having the same or differsat linker chemistrles

.

i inchede sne or more

sach end also can be used, :
protective groug 1o protect the linker group during storage, handhing or othey
chemistriza. The protective group can be removed under defined vonditions to sliow
completion of the vonjugation reastion.

B Further, based on seguonee date and the erystal struoners of inding

domains of the binding members, one or move componnds of Formuda Tor Pormula If

can be attached o provide the presently disclosed blosensors. For example, based on
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the sequence data and the crystal structure of o froe Fab fagment, several cyandng and

3

merocyvanine dyes can be attached © & series of ong or more different residue

3

ligently destgned Hbravy of hosenser candidates.

positions o oreate 2 soell bt it

The restdtent Hiwary can be screened, 85 can be appreciated by those inthe ar, to
< gty - £

.»

identify candidates with degired properties, &g, of signal strength and binding

atfinity,

£

ERL] frelligent degipn of Habapge reations vap be acoompliished wit
& &

i

the
selection of 2 target reactive group 10 ¢ binding member or binding domalin, or

Yo [ s 3 - s YRR SO S A s " il
enginecring of & desired reactive group inio the binding member or blnding domain,

£ SR L Y ye . [

For example, & binding member or binding domadn can naturally have a cystelne
rasidus (reactive, for exaraple, with a heloagetyl Huker) &t an appropriate Tocation, o
can be mutated 1o dnclude such & m@ans residus. 4 E%amaiivaiy, a binding member o
& binding domain can have o somall number of eysteine revidues. Binding mermbers o
tinding domains san be modified srauated to contain 2 singls o a small aweber of

gysteine residues by procedures known I the an,

A Repraxentative Binding Mewbers

{01 Binding members su wthble for use with the presently disclosed subject

)

matier can inclede any molecules that blod o 1 tuget molecnle with suitable
specificity, Binding members typieally include binding regions of affinity moleculss

krowa drrthe aet foclading, but not Umdted to, antibodies, antibody fragmenss, leunine
gippers; histones, enbancers, complementary determining reglons (CDRs), 1o single
chailn varisble fragments (scFv's), receptors, Hpands, aptamers, leoting and one of
several proteing in e protein complex or g protein pair. Binding members can
comprise sither menber of o binding paly, o5, 2 patr of protelns in o proteiemoteln
ixgeraction, with the binding member being identified s the member introduced into
an asaay systemy o probe for atarpei ‘zvoiem‘ie, Binding members o binding domains
thereof oan be binding regions of, for sxample, full sized versions of the sffinity

molecule, fragments of the affinity molecnle, or the smallest portion of the affivity
] e

1

fe, Insome

¥

molscule providing binding usefil in the detection of 8 target madegu
& binding meinber van have sprcifio affinity o endogenous {e.g:,

embodiments, th

constitutive or inducible, but nol recombingnt) peptides of § coll.
k3 R s
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{0182 Insome smbodiments, the binding member 18 a small wolecnle that has
affinity for & target molecnle, e, & proteing To some embodiments, the small
racleonis ix one tat canmnot b ¢ produced by genetic meaus, a.g., 18 oot a peptide or
profgit. o some embodineis, the small molewuile Is & compiumd having a molecular
weight of kess then aboat 1000 Dy, ¢.g, lesy than about 8300 Dy or abowt 800 Da. In
sne erubodinvents, the small melecule binds a specifie protein, & protein in a speciiic

gonformation, or & protein Raving a specific post-translational modification, In

gertain embodiments, the small molecule can be a compound that Is 3 known ar

wlentified therspeutic, prophylactic or diagnosiic sgent that binds to a target in oy on s
oL Tn certain embodimens, the small molscule is one that can suter 1 Bving cell,

e.g. by diffysivn through thfd:ﬁm‘nb;gma, by entry theough channels, or by active pe

passive traveport, In some smbodiments, the soall molecude is conjupated to o

compound of Fotmula L or Formula I In other conbodiments, the sondl meleculs ia
canjugated to any dye that s known to be o later identifiad 10 be usefil for
visualization in Hving colls or animals, e g, o visualize intergctions between pooteins
and small meleonios, nsome mbod,mt:m s, the dve may be one that is permeable 0

cell mombranes 1o enhiance 8 ueefuinsen -Mfﬂw eeils oranimels. Insome

%,

pribodiments, the dye may be one thal can be visualized by microscopy, 2.2, one that
emits g fuorescent ar other signal.
BI03] 1o somne smbodiments, the binding member {s a binding protein. As used
herein, the term “binding proljein” refers to 8 proteln, thet when conjugated with s
fluerophore, inleracts with 8 speatfie target molecule 1o g manner capuble o
prodacing a detpotable forescence signal differardiable fom when o target molecnle
15 present oy eheent, or when a trgst molscule is present I varving concentrations
over fime,
[0164]  The binding member can compeise o binding domain, Binding domaios
ssitable for use with the presently disclosed biogensors can comprise pelypepiide,
peptide, or nucleic acid sequences. For example, binding dbmaing can b gingle
stranded DINA GDNAY, double stranded DNA (BDNAYN RNA, nocleie golds wath
mndified bases, and the Hke. In one embodiment, the binding domain can be an
gligomicleatide probe end the target can be 3 complimentary target mmudein agld. In

suother embodinent, the bindisg domain can be a deliNA strand specific to a farget
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erdncer protein target. The pre::gmﬁy disclosed compounds of Formula T or Fomuls
il can be fivked to puclele acids by any technigue koown in the art, such as by
reaction of Hnker greups on the dve to mmw grovpy available on modified bases on

ﬁm‘“ Y3t ’{QEQi{"; ﬁ&:id

[DIB8]  Affinity specificity of poptide blading domaing can be provided by a short
sequsnve of amine anids (e, 2 sequence of amino acids comprising 3 to 20 residues,

Le 3,4, 56,7, 8, Eﬁ LOCRL R, 13, B4, 15, 16, 1T, 18, 15, or 20 rexidues), orthe
sposificity cay rely on confributions of anino actd side chaing brought in proximity
by the primary, secondary, tertiary, andfof quatermary stowiineal confonmations of oos
or micre-atfinity proteins,

Eﬁ?{ﬁ@ Binding domaios comprising peptides can have nanwal amine acid side

16, modified side cheins, ot the lke, that provide reactive groups spe >ig1¢4§i§f
rpactive with conjugstable uidechuiog on compounds of Formula L or ‘S da T
some enshodients, the compound of Formla T or Fomula 1T can have reactive
groups specifically redetive with linker groups present on the hinding domain to Hilk
the dye to the domatn. The position of a dye on a domain can be determitied by the
ipzation of 2 reactive grogp or Haker molety on the domaln. In some ensbadiments,
the luding domain bas one or more systeine restdites reactive with groups on the
dyes, for exatmple, iododcetyl grouips on the dyes.

I0T] The presenty disclosed biosensors van incorporate binding dorsaing of

naturaily oetwring proteins heving speaifie binding avtivity. The bindiap domains

can inctude, for exsnple; full length affinity proteins, members of pretetnprotein
interaction paire {or portions thereof), Fvantibody fagments, aptamers, Vi antibody
fFragments, and the like. In one srobodiment, the Bosensors comprise binding
domains that gre nembers of the hrmumeglobulin family of proteing, or devivatives
therent For sxample, the binding domain can be a complets immanogiohulin,
fragoent, single chain variable fragment (scPy), o heavy of lght chatn variable
yegion; o CDR peptide segquenes, andior the ke,

J0168]  lo some embodiments, an anttbody or antibody fragment can bo used ina
banding domeain to which compounds of Formula { or Formula 1 oae be attachod 1o
form a blosensar. An antibody sultable for use with the presently discloesd subjsct

mather can be o any of a vadiety of formyg, Including & whale immunoglobulin, an
A £k
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antibody Tagment such as Py, Fab, and simdlar frapments, 2 single chain antibody
which includes the variable domain complementarity determining regions (CDR), and
ths ftke Torms, ail of wluch fall under the broad tevra “ardibody,”™ as vsed hersin, The

v o

wse of any specificity of an sntibody, polyelonal or moncclonal, is intended 1o fall

X

wieder the scope of the presently disclused subject matter. In some evsbodiments, in

the content of methode desoribed hereln, an antibody, or fagment thereof 18 nsed that

s Immunospecific for v selected targst.

{01891 As used hprein, the term Yantibody fragoment” refers to a povtion of g full-

length astibody, generally the antigen binding or variable veglon, Examples of

N

anttbody fragments include Faby, Fab', Fal'y and By fragments. Papaln digestion of

%

antibodies produces twe tdentical artigen nding fragroents, called Fab fragments,

each with 2 single antigen buding site, avd a vesidual Fo frmgment, Fab fragments

thuis have gnintget Heltohaln and a portion of tug heavy chishy, Pepsintreatment
vields an F{ab%); fragment that has tvwo antigen boding fragments that are capable of

5 ¢ e o1 T

cross-Huddng sntieen, and a residual fragroent that is termed a pPe’ fagment, Fab
Tragroenis are obtained alter reduction of a pepsin digestod antibody, and consist of an
atact light chalnand g }‘.‘:Qi*ﬁii)‘;} ol the hegvy chadn. Two Fabe' frapments ave ablained

per antibody molecule, Fab' fragmenis differ from Fab fagments by the addiionof a

fow rendues af the carboxy] terminus of the heavy chaln CHI domain ingluding ong

ot more gyateines from the antibody hinge region

BII0] Fyvisacoall antibody ffz?agt:sm:% that ontains & mmgi&k antigen

recognition snd hinding site. This region consists of & diroer of one heavy and wns
fight clinin variable domain iy w tight, non-covalent association (V¥ dimer), Ttia
iy this confipuration that the three Uy of sach variable domain nteract to define an

sufigen binding site on the surface of the Va'Vy, dimer. Collectively, the six CDRs

g

confer autigen binding specifichty w the antibody. Even a single variable domain {or

falf of s By comprising onty three CDRs specifie for an zmtig? 1), however, has the
ability to recognise and bind antigen, although at & lower affinity then the entirs
binding site. Antibody fragments usefully incorporated into the pre:sanﬁ}f' dizelose
Biosensors can include, but ave ot Himdted 16, singls CDRe, Vi regions, Vi reglons,

Py fragments, Flab) and F(ab'h, Gagmends.
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{11y Additional fragments can inclode diabodies, linger antihodies, single-chaln
atibody molecules, and moultispecific antibodies formed from antibody fragments,
Antibody fragraents sultable foruse with the presently disclosed binding domains can
include, 2., natural, synthetic, or recombinant versions, Singke cliain antibodies gre
genetically enginsered meolecules condatning the variable r\gm*z of & Hght chainand g
variable region of the heavy chaln, linked By a suiiable polypsptide linkeras g

hatn antibodiss also we

reforend toas “dngle-chain Fv”or ey am{iﬁady fragmenis, Generally, the By
polypeptide further comprises a polypeptide Hnker betwoen the Vi and Vi domaing
that enables the sePv 1o form the desired stuctire for antigen binding, Fors
cription of seFy, see Pluckthun, i The Pharmacology of Monoclenal Aribadies,
vol 113, Kosenburg and Moors ods, Springer-Verlag, MUY, pp 265315 (1994),
[112]  Inosome embodinents, the binding dowain can be a single chaliy variable
fragmsnt (sebviob an antibady with an sttachunent sife for a dye wgﬁ"m a DR
region of the sely, 2 wodified fragment of o naturally sectring protels, or another
entity that binds o a specifie state of the targeted proteln or polypeptide. Any
available sePv can be used provided that U binds to & selected target with suificient

s

affinity to pormit detection of a complex formed between the soPy and the selected

twget. A compound of Famula ] or Pormula 1 ean be artached to the seleoted soPy
@t sy conventient site. The fluorescence of the atiached dye, howsver, can be
influenced by He sttachment position. Single chain varlable Tragment (3eFv) ‘tf.s,‘i;a.dling
desnains cars be usehid in modular biosensors in whish hinding dowain sndior target
moduies conpected with @ Huker een be replaced with alternate versions to provide
new desived specilicitien 1o the seusor, In some embodiments, soFvs can be combined
with compounids of Formuda Tor Forovala 1 for methods of probing Hying cells,
01131 Antibody frapmsnts sultable for use with the presenily diselosed subjent
matter do not bave 1o be full-length amtibodies, Such antibody fragments, however,
an have similar or improved tumunological or other properties relative to a fulls
length antibody. For example, such antibody fragments can be smaller and more

stable than fil-length antibodies. Such antibody fragments can inglude shout 4

amine acids, § amine acids, & amine adidy, 7 amine acldy, ¥ amino aeids, about 12




WO 2015/103587 4 PCT/US2015/010269
A2

apung-acids, about 13 amdne acdde, sbout 17 arndno acids, abowt 18 aming acidy, abou
20 aming acids, about 23 awive seids, about 30 ambie acids, or mors,

WI34]  Ingenorsl, an anttbody fragment can have auy upper size Hmit so long as it
ts has similar ot ropreved propertiss relative to an aotibody that hinds with specificity
to a target modecule, For exanmple, smaller sntibody fagments van have lese than

about 200 amme acids, less than abeut 175 anvine acids, lesy than shout 150 aming

acids, or less thav about 120 aming aeids if the sotibody fragment s refated 1o a light
chaim antibody sabunit. Movreover, larger autibody fragnients can bave leag than ahowt
425 aming goids, lees than shout 400 amino scids, less than about 373 amino acids,

foss than dbout 330 amnine ackds, fess than about 125 amino acids or foss than abow

300 e acids i the antibody fragment s related 10 a heavy chain antibedy subunit,

{0115 Antdbodies and antibody fragments dirented sgainst selevied tavgets van be

prepared by teeltiques cornmonly knows inthe art. I some embadiments, a}'}tif;mdy

fragments can be prepaved from full-length antibodies. Mothods for the preparation

.!.

of p:;;iyaiim}& antibodies are available to those skilled in the art. Bee, for example,

o

Oreen of af., Froduction of Folvelonal Antisera, iny Swsunochemica] Praovocols

¥

{Manson, ad.}), pages 1.5 (Humana Press); Coligan el Produstion of Polvelonal
Antisers in Rabbits, Rats Mice snd Hamsters, in: Currenr Protacals in fmmunology,

)

which are incorporated herlen by reforsnce I their entivery,

Lot
4

secfion 24,101

~fy

wieal or e AYO fyeatrment

Snch polyclonal antibodies can be cleaved, 2.g , by che
io prepare antibody fragments uselul in the presently disclosed methods.

116 Monoclonal antibodizs, and frapmaents thereod, also can be used inthe
presently disclossd methods, The term “monoclonsl am'iibcc}y’" a3 uaed hevein refors
to an antibody obiained from a populstion of substantistly homogensous antibodies,
I other words, the individual antibodies comprising the pepulation are identical
exeept oy cecasional natrally ocourring mutations in sowe antibodies that can be

present i tainor amounts. Monoclona! antibodies are Kighly specific, belng directed

apainst a single antigende site. Further, v contrast to polyclonsl antibody preparstions
that wypeally include difforent antibodies directed sgaingt difforay determinanty
{epitopasy, sach momaclonal antivody Iz dircoted sgainst g single determinant on the
antigen, In additton to thelr specifivity, the monocional antibodies are advantageous

in that they are syothesized by the bybeidoma cudiure, uneontaminated by othey
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imnunoglobuling, The modifier “monoclonal” ndivates the character of the antibudy
as boing obained from a substamtially homogeneous population of antibodies, and is
net © be oonsirued a9 reguiring peoduction of the antibody by any paticalsr methad,

The monocional antibodies hereln specifically inclade “chimerie” antihodies in which

5 Y

a poriion of the heavy andfor lght chaln s identical or homalogous to curresponding

5

sequences in antibodies derived from o particular speries or belonging 1o a particulay
antibody cluas or sabelass, while the remainder of the chatn{s) are identical or
homologous to corresponding seguenecss jn antibodics dedved from another species or
belonging o another antmmdy ass or subclass. Fragments of such aﬁtib{}die alsg
can be vsed, so long as i:i’iﬁiy‘ exbitbit the desived binlogical activity, Ses TLS. Pat M.
4,818,367, Morvison of af, Proe. Natl, dcad Sci, 81:6851-85 (1984},

WBE17] The preparation of munoclonal antibodies Is couve

example, Kobler und Evﬁl‘ste:in, Neture, 236488 (1%

287 wnd Haslow et o, v Antibodiss: A Labore
Harbor Fub, (1988}, which are ncorpovated hereln by refurence in thelr entiraty.
Mopoclonal antibedies can be sokated aud purified from hvbridemona cultures by g
vartety of established techrdgues. Such isolation techniques nelude affinity
chromatography with Profeln-A Sephaross, size-exciusion chromatography, and (Do~

xohange chmmamgmphy See, e, Coligan ef gl seotions 3.7.3-2.7, 12 and sections

ZH1<28 % Ban ‘ol Purification of Immwnoglobulin G (1gG), by Methods in
M@éf&?c:g.:tfarﬁm?ogp, Vol 10, pages 79-104 {Humans Press (199231,

R ERY: Methods of fe vitre and i1 vive manipulation of antibodies are available to
those skilled nthe st Forexsmple, the monnclons! antibodies to be used i
sosordancs with the presently disclosed subject matter can be made by the hybeidoma

method or pan be made by recombinant methods, e g, a9 described in U8, Pat. Ko,

4,816,367, which I8 incorporated hereln by reference fn s entirsty Monoclonal
aitibodies sultable for use with the presently disclosed subject matter giso con be
inolated fromt phage andibody Hbraties uing the techniques deseribed in Clackson ef
« Nargre 3FN0AE28 {1991 3, an well as in Marks eral, J 880! Bioll 332:581-587
{1981,
[0119]  bMethods of maling antibody fragments are also known in the art {see for

exsngle, Hadow and Lang, dwithodies: 4 Loborgiory Manwal, Cold Spring Hachor

*
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Ly

Laboratory, New York, (1988), tnvcrporated herein by reference). Antibody

o

fragments sultable Tor use with the presently disclosed subject matter can be prepared

24

by proteclytic hydrolysls of the antibody or by expression of nucleie actds encoding
the antibody fragmentin o suifable hostt Antibody Bagments can be obtalned by
pehsin or papain digestion of whole antthodies conventional muthods. For example,
anttbody fragments can be producesd by envymanio clegvage of antibodies with pepsin
o provide a 38 fragment deseribed g5 Flab™. This Sagment can be fanher gleaved
using a thiol reducing agent, sud optionally nsing a bocking group for the solfhydryd
grpups resulting fromy cleavage of disullide Unkages, to produce 3,58 Fab' monovalant
fragmenta. Alternatively, eneymatic cleavags using pfép&iﬁi produces two mwnovalent
Fab' i}‘agmems and an Fo fragment divectly. These methods are dosaribed, for

&y

exaenple, i ULS, Fat Mos, 4,036,945 and 4,33

-4,.,_‘

cand references contained therain,
which patents wee incorporated herein by ‘f‘fﬁ‘&aﬂwt i thelr entiveties.

UI3B] Other methods of cleaving antibodies, such as sepamtion of hegvy chaing
to form monovatent Heht-heavy chaln Fagments, Rother cleavage of fragmeds, or
pther sneymatic, chemical, or genetis tochnigues also can be used, so long ax the
fragments bind to the srigen that Is revognized by the intact antdbody, For example,
Ty fragments comprise an mseciation of Yyand Vo chatns., This assoedation can be
noncovatent or the varisble chaine can be Unked by an Internnlecudar disuifide bond

or cross-linked by chomioaly such gs glutaraldehyde. Proforably, the Fy fragmeants

~-a:'a:>mp_ris¢ Virand Vi chaine connected by & peptide linker. These single-chaln antigen
sding profeins (sFviare prepared by comsiructing g structural gene comprising DNA

sequenees cpopding the Vi and Vo domains connerted by an oligonusisotide. The

X

tructural gene s inserted inte an expression vector, which is subssquently introduced

i~

o 2 host eell suph as B coll, The recombinant host gells synthesize a single
polypeptide chain with 2 Hoker peptide bridging the two 'V dosssing, Methods for
producing sbvs are deseribed, for sxample, by Whitlow gral | Methods: g Congaanion
ta Methods 3 Engymolagy, Vol, 2, page 97 (1991}, Bird er o, Svience 3431423426
PIRERY Ladner @ ol ULR. Pat No. 45848778, snd Pack - Bl Pechnology
JEA2TTTT ey

{0123 Anutt

complementarity-determining reginn (COR). CDIR peptides Crolnimal recognition

o L

Ws‘

gr-form of an snttbody Hagment is a peptide coding for a single
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umits ™y are often involved in antigen reeognition and bading, CDIR peptides can he
abtained by clomng or construoting genes encoding the TR of an an tibody of
interest. Suck pones are prepared, for sxample, by uslng the polymerase chain
resction to syathestze the variable region from RNA of antibody-producing cells,
See, for example, Lavdok e ol , Methade @ Companion to Mathods in Enzemology,
Vol 2.p, 106 (1981}

1221 The amino aold sequencs of monoclonat antibodiey, polyslonal antihodies,
tragments thereod, and sach, can be determined by amivo acld sequencing methods

~

tibodies and frapmoents of interes) can

kuerwn i the art. Aminoe acid sequences of &

o

gvatuated for binding segquencey, suchiag, e, CDR sequences, useful in

<

the presently

disclosed Mossrsors. Destred sequences can be divectly synthesized oy transiaied nlo
nuclels acid sequences for manipulation by genetle engineering techniques known in

7

the art, Amine acld and auclele acid sequennes thus oiained can be screened for
binding charctenistics des;iimiﬁﬁ i the ;in:afsan‘siy dselosed Mosensors, Optionally,
sequences thus gbtained can be logicelly modified andlor randomly mutsted io

generale additional binding domatn candidates that can be screened to idemiify

f?‘\i

sepenres most wsefnl in paﬂ;“;;u}m? biosensor systems of tuferest,
{MES}? Human and humanized forms of nos-hussan {e.g , marine) antthodiss alse

arg sultable fov use with the prasently disclosed subject matier. Such humanized

antibodizs are chimenic oo globuling, mranoglobulin chadns or Tagments

thereof (such as Fy, selv, Faly, Faby, Flab gr other antigen-binding subssquesses of
antibodies) that contain rinimal seguense derived from non-hignan immunoglobuds
For the most part, humanized angibodies are hvwman bomunoglobuline (recipient

artibody) n-which residues from s complerocntary defermining veg glon {CDR) of the

recipient ars roplaced by residues fom a CDB

antibody s such a8 mouse, rat ov rabbit fuving the desired specificity, affinity and
capacity.

