WO 96/ 30540 PCT/ US96/ 04059 5
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THEREOF ) BACKGROUND OF THE | NVENTI ON

The present invention relates<generally to the 10 fields o gni y and
bi ol ogy. Mr¥O33®#uiariy, the present invention relaigﬁg

conposi tions and net hods for use I N measuring gene expression.

A reporter gene assay neasures the activity of a gene's pronoter. It

t akes advantage of nol ecul ar biol ogy 15 t echni ques, which allow one to
put heterol ogous genes under the control of any pronoter and introduce
the construct into t he genone of a mammlian cell [Gorman, C M et

al., Ml. Cell Biol. 2: 1044-1051 (1982); Alam J. and Cook, J.L.,

Anal . Bi ochem 188: 245- : tiv Lon o r onot er

i nduces Phe reporter geﬁgﬁ?ﬁé ga'ﬁéﬁwTMh%dogenous
gene. By design the reporter gene qp§Rs THEwREOF Protein that can easily
be detected and neasured. Conmonly 1t . 'S an enzynme that converts a

comercially avail abl e substrate into a product. This conversion is

conveniently followed by 25 gicxerbuRb OFede rBRAaondi rect optica

measur enent and al | ows for the quantificatjon of the amunt . of enzyne
pr oduced. The preseRt 1Y% l&f’ersgﬁ#@?ﬁ%?’ilﬁa)\ygﬁ‘)a on a
vari et y10f plfdedidss ofochenisstydandibigdogyr egMbnei particularly, Ithege
variety of OnfQiens 1h6batlanr{ites %H,pealnpog’iemsrénéqneaﬁde Fog! B3k Can

be inserted into nultl | e cloning sites provided for this purpose in
front of the YePEAEUriRgngeRS eXR¥eSB8ion,) o5nid [Rosenthal, N., Met hods

Enzynol . 152: 704-720 AlPepgdrter geﬂiﬁaaeayAmeasdréhn&ﬁb_abﬂWwit@eae a7:
295-299 (198 'ssglai‘ﬂﬁlé‘égr 1t 'GAYY AUGEnBLGe USE tnd Fe O BIBT obese

genes into a‘cell
15 technlques, which allow one to put heterologous genes under

the control of any promcter and introduce the construct into
the genome of a mammalian cell [Gorman, C.M. et al., Mol. Cell
Biol. 2: 1044-1051 (1982); Alam, J. and Cook, J.L., ‘
Anal.Biochem. 188: 245-254, (1930)]}. Activation of the
20 promoter induces the reporter gene as well as or instead of
the endogenous gene. By design the reporter gene codes for a -
protein that can easily be detected and measured. Commonly it
is an enzyme that converts a commeréially available substrate
into a product. This conversion is conveniently followed by
25 either chromatography or direct optical measurement and allows
for the guantification of the amount of enzyme produced.
Reporter genes are commercially available on a
variety of plasmids for the study of gene'regulation in a
large variety of organisms [Alam and Cook, supra)l. Promoters
30 of interest can be inserted into multiple cloning sites
provided for this purpose in front of the reporter gene on the
plasmid [Rosenthal, N., Methods Enzymol. 152: 704-720 (1987)};
Shiau, A. and Smith, J.M., Gene €7: 295-299 (1988)]. Standard
techniques are used to introduce these genes into a cell type
35 or whole organism [e.g., as described in Sambrook, J.,

Pritsch, E.F. and Maniatis, T. Expression of cloned genes in
cultured mammalian cells. In: Molecular Cloning, edited by
Nolan, C. New York: Cold Spring Harbor Laboratory Press,



35" or whole organism|[e.g., as described in Sanbrook, J., Fritsch,

E.F. and Maniatis, T. Expression of--cloned genes in cul tured mammal i an
cells. In: Mlecular doning, edited by Nol an, C. New York: Cold
Spring Harbor BEQI ory Press, WO 96/ 30540 _
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Resi st ance markers provided on the pl asm d can t hen be used to sel ect
for successfully transfected cells. Ease of use and the
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i n the stuay ol et 1Fgaasatm#erw%cy"ié%§p%‘ﬁﬁtb%§£ a8nid dafitier be

RNA --> Enzyne used to selEctdfict succdigiulllyanmrianbifestefiecetks. one in the

signal on Tobt o o Hame BETuad ditf > 133560 BGHRTHEE €1 O IO Sragce
the reporter 8| fechpigue ipereamingly é"PPt“@IérpF-BnﬁPErBE‘FdYrF? geReis

t ransf ect esl regwlat(iocxel | Bvegy t Stedp t:rrﬁrt&ieefvaby:aaé SNabLy> B&&‘e-piﬁrznzme

activation ?3‘251 a ch I anscyr.,i i onal and
transl ati onal events g armu%?gﬁ?i %ﬁ@iﬁ?ﬁﬁe é%t %8’\% 'i 1 th%resa%
via its enzymaflihe mrodounsmsthat@scaw@ obe meaBuresi cthe mmignal

unchar ged nol egghlat chpalinswhen added to t he extracel |l ul ar soI ution,
can penetrate the plasm rrenbr to _encounter the en? charged

nol ecul e can al so be %?/%]d TSRATLER . 9ERS, §EEY et THAT SRTR
groups t He unde lt‘.hebeonteal'erdf mheemugmnem‘sofeﬁ.hudeaesemzqrm:(ﬁyted
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vari ety of reason e use strates
their fluorescdf@88sEQcRr Shangs in enzyme deyeds Wiy Fﬁa‘éﬁf’%’r&%@ @and
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converted to apg surEIiu gsft?@te afe?c@g o actsbh BALLVEYsrdidke | eteﬁgent

substrate Ean es uorescen foperties_upon CONVErsion a
reporter %zyrré“bﬂiEaEPoélﬁc? st packarged fplgreiechirat o when agdded to
maxi mal si gnal thendxyeagepbhbay dsolutiion, tbapppdneﬂsade the pYdumaz aldmbrane

to encounter the enzyme. A charged molecule can also be
employed, but the charges need to be masked by groups .that .
will be cleaved by endogenous cellular enzymes (e.g., esters

20 cleaved by cytoplasmic esterases). :

_ For .a variety of reasons, the use of substrates
which exhibit changes in their fluorescence spectra upon
interaction with an enzyme are particularly desirable. In
some assays, the flﬁorogenic substrate is converted to a

25 fluorescent product. Alternatively, the fluorescent substrate
changes fluorescence properties upon conversion at the
reporter enzyme. The product should be very fluorescent to
obtain maximal signal, and very polar, to stay trapped inside
the cell. _

30 To achieve the highest possible sensitivity in a
reporter assay one has to maximize the amount of signal
generated by a single reporter enzyme. An optimal enzyme will
convert 10° substrate molecules per second under saturating
conditions [Stryer, L. Introduction to enzymes. In:

35 Biochemistry, New York: W. H. Freeman and company, 1981, pp.
103-134]. pB-Lactamases will cleave about 10° molecules of
their favorite substrates per second [Chang, Y.H. et al.,

. Proc.Natl.Acad.Sci.USA 87: 2823-2827 (1990)}. Using a



30° To achi eve the highest possible sensitivity in a

r epor t er—assay—ene—has te—wabai ze the—anmunt—ef—signalt- gener ated—by—a
single reporter enzyne. An optimal enzyne wll convert 10[err]
substrate nol second under saturating conditi r, L
Introduction"?‘%%ﬁ%”p I n: Bi ochem stry, New York: Vvﬂgpuégégﬁgn and
conpany, 1981, pp. 103- 134] [err]-Lactamases w Il cl eave about

10[ err] ol ecul es of their favorite subdtrates per second [Chang, Y.H
et al., Proc. Nat| . Acad.’S€i". USA 87: 2823-2827 (1990) Using a

VO 96/ 30540 fluorogenic substrate one can obtaipyp Uggel}qhgggtons per

3 f1 uor ﬁmaareseuhetpmcmcm prodacell| adspending léi alid type oFs dg@f

quorescent'pr t u kNg . t e

exciting mnth ghéfééfé##; gb gﬁéﬁ%l g %%8 aﬁgrégEﬁ?te %ﬁ*ﬁiengt
termnates w tWhﬁhélmiéhcwlngmﬁtetﬂwvlthubhgphb?%chﬁig of the flurrgphome
Waggoner, sA. S. [Ehﬂeﬁopﬁweseufdwe@@aheea A.S. FLUbESPHUY ‘£02h opEesancs and

photochenlstry In i cal, Confocal crosc

edi ted by Paw By eéhﬁﬁOPhY51°5uﬁpgsﬁﬁ ALCeRTHS QﬁX(N#w 1§§5¥£¥%ék of

169-178]. Thessinmnbecal Confogdl Mitwasecopie edmtndnhxxaawtgyniﬂuae ®llenum

si gnal obtaina o] as - n ph oC ute
b{xﬁliﬁhiﬂ% cdicrdeida, E BB #ﬁb”ﬂ;@ 174) 'lgﬁ’? Exﬂtb%‘r?

fraction of € ot.ons generate tected
true f or itivuskeate e 9§Qﬂrﬁﬁ#ﬁé§c8ﬂ3%15H e iRfisignale obtadaable in
good fIuamogenthzsubypeaﬁfeﬁexsutemepertexnepzammnééﬁatmldureef&action bifgh

turnover at they ﬁ?o:hé‘ ?e%ggxtat@a W219°8d Qé’{é&?éd 15butl %rh‘l%e%iﬁ% B4aR as

hi gh extlnctlon an rescence
SUMVARY OF THE Pmmcence. bmlumineswnq:e =) %ffé&uﬂémsﬁensses eht

i nvention to pgesddflddrogernirs rdwsaeaagaserswbﬁégﬁtfezcwmmd&as tb have a

compounds. | Theloh tuznoydl® dSHE efBvhS Bh GG NS WRROIEIREL |
subst ant i1® | y REGReIRies rﬁnﬂmmsbrrpzsuimtlon and . high fluorescence
quantum yield. : -

SUMMARY OF THE INVENTION

It is an ocbject of the present invention to provide

20 B-lactamase substrate compounds. It is a further object of
the invention ‘to provide membrane-permeant compounds. The
‘membrane-permeant compounds may be transformed into
substantially membrane-impermeant compounds.

Another object of the invention is to provide -

25 lactamase reporter genes. A further object of the present
invention is to create cells containing the g-lactamase
reporter genes functionally linked to a promotor such that
when the promotor is turned on, the reporter gene will be
expressed. Expression of the f-lactamase is measured with the

30 = B-lactamase substrates which emit light after hydrolysis by
the B-lactamase. .

A further object of the invention is to use the §-
lactamase reporter genes in cells and the f-lactamase
substrate compounds of the present invention to screen for

35 biochemical activity.



Andt her object of the invention is to provide [err]- 25 | act amase
reporter genes. A further object of.the present . I nvention is to
create cells containing the [err]-Iactanase reporter genes
functionally Lin 0 a prompotor such that when the pr [ ]
turned on, thg}or’é%g’f‘{’er gene will be expressed. Expressﬁ%gﬂ‘;swe
[err]-lactamase is neasured with the 30 P-1 act amase substrates which emt
| ight after hydrolysis by the [err]-I| actanase. A
further object of the invention is to use the [err]- | act anase
reporter genes in cells 3Rd3CRETERRFS . With fhe Presentsipyeptianeonpounds of
t he present i nncrmgendcsesubstraves dre grodded ofl thet gehéyal formula I
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4 I n accordance with the present invention,
fluorogeni c substrates are-Rrovi deckpf t he general fornula I 10
[err] 5 wher ei n: Hpne of X and Y is a fluorescent
donor noiety or a JrreZ’ nt degivative thereof, and the other
is a 15 guencher- noi e a2h acce or\u.M hore npi-e or a nenbrane-
per neant derivative thereof; N [ ed fromthe group
consisting of H, |ower _ o) Z
CO.R"
10
wherein:

.one of X and Y is a fluorescent donor moiety or a
membrane-permeant derivative thereof, and the other is a

15 © quencher moiety, an acceptor fluorophore moiety or a membrane-
permeant derivative thereof; _

: R’ is selected from the group consisting of H, lower
alkyl, (CH,;),0H, (CH,),COOR", and =NOJ, in which n is 0 or an
integer from 1 to 5 and J is H, Me, CH,COOH, CHMeCOOH, and

20 CMe,COOH ; N o

R” is selected from the group consisting of H,
physiologically acceptable metal and ammonium cations, -
CHR?0CO (CH,) .CH,, -CHR?0COC(CH,),, acylthiomethyl, acyloxy-alpha-
benzyl, delta-butyrolactonyl, methoxycarbonyloxymethyl,

25 phenyl, methylsulphinylmethyl, betamorpholinoethyl,
dialkylaminoethyl, dialkylaminocarbonyloxymethyl, in which R?
is selected from the group consisting of H and lower alkyl;

A is selected from the group consisting of S, O, SO,
SO, and CH,;
30 Z2' is a linker for X; and
Z" is a linker for Y.
' In another aspect, this invention provides methods
for determining whether a sample contains f-lactamase
activity. The methods involve contacting the sample with a

35 compound substrate of the invention, which exhibits
fluorescence resonance energy transfer when the compound is
excited; exciting the compound; and determining the degree of
fluorescence resonance energy transfer in the sample. 2



al kyl, (CHerr])[err]OH, (CH2)[err]COOR and =NQJ, in which nis 0 or an
integerfroml to 5 and J-ls=H, Nb,_CHZCCCH,.CHNbCCCH, and 20 CVe 2C00H:-

R' is selected fromthe group consisting of H, physi ol ogi cal |y
accept abl e anmoni um cati ons,

CHR[ er r] OCQ( [err]CH err], CHR[err]CIIIXC}B)S acylthlonethyi,
acyl oxy- al pha- benzyl, delta but yrol act onyl

met hoxycar bonyl oxynet hyl , 25 phenyl , nethﬁlsulphinylnethyl

bet amor phol i noet hyl , dlalkylan1noeth

di al kyl ami nocaémsﬁ @@@Wesxﬁcmrewwq jenergy trangfer thatsisnlower
group consi stitigawfard] e¥psedte@deamdulty| indicates the presenBei 8f£sgttattamiésem

the group consgf%%‘;*%}})‘;r&ne emB3diment of.sqgé ]me%% % fgg determining

Z' is a linker
| n anot her aspshe amaunt jof am epgypeoin desampleods Accord:mgr taetBifi ni ng

whet Iher ass ?rrmt;a:mt Qiét’“‘eﬂnﬂhﬁhg' 8Rea e of fl%féfjﬂe‘ébbhfe-r?ésﬁﬁéﬁ@ds |
i nvol ve contactin un stra
i nventi on, whl‘?fHa P iH i‘pﬁo’?%‘g%]e%c"e“gé‘ (?r?gn Sﬁg'?ﬁ?n?rﬁé\gf%?gﬁ%en

t he corrpound iat a fzraa:«andeaecondu timg after gntactingnthdcsanpl@iwithk he

degree of thd | HUBAIERE ah@S QEARERLNES Bhd BETetents iﬁetﬁén@égreé\ of
WD 96/ 30540

5 degr St UAT GSRINGE TEFOTAREE FRFHEY é’rfé?’{ff'qrr'anggér gg?r?gc? ot rthe
t han an 2Rpectdsgree wit ﬁ]mhxeabeace heegoeapre energye trhnbfier arefkects the

activity. One gmiod szm%hllgl 3 hgg?é] for det er m ni ng t he anount

of an enzyne in a sanple ccor nmet hod, detern1n|ng t he

degree of fluorescence s AREtRer asPecmeﬁRhPtHW%%§FéPn|HrPﬁé npl e
conpri ses det eretonbigdrte miegede acid mﬂecm]fe rcainpaﬁdxagceﬁﬂrésmm ter

DT areney | N sldulnces adhfed B3 (Alie 80010 RO LELDLIL 'S
ifference in T egre uorescer resonance energy rans
The di f f #Penceand anexrakly ld@geéet@fammé%eegesﬁﬁaneeerg@rt%ﬁhsfer-
reflects the expredBied of aeBZIBEtatﬁaéé\e SHR1®o provides recombindnt
anot her aspectuuélrglsé 'a%"%‘ c&ies compr:.s:.ng expression control seguences
adapted for function in a eukaryotic cell and operably linked
to a nucleotide sequence coding for the expression of a '
20 cytosolic g-lactamase. In certain embodiments,. the invention
is directed to mammalian host cells transfected with these
'recomblnant nucleic acid molecules.
In another aspect, this invention provides methods
for determining the amount of f-lactamase activity in a cell.
25 The methods involve providing a host cell transfected with a
recombinant nucleic acid molecule comprising expreésion
control sequences operatively linked to nucleic acid sequences
coding for the expression of a f-lactamase; contacting a
sample comprising the cell or an extract of the cell with a
30 substrate for p-lactamase; and determining the amount of
substrate cleaved, whereby the amount of substrate cleaved is
related to the amount of f-lactamase activity.
In another aspect, this invention provides methods
for monitoring the expression of a gene operably linked to a
35 set of expression control sequences. The methods involve
providing a host cell transfected with a recombinant nucleic
acid molecule comprising expression control sequences
operatively linked to nucleic acid sequences coding for the




reconbi nant nucl eic acid nol ecul e conprising expression control
sequences adapted for function in a—vertebrate cell 15 and operably
| inked to a nucl eoti de sequence coding for the expression of a

[err]-lactanaaﬁggé%%ﬁlso provi des reconbi nant nucl ei ¢ a?Eﬂﬂﬁ%ﬁ%ﬁyES
conpri sing exp control sequences adapted for funCtion In a
eukaryotic cell and operably |inked to a nucl eoti de sequence codi ng
for the expression of a 20 cytosolic [err]6lactanase. |In certain

enbodi nents, the invention is directed to manmalian host cells
transfected wi PKPFRESEON of 3 RrlAntimdSenuBKERBL atf | WiATRre is a

I n anot her aspgahgubli #heretiitid glactdpaseeibodscytosoliy glalaitunidigeg t he

anount of [err].- e | Wity i cell 5 Th | nvaly
roviding a hosPnEarPiRdcs fatels onbrlaify eng oaly b HH H¥EkAcE Be fhe
mol ecul e conpr eeldgorxperdit inned mediym wdthsagaebstrats dian iArdartamased t o
nucleic ag d sgAdeABLErmining AHid Gnicdnt! BE BUBEESStO cXdaved .oF ITird AnicuiRsS e,

contacting a S | e -conpri si the.cell, or an extract e cell with
B0 substr aPE POPSFERFS GlRAvBLde TEARERD: EP Ehe PG S Ml gt amas
substrate cl eametivibereby the anount pf substrate cleaved is rel at ed
to the anmount of [err] "f&tm&ﬁfsbggw- thifs invention prdvidaimathods

aspect, this invention proyides t ho or nq£|torlgg Hpe expressi on
of a gene oper ABFydereREINing yhethers g tgptcoRuRd AT fHhes spRrsseion
The nmethads i noél segene operabldt Ndnkedotd ackéttofinmtmrdemion idontrol

ocoameas "Saghiarre IF IR 1oRRERY GOSN SN Sptecren
WO 96/ 30540 Wwith a recombinant nucleic acid const Fomprising the :
]ES \AﬁXpr ?Eibﬁés@ioﬂ ¢stitol elquenees egssfeaﬁlqy? flirbédi‘:ﬂﬁﬁhmeibs aeid
contacting a sARpRERsn oL, Fhe the pRBFRRitn, ¥t of Al Sxepr 3
condi ti oA&d nethenevwkanyote ulsta fungusr pherginsthefdactamaseyig a _
det erm ning t hgyf8BYTicOB- FathsiniadeS €bRB¥EHing TERe af8MNwith theOltewbstrate
cleaved is rel gied t0a! "R ngs bShpie 35hEIPSfhg the &1 b %n
extract of the cell with a @-lactamase substrate; and
determining the amount of substrate cleaved, whereby the
20 amount of substrate cleaved is related to the amount of 8- .
- lactamase activity. In one embodiment of the methods, the
substrate is a compound of this invention. The step of
determining the amount of substrate cleaved comprises exciting .
the compound; and determining the degree of fluorescence
25 resonance energy transfer in the sample. A degree of
fluorescence resonance energy transfer that is lower than an
expected amount indicates the presence of f-lactamase

activity.

In another aspect, this invention provides methods

30 of clonal selection comprising providing cells transfected
with a recombinant nucleic acid molecule comprising the
expression control seguences operably linked to nucleic acid
sequences coding for the expression of a cytosolic 8-
lactamase; contacting the cells with a substance that

35 activates or inhibits the activation of the expression control
sequences; contacting the cells with a compound of claim ¢
which is converted into a substrate; determining whether
substrate is cleaved within each individual céll, whereby



| N~ anot her aspect, this inventi on provides nethods for determ ning

whether a test conpound_alters the expression-10 of-a-gene operably -

| inked to a set of expression control sequences. The nethods involve

providing a cell transfected wi th a reconbi nant nucl ei

construct coMR18PHY t he expressi on control sequences ygﬁgﬁg%wsqinked
to nucleic acid sequences coding for the expression of a
[err]-lactanase except if 15 t he eukaryot® is a fungus, wherein the
[err]-lactanase is a cytosolic [err]-lactamase; contacting the cell
with the test cleavageoxpblnets odmiastamageaassiyityeonpltectingtardcel | or an
extract of therepagatihl ehésé 'dellarwithsa selettedcleddll of pg-latimaBeni ng

t he amount of _suhst.rate c¢leavgd, .where t.h 0 f ate
cleaved is relaéiléé%"f'g‘t h na?roﬁwbcﬁr F&\%’F—""‘gng' tpgg;ﬁg%%‘g fél %él%y I n one
enbodi ment of imvelveshodultuning selectedscedils ip theoabeence #If taqtivator

I nventiong Th%q&‘ QP t2hne sg{xﬁfié‘férﬁ;r Bo¥ @ﬂe%%d?%ﬁ_@é:&éef&@&%é ate cl ;aaved
conprises excitin , conmpound; and.deter i ng,the deqree o

f1 uor escence S%af‘éé'ﬁﬂﬁcg"%ﬁ%‘ ?t?':?ngPéS’si Ehgmg practa ?igg?vee@'softo
fl uorescence resaxante snacygivatesthdfewelshatincebabing therselected ceddmect ed

amount i ndi cat 33y Be -BhBSERE Cof el bo- WRIEANR econverté’&tizyt"[é Ya ,
I n anot her aspect, this’ i ngent | on provi ?Lss gatF ds 30 of .clonal, sel ection

ods
conprisi ng pr GROGEEGLes| pRA Pelrtdng. §& Enbave RTFTHRERAHAR Y aci d
nol ecul el&onproleaved: bke substrgtieessi on control sequences operably |inked
to nucleic acid sequences coding for the expression of a cytosolic
[err]- | actamase; contacting the cells with a substance that 35

activates or inhibits the a®RTEEt PERCRIPTHAN OF ‘B DRAWINGE, o
sequences; contacting thegsell@Wand A (BYMRQUGELPALE| Chendnission Wpeddtras

W ihin cach | AGE/FHSaf - gefesd it ())'ald PRBbIRLne, (o), SallgHcR Iok cf caved
PCT/ US96¥®40550mpound 11 (Example 1) before and after flactamase|depygge
reflects [errlofl athleapgur3&ceami¥idg; selecting and propagating those
cells wth a sel ected '§¥§1 ffiifﬁé' hk%%tgggsgmission spectrum of compound
17 before and after 8-lactamase cleavage of the £#-lactam ring;
_ Fig. 3 illustrates the emission spectrum of compound
20 22 before and after f-lactamase cleavage of the f-lactam ring;
Fig. 4 illustrates the emission spectrum of compound -
25 before and after R-lactamase cleavage of the 8-lactam ring;
Fig. 5 illustrates the emission spectrum of compound
CCF2 before and after f-lactamase cleavage of the f-lactam
25 ring; and '
Fig. 6 illustrates the emission spectrum of compound
CCF1 before and after B-lactamase cleavage of the RB-lactam
ring.
_ Fig. 7A presents a table describing various
30 nucleotide and amino acid sequences useful in the invention.

Pig. 7B-C depicts Segquence 1, the nucleotide and
deduced aminc acid sequence of E. 'coli RTEM as modified by
Kadonaga et al (1984).

35 FPig. 7D-E depicts Sequence 2, the nucleotide and
deduced amino acid sequence of Wild-type secreted RTEM enzyme
with Ser2-Arg, Ala23-»Cly.



activity. In a further enbodi nent, the nethod further I nvol ves

culturing selected cells-in the absence of activator 5 for a tine
sufficient for cleaved substrate to be substantially lost fromthe
cells and for Lgrr Iactanse | evel s to return to unacti &ﬁgmkﬁﬁpls
I ncubati ng t h¥ Red cells wi th a conmpound of claim

converted into a substrate; and selecting cells that have not
substantially 10 cl eaved the substrate. 8 ' BRI EF

DESCRI PTI ON OF THE DRAW (a and ustrate
the emi ssion spectra gigf(ﬁFTqugqﬂﬁﬁﬁPe§88Pﬁgfﬁ)g $ﬁ§4ﬁ)
conponent s of deducedocampinmdcdili (dequenice &f E’EEHrenaymle aﬁ;tﬂ: 8- glob:.n

Ler ] -1 act ammsgogt egiROFeader, dilind1d sh® Kbbak6640LALET repLaement

Fig. 2 |IIustra e em ssion spectru
after [err]-| aBtgRadSRTEBRIREY eFh@lwérr]-lactamrlng,
Fig. 3 illsustrates the epigsiTISKRPictE Seqaenpeudy e nuclibdiiidy andnd

after [err]-la v t r

B o a1 ot SpBUBEE SUBR WP aciBach! br RIFHCH [dunase with mapmaian
after [err]-| aBoaaksequencm@ndreplaceaent - plceignal repquence by Met Asp.
Fig. 5 illustrates the efpsiINEs icdd 8bgtenreusd the nuc@@i:?ufa%f apa and

Floc 6 i1 st ?é?é@?ﬁﬁ%fﬁ%%fﬁ&ﬁp&” Bt b%‘“@ﬂ‘m 11ches R A5 0 and

after [ el - | atectsnase | witingd.gnaltl seghence- raplmd ri ng.
Fig. 7A presents a table describing various 30 nucl eoti de and am no acid

sequences useful in the inventig 7B- C depicts
Sequence 1, the nucl eotide amdnﬁ%cn:qaggﬁbgﬁ 3%Fn5“§@ﬂ§&§%quence of E. col

RTEM as nodi f | BEEINITIONS Kadonaga et al (1984). 35 Fig. 7D-E
depi cts Sequence 2, the ﬁ&‘%c%@fdi%c@”@itﬁ thegﬁéégé& af[ama%ﬂ a8 G8eaf
VV|d type Secrﬁéﬁﬁkﬁ?T@ﬂéﬂggﬁlowing terms are def néé thh the féllow1ng
~meanings, unless stated otherwise.
The term "fluorescent donor moiety®™ refers the
‘radical of a fluorogenic compound which can absorb energy and
is capable of transferring the energy to another fluorogenic -
20 molecule or part of a compound. Suitable donor fluorogenic.
molecules include, but are not limited to, coumarins and
related dyes xanthene dyes such as fluoresceins, rhodols, and-
rhodamines, resorufins, cyanine dyes, bimanes, acridines,
isoindoles, dansyl dyes, aminophthalic hydrazides such as
25 luminol and isoluminol derivatives, aminophthalimides,
aminonaphthalimides, aminobenzofurans, aminogquinolines,
dicyanohydroquinones, and europium and terbium complexes and
related compounds. :
The term *"quencher" refers to a chromophoric
30 molecule or part of a compound which is capable of reducing
the emission from a fluorescent donor when attached to the
donor. Quenching may occur by any of several mechanisms
including fluorescence resonance energy transfer, photoinduced
electron transfer, paramagnetic enhancement of intersystem
35 crossing, Dexter exchange coupling, and exciton coupling such
as the formation of dark complexes. The term "acceptor" as
used herein refers to a quencher which operates via
fluorescence resonance energy transfer. Many acceptors can re-

re and
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8 Fi g. aes ;plcts_Sequence_3T the-nucleotide and—
deduced am no aci d sequence’ of 'RTEM enzyme with [err]-globin upst ream

| eader, ma [ zak sequénce, repl acenent of Si n e b
Wb 551 2 i o

Met (Hy 5 Fig. 7H 1 depicts Sequence 4, the nu e and
deduced am no acid sequence of RTEM [err]-I|actamase mnth manmal i an

Kozak sequence and repl acenent of signal sequence by Met Asp.

Fig. 7J-K depicts Sequence 5, the nucl eotide and deduced am no acid
sequence of Pemit | the | txanafiened enprgy|as Iflucteanannese Wanpdegninclude

sequence repl a58flarins and related luoro hofzngﬂiygﬂgﬂéngﬁﬂﬁ RRVENTI ON
DEFI NI TI M i.nvention,and as

W t'he present
used 15  her EMWOTeaREInA M‘%@&Fe %O%em% FHPTIRE,| FYARAEES
meani ngs, unIéﬁﬁluﬁt&h&k&ﬂiuza&nﬁacenes, and phthalcbyarimes." f Dbheescent

donor migety”, s-gféél t@fasses c[)fa%sgi,fgh gqéeéﬁlgqtﬁfw n%waugmhgitag can

absorb energy ran he ener%y to an
f 1 uorogeni c 29ran%€#¥Rﬁﬂ694ﬁ¢€WértEKF“B.%% ggﬁggulnones,

f1 uorogenic anthfark@nwr@s,l rac‘dw Suhds enito |ddiﬂp‘.dﬁihd‘ao, indosnilbrespd
rel ated dyes xan mi uorescei ns, rhodols, and
r hodam nes, égo {Fé‘ﬁ%%%e&ﬁ}i t § L

bi manes, acrldlnes I soi ndol es,
dansyl dyes, ani nopht haThe: tegm Mweésrste:rs &0 25 moleaileoPrapart sef udi nol
derivatizees, ecmpeRid haiidn %%orbs spééifiv afdddndiiedc of aigRehenzof urans,
o SR tuctag oY RIS E0 Sac AV T ek Bl
refers to a chdz#ﬁuﬁn#|tphibmonh9r96uaeeosyqnnxmqﬂs43 conmpound which is

capabl e of reducing  Thd RRr@MEIuEPOPHEFRE dd e T thronBphovEeRhich
attached to tPfu donor. Quenching may occur by any of several

mechani sns ?ﬁﬁﬁﬁhg fl uorescence resonance energy transfer,
phot oi nd8ced eIecﬂﬂwnt@man§membr§nsf9ngpﬂ§nﬁ:daﬂ%an@éwsﬁtmeans a

lnterSySte”13§hemféé¥*aé¥ivé@i&bﬁBfeécéﬁﬁﬁﬁhﬂanaﬂ'g&her%ﬂdfe*ﬁhlanwﬁeﬁeihng
such as the fornatloggﬁéhdark co&glexes t or

used herein rifel€ast opg, apd, X € Eﬁ%ﬂ%ﬂ%ﬁ!ﬁﬁﬁgi one PFHE?EE@ence

resonance encagymatindywiroxydny aaylapedraminm o alkylated aromatic

hydroxyl wherein the acyl group contains 1 to 5 carbon atoms

20 and wherein the alkyl group is selected from the group
consisting of -CH,0C(0)alk, -CH,SC(0)alk, -CH,0C(0)Oalk, lower
acyloxy-alpha-benzyl, and deltabutyrolactonyl; wherein alk is
lower alkyl of 1 to 4 carbon atoms. These derivatives are
made better able to cross cell membranes, i.e. membrane

25 permeant, because hydrophilic groups are masked to provide
more hydrophobic derivatives. Also, the masking groups are
designed to be cleaved from the fluorogenic substrate within
the cell to generate the derived substrate intracellularly.
Because the substrate is more hydrophilic than the membrane

30 permeant derivative it is now trapped within the cells.