0824 Invsome sbodiments, Py framework residues of the human
immunoglobuin van be replaced by corresponding non-luman residues.
Furtheemore, humanized antibodies tan {:t:rmgaz‘i ¢ vesidues that are found neither In
the recipient axdtbody aor in the inported COR or Samowerk seguences, Thase

medifications can be made to Duther refine and optimdze antibody performance, In
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a7
general, humanized antibodios will comprise substantially all of at least ong, and
typieally two, varighle domaing, in which all or substantially all of the CDR reglong

correspond to those of & nop-human nmunoglobulin snd all or subetantially all of the

FR Ttgiu“zs are thase of @ human immunogiobulin consensus ssquence. The

hunanized axdibody optionally can comprise of least & portion of an Immunoglobulin
constant reglon (Fo, typleally that of « humae weunoglobuling. For further fimm,g
seo dongs ex ol Nggure 321 ﬁﬁl S8 (1RE8Y Retchmann of o, Nadwre 332523326
{198?%}; Prasta, Cuwre O, Steucr, Biol, 2593596 (1982); Holmes ¢f o, 7 Tumumol.

c-,.4
2

22201 (Ni Hyand Vaswant ef o, domaly dlfergy, dathma & Fnownal
{8125 Inthe immune,-» stem, specific antibodizs are selpcted and amplified from
z large Rbrary {affinity maturation), The combinatorial techatiques emploved in
wme cells can be mimicked by minagenesis and generation of combingtorial
Hhraries of binding entitics. Vartant hxnzmg, extitles, antibody fragments and
antibodics therefure also van be generated dwough di-;»tsp-iay“‘;:,fpa sechnclogies. Such
display-type technologies include, for example, phage display, relraviral display,

ribosomal display, yoast display and othes tfm%mm es. Techninues availablz in the ard

~

gan be used for gmmﬁmg Hhraries of binding entitiss, for screening thoss libraries

and the selectad binding eatities cun be subdented 1o additional waturation, such g3

affinity maruration, Wright snd Hards, s, Haoes aud Plusthay, FRNAS US4

o

$ARITA042 (1RO (ribosuraal éiﬁ;:-iayf}, Pdlnlm suneh Bomth, Gane 73305-318
(1088} (phage display): Scott, TIRS 77241245 {1992), Cwirla ef af, PNAY 1S
STEITE-6332 (1990}, Russel e ol Nl doids Resparch FLI081-1085 (1
E*iﬁgaﬁhmm et al, Fmmunel Beviews $30:45-68 i‘i‘?*?’“l Chigwell and MeCaffurty,
TIRTECH {0:80-84 {1882, and 1LA. Pat, Na. 5,733,748,

B8] Methods for muiating amtibodiss, CDRs or binding domains can be used to
optimize thelr affinity, selsetivity, Bodiog strength and/or other desiralbile properties.
A mutant binding domain refers to an amine scld seguence variant of & selected
tinding domain{eg., & CORL In general, cue or more of the anting acid residues in
the mulant binding domatn is different from what is pressnt in the roference bingding
domat. Such mutan antibodie ssavily have lesy than 1009 sequencs dentity or

shnlarity with the reforence amino acld sequence. In peneral, muotant binding
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domains have at Jeast 73% amine acid seguence identity or simdlarity with the aming
actd sequence of the reference binding domain, Preferably, mutant binding domaing
barve gt doast 80%, move preferably at least 85%%, sven inore preferably at least 0%
sad roost preferably at loast 95% aming seid sequenge ientity or sumilarity with the
arning actd sequence of the reference binding domain,
[B1371 For sxarople, affintly maturation using phage display can be utilized a5 ang
method for generating rostant binding domudng. Affinity restwation u,siag phags
display vefers o a process described fn Lowman o2 ol Biochemisiry 30045110832+
TOEIB (1990), see wlan Hawking or af, & Mb! Biol. 354: 889-896 (1992). While not

strictly limied o the following description, this process can be describad briefly as

involving mutation of several binding domaing or autibody hypervariable regions at a
numbey of different siies with the geal of generating all posaible amine acid

sxzbsﬁimtiam at cach site. The bimimg dumain mutants fha generated ae dxbniaa@

ing the various
W

minants ean be vyeled fu«ugh seve:'fa¥ 0 o tratt of intevest, e.3,
binding affinity or selectivity. The oulants of inerest ars ’i:saim’ad and sequenged.
Such neihody dre desonbed inorve detail in LLS. Pat, N, 5,750373, 8.290,857 and

Cropdngham ef of, EMBQ I3 RIS08-2515 (1994},

{B1238]  Therelure, in ong smbodiment, the preseutly diselosed subjest matiey

wrovides methods of manipulating binding entity or antibody poly peplides or

nucleic acids sneoding fhem o generate binding satitles, antibadios and antibody
fragments with tmproved binding properties that recogrize selected targats. Such

methads of routating portions ofan ex cisfi ng g binding entity or antibody invol ve fasing
a nuclede acid encoding a polypeptide thas encodes a binding domain 1o & wucleic acid
pnncding @ phage coat protein o genstate 3 recombinant nuclele acld encoding 2
fusion protein, mutating the recombinant nucleic ackd saending the fusion protein to
geaeraie n utant suclele acld sncoding @ noutant fuslon protein, expressing the
wniant fosion protefn on the surface of a phage, and selecting phage that bind 1w a
farget.

gﬁiﬁ@}’ Arvcordingly, the presently disclosed subject matter provides smtibodies

v Bagments, and binding entity polypeptides that can recognize and bind 1o
./ v,i? b e



WO 2015/103587 44 PCT/US2015/010269
selected taxger moleoules. Thus, methody fur manipulating these avtibodies, anthody

o~

fragments, and binding eniity polypeptides can be used to optitiee their binding

propeciies or piher desirabie propertizs {e.g., dability, siee, euse of usel,

{UI38] I one embodiment, the hiosensor moleoude includes an HIV-1
neuiralizing antibody Fab fragmuent (X8}, which binds w HIV auvelope potein ggl A

after forming & mmpiex with the host cell receptor CD4. The preparativn of such

%’L

.,.;

‘.
1¥

binsensors {s desoribed in U8 Patent Application Publication No. 2006002
Hahn, which s i‘n..cm;mmif: d herein by reference in Hs entivety,

{131 Inone enbodiment, s frapment of WASE, which binds ondy to the
activated state of Oded2, can be used o detoot Cded? setivation, as also described in
ULH, Fatent Applcation Publication No, 20050029948 1o Hubn, Such Mogensors oo
be used to deteet andfor monitor the Tovel of Cded getivity fw wiro, In cell besates,
and in Hving cells. In another embodiment, & selective Hpand far the DNA

methyltransferase GRa can be used o detect the enzyme. To g fther embodiment,

the compeund Wiflyoperazing, which binds selectively to the active conformation of
cabmndatin, can be weed (o detont pelmodulin sotivity.
132]  As movided herelnabove, i some embodiments, the presently disclosed

bipsansors can be Hnked to g twrget molecule. In smbodiments whersin the pragently

the target molecrde at a position that results fn a change v g sigre! from the dve upon

shanges o the darget conformation, Hgand binding to the farget, profelu-profedn

inter

sons with the target, phosphorylation of the target, or postivansiational

modification of the target. The presently diselossd af;zm@aumis of Formulaf oz

*

Formula I can be linked tothe target molecule In bosensors using the techuiques of

dye linkage known in the art and ds‘sc.z‘ibsd. i LLS. Patent Ay g&i::é.ztiam Publivation Ko,

0

20U6/0029946 1o Habn, Suirable positions for linkage o pravide, foe exampls,
smproved signal intensity or minimal perturbation of normal tologieal activity can be

ideutified wing sereening technigues also deseribed fn U8, Patant Application

TR

3

Puiiication No, 20080029946 1o Hahn,

¥

fE33] In some ewabodiments, the presently disclosed dyes can be attiched o 8

protein of interest, whereln e activity, lowstion, andfor conformational change in the

<,

protein can result bva change in the fluovescence of the dve. In some smbodiments,
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the profein of interest can be subjeet 1o a changed phosphorylation state sndior
protein-ligand interaction, whers the Hgand pan be 3 small molsoule or 8 second
protein. Composngds of Formula Lor Formuta 1 can be sovalenily sttached to the
protern of interest to provide a signal associated with the phosphoryiation state anddor
proteinsprotein ntersetion. Thistype of detecton fs in contrast to provinugly
described detections, see, e.g., Haln ergl, & dm, Cherm. Soe ushii%%zﬁ (2003,
whereln the biossasors detect 2 conformational &.’h&ﬁg&: i the ia;:rget p;;‘nmin induced
by the sction of a thivd clement. In the presently discloged methods, detection can be
tended o conformational changes induced by ph&&;ﬁmr}»‘iaﬁm and doss not requirg

induction of o conformational change {8 the protein of interest. One advantage of the
preé;ﬁm‘iy disclozed methods is that proteins within multiprotain compleres gan be

gronitorad i situations where other types of biosensors, Tor exsrple, those raquiring
& domaain to find the target profeln, would be blocked.

[0134]  Further, the presently disclosed Mossnsors can wllow the detection from a

yxd

single dye, ., without the use of twe gampm;wa, ay in FRET, © provide divent
sxcliation z»md‘a hfigﬁ&ﬂr signal. In sume smboditenis, however, two uemote of the

prosently disclosed compounds of Formula T or Formwula I having different emissions

"*w?en pths can be used to enable imaging of multiple protein aerivities i the same
£ ke Bitsd

cell glmubtaneously. Thus, in some embodiments, it can he desirable © provide more
than one dys Woismia onthe binding domain of the bosensor to facilitate meonitoving

of & binding event,
{6135] The presently disclosed subjewt watler provides methods o exantine
protein sctivily, structurs, or proteln-prefetn Interactions, The presently disclosed

mwthods and biosansors con report proteln localization, protein activation andlor

sepsrt speciiic aspects of changing protein structure or inlersction, The bicsensors
can be wsed in living cells andéor for homogeneons sssays. For sxample, ths activity

3

of & protein in a complex mixtore, such as cell Tysate, can be determined by adding

(X}

\.

e

and detecting the biosensors without additional steps, such a8 wash steps, and the like,

1361 In some smbodimends, the presertly disclosed subject matter provides a

biosensor comprising one or more binding domaing having a specific affinity for one
EX)

ot more target molecnies in a specifie sate of phosphorviation, Por exampde, the

¢ :
iy for @ binding site

binding donmin of the bigsensor can have
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Y

praduced upon & protein when that protein binds (0 8 guanesine triphosphinte, tharehy

Ay

activating the signal tansduction pratein, Qptionally, the bicsensor can have a

g, the protein bound

o

significantly fower alfintty for the tnactive form of the protein (g,
fo-guanesine diphosphate instead of guanosine triphe pimw\ Thus, for example,
dye of the binsensar, 2.5, & compoind of Formula I or Pormula 1, can oceupy 8
position oh the i ﬁi}},ﬁ domain nesr the binding site such that, upon binding 1o its

target, the binding enviromment alters the fuorescent signad fron the dye. Fusiher, the

pastiion can provide & defeciabls signal ;zhamg@ i the dye without sm:immx
tuhibiting the biclogical aetivity of the targeted protein, Delestion of the activated
farget i ihis embodiment doss not reguire conformational chaspes in the target or the
presence of thivd moleculss interasting with the tergst,

{81371 The presently disclosed bicsensors alse can detect protein-protein
teractions. Buch intersctipus can be Mgh alfindty interactons, such as, for examyple,

?

interactions between antigens and antibodies, or they can be lower affinity

‘Emﬁ:z‘s‘aa"i‘if:‘r:is, such as, for exawple, isderactions between enzymes and substeaies,
signad caseade members, or metmbers of protein @mr}em& in g protetri-protém

futeraction betwesn tevs binding membery, one binding member van be considerest the
“target” and the other binding member the binsensor “probe While the distinetion
between target and probe can be arbitrary, because the two Interact with sach other
these terms are used to faeilitate disoussion of protein Interetion, Cenerally, s used
hevein, the larget can be the molesule to be deterted and the probe can be a binding
member intraduced o imtermgata a samiple Tpe the presence of the Target b g state oo
fovm of interest: I & ropresentutive protein-protein blosenser, one member of the
binding pair can have g binding domain complimentary to a binding sits of the second
hinding palr meraber, One or both of the proteln-protein interacon pair members can
nelude an-attsched vampound of Formuda Lor Formuda o The proteinprotain
mteraction palr members can be full-length, naturally oconeting proteins, synthetic
analogs of naturally occurting protelns, recombinant analogs of natueally occursing
proieins, or fra s thereod,

{01381 The presently disclosed bosensers capable of having protetn-proteln

iteravtions can bave conpounds of Formula § or Fernda T st one o roore positinny

on one or both binding members such that the dyes are pusitioned betweon the
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<

i‘-/

e

binding members duing binding. In such embodiments, binding can vause 8
detectable change futhe signal from the dye without significantly inhibiting the
binding imterantion betwesn the binding members, Suitable dyve positions can be
identified by soreening altornative positions for tmproved slgnal andior Bnding
{fnetion in the presently disclosed bivsensor systems,
§813%) Insome embodiments, the blosensor can have specific affinity for a target
mclecule ina specific conformation, hovnd to a speeific Hpand, or with & specific
posttranslational modification other than phosphorylation
{4 I some embodiments, the presemly disclosed subject matter provides a
modular bosennor, Muodular biosensors are sensors of unified design that allow
certain components 10 be changed, 2.3, to change the farget apecificity andfor signal
characier, Modular blosensots 1y p;’ ally provide for conventent alteration of binding
domain specificity. For example, an affintty molecule can be expressed fom g
racombinant expression construct, suck as an expression veowr. The genelic
construet can include tnigue endonvclease sites braoketing the region cnending the
binding doruain so thet alternate binding domaing gap he readily insertsd Into the
censtruet for expression ae parl of a Mosensor, The modular binding domaine can be
selected, e, from a Hbeary of binding domains. Optionalty, the modules can be
encoded soFv dorsaing. The modular systems can include fﬁmy motecalés with
alternate binding domain sites, alternate dye lnkage sites, alternate dye hokage
rogetive molocules, alternate Hiked tarpats, alternate linker, andfor the like.
Alteenataly, the binding doroain can be of broad specifivity, and the tarpet domain

(i.2, difforent kinase consensus sequence peptidesy can be switched in the modular

HE. Detecting Presenve sadinr Avtivity of Target Molecunlss in Living Tells

[t Cell behavior can be regulated thraugh transient activation of protein

activitles af gpecilic subsellnlar Iboations, The ability to stady wransiocation of

proteins has bean enhanced by advances in the misroscopy of flucrescent protain
anslogues withun Hving cells. Inwany cases, imw‘t%'-m; lodshized protein activities are

H

controlied not by translocating prowing 1o the site of action, but by localized
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activation of a small portion of the protein pool, See Haby and Toutehkine, Cuwrr,
“p o Celf Biod 19:167-172 (2002), Wouters st o, Trends Cell Biol F1:203:211
(2001} Buch behaviors typleally ave not apparant when stodying protein
teanstocations or when using in vire binchemical approaches. Furthsr, the ontoom

of signaling protein activation can depend on subtle variations i activation kinetics
that are not discernibls in the population aversges generated by bivchemical
'i‘ﬁi:‘m'ii_»:};mzsy Hor precise guantification of rapid sctivation Kinetlos and of the level of

}:‘3{

i
yae
mv
o
f’ (

vation, it also s necessary 10 mersure profein activity in living cells, See
‘ol Biod J1R03311 2000 Willlans er o, Nature 318:538-
L Chese 26595839386 (1990). Accordingly, & nend
exista for methods S moniiorh ng protein movanents in iving ceils,

{81421 The pesently disclosed dyos exhibit miany properties that make them

suitable for detecting target moleonles and thelr interaetions In Hving vells. The dyes

Ery (o)

y...»

ave, for example, bright, with long wavelongths outside of cellalar anteflusrescencs
background frequencies and thal wre less damagiog to cells. Addition or deletion of
parts of the aromabic systery, or substitnent groups thereon, can shall sxcitation andfor
ermasion wavelengthe of the dyes so that more than oneevent ¢an be monitored in e
cell atthe same time. The dves have increased vell membrans sartblity with

2l gtaining of intracellular membranes.

3

I0143] The presently disclosed dyes can be detected D cells by observing changes

fntensity, s change i the shape or maxima of the excitation or simission pealt,

X

andior dye lilebime, fo permit vatio imaging and other fechniques that can eliminate
effects of uneven [umination, coll thickness, and the ke,
{0344]  In some embodiments, the presently disclossd subjent maiter provides &
method of delzeting sn activity or a location af one ur more {arget molecule within g
cell, the method comprising: (1) providing the hiosensor of the present invertion; (b
contacting the biosensor with & cell suspected of confaining pne of more targes
snolecules to bind the one or more target mslecules, H present, to the binding member:
{¢} irradiating the e}l suspected of containing one or more largst molecules with
slectromagnetic radiation to induce the corspound of Formula or Formula I o
fluoresee; and {d} detecting one armore of (1) 2 Hnorescence property of the

<

compound of Farmule T or Forrsuda I (1) a change ina flusescence mraperty of the

b4
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compound of Formula I or Formuda I Gii) & location of a fluorescence of the
compound of Formoula T or Formula IT; and (v} combinations thereof, to determine the
an activity or location of one or more target molecules in the cell providing
bicsensor comprising a dye of Formula (1) or Formula (II}; (b) contacting the
biosensor with a cell suspected of containing one or more targef molecules 1o bind the
one or more target molecules, if present, to the binding member; () frradiating the
cell suspected of containing one or more target melecules with clectromagnetic
radiation to induce the dye of Formuda (1) or Formula {I1) 1o fluoresce; and {d)
detecting one or more of: (1) a fluorescence property of the dye of Formula () or
Formula (II}; (i1} a change in a fluorescence property of the dyve of Formula (I) or
Formula (1I); (i) 2 location of s fluorescence of the dye of Formula (I) or Formula
{II}; and {iv} combinations thereof, to determine the an activity or location of one or
more target molecules in the cell.

{0145]  The presently disclosed methods and bicsensors can be useful for detecting
target molecules in or on the surface of various types of biological cells, including,
mammalian, bacterial, fungal, veast, insect, and plant cells, In some embodiments,
target molecules can be detected in freshly isolated cells from mammals {e.g.,
humans), insects, fugal, or bacterial cells. For example, blood celis, such as B eells, T
cells, monocytes, and neutrophils, and the like, can be probed with the presently
disclosed biosensors. In other embodiments, stably maintained cell lines such as
CHO, HEK-293, L-cells, 3T3 cells, COS, or THP-1 celis can be investigated using the
preaently disclosed methods.

{8146} Useful information can be obtained from any type of cell using the
presently disclosed bosensors and methods. For example, mamvnalisn cells, such as
human cells or animal cells, that naturally or recombinantly express human proteins
can be evaluated 1o identify potential human therapeutics, observed for interactions
between biomolecules, and/or studied for the effects of Hgands, drugs, and other
molecules on mammalian and human systems, In another example, bacterial or
fungal cells can be used to screen for potential antibiotic or anti-fungal agents.

8147} In some embodiments, well characterized cell ines known {0 provide
predictive models of human cell functions can be used to obtain results correlated

with human systems in pharmaceutical and medical research. Exemplary cell lines
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useful in such research include, for example, CO8 cells, CHO cells, HEK-2%3 vells,
RBLA, Jurkat, 7937, and YB-1 cells,

[0148]  The eells tobe monitored pan be provided 1o sither immobilized forn oraz
a suspenadion culture. Immobilized cells, suchias, e.g., cell lawns, tssue slioss, or

libearies, van be wondtored, e.g, by microscony, soanners, or with i imaging systems,

c’) >
The numobilized celle can be m;ani_t{ rosd Hve or fxed for detection of & et molscales
mkilied cells,

W48 Inmany ombodiments, oells subfect to target moleculs detontion with the
presenity dsclosed biosensors are 1o swepension. Suspended cells can by cells from

suspension cell coltures or oells Hberated frons tissues or lawns, Suspended cells pes

s

pariivularly well sulted to handling and monitoring in fuidic systoms, such as cell
sorters, cell counters, and microfnidie systems, U eil suspensions can & o provided at
cell densities apprapriste to the handing syster and detection method that is belng
ﬁiiﬁ;‘zi{‘:yzﬁﬁ:, Determination of optimal cxll densities 13 routine for ong of oxdipary gkill
the wt. In the case of Bow-through enboddinents, vall deasitios of monitored
suspensions generally range from about 1 eeli/nll to about 30 cellsiml in, eg, &
reaction vessel or detzetion channel. In the case of test tube or mubiiwell plate based
regotions, cell densitles typically vange from about 1,000 cellvmm?® to ghout 100,000
cells/mn®. OF conrse, these ranges can vary depending npon, .., the sell fypes used,
e type of Mosensor employed, the type of interaction to be S?(,I;Kiiaii’is the relative
adhererce of the cells to the vesse! suefioes, ag well us each other factors,
{1564 In sum, the yresenily daclosed sublest matter privvides Bosensors thet are

capable of sindying proteing in Hving rells. The dyves can be directly aitached 1o

proleing, enabding confonmational changes 1o be followsd & vive Bor proteing

8
neorporated in large molecular mactines. For fwovivvo applications, the dves exhibiy
an increased photostablility and provide g substantially brighter signal than cures
solvent-sensitive Huovophorss. Thus, they can enhance sensitivity for studying E‘tg‘
aifinity binding interactions, smell amounts of protein in high-throughpul assayy, o

protein changes that produce only small effects on other dyes
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Formula 17
HSEL The prosently disclossd biosensors enn be used v witeg andfor in vive o

detect target mnlscules of inferest. Tu some erabodiments, the blosenanys can he

added 1o test samples in s homograons sesay and do ot roquire addition of nultipls
eagerds sndlor wash stepe befure detection of the target reoleculs,

I83]  The prosently disclosed bi{)&"&‘} ors ean be contacted with target molesules

i viree by sddition to 3 test sample eontatuing the farget woleonlzs, Test s s for

i vitro assays includs molecular libraries, cell lysates, analyte eluales from
chramatographic colurmy, and the ke, The i vitro asssy can fake place ina

3

chamber, such ay, &g, 2 well of s mulitwell plate, 2 tost tube, an Fppendor! tube, a

soecirophotometer cell, sonduit of so anglvtipsl system, channels of g misrafiuidic

o

0o R

1 SHEVIE T gtein of interest i3

systeny, and th,fs} ke, Toanexsmplary in

coated Yo the bottom of S-well plates als selutions representing a library
ot possible enzyme substeates. A pressntly disclosed bosensor having 8 specific
altinity for enzyme-substrate complex 12 added to sach well. A multiwell scanning
fluoremeter can be used to obsarve sach well for fluoressence. Wells containing
epzymie substrate can be identifisd ay those {n which fluorescent ermissions at the
savelength of the biosensor dye, That iz, in this example, the binding domain of the
blosensor only binds to enzyme acting on subsirste; the binding placing the dye into s
binding pocket envivonnient that significently changes the sruissions b ntensity of the
gy
§f§§_:§:3} in embodiments whersin the presently disclosed blosensars ave
administered to Hving vells, binding can take place with targets on the cell suctace, or
the blogensor is transferred into the cell to make contact with an {otracellnlar fargst
molecule. In some embodiments, the blosensor can peteirats & ool suspected of
conteining aselected target passively by mere sxposure of the cell o a medium
containing the bloscasar. In other smbodiments, the bosensoy i activ oby transderred
intn the well by mechanisms kuown inthe art, such as, 2.2, pomtion, injection,
tansduction along with frauster peptides, and the ke
{6154} In pone embodiments, & ranslocation functionality can be incorporated on

the brosensne o faciiitate the translocation or internalization of that hinsenser Som
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8]

the outside o inside the ol Az used hereln, the term “translocating Ametionality

>,

fers fo 2 chemical compound, group or modety that increases the cell's ability to

fee
internaiize another compound or material, or example, a Biosensor. Exaniples of
such translocation funclionalities tnclude peptide recogrition/transport sequences,
Hposomal compasitions, or the Uke. Altsroative translocation methods and
compositions slso can be ueed in accordance with the proseptly disclosed subject
matter to induce uptake of the ssvond component, including, &g, slesiroporation, vell
pormenting compositions conaining, s, PEG, porins, saponine, steeptolysin, orthe
tike,

{01581 Technigues waeful for provesting nplake of bissensors include

gptaporaltion, forexample, as deseribed in Sclmeckenbunger et ofl L Biomed Opt.
A410-0 (20023 or Boughayer er ol dand Chesn 7313427 (2000), A varigty of

fransauction peotides also are naeful v 'prcsm&ﬁn‘*_u_ stale of biosensors, including
PR £ & E

t"}(‘.;

those decgribed fo Fsiphatl ef o, J Bigd Chem, Z7E35103-10 2001

«-<‘
rm
._
§3<

FEEE Lert, J32:36-44 (2002); and Torchilin ef el Proc. Narl dead Sei L’fv‘%‘

{BI136]  Additional technigues such as electronoration also can be iz.s&d,. Fxamples

of glectroporstion procedures ave provided n Gogaver

L

<34 {168 ?_s, eruel and Mevyer, Nefenoe 39

37-48 (1999),

91571 Another progedure for intraducing moleoules such as blosensors futo cells

is the osmotic shoek procedure. Bxamples of osmotic shock procedures inglude those

described in Othade and Bechsteiney, Cell 2833-41 (1882); and Park ev of, J Opll
Fhysiol 133:443-50 (1988},
[I88]  Oue ol skill inthe srt also can use bead/syrings loading 1o Introducs the

presently disclossd Mogevsors indo cells, Bead/syringes boading proceduces are
deseribed in MeNeil e ¢, 7 Colf Biol 8811556-1564 {1984) and Meleil and

Warder, J Cell S¢i 82:669-678 (1987},

[0188]  Mucleic seids encoding binding domeins as disclosed hevein tan be

introduced wnto colls noxpression plasouds, eg by transduction or other forms of

teansformation, Once inside the living celly, the binding domain can be translated

from the nucleic acld to a functional peptide. Compounds of Formula Tor Formuls I
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can enter the vell, e.g, by Injection or diffusion, to become linked to the expressed

binding domaln to generaie g liosensor i #ith. The presently disclused dyes also can
be infroduced ity cells by other methods known i the art, including, but ot limited
to viral-based delivery systems, including virel-based nanoparticles, and Hpid delivery

vehicles, inohuding Hposomes, and the bke,

3, Detection of Targer-Rinsensor Blnding Reactions
{160 A wide variety of binding reactions can be detected and monitored using

the presently disclosed blosensors, for example, profeln-protein interactions, receptors

Higand iipractions, mucleic sod vtoraotions, protein-ng racticny, and the
like, Detection of a target molscule can provide identification of the target ln g
specified siate, quantification of the tergst, andior lncslization of the target. Muliple
measurements can allow determination of kinetica, The ability 1o nioniter muldple
fargets can permit montioring of the badance between different signsling activities. In
the fnteaesllular environment, many of these reaction types are involved in the
mltiphicity of steps of sigaal transduction within cells. Forexsmple, adtivation of ¢
particular celiuder gvent is often triggered by the interaction between o call aurfhes
vaceptor and its Haand, The signal from the receptos e ofter tanemiited along via the

binding of engymes 1o other prowing, for sxampls

o, Kinases, which then pase the signal

¥

on i?};‘m.igai: the coll untl the wittmate cell systen response is achigved. In many cases,

of ultimate response can be detected taing the presently disclosed

biosensers. Forexample, sigual transduction often invelves phosphorviation of
system molzcudes that can be detected directly with the phosphate nvolved inthe
binding site; or indirectly theongh conformational changes nduced by the
phosphorylation

Y611 Inone embodiment, the presently disclosed sublsct matter provides
methods for identifving the activation status of sndogeneus proteing in Hving oells
The presently discloged biosensors can permit dentification, guantification, and
resolution of the spatial, temporal and vomparimental regulation of seceptor
phosphorylation and activation during various processes, for example, sndouviosis,

In another embodiment, the prosently disclosed biostnsors and methods oan pent

obpervation of epidermal growh factor receptor (ROFR) offects on the developmeant
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24
5
3

and progression of breast cancers Inoa further ombodiment; complex formation

between HIV gpi 20 and OD4 eell receptors can be monitored,

(1623 Axcordingly, in sowe smbodiments, the presently disclosed subject matter

5

p%ﬁ{}viés:ﬁ'am&thﬁé of dewamg an interaction hetwesn an sndogenous | ﬁ‘g ot mdecnie
andd & pellnlar ontity, the method comprising: {a) providing a cell comprising en
endogenous tarpetmolesuie; (b} 'g:!rf;widing the bloseusor of the invention; (¢}

cbserving & background HSuorescence signal frorn the bosemor; (Y contscting the

hinsensorwith the celly and (&) detecting & change In fluorescence from the hicsensoer

try indicate @y Interaction between the terget molecule and the selinlar entity,

N

ty is seledted from the growp

1631 In soms embodbments, the o ‘
gonsisting of o celiular nucleic acid, a protein, 8 peplide, gn enzyoig g revepton, &
cytoking & oyvioskelpton, snd a signal ransduction protedn, In some embodiments, the

Binding memiber of the probe binds the target molecule at 8 phosphorylation sie. In
some embodiments, the binding member has & speeific affinity for 2 conformation, &
ligand interaction, or posttranglationsl modification of the terget molecude, Insome
embodiments, the detesting 4 change In fluorsscence comprises quantifyving & protein
amouat, locating & proteln, dotecting a conformational change in the target molecule,

s

defecting activation of the target molegule, or detecting phosphorviation of the target

molesules,

64 Doosome embodiments, e sompound of Forngula Dor Pormula s linked

o

1o the binding memdber ab 2 site thet does ot substantially mterfers with binding

between the probe and the target biomplecude.  Further, tn some smybodimenty, the

site s selocted by an exanunation of & vrysial structure for the binding member or the

farget wiokeonle. In some smbodiments, the rasthod Rurther cowmprises introducing the

m‘@ba irdo the coll by using a technigue selected from the group consistiug of
alestroporation, transduction, mimfﬁg.mraﬁ o, and micreinjection.
. Methads for Detesting the Fresence ov Amount of ¢ Targer Meleoule

{0165] 1o accordance with the presently disclosed subject matter, binding

nteractions can opcur botwoen a hiosensor and one or wmore targe! molecules or

components of the celll A “srget moleouie of {nferest™ is 2 moleoule that s kuown by

ane of skill in the art aud is selected for interaction with a presently dsclosed
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3,

biosensor, A fargetmoleonde often comprises an endogenous unlabeled andfor
untagged compnnent of a test solution or eell. Endogensus pomponents can be, 2.2,
expressed by the cell naturally, or present a8 a vesult of imbroduction of an appropriate
genetic constriset within the pell. For exaple, nuelels acid or protein target
molegules can be expressed o the cell, either noturally {s.g., constitatively) or by
induction of an appropriste genetic consiruct introduced into the cell e,

{BI68]  lnsome ewbodiments, the presently disclosed subjont matter provides a
method for determining the presence or amount of ene or more target molscules n g
sarapie, the mathod comprizing’ () providing the bigsensor of the twention; (5}
contacting the biosensor with g sample suspected of containing one o more target
molecnies © bind the ong or more terget moleculys, W pressnt, to the binding memben

A

{c} radisting the sample suspectad of contatiing one o movre tergst molecules with

<

electromagnetic sadistion o Induce the compound of Fornmla Tor Forneola I
flugresee; and (d) detecting 2 fusreseence property of the compound of Formula Lor
Formula H in datsrmim: the preserice or motint of Ghe of mors target molecules §
the sample,

0187 lusome embodiments, the method further comprises: () measurisg a
fluorescence intensity st o first emission wwkqgi}} before contacting the Mosensor
with 3 sample suspected of containing ohe or wore targst maolecules; (0) messwing e
fluorescence Intensity 21 a second emission wavelength after contacting the Blosensor

(

with a sample suspected of contalning one or more target molecules; and {¢)

A

determining a ratie of the second emission wavelength (o the Hrst emission

¥

waveiength fo determine he pressnce or amount of one or move target molsvules 1o

&

10168] o some embodiments, the method further comprises contivuously: {a)

poptavting the biosensur with the sample suspected of confaning ong or more target

el

molecules; (Y irradinting the sanple with electroragnetio radiation; and (&) detsctin
the flanresconee property of the compoting of Foranla T ov Formala IL

01687 Az wed hereln, the torm Usample” inchudes any Bouid or had sample
3 Y

inchuding » sanuple derived from a bilogics] source, suclras a physiological Soid

meluding whole bloed er whole hloos gam,;)mwms, Si‘i;:h_ a3y ved blood celly, white
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T periioneal fuld; amnintic fhaid; percersbroapinal fudd; lymuph Huld; hung

P

ermboelian; corsbrospinal fiuld; pericardind fuid vervicovagingl samples; tissue

,~<

extracts; el extracty; and other constiuents of the b bat are suspected of

&,.

yos

coptalning the snalyvte of Interest. Inaddtionto p}zw slogics! Hueids, other Bauld

saniples; such as water, food products and the Hie, for the performanes of
snvironmetal or food production assays sre suitable for use with the presently
disclosed subject matter. A solid muaterial suspected of contalning the analvie also can
be used gs the test swmple. Tnsome Ingtances it mights be beneficial o modify z solid
test sample to form 2 Houid medivneor to relesse the analvie,

{17 In some embodinents, the sample can be prestrented prior to use, such as
preparing plasma fromt blood, dituting viscous fhaids, or the ke, Such methods of
treatment can Involve Rliratlon, distillation, concengration, lnactivation of Tnterfering
corpounds, and the sddition of reagents.

5@5{?}} The serple can be any sample obtained from a subject, The term

o

“subsect” refers t an organism, tsene, orcell frore which & sample can be obtainesd,

u X

ubjeat for medical purposes, such ay diaguosis endio

A subject ¢an includs & human
et of & consdition or digeass, o an antmal sehiest for wmedical, veterinary
purpses, or developrental purposes, A tubject also ean include sample muterial
from Hasue culture, cell cultore, Organ reploation, stent cell production and Gre like,

Suilable arimal sub

'.J'.

e clude mammads and avigns The term “avian™ s used

3

hergin 'ingiadﬁfg, bat 18 not Hmited to, chickens, ducks, geese, quall, turkeys, and

pheasants. The term “mammal” as used herein lneludes, but is not Himited 1o,
primales, ¢ g, humnans, monkeys, apey, and the Hike; bovines, ¢.g  vaitle, nxen, and
the Hie; ovings, g, sheep and the like; coprines, 2., goaly 31'&3& the like; porcines,

a3, and the ke, equines, g horses, donkevs, sebras, and the jike:

g wild and dormestic catg c:as-zin@w1r~c§vd§rm dogs; Ia v:mmrphs,
including rabbits, hurss, and the fike; ahd rodents, ncloding mics, rais, and the lik
Preferably, the subjeo! Is s manual or @ maumalian el More peeferabiy, the
subgect is 2 human or a human cell, Fuman subjests include, but are not mited to,
fetal, neonatal, infant, juvenils, and adidi sublects. Purther, 2 “subjset™ can include a
patient aiflivted with or suspected of being afflicted with 2 condition ot disease.

Thus, the terme “subjoct” snd “patient” are used nterchangeably hereln. A suhisct
- v P e
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aleo van refer to cells oy collections of cells in laboratory or Boprocessing eulture fn

~

tests for viability, differentiation, marker produstion, expression, and the dike,

Y. Bissengor Kits Compriving Componnds of Formala T or Formula 1§

{72} The presemily disclosed subjort matter further provides u packagsd

composition saphas & kit or other contadver for detecting, monitoring or otherwise

sheerving a target molerule, The kit or container can hold 2 BMosensor eomprising a
cornpound of Formula T or Formaula I and insteactions for using the bossnsor for
detecting, monitoring of ctherwise obse 8 terget molecule. The bipsensor

includes at least ong hmdmg member and a compound of Formaula T oy Formula I In
nne grabodiment, the kit comprizes g container containing d Mossnsor comprisiog

seby binding dopain and a dye, Altematively, the Bt or contginer holds s compoad
of Formula | or Pormula I and nstructions for using the dyo. In some embodiments,

kits vontadning dyes can contadn Instructions for altaching & dve ©o & binding dormain

sedocted by ong of sidll i the .

{1737 The presently disulosed kity also can comprise comiainers with solotions ar
tools vseful for manipulating ar using the presently disclosed dyes nr Mosensors,
Sueh tools inchude buffers, reaction tabes, reagents for couphing componnds of

e 01 10 selected binding domains and the Uke. Inone

¥

Formula Ior Fo
smbiditnent, the kil can corgain a solution of splvents anddor buffers o faciiiinte

o

eoupling of 2 componnd of Fornmla T oy Fornmda 8 104 selected binding domain

andfor 7 solution of matcaptosthancl fir guenching the dye-binding domain

conigation reaction. The kit also can include s container of buffor ar roughly neatesl
pH {e.g., sodivm vhosphate buffer, pH 7.5)

¥. {hemics] Dafluitions

W] While the Bllowing teams are belleved w0 be well understood by ons of
ordinary skill in the sty the Hllowing definitons are sat forth to freilitate explanation

of the presently digclosed subject maner, Unless oiherwise de .ﬂ::z@s;?-, all technical and
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seizntific torms used herein have the same nicaning as commonly undersiond by one
of evdinary slal in the art o which this presently desoribed subject roatter belongs,
{0178 Theoughout the specification and claims, a given chemical formmla or
mune shall encompass all opticsl snd sterecisomers, as well'as racemde mixtures
whers such isomers and mintures exist.

H3 3t When the term “independently selecied” is used, the substiuents heing
& » : peg

referred fo (e.g, R gronps, such as groups By, Ry, and the like, or groups X and ¥,

can be identical or different. Por example, both By and Ry cus be substitnted ailvls,
or Ry can be hydrogen and Ba can b a substituted alkyl, and the iike.

0177 Aomamed “R7 o X" gronp will genersily have the structure that ks
recagnized inthe art a9 corresponding 10 a group baving that name, usless spacifie

5

el
siherwise herein. For the purposes of Hhustration, certain representative “R and =X
groups 88 sot forth above ave defined below. These definttions are ntended to
suppiement and lusirais, not i;}r&e};m{ia} the defindtions that would be rpparent to ang
of ordinary skill in the art upon review of the present disslosnes

TR As used herein the torm “electron withdrawing group” refers o o wtom ora

g + ¢ .

group of atoms that draws elestrons away from a reaction center, Examples inelude,

without Braitation, caz*"bony},, eyano, halogen, nitvo, sulfonyl, and Liﬁ‘mmm@‘ihyi‘-
BI78F A used herein the term “leaving group™ vefers to o charged oy uncharged
atern or group of atoms that departs during s substiiution or displacament reaction,

Examples include, without Hmitation, halogens, such as chiors, bromo, and fodo:

atkoxde, triflate, tosylate, mesylate, flucrssulfonate and aptiotally substituted Mo
hydroxysnoninimide,

[8180)  Aswsed hereln the tenm “eonjugatable side chain™ rofers to slde chaly
comprising, conyisting essentially of, or consisting of a Hnker and a reastive group at

the end of the laker that can be used to confugate o dye componndio a binding

member,

H R EE As used hereinthe term Sallorl” refers to Crag olusive, Hnear (Le,
“stratpht-chaln®™), branched, or oychic, saturated or at Jeast partially and in some casss
fully pnsaturated (o v} and slicynyly hydroarbon chatng, nchuding for

sxample, methyl, @th;‘i yrﬁpyi isopropyl, butyl, isebutyl tert-butvl, pentyl, heavl
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aityl, ethenyl, propenyl, butenyl, pentenyd, hexenyl, cotenyl, butadienyl, propynyl,

i

butynyl, pertynyl, hexpny!, heptvnyl, and allenyvl groups. “Branched” refersto an

atlkyd group inowiiel a lowsr atkyl wroup, such as methyl, ethyl or propyl is attached
R Y g

‘i

1o a Hngar alky! ehain “Lower alloyl” refers 1o an slioy! group having 1o show

carbon afovas (Le, 8 Gy alkvl), ecg, L2304, 5, or 6 cavbon atoms. “Figher alkyt?

vofers to an alkyvi group having about § to about 20 carbon stoms, 2.z, 8.8, 16, 11,13,
E3, 14018, 16, 17, 18, 19, 00 20 carbon atoms. In certaln enbodiments, “aliod™ refers.
o partiondar, to Cre straight-chaw alkyls, In other ambodiments, ®alkyl™ refers, In

partionlar, o C1.¢ branched-ohain glkyls,

3

[0182]  Alkyl groups can optionally be substiiuted {1 “substituted z‘fm Yy with one

o

or more aticyl group substituents, which can be the same or different. The tecm Salkyl

N

growp substituent” includes hut is not Hmied o alkyd, substituted allopl, haln,

3

avylaming, acyl, bydroryl, arvioxyl, alloxsd,

Nt

yithio, aryithio, svaliployl,

aralloelthin, -cmb@xy?. :ﬁi‘k@;\“:ﬁ:&l‘ onyl, vxo, and pyeloalkyl, There van be sptionally

inserted along the alkyl chaln one or more oxygen, sulfiir or substitited or
insubstituted mitrogen atoms, wherein the nitrogen substituent Is bydrogen, lower
atkyl abso reforved fo herein as “alyiaminoalion™), orasyl
{91837 Thus, gs used herain, the term “substituted aloy!” includes slkyl growps, as
defined hersiny, 1o which one or more atoms o functional groups of the alky! group
are replaced with anothet atorm or functional greup, invluding for example, allyl,
substituted alicyl, halogen, arvl, substituted aryfi, aikonyl, hydroxel, nitrg, smino,
alkviaming, dstkvlaming, sulfats, and mercapto,
{184 “Cyelic” and “oyeloalky? refer to a2 non-grontatic wmone- o mudticyelic
ving system of about 3 to about 10 carbon atoms, 2.2, 3, 4, 5,6, 7, 8, 9, or 10 carbion
atemns. The eycloalky! group can be sptionally partially unsasurated. The eyclostion

group also can be aptionally substituted with an alkyl group substituent as defined

herely, oxo, and/or alkvlens, There can be optionally ingerted along the oyelie alkyl

chain one or more oxypen sulfur or substituted or unsubstituted nitvogen atams,

whergis the niirogen substitvent is hydrager, alkyl, substituted allyl, aryl, oo
substituied aryl, thus providing a haterooyelic group, Representative monodyelic

oyelvalkvl ringe tnclhoade oyclopentyd, cyeloheol, and oycloheptyl. Multioyelic
£ FEIIPEIS Fhe DEy )
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veloalky! vings include adamantyl, ootahvdronaphthvi, decalin, caraphor, caraphane,
and norasamantyl

A}

{BI8S]  The term “eycloalivlaliov]” va nsed herein, refers o 2 cyvipallyl group as
defined hereluabove, which s attached Yo the perent moleoular suslety throtgh an
alkyl proup, also as dofingd sbove. Examples of oyclonikylaliop] groups include

oyelopropyimethyl and eyclopentyiethyl

{8188} The terms “eyclohetercalky!™ or “hetercoyelnaliont” refer (o ¢ none
aromatic ting system, suchag 2 3- o T-member substituted or wnsubstitnied
cycloatiyl ﬁv“-' - aystery, including oue o taore heteroatoms, whish can be the same or

3

different, and are selected from the group consisting of N, O, aad 8, and optionally

3

pan insiude ove o more double bonds, Thy cyelohetoroatky! ting van be optionally

used to or otherwise attached to other cyelohetercalkyl rings andfor nopsaromativ

?:}},fwm&r") vings. Representative cyolohetercadhyl ring systems inchode, but ave ot
Hmited to pyreoliding!, pyreolinyl, imidazolidingt, i a?'&;zo}iny}:, pyrazahidingd
pyrazolinyl, piperidyl, mperasinyl, indelinyl, guivuclidting, morpholinyt,
hiomerphinling, hiadiasinany], tetrahydrofirany!, and the like.

aight or branched

187 Theterm “albeoy!” as vsed hersin refers toa s
hydreparbon of a designed number of carbon aloms containing at loast ong carhone
carbon double bond, Examples of “alkeny?™ inchude vinyl, aliyl, Z-methyl-3-heptens,
and the Hike,

3

IB188} The ferm Yoycloalkenyl™ as wsed heveln refers o ¢ ovelic hydroparbon

contaimng af feast one carborscarbon donble bond. Examples of cycloatkeny! grovps
inelnde eyelopropenyl, cyclobuisnyl, oyel Upcmenjﬁ cyvelopsatadiense, eycloherenyl,
1. 3-cyelohexadiens, i;?’ﬁi{)‘hﬁtgf:’ﬁ{m}’lﬁ toheptatuienyd, and Syclaovtenyl

[0189]  Thetenn “atkynyl” 56 ueed herein refers fo a straight or branched

hvdrocarbon of a designed nunnher of ¢ atoms contalning ot least one carbon-
carbon triple bond. Exaoples of “alkymyl” intlude propargyl, propyne, and 3-hexyne.
{H “alkylene” refers to a stealght or branched bivals p} gt hydrocarbon

sroup having from 1 to abow 30 carbon storss, eog, 1, 5 3,4, 5,8, 7,08, 9, 10, 11, 12,
13, 14, 15, 16, 17, 38, 1%, or 20 carbon storas. The alkylene group can be stratght,
branched or cui;i The alkyleng group alze can be optiondlly wsaterated andfor

substituted with one or more “alky] group substitvents.™ Thers can be gptonally
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inseried along the alkylene group one or more oxygen, sulfur or substituted oy

a

unsubstinded ritrogen stoms (also refereed to herein as “alkyviaminoalhy Py, wherein
12 nitrogen substituent is alkyl as previousty desoribed. Exemplary allovlens groups
inchude methylone (CHy-Yy sthylene (~CHCH-y propylene (-
cyclohexyviens (Ui} ~CH=CH-CH=CH- ~CH=CH-CHpd ~{CH N~
{CHe, wherein cach of g and v s independently an Integer from 0 10 gbout 20, e,
8, L2304, 5,60 8 9 10, T 12, 13, 14, 15, 16, 17,18, 1%, an 30, and R i
hvdiogen ot lower alkyl rmethvlenediony! {-O-CH-0-); and ethylenedioxy (-~
{CHy -0 An alkylone group san have about 2 to abont 3 eacbon stons and can
further hayve 620 carbong,
[H191]  The reom “aeyl” 15 nsed heredn to refor to an aromatic substitnent that can
be a single sromatils ring, or pealtiple aromatic sings that are Rused together, Huked
covatently, or linked to 8 common group, such gy, bat not Hnlted {o, 5 meth wiene o
ethylene xooiely, The conunon Iinking group alse can be g carbonyl, as i
berzophenone, or oxygen, as in diphenyiether, or nitrogen, 58 in diphenviamine. The
term “aryT™ spentfically envompasses heterpoyelic arovmatie compounds. The
aromatio tng(a) oan comprise phenyl, naphthy, biphenyd, diphenyicther,
diphenylandne angd benpophenone, among others, In particulie embodivuents, te
term “aryl” roeans & oyelic gromativ comprising abuut 3 o about 10 carbon atoms,

N

8, T8 B, o 10 cacbonatoms, sad including - sud S-membered hydrocarbon

@:,g,;x ki

w

arl }mt@mey&:ii& aramatic fngs.

{02921 The aryl group can be optionadly substituted (s “substituted aryl™) with cue
of more aryl group substituents, which can Be the same or different, whereln "aryl

grovp substitient™ includes allod, substituted slkeyl, arvl, substituted ary v,miksi

i, aratkvlowyl, curbogyl, aeyl; haly, mi-ifm,‘-aii"wxvmar“csmyi,

)

hydroxyl, alloxyl, arvloxyt

arvicexyearbonyl, srallcoxyearbonyl, acvioxyl, soylaming, srovismine, carbamayl,

T

alevicarbamayl, disllorlcarbameyt, arvithio, allyvithio, alkvien

,

gnd MN'&’R“, kmerem
R gnd B can each be indesendan EV %mm{m e, ask\ug substituied
¥

¥

substituted arvl, and aralkyl.

a3y Thus, a8 used hereln, the fom “substituted aryl™ neludes aryl grovps, a8
defined bersin, inwhich one oy miers atomns or functional groups of the aryl group ave

veplaced with another atom or fanctional group, incloding for wxmmpls, alkyl,



WO 2015/103587 67 PCT/US2015/010269
&7

subetitated alioyl, halogen, aryvl, substituted aeyl, slkoxyl, hydroxyd, sitvo, aming,
sikylamios, dialkyvisninge, sultate, and mercapio.

J1%4]  Specific examples of m;;i ronps include, but aré not imited 1o, phenyl,
furary, thiophens, pyreole, pyray, pyeidioe, bridazole, berwimidazole, isothiazale,
inoxazole, g}}*mmiﬁ:, pyrasing, triaxine, pyrimidine, quneling, isoguincling, indols,
carbazole, aud thedike,

9

[B1O5] The term “hetercaryl” refers bo anearomatic fng systam, such as, b not
timlted to a 5- or Savensber ring systeny, including one or more heteroatoms, which

can be the same or different, and are selected from the group consisting of N, O, and
%, The hemeroary! ring van be fused or otherwise atlgched o one or mors hetsroaryl

fings, womatic o non-aromatic hvdrovarbon rings, or heteroevelvalioyt vings.