The term “alkyl” refers to straight, branched, and

cyclic aliphatic groups of 1 to 8 carbon atoms, preferably 1
to 6 carbon atoms, and most preferably 1 to 4 carbon atoms.
The term “lower alkyl” refers to straight and branched chain

35 alkyl groups of 1 to 4 carbon atoms.

The term *aliphatic” refers to saturated and

unsaturated alkyl groups of 1 to 10 carbon atoms, preferably 1
to 6 carbon atoms, and most preferably 1 to 4 carbon atoms.
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9 emt the transferred energy as fluorescence. Exanples include
coumarins and rel at ed f1 uorophores, xanthenes such as fl uoresceins,

rhodol s, and resoruf ins, cyanines,
d|f|uoroborad&gggsﬁhﬁcenes and pht hal ocyanines: Qher 5 %ﬁ%ﬁ??&ﬂ“’

cl asses of acceptors generally do not re-emt the transferred energy.
Exanpl es i ncl ude indi gos, benzoqui nones, 10 ant hraqui nones, azo
conpounds, nitro conmpounds, indoanilines, di - and triphenyl net hanes.
The term "dye"SUBSERATES a nol ecule or part of a .10  conpound which

albtsorbs lsp;am fic frequenplﬁ&cﬁmdse@hhre nearl be@li:ﬁm RiHzyiRls linTreagece
u ravil ol e nous.
e Corm i1 uofSphbres 3R, %@ﬁ&éﬁosﬁ#ﬁ&#@hcgtﬂvﬁﬁa%e?ﬁe*

The term " nmenbhpdzopesiealChristiensenyel. netinal a, Biochémnidal266sr iB5at-B63 of
a conpoung of %99691 f ofpRs Geifiintion of fhe!SEr %ﬁ@‘n&e@n%ﬁ gt ai ns

at | east one ac ate ar OrTB,t | C at e am ne, or g | ate
AT omati ¢ LB, SR it vag) Hesnas KHAS EHER Yese. SR O

20 and wher ethet tashl &f | amgrimyracelialact repbdrper tdxezygieaup They cldeavestheg

giy[gtgcgfgzgl enz§¥$£r£%ﬁ§¥§%2%3??F§ﬁ2£§%%%¥gégﬁelg*ﬁﬁ%af Pen;czllﬁns and

al kyl of 1 to 2erbabesPering. gmneratdps; pevi Gearged “‘°let1t?§dénb€?‘FePrSSPés
to crossieell megbamwghan, . Herser ate, ﬁigtzmﬁemmgeﬁm_ OhemothdxQpBi: | |hc
groups are nas 0 e reahydro ti 0, e
maski ng groupsggrse5 P{Qééé)d SrFer(?ttthbe C?‘eav‘gd ‘?‘lrlom J#o‘%al l%%gfc,t@:e% 220°

substrate withSuppl. At he3 o | (1988)dner At Eirse grnexatdion igephalesporin is

i ntracel | ul arl y11ustraBed BeEXow hQeFuhsitheche é‘ﬂ‘&w Beineahl ke thansibke
menbr ane 30 $gr? ant _der.i vaé ;Ive MW thin th ceI | s.
t

s n
The term "al ky %Y%g?ob% a&gfmgﬁan'gﬂ%(ﬁrgﬁaammo gff(‘fﬂ glsl phati c
groups oft51 t oggnevated (middle mtauctupeybglow) donates glieshrarodensiny

most preferablﬂhéoﬁ %ﬁér\bﬁglam to prdméeé e{ﬂex}é%\ﬁbld k:nleavagéebi ko
strai ght and branf eg hg %ﬁ%ﬁe’%‘ )s of .1.to a.rbci»__r}1 %mse to
The term ‘al i pﬂ‘éﬁ: TOTYGR L IR Ka¢ "p°s" ien. 18 re
diffuse away from the R;- cephalospor:n conjugate (right-hand
‘structure below).
20

25

:QV“""""“ V\r L= YJ\Q\

f-lLactamases are a class of enzymes that have been
30 very well characterized because of their clinical relevance in
making bacteria resistant to f-lactam antibiotics [Waley,
8.G., Sci. Prog. 72: 579-597 (1988); Richmond, M.H. et al.,
Ann. N.Y. Acad. Sci. 182: 243-257 (1971)]1. Most B-lactamases
have been cloned and their amino acid sequence determined
35 [see, e.g., Ambler, R.P., Phil. Trans. R. Soc. Lond. (Ser.B.]
289: 321-331 (1980)].
A gene encoding f-lactamase is known to molecular
biologists as the ampicillin resistance gene (Amp*) and is
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carbon- atons—and-ost preferably 1 t+e—4—earbon atews— —Wo—
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10 SUB%%E@%%&@» o [err]-Lactanmases are neaptyuSisionsss!
enzynes.in re to their alnost diffusion-controlled catalysis of
[err]-lactam hydrol ysis [Christensen, H et al., Biochem J. 266:

853-861 5 (1990)]. Upon exami nation of flAhe other properties of this

class of enzymes, it was determined that they were_suited t t he t.ask
of an intracelMmmmonﬂ¥p§ﬁﬁért%n§94ﬁ9t'fﬁgysEFSS§§fP%€Y tranﬁéﬁ?ﬁdlgﬁﬁgﬁﬁﬁq‘ng
of [er :] -l act amc?@tthggam-'.;sr,, sef€haBs, [Gutied. Resns4and217-23 eftas2idpordlunes
generati ng new.char npieties in.d LQCe @) I&gﬂﬁ& C.H et
al ., Antinicroﬁﬁfﬁ?% s 2&he ?ﬂ%&. :Jg;é%r&%7§2§%9??b%g); fratfon, C.W, J.
Antimicrob. Chemtelgrzes2ehe hydrelygis of a2§-3sctamgping and ¥k} not
gener at i ong CephRlasROLeBLides or prdudsii ausdtbates, [Pratt, RIm. tdmd arrow

Group {hus 16 CoYBTERaRedCtRt ddPEver ARk BoBEr oL GRATEA hid T ¥ens 1y
t hrough the vi nitl9sgdouMurphps oBOR & and ®ratsi bReFel cBioghenistyy 30:

nucl eof ugal gf%&ﬁ%sﬁ@%???)f’ltpﬂﬁ 44iRtiBe b thiS Fé&erich is welilf fuse
gway from the un%rer -ceahgngs Oer}é] icon ou%?:%Sug:{:l Hﬁigf{].{jon [Bus%{r%.t Ura

el ow). 20 reEPPR h 8 ’

10 Sykes, R.B., Antimicrob. Agents. Chemother. 30: 6-10 (1986);
Christensen et al. (1990}, supral. The enzyme substrates are
less polar than the products.

The carboxyl group in the substrate can be easily
masked by an acetoxymethyl ester [Jansen, A.B.A. and Russell,

15 T.J., J.Chem.Soc. 2127-2132, (1965); Daehne, W. et al.,
J.Med.Chem. 13: 607-612 (1970)], which is readily cleaved by
endogenous mammalian intracellular esterases. Conversion by
these esterases followed by the f-lactam cleavage by.

. f-lactamase generates two negative charges and a tertiary

20 amine, which protonates. To date, there has been no report of
a fluorogenic subétrate with the appropriate properties, but
multiple chromogenic substrates of different design have been
reported and are commercially available [Jones, R.N. et al.,
J.Clin.Microbiol. 15: 677-683 (1982); Jones, R.N. et al.,

25 J.Clin.Microbiol. 15: 954-958 (1882); O’Callaghan, C.H. et
al., Antimicrob.Agents.Chemother. 1: 283-288 (1972)].

A large number of B-lactamases have been isolated
and characterized, all of which would be suitable for use in
accordance with the present invention. Initially,

30 B-lactamases were divided into different classes (I through V)
‘on the basis of their substrate and inhibitor profiles and
their molecular weight [Richmond, M.H. and Sykes, R.B.,
Adv.Microb.Physiol. 9: 31-88 (1973)]. More recently, a
classification system based on amino acid and nucleotide

35 sequence has been introduced [Ambler, R.P., Phil. Trans. R.
Soc. Lond. {Ser.B.] 289: 321-331 (1980)]. Class A
B-lactamases possess a serine in the active site and have an
approximate weight of 29kd. This class contains the plasmid-




~
[érr]-Lactanmases are a class of enzynes that have been 30 very wel |

characteri zed because of their clinical relevance in maki ng bacteria
resistant to [err]-lactam antibiotics [Waley, S.G, Sci. Prog. 72:
579-597 (1988); R chnond, MH et al., Ann. N.Y. Acad

243- 257 (197 61340 ¢ [err]-lactanases have been cl onec?éclJ 5’%

am no aci d sequence determ ned 35 [see, e.g., Anbler, Phil. Trans.
R Soc. Lond. [Ser.B.] 289: 321-331 (10)]. A gene
encoding [err]-lactamase is known to nol ecul ar bi ol ogi sts as the

anpi ci | i n re¥eddated FEMcArlaptamages fuch as the RTEM engymwe abpRR322.
PCT/ US96/ 0405Q@1ass B S8-lactamases have anl ketive-s§08TRIhY bﬁﬁﬁ’dttﬁb sel ect

f f II d b I
Goner Ros. 40 TPERABE SPRERug " Elagh o ensyaBR PARE ap ckite Bite msxing
avai |l abl e. Th@ndnaymlecula:awaiglztes:ﬁ rappinpkisiagely 39kd, [but |havetnon ring

and wi Il 810t  amincA8etal hBRE1GPStS tHE (El%,'s% iuﬁﬁ"zgﬁéSS (Pratt, R F. and
Govar dhan, C.P., Proc. tl. écad. Scy . 81 13021306 1984)

Murphy, B.P. and Pratt, TREFSO :B?%CIFFEQ?I%"{ xemplagy Skt Inann The
ki netics of tlemployedt mnnthe repodrter gemdmaweddaadrihedehemm :psoduct

i nhi bi tion [Bysl 180 BYXES: t r ég&ﬂ)t dspptier
30: 6-10 (1983) 1cgtead§?| gansen et:L ElreA@ 'a@hﬁ Q enz me
substrates ar80:2 (apige actd SeRERG de 1°¢ontaining 5

car boxyl1@r oupeigaehbe aabsbemedmrﬂtedea[mddpnaga, Jeskesk gl an

acet oxynet hyl se A Soc. |
2127- 2132, 9’9?5%1 H‘%ﬂ 2%3’ ?l'ﬂl -2 Fﬂ%?qr?/g cﬁhe J’i%ir% aL?@(1970)],
which is r eadﬁFﬁ“&Pé&v@ﬁ wjldtype HRRARS Srdapkamare JRas Alag een ar '
esterases. CopublikRedbySutcliffeser ot err&wnbcnlmwd.smimm [:5{] -I act am

Certi ary 20 JATnaTabn BAIEIE: o o aiiid be $1aTHP biSafel 005 el |
of B f u@uke@,éﬁﬂc 1§ub§%r€1-‘t-%1¢u tqirutm@népsntbsr. aewa}p?e# tgequennas for
mul tiple Chromgemaessubeiﬁ tsa&étahaféeera@&twdegl @8ula@viee hxgimlly sﬂﬂﬁﬂfﬂe?d
and are commerglal Ly 84aLL30)&ahdP Witn WY pEbsdht’ invention. The 8-
lactamase reporter gene is employed in an assay system in a
manner well known per se for the use of reporter genes (for
- 20 example, in the form of a suitable plasmid vector).
In conjunction with a suitable f-lactamase, there
are employed in accordance with the present invention

fluorogenic substrates of the general formula I

25 R' H
-2 ’
—?N\ _I,A
—N
o’ Z
CO-R"

30
in which one of X and Y is a fluorescent donor moiety and the
other is a quencher (which may or may not re-emit); R’ is
selected from the group consisting of H, lower alkyl, (CH,).OH,
(CH,) ,COOR", and =NOJ, in which n is 0 or an integer fxom 1 to

35 S5 and J is H, Me, CH,COOH, CHMeCOOH, and CMe,COOH; R" is
selected from the group consisting of H, physiologically
acceptable metal and ammonium cations, -CHR?0CO(CH,},CH,, -
CHR?*OCOC{CH,),, acylthiomethyl, acyloxy-alpha-benzyl, delta-



J.din.Mcrobiol. 15: 677-683 (1982); Jones, RN et al., 25
J.CJLn.._M_u_om-gl———;LS 954-95&(19829—9Call—aqh&n C. H et —at—
Anti m crob. Agents. Chenot her. 1: 283-288 (1972)]. A large
nunber of | amases have been isol ated and char Risbenfase 2l |
of which V\ou{vy’gé@é{)u table for use in accordance with m pre-sgsn’t
i nvention. Initially, 30 [err]-lactamses were divided into different
cl asses (I through V) on the basis of ¥heir substrate and inhibitor

profiles and heir nolecul ar wei g [ R chnon M angd Sykes, R B.,
Adv. M cr ob. Phﬁ*t@lmlg'c"'?i‘l’éis (‘Egl?%’ﬂcarrlk% émﬁgw}; g&xenyf, ciassification
system based crethylsulphidyandthyl) d@énaimﬂholiaqaehyé has been introduced

Anbler, RP.,
E1980)e]r. Cl as d:.illéyla %Bﬁ h %lét%ndses ?3‘@%“??&%4 zﬁ'ﬂ?ﬁyactlve SI te
and have an R* 1ap5¢b§¢ efwgme srozpkeonm%lmééfs I andy 1oy

plasmd- s A is seldored/ 806mOthe group consisting of 8, O, SO, and
PCT/ US96/ 0405 E %’hﬁd

TEM [orr] - | acthitasBRAHE A0S FhamerLiPERE iR  thiflpprescent dolB

[err] - act annsnwenchesr moigtiese-site zinc bound to a cystei ne

resi due. Cass C enzynmegnhlayenR&rg Oz \€&1§ izve ga@frNEhe purp@é‘éj &f NIt tacdtiag
wei ght of apprQxi rﬁh%%sgggg dbut hav m)l ogy to the

ac
class A enzy onor efeﬁ‘f’i‘)ﬁgfo)?s #\° Fpl ary
[err]-| at® arramphalospemhegemvad tha;:hhgm.t endgway fschlitates dtliebed herein

i s i ndi @3hRGhelsdsSER the ’\&tﬂ%&iﬁ&‘é Q£C g%ﬁhQ'aieEHEﬁGﬁ 2nd 5FQerdaral
NO 2 (am no ag d sequence) . The &2del 1 cgnt ai ni 8 é:h 1}2% uence has
been descri be n&ga? quy ¥ p%ﬁsem: a dirgcp; gpn the da 84154
(1984)]. The ailuematddemg, su:LtalsZEsquaJmm forr| dsgpas pBR3c1ude, but are
[err]-lactama 1@4@!’{ u 3 J. G, Proc.Natl
. Acad. S¢j %E gﬁmﬂ:ﬁ_a Q§7gsh%7f4 o t?)s qxfsiﬁ\ﬂbukg %Ig%adl |y appar ent
to thosetds (%‘IzHNReGOKﬁHzt merfield, this and other conparable sequences
for o pept—l(dmg),lhmacm’[(u-lgjm-l aet(exys,ﬁnmsﬁni‘i(ca,)\qpul d be equal [I_K : |
sui tabl e Wt present invention. e [err]-
|-act amase reportef‘ |i ;gﬁgémgﬁfrf an gEﬁ’g éystem in a

"(CH: CO(CI'IZ - '(CHz) S( 3). (CH;) O(an
‘(a"z)‘mz (CHZ)M-' -(CH;),;SOZ.NR:(CHQ,.', (CH;),,COZ(CHZ),. ? .

oI A NS ST

25 wherein R? and n are as previously defined; R* is selected from
the group consisting of hydrogen and lower alkyl:; and each of
m and p is independently selected from the group consisting of
0 and integers from 1 to 4. Especially preferred are 2’
groups such where n and m are 0. Also particularly preferred
30  are such Z’ groups where R? is H.
Suitable linkers Z" for the Y moiety include, but
are not limited to, a direct bond to a heteroatom (e.g., O, N
or 8) in the dye’s chromophore or the following:
-O(CH,) -, -S{CH,),~, -NR*(CH,),-, -N'R%(CH,),-, -OCONR?(CH,).-.
35 -0,C{(CH,),-, -SCSNR?(CH,),~, -SCSO(CH,),-, -S{CH,),.CONR?(CH,).,
-8 (CH,) ;,NR*CO(CH,),, and o

[ N(CHIm—
—S

o

20



manner wel | known per se for the use of reporter genes (for 20 exanpl e,
in the formof a suitable-plasm d vector). I n conjunction
with a suitable [err]-lactamase, there are enpl oyed in accordance

with the pregeﬂkmh entlon fl uorogeni ¢ substrates of ner
formul a | iu‘ [err] [ %ﬁ$@ﬁm§he of

Xand Yis a quorescent donor noiety and the other is a quencher
(which may or nay not re-emt); R is 145¢| ected fromthe group

consi sting of Al ky er Ll) and

-NQJ, in mhlc W% f gnapﬂtegﬁgéfﬁslé%%% oqa}y QEHLé ﬂlJL?é *11$k9ﬂ

CH[ er r] COOH, qum@ Goe2co0PRrRicularly prefamneded"f gyoupReayeonp

consi sting ofsrbH‘]phymgg 1gqllwpreferr350§§tﬂbl e nmetal and ammoni um
o

i , -CH
cations Rl err %ﬁeﬂeﬁzygm'd@? tch{qug*%%\r&%ngho

acyl t hi onet hyl , acyl oxy~
PCT/ US96B0405Rarticularly preferred is H. Preferred R” grdups include H

but yr ol act on l o
y Yind rrer?%éWet y RY éﬁfre@"!@"ﬂroup lslﬁ)’/l A pref%n[-ed A

nethylsulphln a- nDrpho noet hyl , dia amnoet
dlalkylan1noc Vet hyl , in which Rlerr] is selected fron1the
group consi sting of H aird d cp\merfeatk@l aspéct, Ahes cmipounds bfothehpresenp

consi sting ofy,8 é&% é?Dafqu%@bkaﬁdeermew% ’P§¥E&5515¥T9 fr QEQrE&nggés

for the fluoresc nol et |
| i nkersl® arfpch %Fﬁé%eaﬁflﬁﬁﬁc?ﬁ%g’f X andt ¥ecPREBLBS kL
donor and quelhedst ofe aidydated hbomdOic kydbmtylpadylated amdnéacespone, and

ey faci i talfntPfared arohiRiBehySrkyl \hEAURR VHE 1080608 cbRERLRE 1
to 5 carbon atoms and wherein the alkyl group is selected from
the group consisting of -CH,0C{O)alk, -CH,SC(O)alk, -

15 CH,0C(0)0Oalk, lower acyloxy-alpha-benzyl, and delta-
butyrolactonyl, wherein alk is lower alkyl of 1 to 4 carbon
" atoms. Particularly preferred are such compounds where at
least one of X and Y contains at least one acylated aromatic
hydroxy, wherein the acyl group is either acetyl, p-propionyl, .
20 or p-butyryl. Also particularly preferred are such compounds
wherein at least one of X and Y contains an acetoxy methyl
group on an aromatic hydroxyl group.
In another preferred aspect, the guencher or
acceptor is a fluorescein, rhodol, or rhodamin of formulae
25 VIII-XII. Preferred are such compounds where the donor is a
| flucrescein of formula VIII and the quencher or acdeptor is a
rhodel or rhodamine of formulae VIII-XII. Also preferred are
such compounds where the donor is a fluorescein of formula
VIII and the quencher or acceptor is a tetrahalo fluorescein
30 of formula VIII in which R®, R®, R%, and R are independently
Br or Cl. Also preferred are such compounds where the
quencher or acceptor is a rhodol of formulae VIII, IX, and XI.
Another preferred group of such compounds are those where the
quencher or acceptor is a rhodamine of formulae VIII, X, and
3as XII.
In a another preferred aspect, the donor is a
coumarin of formulae II-VII and the quencher/acceptor is a
fluorescein, rhodol, or rhodamine of formulae VIII-XII, XLVII,



formul a I, Z' may represent a direct bond to the backbone;
cexigef or -use—as Z'—rnelude, but—are —not
d to, the fol I ow ng: (CHZ)[err]CC]\IR[err](CH[err])[err] - 15

e
N JSE“I 2 - (CH NR3CON US96/04059
ng]r;][erRL?{ (C%—l%gH)[err]NRSCS(NRZEg-lE]e”]e;E]err] %

rr])[err]CO\IR[err](CI—|2)[err]CO\IR[err]( 2)[err]-, - (CHZ)[err]-
(CH2) NR[err]CO(CI—IZ)[err]S(CHZ)[err] .- ( [err])[err]S(CHZ)[err]

-(CHerr])[err 1%1@:{ erdrd me eé%im!%l %ﬁ der 8%
S N é err 25
Wr?[e?:alr]n E[[gm Cheweef ar @aa@lsgé&gr nsm;emgéﬁwm ElP@PQBF@ét! thr]%m
the group constﬁamﬁlmnd&ﬁeaarﬂﬂdcéw off lpdrmudad vaagh Oﬁspeca.all]i'and p

I s i ndependen c fr th s QLS f nd integers
from1l to 4. Ié é%%rengg}’ g‘&ﬁ% ereé: ﬁgug‘ﬁﬁnv\ﬁgrz n and m
are 0. AlBo pdlmmmqtvﬂagﬁ-af erradhmoxm@m:oungmapsndmm R2 is H.
Suitabl e |inkeffudredctlin RecdpbBiely Ntdielbeitlor dichl8t8£PQbréssdigd tO,

o hor o or Cha ol § ok Menaa°edadily Re anmreciatel by thtesskiliea in

chronophore or the fol | &\ H§!
NR[ err] (CH2) [ e:hé -art Nther pR22ci &y [af rﬂluormere]aotxﬂtﬁé éperdgy, 35
g%(e:lr—lrz% ﬁ(&l[?[ere ae{éﬂ edfepe'ﬁ@ (&g)éﬂéﬂf aﬁ@%gﬁ%w&ier r )Teer r%
and oro he depor- acceptar distance e overlap
PCT/ U896/ 04059|.ntegra1 of donor fluorescence emission aiftd acceptorn which
Rlerr], n and Ba0608%0P" e¥h@Uehdrdls i itk £edd s bRt 2B £icient when a
donor fluorophore with high fluorescence quantum yield _
(preferably, one approaching 100%) is paired with an acceptor -
is with a large extinction coefficient at wavelengths coinciding
with the emission of the donor. The dependence of |
-fluorescence energy transfer on the above parameters has been
reported [Forster, T. (1948) Ann.Physik 2: 55-75; Lakowicz,
J.R., Principles of Fluorescence Spectroscopy, New York:Plenum-
20 Press (1983); Herman, B., Resonance energy transfer - ;
microscopy, in: Fluorescence Microscopy of Living Cells in -
Culture, Part B, Methods in Cell Biology, Vol 30, ed. Taylor,
D.L. & Wang, Y.-L., San Diego: Academic Press (1989), pp. 219-
243; Turro, N.J., Modern Molecular Photochemistry, Menlo Part:
28 Benjamin/Cummings Publishing Co., Inc. (1978), pp. 296-361],
and tables of spectral overlap integrals are readily available
to those working in the field [for example, Berlman, I.B.
Energy transfer parameters of aromatic compounds, Academic
Press, New York and London (1973)]. The distance between
30 donor fluorophore and acceptor dye at which fluorescence
resonance energy transfer (FRET) occurs with 50% efficiency is
termed R, and can be calculated from the spectral overlap
integrals. For the donor-acceptor pair fluorescein -

tetramethyl rhodamine which is frequently used for distance
as measurement in proteins, this distance R, is around 50-70 A
[dos Remedios, C.G. et al. (1987) J. Muscle Research and Cell
Motility 8:97-117). The distance at which the energy transfer
in this pair exceeds 90% is about 45 A. When attached to the



int’eger fromO to 4. Particularly preferred Z" groups are -

S(CH err])[err].” Especially prefer+red is H .—Preferred R
groups include H and nethyl. 5 Particularly preferred is H Preferred
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such conb®undegexdingdy,dékoisi apparent thﬁltuéﬁswéﬁhcétwbrﬂin@man%
the quencher @FordECakicebtb® Pairs for ROlagOkall daﬁbﬁézﬁflﬁ%é&&ﬁ&nce

VIIT-XI1. A

{1 or escei n o0 hajeq reseft, Anyentiis fEUIRO b, BoURRESRLLY, £0P1nd 6" one
tetrahal o fl U(ﬂké-é-d@dniaotheoﬁrtorrrul a VIll inwhich Rlerr], Rerr], Rerr],
and Rlerr] are Independq-at m¥asure Alditamhse/\at@ifie eiﬁeelnar@y@dpihsm of

conmpounds. wher,e _t.he encher_or_acc ptor rhodol of fornulae VIII,
T Cand 5 1iviRg er1ed 88T Fhn Hn B befil  RSHRRRRreS R se wher e
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Fluorescei n,  HeESEndg, | bandf welSrilet SPRe CUALEY o poSa per about 1200

daltons, also tend to bind more avidly to cellular .
20 constituents than small ones, thereby removing at least some
of them from access and cleavage by f-lactamase.
Chromophores suitable for use as X and Y are well
“known to those skilled in the art. Generic structures of
- particular classes of chromophores suitable for use as X and Y
25 are provided below. Compounds of general formulas II - XXXIV
are exemplary of fluorophores which serve as the basis for
particularly suitable donor moieties in the compounds of
general formula I. Suitable chromophores for use as the basis
of acceptor moieties in the compounds of general formula
30 include, but are not limited to, compounds of general formulas
II - LIV. Chromophores of general formulae XXXV-LIV usually do
not re-emit efficiently.
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Modern Mol ecul ar Phot ochem stry, Menlo Pgrt: 25 Benj apgi~g/ Cunmi ngs
Publ i shing Co., Inc. (18%8), pp. 296-36{1, and tahf of rSpgetral

overlap integrals are Nad

T:ilabl T #Phose MO the field
[for exanple, Berl @ : Ener w y para S pomatic
conpounds, Acadenic i w Yor onBon (1973)] he "di stance -
bet ween 30 donor fluorophore and accept or dye at which fluorescence

resonance energy transfer ( T) occurs w 5096eff|C|eanIIs termed
Rl err] and can be cal cul ated fromthe: spectral . overl ap I ntegrals. For
t he donor-acceptor pair quoresceln - tetranethyl rhodam ne which is

frequently used for digf
Rlerr] is around 50-70

'enedros1 Cbe et al. (1987) J. Muscle

Research and Cel| 15 Motility 8:97-117]. The di stance at which the
energy transfer inthis pair eﬁgeeds RP% is about 45 A. Wen attached
to the 1

20

Rf Rb Re Rf RO Re Rf
¥ { .
v G Q
d .
L] Re
X X
25

30 X1 XII



WD "96/ 30540 PCT/ US96/ 04059

16 cephal ospori n-backbone t he—ei-stances between donors and
acceptors are in the range of 10 Ato 20 A depending on the | i nkers
used and the ? t he chronophores. For a distance W&sﬁow@s
chromophore parr have to have a calculated Rerr] 5 0 arger than
30 A for 90% of the donors to transfer their energy to the acceptor,
resulting in better than 90% quenchi ng of the donor fl uorescence.

Cl eavage of such a cephal osporin by [err]-lactanmase relieves
guenchi ng and produces an increase in donor fluorescence efficiency
in excess of tenfold. 10 Accordingly, (it is apparent that identification
of appropriate donor - accept or pairésfor use as taught herein in _
accordance with the present invention would be essentially routine to
one skilled in the arResorufins To measure [err]-I|actamase
activity in the cytoplasm of 15 living cells, smaller nolecul s i ght
chr onmophor es as herei nafter described are in general prg{epkedaover

| ar ger ones as substrate delivery beconmes a problemfol |4
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In preferféd embodiments of the compounds of general

formulas II - LVI:

each of a and a’ is independently H or an attachment
point (i.e., a location at which the dye moiety is
attached to the core structure of general formula I;

E is selected from the group consisting of H, OH,
OR* and NRER®;

G is selected from the group consisting of O and
N*R¥'RM ;

each of L, and L’ is independently selected from the
group consisting of CH and N; _

M is selected from the group consisting of H, Mg,
Al, 8i, Zn, and Cu;

Q is selected from the group consisting of O, S,

_ C(CH_,_)_', and NR9;

Q’ is selected from the group consisting of O, CH,,
C{CH,),, NR* and S0,;

T is selected from the group consisting of O and
NRX;

each of W and W’ is selected from the group.
consisting of O, S, Se and NH;

each of R*, RP’, R® and R¢ is independently selected
from the group consisting of an attachment point, H,
halogen and lower alkyl;

R®* is selected from the group consisting of an
attachment point, H, lower alkyl, .(CI-I,) -CO.H,
(CH,) ,CHaCO,H, CHa{CH,),CO.H, (CH,),COa, CH=CHCOa,

D

each of Rf, R%, RS, R, R and R* is independently
selected from the group consisting of an attachment
point, H, lower alkyl and CH,(CH,).a:

R! is selected from the group consisting of an
attachment point, H, halogen, lower alkyl, CN, CF;,
phenyl, CO,H and CONRY'R™;
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R} is selected from the group consisting of an
attachment point, H, halogen, lower alkyl, CN, CF,,
phenyl, CH,CO,H, CH,CONRYR"™;

each of R' and R* is independently selected from the

5 group consisting of an attachment point, H, lower alkyl,

N Je) 5 ...5"

each of R*, R°, RP and RY is independently selected
from the group consisting of an attachment. point, H,
lower alkyl and phenyl;
' R® is selected f:om the group consisting of an
15 attachment point, H and lower alkyl;

. each of R® and R® is indeﬁehdehtly selected from the
group consisting of an attachment point, H, halogen,
lower alkyl and OR?;

each of R*® and R¥ is independently selected from the
20 - group. consisting of an attachment point, H, halogen, CN
and NO,;
each of R' is independently selected from the group
consisting of an attachment point, H, C0O", 80,", and PO,*"
Ln is selected from the group consisting of Eu®,
25 Ln*, and Sm®*;
Chel is a polydentate chelator with at least six and

preferably eight to ten donor atoms that can face into a

cavity of diameter between 4 and 6 angstroms, which may or may

not be macrocyclic, which includes a chromophore absorbing
30 between 300 and 400 nm, and which includes an attachment point
through which Chel can be conjugated to Z' or Z2". A suitable

Chel moiety is a europium tris- (bipyridine) cryptands. 1In the

anthraquinone chromophores of general formula XXXIX, each of

positions 1-8 may carry a substituent H or E, or serve as an
35 attachment point.
Buropium tris- (bipyridine)cryptand donors may be

suitably paired with acceptors of the formulae XV-XVII, XXXVI,

XLVI-XLVII, LIV, and LVI. Terbium tris-(bipyridine) cryptand

10
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donors may be suitably paired with acceptors of the formulae
VIII-XVIII, XXXVI-XLI, and XLV-LIV, and LVI.