A

%

Representative hetevoaryd ving systéms include, but are not lnved o, pyn
pyvintidyl, pyreolyl, pyrazelyl, azolyl, oxazolyl, isoxazalyl, oxadiazolyl, o 1:'153(31
sothdazelyl, idazalvl, ugmmi thienyl, quinoiinyl, isoguinaliny; indoliny Nia‘s\;ci-::sijg,i?
benvothienyl, bawsotiinzolyl, cozofimanyd, benzinvdarelyl, bensisoxazolvl,
benzoapyrazelyl, trlazolyl, tetrardlyl, and the ke

{61961 A structure represented gencrally by the formoula, wheren the ving

stricture can be aromatic oy non-aromatios

X
.f!‘f’ "\'\E
3 ;
3 LA
§ vv,“—.-\-.-j e ; R;‘.\_}
A, &

N o

\\’\(,/"a

18 used herein refors to & ring sirasture, for example, but net Hinited 1o a 3-carbon, &

d-carbon, a S-carbor, w G-carbow, and the ks, aliphatic and/or sromatic syelic

compound, including & saturated ring stmuetees, @ partially setwrated ring structurs, snd
an unsaturated ring stracture as defined hereln, vomprising & substitient R grovp,
wherein the R group oan be present or abssat, and whan present, ong oy mote R

groups can sach be substitutad nn ong or mors available carbon stoms of the ring
structure. The presence orabsence of the R group and numbsr of R groups is
determpined by the valug of the infeger v, Each R group, i more thew ong, i
substiluted ov an avatlable cacborvof the dng siructure rather than ou another B group.
For exapaple, the stracture above where i ix § to 2 would vomprise compound grougs

s

including, but not instted to
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&y R, £,

and the like.

[0197] A dashed line representing a bond in a cyclic ring structure indicates that
the bond can be either present or absent in the ring. That is, a dashed line
representing a bond in a cyclic ring structure indicates that the ring structure is
selected from the group consisting of a saturated ring structure, a partially saturated
ring structure, and an vusaturated ring structure.

{0198} When a named atom of an aromatic ring or a heterocyclic aromatic ring is
defined as being “absent,” the named atom is replaced by a direct bond.

{8199} Agz used herein, the term “acy!” refers to an organic acid group wherein the
~(3H of the carboxyl group has been replaced with another substituent (e, a
represented by RCO-, wherein R is an alkyl or an aryl group as defined herein). As
such, the term “acyl” specifically includes aryiacyl groups, such as an acetylfuran and
a phenacyl group. Specific examples of acyl groups include acetyl and benzoyl
16204} “Alkoxyl” refers to an alkyl-O- group wherein alkyl is as previously
described. The term “alkoxyl” as used herein can refer to Ty inclusive, }inaar,
branched, or cyclic, saturated or unsaturated oxo-hydrocarbon chains, including, for
example, methoxyl, ethoxyl, propoxyl, isopropoxyl, butoxyl, t-butoxyl, and pentoxyl.
{02011 The term “alkoxyalkyl” as used herein refers 10 an allyl-O-alkyi ether, for
gxample, a methoxyethyl or an ethoxymethyl group.

(6201} *“Aryloxyl” refers to an aryl-O~ group wherein the aryl group is as
previcusly described, including a substituted aryl, The term “aryloxyl” as used herein
can refer to phenvloxyl or hexyloxyl, and alkyl, substitnted alkyl, halo, or alkoxyl
substituted phenyloxyl or hexyloxyl

{1283} The term “alkyl-thio-allyl” as used herein refers to an alkyl-S-alkyl

thivether, for example, a methylthiomethyl or a methyltidoethyl group,
1 3 ¥ N group
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10204 Aralkyl” refevs to an avyballyb-group whereln aryl and alloyb ave s

prévicusly deseribed, and included substitnted ardd and substituted alkyl Exemplary
arvatkyl groups Inchude bereyl, phenylethyl, and naphihybnothyl

{20s] *Aratioploxy!™ rafers (0 anaralkyl-O- group whereln the aralkel gronp is
as previousty deagribed, An exemplary aralkylogy! group 1s benzyvloxyl
R “Alkoyearbonyl” refers o an allyl-0-00- group, Exemplary
slkexyearbonyl groups include methoxyearbonyl, ethoxyoarbonyl, butvloxycarbonyl,
and t-hutvloxycarhonyl

108387} “Avyloyearhonyl” refers to an arylO-C0- grovp. Exemplary
arviexyearbonyl groups include phanoxy- and naphthoxy-carbonyl.

!'j’]

Arvaiconyrarbonyl” refors 1o an aralky-O-C0- group, Aw exemplary
aralkoxyoarbonyl group s beneyluxyearbonyl,

{2881 “Carbameyt™ refers 1o an HaN-CO~ group, “Alkylcarbaraoy!™ refir 0 4
RRN-COn group whersin one of R and B¢ hvdragen and the other of Rand R s
glkyl andior substituied alkyl as previonsly described. *Diatkylearbamoyl” rafirs to a

RRM-CO- group whereln cach of R and R is independently alkyl and/or substituled

alkyl as previousty desonbed,

[a28] """At\yi@xy refers fo an asyl-U~ group wherelhr agyl is 89 previcusly
dese

(20} Thetern Yamdno™ refees o the N group and also refers to s nitrogen

conptaining group 8s by kaown in the art derived from smenoia by the replacement of

ong or more hydrogen radicsls by organie radicals. Forexampls, the teriis
“acylaming™ and “alkylaming™ refor to specific Nosubstituted organie radicals with

3

syl and alkvl sebstituent groups respentively,

{0211 The term “alkylamino” rafers to an —NHR group whersin K i an allyl
group andior o substitated alkyl growp ss previcusly deseribed. Exemplary
aliylamine grovps inglude methylaming, sthylamine, and the liks,

JO213 “Dratoylaning” refers 1o an ~DER yrogp wherein earh of R asd R s
independently an alloyl group and/or 2 substitited alkyl group as previously deseribed.
retnplary dialitdlamdos growgs inclade sthylnmethylamtng, dimethelaming, and

diethylaming,



WO 2015/103587 PCT/US2015/010269

740
92131 Hovlaming” refees o an seyl-NH- group wherein seyl is as previousty
desoribed.
B4} *Aroylamine” refirg fo an aroyhMNH- group whereln arovl 18 88
previously desoribed.
18] A “guaternaty nitrogen atom,” is g nltrogen atom bound o four atoms, for
exampie, four carbon slorns, and having & positive charge svailable fo binding
iordeally to an snion for the remaining valence, A guaternary nitrogen atonyis
designated herein as W

W216]  The term “carbonyt” refers o the ~{(C=0k- gronp,

AT The term “carbosyl” refers to the -COUH group.

(BR8] The term “eyane” refers 1 the U=l group.

219 The terms "halo”, “halids™, ar “halogen™ as wsed herein refer to flunen,
chivro, womo, e lodo groups.

{2381 The term “hydroryl” refers to the ~OH gronp.

{2211 Theterm “hdroxyallorl refers 1o an alkyl group substituted with an ~QH

TOUL

R

{2231 The term “mercapte” velers to the -8H groun

6223 The teom Yoxo™ refers o the =0 group.

{02241 The term “nitre” refery to the Ny group.

{2250 Theterm “thie” refors o avoropound deseribed previously hereln wheredn

a carbon of oxygar aton i replaced by & suliixe gtors.

el

2261 The term “sulfate” vefors to the -804 group.
37 The term “solfonyl” refers fo the -850 group.

{62

EXAMPLES
[0328]  The following Bxamples bave been included fo provide gutdunce to one of
ordinary ghdll inthe ant for practicing representative smbodiments of the presently

disriosed subisst matter. In Hght of the present disclpsure wd the genersl level of

e
Bt
’\—A

cild i the art, those of skill can appreciste that the Blovwing Exaoples sre inlended

to be exemplary only snd that munerous changes, modifications, and slterstions can

te employed without departing from the scope of the presently disclosed subiect
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matter. The Hllowing Examplesare offered by way of illustration and et by way of

Limitation,

Example |

Experimental Procedurss

02297 Materials and Methods, L2-Diphenyl3 Sopyrasolidinedione was
parsliazed from Acros Orgades. 3.3, 3-Trimethylindolemine was purchased from T
America. All other reagents were purchased from Sgma-Aldrich. Reactions ware.

po

i nsing avhydrons solveats, ';ﬁfi:it:‘,r@sww reagtitns were carried put on g CEM

Discovery ingtriment. Automaied colunwm chromatagraphy was performed using 2

.ﬂ“‘a

ol

ombiflash R¥systeny, UVwvisible speotes were obtained with g

£

Teledyne-lsca C
Hewlett-Parkard 8433 diods areay speotrophotometer. HPLOC s.-exp;a:zztienm&m&
performed on & Shimadiu Prominence systom using 2 2530 x 213 s, 15 muicron
Phenomeney C12 preparative column and elution af & m/nuin with & gradient of 10%
solvent B HLIVAUN 3:95, TFA 0.05%%) 00% solvent A (H:OVACN 95:5, TFA
(.05%) for 3 min, Ingreazing to 90% solvem B over 30 min and beld foravotal of 45
min: Emission and excitation spectea were obtained using & Spex Floorolpg 2
spectrofivorometer st room temperature. Mass apectea were obtained on a Hewlelt-

Packard 1100 mass-selective detector (MS-EST ushug divect {nfusion. NMR sp

"i"“
f'\
&
(g
55

were obtaiasd on Variss Mereury 300 or Tnova-400 spoctromeders. Referencs peaks
of 7.36 ppm (UG, 331 ppm (MeOH-44) and 256 ppm (DVERO-AS) wers used for
H gpeetra and 77,23 ppo (CDCLY and 39,50 (DMSO-46) for PC spestra, All
operations with dyves weore perfonmed under dim light,

{238 General pmeg&me for the gusternization of donor heteraeyeles,

Representative example for compound I 2.3, 3-Trimethyviindolenine (0.228 mi, 142

mmiol} and {odomethane (0444 b, 7.09 punel} were added 1o & wnall microwave
vialand beated to 130°°0 for 5 min. The mixture was conled, filtered, wnd washed
with deg-chilled ether W give 0341 ¢ {&U“‘ v pale pmk powilery solid, Specteal dats

stched those previously reported™ 13 NMR (400 Mz, DMSO) 8 7.96 <787 (m,
THY .85 ~ 778 (my THY, 7.687 - 087 (m, 2HL, 387 ¢ CAHD), 27748, 3, 153 0, 6H
MOONME CI00 Mz, DMSQ) & 1958, 1420, 1415, 1292, 128.7, 123.3, 118.1, 53,8,
34.7, 21 .f;?‘, 142,
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[0231]  General procedure for the preparation of aeceptor heterovycles as the
activated enolb ¢ther, Represomistive exaraple for compound Bhé: 1 3 ndandions
{0148 g, LO0 munol) was added tooa small microwave vial with 1,1,3.3-
tetravnethoxypropane {0,823 mib, 500 mmel), followed by addition of tiflugroscetic

C3F ul, 010 mmel). The viad wag capped and hey IS0 °C for 13 min. The

reaction was cooled snd the precipitate wis fillered snd rinsed with ive ehillsd 3:1

158 g {74%) brovn solid, Y NME (500 s-’IH;f;_Q Ol 8

7.70 (o, 2H), 751 (4 7= 122 He, 1H), 743 (&, J=12.3
=124, 116 He, TH), 393 (5, 3H) PCNMR (100 MEz, CDOL)
L1685, 145.0, 142.0, 1407, 134.8, 1347, 124.1, 195.0, 1227, 1039,

{83331 Genersl procedurs for the synthesis of mévocyanive dyves nut bearing
veactive side chadns, Reprosentative cxample for 80 Donord (38 ma, {11 3
ol sodinn acetate (11 mg, (013 mmol), and aceeptor Ph (21 v, 0,10 mmiol)
wete added to a small ndorowave visland diluted in 1] MeQH/CHCKE (I mi)

g

vialwas capped aind heated 1o 73 %C dor 30 mun, The resction minlure was vooled and

concentrated with 250 myg St and eluted on v 12 g silica column with © - 3%

MeOH in CHRCL over 20 main. Tanlated 29 mg i&'::} ﬁark bhue selid, HUMNMR (409
Mz, DMSOY 3 812 {5, 0= 130 He, 1H, 7.82 (s, SHD, 7,52 (dd, F= 174,
1002 Hz, 2H), 783 (6, 0= 0.7 He, THY, 72300, J= R0 He, 1H), 7128, J= T4 Ha,
PR 6,14 0 T 1305 Hi, THY, 3,49 (s, 3HD, 167 (5, 85D, PO NMR (100 Mz,
CDCLY 8 1918, 1681, 1525, 146,56, 143.7, 1422, L@..& 140, 1339, 1357, 1284,
1230, 1222, 122,10, 122.0, 1208, 1203, 1085, 9.7, 47.8, 30,1, 38,5, MEES] mh
356.2 {IM 4 HI requires 358,25,

2331 34-bromopropyDammonicipropans-L-sulfenste (33

Bromopropylamine hydrobromide (10.95 g $0.0 mmel) and propane sulfone (1221
.

g, 100 mrnel) were added fogetherio a 'ﬂamc drigd round bottom Hask. The fask was

3

svacuated and argon flushed and B1OH (100 mLYy was added. After complete
dissolotion, BN (787 mi, $5.0 mmoly was added quickly drop wise and the resction

myiture was sifreed of rooto fomp wnder argon e

preciptiste was filtered and recryvstallived frony methanol o give 4.83 g (37%) whils

solid, 'H NME (400 Mz, DMSO) 8 8,59 (5, 5, 3.59 (1, J= 6.6 He, 27D, 1,14 -
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2,93 {my, 4K, 262 (7= 6.7 He, 250, 212 (o, J= 6.6 Hy, m 1,93 {p, J= 6.8 Ha,
ZH). PO NMR (100 MHz, DMSOY5 48,7, 46.7, 454, 30.9, 28.8, 21.9,

{2341 2133,Ew‘iirimet§3§r§«'}-{3‘»(_{3«&:&3'E-fﬂpmpyﬁ}amiﬁﬁ}pmgﬁsi}i.st&{m,ﬁﬁiam
bromiide {8}, Compound 3 {144 g, 554 mmed) was added to 8 Hame deded round
hottom Hask and the Baek was evacnated and flushed with arpon, 23,3«
Trimethylindolenine (444 mL, 37.7 mmol) was added and the fask was added twa

-

pre-hested oif bath at 150 °C and the reaction stiveed for 30 min. The fask was

cooled to room temperature, and then further covled in anlce bath, Exeess Houdd was

v

decanied and Turther removed by sysinge. The residae was vinsed with EuO (3 X 10
mlb), then deied undar vacuum, The product was Isvlated as 1.86 g pink grannlar solid
and used fn the Tollowing step without futher purification,

{6138 {veperal provedacs Tor the synthesis of conjugatable merovyaning
dyes. Representative sxaimple for dve nreredl Compounnd $(0.628 g, 1.50 muwel),

chiomaceticanhydride (1L.&55 g, 5.00 mrool), and NaDde (0,246 g, 3.00 mowl) were
dissolved to DMF (4wl vnder argon. After 10 min, scceplor Pl {0214 g, LOG
mamol} was added. The flask was covered in Tl and allowed to stir st rovm
terpperature under argon for 24 b, The INME was removed with addition of toluene 3
240 mLy by the presence of CELITE™ (3 gyand the cake was clited on a 24 g silic
column with & &~ 10% MeOH in CHCl, gradient aver 10 min, followed by 18 mingt
1% MeOH. The mais product containing fractions were combined, concentrated,
and dried vader vacuum to give aorude vield of €291 gz dark blue crystalline solid,
236 The ehlovaceiamide dye intermediate (0.060 g 0,100 mmoly was ditited
i 1] MeOHICHTE

flask was fitted with a condenser topped with & deving tube and the resction was

{2l and eodbum dodide (0130 &, 1.00 none!) wavadded, The

heated gt reflax for 16 ko The solvénd was then ramoved aad the orude reaction
roixiure was concentrated, dilided in methanyd, snd submited o HPLO wl‘":@
purification to give 0.030 g {' 21% from Phty dadk blue erystatline solid. "H MNMR
(400 MHz, DMSO)Y 8 1244 = 130 He, BN 7787 efs.”_? {mp SH), 7.57(dd, 0=
151,895 Hz, Z}%i} TS0, I=T.5 Hey 1), 738 - 728 0, 1R, 723 {04, F= 8.0 He,
2 He, THY, 636 (4, 0= 13,4 He, THL 4,08 - 3.82 gm, 41, 3.52 -

1 - 237 (o, JHD, 2,00 - 172 oy, 4HD, 1.84 {5, ¢

J‘\
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3T Ceneral provedure for the syuthesis of fameorcapioethausl derivatives
of conjugatabls meroovanings, Represeniative sxamyple for dye meresl; Merotl

»

(6.6 mg, 9.6 wmol) was added to 3 § mb conteal vial with DMSO (10 uL) and S0 oM

agueons MaHPO,, pH 7.5 (490 pLy The mixture was stiad and J-mercaptocthanni

(3.4 L, 48 pmol) was addeﬁ.,_ The vigd was capped, coverad in $5il, and stirved at
rooctemp for 24 b The resction mixturve was sbiected neat to HPLC column
purification. The maln product fractions were combiaed, Concentrated, and
iyophilized ¢ give 2.1 myp (33%%) dark blue powdery solid

{BI3%] Qusntunm visld determinations. Quantum visld (QY) valoes were

P

determined using the following squationt QY s = QY sta {gradam ¢ gradie) {'; o

%

W) where “gead™ is equal to theslope of a plot relating the integrated emiasion fo

the absorbance (% axis) at 4 given consentration, using & nunimum of four differen

A

> AR

concentrations por sample, snd v is the relaotive tndex of the solvent used for b

&

f

floorescenes readings, Merooyanine 5407 and sulforhodanine 101°% were vsed ag

\

standards,

{6239] Photostabilily measurements. Hach sample dye and fluorsaostn standard
solution was preparad at 1 mM in degassed #-BuCH and placed fna capped Tom X

2,

CIn cuveti bampes were brradiated with 2 90 W halogen tungsten lamp with fan
cooling to malain atemperaiure of 25 *Cx 1 °C during the study. Absorbance
measuremnents were taken prior to iradiation and at designated Intervals during
radiation.

{1244 CRI-MBP dye lobeling and Cdcd? binding assay, The Odedd binding
domain (CBDY from Wiskedt Aldeich Syndtome Protein {WASF) was covalently
derivatized witly dye to generate 2 biosensor, using profein sequences and wethods
described previcusly {Malbant et al, Sefence 30516151618 QUG4) L Freshly
prepared CBD fused 1o Maltose-hinding protein for enhanced solubality (UBD-

¥,

&

BP100 uloof 2 132 5 0M stock solation in 50 M Ma:HB, ol 7.5 bulfer) was

mixed with 7 molar sguivalents conjugatable dye In DMEDE oL of 28 25 mM
sotution) and stiveed at room temperatore for 2 ke The veaction was guenched by
adding 1 plof Bemercaptosthanol, Bxroess dye was removed by passing the reaction
nuxiure *E"i:ufmsgh alx 20 o G-15 colopn pre-cquiiibeated with 50 md NapHPQ,, pH

7.5 hatter wrapped in sluminum il Labeling efficlency and concantratipns of
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CBI-MBP dye conjugates were detorminegd vsing shsorption messtwemerds at proteln

and dys maxhoum shsorptinn wavelen gr% g, using protein dissolved in DMEG 0
overwhebm solvent effects on dye and produce a sample with known extinoiion

coefficient (see Tabls § for dve sbsorption maxima and extingtion coeflicients, CBD-
MBF gbs max = 280 mm, £ = T4830 M em™). Dye-labeled CBIR-MEP {100 M in 58
b NapHPOG 150 mM e, pH 7.3 buffer) aliguots were treated with varying
concentrations of Cded? Q611 {eonstitutively astive pvtant) and Hucrescence

intensity measuremenls were taken sfter ineubation for 10 min at room omperstuze,

e

Ei??;%ﬁ Live cell tmuaging of Cded? biosensors. maging experiments utilized 2

CRIDCorulesn 0498 constrnet for fuorescence ratio snalysis, Labeling veaciions
were garried ot as for UBDAMRBE. Afler size exchusion dzxm@amgmﬂ“h‘su, the dyes
labeled proteing were dighyzed in 50 mdd MaHPOy, pM 7.5 budfer a1 4 20 overnight
and then concentrated to &0 _uM by centeifugation ab 12000 rpmy, 4 3¢ (‘»szpﬁx
Armicon Dleea-GSmb, MWCO 10K NI 3T mouse embryonic fbrablasts (MEF

were microiniscted with biosegsor s@?uﬁ{;ﬂ and imaged Hir 20 min with sequisition
o

every I min, Image processing was carpied ot as previcusly described (Hodgson o
al., Methody Ensvmol, 308 190-158 (3008 Hodgsan ¢f of., Gy, Brofoe, Tell Biol
op 1-26, Chapter 14, Unit 14,11 {E{}E{,}}?

{3421 Protein sypression. The Cded2-binding domaln (ORI, derived from

Wiskott-Aldrich syndrome protein {WASP, restdues 201-320), was mutated i
include g single oysteine (F2710Y for dye sitachment and fused at ity Caermings with
£y

maltose-binding protein (MBP) ti sigh o GEGEGS linker, The CBIWMEBP fragrent

.-

was subsloned tnto a pET230 plasmid 1o generate & Ctorminal SxHis Tusion protein,
The CBD-Cornlean Tusion protein was propared with C4538 mutation in Serulean to

elirningie off-tarpel dve i&?_)@ﬁi’iﬁ_ m;_ci subcloned nto a pETI36 pla&mid o gensrale 3
Cetermingl SxHis fusion protein, The constingively setive wutent, Cded? Q81L, was
subeloned into the pQE-80L plasmid to gonerale sn N-terminal OxHis fudon protein,
The resulting vonstructs wers ansformed into the BL2 HDED st

(Stratageneland the hacterin was cultured 8t 37 ™0, 245 ror (New Brunswick
Scientifiy, nnova 4000} in Lenris-Berfant sedium i the presence of 100 pgimi

¥

parbenicilin mntl QDGO roachied 0.8, Protein expression was sondueted sy 32 20 for

b

2 hours sfier addition of 40 MM isopropy] B-D-1-thiogalactopyrancside (IPTG). The
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4 N

bacteria pellet was eellected by contrifupation (Beckman, model J-68) at 4000 rpm for
20 min, 4 7L, and stoved at-80 °C prior to purification.

343} Protuln purificafien. For lysig, the bacterial pellets were resuspended in
30 mL of the bysis buffer (50 mM NaHPO,, ol 70, 300 m3 Kall) and disrupted by
sonication {Branson Dighal Sonifier). The supernatant was collected ‘ﬁ;;r

Fa

sentrifugation {Sovvall, model T21) at 6000 for 18 mun, 4%, followed by

neubation with T fal Affiraty Resio {Clontech) oo g sutator mixer (BRRC
Addams, model 1105} for 1 howr at 4 °C. The protein-bouad resin was vollected after
centrifigation (Eppendorf, model 3810} at 1600 spom for 2 min, 4 7€, washed with the
yois buffer, and loaded onto a polypropylene column {Bm 1. The runobilized
pmi‘e‘in& were washed with 20 mbU of the washing butter {Sﬁ} ralvl NaHa POy, pH 7.5)
and shued with 12 ml ehdion butfer (300 M tmidarels, pH 703 To fully reduce
e FR710 residue of CBI-MEBE, Hul of Bamercaptosthanol (BloRad) was added to
the sloate and the resuling proteiy solution was concentrated 1o 200 wl by centrifugs

{VivaSpin 20 MW 10K, Bopendorf, model S810). The excess imidazele and §-

mursepteethanc] were removed by buffer exchange on 3 dextman desalting colinn

(Thermo Scigntific Plerce, SK MWCQ) ustng the protein labelog hudler (50 mM

Nall,POq, pH 7,55 The mrotein sliquots were stoved af -8 5,

0244]  Cellcullore and micreinjection. NIH 3T3 mouse embryomie fibroblasts
{(MED) were roaimained fn 109 OOy at 37 °Cin Dulbecca’s modifled ‘E;agic’s

medivmn (DMEM, Celigro) wiih 10% fetsl bovine sevam (HyClons, Therme
Bolentific) and 2 o Glutabax {Giboo, Life Techoologies). The vells were plated on

coverstips eogted with fibronectin {(Rigma-Addeieh) ove ?wu“r‘ M g,z’ﬂmp“m« WETS

R

made fresh with a flaming/rown micropipette puller (Sutter Instrument Co,, Model
P&TY and thinowalled glass Il?-,;‘ﬂﬁﬁu’}" tubes (World Precision Instruments, 1.2 Q.0

a

Q8 I, TWIZ0F-4), Cells were microinfectad onan nverted microzcope {Zless
Axiovert 3100 TV) with 2 20X sbisctive (LD Achrostiptmat, 030 NLA., ?33?1‘&&

i~

foltowed by recovery ut 37 7C in the cell inonbator i Ham's Fo 12K medium without
phenol red (beo) with 5% fetal bovine serum, 15 mM HEFES, and 2mM GlutaMax
for al lesst 30 min prior 10 fmaging.

{32451 Image acquisition. Live call imaping was carned oot oxan (ympns

IXE] microscope with UPLEFLN 40X ofl objective (NA 1.3} and mercury lamp
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i
exaitation {1OW HBO bulby. Filters used for Coruloan were $34HY24 excitation and
470724 emdsston, Exeltation was theough a NIDLE (3% ransmizsion) neairal density
fiter, with 300 my sxposure. For mz‘:mfii} filters were 54350 exetiation and 63(¢/43
emisston. Excilation was fhrongh a NDZ.0 (13T filler with 200 ms exposure,
Impging of mered? and mrere87 was carrisd out using S90/30 excitution, 630/40
grndssion, NDZ.O (T9T), aud 200 ms exposure. Emages. were aoguired with a
Codlsnap B2 camera (Fhotometrios) with g Sony §.45 x 648 yhpixst elipusing 2
% 2 Winping. All image scquisition, procesaing, and analysis was carried out with

Metamorph software,

Bynthesis sod Bvalvation of Merogyanioe Libm

{62461 Synthesis of the msrocyanine Bbravy. Symhesis of the cij_sfes riiized
commercially available donoy and sccepior corapoenents, with the exception of
dicthyltoarbituric ndid, which was syathesized using a proviously desoribed method
{(Prajapati ef ol ,.J Chem. Spe. Perkin Trans. ROOT-010 {19881 Donor and aogspior
groups will be henceforth referred 0 by thelr letter gode names, deslved from the
parott heterocyole, bnorder to clanfy discussion (Bmst of od, Cyremerry JR3-10

[3

1RE9% (Table 1), Donor groops are ordered according to thetr Brovker basicity,

(
with indelening (1} being the weakest and quineline () the strongest (Brooker of ad
Lo dm Chem oo, 73:1087-1093 {1951 Brooker, Rev. Mod Phys, 74275283
(18473 Donor components ofithe dyes wers acttvated for conjugation through
quatermization with iodomethans {Table 1), Bach accepier ring was prepared as #s
cortrexnonding msthy! ennl ether through aod catalyend reaction with malonaldehyds

bis{diropthyly austal (Table 2

o g Y oA A %
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{02477 The dyes for nftlal screening were synthesized through reaction of an
X 2)3

accepiorenol ether with a donor in the presence of 1.25 squdvalents base (Table
All dyes were made with three intervening double bouds between the terminal
yules as this provided the optimurm sompromise between solvent-sensiiive

B Prikl Spektrosk 20

heterog
i‘%iwr@sc sriee and photostability (Mostovnikov et g

(1874); Isheherke, Uiy Khim S001708-1743 {_',1991 }}_; Following refhuy, the {iyes

Ry or in some cases by procipitation through

Y

S
& purifisd by volumn chromatograph

concentration of the reaction mixture, followed by addition of disthyl ether and

washing with MeQH, Donor @ did not react suecessflly with aceaptors when wsing

Naliace and instead reguived the use of the strenger base Memethyipiperidine,

Table 3. Preparation of the merpeyanine library
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somnnd same (%% yield)

dyes were serecned for velative brighiness based on the fluorsscence ntensity value at
the emission peak maximum (EPM) when the dye is exclted at s excitstion
maxinstm, (hven that the amission peak shapos for the dyes were generally similar,
the BPM value provided s straighoforward msasurement that is weefld for the
comprarizon of brightness across s broad reoge of dye structyres. The solvents 14

divxane, dinsthyisudfoxide (DME0), butane! (BuOH), sud methanal (MeQID were

(€7

used to sealuate the solvent-dependence of dye brightness {Table 4. These solvent
werg selocted to provide wrange of polarites as well sy examples of both weak and
atrong hydrogen bonding (Haneen, Huvven Solubilite Farometers: 4 User's

Handbook, Second Edittorn (Hansen, CU M, BdL) pp 1238, Chapter 1, CRU Press, Ross

Raton (20073 Hansen af oof., Do Kewed 48:181-84 (19671,

Fableds Pfsiarm? characteristics of solverds selecied for brightness soresning.

solubility pammeter

sulvent digpersion =~§ ‘mndzz
MellH 147 :
Bl {80

DMBG 184
fd-dioyane 175

{f2an Dives with wosker donor groups such as indolenine (1), benzoxazale (G,
amd benzothinsole (8) tended $0 have the lorgest EPM values (Fig, 1) As a whals,
dyes containing the guinaling () donor grovp were significantly dimmer than the

other dyes. The presenve of BA, THA, or 8O acrepior grovups led to the highest
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brightuess levels, repardless of the dunor component of the dye. Conversely, the Pe
acesptor grovp was associated with dimdndshed relative brightuess, repandlese of the
donor group with which it was paired. The reduced brightuess for Pa-containing dyes
may by atiribotable o an slternative de-exeitation pathway goneraied through the
unrestricted rotation of p‘mmi substituents arownd the U-N honds (Shavaly er ol 4

Ay Chem, Sop, 83:4119-4128 (18711, Ko clear trend was observed when the

’.(3

sobvepts were ardered based on dipelar charaoterisiios but dye brightness i all cases
was maximized in solverds with infermediste hydrogen 'bz:cmiing capacity, The

fhuorsscence intensity of several of the brightest dyes (EPM > § x10%) was strongly

by

solvent-dependent. &5 selvent-dependent vhanges in brightness can be haraeased o
report protein activity (Gulyvant e o, Nt Chem. Biold

C TARTA4A (201 1)), this was an

tmportant conslderation when selscling dyes Bor synthesis of reactive devivatives (see

below)
286 EByxottativn andenesion maxima of the dyes in zach of the four aolvents

wers also vecorded. Muost of the selvatoshromic shifty were modest (<30 nm},

espeeially among the weaker denor grovps (Fig. 83 The largest shills were seen
among the Q donor group dyss, which wniformiy exhibited pegative solvatochromism
{Fig. 3 A hypsochromie shift when going from Iow to high polarity salvent {eg.
from dloxane 1o MeOH, Fig, 3) i typleally observed when the ground state struture
of the dys i3 more dipolar than that of the exeited state, Thia resull would be
consiztent with an increased propénsity of the quinoline hoteros yele i establish
aromaticity in the ground state relative to the othber donor groups.

2811 Photostability measuvements, A previounsly veported method

ﬂ

{Toutchking e ol L dm. Chen S, 125:4132-4145 (20031 was wsed to determine

rates of each dye relative to Huorescein {Song et ad, Bigphps. J

HEIg 4k The most photoatabie 3'_3*?33 contained the weakest

donor (8} and values foll sharply with Increasing donor strength, Dyes containing the

tability relative to other soogpior

Pz apceptor group tended to show gregter pho
groups iu the Hbwary, Photobleaching b nusrocyanines is thooght © bemediated by
singlet oxygen attacking the polyens chain dus to #s strongly slectraphilic charpoter
{Touwhkine et ol J . Chem. Sec JEF4132-4145 (20031, In dyves with weakar

4 N 3 ¥

domors, such as § clectron density mthe polyene is reduced and thorefior the oxtent

s
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of regction with excited oxygen speciey and subsequent disproportionation reactions

J

would also be depraased,

{0282]  Selextion and systhesiy of water siduble, conjugatable merseyanings.

Several dyoes showed extraordinary and useful condinations of brightvess,
photestability, and solveant-dependent fluorescence, 'We there eloped thes

further by tucorpurating water solubilizing and reactive side chains to generate
dertvatives that could be used for protemn labeling, Dyes contalning the T donor group
wire seleoted based on their photostability and beckuse the geminal dimethy] group of
s Koovwn 10 gssist in Hmiting dyve aggregation that cam result inrsduced solubility
and ffuorescence (Toutehking er ol J. Ads, Chem. Soc. 12541324143 (2003))
Degpife the conaiderable photostability of 1Pz, thiz dve was not selected for further
development doe to fts Tow brightniss. Although the dyes containing donor £
showed the gremest solvatochnomism, thelr poor photostability and relatively low
brighiness led us to olimdnate them fiom Rusther sonsideration

(0253

began with *raa,«:tim‘z of i -—-‘i}i‘.{msﬁ}‘)?t}p}ﬂaﬁﬁnﬁ with propane wiltone to give 3-{{3-

s of the water soluble, conjogatable versions of the selected dyes

%}t’:;imQ‘g}i‘(\,p}{i)ami‘m}pmymm»E solfonic acid (3, Scheme 13 The doner heterooyels
was then guaternized with compound 3 and »um::q;ezrlv coupled with the awceptor
enol ether i the presence of vhloregostic anbydride and sodium acetate using & ong-

Stveonfugate Cham, 1813441348 Q0071

I

%3]

oy

pot provedure {Toutchkine et 2

3

& .

Reflwing in MeQH for 3 b i the pregence of an exvess of Nal gave merocyanines

containing todoncetamisde (TAA) for protein labeling. Consistent with the
nomenclabue for merocyanings nsed inoour lab (Gubvard ef of,, Not Chem, Biol
7437444 (20111, these conjugateble dves ware namead merodl, roeredl, wmeredld,
and merad7 {Table 5. Physical conslants were abigined for bath the reastive
derivatives and for belg-mercapinethanct adducts that dlimdnate effects of oding on

quantam vield, and betier mimic dyve atisched to protein.
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Scheme 1. Rynthests of water soluble, conjngatable merveyanines.
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Compound characierization datas

(Cuaternized donor heterooyeles:

{2584] O Yield= 51%. H NME (@00 Mz, DMBO) 8 €17 - £.08 (n, 2H),
783 - 774 {m, SHY, 4.08 (5, 3F0), 3,07 (5, 3HD): PO NMR (100 MHEz, DMSO) & 1800,
1472, 1303, 1288, 1278, 1144, 1128, ‘. ‘
g{s;zssi 8 Vield = 039, 'H NMR (¢ G*‘x”iw DMSO) & 848 — €42 (s, U, 828
(d, 7=54 Hz, 1H), 789 (ddd, 7= 8.5, 7.3, L3 Hy, UH), 780 (ddd, /=82, 73, 1.0
Hz, TH) 421 {5, 3HY, 318 (o 35 VO NME (100 Mz, DM

1263, 1286, 128.0, 124.5, 1167, 363, 1T

02560 Th v =‘5 39%. 1‘%« NME (400 bz, DMSOY §4.17 (s, 3H), 3.02 (s,
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§.58 ~ .43 (m, 2}1},335'{@1@&, =87, 7.0, 1.4} Lg 1;1—%;:? RI2~ 8,00 (m, 2H), 4. “'M\
SED, 300 (5, 3H) PO NMR (100 Mz, DMSO S 1581, 148.9, 1376, 134.9, 129

1284 1267, 1224, 1195, 45.0, 38,5, 19.6,

Acecepioy enel sthers:
[258]  BAL Yield = 61%. "HNMR (400 MHZ,; COCLIS 87— 7.97 (m, 1IN,
AR 73R (o 2E), 396 {my, 4HD), 3,90 (5, 3N, 122 {m* e POONMER (100 Mz,

COCE} S 1704, 1024, 1822, 187.5, 1814, Hﬁ),‘}“, 5.8, 587,373, 30,6, 13 6, 13,5,

e

#3887 Sex G i\i = F3%. Spectrs matched those previeusly r@;:sm-‘isd

(Touteibine el J Am Chem. Soc 125:4132 {;2@*33}‘;.. HONMR {&J”‘ MHz, CDCL
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;532-5@3 TRA: Vield=55%. "H MMR (400 MHz, CDOL)
THY, 7.60 - 7.45 (m, 2H), 4.51 (g, = 7.0 Hy, 480, 3,96 {5, 5H ,1:3{@;\.}‘;@1;.@, 6.3
Hez, 8 YO NMR (100 ML, mcmxmw“‘?z 1610, 1604, 1892, 1115,
57,772, 501, 43,8, 43,2, 127 106,

HI261] Pz Yield = 70%. HUNME (400 Mz, CDORYE 7,85 - 1,67 {my, 1H), 7.50
(f, J= 12,3 Hzy TH), 744 ~ 727 (m, B8, 7.20 - 7,08 (m, 29, 391 &, 38, @
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(100 MMz CDOR) 8 1704, 164.4 Q0), 1521, 137.2 (30), 1291, 126.0 (200, 126.3,
1262, 1224, 1223, 111.0, umw

Library dyem
[0262]  1-BAc Yield= 89%. 'H NMR (300 MHz, DMSOH 8 8.12 (6, S= 131, 6.3
He, 28, T =130 He, 1R, 50 (4, J=68 Hy, EH_}g 740~ 721 {m, 2H), 72
00 (o, THY, 6,13 {d, . _
{s, SH), Lo (g, J= -.\Sy 1.6 i*izs ﬁH}A MS-BST s 3041 (1M + HT requires 394.2),
B3] LS Yield = 97%. "H NMR (400 Mg, ODUL S 80061, /= 74 He,
TH), 784 S T A He, THD, 783 TAT (mn, 4HL T34 026 (m 2D, T L I
TAHe, IHL 682 /=78 He, IHL G886 (1, J= 132 Hy, THL 5R9{d, J= 128 Ha,
L), 346~ 331 {5 3H), 1.62 {5, 6H) ME-BESLmz 3920 ({M + ‘*ﬂ vequires 392,10
{0264)  LUBA: Yield= 03%. 'H MR (400 Miz, CDCL) 8 8,17 - £.04 (o, 11,
THx T8 (my, M3, 736 - 728 o, 2, TAG G, S =08, 07 Bl IR 687 (A J=
T Hz, UH 605 - 590 (m, THD 458 {g,] = 6.9 He 4H) 338 (g 3H), 1.62 {5, 8H,
138 - 126 {m, §H). MS-ERLews 4101 M+ HY veuudres 410,23,
B285] P Yield = 87%. 'H NMR (400 Mis, CDCKY 8 776 (dd, L= 25,0, 13.0
He, 2HL 7.57 (6 J= 13,1 M2 Mm; 748 ?.4{:;% 4HY, 733 = 726 (o, 61, 714 -
OF fm, 30D, 691 (4, S T8 My, THY, 887 (4, 0= 150 He, THD, 336 (s, 3H), 185 G,
NAEST i 4621 {{I‘v‘i + EHE“"" Teguires 4623
02661 O-Phes Yield = 59%. "H NMR (400 MHz, DM § 7.91 {1, J~ 12.5 Hz,
THY, 770 = 756 (m, 6H), 755« 732 (m, 4H), 610 {d S = 13,5 Bz, THD), 372 (s, 3H),
BAS-EST o 3300 M+ HT requires 330,15
2671 O-BA Yield =20%. 'HNME (300 MHz, CDUL 8 808 ¢, 0= 12.6 He,

ik

\

TH), 7.83 (1, S = 283, 130 Hr ’w 7.40 ga = 5.0 He, Lijs 35 704 O, 2D,

M), 125 (dt, J=7.0.3.0 1

{268] G800 Yield = 29%, "H NMIR (400 Mz, DMSOI8 8.0 ?. {1, J=13.0Hz,
‘ g :

FEEY N P e 18 T FRIYV Y U by * :
THYL 026 (d, 0= 135 He, BRD, 373 (s, 3H), MEVESEm/fz 366.1 (M + HY reguires
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2691 OWTBAD Yield = 3%, 'H MR (400 Mz, DMSO) § 8.04 - 7.98 (1o,

THY, 783~ 7.72 (m, 48D, 753 (31, 7= 7.7, L3 Hz, 1HD, 748 (d, 7= 7.6, 1.2 He, 1,

BAZ(E,T= 138 He, 1H), 443 (g, /= 6.9 Hz, 45, 383 (s, 39D, LAT (L J= 6.0 He,

GFT. MS-IRI poz 38401 ([M + HI roquires 384,11

ETH] O-Pe Yield =78%. "H NMR (400 Mz, COCII 3 781 (1 J= 12.8 i

THY, 766 {(d J= 132 He, 1HL 751 (4, /=132 Hz, 1HD, 746 - 7’.35:\ m, GHY, 7 -

721w, am TAZ - 7.08 (o, 3H), 544G T =124 My, THD, 351 43, 3HD. MS-EST

G+ HY requires 436.2)

(0271 S-Pht Yield=72%. "H MR {4{}{} Mz, DMSO, 90 °Cy § 187 {d, J=

TRz THYL 774 - 748 (ny, O, TAR (6, J =T He, THY, 6,43 (0, 0= 124 He, 1D,
3.76 {5, THL MS-ERT sz 346.0 (1M + M1 requires 348.1).

02721 S-BA: Yield =70%. 'H NMR (300 MHe, DMSO) 8 7.95 - 7.81 (m, 2H),

FI2 T80 G, 3H), TS, T= 7.7 He, 18D, 7.34 (8, 0= 7.8 M, 1H), mm;,r_

115 He 1H), 383 ¢ \q J=6% He 4HY, 380G (& 3D, 10 0L =68 e, 65D,
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{6373 RS0 Vield=78%, 'H N{*v"R (400 Mz, DMED) 4783 (4, /=73 He,

5

HY T63 (0= 107 He ZHY, 758 750 {m, 1H), 744 - 7,30
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{1}'}; THY, Q98- 0,68 {m, 1M}, 6535 (d, /= 13.0 M, 13D, 3.82 (5, 3K} MS-E81 sy
2.0 (M = HY reguires 382,10
{iﬁ‘?’é} STRA; Yield = 93%. 'H NMR (400 Mz, DMSO) § 810 (d, 7= 5.0 He,

THE 704783 (o, 4D, 7.03 0, 7= 78 }izd, 1), 781, J=T.6 He, 1H 6.82 (4,7

u

= 135 U, THD, 4.43 (g, J= 6.8 He, A1), 3.94 (3, 310, 117, J'= 7.0 Hz, 61), M8«
ESTa 4001 (M + iﬂ res 40 1}

273 RFe Yield 0%, ' NMR { 0 Mz, COCK) 8 7.66 (d, J= 120 Ha,
VEDY, 7.55 (6= 113 M, 2D, 746 = 7.37 (m, 610, 731 = 7,22 (m, SH};';’ 184, =
8.0 He, 1), 713 = 7.04 {my, 28D, 6.02 {}‘d, =123 Hz, 1H), 3,61 (5, 3H). MS-ESI m
F82.0 (M + HI requires 452.1).

9276 TD-Phtr Yield = 8296 1H NMR (400 MHz, DMSQO) & 7.68 ~7.49 (m,
SHY, 738 4d, F= 5.4 He, 2HD, 6,32 04, 7 = 12.8 He, LH), 3.84 (5, 35, 2.57 (s, 3.

MS-ESTavz 3110 (M + HY requires 31 LD,
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{2971 TD-BA; Yield =61% 'HNMR (200 MHz, DMI 8 785 ~ 770 (m,
THY, 7.67 - 747 (o, ZH), 644 - 6,19 (my, 1HD), 3.86 {8, 3HD, 382 (g /= 6.8 Hx, 4H),
2.58 {5, 3F, 1.07 (1,0 6.9 He, 5H), MS-BRI ms 3400 (M + BT rﬁqaims 3&'39.1},
2781 TRRED: Vield=77%. 'H NMR (400 MHz, DMSO) 8 7.88 {d, =62 He,
PR, 84 T3 Gy 3D, TR (8, S 1006 e, 1H), 786 (d, J = (3.8 Hy, 1;‘“{}3 6,45 &,
J= 140 He, 2HD), 3188 (3, M), 2,60 (8, 3H) MBS mz 347.0 (M + HI requires
4700,

0279 TOCTBA: Vield = 70%. "H NMR (400 MMz, DMSO) 8 776 - 7.55 {n‘;;
3 0,68 - 6.4R (m, THY, 442 (g7 69 He, 4H), 3,96 (s, 3H), 2,684 {5, 31D, 118 4
S 6.9 Hy, SH), MS-EST sz 3650 (DM + HI™ requires 365.1),

9280 TDWPe Wield = 539, THUONMR (400 Mie, DU 8 TE8 = 130 ‘"?r,;
TEDL 780 - 74D i, 4H, 731 - 7.24 Gm, 45D, 7.15 {d, J=12.7 Hz, TH), L1

{oy, 2HD, 375 (0, S = 127 He, 1H), 369 (5, 3%

o
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+ H] requires 41710
{0281]  OPht; Yield = 56%. 'H NMR (400 MHz, DMSC 8 8.57 (6, J= 8.5 Ha,
8 T {d, S= 93 He, AH) BEAG I 20 Hy, 1HE, 790 (n, 2HD, 270 -7
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THY, 7.35 (8, J= 13,8 Tz, THY, 7.06 (4 7= 108 He, TH), 4.05 &, 350, MS-BST m/b

3401 (M M requires 340,13,

{0283) O-BA: Vield =43%, "H NMR (400 MMz, CDCL) § K09 {dy = R By,
THY, 8,04 (0, /= 13.2 He, TH3, 7.93 (6, 7= 12.8 Hz, TH), 779 (, /= 12.7 Hz, 1H),

768 {dddo J= 8.5, 7.0, LA He, 1H), 746 (ddd, J=8.3, 7.0, L1 Hey, 18, 7.42-7.38

{m, THY, ?Eﬁgd JEFAH IR 095 W, J= % 5 He, 1R), 075 (4, J= 128 Hy, 1H),

407 €, J = 7.0 Ha, 4HD, 382 (s, S0 128 (0t S 7.0 6.8 He, 65D MSEST i
3781 (v iE:"i.}"‘ reguires 378.2%

2R3 QeROn Yield = 20%. "H NMR (400 MHz, DMSC) § 8.65 (8, 7= 8.7 Ha,
VH), 848 (4 = L0 Hz, 1H), 825 - 8.15 (i, 1), 804 - 7.94 (m, 2H), 7.86 ~ 7.52
{mn, TFD), 778 7,67 (o, SH)L 758 - 7.34 Gm, 1H), 719 () 7= 14.0 He, 1HL 677 ~
6.51 {m, TH), 4.14 {5, 3H). MS-ESI arz 376.0 (M -+ HY requives 376.1),

{9284} Q-TBRA Yield=6%%, HONMR {800 MEe, DMSQYR 872~ B.65 {m,
2F, 819 820 (m, ZHY, 8.08 — 8.00 (m, 2H), 7.86 ~ 776 (m, ZH), 7.63 (4, 4= 14,4
Hz, 1D V26 0= 194 Hy, 1B, 445 (q, J= 7.0 He, 48, 424 5, 3H), LT (L J=
6.5 He, 6HY MS-ESTavs 394,10 (M + HT requires 384.2),

ST

i
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[R5 (P Yield = 39%. 'H NMR (400 MHz, DMEOI§ 8.62 {d, S = &7 He,

P, 48 (d, I 70 He, THY, B3 801084, J=14.8, 312 firi“;:t, TH), 799 (g, J= 88
Hz, 2H}y, 7.99{d, J= 72 He, 1, 771 {'t F=T3 He, 1HYL 749 - 721 {E?T}; OHL, 748
- 588 G, 3R 414 (g, SHE MS-ESLw 2N+ HY egudres

iR

3

Intermedintes for conjugatable dye synihssin
{02861 INS: HNMR
EH}, 4,80 {5, IHY, 4.67 - 4.57 (i, FH), 340 — 332 {m, 2H), 332~ 3135 Gw, 2H, 3,05

(=73 He, 3H), 891 <283 fm, EH}, 250235 (m, 2H), 235 =211 (m, 2D,

{400 xi.ﬁi?i"?:! D:03 8 786 .75 (m, 210, 7,73 - 7.65 {m,

161 { AR PO MR (100 w-zzj ?:};,:@\: 1977, LS, 140,35, 1300, 1292, 134.5,

&

1377, 1148, 1146, 346, 4

6287} ongugates of the reactive dyes w n%: the Cded? binding domala (CBDY of

Wiskett Aldvich Byadrome Protein (WASE) were prepared snd evaluated for their

3

atility o report the setivated, GTP-bound conformation of Cded2. As shown in
previous studies nsitg dye-labeled CRD a5 a biosensor for Oded? activity in vitro and

i vive (Nadhant ¢f ol | Science 30516151619 (2004)), CBD binds selectively fo the

»

activated, GTP-hound conformation of Cded?2. Upon Boding, a solvent-sensitive dyd

on CBL can rosponst to g change lo sovironment 33 it is brought nesr Oded 2,

{8288] All of the newly prepared dyss exhibited avtincrsase In fluorescence
intensity on b Mixa 2 toaotivaied Uded® witen, with wmere6l showing a remarkable

¥

147 fold tnvrssss | E g. 53} The meredl and mernd dyes exhibdied the greatest

ghsolule brightness at saturating levels of Udedd (Fig. 8b) but their brighiness
changes upen binding Cded? wers smaller relative o mered8 and mere87 dyes due

o thelr ouch higher initial brightness in agqueous sohution (Table §). Biosensors
based on these naw dyes showed significant improvements in both brightness and
sxtent of chiangs upon Tded? binding relgtive to the mere221-hased biosensor that
has beenused 1w other suesesstin Hve coll studies (Fig. §) (Machacek af ol , Nature
F61:99-103 (20059 Nalbant s¢ ol Sclenice 30516151819 (200431 Dissocistion

constant (K4} values caloulated Tor the binding of the meroCRD congirects to Cded2
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ranged frovn 144 = 82 alM (mernél-CBD) to 188 ¢ 40 oM (mere87-UBD) (Fig. 7).
These values are similar (o that of the previously reported K¢ for mere221-CBE (180
& S0 oMY {(Nalbant ef of., Scferve 305161521619 (2004)) and are slightlyv higher than
that veported for the unlabeled CBD fvpment (77 2 9 M) (Rudolphy ot o, 7 Bio!
Chem, 2731806718076 {1998)). Thig relatively modest differencs indicnies that the

wresence of the dye does not substantially perturb the overall binding effinity.