The Buropium tris- (bipyridine) cryptand/
phtalocyanines donor/acceptor pair may be of particular
interest when it is desirable to measure B-lactamase activity
by emission of energy in the near to far red range.

In many applications it is desirable to derivatize
compounds of general formula I to render them hydrophobic and
permeable through cell membranes. The derivatizing groups
should undergo hydrolysis inside cells to regenerate the
compounds of general formula I and trap them inside the cells.
For this purpose, it is preferred that any phenolic hydrox'-'s
or free amines in the dye structures are acylated with C,-C,
acyl groups (e.g. formyl, acetyl, n-butt?l) or converted to

- various other ésters and carbonates_[for"examples, as
described in Bﬁndgaard, H., Qggigg_gj_g:ég;ggg, Elsevier
Science Publishers (1985), Chapter I, page 3 et seq.].

Phenols can also be alkylated with 1-{acyloxy)alkyl,
acylthiomethyl, acyloxy-alpha-benzyl, deltabutyrolactonyl, or
methoxycarbonyloxymethyl groups.. In the case of fluoresceins,
rhodols, and rhodamines this manipulation is:particularly-
useful, as it also results in conversion of the acid moiety in
these dyes to the spirolactone. To promdte membrane
permeation, the carboxyl at the 4-position of the
cephalosporin should be esterified with 1-(acyloxy)alkyl,
acylthiomethyl, acyloxy-alpha-benzyl, delta-butyrolactonyl,
methoxycarbonyloxymethyl, phenyl ,m ethylsulfinylmethyl, beta-
morpholionethyl, 2-{dimethylamino)ethyl, 2-
(diethylamino)ethyl, or dialkylaminocarbonyloxymethyl groups
as discussed in Ferres, H. (1980) Chem. Ind. 1980: 435-440.
The most preferred esterifying group for the carboxyl is
acetoxymethyl. ,

A general method for synthesis of compounds of
general formula I is depicted below. As one of ordinary skill
in the art will appreciate, the methods below can be used for
a variety of derivatives, and other methods of synthesis are
possible.
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L [ma N m:lb + + oyes | 4.
, G (o) H

DysB | 5.
2. | DyeA + + wﬁ?}@ + Nuy + RG
:lb )
H OaRo.

3. | Drea +

OH : Dye A e
M¢~)~ﬁ E Oys 8

- In these compounds, RG is a nucleophile-reactive group (e.g.,

iodoacetamide, isocyanate, isothiocyanate, etc.); Nu is a
nucleophile (e.g., -SH, -NH,, -OH, etc.):; R, is H or an ester
group (e.g., benzhydryl es;er,-tertiary buty1:ester; etc.) ;.
Nu, is a bidentate nuclecphile (e:g., HS", HSCH,CH,NH,,
xXanthate, etc.}; and Hal is a halogen (e.g., chlorine, bromine
or iodine).

The cephalosporin starting materials are
commercially available cephalosporin derivatives 7-
aminocephalosporanic acid or 7-amino 3‘-chloro-
cephalosporanic acid as its benzhydryl or tertiary butyl ester
(Ry) . Prior to coupling the dyes A and B carrying nucleophile
‘reactive groups (RG) it is sometimes advantageous to esterify
or alkylate their phenolic and free amine residues. The order
of attaching dye A and dye B depends on the choice of
reagents. Dye A is tethered to the cephalosporin via an alkyl
amide linker. This is achieved by reacting a dye A carrying a
nucleophile-reactive group (RG) with a bifunctional aliphatic
acid (e.g., amino-, mercapto- or hydroxyalkyl acid) and
coupling of the acid to the cephalosporin 7-amine (path 1).
Alternatively, dye A carrying a nucleophilic group (e.g.,
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preferred enbodi ments of the:;conpounds of general formulas Il - LVI:

each of a and dependently H or an attachment 9“1&5,
(i.e., alocat%r?‘é?&ahlchthe dye noiety is 5 attacfggg"itgot e

core structure of general formula I; Eis selected from
t he group consisting of H OH, OR”%rr] and NR[err]Rerr];
Gis sel ected fromthe group_consisting O.and
L and L' is i nddmime e yhéel’-éciéomwﬁﬁq l’f@-th a hal°9en35?6@1’&>6%54%%$ r?d“gf
ﬁg' and N; the acid couMLéd 66/ €é askpilivsporigr Suamines(patinlol Hn
an
group consisti nd’ (ﬁh (? tg ¥§ ghe ord?f(d%err t-'fmr Ffa&% Rﬁz[eégﬁiﬁg +EARS,
Q is selected Myen #heogtaipingnan saliph cédpcan be directly: coupled to

%Ele-'[ SH)LL[ g!(‘,) F]]SI sﬂtlﬁ] Qféﬁha%@pé@iﬁr (path 3) Dye B carryIngSaSmheIédphiImn
Wand W is sel e’d"cté%lmtt ﬁ@ng??)uﬁ‘mpled lg% el ; 80 t:.onog}.n o) eggha(r)l];l
NH, cephalespordh Elfredq'e.ctR[@s;}],ada[rmt] O§n§hﬂ[ leaying group (LG)

I ndependently se
attachment poi nté:ﬁ&l’?‘i) A Dye B C%o i aﬁaagﬁfé‘l@oﬁﬁﬂiési'éﬂétﬁe a§roup can

Rlerr] is sel ectR® zfqa(ﬁﬁ%é'lﬁhoﬁpb%‘a Fake Hﬂ“’&l“&hﬁe Vhick"is SR fhen
poi nt, H, iower adgdhed €] ehe] téphaldipmrin My leaving group (LG)

displacement (path S); the order of the reactions can be
reversed.
In some cases it might be necessary to conduct tne
_ first reaction;with a bidentate nucleopﬁile with one of its
- .15 ‘nucleophilic g?oups masked. The second coupling is then
performed after removal of that protectidn group. After
attachment of both dyes the cephalosporin ester is cleaved (in
cases where R, is not H). To make membrane perxmeant
substrates the acid is then re-esterified to esters that can
20 be deprotected by the cytoplasmic environment of a mammalian
- cell. For applications not involving cell cytoplasm, any
remaining acyl and alkyl groups that were used to mask phenols
and free amines on the dyes are removed.
Preferred combinations of classes of donors and
25  acceptors suitable for use in accordance with the present
invention are indicated in Table 1. In embodiments of
compounds of general formula I using these combinations,
fluorescent resonant energy transfer (FRET) occurs. Of
course, as would be readily understood by those working in the
30 field, many other combinations of donors and
acceptors/quenchers {including those that re-emit and those
that do not) would be suitable for use in accordance with the
present invention. In general, suitable donor and acceptor
pairs are those where the donor's emission spectrum
35 significantly overlaps the acceptor’s excitation spectrum.
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Rlerr] is selected fromthe group consi sFABIE & an at t achnent
poi nt, H, hal ogen, |lower alkyl, CN, CF[ epbNors phenyl, CH2CO2H,
CHerr]CONR[err] R err] ; each -of Rlerr] and Rlerr] is
i ndependently selected fromthe&l 5VIII, XIXgr¥ap eokIVsti ng aXVahn XVI, LV
attachment point, H |ower al kyl¥XI, XXIII]1@9 XVII, XXII each of Rlerr],
Rlerr], Ferr]PCFEPIORS (] is i ndently sel ected fromthe
group consisting of an attachnment point, H, | ower al kyl and
phenyl ; II - viIr, Bterr]FReEr sel ected fromthe group consisting of an
15 at t acx@epntxxmint- H and | ower al kyl ;

XXXIV

VII - X1V, FRET FRET

10 XVII, XXII '
Xv - XVII FRET : FRET FRET
X1, - XLV, FRET FRET
' XLVII - LII
15 _
XXXV-XXXIX, FRET FRET FRET
XLVI-XLVII, o

LIII-LIV, LVI _ : :
Fluorescent donor moieties of particular interest

20 include coumarins and fluoresceins. Particular quenchers of
interest include fluoresceins, rhodols and rhodamines.
Combinations of interest include the use of a coumarin donor
with a fluorescein, rhodol or rhodamine quencher, and a
fluorescein donor with a rhodol or rhodamine quencher.

25 Specific combinations of interest include the following: a
coumarin (e.g., 7-hydroxycoumarin) or chloro derivative
thereof with a fluorescein or dichloro derivative thereof; a
fluorescein with an eosin or tetrachlorofluorescein; a
flucrescein with a rhodol derivative; and a rhodamine with a

30 fluorescein.

Europium chelate donors may be suitably paired with
acceptors of the formulae XV-XVII, XXXVI, XLVI-XLVII, LIV, and
LVI. Terbium chelate donors may be suitably paired with
acceptors of the formulae VIII-XVIII, XXXVI-XLI, and XLV-LIV,

35 and LVI. The europium and terbium chelate donors may be of
particular interest for their very narrow emission peaks and
their microsecond-to-millisecond excited state lifetimes,
which can be readily discriminated from background
fluorescence and scattering with excited-state lifetimes of

40 nanoseconds or less.
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group conststirg—ef—an attaehwent pe+nts H, hatogen————- | ower —atHey—-
and _ OR[err]; each of Rerr] and Rlerr] is independently

sel ected from group consisting of an attachmenpchRisténosd
hal ogen, %9%3&” and NO2; each of Rerr diis

| ndependent ly selected fromt he group consi sting of an
attachnment point, H COO sq err], and PJ errgd? Ln is

colected from the arour ogps il gotl SLE 4i2%a gegsrppifl ' dedlifonsae

and pr ef er alumponinglst of.ogtaaaralb nfnrm.lkars‘r tteatrenderf &bemi move shydrophobic
cavity of di arret d tﬂ%'cr}‘ifégBlé E‘H‘Eo@ gh PileE TR Eérthizlnarzﬁmﬁ%
u

macrocyclic, whig . onppho absor bi et ween 30

30
400 nm and whi ERIHS HEQ?"SH Bﬁaemm infige ce 1s £Ar TERNRRALR can
be conj ugatsd t @ofipcundsd’ ongeuei-ablﬂormula Llarid nxiapt phewm insidepthencells.
tris-(bipyridin f a t U 0
general formul ae%%é(t&% gq%po#g 1€ is o%r? I ons %“lgia'ﬁ g"ﬁgc?ﬁeﬁaj?subs | tuxeyn]is
Hor E or servémafree amineg wcmrprcﬁqﬁuctures are acyl ted Wi (froCa

tris- Ebl |oyr:c dlt R @txlwgsdqao §S B8¥mYE, acetylsuid-dultyrpdired «\t/oﬁ*erted to
acceptors o e nul a

Terbiumtris-(bi &ﬁo&s SghSFyS?Jéﬁﬁ‘w carbonat\féngP §0§%“‘p ﬂ aé‘@eéc\él:.bed
PCT/ US96/ 01059 in Bundgaard, H., Design of Prodrugs, Elsevier Sgigmge may be
sui tably paired pdgii shesari(268s P] éﬁ@pé&r N Fage 3 etVbe 3<VI | bhenofd/Icafl-| ,

d XLV-LIV, d.LVI Eur d
2? ypt and/ o R PSc PaKYAREed Wb R a?t:cgarﬁ 319’%2”%'15%' SS {)‘i’a’f’#@?f ar 5
i nterest when i taqyaoxysaﬂphaebenzﬁasdeha[-@wqﬂqi@c&mwé.aem vity by

en |SS| 0? of ener“@(._ﬂ %bBﬁ?'lo&?méﬂ‘i I% upile In the case of fluéfbé&iéh'}hs,
Formi a | £8 r erRIBAARR, APBIABERES n RFLac ion, g IRYIAE PR, OF Chf | Free
menbr anes. The ¢ﬂummmﬁuczgmgugsompspaftzcuﬂanmyjuae@aﬂgoahydtoayswsr¢$miQﬁeln
cells to regenerfydvidion of the acid moiety in these dyes to the
. spirolactone. To promote membrane permeation, the carboxyl at
the 4-position of the cephalosporin should be esterified with
20 1-(acyloxy)alkyl, acylthiomethyl, acyloxy-alpha-benzyl, delta-
butyrolactonyl, methoxycarbonyloxymethyl, phenyl, - :
methylsulfinylmethyl, beta-morpholinoethyl, 2-
(dimethylamino)ethyl, 2-(diethylamino)ethyl, or
dialkylaminocarbonyloxymethyl groups as discussed in Ferres,
25 H. (1980) Chem. Ind. 1980: 435-440. The most preferred
esterifying group for the carboxyl is acetoxymethyl.

The cephalosporin backbone serves as a cleavable
linker between two dyes. After cleavage it provides the
charges necessary to keep one of the two dyes inside the cell.

30 Dyes are chosen in a manner that one dye absorbs light
{quencher or acceptor chromophore) at the wavelength that the
other one emits (donor fluorocphore). In the intact
cephalosporin the two dyes are in close proximity to each
other. When exciting the donor fluorophore one observes

35 fluorescence resonance energy transfer (FRET) from the donor .
to the acceptor instead of donor fluorescence [Forster, T.,
Ann. Physik 2: 55-75 (1948)}]. 1If the acceptor is a
nonfluorescent dye the energy is given off to the solvent; the



cohpounds of general fornmula | and trap theminside the cells. For
this purpose, it is preferred that-ary phenolic hydrox-'s ——--or free
anmines in the dye structures are acylated with Cerr]-C4 acyl groups:

(e.g. fornyl @Wa n-butryl) or converted to 15° variouﬁ@ﬁk@gers
and car bonat &% exanpl es, as descri bed in Bundgaard, H., St gn of
Prodrugs, El sevier Sci ence Publishers (1985), Chapter |, page 3 et
seq.]. Phenol s can al so be alkylated weh 1- (acyloxy)alkyl

acylthionethy acyl oxy- al pha- benzyl butyral.act o
met hoxycar bony® #ﬁ% Iﬂu?ﬂémﬂg d?ﬁé% ;hghe acceptor
rhodol s, and rbeiitgi itaselfias fﬂ:nbrpséent odye s ﬁmare:sdadw re-emigsdébnl , as

(@l so resultge bl VSN YRabclRPeehibdF Yavdlengeh | SRCplIgR o the

spirol act one. t1on t car box at the
4-position of ?%VQ_TB‘-S UG B0 YPELY n BYME"%%S‘%%‘? iand peegbtor

1- (acyl oxp) al kfluorophory/ Idai sgatkywhencyépayatdd vy emprt flexible

del t a- but yr ol

et hyl sul fi nyl 2@%‘%& bdfue tgegﬂgéyggégg%%pﬁr@ h%l Fgaﬁtﬁw am n v
- 2- (di et hgompAens) ckanfiormed dxamm o rﬁfcaﬁ’aon $ 30
as discussed lﬁzfﬁiwsuﬁs)ql%(ih €hem céﬂﬁte:&ﬁ%x% ﬁ%rophoriheaﬁDSt

A General ot hOBLY o faihy faviedng; tBe ElnpReqdce of JREH RARCERbE |
depi ct ed1bel ovwgueschetd EBojanﬂkuarQ sand| SiEnicki, the Enexray trangfercande,
the methods bey xbew%q%of:%cent eSS omd Y B qﬂfdmemaagnanat her
met hods of synp gésh s, eaif23°hy' Ravek, J.F. Bocs. Hardd:%dls
PCT/ US96/ 04059% physics, edi ek, . Bocy on ress,
Inc., 1990, pp. 1-57]. In either case, a large change in
fluorescence goes along with f-lactam cieavage, which can be
15 used to measure f-lactamase activity. As both dyes diffuse
. away. from each other, stacking and energy transfer are
- .disrupted. Cephalosporins carrying a donor and an acceptor
dye which fluoresces are referred to herein as FRET-
: - -cephalosporins. ' :
20 Fluorescence resonance energy transfer has been used
' - - as a spectroscopic ruler for measuring molecular distances in
. proteins and peptides as it is effective in the range from
10-100A. This energy transfer is proportional to the inverse
sixth power of the distance between donor and acceptor. Its
25 efficiency is higher, the better donor emission and acceptor
absorbance overlap, -and the longer the fluorescence lifetime
of the donor (in absence of the acceptor). FRET can be very
efficient over distances of 10-204.
In the cephalosporin, distances for attachment of
30 donor and acceptor are greater than 10A and a minimum of 10
bond-lengths, if one includes the two minimal spacers at 7-
and 3-positions. Over this distance FRET is very efficient,
if the right donor-acceptor pairs are chosen. Conveniently,
in a FRET-cephalosporin the 7-amine tethexed dye stays
35 attached to the polar'hydrolysis products of cephalosporin
cleavage, trapping it in the cells’ cytoplasm. This position
s best occupied by the donor fluorophore, although in some
nstances .he acceptor may occupy this position. Upon



[err] In these conpounds, RGis a nucleophile-reactive group (e.g.

| odeacetam-de—+soeyanat sgothi ocyanate; et e——MNut—+s—a 20 n
(e.g., -SH, -NHerr], -OH etc.); Rerr] is Hor an ester group

(e.g.., benzh er, tertiary butyl ester, etc.); Netisokodgse a
bi dentate nucleophile (e.g., HS, HSCH err] CH err] NH2, xant hat e,
etc.); and Hal is a halogen (e.g., chlorine,_ _brom ne or iodine). 25
The cephal osporin starting materials are 31 comercially avail abl e

cephal osporin derivatives,7- _.am.nno |_.o rani [ A4

3 b chl or 8_ c‘iggg REPss S&Paﬁ?ﬁc%fb‘f% i&&i%%g %8 e §§§yg$ Iy#% | c&e Ei{l}e; r‘gﬂbduytﬁy §
ester (Rl@ye]l.). Prior to coupling the dyes A and B carrying .
nucl eophile 30  reactiVengr QePsptdIOf lioriophePat i 5 NGen@Ey Iy aptichdd by a

esterify r. al kyl ate their phenolic and fre l he residue rder
of attaching dﬁ-é“ie%ﬂ §B ETPRY cfg’%rgrﬁ?«?e %oﬁgggg?‘fty gfrf’ceigé Z?rﬁb:sgl%ﬁ%g A
is tetheresl totochaucipbphdiporattadis ad prieferred limker i3 rkthiopthexr s

achi eved by reggcliing_a_gye r{gi NYakeandi t& - ien rdiretdvel
T Curtnh b RS589 AR L ey, obig watcaus o ;

hydr oxyal kyl a@iféﬁcﬁné'educesc%?)l??ﬁijItWegggEHgf 6'?%159%&5’?1’%?5{3 aé‘%ﬁ%ﬁi o
7-amine (path hucleophilesefbageya )T . d\aevA Phgrst. PrggChemu2Eopf3-270r oup
Ke.g., (1987)]. In addition, the free thiol or thiolate group
| 10 released upen hydrolysis often quenches the attached
fluorophore, adding to the desired large change in
fluorescence upon hydrolysis.
The fluorogenic substrates of the invention are
initially colorless and nonfluorescent outside cells. The

15 substrates are designed so they readily cross cell membranes
into the cytoplasm, where they are converted to fluorescent
compounds by endogenous nonspecific esterases and stay trapped

- due to their charges. In the intact molecules, fluorescence .
energy transfer occurs leading to fluorescence at a particular

20 wavelength when the substrates are excited. Lactamase
cleavage of the B-lactam ring is followed by expulsion of the
fluorescein moiety with loss of fluorescence energy transfer.

. Excitation of the modified substrate now results in -
fluorescence at a different wavelength.

25 The assay systems of the present invention further
provide an advantageous and rapid method of isolation and
clonal selection of stably transfected cell lines containing
reporter genes and having the desired properties which the
transfection was intended to cohfer, e.g. fluorescent signal

30 response after activation of a transfected receptor with a
high signal-to-noise ratio from a high proportion of isolated
cells. Current procedures for clonal selection of
satisfactorily transfected, genetically engineered cells from
the initial population, are done mainly by replica plating of

35 colonies, testing of one set of colonies, visual selection of
preferred clones, manual isolation of the replicas of the
preferred clones by pipetting, and prolonged cellular
cultivations. This procedure is laborious and time-consuming;
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27~ amne or thiol) is reacted with a hal ogenated al kyl acid and

the acid coupled to the cephal osporin 7-amne (path 2). In bot h

pat hways, th %?oof the two reactions can be reversed. ARSI

cont ai ni ng aﬁva I'phatic acid can be directly coupled to 5 l’t('“rl\'e

cephal osporin (path 3). Dye B carrying a nucl eophilic substituent can
be coupled to the 3 -position in the GBphal osporin by direct

di spl acenent of the | eaving group (LG (path 4). A Dye B carrying a
nucl eophi | e- r dfcMAYe TEWIFE FRVETa WW‘%&%@%’F#& Bi GDi%%t‘éB?uﬁb‘r e‘%ﬁ%i l e

whi ch is couplasbaysesulted abtdrigdsdredriing.eplrieovpe|i bt bis | @bty ey
(LG di s ARRTRY sgﬁ.@f:é 22 hdntY 9 moe ttpsgr ﬁaféhoﬁﬁnﬁﬁ{h P ones
reversed. . n some cases 1t mght Dbe necessar 0 concﬁjc't

t ne firstUsiag tihen agpays 108 tif Axesent! dsyRREion; tﬁh%r%e%*r¢4 signal
n]y;:l eophigi Cl-wz;ﬂﬁ?ﬁ:elm&ﬁﬁﬁ‘- be&'aelmmbe:qudmt irteri sybbén can b@?ﬁéﬁ%&ﬁd&h ; ed
after renova at, .pr.ot ect iyon. up, e nt.of Jpot.h dyes
t he cephal ospé"rq'ltﬁ‘ié‘srtlé’r . é gﬁéav’e%{) nceﬁs : ?ggg'gcﬁhaéige%er%ﬁ ‘I’%P?fb‘teﬁ—i)".s
To make menbr amnesessexyt because pingla @elilise capi bej assayed randsxemain ed to
esters that caia¥le foo #8PERELCHETLIPLildationt.Orhas frem\iKe 1ffich

manmal i an ell,. .F applications n i nvol ving cel t op] asm_.an
remai ni ng acyIofgr’ra‘lél"?gﬁygegﬁﬁgg?ﬁ%ﬁdg\&ﬁﬁésusgaet 8aﬂa§§p{)q1go§ ect t’?ﬂ%
free amHes ofevhdndiwiduat iévingdells with the best Pflierescergorsiignal,ons
of classes of aRRr audBHlafed i dits ?t!\:c?]xa_%geff ?iqu@sé%%ﬁai&%EE AL with

t he present I nvention are | ndicate ble 1. In_ e
conpounds of §&ddr BPTESFmuPaTt tRE RPN DickipeRy: FARS, Vantage T Jhescent
resonant ener @elleczeds§ eelisRiFe Citenircnlledeted forcoultskvarttonvatid be-

readi |l y .under. ;1.ho ' | 3 fi , Vi : _
conbi nat i ons ?%%g%ﬁ%%ébgngg Mg&%ﬁ%e&p%&%%&ugﬁéf‘ie?%?i%%dﬁ%rﬁsolsreeq hat
re-emt ¥hd t RFSPerties; far IBSIYE )and FxnIHE¥RPRABTe for use in accordance
with the present inventA®nwolld ¢ dimtlediavel gbappalesnt o dsseept or

pairs are tho%fﬂig.éeihhﬁh@?f%ié, & %{o%i%&%%ﬁ“ﬁ} 32 nove# bddsAle in
overl aps the acceptor™s €xcCitatl on Spectrum
: accordance with the invention and a suitable f-lactamase may
‘be employed in a wide variety of different assay systems (such
20 ' as are described in:'U.S. Patent 4,740,459). In particular,
" the fluorogenic substrates of the invention.enable the
- detection of R-lactamase activity in a wide variety of
bioclogically important environments, such as human blood -
serum, the cytoplasm of cells and intracellular compartments;
28 this facilitates the measurement of periplasmic or secreted B-
- lactamase.
Further, the expression of any target protein can be
detected by fusing a gene encoding the target protein to a 8-
lactamase gene, which can be localized by immunostaining and
30 fluorescence or electron microscopy. For example, B-lactamase
fusion proteins may be detected in the lumen of organelles
through the use of the substrates of the invention; only
subcellular compartments containing the fusion protein
fluoresce at a wavelength characteristic of the cleaved
35 substrate, whereas all others fluoresce at a wavelength
characteristic of the intact molecule.
Both the intact and cleaved substrate are well
retained in cells without the use of special measures, such as
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28 - — —FABLE 1 —_—
DONORS - vitr, XiXx vil - XV, XV - XVl, LV
- XX, XX |1 ACCEPTORS XXXI'V ,

XI' X  FRET lwﬁﬁéésa&C$£XIll = XXXI'V Vil - XV, PéﬁU%EE#kb

FRET 10 XVIT, XXI'I XV - XVI | FRET FRET

FRET XL - XLV FERET : BRET XLVl - LIl 15

XXXV- XXXI X, FRET 7 FRET XLVI - XLVI |

LI1I-LIV, Lvi chilling. The qalax chapge d8NeR h%u’e?‘?’e‘él‘iﬂalpaﬁ“ﬁ | ar
i nterest 20 maknefan otell s )N savd sibler eacougn.a FPhudreatence) netrosceopef

i nterest incl ud&éh&o&gﬁgﬁ n%?lgpqg@lgna éﬂgggg}&gﬁm ?:‘hlm- f i nat i ons

of interest inc e use uoresceln
rhodol or rhodafinerescence signal may be qﬂﬁ!}&%ése@mn@oﬁmt ¥ r?n&lam;éoh

]9r| lrhodam e queaabeﬁtiaéal RPNl Qnﬁ@@p&ébé&@iu@ftééﬁﬁtﬁﬁs.l ngddmvtbhre

(0] oW ng a counar X r atl ve
thereof with a P\eﬁﬁ}“ﬁ@c%?’he oéce'iiilq’&ﬁlcﬁ’flo%&egeg ﬁ%r%f hange In ¥

fl uorescei n w t singleoinvensity thwic kiather byr eseelthr change 0# |ayshangs) 4n

with a rhodol depevahtys: bé’tf%éh rtmiﬂ@ﬁ‘t@ﬁs‘ﬂti@saaﬁodlfféM@Wélengths,
Eur opi um chel ate donors Sui tabl paired,wit cce ors of t
>éﬁ/|t G

fornmul ae XV- XvI Fhexaagays \ATeSer V1n3ﬁ8t1°n a{‘?/I re
donors maylthe smahybhytpﬁan:ml sudih as vardabdpt beakiressof welilse quantity

VITE-XVIL T, - XXX\l éh.ﬁst?ﬁ‘fje XM idménation 3Rtehdity, AsSHIGP SERARE ViiRP oM

chel ate donors na
detection and bleaching of the dyes.

A variety of substrates (e.g., compounds of genexral
formulas 17, 22 and 25) have been prepared and their emission

15 spectra obtained before and after £-lactamase cleavage. These
substrates allow for B-lactamase detection primarily in vitro,
as they bind strongly to serum and cellular proteins. Due to
their hydrophobic nature, the fluorophores stack; this leads
to a loss of fluorescence in the intact substrate. 8-

20 lactamase cleaves the substrates and relieves the stacking,
allowing for fluorescence. Compounds (e.g., compound 11,
Example 1) with reversed location of donor and acceptor
fluorophore on the cephalosporin exhibit similar fluorescence
behavior.

25 In one preferred embodiment of the invention, a
compound of general formula 1 was coupled to a compound of
general formula 2 to form a compound of general formula 3.
Commercially-available compound 4 was then coupled to compound
3 using dicyclohexylcarbodiimide and the product reacted with

30 compound 5, yielding a compound of general formula 6. :
Deprotection of compound 6 generated a compound of general
formula 7. In exemplary embodiments, Acyl was acetyl, R* was
Me and RY H (a), or Acyl was butyryl, R* was H and R* Cl (b);
R* was trimethylsilyl or benzyl.



particular interest for their very narrow em ssion peaks and their

m crosecond-to-m |l lisecond excited state lifetines whi ch. can be
readily discrimnated from background fluorescence and scattering with
excited-sta ’ i mes of 40 nanoseconds or | ess. / 30540
o] Usae 04tpees pg  Pomussibles! SD>
many applications it is desirable to deri v8ti ze conpounds of general
formula | to render them nore hydrophobic and perneabl e t hrough cel
menbranes. The derivati zi ng groups . shoul d undergo hydrol ysis inside
cells to regenerate the 5 conpounds of general fornmula |I and trap them

i nside the cells. For this purpose, it ;p preferred that any phenolic
hydr oxyl s or free ani fiRMOS ye str ures are acylated with
Cerr]-Cerr] acyl grou ”jgpet n- butyryl) or
converted to vari ous ot her ester and ca tes [for exanple, as
descri bed 10 i n Bundgaard, H. DeS|gn of P ugs El sevi er Sci ence
Publ i shers (1985), Chapter 1, paé et seq. &Phenol s can al so be

al kyl ated with 1-(§cyloxy)alkyl cylthionethyl, acyl oxy- al pha- benzyl ,
del t a- butyrol actonyl, or netaSﬁgggﬁFqnyloxynethyl groups. In the case
of fluoresceins, 15 . rhodols and s, acylation or alkylation of
the free phenolic groups is particularly useful, as |t also results in
conversi on of the acid npi cAcyiO; dyes o S
{ | &t e cf- ppsi &
20 Q- (adyl
|t a- | act gy}
G¢Rthy| sul finyl met hyHS o

pronot e nmenbrane perneation,
cephal osporin should be estert¥fied w
acyl t hi onet hyl , acyl oxy- al pha- benzyRx
met hoxycar bonyl oxgget hyl , phenyl

" bet a- nor phol i noet hyl , 2- ( & mdt hyl ami no) et hyA, ~ 2- (di et hyl & no) et hyl ,
or dlalkylanlnocarbonyloxynethyl groups as discussed in Ferres, 25
H (1980) Chem Ind. 1980: 435-440. The nost} preferred esterifying
group for the carboxyl is acetoxynethyl. . The cephal osporin
backbone serves as a cl eavabl e . l'inker. between two dyes. After cleavage
it provides the Acyl0 o _ :

1S RY AcO. Ac
07 'NH o
" | mﬁ )
o)
CO,CHPh;
20
25
30

SUBSTITUTE SHEET (RULE 26)



charges necessary to keep one of the two dyes inside the cell. 30 Dyes

ar e -chosepr—i-h—a—panher that—enre—dye abserbstght ——guencher or
acceptor chronophore) at the wavel ength that the ot her one emts
(donor fluoro oehoseb N the intact cephal osporin the twopgfRf

close proximty t0o each ot her. Wen exciting the donor fluorophore one
observes 35 fl uorescence resonance energy transfer (FRET) fromthe donor
to the acceptor instead of donor fl uorescence‘:l.’t Forster, T., Ann.

Physi k 2: 55-75 (1948)]. lf-the acceptor_is nonf | uor escent dye, the
energy is given off to t h&hecemppunds eof general forpplychspeye modified to
PCT/ US96/ 04059 obtain membrane permeant derivatives which were domwérted to

fluorescence is %euor s oQtdt.ng %i‘ﬁgré);céxn:e c%%%%ﬁr of g?ﬂg:?é.{' J['rg\?i; 7

fl uorescent dye, cence'r
eni ssi on wavel erit Hntaetpsedds due t@oth%rﬁ@@lbl?famgéﬂouﬁymw fic

?Fnor bfind asceptéuter‘isegj | U?hotﬁhéééstn&?ébtﬂé@k ﬁ/ﬁﬁﬁ-t ﬁ%@éﬁ&ét ?és?ﬂaﬁcé f“éﬁ%r
exi e i nker e 10 aSSOC, nin e round s a ar
Conpl ex- s T or ARSI e, £rap Ehagtydbsbelasin Hoteth 358 e

(1979)]. In thi sfhmqﬂss;eimamhsy.flemmdm green fluoreatence gihen cthsi ng

the fl uor escencedipdigids qﬁsescezeeal& alBif Qftrd nhn30) AEEEL cféa@agf& of the
Si eni cki, K Enqggy t r ansf,er quorescent sol utions.
t

n
'n: Phot ocheni s W Y180, DRSEABAYLPNLOF S do Mg rRaERanat I ottty
Rat on: CRCIér ess:esults imblpel §30orescerices7in lexempllary emb@duaem:ﬂ.gea 25-

change in QIPIigRGRAGe ﬁﬂeflﬁ&ﬂi‘&céﬁéé a[te%'bbu'ta@%é é‘ﬁdaﬁech YH Chto
can be 15 used to re %err mase activit é es d] f fuse
RFEOIS Heer assnaneﬁfevfg‘gﬁ%% ar §i5 o vas i

away from each
Cephal osporins carrying a donor and an acceptor ~dye which quoresces
are referred to yiffdiohing BENE pos

Fl uor escence resonance enegg s been

na
spectroscoprc ruler for uFPPﬁtﬁ%‘F%%Lﬂfart}H-lsstl&NS%lPﬂ make 1"prﬁﬁ3e?‘rgl%rﬁf
peptides as it iuBeeif-daictamase hbearrepmrtigrojene to honiOGA. tHéi exparession

transfer is pro@lrotni %nQett gft Qﬁp&'@gﬂoﬂ? control sequences. In one aspect,
this invention provides methods for monitoring gehe expression
from a set of expression control sequences by using S8--

20 lactamase as a reporter gene. A cell is provided that: has
been transfected with a recombinant nucleic acid molecule
comprising the expression control sequences operablyllinked to
nucleic acid sequences coding for the expression of 8-
lactamase. '

1shalospor|ns 20

25
As used herein, the term "nucleic acid molecule"

includes both DNA and RNA molecules. It will be understood
that when a nucleic acid molecule is said to have a DNA

30 sequence, this also includes RNA molecules having the
corresponding RNA sequence in which "U" replaces "T." The
term "recombinant nucleic acid molecule" refers to a nucleic
acid molecule which is not naturally occurring, and which
comprises two nucleotide sequences which are not naturally

35 joined together. Recombinant nucleic acid molecules are
produced by artificial combination, e.g., genetic engiheering
techniques or chemical synthesis.



si Xth power of the distance between donor and acceptor. Its 25 efficiency

I's higher, the better donoer em ssion-and acceptor absorbance overl ap,
and the |l onger the fluorescence |lifetine of the donor (in absence of
t he acceptor),..E an be very ef ficient over_distancgémg&MQQMQOA.
In the cephaf%gagﬁﬁﬂf di stances for attachnent of 30 donor and acceptor
are greater than 10A and a m ni nrum of .10 3¢ bond-lengths, if one

i ncludes the two mnimal spacers at 7- and 3-positions. Over this

di stance FRET is very ef Nucledé, ac:.ds' eridbd:.lng g-lattamaees arare (Heo rohraiined

?(ra'?hgrce)zegye stgs ggbhg ?%’é% to the ﬁo?&r&h%kgag?ym ﬁkﬁg chain

cephal osporin Treactigpeg aﬁ@“ktﬁﬂﬁﬁﬂlﬂfﬁmgrPnbﬁﬁé cenj khe eguanceniin
posi tion Fighest OpCRphethdys tdre W:bbaomphﬁdsf,eﬁﬁﬂmgm Jgl Pate

nstances die agePhokgdayoff Wik id et RIS’ tﬁ%z&%@@gfﬁrm Harbor Symp.

96/ 30540
31 cl eav&yant:.| BdpdscehutbInanshxdighe 8.} oBER oTeqhnoladncher

dye. (Stocktba PEes®| qqy,f Iltgygqphore is generally attached by a
|'i nker which inparts the,sﬁreat eg st.abi | %y of the,substrate

nucl eophi l i c attack. BIET qtﬁfé‘r egpFﬁPgé?rhe\Fectors mtt?‘es ),
which is very sxpirkesind dficgenes tin itmanefected cells finvolveddhe uise of

Ay Phys. 18 ¢ (elechlar, SRGAA fudthils @“é’%da“?n"'ﬁﬁﬁl’f*‘“. Vi 42 e ol or
thi ol ate group ?ngPEI ghs UMW §)sl 8188t & u%%&‘fﬁ?st"r% Med

fl uor ophore, aﬁdldgspningeﬁahhnr(nthoaageryhaﬂgkd|aprzng Hanh@masmuhcdlapeh

hydrol ysis. d Current P %‘&é&iprﬂ%l%ﬁgggéﬁfég@f F. rME‘ 'A% hoggar e
initially colorless an nonf | uorescent outside,ce u strates
are desi gned s8lthe$dPeadfPYrrants FrofecolEnhRajeint Ve“quFb Greesm
wher e t heys arepabmushﬁ.ﬁg Assddixveascdnc. and aohnammhyt;ysantogamus (most -
nonspeci fic es&ggg ﬁégléﬁéﬁﬁfhrapped due to their charges. 1In the

I ntact nol ecul es,

Nucleic acids used to transfect cells with sequences
coding for expression of the polypeptlde of interest generally
will be in the form of an expre831on vector zncludlng

20 expression control sequences operatively linked to a’
nucleotide sequence coding for expression of the polypeptide.
As used, the term nucleotide sequence “cod1ng for expression
of" a polypeptide refers to a sequence that, upon
trahscrlptlon and translation of mRNA, produces the

25 polypeptide. As any person skilled in the are recognizes,
this includes all degenerate nucleic acid sequences encoding
the same amino acid sequence. This can include sequences
containing, e.g., introns. As used herein, the term
rexpression control sequences" refers to nucleic acid

30 sequences that regulate the expression of a nucleic acid
sequence to which it is operatively linked. Expression
~control sequences are "operatively linked” to a nucleic acid
sequence when the expression control sequences control and
regulate the transcription and, as appropriate, translation of

35 the nucleic acid sequence. Thus, expression control sequences
can include appropriate promoters, enhancers, transcription
terminators, a start codon (i.e., ATG) in front of a protein-
encoding gene, splicing signals for introns, maintenance of
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energy transfer occurs |leading to fluorescence at a particular 20

wavel ength when the substrates are excited. Laectarase- cl eavage—ef—tte
[err]-lactamring is followed by expul sion of the fluorescein nmoiety
with loss of_fl cence energy transfer. Excitation Gs05p6 T ed
substrate noW% r’g'gﬁ'fs in fluorescence at a different wagg@gngth. 25
The assay systens of the present invention §urther provi de an

advant ageous and rapid net hod of isolation and cl onal sel ection of -
stably transfethedmatdct reasdingnfzame ngf that rgqmrlter pgemit propémvi ng t he

desired proper&gﬁs%%gﬂh U the n&#«ﬁarﬁ'&?% ngNtended to confer, e.g.

fl uorescent si response. a ter actlv |on o ‘a transfected receptor
with a hi gh si gnal -Hhe. kecopbinant Aieic Rcid FABpBRt LRFOHPOTALS ted
cell's. Currentiptecaiwhgressionl vectos ed:m;irm:rgf expressibn séomt ool | y

transf ect gd, ggg@&/ér?‘gép# )65’%%?%35 dlf.xﬁg%rf recoh??n%ﬂ%;ﬁg#lgﬁp% d

are done frainly atrn one se
col oni es, vi suthe mase@novector prrike rQﬂ?Rﬁeénés’r fupotionsHati on of

the replicas Oprékryotes RrCEAkaefottd 195 iNelvisieht bEJapprépPistenged

cel lul ar cul tivations. ,Thi £ 8rocedure s | ab i Qus ti me- consum ng;
VO 96/ 30540 Promoters, replication sequences, E‘?PUS?)@?MOSQ
32 it may requi r §heerecambinant nuclejenacideuged| boctxandfgct dthe

assays syt ed é@lﬂrd&m%%@eakﬁgesmx?oa&rurdﬂ eeaudhaégcabérémy linked to
manual |y sel ect an tain nore th an%é‘ew 3 gd cl ones, ct%n%
the assays of ¥HW SEAUSAES SPRCQINY & FrdacipgRas. othe i AAckaAmdns,,
bet a- | act anascenaplad eans bet anycknowe titieniaxtdor describeéed rhéreimg Ahis

viable cells. Repliddd, p'f%y | 8%aRb160! Ok Yndyhes showhNIRCASFAIY, because
single cells can be assa or further

nul tiplication. Thus, tﬁﬁvﬁﬁm%tl?’fﬂ?"des n°8F§| ﬁ?‘??‘&‘l’:l'?a‘ﬁ ARG
cells, ons carad:kpimﬂlpcm&beclnbmndmg(bxpfmmdr:ontlnal bequergcesalddapﬂdd‘n

the best fluorgscenintionalin 2 on - hrhnL 134 %Wf&?go{:ﬂétéé'i‘f Sy as a

fluorescent - act | vat e orter . cto | nson, "FA!
vant ageTI\/l Thelinked té"eIaeE‘PEEleBE?‘& %%ceéPpgcg %m%%%%fﬂ'br? R

cytosolic S-lactamase.  As used herein, "cytosollc B-
_ lactamase" refers to a f-lactamase that lacks amino acid

20 sequences for secretion from the cell membrane, e.g., the
signal sequence. For example, in the polypeptide of Sequence -
1 of Fig. 7, the signal sequence has been replaced with the
amino acids Met-Ser. .Accordingly, upon expression, this f§-

. lactamase remains within the cell.

25 This invention provides recombinant nucleic acid
molecules including expression control sequences adapted for
function in a mammalian eukaryotic cell operably linked to a
nucleotide sequence coding for the expression of a 8-
lactamase.

30 It is further preferable that the ribosome binding
site and nucleotide sequence coding for expression of 8-
lactamase contain sequences preferred by mammalian cells.

Such sequences improve expression of g-lactamase in mammalian
cells. Preferred sequences for expression in mammalian cells

35 are described in, for example, Kozak, M., J. Cell Biocl. 108:
229-241 (1989), referred to herein as "Kozak sequences". The
nucleotide sequence for cytosolic f-lactamase in Sequence 3 of
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propagation to produce a clonal cell line with the desired 15 .  properties
for assays and drug screening.. . As woul d be-i-mmedi ately
apparent to those wor ki ng in the fleld t he conbi nation of a novel
substrate in accordance with the invention and a suitabl -
[err]-lactanmas owggﬁuo be enployed in a wde variety of dif ereﬁ?a%ggzy
systens (such 20 as are described in U S RBgent 4,740,459). In

particul ar, the fluorogenic substrates of the jnvention enable the
detection of [erfig.| aicomadnacKoxakysedquencal€otarthet yiucteotides -9 to 4
bi ol ogically inp ments, such as human bl ood serum the

cytoplasmof cells an |ntraceIIuIar conpartnents; 25 this facilitates
the measurenent of peripl ¥9gpcugedsin eanmalian cells, thesexpressgion control

fFurt her, the exrﬁe@ﬁmsoaranxdhﬁte@tfﬁ Cﬁutti!dtﬁ:?ﬁ :.hemammalﬂiﬁﬁeféflb by The
usi ng a gege eng n to er act ama &

whi chgcan b2 | o@bﬁqiq?g Qkygphﬁuﬂﬂgf&‘ﬁ? gisdr“fe%b‘ tP] ESPE%E%nﬁ’épﬁ?s%f‘ﬂg &ﬁ?‘
m croscopy. Foranxdesised] set] of cexpwassion contirodi eaqpencesns Imy be
detected in the daﬁm&uthor 4a08! {8¥ention Mm&mt e8rUEEsPind Nexprtindici s

of the |nvent|o subcel | u) ar tnments contai |n fu5|on
or ot ei n gﬁéu&&b&emmm@{ AOREROHL, FEGLPRCEP - | (AR 3%%433&
substrate, vvher é’astd@zlcl:.bdeh exprésaion sontatola seguencagt hrefers ctl:mrexpmaitqm

of the intagt Mipgwos sequences which ﬁé@ﬁaﬁthB bEB@ﬁémP&Q% : €K§¥H either

substrate are | retalned_in cells w thout
measur es. such increasing Qy) deorepging the expression of sequences to

PCT/ US96/ 04059 which they are operably linked. For eil@mple, imhild icame tfe
col or change (ewemelsh ihBALYEA 'séé?ézd homoﬁggmal:*)énezfﬁ#éégléx? é’drft'z@le

through a fluoréscence m ¢rosc usi ng normal _co VI SI on

phot ogr aphi ¢ fi [8AueRses inclyudes m ROPSfa§lementsint i The Pinging of
further ent@ncea isgeroidchoresihe aredepticy tal thengesponse selempritedndutess.
Moreover, 'E‘i%?&é'h EESnE‘Gf'é’ﬁé %}IQC%E%QESE&GQ:LH ba Wo %m%‘i{pz’lﬁlon

singl e |nten5|ty but a col an ein he rati1o
bet ween two |ntéﬁ@FFPéssﬁﬂuﬂm?$%feﬁFqﬂﬁW@P€ﬁ99ﬁ§tr°1 sequences for many
genes and for inducible genes, in particular, have been

isolated and are well known in the art. The invention also is

20 useful with constitutively active expression control -

' sequences. o -

The transfected cell is incubated under conditions
to be tested for expression of f-lactamase from the expression
control sequences. The cell or an extract of the cell is

25 contacted with a f-lactamase substrate of the invention under
selected test conditions and for a period of time to allow
catalysis of the substrate by any B-lactamase expressed. Then
the donor moiety from this sample is excited with appropriate
ultraviolet or visible wavelengths. The degree of

30 fluorescence resonance energy transfer in the sample is
measured. _ -

If the cell did not express f-lactamase, very little
of the substrate will have been cleaved, the efficiency of

. FRET in the cell will be high, and the fluorescence

35 characteristics of the cell or sample from it will reflect
this efficiency. 1If the cell expfessed a large amount of 8-
lactamase, most of the substrate will be cleaved. In this
éase,-the efficiency of FRET is low, reflecting a large amount
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t he "assays of the present invention are relatively imune to 10 many
artifacts—such-as-—vari abl e-deakiness—oef—eel |l s, quantty— of subst rate—

illumination intensity, absolute sensitivity of detection and
bl eachi ng of Sgﬁgﬁﬁﬁa' A variety of substrat gscrinssogidoss
conmpounds of f or mul as 17, 22 and 25) have been prepared and

their em ssion 15 spectra obtai ned before agd after S-lactamase cleavage.
These substrates allow for [err]-lactamase detection primarily in
vitro, sorhhygllmetfmirw pft bheecleavage cwizymenredasivento the rate

thei r hydrophobpg paj #élﬁi'Q%HPE E8ﬁ6§1§6fﬁﬁbeﬁﬁ“ﬁ%éﬂ@§ﬁ$constru&Q a In

| oss of quorescence |n the 1 ntact_ su

str | act a
cl eaves t he subSRfA%ReChy HhS @@§§°§hﬁagfgiﬁ?$ﬁé o coqgaggwpﬂga?grcells to
fl uorescence. Cmaenm&t& Weiah oneanposnesilgreater ormilEas enzymahicever sed

| ocati on of don cc '
SbrEPELRCCBUSH cellp batPREPAGICd by i s3ERRRHERRE o1

exhi bit S|n1Iar cence B
preferred enbodPRERRT Paged am fducreacence. conpound of general fornula

1 was coupled to a conposkboyf as willgbsesppafearitntc those workingcimpried

of general for I V

coupled to co ngh% of us?q?ggg‘a&glégyé¥n%e%if%;ﬂr%oe? %&Q 8%1%‘:{@ dnL%t
reacted with 3osammlmcnmmos>lsy |aan3198cbaﬁﬁurﬁf cﬁovgveweﬁlm (FBW%F%TH]-
Depr ot ect i@n of of OSfAEREL & )qe hatakral ﬁr@@@@@m&ﬁc@en@raharine dnimat a 7.

(1) SXCTPLErY SRR B L enisy B5E 4] Sl WapmcelCuilth 1 [de

trinmethylsilyl ago 4 'inverse agqunggp3@54qptagonlsts of cellular

PCT/ US96/ 04059 signaling or activat$én, the combination of cells {preferably
mammalian) genetically engineered to express beta-lactamase

1s under the control of different regulatory elements/promoters

.and the use of. the novel beta-lactamase substrate compounds of
‘the present invention will provide distinct advantages over
known reporter genes (including, but not limited to,
chloramphenicol acetyl transferase, firefly luciferase,

20 bacterial luciferase, Vargula luciferase, aequorin, beta-
galactosidase, alkaline phosphatase) and their requisite
substrates. - '

By the choice of appropriate regulatory elements and
promoters to control expression of beta-lactamase, assays can:

25 be constructed to detect or measure the ability of test
substances to evoke or inhibit functional responses of
intracellular hormone receptors. These include expression
control sequences responsive to inducible by
mineralcorticosteroids, including dexamethasone [J. Steroid

30 Biochem. Molec. Biol. Vol. 49, No. 1 19%, pp.31-3]),

| gluococorticoid, and thyroid hormone receptors [as described
in US patent 5,071,773]. Additional such intracellular
receptors include retinoids, vitamin D3 and vitamin A
[Leukemia vol 8, Suppl. 3, 1994 ppS1-8S10; Nature Vol. 374,

35 1995, p.118-119; Seminars in Cell Biol., Vol. 5, 1994, p.95-
103) . Specificity would be enabled by use of the appropriate
promoter/enhancer element. Additionally, by choice of other
regulatory elements or specific promoters, drugs which
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influence eiﬁﬁéésion of specific genes can be identified. Such
drugs could act on specific signaling molecules such as ‘
kinases, transcription factors, or molecules such signal
transducers and activators of transcription [Science Vol. 264,
1994, p.1415-1421; Mol. Cell Biol., Vol. 16, 1996, p.369-375]}.
Specific microbial or viral promoters which are potential drug
targets can also be assayed in such test systems.

Also by the choice of prbmoters such as c-fos or c-
jun [US patent 5,436,128; Proc. Natl. Acad. Sci. Vol. 88,
1991, pp. 5665-5669] or promoter constructs containing
regulatory elements responsive to second messengers [Oncogene,
6: 745-751 (1991)] (including cyclic AMP-responsive elements,
phorbol ester response element (responsive to protein kinase C
activation), serum response element (responsive to protein
kinase C-dependent and independent pathways) and Nuclear
Factor of Activated T-cells response element (responsive to
calcium) to control expression of beta-lactamase, assays can
be constructed to detect or measure substances or mixtures of
substances that modulate cell-surface receptors including, but"
not limited to, the following classes: receptors of the
cytokine superfamily such as erthyropoietin, growth hormone,
interferons, and interleukins (other than IL-8) and colony-
stimulating factors; G-protein coupled receptors [US. patent
5,436,128] for hormones, such as calcitonin, epinephrine or
gastrin, pancrine or autocrine mediators, such as
stomatostatin or prostaglandins, and neurotransmitters such as
norepinephrine, dopamine, serotonin or acetylcholine; tyrosine
kinase receptors such as insulin growth factor, nerve growth
factor [US patent 5,436,128]. Furthermore, assays can be
constructed to identify substances that modulate the activity
of voltage-gated or ligand-gated ion channels, modulation of
which alters the cellular concentration of second messengers,
particularly calcium [US patent 5,436,128) . Assays can be
constructed using cells that intrinsically express the
promoter, receptor or ion channel of interest or into which
the appropriate protein has been genetically engineered.
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35-. The conpeunds of—general formHa—6—were nodified—+e—
obt ai n menbrane perneant deriVvatives which were converted to t he
correspondin scent conpounds of general fornula 7 bdeo. ws ct
cell s due togpﬁéﬁéé@ion of endogenous nonspecific 5 ester%g%g. nathese
nol ecul es, fluorescence resonance energy transfer occurs fromthe

7- hydroxycoumarin noiety to the fl uordascein noiety, leading to green
fl uorescence when the conpounds are excited at about 400 nm After

cl eavage of the [ he] expresgion qentapdi sgauences algo can be those

7- hydr oxycoungdgpoiaioky tdOsubsambtdss tHatbmdaulihber 88TE G fade riaprns
ence at about 450 nm and

enbodi nents, a 25- old jncrease.in fluores
athree- to °©°%F hF&uPPSPEa%%C#ékﬁ;'QéiﬁqlESrggggﬁggrﬁt 515 nm was observed.
MONI TORI NG GENE EXPRESSFONné&@sure whether a Bubstanhceror arixffuxenief i nventi on

nmake it fasi Yifdt@nces actSPalés IdxdrAidedTRI8radrai AERPAES EIuHR Srddegtdlyid OF
t he expression

fro set of expressi control sequences. |.n one

aspect St oL PR, SRLFOHAT ERARARES Lt (5145 BPORBHRIRY | R} Hohprtanase
expressi on contirodiled bypta desbtaEd miompterienhhneer uehememtb\aresi ng [err] -
20 | act amas q?ah p. r lech S LPgde t : een
transfected vviq't agfégoﬁ%{:ﬁa%%&:ﬂbeﬁ%(?&?gi(ﬁ I'TDP{é“Q%‘:e &?é%(?n%}ef%'i r?é“itjhe
expressi on cofter 3cgeERaEr pgytad|of timecgheofluoresegpoeisionaly is
Séequm_cem coﬁlmlgs_heedt 8 SXPHES o) off thv %citationlﬁﬁiﬁme-pﬁ&s o

econbi nant S : S [ ei fe "nucl ei c
acid nDIeculeg&ms%%régﬁglE%e%hﬁxﬁq?ﬁﬁ@Aq§H3°ﬁﬁ§ %glgﬁﬁl%é? {¥§HI{42%§ '
understood  compound GRER withiravelength peizsupf peaxr AQS tn AR neapNA 30

sequence, thi 253 sa kRQ! Hégs £ 41 Helares1baMmNg tfRis FlurEdRMIONEsUIL

RNA sequence i,n which "U' replaces "T." . The, . term "reconpi hant nucleic

hetd ol ecul ort% SPEPEred 50 Epfrel ssmpled Fhich e Bad G1P (R

nat ur al 135 occrreiatgentnandhiwien feasidipni coptrod samplen iwidls oy daowss

whi ch are not {pRivisbkyar® a kidwif@dtaVRkBe! - ThECESrdENaY dHiE |fitavaci d

nol ecul es are Qrod ced b&/ arti fd Ci il copbi nat‘{on e.!% , qlenet I C

engi neer i ng drugs is then determined using the ratio of the 'fluocrescence
~signal found in test wells to the signals found in wells with
no drug treatment. Assays are performed in wells in a

20 lmicrotiter plate containipg_BS or more wells or in an assay

system with no compartments such as a gel matrix or moist
membrane environment. Detection could be done for example by
microtiter plate fluorimeters, e.g. Millipore Cytofluor, or
imaging devices capable of analyzing one or more wells or one

25 Or more assay points in a certain surface area, e.g. as
supplied by Astromed. The ability to retain the substrate in
the cytoplasm of living cells is advantageous as it can allow
a reduction in signal interferencg from colocured or quenching
substances in the assay medium. Furthermore, the fluorescent

30 signal from the compounds of this invention, such as CCF2, can
be readily detected in single cells and thus allowing assay
miniaturization and an increased number of tests per surface
area. Miniaturized assays also further increase the
throughput of an imaging detection system as there are more

35 samples within the imaging field.

The assay systems of the present invention further
provide an advantageous and rapid method of isolation and
clonal selection of stably transfected cell lines containing
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Nucl ei ¢ aci ds encodi ng [err]-Iactanases can be obt ai ned by net hods
known in thsg? é! for exanpl e, by polymerase chain DNA
using prine on the DNA sequence in . Fig. 1. P ods are
described in, for exanple, U S Pat. 5 No. 4,683,195; Mullis et al.
(1987) Cold Spring Harbor Synp. Quang2 Biol. 51:263; and Erlich, ed.
PCR Technol ogy, (Stockton Press, NY, 1989). The

constructi on ¥#PBERR GANES DG bamagdthmedeslredammmtdnsowhgeheshen

transfected C@i&ﬁsﬁé&ﬁdﬁ?%atshgntléﬁdéé Y com:.emél %{’) Q'l%BbEQcEﬁEhQiQHQf
also well known in et al ecul ar Cl onin

Labor at ory MHTIRRC nse afat&ﬂ &°§EJ?’PF|8° ?gd? E%%ef TeGePRtar: FhER HAr bor
NY, (1989) higlaruigﬁzlr—emt-nlaﬁ.seoratmmf Nt ddsr 18i:al Egpm &. Mighusubel et

. ed 2 0 N@.45
E’Ub| ' ghlsng gsgs%él atteisd ,ptoqgcq 8@3& é%¥e%£%%%dﬁ&§s St slondcent
Suppl enent)). selection °f satlﬂﬁéFE?E I eranafacted : cener 691§¥Ils mnth

sequences eng:maem;é @eldsp ECOMI ane cﬁoﬁmmryﬁemﬂide etrahBfeceed with

ener al | c d|n
gxpresm gn con *Acséé%ude%gegﬁg%g%a 1V %%@i \69 hg{“ﬁég J@%
sequence codlim’cfldfe @qmesgau sounds of rpglﬂmpiﬁe analysegg asbelctim me m

nucl eot gde sammq @@f@&r&érc%ﬂéﬁsﬁéﬂhtion off the BobME %Nﬁaaﬁfi ers to.
a sequence t .

_t he 35 pol ?ﬁ%&ﬁ'ﬁ d'é’g Sggggﬁ a érguﬁ‘?rfl on ‘.HL'lﬁ’ nsl at Pgl?’agéaﬂ?z ,gg{ oduces

t hi s i ncl udepradeduggedsr éabonmouelmémﬂnwgmmgembdmag requixréie sane
am no acid SW mbithsCeB 4BRéFite %%&%’H&E%seful ¢ept i‘bQé g sfited to

i ntrons. ed herein, the térm |Qn ontrol g nces

refers to nu SCTresning- s@ﬂﬁ%ﬂﬁiﬁ't¥ﬁu1% E3ce FhE°e%5?%§ Bresfect
nucl ei c1%ci d and naiagadnc aore thanha i few hhwoplredk iclehegsl | Ukbdg Eherxssd s

contrel SeqUECeh @ reQQﬁEaEhVSMiéﬂ Nkal éé%:fi-egu‘:}h&hﬁlaffgm cellufdt/€nce

_Wnen the expr. estsal- act%nmggg r283¥§§§ essysctoerg ro::oa.n %e maintained within living
and viable cells. Thus, one can rapidly select, from the
population of initially transfected cells, those few living

. 20 - cells with the best fluorescent signal using automated
instruments such as a fluorescent-activated cell sorter, e.gq.
the Becton Dickinson FACS Vantage. The selected cells are
then collected for cultivation and propagation to produce a
clonal cell line with the desired properties for assays and
25 drug screening. _

In addition, the presence (for example, in human
serum, pus or urine) of bacteria resistant to £-lactam
antibiotics can be readily detected using the substrates of
the present invention. Only in the presence of an active 8-

30 lactamase is there a change in the fluorescence spectrum from
that of the intact molecule to one characteristic of the
cleavage product. The substrates of the present invention are
superior to prior art chromogenic substrates Nitrocephin and
PADAC, in that the inventive substrates are stable to human

a5 serum. The novel substrates are also more sensitive than the
chromogenic substrate CENTA, because they experience a much
smaller optical background signal from human serum and a lower
detection limit for fluorescence versus absorbance.




regil ate the transcription. and as appropriate, translation of 35 t he

nucl ei c—acid-seguence. T r ess+ep—eont r ol—seguenreces can i netdde
appropriate pronoters, enhancers transcription termnators, a start
codon (i.e., front of a protein- encodi ng gene, cJoso
signals for |ﬁ?$%ﬂéﬁﬂ%alntenance of WD 96/ 30540 fé*ﬂﬁﬁ
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readi ng frane of that gene to permt proper 43 transl ati on of the nmRNA,
and stop codons. The reconbi nant nucl eic acid can_be

i ncor por at ed into aFPednvention wartbe kekper ANRPXSEOOSSWHER contr ol

5 sequences Op@f@tence Yrd Iﬁﬁ@cadc@mbaﬁ mgoeiaamsnumgm a3e dntended fbe

'expreSS|on vect or can be I, func | ONn arvyot e
kot o by i REFEeRen of Ghlitsatieh 'S8Ly ut tenourd KR ¥EpERRSed as
sequences, narkénsangigense limiting the sqbperef ohite merm;@r:eag defdnededn

to transfegt thegndOclafifd!a A he®spheSSi On control sequences operably
linked to a nucl eoti de sequence encoding a [err]-lactamase. The
[err]-lactanase encoded can be any known to the art or described

herein. This MEAéEBEMEHES, for exanple, the enzymes shown in Fig. 7.
Thi's invention provides ”ﬂi@'dég%‘é%”’@fn?ﬁﬁrné% BHé ée"_ternﬁfﬂe% | gyl 8Pectral

including expressign control seéquences adapted uncfion’in a
non- mamal i an eBRaFiuprescange Jddessmp ch arac???ﬁﬁﬁ??(P€59¥ECP§8PF89
sequence aadi ngcémstrm.emzessdamplet by determirdirgplthe [imtehsliagt afecbe As

used herein, Cfi&@f%%éﬁéé”éggnal from|€ﬁéa§@ﬁﬁi & ron%ﬂﬁ& %eFF]-Iactanase

t hat | acks an1no acl ences for secretlon menbr ane
e.g., the WC%Wl frem thenpFeertor + Hde FaFdepPEJEhef
Sequence ﬂ@ér&@n&e dripd itugesl nseﬂumsead‘taépﬂwrs l‘eﬁn}ibaﬁ.eﬂ waibma heo

am no acids Metg Srf%¢§¥é§¢¥d3% gﬁpggggdggnﬁg§§léﬂg ééyai sion maximum,

| act amase renmi NS” W |nven I oOn provi des
reconbi nad® nucPeithecexrited skatechifetime|efiithe dgnasi Fercenample,

sequences adaptéledvdge of the'Qinkeri Indré@sedtinn iRitelaiey efcElloppscanty
linked 10 a ¢ QHGRQddHRS CHRAEE LAY {Medd iR Y FiRbIaBEnBel BELR
the acceptor, decreases the ratio of fluorescence amplitudes
from the acceptor to that from the donor, and increases the
20 - excited state lifetime of the donor. '

Preferably, changes in the degree of FRET are:
determined as a function of the change in the ratio of the
amount of fluorescence from the donor and acceptor moieties, a
process referred to as ﬁratioing." Changes in the absolute

25 amount of substrate, excitation intensity, and turbidity or
other background absorbances in the sample at the excitation
wavelength affect the intensities of fluorescence from both
the donor and acceptor approximately in parallel. Therefore
the ratio of the two emission intensities is a more robust and

30 preferred measure of cleavage than either intensity alone.