Table & Structure wnd photophysice] properties nfmered21.

vos £ .
p\’j - \__z — < o
- ¥ R
\\;1:.» ANy \Q‘:., ! ‘;,! {}:‘;\tt
3 ] ) P o ) Q
& 3 kS
Rt 'x\,{"f o N
R,
A
B

Solvant , ' x.max LM mm & 3 @y : 3 % QY
Weler T 5B8 | B30 143000 6.004 800
MeOR 0 8 534 138000 A 1400
BuOM | BOT 1 &ag 150000 Q.08 9000

{3881 Totest the dyes dn live cell imaging applicationy, Cded? Mosensors were

prepared with zach of'the thar new conjugaiable dyey ax well sy the previcusly
reportad mperedd. For these blosensors, CBD was fused o Cerulean Slucrescent
protein for ralio image analysis and iwutation F271C was insluded for corjugaton of
the dye (Hosdgson ef ol Merhods Srzymol, 406:140-156 (2008); Hodgson ef af, Curk
Protoe. Coll Biol pp 1-26, Chapler 14, Unit 1411 (20100, The Mosensors were
microinectad o mouse cotbryoale fibroldasts (MEFs) and wsed 1o examoine the
Cded? avtivity In constingtive vell protrusions and retractione (Fig. 8}, The bioseasors
based o merobl, mere6?, and werelY cach reporied endogenous Tded? netivation

during protrusion at the ooll's leading edge, consistent with previously reporis of

Cded? behavior (Fig By Although the wiera6 bios ¢ had shown the greatest
Huorescence change upon activation i vigeo, s signal blesched o rapidly to provide

CdedZ data it vive withont nsing cencentrations thet dlearly caused vell contraction

At otherwise affecred cell hehavior
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02887 Forimaging, it s useful o define dye brighiness as the product of quaniam
vield and extinetion coefficient (Y x &), av this gauges the total Hght cutput per unit

ilumination intengily, By this messure, all dyes except mered? showed maxinmum

x"Pv

betghtoess vadues comprrable to those of Huorophores frequently used as inirscellular
hay

markers but which have Hile solvent-dependent Huotescence {eg. OyS, QY e =

»‘""\

67560 Myjumdar ¢t a’s}, Biceonfugate Chem, 4305111

"

Leyius er ol Biockem, J 208208307 (19830, and oGFPF = 23000 (Patterson et ol
& N &

Riophys, J 7307822790 (1997,

19937, rhodamine = 61000
3

-{'i?:éi".’i} i diffioult touse our solvent-dependent fuorescence daia i E}i‘@dﬁ{:ﬁ howw

sach dyve will behave In g given epplication. The brighiness of these dyes on prote

will depend on the specific protein srvironment, apd optioization of positioning s

uspally requived (o place the Huorophors in an environment mimicking a hydeoghobio

solvent, whete most dyes are af thelr brightest. The fluorescence responss of

mgragyanines is compse&: nvolving interplay of multiple factors nchuding selvent
casity, Tocal sobvent polarity, and }iyiﬁmgm honding _atrfﬁgfsf:aiz'iﬁ dye hetorogioms

(Hont e @l ChemPlosChem 4110841094 Q000 Liver ol 7 Phys Cherms o4,

1T,

JORA545.3555 004y Towtchidne et gl , J Phvs, Chem. 4. F1E 1084910860
(20073 Physteal cotsianty were defermined for fomercagtosthane! adduets of the
dyey, foopimio vyslelne conjugates and eliminate the guenching effects of lodive
{Toutchidne er ol J . Chem. Spe {254132-4148 (2003Y), However even these
brightness values may not be as large as when the dye {s fn & very hydrophobic
protem envisonment. The reactive dyeys conld not be dissolved in highly nonpelar

1

solvents, but the parent compound T80 has been reported 1o reach a brightness value

{;i;}Y:{:s Yol 123,000 in octanel, which is among the largest values reparted for

is ef o, ACS Chem, Biol, $142-155 (20083,

7

'33’4& \: &8 {E..s
;‘{323;‘3_& Although the sa?wm.de}w;ﬁ{iﬁﬁm studies of the sereening Hbeary canbe

~

usefid in guiding the selection of Sucrophores lkely to show a srong response to

changes in provein environment, only divect testing can wWimately determing whi

,

dye will be best for any given bosensor application. The dyes showed differsnt

trends in thelr response to solvent, implying that each may show mdque behavior on

3

proteins. Meradd achieved s manimum brightnesy in butanol, anlike all the othey

rerctive dyes, which achisved maxioum brightness in DMEO. Flunsescencs tn wiater



PCT/US2015/010269

s
. -
3 2
7 . .~
P = g
‘ b L &)
2 # & =
& s s 34 Y o]
T P 1 » H -
foc] pres e 5% et
w3 43 Z = P =
s, s oot )
ot =55 ¥ 4 & ©
Lo o - . . P
= e LY g o3 e
e s o, o Ea? k ¥ 3ot £
- 25 St (e o] fooe aadt 5
t2ir 0% ey 3 v .
i 7 ﬁv, P43 -t P T 23
feo] e n...w o] =
3 S s €3 [
= Lenrts, . 7 ?
gy [ s 19
] o ~ s
$o Sy fnd o5
A Sy =4 7 3
& 4 o
2 3 5 o .
Tk % '~ 4 Ty
, = i s o,
e ;. oot e £
o et kS
" Z ¥4 % o)
7o o2 e oot
e .1.\....\. vw‘.m s
a % Rt S
i pecd 7 < foat s
‘ X 3 o) e
<4 ok %3 Peecd oy .\c‘.w %
1 = & At
i = e P D e
o b ) i h- .
b2 P m\b o T D
b ot 05 ...\ o pap s
ot el Fan wlm A 1944
et ] e = bt by
o \mm g% = .
o a e ., f
borth] ] 6w i
] v E "
%m.u,m. 5%, * = @ % 4
v Lo & 2
ot b o 2 Lt
‘ e 2
.. A3 5
Py =z S o)
s ;
o3

Teatiive version

= -
- b K
T fad > foe e
e a4 L -~ w.u (34
byt R 2] e T 43
Uy gos o . .3 e, 7
s - ; $2 " <4 o o
2% heod i hec £ &5 L+ ] 23
mm~ o 4 “ = =y 3
£ e e 7 S 7 2 %,
5 b iy 3 s & S 4
5 “ gz 5 = “ 4
L < 7 b = ot i Ko
P oy fas y = b Ay o)
e T ; i ok no oo
a\ P g t o A e s e 53
W % e o ; 5 m. 5 . b e ot = =
® o o o ow 2 & Z = “ 2 2
n sea o, o3 [T R < B % et = o 2 >
= ool k] S et ot st 47 by g oy ped e Rl P Gy
— &= oot oy D o A 7 & 7 = ag % W o, R
= 2 3 o - ES P2 3 oA 553 @ w7 Mg 3
s E s x5 ; <o & & T2 “ o8 3 43 - 75
\w, R b5 43 £ J $as - fot [Z3 %l posd LA
= 53 < 2o b A N = e £ L S o pow
= Yo i 1 o o] Z S foscs ! : o § & L4 BV 2t
& 2 s v 2 O - oL e R o P
A 2t S5 ot phed et ovorns gt i owy o - o SR, 1 E & g



PCT/US2015/010269

]
i g fro RN
i . 4 o, uvb s
Spoa P e =
s fed s s [aes sopas
2z e o gt e
= e )
£t i3 €y
24 m
L3 oe] b
B
) LA :
7 (243 ) &
5 ) . -
o = 4 ¥k
o iS5 e .
2 ) 5 oy
oy B \m. ;
K b .Q. 4
> 5 3 5
5 e o =
2od e Sagy g
: e oy B
w5 s
154 % %
g -
<

\w\\ﬁ

v

£

Yev
Y
¥

]

K

1

%
4 =
fyeeey o~
e =

A
(%) o, 3
it e St
23 i 3
s i =
Y z G

\
ali
RO 4
&Tget

ment

ariy

WO 2015/103587



¥ g
=) oh P i,
% nww s it
st 2 o) vy 7 -
= i o M\t\ 2 P
¥ Lot et oy w7 bed
— a3 [y, s Lo s oo
s & & 5o & =
b il L - &2 3
\W; SRty N e s p-t f
- b & R & o
S e o Fi L %
L\ o7y 7o h e 2 il
) 0 2 Cy [ o 2 ot
) 5y E B a4y 23 &
~ R0 : - > oo i ol
= £k I [ o 1,
5 [oocd 3 s, A3 o P s =
&} P o & i ;i I ¥ i
@ B e A DR e 8
Ay = s i (292 4 o .
54 ey 7wy ek 7 e
oo % B €4 =
5 AN s it
¥y < 4 ]
v S ot bk Loead L]
L S Fo3 94
b b - .
g @ oo st
. Phwcy >
PR g =
oy o e
B % . oy,
@ 5] 2
& 3 %
e &2 s
% ) T o
- I 7 <7
A Ly o
i3 o ey 24
2 & 43 .
= 5 & i :
nd L7 oo
xd i3 s ;23 )
oo ¥ 7 = X
i ok fa b forit
o & o i % i
2 5 & = u ki
i % i & =
b1y i &7 s ]
(% = w2 gt w2
] & &3 5 3
b s a
Gz ¥ £ 2 st
ot : o o
) A o3 o bl
: o B - =
& 75 ; 2% %y . 4 o
e 3 s .y i [ o
%5 e o o T s 53 &% A
A4 f Lty Sy, 'l St
ey o0 - o s i S
fon o e e 03 e
o ) Crh ek o
#od Seds od - mn s Sk
S, o Aok ﬁd\ P Fo o
# 3 e s : B e
-+ S P = <t
5% {4 Fenny o Az s
o PR
o Foo (O 451 2
oy - et e, o k
ke ﬁ{v »\i o e [ors] .
Fy s 3 77 e
ed e o n B2
% ity pasd bded Ly Wosi ey
ey o o ¢ £ o~ mu
i LV & R S i
2 focti] K W I jood]
“ L .. pvs o
&3 T poct Trerd
P 2 ] pisc)
e v 4
s et
et ks Fand
e 2 54
(] L oy b ;
’ Rt e
73 %s) po [ 7
Al L G 2
ey o s, fasd 3
G ot o G2 ked
et oy, 5
3 £33

WO 2015/103587



PCT/US2015/010269

WO 2015/103587

s

P
i

¥

iy

%
7
;
;
;




PCT/US2015/010269

WO 2015/103587

AR

> SOLE R

s a it

.ﬁ.&.

P

e

3%

95



PCT/US2015/010269

WO 2015/103587

YOS

.

R T

g

e,

B BTG

96



PCT/US2015/010269

WO 2015/103587

Y ULEY PO S BIOTE I0 BIRSGHIAR

T

P

7

n

R

97



PCT/US2015/010269

WO 2015/103587

sed LY
SRR
\2:\4 ek &:

&

18353

sivien
SRR
8

e

3
2

187%

A3

o
e

ro
=
jis?

suahey

it

oy

5 added and

A

5
oY R

Nurtherdris

ks
R

ot

¥

d wag

s
&
herd
o
Eed

“

2ah

‘o
~

e

(J=8

o
po]

&

3

e

i3

&3

g
2R ¢

56

53

ST

24

i

pehy v

furt

i

ey
W22

2

as h

i

CRIOHL Y

g
Y
2
(>3

4 anigd

e

e

&

W

kS

LY

W
23

he s

ey




¢

=) .
o %2 4 ;
N N 1 wy
= i o
— 63 e i P
(=3 o L fp34] e
= oo Ps o~ fnd
e 2= 2 v oy
= Ty oA w3 #
= @ s o w5
I R (o) ;
wn I fi - e Y
=) e Ly o fa -y
> 7 = ' - o
—~ & s s 3 i £
2 - o) P et ~
b P : et
(@) 2 v o = P
2 - ~ o
- ool o Wy e, i
i Il 7
L T e s et
a5 ’ 4 ) St 42 Py
MWL 43 o <25 et X8 3
it Lo T ) i
Y o~ ol -k Lt o
s e ol 5 e
2 oA % o
. v P Srd oy Gl
gy P o :
o R w ‘
= o R et e
< X i A o £
e} ] P i
2 M) L e e
% oy £ - "
A £ f 3
sriang ol ) g .w..\ \\:\\
o o = o
A v, % :
125 . X o jaad I
ey ) 7 oy ey e
.\L o] : . . Ty
g o= -
ISR : 5] (55 "
Y oo E: 5 Aeird o
et o - iy ey
gy g2 e A = st L
. o3 e 73 fo B4
S & - =
743 s \.. . , st
%7 st ir\» . \.\h \\u.
L e X m ]
<, 1 Yor Svan
Z e W B 2
e, o oo Pood 7y
B K5 ape PR on ]
%3 R = e
53 [ . o L
P B e
A Pt 33 P 2
_m...m und 7 gt oo By
oot e} 55 1] 5 i
% 28] v St ot
foed s 3
ot b s
red =, £
g o
s o2 s, i)
Fov s 2y >y
i3 & 2 ot
e [4e3
g . Gt M\ ol
. [ 2
Joi Pt 5 fose! pe 4 4
- ¢ % o i el P o
.. y i 2 &3 2 pud] o b o
i g : = H - Zos
o it i .’.Mu : 008 P - [0 wsus b
A = L T IO S =1 E
o i i 22 - Lz prs £ s 5
£y T w L DEH(S mh et e/ a it s S oy
BA -hait - 5% e 7 e %53 ] 3
s R : ind 23 EER ¥t P i
] b pnl = reeq e P it P i
Sz B o 2oE o
& ] X v s RE%S L WM et 43 7 £ P e
0 g P i oy o i i~ # : Py
‘h.».\‘ A PR S A i T 08 q\m [ o S
5 1 A 2 ke e A e A 5 3 e ~ N
RS S - I ST A SO A il £
o o~ R R S 2 o a >
SR A S S T mg Lot Al
R rost 5 o 257 S S
: P WF A
B

WO 2015/103587



PCT/US2015/010269

WO 2015/103587

B
Dt X
! iy o
i 5 -
3 - P L
o LR R
o s % s ”
e i s o K -]
goont i kot “v\ Wp £
% b L oo =
ad b ot A =
A ey Yl S5
o o >
o A > g B2 i B
22 £ ceion vy 5
e Q\ Wuk 3 .w, . G
53 ot gdet s Py ey %
@ oy = et e o
o4 Lt pec 3 & S
A e AL g
= L I S
5 P e R e o) 4
£ % S T TR
ey 23 & t %
7 e e 7] Fa
: o - o W
L 58 k> b
- . by P p:
=2 2% e e s
sl X o \.v 5
% i ) 2
& 5 o, i
et \)uvv “'\I\V »,x\w
(s % Jud s
jo o ] %
1] e, X %
5 L1 &
2 ) &
Yo : :
SN o pics
e g
% o !
& i
- Piset ed
: ! = :
; et o) y
= #d : @ @ =
g 2 & = e -
mv, G e = iy w&
P> txee v’ vt b3 b
% £ = e bt
5 i it % 24 4
:we"x Dowsi et " oy oo
; b Pic P et
(%<1 e “rd et Pk
7y 3 r oo, s &5
7 £ % p %) ]
] ¥ i o o gt
o posy frosd 52 “ b
ki ey 7 £ 4
¥ 7, e Fosd N :
v s ity = o 33 i
i 497 5 vﬂs\. . 4 s o
* o B w 7 =
WMN Ed > o ot s mw
e G k2 ot Bt
4 = 3 <. ” s
poii] e N.w [ Lot 7y et
e oy R E @ Uk 7
Fert, e ot . [2ad tgoad
; ol — 1l
= . & 7 % =
Ty 4r ol 7 o
e i s Pl 199 %
¢ o v gect] ey 3
W LT i HE e
o . 1 s %
e #3 . i A s
oon 5o =
e o B3 X s
guein, e 2 ~ e i,
g s o £ & oy
e Pl 5 = SO 4
“z sy O3 P w5
b =g om o B ]
iz T o B £ P
Fresh o3 o H3) Soos, oy e
¢ i ey




= fons” 3
2 o
~ I8 el
i o 1
: 2 : T
. <«< it
W, A Yy et : yort
— ] 2B £ .
> et S : x..
s . begei : .i
; i ket % E ‘\.u;
172] ] ‘ - -
U oy, 3 gt Eaee] \M\\, ‘M. |
.-\ : | |J 3 % .i..nn
= ] e L 1 bt = n.w i
i LA o ) o ..i
S5 & o wp [ i P jood -
3 w5 i &) f 2 oo
P - et 2 Iy :
o i 7 G im Canal . .
S E - ot s @ -
: : - £ i@ i
E ¢ M X z P \ -
o S E § . ,.,
5 « : ;
.. | W\il\ . S 3 », ks
e 1 V\n\ e : ,. ..\M”,w
LY Fren, | : . | n&*
: Y . ‘ s |
; : z ey B ot (7
5 :\.u.. M\:ﬁ «ery P ) - .
e, v LA »bw v\i .. ., .
e A L 5 Seg al - @
: 3 2 N s e
[ _.wst et ( . , ; .
: “ - 2 phikd ~ et
e W viend - : \...
Z g 3 o~ B e 03 oL
: & . B £
7% w\\Mv Mﬁ\“ = Y“,M
PR i 5 g s
N 5 : : :
. wa m\v % X
o A 7 45 =
s : nm h;, .m ?:
,\..\ £% el = g vs.
(\,. : .{u\. st e A
<.1 o o oy
\,\s:.\ - - (o]
L 15 2 ..
bt ;i
i (st . |
T S .
oyt = .wH .
: ) . |
E: % k&
Gt ».. -
Peod V .
e “ ..(,
v z R
et .. -
: Phocd
* = ! P
vy ¥ Rﬁ, .w. L
% ] eed z >
S fogd : ,.+
5 i3 y : :
3 54 \ . : 1
o Pl P g ;
E % Ry s . o
G (oo P :
4 s ) {{rr. w....\“ :
- . 5 = i
P 3 ¥ oy Syt =
Y. e : NH. ,,.ﬂ .W.x
. 2 = & Z
Fasv TS 7 ks \1 \i
~ .MA\.\\ : > v-_) bl <l %
o, % . : :
b = o L @ 2
¥ - % 23 =
285 7 o \\ .v \.3_ »,.or
¥ . % e o
ﬂww i “M (“\@“ e $
2 ; wn ¢ : mc.
e e pel - - :
P s peet jov: ; : 1.,
PPN 1 I £ ..3 :
e L ) = z :
g m s - b # WN ,\\\%.:.. s
Z Z .«2\ .= ; il s =
: :.MM muw mh vnm\ e et
o prssss Lo - % 1-{& :
v £ & : : !
o £t P : > n,L,
ﬂk \...m ,.& S A
ot L : : :
Z % &
o .
£ i (]
i e
Lo i
ot it

WO 2015/103587



1M

3
k3

d

PCT/US2015/010269

e 3

o
X

v

jHiaviy

~

invmetrals

-4

§,,

¥

o -deethyld g

WO 2015/103587

~
% = ey WY *
[ oo ot T vopey”
w0 7 sy " gt
; 3 & .
ot x o o
& P iy pses ;
prasg S o &
ot . sl 7
Lt w3 it oo .
b 7 2 o o g
o 22 g o e e
P ot 3. oy 45 Pact
< e s, et “
Moo 202 =
e et 7 ., . v
g = TG
mw;\ bt pad o "
i 5 oy 5 2
- o ! =
3 B2 . Sl
. % :
R 2
- o Z
o g
gk b v
faagca .M.H. o
bRy . prery
Lo A
oy o3
v“xm. :.a. Becd
e 7T NGk
£ ~

P e R
> ;

o facng wod
£ a5 T i

o
< .