The eicitation state lifetime of the donor moiety
is, likewise, independent of the absolute amount of substrate,
excitation intensity, or turbidity or other background
.absorbances. Its measurement requires equipment with

35 nanosecond time resolution, except in the special case of
lanthanide complexes in which case microsecond to millisecond
resolution is sufficient. '



30 ° It is further preferable that the ribosone binding
site and nucl eoti de sequence-codi ng fe+ expressien-of [err]-
| act amase contain sequences preferred by mammalian cells. ~ Such

sequences |np,§%§g§éage33|on of [err]-lactamase in mamalian perpsedifabdes:

Preferred sequ expression in manmal i an cells 35 are described

in, for exanple, Kozak, M, J. Cell Biol. 108: 229-241 (1989),
referred to herein as "Kozak .sequences". The44 nucl eoti de sequence for
cytosolic [err]-lact L

P%T/BSQ%/OEOEB] anaseAééké%%ﬁﬁT“ﬁ%i%a%&e Chel moiggies §¥¥:3 54'rgbed in

contai ns Kozak valjlamiéne, fbhrMihek hedlfoRi.Ces US Patd 5,373, Q!Zﬂ?ﬂ!hh&h&ﬂﬁn.
When used in ma li.,agq,ce r ogkl. o -
rallag ;¢ bbﬁe éﬁ%ﬁ%ﬁw&f gt 5.3% 160 RS Hadiis,

adapt ed for function i n od o
is useful to teﬁtvnéﬂéﬂﬁﬁéés¢@ﬁmfr4iﬁ 1391-1387 {28PPby HeXigichipRosidiem-
control se@ienC@harh) Bull. $2¢ t97aHsms (abbd)i;nrakalon Hs eseail) for

testing expressb °°°ﬁdﬂ€?%%e éﬁd%F'@d% ?éBrQiﬁbQ? cggﬂépl gqugpgﬁg.

used herein, r €ssion Nt rolf “sefuences"” refers
expression 10 A@Gﬂ'tr@%eqﬁ@ﬁcé&ﬁﬁhllé-ﬁﬂﬂeéé@ﬁé)ﬁol'br HMhekifedvingfaRs . J-
ei t her by amge. ceheRy Séc derIpasiag bhssexmassmon of sequences to

whi ch they are operably I% kgﬁﬁ%ﬁﬁ§ﬁ$§§ ﬁaEBRF % ﬁg§§h§g%3u51 qfnes

i nduced by steroid hornon
i ncl udes Hd&r non€éluospuater el cinrgenerais bxndmgz.gn Isdlaial@!:erw H?é"f nmone

receptor to thegtegp %&%&m& Havers first WbPEBEAGER] Pheifed henmani,
operably linked to,t ression eguences 5§P 1.0
control sequenc@§°#5?tﬁﬁﬂy° tics. éﬁﬁéeﬁﬁ&tF5F°PnHBE+fﬁ ?r?xCI ation
particul ar, havealidanion to exmﬂtﬁenheamamaﬁe welh kaepmnse»tﬁiuqmascenua :
nvention al SO b3o2QinsVsh! the Mddp1RORalik! Halai kY oACkAYEh LY & it 16YeP !

sequences. nsfected cell I s incu under
condi tionst®  thatpds;diferent fé?ﬂﬂ' &b GPFC&FaFéPF] "’?‘é%f%’f’%\"s}é' f hleREion
expressi on optliteothérgesllext thec emisksion fromxtheacsample he The |devsiceb

contacted with g feyplyl 36! QBSipeiiitie?tonttohf6r! Y SHAIALIHdSe sample at
a specific temperature while it is being scanned. According
to one embodiment, a multi-axis translation stage moves a
. 20 microtiter plate holding a plurality of samples in order to

position different wells to be exposed. The multi-axis
translation stage, temperature controller, -auto-focusing
feature, and electronics associated with imaging and data
collection can be managed by an appropriately programmed

25 digital computer. The computer also can transform the data
collected during the assay into another format for
presentation.

Methods of performing assays on fluorescent
materials are well known in the art and are described in,

30 e.g., Lakowicz, J.R., Principles of Fluorescence Spectroscopy.
New York:Plenum Press (1983); Herman, B., Resonance energy
transfer microscopy, in: Fluorescence Microscopy of Living
Cells in Culture, Part B, Methods in Cell Biology, vol. 30,
ed. Taylor, D.L. & Wang, Y.-L., San Diego: Academic Press

35 (1989), pp. 219-243; Turro, N.J., Modern Molecular
Photochemist:y,.Menlo Park: Benjamin/Cummings Publishing Col,
Inc. (1978}, pp. 296-361.



sel ected test conditions and for a period of time to allow catal ysis

of the substrate by any [efl t anase—expr essed—7rhen— t he donor
noi gty fromthis sanple is excited with appropriate ultraviolet or

vi si bl e wavel engt hs. The degiee of 30 fl uorescence resonan
transfer in tﬁ'%8 e is nmeasured. | f tEe cell P
'not express [err]-lactamase, very little of the substrate will have
been cl eaved, the efficiency of FRET imeg he cell will be high, and the
fl uorescence 35 characteristics of the cell or sanple fromit wll

refl ect t EXAMBIBES i ency. |If the cell expressed a | arge anount of

[err]- ] f:cacy arrase,frr%auTghallas M%ﬁﬁ:ﬁwdrhpib@ whsapedfohnesi Masing

case, the e I Cl C (6] | ow, .Ire egLl.n ar ge n

SUBSTI TUTE SHEESEY @%?ﬁemi' §thad > Fod il R mdHS 8BRY"burchased from

PCT/ US96/ 04059 Aldrich. Bakerbond Octadecyl from J. T9 Baker washuged for C,,

ef ficiencygof tf'@v&seéa‘ﬁﬁ%eeﬂﬁi‘gﬁaﬁ%ﬁéﬁﬁﬁl lgd1vRRtEa(Righ prebsiyat Deghsa of
S uct.

t he tandem fl uorescent “protei n cqQn

% ne asgect t hi s met hod
can be used to THFAPALOITIPRN; SEBALL were use égﬁth§°WﬁF A3RBY #Bssess
greater or | essrexwised, or Griedcover tactivared oelesudarn bBievest ¢é3 Ay for

fl uorescent cel s sed on fl uorescence. Al so,
as wll be appaéryeﬂlﬁh%t&%s%g‘gghﬁgrgki ng in the, field of usi ngsreporter

gene cel | -based assays f&LUSEPEEANGY excitatign,and gmiggire gPeShRp ¥ere
i(such as gonpounsksuxedriiithesr bal a lSpex Flupailoet 1d)l, orabnr al Kpr flluctometer
‘extracts, or majd al_ . ract o dent s o] | r '
candi dat es whi c#é(}g’t achsa %axgnggogﬁgt%? fgnti/leor édg%(;eg%}r#lsﬁtg %rﬁgg%‘?géggn#g?%a% v
cel I ul ar stepntishg Fheaeffigiensy ofhL£lNansSEENCENeBLTTY| FEaARRERY ¥ag)| v

manmal i an) genedéednihe FroRCLRE ERaryd B tHeclintegrhesdsElidrescenes t he
e o G Al PhBL Yo EAL 4 B Vg B0, EEBatRfre il
provi de di§ti nc-kabttanasges Eerr £luoresernge migyossppycAB3ginge| WP Ny, but
not limted to,gjifferent imaging setups were used. One, with an inverted
B . fluorescence microscope, Zeiss IM-35 (Thornwood, NY) coupled
. to a silicon-intensified target (SIT) camera (Dage-MTI,
Michigan City, IN) has been described in detail [Tsien, R.Y.
20 = (1986) New tetracarboxylate chelators for fluorescence
measurement and photochemical manipulation of cytosolic free
calcium concentrations, in: Optical Methods in Cell
Physiology, ed. de Weer, P. & Salzberg, B., New Yoxk:Wiley,
pp. 327-345; Tsien and Harootunian (1990) Cell Calcium 11:93-
25 109). The other consisted of a cooled charge-coupled-device
(CCD) camera (Photometrics, Tucson, AZ) connected to an
inverted fluorescence microscope (Zeiss Axiovert).
Fluorescence resonance energy transfer was measured
by monitoring the ratio of fluorescence intensities at donor

30 and acceptor emission wavelengths using commercially-available
filters (Omega Optical).
Excitation: 360 DF 40, dichroic mirror 390 DCLP
or 405 DF 15, dichroic mirror 420 DRLPO2
Emission: 450 DF 65 (donor emission)
35 515 EFLP (acceptor emission)

435 EFLP (to view donor and acceptor
fluorescence simultaneously)



chforanphenicol acetyl transferase, firefly luciferase, 20 bacteri al

| uci ferase, Vargula luciferase, aequei-n, beta- gal act osi dase,

al kal i ne phosphatase) and their requisite substrat es.

By the choi ceyg éopriate regul atory el enments and ??&h§%§%h§
control expre55|on of beta-| actarase, assays can 25 be con

detect or neasure the ability of test substances to evoke or inhibit
functi onal responses of i ntracel | ul ar {nnne receptors. These include
expressi on control sequences responsive to inducible by

nineralcorticsﬁ#ghg%gsibqe hqggﬁg gfyanethasone [J. Steroid 30 Bi ochem
Mol ec. Bi ol 0 31- 3%? gl uocaocorticoid, and

t hyroi d hor none receptor'§°[5§5’éle§’%?|%"cﬁ~° propexties of ascephategporin
Addi tional sucwithttwoedel mblecules eneiched vk Sl lowingomddelV cbapbints
and vitamn A wa Qﬁgﬁkenkggvol 8, Suppl. 3, 1994 ppSl-S10; Nature Vol.
374, 35 1995°2f. FABERGE 2N nars in Cell Biol., Vol. 5, 1994, p.95-

103] . Spe§|f|C|ty woul d be enablﬁg by use of the appropriate
pronot er/ enhancer el enment. Addit ) yr'Choi ce of other regul atory

el ements or specific pronoters, dr WO 96/ 30540
PCT/ US96/ 04059 coH 40 i nfl uence
expressi on of specific genes can be |;Eﬁ'|f|ed chh drugs could act

on specific signaling nol ecul es sucHag® Ki naaes
factors, or nol eculgr, sugh si gnal ky/L transducers

transcri pPion [ Sci enc. 264, 5 1994 p. 1415-
Vol . 16, 1996, p.36% L \-SH mcrobl al 'Qf
are potential drug dHget s qan al'so assayed

Al so by the choice of pronoters_ay -J&S OoF C-
5,436,128; Proc. Natl. 8cad. Sci. : 1 1991,

pronot er constructs containing _ gutfat ory’ el enent s

second sengers [ Oncogene, 6: #AE 6”9 cyc
AMP-r espUTisi ve el enent s, phor bolggst er response el enen respon5|ve to
protein kinase C actlvatlon) BerQM r esponse el enent ﬁ&fﬁponS|ve to

protein o_(fy‘o
- 1

10

20 The first synthesis step was to convert 7-aminocephalosporanic
acid into a bifunctional cephalosporin carrying a thiol in the
3’-position and the 7-amine [Van Heyningen, E. and Brown,
C.N., J.Med.Chem. 8: 174-181 (1965); Japanese Patent, Kokai
75/18494, CA 85, 97320d]. This cephalosporin was then reacted

25 selectively with an thiol-reactive dye, followed by an amine-
reactive dye. The thiocl-reactive dye 5, {6) -iodoacetamido-
fluorescein and the amine-reactive dye 5, (6) -carboxy-
N,N,N',N’-tetramethylrhodamine-succinimide were coupled to the
cephalosporin in aqueous dimethylformamide at pB 8. The

30 product will be referred to as RCF.

In phosphate buffer at pH 7 RCF is virtually non
fluorescent; neither fluorescein nor rhodamine show much
fluorescence when excited at their respective excitation
maxima, which is indicative of chromophore stacking (“dark

35  complex"). After long'term treatment with g-lactamase the
B-lactam is cleaved causing the fluorescence of both dyes to
reappear (Figs. l({a) and 1(b)). ‘This experiment confirms that

one can measure f-lactamase catalyzed hydrolysis of the
SUBSﬂTUTESHEET(RULE26)




15 ki nase C-dependent and |ndependent pat hways) and Nucl ear Fact or
of_Activated T-cells re gie| enent—(responsive—to—— calcium te—

control expression of beta-|actamse, assays can be constructed to
deétect or measure substances or m xtures of substancesgﬁy | ate
cel | -surfaceVP@&@$#drs including, but 20 not linmited to, e Tollow ng
cl asses: receptors of the cyt oki ne superfam |y such as

ert hyropoi etin, growth hornone, i nter4®rons, and interl eukins (other
than IL-8) and_ col ony- stinmulating factors; G pratein coupled

receptors [US Bztaskam in CQPhQQGSEQB}n$ Y Hargees of fhugreesente onin,

epi nephrine orqéénchiesiidihg RaNappASpLiatel iduricadcteptakopairsuch as
stomat ostatin or prostaglandins, and neurotransmtters such as

nor epi nephri ne, dopam ne, serotonin or acetylcholine; tyrosine Ki nase
receptors suctExamplei@in growth factor, nerve growh factor [US

paLePt 3, 53?h1$8] Fur:h&?ﬂ%hso?ééﬁﬁySliﬁﬁhﬁ“kéSJ1ﬁ§%@ﬂ%&é?059dcéﬁVéﬁﬁiﬁmfy
subst ances tha ate ctivi a ated

| i gand- gat ed |?§J§§%ﬂﬁﬁﬁ%§ GFQFIB% %Rmercaptgﬁ;qafggpgéps %ﬁe cel l ul ar
concentr at i on dfazmrizationsseogrersion to the tdtdylxanghabeci and[ US pat ent
5,436, 128] . ASSNSa AN dIf of the ﬁaﬂéﬁée@hﬁﬂc R e Bd EB3the NEFS! Cal ly

express the 35 r onot_er, receptor |ntgrest or into
whi ch t R i-at &tpWBBeFANPLRY tk 7 -REAMORCELPPLERTi neer ed.
SUBSTI TUIE SHHEepHdAddpaianic acid by nudﬁcﬁﬂiﬁﬂmaisplacement of the

PCT/U896/0405QJ 1de by the mer apto gﬁyup of the flu%%escezn. The
expr essi on contro eguences al so_ can resgon5|ve to
subst ances thaf~ m%%@-ﬂ?&aw%?%ﬁt%r@ld had peep preprrd 4xem

intra- ceIIuIar?{&ﬁiﬁﬁd!phalosporanzc acid anbb byempacetyllebkemide s[Ewmtreicke, or
mxture o S c.RYRN UCCS ABLbUALEE MNARTA Yr CephBLbaEEHIM in:
15 Beta-Lactam Antibiotics for Clinical Use. Series: Clinical
Pharmacology Vol. 4, edited by Queener, S.F., Webber, J.A. and
Queener, S.W. New York: M. Dekker, 1986, p. 255-283)."

20
_ 1. NaNO2, HCl
OO iER O™
3. HCl refiux : .
: 4. NaHCO3,02
@,co,n 5. Ae20, Pyr.
6. HSCHaCHOH
' - o}
25 1.
“9 _ M*.. Og,j” o’,f
12 s :
oA
o OAc o O ¢
OzH
30

13 - 14

To prepare
78- [ {5-diacetylfluorescein)thio] acetamido-3- (acetoxymethyl)-
35  3-cephem-4-carboxylic acid (14), in a nitrogen atmosphere
130mg (0.29mmol) S-fluoresceinthiol diacetate were dissolved
in 10ml dimethylformamide and added to 120mg (0.31lmmol)
78-bromoacetamido-3-~ (acetoxymethyl) -3-cephem-4-carboxylic acid



or other cellular responses, cells containing beta-|actanmase

controlled by a desired pronoter/enkancer elenent are —lncubated with
test substance(s), substrate then added, and after a certain period
of time the flv%o nce signal is 10 measured at either o
excitation-em ss’f‘gﬁ&gai rs . appropriate to the chosen co%ﬁéﬁ% he

I nvention (e.g. conpound CCF2 with wavel ength pairs of near 405 nm
and near 450 nm and near 405 and near 4810 nn). This fluorescent
result IS cQ red to confrol _sanples which hage had_no drug 15
treat ment and, %é‘r?ng&eégdi BPEas&HR Rito Fe?“\ﬁ%feﬁ ganshRd to PH &l v (Tie

and a known actsolattdon wae stirrdd dorasy haulrisvat room tlempsratutécafter
det erm ned usi Lhe t Si | st
wells to the s?glr}g?ls t?l %u%gl?%m\t?\%ﬁgsllévj\n&{eﬁé%&cgnngaalrlﬁg treat{_r‘r%n . éAg?s%s)e/s
are performed id3sAelved; in19ml wakexn @nd heppHi ef Bhe AR WL WAS nore
\glrel Ingi g{ I8 anc:a&s;emr 1ly :d‘;gs&ednwtﬁn {somﬁie(l;ﬁpaﬁ.l{métghé x ﬁfcfa@en;d rrfﬁrﬂ;
mcrotiter pl a?‘g’ I %gspﬁe%%?g%{l}“%%dle“%%gr g’%&?égf ug?, %?d were ﬁ%‘ﬁef
devi ces capabl ®yoceatuifugatiome dunbher weidiférabheneo pHr2+bre assay
pg!_ Intts I ? a c;ebtr%b_ ? uai:eafcaf Ehele q:on@st und whiuﬁpbaed?@zi/;éﬁeé&raﬁ The
ability to retain substrate i.n e cytoplas living cells is
advant ageous a§ef’l"'r&§ﬁga fofy washed r3e&&E‘FPoH‘y‘%g éi@ﬁa&?ﬁé?&%‘ce from
col oured ¥ quéetkiachloromeshans afice ,i anghdriedajnneaicwen Pilr NM8 (EDEL, X he

fluorescent 30 i fi Ok h nds af Vet LONt s Uohe 2 |
can be reédizls.gfggtne(té'e?#'ne%m’ B 3'36BbA, | IVETBRN 28 Ul 2T HFA

e cells an hus” al T.owi g say.
m ni aturizati off®an ri Rc? e ERP n{%gb@P'OP"F&nga%%rm 3I"’:;1‘T:’t'%\‘*rs . % 4rfppm,
M niaturi zed a$sagppal {8df uZEhaT=li@r dzseCt-Be), & 4t Nppmyhfit IH, afed SBadizg
detection syst S her e 4 S I t Ll e ¢ i i
The assay, systgnmégéf tbt Eégé e‘ge‘r?i'i #\%nf?oﬁr?uﬁ'h\é&r’ 4y ﬁ%’r od\:/Ji:Fgg' 8 &!d3gpm

e’ an
advant agdous ar@:r 4B dXABERSREIF § Joit& i(Gm ZHel *aNthenghy o SHIRREG NGy 1H,
stably transfedn@d2cHE, amnide) catriavppm (d, 1H, J=8.0W\HI6/MrhElic), &

PCT/ US96/ 040597.91ppm (d, 1H, J=8.2 Hz, phthalic), & él.zllppm {s, 1H,

phthalic).
S-Fluoresceinamine was brominated to generate
20 5-eosinamine, which was converted into 5-mercaptoeosin in

analogous way toc the 5-mercaptofluorescein. In a nucleophilic
displacement of the cephalosporin acetate by 5-mercaptoeosin
diacetate the FRET-cephalosporin was generated'as the
protected tetraacetyl derivative.

25 AcO OAc .
% |
o]
Y o
15

Dy,
30 ;j:‘f:ﬂ\,m
COH
14

refiux 24 hrs. ia acswonitile

{~HOA®)
AcO. O OAc
. (] r
35 AcO OAc _
o]
FCE
s Q
(o]

CoH
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reporter genes and having the desired properties which the

t r ansf ect-on—was—ntended—to~conf er, -e—g—f | uor eseent—st+gnal r esponse
after activation of a transfected receptor with a hi gh

S|gnal-to Noi SPobgidsgy Of at least 10:1 froma high 5 pr opopé&trpsnchiese

I solated cells. Current procedures for clonal sel ection of
satisfactorily transfected, genetically engi neered cells fromthe
popul-ation initial transfected W t h %?vectors of interest, are done
mai nly by manual neans a ny o d croscopi ¢

anal yses, selecting the %% prePgﬁ%I yé%g% erred ¢ ong S(lsof’ i on of the

cl one by manual5-£ uoqﬁqﬂsﬂpanénGtugessennpqﬁqﬁ(imgé@méesﬂapaalcacetwat¢@ms

Thi s | p{ ﬁce?manl S(do?mr.u Ofﬂboﬁnéxéééﬁfr ]E}:%Biliiﬂenﬂrasl hdtaaa [eﬂﬂthetlée
severa non S erate,a clone Se or S SUul R I u
Sor cenl g "\br SN e nRoRiRRCHHE T ioddliadisaiRet b 1hEn sqinfia,
nore than & f eviTlieireblat ionowses. hested fore sischpurs at GD°Chi Supingewbich
i nvention, the Qesidfd Yndee piréeﬁfé‘éw'@égan to 28 ﬁfmagaéeﬁééfﬁt@fa

system can be nmaintained with l1vin nd via one can

rapi dly sel ect,3%y3hach&o the ﬁﬁﬁﬁ¥é¥92ﬁ1Qﬁ°WHHQJ:§PWyeFF&HéPGc%EH°C%P?s
t hose few livi rq;::ﬂﬂsphec:el | sSEmcesst heoriixtd waswheac setovegedl bysdi]gt:.llat:.on

aUt omat ed wtar Li%‘a@&ﬁ ﬁHEPg%%g%JAJE&H %%%%%Eﬁﬁb %?Lgﬂ {)xlxesw%i&ﬁe of

e.dg. t he ecton
then col | 8Bt ed Wafex (Was 9§@ﬁ6ntﬁnﬁh%r%$ﬁgd{ iasid goppsdaneta preczpw%mny
cell line wth phshssrs lrleeﬂlﬁiﬁgeiﬁleéldmorﬂssm pdcipitatie Ugas CEEFTedtRd

of bacteria re?f?% SR Tob, RharYipiodved L4 apepue” Bt Ehm Wafirifd

det ect ed usi ng StRosimamingt wasoprecipitatedassshe frneenanine oyl ydditior of
presence of an gﬁdi\&i laeetlic 88id. | aPHa B namihBeWEs2dE686D¢ed Nih NBittle

fl uorescenge sp from hat. of_ th act, molecule.to
character?gtlc €§¥ °rm a“8|%35§@ﬂ91)%ﬁﬁu§55e?n éﬁﬁgf? F%%i q%% present
i nvention are solutsmepnotheorptw eNapayiatorogemec2s669t (3t 8smmel » BHPhi n

and PADAC, eddiridrdnet B8 ANFERE '%@Wﬂtﬁé%ébi‘ﬁéﬁlﬁ@- human 35
serum The novel. sqgcégat s are also nore sensitive than the
chr onogeni ¢ sufRYSs ; because they experience a nuch smal | er

opti cal background si gnalfof prepanersi- easinrmedhylxahthate diacetate: i GHong it
for fluorgecenceamyigus-8B8PhAANGE were stirred in 2ml concentrated sulfuric
acid and 2ml glacial acetic acid. The suspension was cooled
with an ice-salt bath to a few degrees below 0°C, which turned
it into a thick paste that was difficult to stir. 200mg
(2.9mmol) sodium nitrite in 1lml water were added dropwise over
25 the period of one hour. After another 2 hours at 0°C 20g of
ice was slowly added. The flask was put on the high vacuum
pump in the ccld, to remove excess nitrous gases (caution!!).
Saturated ice-cold agqueous sodium bicarbonate solution was
added until the solids dissolved into the dark red solution.
30 200mg (1.2mmol) Potassium ethylxanthate was added and a pink
precipitate formed (5-eosindiazonium xanthate). A few
crystals of nickel(II)chloride catalyzed the conversion of the
diazonium salt with evolution of nitrogen. Once nitrogen
evolution had ceased the products were precipitated with 1N
35 hydrochloric acid. The precipitate was collected by
filtration and dried in vacuo. It was treated with acetic
anhydride-pyridine (1:1) at 40°C for one hour. After removal
of the reagents in vacuo, the residue was chromatographed over



WD™96/ 30540 ' PCT/ US96/ 04059

43. The i nvention may-be better understood with

ref erence to the acconpanyi ng exanpl es, which are intended for

purposes of illustration only and shoul d not be construed as ] ny
sense |initi nYOW®¥ope of the invention as defined in sfgf'gasrf’g
appended hereto. MEASUREMENTS The degree of FRET
can be determ ned by any spectral or fgeorescence lifetine

characteristic of the excited 10 construct, for exanple, by determ ning
the intensity ddilima gel withuetbylecacesatgrdiexansn tlrd)dasoeluent.i nThasity

of fl UOF eéf IR de’ @TwtBa £££8P! Olphd Ra d1d bﬁsoﬁ.lbﬁg (0.13mmol,
| tudes near t he

fl uorescence a he accep S em_sSi on
f1 uor escence aggﬁ)t L&fe@"r?eé?ri‘:’-ﬁecﬂﬂﬁﬁrm@ Wi AR FaPa or the

excited state lifetine offcrhpreparatiorosf ettemlisulfide dd.h\ea'vage of the
| i nker incgeas Si u fr rggéh d ecr eases
t he |nten5|5ty ? %‘*ﬁtﬁﬁl?gnggxfgga% ?&Eﬁ%ﬁ@f J'es')|o) orlci cﬁgaggg{nto%g ratio

of fluorescence+anainaidylxanthatg dincetate Hag stdxnes in d8mihe donor,
and increases t&tﬁxofé}mra%a tcadwt abBebis cdmeni drte theneblution was heated

Preferably, ch re 1, ar t nction
of the change i ?ﬁ)eJ('?at P@ §“8L1 EQE%%% ¥ '-Thrrc"f"ﬁgl g@?e%(aqu ?8% {:ﬁ

donor and accepxidias enh%s:,hi&l to theodisul fide rine @ity.asAfrari 8i hgurs the
Changes i fot he gSRints were raazsuaa 8h M Stdiaer &aﬂo&attbgnatnhenel ANa ERé

turbidit h b k d b
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resoILnl on i s AffferiziMours the methanolic solution was poured into 3
volumes 5% aqueous acetic acid from which the precipitating
20 5-fluoresceinthiol monomer was collected by centrifugation.
The solid was washed with water until no odor of
mercaptoethanol remained.
Coupling of diacetyl 5-eosinthiol (15) with
78- [ {5-diacetylfluorescein)thio] acetamido-3- (acetoxymethyl) -
25 3-cephem-4-carboxylic acid (14) and deacylation with
acetylesterase was effected as follows. 10mg (13umol)
78- [ (5-Diacetylfluorescein)thio] acetamido-3- (acetoxymethyl) -
3-cephem-4-carboxylic acid and 10mg (13umol) diacetyl-
S-eosinthiol were dissolved in 200ul dry acetonitrile and the
30 solution was sealed under argon in a glass tube. The tube was
kept in an oil bath at 84°C (i 2°C) for 16 hours. Then it was
cut open, the solution transferred to a flask and the solvent
removed in vacuc. The residue was flash-chromatographed over
silica gel with ethyl acetate-methanol-acetic acid (100:1:1)
35 as the eluent. Deprotection of the acetates was achieved by
incubating the product with orange peel acetylesterase in 50mM
phosphate buffer (pH7) for 24 hours at 37°C. The deacylated
product was purified by C,, reverse phase chromatography. The
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Al'l silica gel chromatography was performed using sili rck,
grade 60, 23WO26%snh 60[err]) purchased from Al dri c%&.@g&&%
Cct adecyl fromJ. T. Baker was used for Clerr] 5 reverse phase

chromat ogr aphy. Sol vents (high pressure |i@ggd chr omat ogr aphy grade)
were used for chromatography as received, or dried over activated
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commerci al 1 y- aygllsdllse were aldsdffen (AB9R1RbLLGEhE at 70°c. 9.76g

(50mmol, 97% purity) 8-Hydroxyjulolidine in 20ml ethyl acetate
were added and the solution kept at 70°C for 30min. The
reaction mixture was run through a short bed of silica gel

20 followed by ethyl acetate as eluent. The solvents were -
removed in vacuo and the solid redissolved in a minimum amount
of refluxing ethyl acetate. The isomer with the nitro-group -
meta to the benzoic acid crystallizes over night from solution
in orange crystals (3.47g in first fraction). After

25 additional fractional crystallization the pure isomer was
obtained. H NMR (CDCl,) of crystallized isomer: & 1.91ppm (m,
4H, aliphatic methylenes), 6'2.73ppm, 2.46ppm (2m, 4H,
anilinic methylenes).'b 3.26ppm (m, 4H, benzylic methylenes),
6 6.32ppm (s, 1H, julolidine), & 7.S53ppm (d, 1H, J=8.4 Hz,

30 phthalic), & 8.43ppm (dd, J,=8.4 Hz, J,=2.2 Hz, phthalic), &
8.90ppm (d, 1H, J=2.2 Hz, phthalic).

For preparation of 5-rhodol-X-amine hydrochloride

(named by analogy with rhodamine-X), 1.91g (5.0mmol)
9-(2'-Carboxy-4'-nitro-benzoyl) -8-hydroxyjulolidine was

3as stirred in Sml concentrated (96%) sulfuric acid. 700mg
(6.4mmol, 1.25equ.) resorcinol was added with cooling over a
period of 15 minutes. The suspension was stirred 1.5 hours at
room temperature and then poured into 200ml water with
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( Compound 11) To test the optigsal properties of a

cephal osporin with two dye nol ecul es attached the foll ow ng nodel
conpound weslgarovee sitdestings Therpurple precipitate wae colhectedshby

synt hesis step V‘ﬁﬁl[éfhﬁ%V%h Zé&%QSf@ﬁé‘aifrP?ﬁ%ﬂﬁWa‘Eer witRCtHe! HEPpfE 5.3g
pifunctional cepig ooRY doaitn Yulfide nosahydrate. 2.5g (44.6 mmol)
Anhydrous sodium bisulfide was added and the solution refluxed
5 for 24 hours. Then, after cooling to room temperature, the
product was precipitated by addition of glacial acetic acid.
The solid was collected by filtration and boiled with 100ml
half-saturated agqueous hydrochloric acid. The scolution was
filtered hot through a glass frit to remove sulfur. The
10 solution volume was reduced to 10ml on the rotary evaporator.
1 Volume saturated brine was added and the precipitate
collected by filtration. Crystallization from refluxing
hydrochloric acid yielded 1.78g (3.85mmol, 77%) dark xred
crystals of S5-rhodol-X-amine hydrochloride. H NMR (dDMSO) of
15 5-nitro-rhodol-X: 8 1.90ppm, 2.05ppm (2m, 4H, aliphatic
methylenes), 4 2.72ppm, 3.03ppm (2m, 4H, anilinic methylenes),
o 3.66ppm (m, 4H, benzylic methylenes), & 6.90ppm (s, 1H, '
xanthene), 8 6.96ppm (dd, 1H, J,=9.0 Hz, J,=2.1 Hz, xanthene),
6 7.11ppm (d, 1H, J=9.0 Hz, xanthene), & 7.22ppm {(d, 1H,
20 J=2.1 Hz, xanthene), & 7.78ppm (4, 1H, J=8.4 Hz, phthalic), &
' 8.70ppm (dd, 1H, J,=8.4 Hz, J,=2.4 Hz, phthalic), & 8.91ppm (d,
1H, J=2.4 Hz, phthalic). H NMR (CD,0D) of S5-rhodol-X-amine
hydrochloride: & 2.00ppm, 2.14ppm (2m, 4H, aliphatic
methylenes), 6 2.75ppm, 3.1lppm (2m, 4H, anilinic wmethylenes),
25 & 3.67ppm (m, 4H, benzylic methylenes), & 6.85ppm (s, 1H,
xanthene), 6 6.94ppm (dd, 1H, J,=9.0 Hz, J,=2.1 Hz, xanthene),
é 7.13ppm (d, 1H, J=9.0 Hz, xanthene), & 7.16ppm (d, 1H, '
=2.1 Hz, xanthene), 6 7.55ppm (d, 1H, J=8.1 Hz, phthalic}, 6
7.82ppm (dd, 1H, J,=8.1 Hz, J,=1.9 Hz, phthalic), & 8.28ppm (d,
30 1H, J=1.9 Hz, phthalic).