ﬁ LN i g

= e L 4]

o et 4% v\mm i

s .; et s W

o T 53 ) »d o w\‘\a\x«

l g i o, bt whA

o i 3 - o s e

575 L w3 i, P R o3 %% vy

79 e 1 = bt 3 % vmi

Rt e 3 ; — P B #a

. 2 B ST < A

(e ot 3 N g ol m 4, .

onn b5 T 33 N Foanc? 2 e

i % b5 o ¢ oo s, o pc

i -~ ] ¥ ol < : 2,

o T jom e = PR S

- 2 = = g Py T

i & - o 2o s

& i Sed s pos g e g8

: - ? . o

% \.U.“ ~ e o~ wsm

P2 &0 : (v : %

& @ ; - L 5

% = o e, fact

MMe i 4 [ ot

Dot e ] Py L e o

P ] Lo ; z

Fu v g B

o e :




PCT/US2015/010269

WO 2015/103587

; o]
(2 ;
D L B e 4 .
SO 5, = b 2 s o 4
- o wen 45 - i
P 7 : o 2 o . N
D m X, o ieiad % Sm.\, e - 3 : Wy
1551 . o 5 . y B % e e 7 3
e T v B .\..m. s, G po 43 ol e
7Y SR T 2 o fhF 7% Gk 77 o A »
A I p A A O
b L] b = e st e [ e o 0 .x. .
o e o SRS K e o R g FR
i #ud o G Y . ol e cn 4 - {181
g R S ST - L 2oy 32 s G
Fat pe . 0] ot sk oo} s o post P 5y s
jpo bt S o i et 2 v [N 1 = 2 x Y
5 ow om o4& S 55 . Lol
s LTy gt PR ! R T e He
Foom & el PR 20 2o Ty “ B R < el i e
3 i o et g o o @ ey < 5 7 4 4 o
5 e ey Bt W5 P " P o > P
bes o [ el 2 - 3] g &y Ao 7 ) 5 oF i
3 ru ek ot Pas) ] 193 3 foe) 775 S ] et L
%y 5 e . o i P B Ty Yol Foa EA e
s 2. . qreek P 3% : s bl o P 3%
2, Pt 43 N . e, v, ¢ s P had o 4
e P~ ool o . T [ iy e U e
L] e braed kattd - I e s - 25 CE & -
&% o e Gt &3 P e A o o £ e
“ Fe : o et Ty 7 kv P P A
T Pad i (o9 o) el e > 2 SRk
s b It N . - wiond g oc; s ¢ § A
gy et . % b o e ot 1 o
] Iz O s T ; 3 P
& e~ S WE 7y 45 T ey X 0 B
oo s Chen e X " -y (] 5 bee o
S T g o3 O S S - - SN
2 st e vk “\.\.ﬂ\m ol p) Vo n\ b3 53
o 4 R H < 3 § e A s S 2 -
A <O e j T go e NIy et 22 3 ;
P g P . hesay »u..v wrei e b o " oo 3
w3 k iens, L b ., 0 - e
& LB R WA e 2 [ R O L
o 5 Do ©H A W v 28 L8 o
- T~ O T 58 S P v e a food = .
s e T o D o wo w4 st ]
“ G i X R b b 2 ) = . .
w2 e et P T o o o £ g ?
R I TSI 2O Sk R e w5 > o
SR TR A Z o B v om s o e s
s I g > bt = gD 2 P T b P
L RV e o oA BE 2 D O
5 By o b oo AL e r N = 2z feced A L .
i . ry deinl ot ’ P £ K 05 - e -
oy e 4 ok 53 o g A it L A
£ I - pes e o == e
G A « i R A e Sy Lo I
S T En g AL TS - G ol P
e S ot it s ‘. b
] 3 < [ e v Spy AL 2 o] P > "
Y, Yerx A o s 4 PN . T t ) = " =5
el ¥ P . %04 £ ¢ SR S ot RSO
. IS ,mt\w o B! P m\ar b {,\9 %y et v QR
e el it 3 2 P % a5’ o . e
wc\ﬂ,m [ 3 peas ; 775, fon ey <t el *..».M m\. Mz 4 4
s et Pk e " g P4 ) . "+ o S el P gorod
T - S~ S i vy [ A P S S e < gy
ohtd S 4 . “ 53 s 4 oo Ky paxy - e Ty
153 4 Rt 4 ey (7% ~ s pe Ses1 g b et :
o P "3 e e 7 . <
o G~ 5 e g D i & 5o L ¢t
Pl o, a3 o~ ] wu o4 s fotd Yo g Yrk s 7y pox
2 R SR “ €3 . [ R A AL R 5
7 y 3 5! . 3 ey S, P -4 - Ty o] fo A
ka 4 ps: 4 N O P s P s % oo - " : ™
g d o S RS 2 0 e 7 * o b s et -
ek b & ) , fout . oo pos g o et : il
G o W R A W PR T = A T
AR 5 o o S A © s S = Ny AR EN
i3 W e s s o 3 g 300 R
%5 e g ¢ Fes “ b S k24 @k -
i, &% P o R : 2 2 s e 1 R o B
g g @ P s ORI O S w3 e
2 ;¢ i P A o H =
0.2 74 i o oy Yo N ey i 7 i
yored " (581 w7 ’ 5 o ot i
o3 A . o i 15 [ poa . 13 »y g pes
] B Pt a@r ? P TR g i fan] ~ed e T
> o fon o W e e et ey e il -
3 o Bt e - g = 5 v iy Gk Eo]
w5 s it P N o - > & “E o eor)
4 ] s st 4 7 oy 5 - kS P i3
o o o i) RS ik g RG] . 4 o
= .Q \\_ £ o aned E\ﬂ it e W\J o ey
R o e v hy A > g «
. . i &5 P < v 75 iy P o 174 5 3
AT 24 P fe i o m % %z e v 7oy
9ol » o . 58 sk Ll s b el <t e 3
: o oo n A A vt v e
o (o e Yot SN N oy o3 s ety Ao o 5] 57y
P P s 7 L tad R S P+ Prosd bl 53 ! i 6%
to 43 2 e kg ) s bt it i = oo ¥
e o 12 e i st S ¢ ot ~ \
ool pss L P ?




PCT/US2015/010269

&

RS-

RN o

3
Ny

~etlyi

eneyl 3-({E)

doned tet

2

vl

¥
3

N

armidaia

WO 2015/103587

oy S sy
2 P i
s 3 B x
&4 o o 4 Ly
A o, ot o
£ ond bt %& £3
pand m & ) o !}.
3 & 5 (A e
o (e i . #
Pt o ey 43 o
e (e e s ]
aet e~ et . bt
) et 7, Mw} g
Wik £% 5 s <
7 4 g o N
ot 7 Py (3 o
(& prec S < e
- = ks %5 jo
i A Pt b
e % o : “
ol Ve
=y % o
N = i
T i v
a3 53 o]
A e g
i e &
“ = S
Epocd N s
& o~ s
oy e,
o
i

£
> L,
- e
! S
; e ;
. it :
~ 3,

- Joeds oot <
2 - s z
. " A s
5 o ”

ploss] ) 3 S

7 G ik e
W o e -,

o 2 ¥

o 3 % o
e qou % ki
\..V.u Poes Vo T
w.u - Iy ;
o Fdging e
2 % i 2
et ; s, ke
b = T, a
= jricd 5,
o w3 & SR
s w2 o ot
£ 4 o N
g fosd ) ™

) A (o .

i : s . e E

: ke : . g

L 20 L 3 H

~E i gy B
LI o &
a9 prrod o mu / &
2% B 2 # G
o v..M apoc Tt "4 T

T4 " bt L oz o, 4

= 2% em s e
ot S T S 1 o # s
7 oy e 3 o oo

o~ g 5 - - P Yot
S G 4 R A
k) e oot H ] i T 2
bed — jocs . .? bl i 2 &
3 = A oo Ry e o
& . = e L % -

A . oy - o ey - E k]

s %, K et W e ) 24
S ; v -

£ 2% A g ’
& % el % 5
& gohoe 5 b
4 e ot 178} g “ o

5.;‘\!3 ‘;‘.2§ {\i> o

el

Y37 {8,

q



PCT/US2015/010269

&

symethaxy 3-oXepro

3

%8

W

WO 2015/103587

Senels

g0t

3

5
=
£

nowater ang

zonf

GOWE N

e

3
L

o
"
733

Wil

i acelate

A

e

aeth

¥

g

e
o

G

e

&

IR

of bro

wgarvhoy

Dk
3]
FEi]

i

2
w
3

¥

FERE
oo
&5

&

s

o]




PCT/US2015/010269

WO 2015/103587

3 o4 [ %]
P g v e
e o3
S, B
o T
o =
e
W potS
e P
i e 4z
g B
- g 7
§ o faant
Gt %z H
. el N
fady - o
] =1
. Ties
£} as? Lasoc]
Sy 1953
) po] e
5 ¥ ke
£ ey
v X
EY 31
o
i it
spat
] L]
3
ks
ok

e s
Lo 5
= &2
3
ps o
5 h P brd
o 54 =D
G g 73
e > [ v
ps ; et S
ft & G NTd
&3 o] % 7
- oot s 7 -~
26 A b 7 5
7 e i 4
2 s e = 7 2
w e o] ~ < e
m..m 7o oo P S shmﬂ
[ e = 22 o
-4 P 4 < - %3
w5 5O B o=
bR N 5 B
it " Ju o) = (3
o i b3 3 R
4 {4 w4
£ P faced pog

~

ot
A
Vi

’}, H

3 Theag o

Was aadsd. gng

¥

]
P
"
2t : peot
£ B g
= . ) =
42 : ; : o # o) 51
3 e s 3 SPEEY =, o, :
7L e 2 3 (%) < LE TR ey i
g % 3 % % st 7 % s
o I Lo S S B owed %
s b "3 Lo, .\\u ot v.nu 'y Ak
e d o cere , P - 3 bt i 2
A 55 T G~ B & ZoF =
2 ; sy B 75 o] ooy o o, k P %
w Ead D S o MR 8 &
& 5, gen 5% et N..,.“ bed o R ml Ty <
g o] pesd %5 Vﬂ g 45Ty s R Noosd 0y
food o b} AT it B e g T
- U < B~ S E T e W
2 VA < T S R
: wi 3 T = : o0 RED SR> SR v S
[ \ corels H Kok DO
g BB m g @ § = 8% &
A % 7 4 ] ; 3 s
2 T R oo s mp OH
o Sene! Ty L AT [ e s ey el
% Soreri o post EP A Towort GELO4s kﬂx {7



PCT/US2015/010269

WO 2015/103587

g
£

i v
¥y
o

1wt O

T
%

{8

o5
£

SRR IREY:

i

7 - ~ h...,
A %
e 1 2 2
K % (24 6y o
s e 7 :
b3 o ]

Q
roduet w
1314

%1 5 .

% o <

L\.n, (-wé Gt et

s A \“ \..HV oot

x) v o

ks s (¥ -

LE 5

= e o ke

-~ =] e

o3 “i T3 o .

. % g ol

o= 8 ot s

poct k] o . Yot -

g opn O 4

“ ; PN £ £

v ey et Yot et 2

= P v £y P>

e v e - o

P i t S ! 75

Foe g . by Z.
o B n B S
s et Rt . Pt [
e <. o ! =
Vet ] 7~ s el e v
e 3 ot s £~ b s
3 frans .. St 7 Lo & =4
i PR Wy Proot P L)
e ik 73 i w x o
oo i . ¥ oy o
S A S~ < i & 51
oA e i Yot “, b ot

X 43 < o : et 2

E £ 0 B ooty e
S b - T ey Wy &= 2
pocs z #5 w0 o ?\H. o, i



PCT/US2015/010269

WO 2015/103587

RGN
ANV E

hrnmay

=
#i

mi]

PRI
pS t.v' [y

dp

s
45
et
]

ey

PN
{3

p2
6>

WEWARs T

ITERNRE

.

8]

Iy

L 330N

)

&l

BN

¢

o

Qd

and 1

Togte

fkir

3

$tion,

o)

HPE QBT

hese dyss

1

W

)
¥
W

theygan

L

-
RS

e

N
3
iy

auted

4

551




PCT/US2015/010269

Q

18

5

1990Y;

&

i

454

g

-

anmhg ¢

WO 2015/103587

v

RN IC RPN

.
&

Are

o

N ¥

{3
g

oy
N
Y

SR ELSAREN

e
H 8

A

5

P>
$e

ok

o5

3

¥

L

|

&

Fi\

%

4
$late

£
&

£ 5 (‘v's-\ .
QR GT

N
e 9
X
&

g
=

M
PEN

erivatize:
W VEES

B
¢

i\.

LN
nbran
3
&
d

a

<
i

b
I

e work

N
N
pays




PCT/US2015/010269

WO 2015/103587

bt e .
444 5
< 33 o priach
25 S ; = —
o o . : 5N T
focd S st . ¥ A : O oS
Fyod = et S gt 024 3 P
o hx o o - B = £
By i = oot Loesd 2 Riee] e a5
By Pox] el s o3 ol
joeed o Yoot et " -z ks
<07 jad o b - L g
P tioy e o po Y
] i \ Fverd it
& e oz = &
e, s B 2 e
£ g R o) o1 wt
I M7 3 ol
o~ o 5y £ by £ o
0y L P24 P wsm.\ W i
2 yout e oo 7 . Yoot
= P = oot 15
T 5 g ] X
45 5 & R ] 1
ol Pl “ s e g &
£ el $24 A3 e i e
“ o orre o o it P2 o
P e b1 ok ol e &
B o 744 L hasd o e
o Gy ; (4 3
iy 3 2rok e N s
%3 S e : 2
; z ? 4 ' L
Won & T =4
. .. o el
v 229 g iy ol ]
o . $e - e vt
5 S A T % : % £
s £} pog g S
& e 4 v ]
o e -, e 4
PG SR = o 3
3 (33 vy e g
@ oz L 5 3
oo il .
5 B i : ~ o
42 b} o ¥ ‘ : g
A e 3 o] e
% wrrh 9% = pots
=, ot kd i b
R et oo
e e iy ]
foord o 5 o] Fot
€ P31 o g po?
M et @ -~
gy =2 - 5 .
MW» i o [ e %3
a5 s ¥ e
peoed ) ; Y P 4] i
o 4 5 43 ped Dol S
= ; &= I @
7o P @ rz = S
G R 2 o , il -
; 2 e o = s
Wi > Sins = =
= o o ah i Sy
Pt < C e 2% = =
Loof ¥ foo! o L. 3 P
b3 e ) j s o p
o e = : g B g
s o AN R =
A b . =
o ; e - " o
i34 % = 2 I
L {003 ) “ b3 ¥ v P
: & A ) vl vt ! = 453
s g Epant o a o £ Cald
g s P 0 Pt . : Do
: % 3 SR =TT P S e
" ) b b fous] et = 2 <5 [ i ¢]
A 4 o £vei v (o Tk 3 £vs m @ x
L o ok SR * A T ;
o % seres § ooy pos)
2 g o & =G Ho4 =i P
e < & SR E S L B i
T % - [ = 23 i L e A [} ppoed
fosi i Pe R Chip ey - b6l o] 23 T4
st frd w5 ~ s : £ &7 P W ) P2
o e o " e o YO B = e
o 4 2 & s g L. =ou o
o ed 64 ot : & o3 ’ = O g R
pes o & e = o : o 12 P 4 "
g 5 < 5 o s % ; ol higs T g el
% e % e iT3 * ¥ 53 : b
P Hoed iy ¥ ‘ A . s 43 g o
7 . , oo 3 ; o h
P ey iy = % e £ =R R A
R T = s Vo L = i [ ) %
Wiles Tk o po e et fod ] o] e o5
- " Lub Yrnr. Jonnd b3 €% L ool oAt
T




e
o

FEpEe

s

95 |

o
-

PCT/US2015/010269

A
o3
N

of compoin

fo

&
¥

¢ mernit

AT

WO 2015/103587

ALe

1

S withon

o
o
BT

sty ar
for

£

3 o g |
nelle o

A
1
i
X

'8
a

oo

L ¥

7,

hed

=3

-+
3
%

FRren
pention sy

%%
2
o

]

3
SRS

g

vt

e:i

&

<

PR
£ oot

i

3¢

ared

¥
ate
v e

5

Gubs
big

e
&

n
YO
3
S

&

&

S

¥
CY «an

A

g

i

A
<

in

theee be yised

antma

o

ng

N
)

i b ..{‘i. 4

Heracs

N
'8
e




PCT/US2015/010269

WO 2015/103587

wa}wwﬂ

ss@

P A

V43
i

e
s

Wik B B

o ..Q

G PRI MR

Tt >w..m

Fi Am.m,ﬁ N.
WJ{D.- ,

gl

rm}.

pisss

o3

“.

o 3
o, X
e
" b
<
M.

112



PCT/US2015/010269

WO 2015/103587

e
X

-

SE

fCak

4 PP ST
stanford adud

"
¥

3
sl
Lhr

[5G4

fe
s

o

#iL

2C

in

ol

e
Lz
a0
Pl
75
72
s
-

Were

Pt
i

(:'.‘

{0 min i

-
]
P

i3

3
=

-,
<

Y5
>
o

3

DYE

Pty
£
s

=

T
LY
¥
7

¥

o

X

.

weitation

o
xR

NUR RN ST
LAS --\,?\.'(.-:Es R

OG-y

s
L2

1

2 hin



Y
i

+
L

1

¥

«

N

(o

S
Rk
0

< 0f

AT

0%

PCT/US2015/010269
dist

et

SiFig

B
T
&4

123

Py
w3

%
4

Exgals

ip

G 13U

Ang volum

X

3
lQ-‘.\' T

1

g

11, ba

RS

TV Y
SRS

(o)

3 3
Py :
= e
perd

flows: R0 ul

.«.U
rd

ade gorrechio
fo
oy

&)

5

b
tash

L%

333

»

%

¥

at, and phot

3

sk

3

I
S Oy

ko

IR
it

eed
FR

0
b
234

X

20

o

p<)

3w
£
188

PEOY,
IR

i
e
i

38

ADRTO

i)
s

<

WO 2015/103587

@

s
B

& oot

N
NG [ams

Tahders &

> £




i
o

2.5
233
\

2

7l 2
e

ey

PCT/US2015/010269
ERR RS

gt "

-

vegd for 1 h

e 8
5y

it

-
X
%
LRSI
&
H
I
ks
b

P,

]

&
.
3

.

IS
$

g4

.

Feis
i)

W

e

3
i3

and

g3 AN "‘_

¥

Water w

entrated W
b

aw

et

s

%
245
s

teiainrt

WO 2015/103587



PCT/US2015/010269

WO 2015/103587

T'53
LoNEY

S DR ABYY
%5 ) oy

Y5

$250

23]

5

TRy P

LT Y

?

T L T

EHE

LA ¢

116



PCT/US2015/010269

foxe
9 wfr
o s
2 e
|75 w o
N o £
o) { %]
i £ 7
¥ e 12
\yW, e, e
i ] e
4 s o £ &
Y 22 [ (5 o =
- 7 j Fee) Tk
4 3 R Fa e it
b 44 i = 53 P
~ et T3 P to)
fos) %33 - ~ 7 5
X A A R 4 o
o s T o i
& P s T N %N
34 3 1 45
- 7y 2% ¥ . e tow,
[ o 4 1 = 5
o ; i B o5 .
¢ o~ b 797 =
= 5 = R
Lt s [ S S 1 =
e &t ) £3 Sk fors s
¥ ioco] > ; i S Ly
oo o 3 a3 b3
e o0 3 ez R
' =R B b3
20 S chin

ied
C

X
4}

3
b

. B B

g

ol b il
785 Pact po>
o =F 2 P
ead = & 24
o s S oo
: Ged ‘. joot :
e fid B
5 e Z
i " ¥
et bt
e v 3
o .-\wu
=5
T A

P

ith a byd

[#]
i

]
7.

§3
%
byl
; 3
7 o o
e 1 o
7 E Doy 7~ o>t
5 2 g o Fa
3 ik ) y fFoss
T o~ P s 3 =
/2 25 s E v e
s o 20} v oy J\n iy
L ) e g A
st e w5 {2 45 % s
fred e " Tt y
b5 3 ) ot s [ T
ves “ras T o] pord o
Pl G rne ay . o o
ypeeon o e i e [ b &
P ‘ Frra [ oo e x ot <
v e 5w i E L :
3 WA o 2987 e s ez £
3 fag ol : : ja . i . 8
Zx e hod 7= 9600 g &
Vreenei, i it ) oy P ot %

WO 2015/103587



PCT/US2015/010269

bl
ey
ey

WO 2015/103587

Sried yinde

3
i L

rated, d@n

L

i

=
£
&
&
&

s
o

- €

fde (3}

ES

TIWRD~0X

aedate (B4

o
e

LTI poTl

<diu

NI

3

e
1FrE

L EaY

pR%

A

Wias sl

tonal water was

i
1%

edit

SRR
YRS 834G

nirRied

TR

3
a3

Ao,

i

o ft

.
23

PRI T )
doreguived 1

o

3
A

e prad

eyt

%
SR

a

5
£

il

1

govered

x

Hqg

pred

o

i

2w

e
L

(L 8

3

i

§

et
(2

y procit

X

e
o
o

.

-

i‘il .

.

5
e

Y
b




PCT/US2015/010269

=)

o

WO 2015/103587

3

o 2

Ll

i fra

TR

)

1.

B

5
adi
RN

74

£

DM

-
14

o,

A
AN AL

(400

SOV 828

g

{m,

;’i

A

t

')
oy

Butors o

A

—
L
i AT

o
2y
Yot
o

X

24

atial @

3

ey
A
& g
px

aas

¥

&

importay

S

i
A3

nendou

frey

T

o

¥4
L&

HY

¥

ey pl

S

§41

$

constitnent

cular

faki

PO RS
ROEEARY

10

Ny

£33

&

3

0‘{\ i

210

.

TR Ry

AN
¥

Goar



PCT/US2015/010269

WO 2015/103587

]

produce a

11 lgroe m
iyl R

[N

=

o

nal

R
2‘.

il

gt

ST

S3Ie
i =)

Ji
3
R E)

B ooxier

e

Y4
)

s

Y
=

4

g
XY

SO

%

upe

=
£
=
=
Byt
oH
Pl
£

M

PRI N
3
AR

£33

£y

i}

P
o

v

¥
2

IS

31

& b

ol

iy prodil

2

RS

acty

DOWTE

e

ooc)

o b

{

N

T COTDOTnn

(EASE R

)
h
A




PCT/US2015/010269

WO 2015/103587

TIpOent

Oy
A

£
G

¥ N
LEuH

5 and syud

3
&

s
o8

i

enyvironn

bEs

1.
e

g
A

b3 E

68, &

grently

.
S

it

AR

£
g
=
Al

s
X

3

K

vierntug

B

v
H
X

%

LR

c

ERis

¥

+

»,
o
st
pos

.

e

it Senat

5

alv

o
B




PCT/US2015/010269

WO 2015/103587

L R R L e e )
’ -

Y v TS

S et SO LS
N OB LD
VA T W

g R
S AR Wy
AT T W

& ';ak

¥

A

RY

NE NG Mk ¥
R R R . R

£ G Gaah graR gl e Cyrel

5

x5
&

R e R

9

~
A

AR %o

P

RS

-~
js

~

6.1%

1
X

watsed

43
73

o

mponan

‘o

b
Y IRy
‘\if.’-\z

N

5

i3 ublguito

o

T
LO 13

i

AT
&S

oend b

e

higen

e

E
N
i 24

t.
23
73
]

SERERS T

SR

THACES

1
&

6]

i

du

K

34k




PCT/US2015/010269

o

3

G

>

et

=
53
&

Wt

ity

W3

e
b

y

uies

oy
LRSS

DTG
mate
TYRONR

=
Fprehs

-

S

he tw

o ey

g £t £t

WO 2015/103587

e

Jdere wias no

?.,\

Bl

{'\

S
2]
nx
%




PCT/US2015/010269

JRRL:

H
3

)

WO 2015/103587

’3(-'%
AR

oty

1

13

catmend

.
3

Fo

1
t

¥

fest componnd, §

£

L8}

thth

(3

.
£

menl w

v

Sal

o
RS

e
)
3

7
13

et
CRYS

oo,

&
&
2
7

b

>

R

th

b
&

s

ey
Wk

reated

b3
4

(O

N

MC‘"

38 GOy

%
¥ T

alysis

ston

&

foed]
=
43
5
&
2
b

3%

TEFeAsEy in g

!
i



PCT/US2015/010269

WO 2015/103587

B 9 "
) Pass )
i jposc] @
k] E
W\M 5 Q«» ».o.\.m
vy : h &
v " i v
= 25w
<3 2] ; . w}.
: : " o
J\J— A : \ﬂh
«v)..\\w. >§4\'\-A wfw Nt
- : = St oy
% i : :
o i o T b3
o5 as frat z 3
£ N\r . e boe
o S 5 ; , R
o . . @ g
| : «.M = % 5 4%
4 v < G &
- oy g bcec? e : =
. $ e 41 & - ~
s oA , g , :
tod b ek s w z -
37 (4 m\v s b5 \Hu %
2 ’ ? .
T @ it W
v ey 2 5
2 Y 7 o “
L n..\.s M‘; V»-A
D o . ..
o % £ E
S & .=
“ = oot fost
o ¥ z g
Y ¢ 2
: ’ TR e
= % 2 &
z 5= 3
4 5 :
i & :
\Mﬁ -o\.\
[ .
v 5
w3 2
=
% ; g :
R : S :
posd : L% .‘ z
4 - = o ¢
. ; = = )
“5x oo = o
% d et 3 o
A A £a = &
5 z & # et
‘ . - \.H Py
‘ . P ixt..\ #y
oo 3 5 &
. “ MM.‘M } 4 re -,a
..ﬁ» mm oot N
o & “ .
4 : o 7~ s,
2 2 v w, o4 7
; ..m; o £ty Sy )
o E AT P % o
h#3 o e 43 s - 5
: - 2 L £ 7
- = o4 Fomms A oot
: : S Z : Ed
v &5 P - .
“ ra 45 Z @ : 2
i3 ot & et o %
oo L o fovd 5 :
5 0= = & & ?
] e i o o ot
: ; F; o
@ o % pect 3 [
\mm g o mnm e P
= 2 _ \\% < p
Wt z ! 4 o :
5 oc z bt o =
E S = = iz o
ool o = -
o~ L ki o
o’ o g Lo




PCT/US2015/010269

WO 2015/103587

the |

3

&y

3

&

£
AR
&

At

(X
3

s {n

att

a3

$

WEY

Y
X3

vy

Toated

13l

i

53

¥

ooth

N N
¥ BTy

21

.+

kY

e

4

o
)

rEQUEneyY

&

IR

2

1
-
A
54
22
foon
£

3

3.

O N

on

that & hin

33

¥
E3

2

¥

FHE R

m

RO

i
&

L5

£t

1 atiached foan e

¢
i<l
32
o
%
e
Ered
b
o
e

R




PCT/US2015/010269

WO 2015/103587

\pmanas

P P \\A. I :. .Mw » < w“\
2 Y / “

G rwrnrt
M Feiecdt

\.
#4 fed Z
o o B Rt gEE
P ;4\ o
43

o R, wye { fpn v g
I sEmuis g vEagy

&

o
o
&

s dod

ARy \\..\,.1
s gy B
e

127



PCT/US2015/010269

WO 2015/103587

ErALL

-
9
{

GBI 3O B0

”
Yol \a _—
v REes 2ot
$) -
ﬂ.w.\. . %,
YRS Ti

.,.
Z SIRENETREY A Ak
4 BEERUETAL

i
i)
NWUN,.:NO.

R recerrecsecreeer e rree,

1

128



PCT/US2015/010269

WO 2015/103587

el
Ly

Hask undes

r3ed
m
%

£

113
o

3

&
o

0L (18

tered,

il

b M,

st

3
¥

brine, dried

with

;N.\\‘.\an‘ w i

FTHY

H

Q“i i

i

- ﬁ‘g §;

i

5

delad ang

=
S

o
b
s
pedt

et

o

AAS

(3

3

iy

]

he

24 g, 431 sl

2.8

¥
3
W

813

i}
A

m

&
%

{i.

adds

ANy
e

IS wWa

LR

%

Stion

JETION WA On

T

%

sver

v



PCT/US2015/010269

e E 4
w7 “ Loy
s o & < o o
D % - o5 s o o
s % oo b T £
- ¥ o : iy 7 3%
Lorag! . pee Sntu el )
o & E 4G o 2
g b et foiry ot 7 ;
- ek o ] & z\w 3 i
- e et P xR CE
St 4 emst P fes ay et e
- 763 s pe = y S
v y 3 T, ot £ "y e
i o LA g R
T ) Fen? Bayt £
b 90 3 % g, poes
: L 4 o o
: B ol
k2 o oo
T N = 3 -
on YR [~
£ s ot it ] phoss S
o, e . ot e iy
s A A, 4
gt B x#3 K s 4 o o]
et < P 4 N b P
gy 5 W Vs i3 2
5Ty ; E bt A [
. < A B &
2 ) S g
P % P b
e p 3 =, “erert
o oW -
03 £ B ] bt \\.,.i
i 5 2 w Y
o 8D AN S
o %
£y T ﬂu pi e ey
Yok L o b4
' = & ;
] o ) % S0l o]
o e ST 4 8 A
= ] s g g
5% o . E a4
ot . 5o G
£ e % @ el x
o . 53, i ey
] % ey b ot v
o PP 2 ,?\\.. ¥ @
o e i i B e
3 O & E o e
bgied . o oy s, b e
s Y. P! p ey @
. ey pac) Ea o, 2 rors
e ot b o £ picd
s 4 Wy A =4 ) R S|
gi A sy g Yoot Wy et
o) it L 2 5 s S e
%2 %y d e - T
% S % oy s
o] 1 ) 2% et o
2 | 7 » R O
e . K e ; ] e
e s £ - R ‘ s
o S % = [ <Y L
- o [ ~ 48 -~
£2 o : T = o o o
k2 & 7oy o M = AN
= e s . Py a 3
ke [ Rty a2 Ay N Lo v.\u bt i
I ; s L S e N A ¢
* v ¥ e, g, Eonr” e} v - s ¥
s £ R o Z o=
7 . S . ’.
pod s R S R a4 3 et S« 5
@ . P e p . gie] g “ i &
e P Loty sl . e xob) T .
28 o b s | s ) 1“1 73 23 R A
5 3] S R B &5 Y owp S
it g & w4 K o 4 5
5 o ! ,, 5 7 d . -~ ;
f p2 P % el fd o %, i B
o ot 7 b et % g g s
e w2 S Gy e fa E ¢ 3
b 4 o R A & s
5 kg0 fese e s fond b § R
P Fos] o % . s . P preen i e
ot o oy Sz B A T O R
mmad Y 3.7 s ] v e i 53 Eed i
e Gt - s - foal pa oy k<53 s
&3 v i PEL ey p=t % o33 e ¥
5 PP S 7 el “ & ; s p2
o oo i - e o s ;
bl = o P ] I & St X m.\\..

WO 2015/103587



PCT/US2015/010269

WO 2015/103587

Fooun i

¥
Y
L

irred 8

£

W 8

SCHG

e
s}

T

2

Lo

FPetasy

%,
2
e

%

20
7

%2
s

3

o~
e

SrOTIRE

ty, amd oiher rad

5y

prater

3514

i

PEISrQE

G S nOT e onst

%

fiaRiias

iyt

RN S

8




PCT/US2015/010269

WO 2015/103587

oy, ¢

:
5 aul

N

Srrrs feed

o
et
o
=
525
P2

3
X

Y.Ym.h.w \hw,\m\ ’
et e .
% 7S

o3 il .\....u.

Lonon] .

o g s

ot \\\xl,...wa.m.\a!..fk ml
<
>,

=
e i, "%
3 i i 4
.“nz o, d x».c\w@ #
i e &
i o i, 7 L
; [
= y e
e S e »x 2 w
s b o o = o
s e I ac g 2
o \ - ‘,‘VM ’ &
7 .w P @ s i
3 T . :
o] Lrvs j a3 ‘.w‘u
Tt Fepad s gl
24 ot 7 @
k) s
e 2
L ek e -
s % = &
g s o)
oy X Pk v
e W L s
& & “% A
7 o3 . R\w ﬁ o
AT r d ;
. b £ ] e
-~ & 2 7 g 2
gt W.,.. et . il ;
el oo o ek i b ..
T & pera e 33 %3 et o
T} : 2y 5 @ T ;
bl "y Pt e s & N
P, 2 Wg. L G Hih .\ \.n
oo, Ko ¥ s o
o ,& o PO ) -
4 o A s (el 5
Keig Ty S fas
PR 4 2 oy
P v ot
%" pish it 55
oy A o (o
o5 ot L e
by - o o S s
: prot “Z B i
" 3 L
- et "o =g s



PCT/US2015/010269

WO 2015/103587

S SRV

P

L

¥

&l

5

y thg

Fory

)

FLLL
P
i Lee 2
[£4] Z
3 4

oo
w...v\
e

:
-ﬁ.:l.h\.v
\\ﬂ..f \\5....
¢ L = S
:
Y
R e S \\w...\\,
X ] A
N
; 2
” g




PCT/US2015/010269

ade

poes

-y
BN, o .
" et . #r L
i 3 fel) jon
3 ; e = 7y
H H et <o bl
3 3 z fad gl
H 3 ; St 3 :
& 54 5 g I
A ol ﬁ
et Eert] i J
& o P2
B em e ad
s A &
& josd a3 b
Hooo X L
= e, ey -
2R 5 e
& y W £
s € wy Epehd .
£ S PR P
mm e s 1(,:\ ) £y ve
2 3 AR L™, s, “
i B e 3. L e 4

WO 2015/103587



PCT/US2015/010269

w7

oot

WO 2015/103587

\\\.w... ..... e,
4
R
eI
7 L




PCT/US2015/010269

SN e
PeRapes

£

it least one

2

Aty

WO 2015/103587

ek
<
5

e

3{eeN

LIYEQOT

A

P

™
B

&

(X
ps

z
3
RR

¥l

<

¥

thdr

2
Y
i

5



PCT/US2015/010269

WO 2015/103587




PCT/US2015/010269

WO 2015/103587

N RS
Qg Na”




PCT/US2015/010269

N

3G

o1

1

WO 2015/103587

%
.
JECRONISY,

gl
1

o

o

3

od
hod &

0
th

et
rynd
bl

Ths
The me




WO 2015/103587 PCT/US2015/010269

&
it :
by X >
M B T —
PO f«’&%w.\\‘ R
b b it 3 %
i hieeececty &3

t
3 d o
5 ,,\.t‘;‘.f*"”‘%\ :\§ v

e

x

F Esm::m\‘

& L abd



PCT/US2015/010269

141

WO 2015/103587

5

- SR 08

i 3
a1
P

U™

T

7~
5
B
o't}
4
ey

i

AV

&

Fad

ANDY
SRR

R S
v d Vs

)
R

n {(CD




PCT/US2015/010269

142

WO 2015/103587

£

3
&

T

o )
TR R T e R
BENE3

N
1
B3

vihe b

e
]

&

gated w

G

1
5

ERE oty s

1

1
i

ormulal

5
4

o |

IR

vatined s

A

\W\
s
o~
o)
o
45

m

¥

™
A

QIS €5

&
¥
3

tntaod

YA

T

&

3

Lot

.
a3
o

oot

&
£
ek
1 £]

¢
2

(L

SV
jEstu e

Tadise
Y

F2

e o



PCT/US2015/010269

WO 2015/103587

AN
S

14

meteades in

i

3

e

LS

PRE
SEIANIR

I

.
X

T3

{1

A

REs
&

o

=y
e

HY

GrE

T

8 DY

&

af

3 E R Ny
SHEUOR

3

a

23]

R

aieotin

o
£ of
LA

A

¥

} SRR
T3

Tt
R
2
Gt
fod

$5!

r& targel e

o

e ong orm




PCT/US2015/010269

WO 2015/103587

e

the cow

{

AR

¥
!

T

R
X

.iil(\

193

I

&)

v Thnrescs

35
38

53

i
7
Gire
g
2% i
3 s
) &3
2 S
. P
oy %
o~
A
=
Fon
Lty
g
g
e
Race

Fed
)
g
3 iyl
v 3
i A
o %
i ko
[y
e
g50s]
453
.v..u
[
s,

pe oss
25 B
e k

i
o pod
[ oy
2 =
£3

C s prok
[&2ER 5

5y

3

an

o b o
s 3 5%




PCT/US2015/010269

WO 2015/103587

b
"]

&

Y memdy

\-\d'i\; o
LR NN \}‘:'y

B2

3.
o3

M

v

oY & cunton

o

).3.

fem ot

tinai

}}:

g

it

-
Lyt

i

=('
&

I3
RS
3,

CTHiTEe

and 1

P

X
sy

SRR ERTY;

&
159

TGN

&

£
wer

e a
LLY AR A

iy

oy

¥

omprises gos

S
o

e
o

X
¥
A

apo

STV
~ASLD

8

L

S
s
Fo)
2

54



PCT/US2015/010269

oo
pasit
oy

2

b 2
2 ~
P R
Liprs
L2y &
A
I
L)
P
e
&
N
Z
i
s}
i
Ser
R

W3 1]
£ oy
o 5]
4 ool
we o rot
EaN p
1% o
% 4
A
a8 o
i, G
% e
¢ Lowd =
gk g
o 4
g =1 Sy
@ ] o
54 L &%
2y Ly e
43 i o
72 =
Ly ﬂ\“ .Tco
R o =2
P2 34
4 b £}
& s i
o g § b
o ._ 2 2
sy Ly % Yo =
pod - S P o
dr 5 , B 43
e paet oot g 43 et
fovt %o = i v fet
d i T ¢ ) fasedd
. ,.wU w3
P % =
: &
% % s
p_o] ,.)w R £z
pond o gos &

WO 2015/103587



WO 2015/103587

FIG. 1

T i éi€é i i Btili i B B B i i  l I

1/26

i P
i H S
o
£ 0 T ¢ R
x @ O g
£ 5 p N 8o
N \%m
&
el
‘ &
9
§ o«
& X P
il
=
o
-
&
T oM
Y
‘ o
SR 18
! <f
O O
b
&

Pht BATBA 80 Pz
£

: ; ; : : SR

Pht BA TBA SO Pz
i

foun P s o] s o] e
feg Lo feg Lo feg Lo peed
¥ ¥ ¥ ¥ ¥ ¥ ¥
L] 33 1L 33 1L 33 Al
- - - -
kol A o] o] = ] peed

LR Yo ad
UDISSRUR B sseuyliug

PCT/US2015/010269



WO 2015/103587

FIG. ZA

2/26

é:3:3: : : : : : t}
: t A . :;:;:;:;; ({

A <

: : Do O3

&3

<

{UIL} BNIBA 1S3MD] ICY
xew oxa U aBueys

TD

PCT/US2015/010269



WO 2015/103587 PCT/US2015/010269
3/26

Phe BA TBA 50 Pz
&

\\

\\\\

% b0 OH

f—
P

NN

Pig B& TBA 830G Pz
i

o2 [hed o W3 foee) Se] <
o e

{WIU} SnieA IS0 oL
e we wshusyd

FIG. 28



WO 2015/103587

FIG. 3A

4/26

x AAESUEUEEEEEEEEERARE
LS}
o % AN\
9 Y
& | |
< BRI
o N
= §
9 N
[¥2 I
F
& ; ;
S} :
g N
w X A
o 3 e
®
& | =
g0
.
"N
- |
- X
W oam
8 aw
) & o] & fond]
™ h ¥ % B

(Wi} HOSIA &) SIIEXSGD Way
XRW UOBBHIXS W T

PCT/US2015/010269



WO 2015/103587

FIG. 38

5/26

Pz

g S NN
o B

=

0 A
20 R B B
8. : : z

=5 R
B z 3 5 r

i CER

S T R B
ol B R .

- @ oo

B s

W2 = W e el
-

0
15

{1iu} HOSw 0y auaxgmimm;l
XU UOISSIWS Ui g7

g AR R
[ : ! : : : :

PCT/US2015/010269



PCT/US2015/010269

WO 2015/103587

6/26

Wd
W

\\\\\\

\\\\\\\

\\\\\\\\

\\\\\\\\\\\

\\\\\\\\

@ o

\\\\

)

ooz

oy
goL g
2
Sz
s 2%
g g
% oo
g =
4w
: 53
vz gz
&

] K|



PCT/US2015/010269

7/26

wn [zyopo)

WO 2015/103587

0¢
L =
) <
L'E L
g8
2 o
LGOIt Q3
790w 6'8 m m
LZZ0laW ® m,
Jaoiau m
0008 —g- Ll
abueyo
PIO} XBUl (e)

Ve Old



000000000000000000000000000000




PCT/US2015/010269

WO 2015/103587

9/26

Bun) Gifueiem GOSN

GEL 404 6% BRS OPR 0Tn
st s - 4

5 . t 2

402 8% DES

N, o,

A et

)sl{vru/)l ety

(t

QD30T

Y,
- w
At LYY coeren %
ﬁ £ L 3 x S
fpop! Yo/
Soren S
IR
QEILEW
fons) wyBuspranm HIRSRUS
GG (9% 0%% 0% 02% D9 488 48T oF%
% 3 i % b3 Z b3 L A, - 3 5 Z a 4 2. %
Lmnwm&u\..\\\..\\ ) Y
.,J... (3R,

DI LI e Vo
. i
{2y i
.‘w

%,

90191

LR

~00E

Q0G0

o
8
3

OB R R CE

RN ARRTSRIONY

<

yaet

{

{pun Asesy

i

&3

YSUSIR STUSORTIONG

A3

funs} iBumanm RESEUS
YA
3

4L 404 0R% OBE DY 409 (8% 09%
I 3 kA A X | SOUS . 3

Tommsppptmedianedameedinesdomsoonibonnss
T,

(D791

funy waBoGasem LISSRUY
928 T8 OB% 9%
b X % 5 ) 3 5

- 30D0Z

GO0 ]

L¥r 408 mmw D85 025
% . 2 L 2 i 5 )

{xpon Ay
L3sU0RE sousIssIong

Y

T \t.\.\\:.\.\.\.: s
ey G

2t

e

~OGGE

s>}
oo
g m
%3
=9
Srraga &% O
L0002 B 5
¥
“
o I £ e
G008 2=
g
., d S
000 - B
g

(0605

9 "ld



PCT/US2015/010269

WO 2015/103587

10/26

LA

agolLo0din

WA [2¥0a2]
4 Z 0
. . " _
2
@_c
U 01 F 981 =P -0000S 3 5 Q
2> M m
252
00000 5
=< Z
| 5 %
- 000051 &
ago./80y3IN
Wr [z+0Q9]
14 z 0
00002 %
oyl =P 225
WU Z9 F il = P 00007 3 5
252
clZ
5 O
w m

1
o
=]
S
o
el

e’

r [z¥0a2l

agoc2o0d3in

Wi [z+0a 2l
v Z

| 1

NUBLFZLL =P

ago090d3In

000002 %
m_
L 00000¢€ uwm_ W_:
m
-00000v 2 &
C -
-00000§ = <
I__
L 000009 @
0
0 S -
©_ L
-0000L £ = §
o] _‘I_.__ i)
-0000Z % =
X006
roooos S 2 2
3 R
L 00001 &2

3ON30SsS3HONT4

SUBSTITUTE SHEET (RULE 26)



WO 2015/103587 PCT/US2015/010269
11/26

FIGS. 8A-8C



PCT/US2015/010269

WO 2015/103587

12/26

@ Hd
£ Hd
g Hd
G

o 1
i Hd
& e
G Hd

{4} sl

AR08

EIET

i

i@mi

-~ {3

=0

}

AUSUBIUT 82URISBIONY

as
B

3
P

O = 3 Wol sbusys

{

0 = 1 wod sbusys %)
ARSUeI DUBISAIGHY

=
Iﬁﬂm!
¥ gm
,\.:7 e 0%
OHG 8-
G g
-3l
ZOo iUl
~{31~

~ (31

Dot il

(0 =3 wol aBusys %}
AUSUSI 3IUIDSAIONY

5

o~

{0 = 1 wioy sBusys

APSUBIU QUIISIGHY

6 "



PCT/US2015/010269

WO 2015/103587

13/26

HOODOPHOMOD = WY,

i = o WY = ol Y = B
WY(HD) = ot "W PHD) = g H = i oy
Wl = o8 O = o8 e g

HO = o PHO = g WA = 8 2

MO = o MO = H e

suehjod pepusixe JIBLOULIGS HOUBH

.M Qmmﬁw QM\MMNMHN &m% &@@@M\N fr AAAAA \
M o

AAAAAAA

01 "D1d



000000000000000000000000000000

&3 &3 &3 &3
b o) Lo Lo Lo
oo Lo [Ep] L3 i
4 o o



WO 2015/103587 PCT/US2015/010269
15/26

dve 4

80000~
60000~
40000~
20000~

AUsusivl 8oUSDSIIONY

FIG. 12



WO 2015/103587 PCT/US2015/010269
16/26

FI1G. 13



PCT/US2015/010269

WO 2015/103587

17/26

(wiu) yibusisaem UOISSILLD

(Js1em) 9oL oJsl

(HO®W) 99L0J8U + ==
(OSA) 99Losew

(Jo1BM) §J OB oo

(HO®W) g/048W - -
(OSA) 9L0l8W

- 0

- o L0y

- c01*0°9

Ajsuajul asussssiony

29K |



WO 2015/103587 PCT/US2015/010269
18/26

FIG. 15



PCT/US2015/010269

WO 2015/103587

19/26

o (%12 ‘0=S 'X) ON-OMIWED J"VII "DIA

— (%18 ‘S ’X) O¥aWeD \Q@ IMO 920u3N
o, 9 40

o \_\_ __ dwa lw 0
o o _\/z N®3 ‘nigl ‘g loz 1A//
- AN \/L_,z\/\Z/L A 0
oI o=
(@) \/O \ﬁ N
e

; : °

._o, c m m
Q@Q@@@
fo z \t.zoos_ m_o N:.o\un_.x.ofm m_o

" 10H "be "oreN \_\_ © 4NQ NeN Z
_\/z } N&I3 ‘1OsSN L

NIZ\/\Z/\_ 2y Z\/\Z/¥ H O\/\Z/\_

JINoTToN m\_,%nww =

9

NOILVZILIAIE3A

3Ad ONISNIS
40 INIOd =.

INIFNNOHIANT

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/010269

WO 2015/103587

20/26

e

PR i A

{ushBLL U

5 BAYB)

B0 - WED

{UORBLLIGIIOS SANSBULD
per-oy

LE "D



PCT/US2015/010269

i 2 £y WY WEE e 1D ; 1 i we o
; E % ]

3 3

21/26

WO 2015/103587

% i I N o e s
e s i it e e AT o et -y e s <
o e X

D T S L se o0 ]
™, » 4 e 4 o

& KY r ” tfﬁf{;ﬁiﬁkﬁ.i!@. o et e el B m
5 & Z

y £ H “

% - 4 o L

(1 1] # - i

s G4 , i

' - 5 4 ” =Y

(] '] v [2 A

3 ¢ o

' ] 4 0

5 7 @

kK & L@

(1 ] T s

w« % w3

T Lo

% itk o 25

et ", £ Eosy
. e £

2 1, s -8
ot

oo g

J8L-VEIL "SD1A



WO 2015/103587 PCT/US2015/010269

22/26
j-EeY
B =g
*w
%% £¥
EE
$ &
>
E §
8
o SRS
b
o o
hicce
.
&
&
Haaxt
.g ((((( m
E
§ B AR > BOY
8,
&3
~3
¥ ¥ ¥ oo &N
o2 e L5 e
(g "an oy aliuen piog
APSUSHE QOUBTSDIN
£3

o
-

FIGS. 19A-19C

REWERS IR



WO 2015/103587 PCT/US2015/010269
23/26

Q

P

o o
L D
= =
SV
o Q
§§
§

S
=
E
P g
[45] s A mm
.-Q o
T
SN
O
T
X
§ | ‘s @
L - .
A £ :
= S :

{sBueys pjoy)
Ajsusiul ssusosaiony

FI1G. 20



PCT/US2015/010269
24/26

WO 2015/103587

{upaa) Agoeien furly 5Bpe 180 W SOUBSID
£ 0z 4 80 o P 5
B 5 nf mamc m
= Y
-2 W m
sd R E
P B
Y
-1 F =
L, 5B
u@&\wf\“\\mmﬁﬁ @mmm % 54 <5 L, M«wm
: Bedh f SHCIBHED == o £ S
s 7 & N@ e\ﬂa“ \‘,m — i3
% & : 5 elh | QIBHBT - W.w .
¥
IV SDIA



PCT/US2015/010269

WO 2015/103587

25/26

(wirl) eBps oo woy soueisIp
1 4 rd

o=

QWQW @H@ &@ &%W

NY-Y-4D + ON-CISINBD) o
auIdezolo + WV-YA4D + OBARD = =
YAD + OIBNED)  memem

&
w

~& L
nd
-9 L
-8 L
~0°¢
~& ¢

:
N
&

{103e21pUI BUUNJOA 8 0Ld)
oljes Ajsusiul esusosasony

I K |



PCT/US2015/010269

WO 2015/103587

26/26

447
:

954

{

%

3,

} e
BiL
k3

N

s

43

i

&

wliiae

§ dy

£

{

Ausuouy

IS

&

\ .\}:\
DRSS B AD

AT

i
WD g

¥

EC-VEC SDIA



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - claims
	Page 134 - claims
	Page 135 - claims
	Page 136 - claims
	Page 137 - claims
	Page 138 - claims
	Page 139 - claims
	Page 140 - claims
	Page 141 - claims
	Page 142 - claims
	Page 143 - claims
	Page 144 - claims
	Page 145 - claims
	Page 146 - claims
	Page 147 - claims
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - drawings
	Page 168 - drawings
	Page 169 - drawings
	Page 170 - drawings
	Page 171 - drawings
	Page 172 - drawings
	Page 173 - drawings