Preparation of 5-rhodol-X-bromoacetamide (18) was
effected as follows. 115mg (0.25mmol) 5-Rhodol-X-amine
hydrochloride were dissclved with 180mg (2.1lmmol) sodium
bicarbonate in 2ml water-dioxane (1:1). The solution was

35 cooled on ice and 175p¢l (2mmol) bromoacetylbromide were added
with stirring over a period of 20 minutes. The solution was
then kept at room temperature for 1.5 hours, after which 5
volumes of water were added. The dioxane was removed on the




3' -position and the 7-anmi ne [Van Heyni ngen, E. and Brown, C. N
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For éreparation of 7B-(bromoacetamido) -
3-[[[(5-rhodol-X-amido)methyl] thio]lmethyl) -3 -cephem-

20 4-carboxylic acid'(zo), 4.5mg (10pgmol) 5-Rhodol-X-
bromoacetamide (18) were dissolved in 0.5ml 250mM phosphate
buffer adjusted to pH 7.7 and 0.5ml dimethylformamide. The
solution was deoxygenated and 10mg (40umol)'7B-amino-
3-(thiomethyl)-3-cephem-4¥carboxylic acid (8) prepared

25 according to the literature procedure in 100xl phosphate
buffer was added in an argon atmosphere. The solution was
kept for 2 hours at 30°C. Then the solvents were removed in
vacuo and the residue dissolved in 1 ml water, from which the
product was precipitated by addition of acetic acid. The

30 precipitate was collected and the product purified by C,,
reverse-phase chromatography with 0.1% trifluoroacetic acid in
35% methanol/water as eluent.

The above product (192) was dissolved in iml dioxane-
water (1:1) with 20mg sodium bicarbonate. 10ul Bromoacetyl

35 bromide were added to the solution on ice. The solution was
kept for another 1.5 hours at room temperature. 20mg sodium
bicarbonate and 10zl bromoacetyl bromide were added to the
solution with ice cooling. After another 1.5 hours at room



Phafnacology Vol . 4, edited bngqgener, S.F., Wbber, J.A and

Queetrer—S—W—New—Yor k: M—bBekker, 1986—p. 255-283F— 20 ~f-er+t
30 - 13 14

To prepare o PCT/U: )
7[err]-[(5-dig%etyliiuorescein)thio]acetanido-3-(acetoxynethy|)- 35
3-cephem 4-carboxylic acid (14), in a nitrogen at nosphere 130ny
(0.29mmol ) 5-fluoresceinthiol diacetate wer®3dissol ved in 10m

7L err] - br omoac SEARERBEGTE oEat I, MReEEBRKER, 91 She JRHARY guaporator

WO 96/ 30540 and the products were precipitated £ USeS/n@Ests solution

oot on wan o IETAMRSRSESIO0 1SR 0ot LG5 R 87 st iRy, e

sol vents were P8ﬁ36§dWFﬁev%H§an 1Pe§£hﬁ§°mﬁgue°“s bigarkhonate splugien

wat er and 8 he phidoththendbsssvived partiblescrenrbued by dientirddugatibnSandt h

dilute phosphoakgcgghgd' /ﬁhe product was precipitated with 1M phosphoric
acid and purified by flash chromatography on silica gel with
chloroform-methanol-acetic acid-water (55:15:4:2). This
procedure dissolved small amounts of silica gel.

10 Coupling of diacetyl S-fluoresceinthiol {21) with
78- (bromocacetamido) -3- [ [ [ (5-rhodol -X-
amido)methyl} thiolmethyl] -3-cephem-4-carboxylic acid (20) was
effected as follows. 78-(Bromoacetamido)-3-[[[(5-rhodol-X-
amido)methyl] thio) methyl]} -3-cephem-4-carboxylic acid was

15 reacted with a 50% excess of 5-fluoresceinthiol under argon
with dimethylformamide- (250mM aquecus phosphate buffer pH 7.7) -
(1:1) as the solvent. The product was purified from excess
fluoresceinthiol by repeated dissolution in methanol and
precipitation in ethyl acetate.

20 : Fig. 3 shows the fluorescence emission spectra of
this FRET-cephalosporin in 50mM phosphate buffer pH 7 before -
and after treatment with g-lactamase. The low initial
fluorescence is due to the stacking of the fluorophores,
forming a ground state complex that is nonfluorescent. When

25 one adds methanol to the solution this stacking can be
disrupted and efficient fluorescence resonance energy transfer
occurs.

- Example 4 (compound 25)

30 N- [resorufin-4-carbonyl] -N'-iodoacetyl-piperazine
(Boehringer Mannheim) was attached to the cephalosporin as a
FRET-acceptor for fluorescein. It is referred to as FCRE.

The FRET-cephalosporin FCRE (25) carrying
fluorescein as the donor and resorufin as the quencher was

35 made by the same procedure as the one carrying the rhodol-X-
acceptor. The N-{[resorufin-4-carbonyl] -N'-iodoacetyl-~
piperazine (Boehringer Mannheim) was coupled to the free
3'-thiol of the cephalosporin followed by bromoacetylation and
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25 f-Lactamase catalyzed hydrolysis of this compound generates

two fluorescent fragments. Resorufin excitation and emission
spectra are longer wavelength and narrower than the rhodol
spectra, possibly affording better spectral separation between
the uncleaved dye versus the products of enzymatic cleavage.

30 But, as in the case of rhodol as the acceptor, in aqueous
phosphate buffer the dyes stack and form a dark complex.
B-Lactamase treatment disrupts the stacking and increases
donor fluorescence (Fig. 4).
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49 .. - To prepare-5-eosinam ne, 1-74g-{5mol)

5-fl uorescei nam ne was suspended in 30nm gl acial acetic and 2.06m
(40mmol , 100% excess) brom ne was added. Wth the addi t om ne
the fluoresceVR went into solution. 5 The solution ated for
six hours at 90[err]C, during which period a white precipitate began
to form An ice-cooled trap attached $» the flask kept brom ne from
escaping into the at nosphere. Excess brom ne was then recovered by

distillation Exarhfile 3 Rompatihd 7B{trogen cool ed collecting flask. One
vol unme of 10 wat er was added to the acetic acid_solution to precipitate

any product renai ni ngo| | uich,An. 1 Phide recP’gi’M e was coll ected
by filtration and dissol vem{gﬁeousfﬁumh :
5- Eosi nam ne was precipitated a8 the fré%r‘rj ne b of ’

gl aci al ageti c acid. The eosinam ne was di'ssolved in Rptt?e 15 chl orof orm

and net hanol was added. Concentrating this SOl whicrgadean t he rotary
evapor ator gave 2.56g (3.85mol, 77% eosi n m;g‘;@fa fine white
powder (the eosi nam ne- spi rolact one). o i To prepare

5-eosi nam ne were
Hgl aci al acetic

5-eosi n-et hyl xant hate di acetate, 67
stirred in 2nm concentrated sul furicoe®™ c

aci d. The suspension was ggQled P ,
—1t into a3phPckPaste that was

degrees Regl ow O[err] C, whi t |
289mol PEBTi umnitrite in Inl water were

difficult to stir. 200ng
added dropw se over 25 he pergqg agQt her 2 hours at
s put on the high

O[err]C 20g of ice was sl owPy 4
vacuum punp in the cold, tor cdss ni tx=@U® gases (caution!!).

Saturated ice-col d aqueous sodi um bi cafB8f%t e sol uRidn'onas added
until the solids dissolved into the&dark red solutend 30 200ngy (1.2nmol)
Pot assi uaset hyl xant hat e was added and a El/vr( + NaHCOXDME | pi t at e fornmed

(5-eosi ndi azoni um xanthate). A few I vSikQAnseOf nNi ckel (1'1)chloride
catal yzed the conversion of the di azoniumsalt with evolution of

ni trogen. Once nitrogen ev ebiUn dhad cese yeduct s were
precipitated with 1N 35 hydr o i id. T i pitate was col | ected

by filtration and dried in vacuo. d S . tr d wth acetic
anhydrid%bpyridi ne (1:1) at 40[err]C for 039.:9395' APt er renoval
o domt
27

For synthesis of 2,4 dihydroxy-5-chlorobenzaldehyde,
21.7 g (0.15 Mol) 4-chlororesorcinol were dissolved in 150 ml
25 dry diethyl ether and 27 g finely powdered zinc (II) cyanide
and 0.5 g potassium chloride were added with stirring. The
suspension was cooled on ice. A strong stream of hydrogen
chloride gas was blown into the solution with vigorous
stirring. After approximately 30 minutes the reactants were
30 . dissolved. The addition of hydrogen chloride gas was
continued until it stopped being absorbed in the ether
solution (approx. 1 hour). During this time a precipitate
formed. The suspension was stirred for one additional hour on
ice. Then the solid was let to settle. The ethereal solution
35 was poured from the solid. The solid was treated with 100 g
of ice and heated to 100°C in a water bath. Upon coocling the
product crystallized in shiny plates from the solution. They
were removed by filtration on dried over potassium hydroxide.



of the reagents I n vacuo, the resi due was chromat ographed over

WO 96/ 30540 o — S PCT/ US96/ 04659

50 . silica gel with ethyl acetate-hexane (1:4) as eluent. The
desired produciy (p%m first. The yield was 110ng (0.3l , perwsbddlosd’
the title conpound as a white powder. ' For preparation of
the disulfide dinmer of 5 5-eosinthiol diacetate (diner of 15), 110ny
(0. 13nmol ) 5- eosi n- et hyl xant hat e di acet at® was stirred in |on

concent r at ed (30.ﬁlgﬁgggggsw?gufg‘ll@r§ tofya Mghut k?ﬂ)""asir-t‘ei\ﬁfged(

70[err]C. Air was h~t'he 56l ey e?he
thiol to the di s@-RPPBEM (Ssi1H, Rﬂ%’&l)z ®o@r&2PpB {8, 1Hg| Dher¥llwerd 7.52ppm

renoved on the rqbar yHeVPRENELOS &9, (e, and, t Bormyl) , r&sitsspps (s, 1H,
treated with aceé’h% gf?ydri de-pyridine (1:1). After renoval of the
reagents in vacu A8t &si due was chr omat ogr aphed over silica gel with
et hyl acet at%®- hexane Ta:pyepare [Fccarbony. 6Yrbldrea?-Rydnexi6gounarigy, %)

?L et fr;le)néﬁe r Ell 1;-3 ;g ﬁsgguw . 653 Ly tz;] manolo xy0s- Eﬁﬂaﬁéﬂénmé!%&%gﬁi @rﬁz
vV | sodi u

acetate and addi i XH éﬁz% QM cr*@r&'ﬁﬁ?ogf‘ﬁﬁﬂgYeé in é)AT]t e hour s

t he nmet hanol i ¢ spyuidbnewas7pqulk dhilline ¥ere stivredein®éo ehpuesnilsmaim iand

acid fromwhich tfg PéﬁEthﬂaié@Q:cggtan% EU%&%C% Qf&iuﬂ@mt -3 o= Is. The

coll ected by centr ati was was no
odor of rrerl’ﬁé){lBgt ﬁ%ﬂb‘i’ thati frﬂé@e‘i was broken into cgpapller Rieqns;amd, 50

5-eosinthiol (15mlw é¢bhanol was added. The creamy suspension was filtered

flerr]-[(5-di aCGI—.XH:LHRr& d§%§8 tfh acyﬁl{;. 80§1&a\§§£O%Xﬁéé‘y:'tﬁﬁeezimee with

3-cephem 4- car bo I C-acl est
was effected as ?'ONI Bmgroqb}@n(q_w )and then with water. Then the s>lid was
/[err]-[(5-D acesyitte@rwi€lei 196 mlojethyllaatdpate( aLed onfy r@tiutdor and 10 ml

3- cephem4 rbo dj tyI 0 |0

wer e di ssol \%’gd [ ﬁxggoc{gﬁ%& ace%tpﬂt #‘%’gﬂgk%} hgig %I u?]f or?etv\é}s?rlé%ael Iw&s
under argon in argdvagsdtMevacmn@rxdnséxwgecipltaé@tr¢¢pqu |byh £iid txation,
84[err] C ( 2[ err w&shé@rwith hPidthyllethert a@Sdried &vér GRSBpHd¥®URP! UtioNn

transferred to a LkééxxégmltiK§§O|Wﬁp521 Mol, 63%) of product was obtained as
a white powder. H NMR (dDMSO): & 6€.95ppm (s, 1H), & 8. 02ppm

20 (s, 1H), & 8.67ppm (s, 1H). :
To prepare 7-butyryloxy-3-carboxy-6- chlorocoumarln,
3.1 g (12.9 mMol) 3-carboxy-6-chloro-7-hydroxycoumarin were
dissolved in 100 ml dioxane and treated with 5 ml butyric
anhydride, 8 ml pyridine and 20 mg dimethyl aminopyridine at
25 room temperature for two hours. The reaction solution was
added with stirring to 300 ml heptane upon which a white
precipitate formed. It was recovered by filtration and
dissolved in 150 ml ethyl acetate. Undissolved material was
removed by filtration and the filtrate extracted twice with 50
30 ml 1 N hydrochloric acid/brine (1:1) and then brine. The
solution was dried over anhydrous sodium sulfate. Evaporation
in vacuo yielded 2.63 g (8.47 mMol, 66%) of product. H NMR
(cbCl,): & 1.08ppm (t, 3H, J = 7.4 Hz, butyric methyl), &
1.85ppm (m, 2H, J,~ J, = 7.4 Hz, butyfic methylene), & 2.68ppm
35 {t, 2H, J = 7.4 Hz, butyric methylene), 6 7.37ppm (s, 1H,
coumarin), & 7.84ppm (s, 1H, coumarin), & 8.86ppm (s, 1H,
coumarin) .




rémoved in vacuo. The residue was flash-chromat ographed over silica.
gel. with-ethyl acet at e- nethangl-acetic acid (100:-1:-1) 35 as the eluent.

Deprotection of the acetates was achi eved by i ncubating the product

wi th orange peel acetylesterase in 50nM phosphat e buff or 24
hours at 37[ 9?T%F“Whe deacyl at ed pr oduct mas-purifiedﬁévsﬁf%%Pé,
reverse phase chronmat ography. The WO 96/ 30540

PCT/ US96/ 04059 _ 59 51 el uent was a
step gradi ent of 25mM aqueous phosphate buffer (pH7) and net hanol .

Fl uorescei n byproducts &repegtavien 3B9Z-butyryiexyo%rnet hanol in the el uent,
after which t heigfid:garbonylineehflamind@d-Honydt¥-eRl6288buma®in is

The deprotecte onpoynd sh litt flu enc LN 0S te buffer
as the two hy a&y?&ﬂ?ﬁek. inef'bg PJ'%%Ei’nS'PFh%’Fﬁﬁ%’éﬁ%%i s due
to fluorescencarlssgnéreodlonocgymarin, (2 & fe hydEREYPenFbr tazohp cwydrate a
good subsgr at e(sfgr, EMang 1.%9@:&@:@&&% ARG ctohexPs ELEBEALImide Aere

515nm about 7GHAAIYEE B 99, P PRI ot GRSBEOBBLBFAERPE O {he
conpound can (bereytlglyeing {prepared sy exanmtion, ofis3HREG (10 mMok) eases
the_ hydr ophobEEn RS aeere, EpRLt “talt Jeth Men 'QPFESF?)EB(I\)%S R tack
Exanpl e 3 (cofidfi@ated aqueous bicarbonate - water (1 : : 1 : 1, 250 ml),
10 drying of the organic phase with anhydrous sodium sulfate and
reduction of the solvent volume to 5 ml] was added drcpwise to
the coumarin solution. The reaction was kept at room
temperature for 20 hours after which the precipitate was
removed by filtration and washed extensively with ethylacetate
15  and acetone. The combined solvent fractions were reduced to
50 ml on the rotatory evaporator upon which one volume of
toluene was added and the volume further reduced to 30 ml.
The precipitating product was recovered by filtration and
dissolved in 200 ml chloroform - absolute ethanol (1 : 1).
20 The solution was reduced to 50 ml on the rotatory evaporator
and the product filtered off and dried in vacuo yielding 1.29
g of the title product. Further reduction of the solvent
volume yielded a second crop (0.64 g). Total yield: 1.93g
(4.22 mMol, 52%). *H NMR (CDCl,): § 1.08ppm (t, 3H, J = 7.4
25 Hz, butyric methyl), & 1.84ppm (m, 2H, J;= J, = 7.4 Hz, butyric
methylene), & 2.66ppm (t, 2H, J = 7.4 Hz, butyric methylene)},
5 4.29ppm (d, 2H, J = 5.5 Hz, glycine methylene), 6 5.24ppm
(s, 2B, benzyl), & 7.36ppm (s, 1H, coumarin), & 7.38ppm (s,
5H, phenyl), & 7.77ppm (s, 1H, coumarin), 6 8.83ppm (s, 1H,
30 coumarin), 6 9.15ppm (t, 1H, J = 5.5 Hz, amide).
7-Butyryloxy-3-carboxymethylaminocarbonyl-6-
chlorocoumarin was prepared as follows. 920 mg (2 mMol) 7-
butyryloxy-3-benzyloxycarbonylmethylaminocarbonyl-6-
chlorocoumarin were dissolved in 50 ml dioxane. 100 mg
35 palladium on carbon (10%) and 100 ul acetic acid were added to
the solution and the suspension stirred wvigorously in a
hydrogen atmosphere at ambient pressure. After the uptake of
hydrogen seized the suspension was filtered. The product
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The;3' -acetate of 7-am nocephal osporani c acid was di spl aced by

et hyl xant hat e ni ngen and Brown (1965), supr aj Vﬁ#@ﬂu&@ﬁmsy
hydr ol ysed to #Ké e sulfhydryl with aqueous acetyl hydrazine
[ Japanese Patent, Kokai 75/18494, 5 CA85, 97320d]. The sul fhydryl

group was reacted with 5- br onpacet am do-#®odol - X i n agueous
di et hyl f or mam de. hal osporin 7-a d€£ was reacted wt

The, . c _ h .
br omoacet yl br oni GRRE3{ning caﬁggﬁoﬂgad?§§£ﬁﬁﬁe Frnddmep Withi d@ ml boiling
di spl acenent wi t iioxane.5- flheocembihad hdbdxdre \Balut innsRivérecpetl t6pesod upon

that is 10 virtyaldy 3 HU8LEECEPEcE P ONRA WSO PBELEErPH edudtisn
' of the solvent to 20 ml precipitates more product. The
5 remaining dioxane solution is heated to boiling and heptane is
added until the solution becomes cloudy. The weights of the
dried powders were 245 mg, 389 mg and 58 mg, totaling 692 mg
(1.88 mMol, 94%) of white product. *H NMR (dDMSO): é 1.02ppm
(t, 3H, J = 7.4 Hz, butyric methyl), & 1.73ppm (m, 2H, Jy»~ J, =

10 7.3 Hz, butyric methylene), 6 2.70ppm (t, 2H, J = 7.2 Hz,
butyric methylene), & 4.07ppm (d, 2H, J = 5.6 Hz, glycine
methylene), 6 7.67ppm (s, 1H, coumarin), 6 8.35ppm (s, 1H,
coumarin), & 8.90ppm (s, 1H, coumarin), & 9.00ppm (t, 1H, J =
5.6 Hz, amide). .

15 : Coupling of 7-Butyryloxy-3- .
carboxymethylaminocarbonyl-é6-chlorocoumarin with 7-amino-3’-
chlorocephalosporanic acid benzhydryl ester was effected as
follows. 368 mg (1 mMol) 7-Butyryloxy-3-
carboxymethylaminocarbonyl-6-chlorocoumarin, 270mg

20 hydroxybenztriazole hydrate and 415 mg (1 mMol) 7-amino-3’-
chloro cephalosporanic acid benzhydryl ester were suspended in
40 wml dioxane - acetonitrile (1 : 1). 260 mg (1.25 mMol)
dicyclohexylcarbodiimide in 5 ml acetonitrile were added and
the suspension was stirred vigorously for 36 hours. The

25 precipitate was removed by filtration and the volume of the
solution reduced to 20 ml on the rotatory evaporator. 50ml
Toluene was added and the volume reduced to 30 ml. With
stirring 50 ml heptane was added and the suspension chilled on
ice. The precipitate was recovered by filtration. It was

30 redissolved in 10 ml chloroform and the remaining undissolved
solids were filtered off. Addition of 2 volumes of heptane
precipitated the title product which was collected and dried
in vacuo and yielded 468 mg (0.64 mMol, 64%) off-white powder.
H NMR (CDCl,): & 1.08ppm (t, 3H, J = 7.4 Hz, butyric methyl),

35 6 1.84ppm {(m, 2H, J,~ J, = 7.4 Hz, butyric methylene), &
2.66ppm (t, 2H, J = 7.4 Hz, butyric methylene), & 3.54ppm (24,
2H, J = 18.3 Hz, cephalosporin C-2), 6 4.24ppm (2d, 2H, J =
5.8 Hz, cephalosporin 3 methylene), & 4.37ppm (d, 2H, J = 3.8




conpound is referred to as FCRX The first step in

pr epar at i on—ef—5—+hodol - X——Dbr omeaecetam de—was—synt hesi s of

9-(2' - car boxy- 4' (5')-nitro-benzoyl)-8-hydroxyjul olidi ne and
separation of mus}u{]e isonmers. 10.1g (48mmol, 92% purity) 4pdiriskssniaéseal i c
anhydride were di'ssol'ved in 20m toluene at 70C. 9. 76g (50mMmmol, 97%
purity) 8-Hydroxyjulolidine in 20m ethyl acetate wer e added and the
solution kept at 70[err]C for -30m n. The 61 reaction mxture was run

t hrough a short bed af silica, gel 20 fol l.owed yl; acetatg_as

el uent. The sol ntﬂ’?‘m m,etﬂyi?ﬁ%K/e%I ?ha‘%é’c?ho(%éng‘Whg soFFg g%ﬂi ssol ved
| n a nini num aneephalospordf Cef) uxdng. 8Ippm tdbt AFe. JTtve H-9oHB8r Vi t+h T

ni tro-group _Hz,”%é}ﬂa@.o%ﬁ%r@ﬁnéoﬂc, agi ¢l. seppul Ald,1 285 Beak g\&ﬂiil) jrem.3o0-

sol ution in orange crystals (3.47g in first fraction) ter 25
addi tional fract?PRPT (et 4RHr ZBRPBYL ¢ HEOPAT T s %sg 7. ;PB'Bt i?he’tﬁ'

[err] H NVMR 8CDCldaumdnin}f, ér gs8appmz ¢sl, i Hdrecounjaerin)) ,| S9BpRApPWM (t, 1H, 4H=

al i phatic net hylfn;a? l§iak)2- 73ppm 2. 46ppm (2m 4H, anilinic

met hyl enes), [erT] .?Gppm " 4H, benzylic nethyl eneszﬂ,. [err]

6.32ppm (s, 1H, jul ol i di nSP}lg]P-éFﬁ] of theARqYe RuqdugtgWith,5-30

ghggfﬂ i C%d [irHr]fJﬁlzmz Qihdﬁiﬁil[ﬁéslsﬁféc&&d a&ﬁl&oﬁg,. pbohmgi ¢p,2 [mMo]) S-
. 90ppm (d, . J=2. thalic) . . A e t

5 r hodol - X. amt ndWRARERATYBFagce LR aiacerate dienltidel BinBrEEd ablssivea

1.91g (5. O%fvl ) in 1omlochlorcferwxand’ txgated twithoph) #3- KFdbukyl upkeseh :

was 35 Stirreghd el %ﬁ@?niﬁaiﬁ%f%&%aﬁdﬂéﬂfei:@.aCMe séD@6lon was kept

Wi

o 15 i hutes. B2 A G50 8 AEBTeRY Fenpliabdl al)uahetnin, aagea R !d¢

t enper ature and adistimouodd20nng 80dimm ieiesrbonate, 25mg sodiumGiodidemps

53 _Vigorous Sid '(d.AS: mMBE) PYE PLife AP idoripdina@s iaohbemted by

filtration_gnd redi ssol ved |n,é5n1 m@ter zmtlj thﬁﬁ%ﬁlglgLngssﬁ oved in

(22l ) sbAi um URSGRAREMARI A at ALSEEA (BRTS HIS, ARG, B

sodi um bi sul fi devaras audiedthenteshdus ot xi twratest witbddigthylethen. hdThe solid

Then, after coolylg dixdAMEG! SHPEERY U &eetdt® - acetonitrile (1:1). After
removal of the solvents the residue was triturated once more
with diethylether yielding 157 mg (0.13mMol, 88%) of a cream

20 colored powder product.

A sample of the above compound was treated with a
large access of trifluoroacetic acid - aniscle (1:1) at room
temperature for 20 minutes. The'reagents are removed in vacuo
and the residue triturated with ether. High performance

25 liquid chromatography of the solid in 45% aqueous acetonitrile
containing 0.5% acetic acid gives a preduct in which the
butyrate and the diphenylmethyl esters have been cleaved. It
was purified by high performance ligquid chromatography on a
reverse phase C,,-column using 45% agqueous acetonitrile

30 containing 5% acetic acid as the eluent.

35



product was precipitated by addition of glacial acetic acid. The
solid was collected by filtration and boiled with 100m

hal f - sat urat ed aqueous hydrochloric acid. The solution was filtered
hot through a glass frit to renove sulfur. The 10 SO|Ut'0”p¥ﬁPH§B«ﬂBS
reduced to 1 358 e rotary evaporator. 1 Vol ume saturated brine
was added and the precipitate collected by filtration.
Crystallization fromrefl uxing hydroch82ric acid yielded 1.78g
(3.85mmol, 77% dark red crystal s of 5-rhodol - X-am ne hydrochl ori de.
[err]H NVR (dDVSO) of 15 5-nitro-rhodol -X: [err] 1.90ppm 2.05ppm (2m
4H, aliphatic net hyl enes), 8 2.72ppm 3.03ppm (2m 4H, anilinic

nmet hyl enes), [err] 3.66ppm (m 4H, benzylic nethylenes) [err]

6. 90ppm (s, 1H, xaHhe o o ; A£=9.0 Hz,
J2=2.1 Hz, xanthene), xant hene),

 Y8ppm (d, 1H, J=8.4
Hz J[err]:2.4 Hz,
). [err]H NWR

[err] 7.22gpm (d, 1H, 20¢
Hz, phthalic), [err]
phthalic), [err] 8.91ppm (d,

'_\

(C err]OD) of 5-rhodol - X-am ne hé j8le: [err] 2.00ppm 2.14ppm
(2m 4H, aliphatic nmet hyl enes) , rr] ppm 3. 1lppm (2m 4H,
ani |l inic methyl enes), 25 [err] 3. 67pg!r , benzylic nethyl enes),
[err] 6.85ppm (s, 1H, xant hene) r] 6.94ppm (dd, 1H, J[err]=9.0 Hz,
J[err]=2.10Hz, xanthene), [err] 7.13gpm (d, 1H, J=9.0 Hz, xanthene),
[err] 7.16ppm (d, 1H, J=2.1 Hz, xantq Fé?ﬁ?ﬂm 55ppn1(d 1H, J=8.1
Hz, phthalic), [err] 7.82ppn1(dd, 1H, J[err] =8.1 Hz, J[err] =1.9 Hz,

phthalic), [err] 8.28ppm (d, 30 1H, J=1.9 Hz, phthallc)

Preparation of 5-rhodol - X-bronpacet am de 18) mas effected as follows.
115ng (0. 25mmol ) 5- Rhodgg ' eter e di ssolved with

: 180ng (2. 1nmmol ) sodi um i oxane (1:1). The
sol uti on ¥&s 35 cool ed _ bronnacetylbronide wer e
added with stirring over a pgrigdHof. 20 mj HThe sol ution was

t hen kept at roomtenperature for which 5 (sgﬁggunes of
wat er were added. The di oxane was renov on th% WO 540
PCT/ US96/ 04059 - 54

20 : YR

Deprotection of the fluorescein acetates in compound
27 was accomplished with sodium bicarbonate in methanol {room
temperature, 30minutes) to provide the fluorescent enzyme
25 substrate CCF2. It was purified by high performance liquid
chromatography on a reverse phase C,; - column using 35%
aqueous acetonitrile containing 0.5% acetic acid as the
eluent.



rotary evaporator, and the product was precipitated fromthe
r ere-Ri-Rg—agueeus—sol ut i or—by—addi t i-on—of—acet i c -aci-d—The—
precipitate was filtered off and-dissolved in a snall volune

chl orof orm (1:1). Silica gel was added to the %é@ﬁ and
t he solvent Qﬁﬂ@%ﬂ“rn vacuo. The solids were applre a SI'Tica

gel colum and the product eluted with nmet hanol - et hyl acetate (1:4).
This eluent did dissolve sone silica g8 which remained with the
el uted product. [err]H NWR (CD30D, 10% dDVSO): 6 1.98ppm 2. 12ppm (2m

4H, aliphatic 10 nethylenes) 6 2. 72ppm 3. 06ppn1(2n1 4H anilinic
PRI .

met hyl enes) , [err] 3T9Gg LQNER
4.08ppm (s, 2H, br ompadet ¥l ), 6. 79ppm(d k 9.2 He,
J2=2.1 Hz, xant hene) 1H &b, [err] 6. 90ppn1(d

1H, J=2.1 Hz, xanthene), [errP.#.
[err] 15 . 5 7. 24ppn1(d 1H,. J=8.4 Hz, pht
Jlerr]=8.4 Hz, J[err]=1 Hz, phthalrc) 7
pht halic). For preparatron Q

£9. 2 Hz, xant hene),

gHpm (d, 1H J=1 Hz,

err]-(bronoacet am do) -
3-[[ (5-rhodol - X- anmi do) met hyl ] t hi o] met hy2@- 3- cephem 20 4-carboxylic acid
(20), 4.5mg (I Onol) 5-Rhodol - X- bronpacet am de (18) were dissolved in
O 5m 250nmM phosphat e ffer adjust eld BfeH2oFMtgiimeand 0. 5n
di met hyl f ormam de. The sol ution was deoxygenated and 10ng (40pnol)
7[ err]-ario- 3- (t hi sgret hyl ) - 3- cephem 4- arboxglrc acid (8) prepared
25 according to the lite Qcedure ' St e buf fer
was added in an argon atng Jhe sol uti &h we \ 5 for 2 hours at
30[err]C. Then the solvents were rdnojyed in CUQ and t he residue
dissolved in 1 mM water, fromwhic proquc)—was precipitated by
addition of acetic acid. The 30 preci pfthte cted and the product
purifieddég derr] . © reverse-phase g’hr raphy with 0. 1%
trifluor etic acid in 35% net hanol er, as el uent.
The above product (19) was dissolved in 1m |o ane- water (1:1) with
20nmg sodi um bi carbonate. |0pl Bronnacety?HES om de were added to the
solution on ice. The solution was for another 1.5 hours at room
tenperature. 20ng sodi um bi carbonate and | Opl bronpacetyl brom de were
added to the sol ut | gy p iy iz coMBbLAL- 2 WEEh AddlY abetokQWethl
room

20 bromide in dry lutidine produced the membrane permeable.
derivative of the substrate (CCF2/ac,AM,). It was purified by
high performance liquid chromatography on a reverse phase C,, -
column using 65% agqueous acetonitrile containing 0.5% acetic
acid as the eluent. CCF2/ac,AM, is readily converted to CCF2

25 in the cells’ cytoplasm.

Unlike in Examples 1-4, the donor and acceptor dyes
in substrate CCF2 do not stack. The substrate is fully
fluorescent in phosphate buffer and there is no formation of
the "dark complex" (i.e., addition of methanol does not change

30 the fluorescence spectrum of CCF2, except for the effect of
dilution). This is due to the much smaller and more polar
nature of the 7-hydroxycoumarin compared to that of the
xanthene dyes (eosin, rhodamine, rhodol and resorufin) in
Examples 1-4.

38 Fig. 5 illustrates the emission spectrum of compound
CCF2 in 50 mmolar phosphate buffer pH 7.0 before and after 8-
lactamase cleavage of the B-lactam ring. In the intact
substrate, efficient energy transfer occurs from the 7-
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55 t enper at ure~t he di oxane was rempsved on the rotary evaporator

and .the products were precipitated fromthe aqueous sol ution with 1M
phosphoric aci d? ? | ected by centrifugation. The sol

suspended in di € aqueous bi carbonate solution 5 and the uno(usso ved
particles renoved by centrifugati on and di scarded. The product was
precipitated with 1M phosphoric acid an@4purified by flash

chromat ography on silica gel with chl or of or m net hanol - acetic
aci d-wat er (55: 1BydxoXyceyfparin moiegyotedthe Bluernsralns modetypyfxsisption

silica gel. 10 of the substaitel ia8g406 fimacedyleH-id Fiveresicenkieolemidsion at

ith 7
A doy et hy! | ¢ ni S1 sy [gEepe (2 Jhol apdeh il Upd Flugrescein. The energy
effected as fol IWqulf ekg ]di(smumécvbam Bolactanggy sleayes the A-lactam
am do) et hyk] t hfﬂﬂiﬁﬂiﬁ%ébﬁﬁéﬁlé&&WtﬁérDm%&\%‘érﬂ tias tie dyesact ed

with a 50% exces | uor ei nt hi,ol . under

di met hyl f or rram kg ﬁB?eaﬁu?%qmbl—'i"f" f)esurlts EPtiFely e
sol vent. The pro@l@mrv@blmsdan@@ emiasiencat 448 nvf | (pdruedcei Ahki ol by

repeated di ssol Ufl&é‘réébé’f?éé"@ﬂﬁ'ss%ﬂ from PAECAMIAndiRtyN 1?&:'%55%%9'&2@" Qold
20 Pfgferﬁ' ho e fluorescence. enm ssion spects g dh d
FRET- cephal ospor¥ yggeput FRE gh‘ ndM, e Feduce
treatment woth [leyr3- sainhimﬂl Blfethev\remaimmg fluozfelsmmcemginatdng to

the stacking of fP&nféH@rﬁW:%iycggmriﬁr%n 2 tﬁ?ﬂl@ﬁ%@t&&ﬁ%%ehﬁﬁt

i s nonfluorescent. Wen 25 one"a hano e sol
stacking can be into the graeny adwesryrEivarielq suanching Pés&ﬁ&né@neﬁeﬁ'ﬁy
transfer oCthe ssubstrateEisneeidalentposneh Zhfiiency of fluorescence

N-[resorufin-4-c c | - a [
MaEmhel nm was at?ﬁ%% ﬂt%fequ%ghgf"%spw% a%é‘?e fluorﬁﬁé% g%cggts% fo _
f1uorescei A3 |t #slackan elpavagss crRoRpeadily be used to. dptect g-lactamase m_

FRET- cephal ospor¢ie Fc%;ﬂ?fém Qﬁr Livifg mammilidd esldis) aw txberépaerteanﬂn
resorufin as theﬁw e made by the sanme procedure as the one
carrying the rhodol - acce tor. The

N[ resor ufi n-4-car bonyl ] - \Fhe ad@a‘éﬁpwcoumarnpuwﬁa‘-ﬂi A& EbgcFePhgdpsporin

Mannhei m) was cowds edbtidrnidied t@chave a3fludiddcaicd hpattphakegEneiency in
fol | owed b&obrOnpggqgﬂgéﬁéénbfaQ%e acceptor of 98-100%. This value was
' determined by comparing the integral of the corrected.
fluorescence emission spectrum of the dye with that of a -
solution of 9-aminoacridine hydrochloride in water matched for
absorbance at the excitation wavelength. It follows that 7-
25 hydroxycoumarin is an ideal donor dye, as virtually every

photon absorbed by the dye undergoes fluorescence energy
transfer to the acceptor.

Example 6

30 Cells of the T-cell lymphoma line Jurkat were
suspended in an isotonic saline solution (Hank’s balanced salt
solution) containing approximately 10*2 g-lactamase enzyme
molecules per milliliter (approximately 1.7 nM; Penicillinase
205 TEM R°, from Sigma) and 1 mg/ml rhodamine conjugated to

35 dextran (40 kd) as a marker of loading. The suspension was
passed through a syringe needle (30 gauge) four times. This
causes transient, survivable disruptions of the cells’ plasma
membrane and allows entry of labeled dextran and S-lactamase.



WD 96/ 30540  PCT/ US96/ 04059
56 —addition—of the 5~fkuyorescetnthi ol —+n departdre—fromthe
protocol, three equivalents of 5-fluorescein thiol were added, as the

first equival nt aneously reduced the resorufin a gﬁmﬁg,
unreactive d|f éa&gé%gln-disulfide. Exposure to 5 air reox?gyge
resorufin to the original dye. [err] 25
[err]-Lactanmase catal yzed hydrol ysis of thisé&onpound generates
fluorescent fragments. Resorufin excitation_and em ssion spectr %re
| onger wavel engFRLARCIERAE rbAR rbegm PUCEessRBAAY Permeabilized iﬁﬁa

af fordi ng bettelagpamasel as@padrd ixdd FluopeBcent when illuminated at the

rhodamine excitation wavelength on a fluorescent microscope.
The cells were incubated with 5uM fluorogenic f-lactamase

5 substrate, CCleécJUQ, at room temperature for 30 minutes.
Illumination with violet light (405 nm) revealed blue
fluorescent and green fluorescent cells. All cells that had
taken up the marker rhodamine-dextran appeared fluorescent
blue, while cells devoid the enzyme appeared fluorescent

10 green.

xXam 7

Cells from cell lines of various mammalian origin
were transiently transfected with a-plaémid containing the

15 RTEM g-lactamase gene under the control of a mammalian

promotor. The gene encodes cytosolic 8- lactamase lacking any
signal sequence and is listed as SEQ. ID. 1. 10 to 48 hours
after transfection cells were exposed to 5 umol CCF2/ac,AM, for
1 to 6 hours. In all cases fluorescent blue cells were

20 detected on examination with a fluorescence microscope. Not a

single blue fluorescent cell was ever detected in
nontransfected control cells. To quantitate the fluorescence

measurements the cells were first viewed through coumarin (450

DF 65) and then fluorescein (515 EFLP) emission filters and

25 pictures were recorded with a charge couple device camera.
The average pixel intensities of CCF2 loaded transfected cells
{blue) and controls (green) at coumarin and fluorescein
wavelength in COS-7 (Table 2) and CHO (Table 3) cells are
summarized; values for 4 representative cells for each

30 population are given. Thus, the substrate CCF2 revealed gene
expression in single living mammalian cells.



t he uncl eaved dye versus the products of enzymatic cleavage. 30 But ,
phosphat e buffer the

in the case of

the stacking_and increases
96/30540
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10

is

. 20

25

Exanpl e 5 (compound 7b) [errds

rhodol . as the acceptor—in aqueous
dyes stack and forma dark conpl ex.
donor fluorescence (Fig. 4)
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‘Iable 2

COos~-7 (origin: SV40 transformed african green monkey

kidney cells)

Table of pixel

intensities
Blue cell #1
' #2
#3

#4

Green cellfil
#2

#3

#4

coumarin
emisgsion filter

27
34

Table 3

fluorescein
emigsion filter

20
23
31
- 33
43
42
20
24

CHO (origin: Chinese hamster ovary cells)

Table of pixel

intensities
Blue cell

Green cell

#1

#2

#3

#4

#1
#2

- #3

#4

coumarin
emission filter

98
70
76
56

v 3 W W

SUBSTITUTE SHEET (RULE 26)

fluorescein
emission filter

112
113
92
67
180
102
101
83

as

[err]-Lactanase treatnent disrupts

VO



For synthesis of 2,4 dihydroxy-5-chlorobenzal dehyde, 21.7 g (0.15 Mol)
4-chl groresorcinol were disselved i-A-150 mM 25— drydi-ethy- ether-and—QJ g

finely powdered zinc (I1) cyanlde and 0.5 g potassiumchloride were
added with s |rr|n The ™  suspension was cool ed on ice. otdeRiagko St r €am
of hydrogen  ori de gas was blown into the solution w Vi gor ous
stirring. After approximately 30 mnutes the reactants were 30 di ssol ved.
The addition of hydrogen chloride gas was 67 continued until it stopped
bei ng absorbed in the ether solution ‘(approx. 1 hour). During this
tinme a preci pEx3mRle 8 forned. pe Lon wrﬁmne
addi ti onal hour on i ce. Th:ziszzige shEg—to" se Ythe et hereal
solution 35 was poured fromthe s sol1d was jragt with 100 g
of ice and heated to 100[err]Cin a“fater Bgth. Upon cogling th

product crystallized in shiny plates fron1t e sol ution/.hkaey wer e
renoved By filtration on dried over potassium® WO
96/ 30540 3.Ndioos. _PCT/,

58 The yield was 15.9 ¢ (0.092 Mol )% ‘ 1): [err]

6. 23ppm (s, 1H, phenol), [err] 6.62ppm (s,

. , [edr] 7.52ppm
(s, 1H, phenyl), [err] 9.69ppm (s, 1H, for g/

,;[e r] 11.25ppm ([err], 1H,

phenol). 5 To prepare 3-car boxy56- chl+@ess/- hydr oxy counarin
5.76 g (0.033 Mol) 2, 4-di hydroxy-5- &9 zal dehyde and 7.2 g
(0.069 Wol) malonic acid were dissolv m o oyridine. 75 pl
Aniline were stirred into the solution an w?%g%%ﬁgzrion let to stand
at roomtenperature for 3 days. The 10 yo ol i at fornmed was
broken into smaller pieces and 50  CCFlaey ety s mdded. The creany
suspension was filtered t hrough a glass free add the solid was washed
three tines with 1 N hydrochloric acid a gﬁgg:g& h water. Then the

e - 150 ‘et hanol and 10 ni
nt volgne was

solid was © stirred with 100 :
15  haPfP concentrated hydrochloric:

20 For preparation of 7-acetyloxy-3-{(N-carboxymethyl-N-
methylaminocarbonyl)coumarin, 400 mg (1.6 mMol} 3-carboxy-7-
acetylcoumarin were refluxed with 4 ml thionyl chloride for 20
minutes. Excess thionyl chloride was removed by distillation
and the residue (7-acetyloxy-3-chlorocarbonylcoumarin) stored

25 in vacuo over potassium hydroxide pellets overnight. In a
separate vessel 142.5 mg (1.6 mMol) sarcosine was dissolved in
1.05 ml (5.4 mMol) N-methyl trimethylsilyl trifluoroacetamide
(MSTFA) and kept at room temperature for 16 hours. 2 ml dry
acetonitrile and 187 pl (1.7 mMol) N-methylmorpholine were

30 added and the solution was poured onto the solid 7-acetyloxy-
3-chlorocarbonylcoumarin on ice. After stirring for 20
minutes on ice the solution was let to warm to room
temperature. After 4 hours the solvents were removed in
vacuo. The residue was dissolved in methanol to deprotect the

35 acid after which the solvent was removed in vacuo. The solid
was dissolved in 30 ml ethylacetate-acetonitrile (2:1) and the
solution extracted twice with an equal volume of 1 N
hydrochloric acid and the with brine. The organic phase was



reduced in vacuo and the precipitate recovered by filtration, washed

with diethyl ether -and dried over phosphorous pent oxi de——4. 97 ¢
(0.021 Mol, 63% of product was obtained as a white powder. J[err]H
NVR (dDI\/SO) [WJWSppm(s 1H), [err] 8.02ppm 20 (s, 1crréEhdose
8.67ppm (s, 1H). To prepare

7- but yryl oxy- 3- car boxy- 6-chl orocounmari n, 3.1 g (12.9 mwol)

3- car boxy- 6- chl or o- 7- hydr oxycoumari n mere 68 dlssolved in 100 mM di oxane

and treated with_5, but yri dride | e and_20
i et byl am nopyiTithe Rz 2shydrgys BEALER.FIEAhSy (K05 oVt Yag Femoved
reaction solutlornvmanuo andadihed solifl erystal@pzeﬂ:ﬁxbmﬂbdmﬂmnsnstbvancanabh

a white ta’i%%ﬁ]tfl%”%‘é hleSca &P ETh Wad '3'1%@ QN 02RMol, 63%)

di ssolved in 150 acet ati ai ved material was removed by
filtrati on and t%#l‘fﬂ%&”é’ﬁﬁ:ﬁ E?BG td-with 50 30 m 1 N
hydrochl ori 8 aci d/ brine (Tohpldnd blicn-acetploxy+s- (N-carboxymechylws dri ed

(a7 il | booptayigabite %%E?Pﬁ%&%%%&ﬁ@ﬁ"ﬁ ilbﬁ'p‘é?ndﬁ )
= 7.4 Hz, butyri¢hlnnqgaphalgsporani¢ acp@nbenzh J[Eé&e]r wag etfiegted a
butyric nethyl ene3l1dva.r | 62 AGPRO.35mMol] t7-Rbbtylloxyl 3+ (i cabbibyyinethyl-N-
Fg??{lgngé §1Z§§Q€ﬁ¥ﬁéﬁ1noqggaﬁgy}h?ouma iﬂ)Wag J§£¥§§§ﬁg§§$o&Hmlcaﬁgar'“)’
PCT/U596/01959 methylene chloride to which 27 mg (0.2 gMol)
Erepa{atlon gf ﬁ? h r@azole and 41|mg dicyclohexyl carbodlg?xde gad
Fol ows. 25 g (R SRS 7Acapartiion, o8 82 °€ W' Cld. b mo) . 1-8Rp8uAar i p.
2.36 g hydroxybemtzlarcaz:ﬂpé!aﬂpsparema acid lgemzhydryin¢steg7 ig ggml mnylene
di cycl ohexyl Caré}%fzraéj‘%va‘ée%aded arogwﬁelaearlal ;?éhrad @psaagnueegol yRae
sol ution of C> benz Gl ne grepare ractlgp of rg S%Qer :
Tol) 1S Den ARG s SFLTaR: EGF | 70 OPY® Ao Ren CemBeraks |
sat ur at ed aqueoum:tnrcammmtee:.piuaterwés remdved Ry zﬁﬁatma):iom THeyEhjtopate
L he organi ¢ phasggu é‘ﬁj a %gehanaﬁ&léﬁéepmcc extragduat iaRcof the
sol vent volunme to 5 rggmnse
methylene chlor e. e solvent was removed once more and the
residue dissolved in 1 ml ethyl acetate. Addition of three
20 volumes of hexane precipitated the product which was recovered
by centrifugation. The yield was 49.9 mg (70 uMol, 35%) of -
the product as a white powder.
Conversion of the cephalosporin 3’-chloro
substituent in the above product to the 3’-iodo substituent
i 25 . was carried out as follows. 49.9 mg (70 uMol) of the above
product was stirred with 52.5 mg sodium iodide (5 equivalents)
in 1.2 ml dry methyl ethyl ketone at room temperature for 2
hours. The solvent was removed in vacuoc and the residue
dissolved in 2 ml ethyl acetate - methylene chloride (1:1) and
30 extracted with cold 2% aqueous sodium thiosulfate solution,

- followed by two extractions with brine. The organic layer was
dried over anhydrous sodium sulfate. The slightly orange
powder (32 mg, 40 uMol, 57%) was used without further
purification in the next reaction.

35 Coupling of above product with 5-mercaptofluorescein
diacetate (product CCFlac, diphenylmethyl ester) was effected
by dissclving 32 mg (40 uMol) of the iodo derivative in 0.4 ml
dimethylformamide and 3.4 mg sodium bicarbonate added. 22 mg




t he coumarin solution. The reaction was kept at room tenperature for
20 heurs—atter—whi-ch t he—presipi t at-e—was— ~+enmpved-by filtrati on—and—-
washed extensively with ethyl aéétate 15 and acetone. The conbined

sol vent frac re reduced to 50 m on the rotator or
upon whi ch OH@M tol uene was added and the volune Turther
reduced to 30 nl. The precipitating product was recovered by
fiItration and di ssolved in 200 m chboroform - absolute ethanol (1 :
1). The sol ution was reduced to 50 ml on the rotatory evaporator

and the pr odud&0f kMol co-grcanteiducresraindiacetateliwere digsolved gnof

t he t:jt le pr ?gugzml F&éﬁ_ﬁgﬁelﬂﬁaﬁ?:jdiﬁﬁtﬁglt Perfidhiddtand adde® It hel Qbaad Nzl\i/R
second cro otal yie err
(CoC13) " [or FoRPais iX 4 dfetr acpogeiere. | abief 2 Miine 1hE sonfent

1. 84ppm (rn 2masJ{rm7edeQn vacho:z Thpurgsidue was nsuspendes) in me:t}wleseppm
I(—Itz 2:4 c. n; 7cﬁ15lﬁd@u1 Yé[&elﬁlnﬂééﬂaiﬁe)( :1). 'f'l&’é r&r ﬁprymﬁﬁlro%Hwa&sé 5m5
(s, %Hy courra?‘?ﬁ¥ }Yt g’fﬁfré %glegl—f’vfﬂg r‘%/ ‘%"“7176‘&# ’1ﬂp
coumarin), 6 8h83pphv¢m; vidd ﬁfinovedoanﬂrth# r@s:tdx}e Qvaﬂdsmzﬁt(ur,atbli with 5.5
Hz, am de). t%l ether he dc&eBU(tly yl Oxﬁggﬁﬁ%wg@ ReC @b RBEh- 6-

chl orocoumari n prepar e s fol
but yryl oxy- 3- Béh3ge é?iﬁhﬁ%h?F&ﬁ?ﬁ%car‘Enfglﬁ#n% (2:1) vdeldeScbuRaPPn

were di sswl vedai pMdD, nlo¥l @dreloklesstpBdducyal | adi um on carbon (10% and

100 pl acetic acid vverecfégiﬁa%nt %f t:he &gﬁ%é%ﬁereﬁ&f‘%%}leqe t%u %stepliﬁe

stirred vigorously in i ent €sSure

t he uptake of was effgekedyas §912-@u5t hé wa s peion el qqﬂlta@aed The product
WO 96/ 30540 diphenylmethyl ester were treated with R0 9%@.4@.58roacet1c

di oxane. The 86H1 hetF AT T 5&@%@%2%@?@%@@% ghodce 28t 4RT
the prodict pmésupes at éth&as*agmmseme:nonm ivacuo and ghet mesidueent
to 20 m precyaktaiSSoRIE i @dECh Iéﬁylicetémda thelig@iaaesol ution is
e e e AR RN T YiBule” e oSEEE Gl s IR Wk oBREP B
then dissolved in 0.5 ml methanol. Addition of the methanolic
solution to 2 ml water precipitated the product. The product

20 was recovered by centrifugation and dried in vacuo.. The yield

' was 2mg (2 uMol, 50%) white solid.  The compound. was further
purified by high performance liquid chromatography on a.
reverse phase C,,-column using 55% aqueous acetonitrile
containing 0.5% acetic acid as the eluent.

25 - The fluorescence emission spectrum of CCFl before
and after g-lactamase cleavage (Fig. 6) was obtained from a
sample of CCFlac, that had been converted to CCFl by treatment
with orange peel acetyl esterase in 50 mmolar agueous
phosphate buffer pH 7.

30 Substrate CCFl1 has similar fluorescence properties
to substrate CCF2 in Example 5. In the intact substrate,
efficient energy transfer occurs from the 7-hydroxycoumarin
moiety to the fluorescein moiety. Excitation of the substrate
at 390 nm results in fluorescence emission at 515 nm (green)

35 from the acceptor dye fluorescein. The energy transfer is.
disrupted when f8-lactamase cleaves the f-lactam ring, thereby
severing the link between the two dyes. Excitation of the
products at 390 nm now results entirely in donor fluorescence



dried powders were 245 ng, 389 ng and 58 ng, totaling 692 ny (1.88
mvbl , 94% of white preduct. -[err]H-NMR-(dDMSO): [-err] 1.02ppm--- (t,

3H .J - 7.4 Hz, butyric nethyl), [err] 1.73ppm(m 2H J[err]— Jlerr]= 10
7.3 Hz, butyri@tfwyene), [err] 2. 70ppm(t 2H, J = 7. I‘IC
met hyl ene), [err .O7ppm (d, 2H, J 5.6 Hz, glycine rre"ﬁ"?ene)
7.67ppm (s, 1H, counmarin), 6 8.35ppm (s, I'H - courmarin), [err] 8. 90ppm
(s, I'H, coumarin), [err] 9.00ppm (t, 1H, J = 70 5.6 Hz, amide). 15
Coupling of 7-Butyryl oxy-3-

car boxynet hyl am ’cﬁhy?‘i A8 P8y dPdURYr i nTHE t FlucxsRGRACe emission from the

¢hl or ocephal ospodade ma;bmhpds;b 25t E6ldagpan Bt ait cleavageQl | oHe.
368 my (1 nmbl) &

car boxynet hyl ani nocar%o érf)&% P3P RB kS TEOuSE] By Ayfold, all of the
hydr oxybenztri az&t@*@mtfelwesssacagorigmsng framEhe 7-hydroxympumarin

cephal ospor gni ¢ #¢i ftdanwinegiion speberuiltser sniddensas! due reen.40TWen€9°f§0€-

o seton e Goa Hundb 2 MALL 1 crn GRSt 0o

vigorously for 3B fificienay 23 flporespénce cenergy dnmnafely ofi B6kat | Thiand
the volune of thgarge fltﬁﬁléétde?@er Eﬂﬂﬁﬁg ﬁﬁb@%}-@aéﬁkﬂ Q@.ea%@EOE)ﬁn rea?ﬁlly

evapor at or. 50ni o uene vvazmg_gc and the vol une red uce

Nt h stirithidraRs o Kekeghe CRRRZE AR thee ?GQP&EF‘OH H"I‘Eﬁ on
ce. The pk@ci pimammalien rcaid\seraé by fepdridd ain Exampde 30 redi ssol ved

n 10 mM chloroformand the renaini ng undi ssol ved solids were
filtered off. Addition of 2 volunmes of heptane precipitated the title
or oduct - whi ch WaBXaRRI&E ed and dri ed in vacuo and Vi el ded 468 ny

0. 6;1Hmv5>| 34% of f - whi t &efl0wUeE. the T-cdXY riymgHdma( W)Jurk&trkekeoe'pm '
t, = ls { r

= 7.4 Hz, butyrl C r%%%g gﬁ[%l’}onéé 5"‘21;5'@4 J°’%F%%%‘§m‘ gHH i.éﬁ&éli sgft-
butyric metByl erfeqlut[ié?w] cyn;tmppwgzapproximmlm 10 B-JaqgramesghenByYpSrin
C-2), [err] 4. 24mNadubs aiér hi¥lilited.. &ﬁﬁ'xoﬂwlgsmm fiM3 Pehii¥iEDehase

I[D(CEZ[I'; ]USSG;%Z)B,O?Q dzosz I*E:l\‘l] R*, f§om Sigma) andV\Q %8 %9 rggiil_amzne c?%]u%ﬁced to .

met hyl ene), 6 5.98pmAN (401 kd) jae a wayker of loading. The suspension was
: passed through a syringe needle {30 gauge) four times. This

20  causes transient, survivable disruptions of the cells’ plasma -
membrane and allows entry of labeled dextran and BS-lactamase.
Cells which had been successfully permeabilized contained: 8-

- lactamase and were red fluorescent when illuminated at the
- rhodamine excitation wavelength on a fluorescent microscope.

25 . The cells were incubated with 30uM flucrogenic g-lactamase
substrate CCFlac, at room temperature for 30 minutes.
Illumination with ultraviolet light (360 nm) revealed blue
fluorescent and green fluorescent cells. All cells that had
taken up the marker rhodamine-dextran appeared fluorescent

30 blue, while cells devoid the enzyme appeared fluorescent
green.

Example 10: :
. The preferred membrane-permeable ester of CCF2 was
35 prepared as follows:



7
‘cephal osporin C6), 6 5.89ppm (dd, JH, J[err]= 9.0 Hz, J2 = 5.0 Hz,

cephal-ospor-n—GA)- [ errj—6-86ppm {&+—IH- benzhyd¢y+}— [err] 7 30-
7.45ppm (m 12H, phenyl, coumarjin, amde), 6 7.79ppm (s, 1H,

coumarin), [r 84ppn1(s 1H counarln) [err] 9. 28ppn1(
3.7 Hz, an15§ mhngw - Coupl i ng of the above produé?ngﬁkﬁig
quorescelnthloI was effected as follows. 90 ng (0.2 nmwl) 5-

mer capt of | uorescei n di acetate disulfide diter were dissolved 10 in |0n
chl orof orm and t ted with 25 pl tributyl phosphine and 25 pl water
in an argon atno re e solution was kept for 2 hours at anbient
t enperature and was jt hen hdd to a solution of 20 ng sodi um

bi car bonat e, 25ngy ar I e and 110 ng (0. 15Aef

conmpound in 10 m 15 ' formam de. After 4 hours f : wer e
renoved in vacuo and"the fesidue triturated wth diel§ R he
solid - g was di ssolded in ethyl acetate - acetonitrile ( &f t er
removal of the solvents tHe residue was trit diaNed e \ Wi th
di et hyl et her vyielding 157 ng (0 13mvol g@@ of oIopEd powder
product . AcO. 2 : the above treated with a
| arge access of trif acid - anisole
tenperature for-20 8. ™At reagents are renove ?’tﬁc\% 32 and the
residue triturated w ¢r. High performance 25 | i quid chromat ography
of the gsolid in 45% hacetonitrile - { containing 0.5% acetic acid
gives a product in wh th butyrate anjd Oke enyl net hyl esters
have been cl eaved. HS maéipurlfled by hijgh p rfornance l.iquid
chromat ography on a reverse phase (Jerr]f-col ; o f°%qaqueo
acetonitrile 30 containing 5% acetic acid 3ds the Rl ud 35
WO 96/ 30540 - PET/ ;\ o
I A
15 : 0" 0” "0
33
20
25
0,CH,0AC
i 34
30 CCF2/btAMac,

Coupling of S-fluoresceinthiol diacetate (5) and 7-
amino-3‘-chlorocephalosporanic acid benzhydryl ester was
effected as follows. 450 mg (ilmmol) S5-mercaptofluorescein

35 diacetate disulfide dimer were dissolved in 30ml chloroform
and treated with 50 pl water and 125 ul tributylphosphine in a
nitrogen atmosphere which generated the free 5-
fluoresceinthiol. 450 mg (1immol) 7-Amino-3'-



62 ° [err] Deprotection of the
fl uorescein acetates in conpound 27 was acconplished with sodi um
bi carbonate i n nmethanol (room™ tenperature, 30m nutes) to provide the

fl uorescent en
performance |i

usi ng 35%
el uent .

10

15

20

25

30

35

é%ﬂ%w&éu substrate CCP2. It was purified by Mﬂq}
Ul chromat ography on a reverse phase (err 708 coiunn

aqueous acetonitrile containing 0.5% acetic acid as the
72 '

chlorocephalosporanic acid benzhydryl ester hydrochloride salt
were dissolved in 10 ml acetonitrile with the help of 220 ul
(2 mmol) N-methyl morpholine and the two solutions combined
after 30 minutes. One hour later the solvent volume was
reduced to 5 ml and 50 ml carbon tetrachloride were added.

The solvent volume was reduced to 15 ml and hexane added with
stirring. The initial orange precipitate consisting mainly of
N-methyl morpholine hydrochloride was removed by filtration.
Upon further addition of two volumes of hexane 630 mg (0.76
mmol, 76%) white product was precipitated and collected.

The above product was coupled with 7-butyryloxy-3-
carboxymethyl aminocarbonyl-6-chlorocoumarin. 325 mg (0.88
mmol) 7-Butyryloxy-3-carboxymethyl aminocarbonyl-6-
chlorocoumarin was dissolved in 15 ml hot dry dioxane. With
rapid cooling 110 pl (1 mmol) N-methyl morpholine in 1 ml
dioxane and 115 ul (0.9 mmol) isobutyl chloroformate in 8 ml
methylene chloride were added. The reaction was kept at 0°C
for 30 minutes after which 661 mg (0.8 mmol) of the above
fluorescein-cephalosporin adduct in 7 ml dry methylene
chloride were added. The solution was let to warm to room:
temperature and aftexr 3 hours the solvents were removed in
vaccuo. The residue was dissolved in 30 ml methylene chloride .
and twice extracted with one volume 10% aqueous acetic acid
and once with water. The organic phase was dried over
anhydrous sodium sulfate. Addition of 150 ml dry ethanol,

. reduction of the sclvent volume to 50 ml and cooling to -20°C
resulted in precipitation of the product (crude, 850mg).
Purification was achieved by chromatography over silica gel
with 25% ethyl acetate in toluene as the eluent. 250 mg (0.21
mmol, 26%) of white powderous product was collected.

Cleavage of the cephalosporin benzhydryl ester was
accomplished by treatment with trifluorocacetic acid. 145 mg
(0.12 mmol) of the above product was treated with
trifluorcacetic acid / methylene chloride / anisole (10 / 10 /
1) at 0°C for 20 minutes. The reagents were removed in vacuo
and the residue triturated with diisopropyl ether. The solid
was dissolved in 1 ml dimethyl sulfoxide and the product
pPrecipitated by addition to 25 ml water. It was further
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63 .. S E —_— —St++rg of conpourd—2+

wi th excess acetoxynethyl 20 - Bromde in dry lutidine produced the

ménbr ane per neabl e derivative of the substrate (CCF2/ aglghishdidbsy 1) -
It was purifW? hi gh performance liquid chronatogragks on a reverse
phase Cerr] - col um usi ng 65% aqueous acetonitrile containing 0.5%
acetic acid as the eluent. CCF2/ac2AM27Bs readily converted to CCF2 25

in the cells, cytqplasm Unlike in Exanples 1-4, fhe donor
and accept or d?é?"%"ea PR tepersaRhassSigdefdn wikbya ‘?ﬁﬁps%’é%#%‘%"e ‘?g 40
fully f | udnoe $O&Naguecns capddei trifllec conndinibng e i 5% ncdtniormaich azf the

{1'vor escence SeasertnyEpiafis 14 My X7y gns3 CbofPoanics SOMGE 7], | ne
This is due to the nuch Breteetieomeiwephsdpgporin acid as membrane
5 permeable acetoxymethyl ester was achieved as follows. 15 mg
{15 umol) of the above product was dissolved in 250 gl
methylene chloride. 25 ul Bromomethyl acetate and 50 ul
lutidine were added to the sclution. The reaction was kept at
ambient temperature for 7 hours after which the reagents were

10 removed in vacuo. The residue was purified by flash
chromatography on silica gel with ethyl acetate as the eluent.
15 mg (14 umol, 92%) white product was obtained. This
compound, named CCF2/btAMac, was used for intracellular
detection of f-lactamase activity.

i5

Measurement of activation of an intracellular
receptor: Activation of the intracellular glucocorticoid
: receptor was measurediby its ability to upregulate_the~'

20 transcriptional activity of the glucocorticoid responsive
element in the mouse mammary tumor virus promotor. This
response to steroids was detected as increased intracellular
B-lactamase activity on the substrate CCF2 causing an
appropriate change in fluorescent signal.

25 The gene for plasmid encoded RTEM B8-lactamase of
Escherichia coli without a signal aequeﬁce {(Sequence 1 of Fig.
7) was put under transcriptional control of the mouse mammary
tumor virus promotor and introduced into a mammalian
expression vector. This vector also carried the

30 chloramphenicol resistance marker for amplification of the
plasmid in bacteria and the neomycin resistance marker for
mammalian selection. It was introduced into baby hamster
kidney (BHK) cells in culture using the calcium phosphate
precipitation technique. Cells were then subjected to

35 selection for stable integration of the plasmid into the
cells’ genome using the antibiotic G418. One of twenty clones
was selected for its marked increase in g-lactamase expression
following exposure to the steroid analog dexamethasone.



nature of the 7-hydroxycoumarin conpared to that of the xant hene dyes

(eosin, rhodam ne, #hodol and-resorufin) in Exanpl es 1-4.-.35

Fig. 5 illustrates the enission spectrum of conpound . CCF2 in 50 nmol ar
phosphat e buf f O before and after [err]- | act amas G cgnfidiiodaso Of
t he [err]-lactgjrﬂ . In the intact substrat e, efficie;i’t ener gy
transfer occurs fromthe 7- WO 967430540
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hydroxycoumarin noi ety toTheefbllowisg desamibesy theFmeasarement of the the
substrate at 40%::[2:%%%%“'1&1 Lﬂ?{:lz%gégéifee_ﬁ??x%@'ﬁanain thie e.f"Hfter

(green) fromthe acceptor uor esc ener gy ranster IS
di srupt ed when [B4diE: P&cP§ ke RgeniRk dexamethapong i Jfelle °‘F|'ﬂ'§ﬁ 43R,y
severing the |iBHeeldcrlbhe GML dgsgressing [B-diatdhmane odnddre qomrtadl ofat

495 .m now g oSty SALEREbY: Dot ndlf J WIRRBRESTEREMkAN O Hnd!?® I

(blue). The orescence em ssion noi e I'ncreases 25

fol d upon [PEESENcgc PEnREpERGE RE %W&éﬁc@atlm@%ﬁﬁq &t afu &
10 by 3.5 fol rrasiks ﬁ&thheelrma@@éﬂdt@aemmcehermcw&ucﬁg at diffierent

t he 7-hydroxycoynarin eni ssion s e 1.nto

green. Twenty- f i %’F gﬁ%ﬁl?ﬁf’bﬁ'&t 3: P_Hé c?:h]és S%agtslﬁtﬁr S

equi val ent to adngpf Hehlshéybélam¢%r¥élcteﬁ@ém=i°n centaiming s (umMOL&r 96%
Thi's | argeid | uoiceFeyBeAMERANJThEH Oforound ¥ddmesaebategt 8dved kgL eadi |y

be used to .detecgt [err]-lactam t he cyt asm o n

cells, as is reé&"k % acces%%r}el?og (o SuBBLr £e ECH \i:y %ﬁxg%genous
7- hydroxycounar cytoplespicnesterasgmhal Fegominutes laker dche rgslie supermarang
fl uorescence qu%h‘é&‘iﬁihgcbéﬁflbﬁma@ waéhﬁetﬁ@@é‘d‘ce W r&ﬁ’ﬁt@ﬁ%&&@f fhe
98-100% This vﬁég § J(fﬁlned bﬁ- aogp%rl nlg e |nte I of the
corrected Fe?ﬁﬁﬁcé‘“@?ﬁ' N EOPH& t AR TF " e gP1-
sol uti on of5 9- afilmoxesidnne hymmﬁdqpa .de Fﬂ.nowaseennutmm:fments were

absorbance at t haxghCisighl O%Meéﬁ]&ta'hoht 1&?&1&:0\(\5111?@{- 4000¥15) and with
hydroxycoumarl nbéglgagﬁageal donor as vir

ngegswm e?&"(gn&? gﬁe:igg,ﬂer §3§/DF45} e%r}.ssa.on

filters. A ratio of blue versus green emission intensities
was determined. The ratio is a measure of how much substrate
20 has been converted to product. Using a 40x objective, 4
' fields with appfoximately 60 cells each weré-imaged at: each
time point. The results show a significant increase in the
ratio of fluorescent intensities reflective of increasing 8-

absorbed by the

lactamase expression and production.

25
time in 0.0 hours 1.0 hours | 2.0 hours 3.3
presence of hours
1 uM
30 dexamethasone
‘average ratio 0.21 +/- 0.38 +/- 0.42 +/- 0.47 +/-
of fluorescence | 0.02 0.05 0.07 0.08
intensities
450DF65 /
35 535DF45
Example 12: _
Measurement of cell surface receptor activation and
40 intracellular signaling via second-messenger responsive

SUBSTITUTE SHEET (RULE 26)



Ve

transfer to the acceptor. 30 Cells of the T-cell |ynphoma

line Jurkat—were——— suspendéd5in-an—LsotoniG—saLLne—solution ( Hank~s—-
bal anced sal t ~ solution) containing approxi mtely 10[err]

[[err]-lacta me mol-ecul es per nilliliter (approgiiRtsioiesy 7 "M
PenicillinaggagaggaXOS TEMR, fromSigm) and 1 ng/m rhodgn1né conj ugat ed
to 35 dextran (40 kd) as a marker of |oading. The suspension was

passed t hrough a syringe needl e (30 gauge) H=our tinmes. This causes

transi ent, survivable disruptions of the cells' plasm menbr ane and
all ows entry cflementlissd aekivapiemdof erell |swgifacesereceptors leady\(xo a

96/ 30540 change in intracellular messenger RehcbRPPALIORE which in turn
65 Cells t had ,been Sg@ﬁfSSfmlﬁgém”nﬁabl i zed cont ai hed

| -
| act amase and ate? AREERES AL AR IR e §2GFOF nREEIVATY o (TR ne
excitati on wadgmelgidytes, aahl incrsasetthe dntsacedlular cdheentriatiowraf

| ncubat edgwi t en| s ]
5 o act?v 'of . ;
CCF2/ ac[ err] AMZ, gqeféréégﬁg?e%%feir%ﬁéjém‘# ?r‘éa??% nlt,l: gs. S ééfﬁgﬁgl'%%%%?l on
with viol et |inyleasnfackpr, efcareivafies T-1ymphocyseasRRThnd Thiseevent
fluorescent celrdcreaiies etehhsciiptidmdat promotekencontabringrkite NFAT-
rhodar ne- dextlan pRAaEeds LLUOT £ Irease 1o dfe it 16vETs  SrdifY il the
enzyme appeare orescen 0 ﬂéeen. a e
Cel I's from celsufifiedenss toamaskedtwmringrenseotrgngcriptiop et 12 arkepanter
transfecigd Wigdhed slchs Bs0pCaAELATRASY ddifilhRed WREN it eis]phecimdese gene
under the control of .a qanwEllan rfa;lprom)tor. The gene fncodes tosglic
Lerr]- 1 act amndFANBGFiRy ioRgL contzol of & Zrometer fANTALPiRg & trineR)of o
1. 10 to 48 h®WRAT sitesafter transfection cells were exposed to 5 pnol
CCF2/ ac[err] AM err] forrhe mutif® F-NAPhocytd 2kl1C8sRe Bizqgscent Dbl ue
cells were . \ > .
transiently cotransfected with two plasmids. One plasmid
15 “contained the;ﬁ-adrenergic receptor, which localizes at the
- cells’ surface, under the transcriptional control of the
strong and constitutively active cytomegalovirus (CMV)
promoter. The other plasmid contained the bacterial RTEM 8-
lactamase gene from Escherichia coli modified for. improved -
20. mammalian expression (sequence ID # 3 , with optimum mammalian
Kozak sequence, B-globin leader sequence, pre-sequence
removed) under the transcriptional control of a promotor
containing a trimer of NFAT sites. The plasmids were
introduced into cells using electroporation. 5x10° cells in
25 0.5 ml electroporation buffer were electroporated in the
presence of 10 ug each of both plasmids using the Biorad Gene
Pulser (250V, 960 uF, 16 usec). Twenty-four hours after
transfection, cells were either incubated in the presence or
absence of the g-adrenergic agonist iscproterenol (10 umolar)
30 for 5 hours. The supernatant was removed and replaced with
Hank'’s balanced salt solution containing 10 umolar
CCF2/btAMac,. After 20 minutes at room temperature cells were
washed with fresh buffer and viewed with the fluorescence
microscope. 4% of isoproterenol treated cells appeared
35 fluorescent blue (excitation filter 400DF15, emission filter
435 nm longpass) while no blue fluorescent cells were
detectable in the control population (absence of agonist).
Maximal stimulation with 2 gM ionomycin and 50 ng/ml phorbol



20 ° detected on exanmination with a fluorescence nmicroscope. Not a

single blue fluorescent cell was ever—detected in nont r ansf ect ed
control cells. To quantitate the fl uorescence measurenents the cells
were first viewed through coufarin (450 DF 65) and then fluorescein
(515 EFLP) eni YQ%A%P ters and 25 pictures were recorded wiRGHUP¥Y e
coupl e devi ce caner a. The average pixel intensities of CCF2 | oaded
transfected cells (blue) and controls (gyeen) at coumarin and

fl uorescein wavel ength in COS-7 (Table 2) and CHO (Table 3) cells are
summari zed; val estdmfor Sepwousentrasultedein s20%rblamc f130respeptl celds tme
given. Thus, thgu§%gﬁﬁﬁ§kgogpF2 reveal ed gene expression in single
living manmal i an cel’l s WO 96/ 30540

PCT/ US96/ 04059 - 66

Table 2 CEample i1@i:n: SV40 transforned african green nonkey

Ki dney cel|g) Tabl 3-2hcBhiighes £rom afﬁg%tnmcfpf,rganiguar@%f@' n
5 intensities em Sssi on ter em ssion

cell #1 modified fpr use as reporter epgymes in eukaryotigocells,

34 prefétably mammalian. THe bacterial gene for3these enzymes
géll#l incf%%es alg-terminal prggéquﬁ?ce {first 233§m}9%2ac£5§qaf
4 Seguence 2 of Fig. 7.) yghat targets the enzyge to the

20 10 extrétellular space. Folldwing translocationZ4 pﬁé-sequence

Tabl e 3 ngse hal ovar
bl e o pixel Peptidase SiSakls Ehd’ oS adlfiis AR e SYMInES 1eearing the
emi ssion filter magmresifodacthmase enzyms| uRTRM [8-lagtamase from Escheri@i@gia

112 coli including its bacterial pre-sequence (Sequence 2 of Fig.
7) was put into a mammalian expression vector under the

15 .control oflthe mouse mammary tumor Yirus promotor. This

: cbnstruct was introduced into baby hamster kidney cells using

the standard calcium phosphate precipitation technique. The
B-lactamase activity was found in the cell culture medium; no.
activity could be detected in the cell pellet. .The amount of .

20 B-lactamase activity . in the medium. was steroid dependent.
Cells that had been in: the  presence of 1 uM dexamethasone.for
36. hours.prior-tOzthe;measurement~producedethieefold;morew_
enzyme than control. This makes the f-lactamase with its - -
bacterial pre-sequence (Sequences 2 of Fig. 7) useful for an

25 extracellular assay of mammalian reporter gene activity.

A preferred use of the 6-léctamase reporter is where
the enzyme is produced and retained in the cell cytoplasm.
Therefore the bacterial signal sequence was removed and
replaced by ATG (methionine) as the new translational start

30  site in three modified RTEM fS-lactamase genes (Sequences 1, 3,
and 4 of Fig. 7). 1In order to increase expression of the B8-
lactamases in mammalian cells, the RTEM 8-lactamases of
Sequence 3 and 4 of Fig. 7 were constructed with altered
ribosome binding sites optimized for mammalian expression

35 {Rozak, M., J. Cell Biol. 108: 229-241 (1989)}]. For increased
compatibility with the mammalian translation machinery, 8-
lactamase of sequence ID #3 was inserted at the end of an
untranslated mammalian B-globin leader seguence. All of
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these néégf]DNA sequences encoding novel B-lactamases were
inserted into mammalian expression vectors with the
cytomegalovirus promotor controlling their transcription.
Mammalian cells in tissue culture (Hela, COS-7, CHO, BHK) were

5 transfected transiently with the plasmids using the standard
lipofectin technique.. Two to five days after transfection,
the cells were incubated with the membrane-permeant.
derivative, CCF2/btAMac,, of the fluorescent substrate CCF2 to
assay functional expression of the enzyme. 5-20% of cells

10 transfected with plasmids containing cDNA Sequences 2, 3 and 4
of Pig. 7 showed a conversion of green to blue fluorescence
indicating cleavage of the intracellularly trapped substrate
by expressed B-lactamase. By contrast, in untransfected or
mock transfected controls, all cells showed the green

15 fluorescence of uncleaved CCF2; no Blué—fluorescing cells were
observed, confirming the absence of any endogenous (-lactamase
activity. '

The gene for Bacillus licheniformis f-lactamase was

isolated from total Bacillus.licheniformis DNA by use of the

20 polymerase chain reaction... The oligonucleotide primers -
removed the f-lactamase secretion sequence -and generated the -
DNA.sequence ID # 5. This gene was inserted:in a pCDNA3.
mammalian expression vector under the transcriptional control
of the constitutively active cytomegalovirus promoter. Hela

25 cells were transfected with 10 ug of plasmid per 25 cm®
culture dish using lipofectin. 5 days after transfection,
cells were tested for functional expression of B-lactamase by
incubating them in the presence of 100 uymolar CCF2/btAMac, and
visual inspection with the epifluorescence microscope. 30-40%

30 of cells showed blue fluorescence, whereas only green-
fluorescing cells, no blue-fluorescing cells were detectable
in untransfected controls. In transient transfections, it is
typical for <50% of the cells to become transfected.

35  Example 14

A plasmid was constructed with B-lactamase of
sequence ID 3 (figure 7) under control of yeast elongation
factor EF-lalpha enhancer and promoter. This plasmid was



20" For preparation of 7-acetyl oxy-3-(N-carboxynethyl-N

nmet hyl am nocar bonyl3-coumarin,. 400 ng<{1.6 nvbl) 3-carboxy-7-

acetyl counarin were refluxed with 4 m thionyl chloride for 20

m nutes. Exce ' | chloride was renpoved by distillation so3fdqush he
resi due (7-ac§??/%@>?;%-chl or ocar bonyl coumarin) stored 25 [ nrc\;gguo ovgr
pot assi um hydroxi de pellets overnight. 1In a separate vessel 142.5 ng
(1.6 mwbl) sarcosine was dissolved in 1.9 m (5.4 mwl) N nethyl

trimethylsilyl trifluyoroagcetam de ... (MSTFA). and, kept .at roomtenperature
for 16 hours. 2 SRiRISPESE CBiter: wirhothn PAuATIu ATty Rl pabstiace: CLFS
N- et hyl nor phol i {eonpeund(7b) ddted zebrtaf heh sermbryam atatheowiedlentellhstage.

solid 7-acetyl oys contr ,Cfuufy ed WitH the gtaftsssih'hr sh?g ber
toro

- z?rB ar Repy!
20 m nutes on |1 ce the solution was 0 warm m

el t
tenperature. Af t¥HPEETRRE LGH% adoPPent ALHRY Lhxaf hanns,; the epbxyes waze
resi due wassdi sswiewestl iwitietainepifloogeptoncs inidrostope asidgawtielevhi ch

t he sol vent was ' 0. SPA LssQl Vv ' m
et hyl acet at e- ace%’gérﬁﬁéexp(?%% érf]éI?ﬁ’é 866191-“;550)| u%n:ﬁ;% g?? r g‘%‘t ggn%agg W t h
an equal vol une ¥igsien filterdr ochEBbrycoacihptahad recgivedpplasmidnBNA
organi ¢ phase Wafluoresced blue\Wh28&086MErols fluoresced green.

PCT/ US96/ 04059 68 dried over
anhydrous sodi um sul fate. The sol vent was renoved in vacuo and the
solid crysifl | i ZxbepiendHili ng et hyl acetate with addition of hexane.

The yield was 316ng (1.0 R-33% i t g¢hl KN ok
Coupling of 7-acetyl oxy-Siq}ql\yl-cB Qﬁ&amas% #’éné"d(ih defpuenkat 8pl 5NGasObifned

rboxyne - N : -
met hyl ani nocar batBH9 &m@%aﬁht?-gﬁﬁ%%@"m“ vectorn ypder hheoSpBEERAL cof
acid benzhydryl tde gglasss privimetbedand injectded |imt> wildagyp@. Probbphila -
7-acetyl oxy- 3-( M Woi ! ) a y o] | 3
stirred with 1 % r 1%. : ne)%oﬁyrg%'e %?#rgél dAe@c{Ho i%%ﬂ%%ﬁg ?gggkﬁ/ﬁgl ; j:he
hydr oxyben¥®ri a2 HRARF ILREAGIGRC y cPEREQHRIIS AFRFYOS WETRagexrmlingzay,
added. A sol uti arayisfinedsifig? Pndbbénent anediat¥d transfobhmatbon. The

cephal ospor ani ¢ Aol HENZIMALY 8R! 851! Sudsdlludii! PLY°REnipu1aibb! dErdas -
added dropwi se over_a period of m_nut es. e
. performed using standard techniques {Karess, R.E. and Rubin,
"G.M., Cell 38, 135, (1984)]1. Omatidia of late stage
20 transformed pupe were transsected and dissociated to single
cells. The cells were incubated in buffer with 40 umolar -
CCF2/btAMac, (compound 34) for 20 minutes, washed and viewed:
- with an epifluorescence microscope (excitation filter 400DF15,
emission filter 435 nm long pass). Omatidia cells from flyes
25 transformed with the f8-lactamase gene in the proper
orientation fluoresced blue, while omatidia cells containing

the gene in the wrong orientation fluoresced green.

Example 16
30 In certain embodiments the compound of this

.invention can be any of the following compounds.

R
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15 reaction was stirred for 20 hours at roomtenperature after whi ch

t he precipitate - was renoved-by filtrati-on—The fHttrate— was evaperated
in vacuo and the product extracted into met hyl ene chl oride. The

sol vent was once nore and the resi due di ssol ved %m(m)s et hyl
acet at e. Addﬁﬁ% three 20 vol unes of hexane preci pita?gg%ts e pr’oduct
whi ch was recovered by centrifugation. The yield was 49.9 ng (70 pMl,
35% of t he product as a white powder 79 Conver si on of

t he cephal osporin 3'-chloro substituent in the above product to the
3'-iodo subst Whg¥ein25 was carried out as follows. 49.9 ng (70 pMl) of
t he above pr og¥icis Vil evitied Edoi the Sgrdup-cindistingodifdH, (81, and

equi val ent s) . in 1.2 mM dry nethyl ethyl ketone at roomtenperature for
2 hours. Bffie sol vent was renoved in vacuo and the residue

dissolved in 2 M Bfhis selected frow: hhecgroum ennsisting1 pfaHd aond

Ext ractedg wit %QQ&Q;Z%hagueous scﬁdi um t hi OSIU| fate sol uti onEj g fol | owed

y two extractionS with brine. T or gani ayer S ry oV

anhydr ous sodi um s§pPexeir Rjang thFF 6?&%@@”&%&&}&;‘:@2%5&“ gée'pl\/bl ,
57% was usedgwoupoubnbistiwg of -C (@)ailld, caCHOC Q) alks mEHESE A lkn.- 35

Coupl i ng of abay, Q%ﬁ# i 3 t ) N di acetate
(product CCFLac Gécr:ﬁ) I'p e\%%eéﬁgﬁiéggeﬁﬁﬁs ef ?"elcftea d di ssol vi ng
32 ny (40 pwbé)a;&ﬁbpﬁsmm Ry} i stherein,agk,1g) lower )ﬂ@tlﬂg) %ortr?al’ﬁ de and
3.4 ng swoli umcairbahbatohs, aakid dnemblang -permeant flud¥foPiR)Hedrivatives

PCT/ US96/ 0405y ereos 69 (50 pMbl)

5- ner capt of  uoresceih di acetate were dissolved in 0.3 m deoxygenat ed
di net hyl for mani deRarik® dadegviexyhalkydeo conmpound in an argon

at nosphere. After 2 hours the sol vent was renoved in vacuo. The

resi due was sys ded in h e okt,de - ethyl acetate (1:1).
The organic s%?’?’gﬁ %gmgfé g’l' %%ec%m\ﬁo%ghmékér and dried over anhydrous
sodi um skB f at e. The sol vent was renoved and the residue was o
triturated with et hyl ether hexane (1:1). Flash chromatography on 60
mesh silica gel v_\,ithoethyl agetate - toluene (2:1) yielded 4.2 ny

R R

20
e
'NH S
/——'N S
25 ' Y
30 wherein R®* and R*™ are independently selected from the group

consisting of -C(0O)alk, -CH,0C{0O)alk, -CH,SC(O)alk, -
CH,0C{O)alk, lower acyloxy-alpha-benzyl, and
deltabutyrolactonyl; wherein alk is lower alkyl of 1 to 4
carbon atoms.



10 (4 pMol, 10% of colorless product. Cl eavage of the

di phenyl net hyl ester to give CCFl ac3.--. was effected as follows. 4 ng (4
pMol ) of CCFlac3 di phenyl net hyl ester were treated with 200 p
trifluoroacetjc = . acid - anisole - nethylene chloride (1Q;J; ice
for 15 15 MASRLS40 T reagents were renoved in vacuo anqu#' ue
was dissolved in 0.5 nm ethyl acetate and the sol vent evaporated in
vacuo. The solid was triturated with ether &%d then dissolved in 0.5
m methanol. Addition of the nethangl.i .solution to 2 m water

preci pi t at ed tﬁgobhﬁﬁusfgmpﬂ%éﬁiﬁgﬁh5¥m%ﬁmndmég‘recovered by centrifugation
and dried in vacuo. The yield was 2ng (2 pwol, 50% white solid. The

conmpound was further
chromat ography on a

purified by high performancesS®i qui d
gge phase C(err]-colu i ng 55% aqueous

acetonitrile co ¥o acetic acid as t gient. 25

The fl uorescence em g and after.
[err] -l actanase cl eayage™(F¥g. i ’ > sanpl e of

CCFl ac[err] that had W4 4 i #~\i t h orange
peel acetyl esterase ed-8 bu { pH 7. 30

Substrate CCFl has s
in Exanple 5. In the /iy
occurs fromthe 7-hy§? noiety to th uorescein noiety.

Excitati o¥® of the sul 90 nmresults | uor escence eni ssion

at 515 nm (green) € fromthe Baccegtor uore n. The energy
transfer is di srupt ed mhencFer - | aqt sdq cl gaves the [err]-lactam
ring, thereby severing the |ink beifeen eMwo dyes. Excitation of

t he products at 390 nm now results entirgy in donor fluorescence
WO 96/ 30540 _ _ PCT/ US96/ 04059

70 em ssion at 460 nm (blue). The fluorescence em ssion fromthe
donor nni%ﬁy'increases 25-fol d upon [err]-1lactam cl eavage. The

fl uorescence aiA Xihainexampleuvotdhs ®npourd dBl: of 't he remai ni ng
fluorescence originating fromthe 7-hydroxycounarin

20 OGP Y ° g
| o

gy transfer

—" o

25

30
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5 as its em ssion spectrumextends into the green. Twenty-five- _
fol d quenching—of—the-donor—HA—the substrate i s egurvalert—+to an——-
ef fi.ciency of fluorescence energy transfer of 96% This | ar ge
fluorescence chgy on [err]-lactam cl eavage can readily pcT/ESeksRs t O
detect [err]-lactamase in the cytoplasmof living 10 manmal i an cells, as
Is reported in Exanple 9. Exanple 9 g Cells of the
T-cell |ynmphoma |ine Jurkat were suspend%d in an isotonic saline

sol ution (Hank's bal anced 93l pubd icat $6ht A0 )ptHt2 iIdtichtheRRB! @XLEAL ShYthis
10[err] [err]-lact se enzyne . mlecgles%mllll.ltgﬁl. .
(approxi natel y 12BP aiﬁ@ﬂ &Y ipgorporated hyp nence, 4R EPGAE) eRhrety
mg/ M rhodam ne fomnjaljlatmurioses to thHexsame €xtEntd)asadfaeamhkénddvideatli ng.
The suspensi on vgigsli catidift3°pakBheUabcnsat AR WPl (iRugRigeachotEa.

tinmes. This _20 causes transiéent, survivable disruptions o
pl asma 5 nenbrane and T BFESeRE ynventign Rrpvides, aevedgsubstrates for

[err]-lactanase.beta-ladiainase, Wbeth-badtameses unnt swfthody ferneheitiusel.
contained [err]- ile sﬂeaéiﬁgagﬁaﬁ\&g\e/gle%% f\%oén!l gﬂh%‘&%at @/ﬁgnabu,gm nat ed

at the rhodam ne“excitation aoredcent m croscope.
25 The cel | s \Reecrintivm d¢ dldustoptive AndRat repsriptive: anMany
P Rt 9 o eyt SRR shtln LS Spparent o chose
fl uorescen Band %?%ﬂe#‘fl%l’:@?cgﬁ BB% s?ev?w c°3/ﬁ:3’itgh§?eﬁgaicati°nt ak%lhe up
the marker rhodas¢one dfxtohen inypubien showkdsdderefore,bbeedebhrnined | net
devoi d the enzyngidReFeédénteURbCER8NAbove dedt@Ption, but ik¥8ERECshAlld be
The preferred Mgty ans-Ref TRabl ¢ 82Lel 8 ek Mpehea RISDAL 185y witn
PCT/ US96/ 04059 their full scope of equivalents. 71 _
15 All publications and patent documents cited in this
application are incorporated by reference in their entirety
for all purposes to the same extent as if each individual

publication or patent document were so individually denoted.
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5-fl uorescei nt hi o'} o End 7-- am no- 3' - chl or ocephal ospor ani c
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WHAT IS CLAIMED IS:

1. A compound of the formula (I}):

R2:e¥0

C olel

wherein:
' one of X and Y is a fluorescent donor moiety or a
membrane-permeant derivative thereof, and the cother is a

quencher moiety, an acceptor fluorophore moiety or a membrane-

permeant derivative thereof; _ .

R’ is selected from the group consisting of H, lower
alkyl, (CH,)_OH, (CH,),COOR", and =NOJ, in which n is 0 or an
integer from 1 to 5 and J is H, Me, CH,COOH, CHMeCOOH, and
CMe,COOH; _ : '
R" is selected from the group consisting of H,
physiologically acceptable metal and ammonium cations, -
CHR?0CO (CH,) ,CH,, -CHR*0COC(CH;) ;, acylthiomethyl, acyloxy-alpha-
benzyl, delta-butyroclactonyl, methoxycarbonyloxymethyl,
phenyl, methylsulphinylmethyl, betamorpholincethyl,
dialkylaminoethyl, dialkylaminocarbonyloxymethyl, in which R?
is selected from the group consisting of H and lower alkyl;

A is selected from the group consisting of S, O, SO,
SO, and CH,;

%2’ is a linker for X; and

Z" is a linker for Y.

2. The compound of claim 1, wherein Z' is selected

‘from the group consisting of a direct bond,

-(CH,),,CONR’(CH, m™ '('CHz)nmzco(CHg)m": '(Cl"z)nma_comz(c}!z)n-l -
(CH,) ,NR*CSNR? (CH,),,, - (CH,),CONR?(CH,) ,CONR? (CH,),-, - (CH;),-,
(CH,) ;NR®CO (CH,) ;S (CH,) -, = (CH,),S{CH,) .-, -(CH,},0(CH,},-,



effected as follo 5- nercaptofluoresceln 35 di acetate
di sulH—de—d—r—H%Hv\gﬂ“l HMH lﬂﬂ Ormi—chi-of of or m——and—t reat ed wi th50

pl water and 125 pl*trd4 bt ylMphesphine in a ni trogen at nosphere which
generated the fluoresceinthiol. 450 ng (1nmol

90 56/ 0540 WESare O USa0; ohondCintiBiinss

72 chl or ocephal osporani ¢c aci d benzhydryl ester hydrochl oride salt
were dissolved in 10 m acetonitrile with theghel p of 220 pl (2 mol)
N- et hyl norpholine and the two sol uti ons conbi ned after 30 m nutes.
One hour | afer rhﬁﬂstﬂgHﬂﬁﬁm-une(ﬁaﬂ »SC.NR*(CHyled t&CH,)gCOaTH,50- n1 car bon
tetrachl ori de were added. The sol vent volunme was reduced to 15 nml and
hexane added with stirring. The initial orange precipitate consisting
mai nly of N- et hyl nnrpholine hydr ochl ori de renoved by
filtration. Upon er _agdition of two vol ungs of hexane 630 ngy
(0.76 10 mol , 76% w p%ggs r eci pLipglse d col |l ected.

The above product was cO h,7- yry&pxy- CRIpexynet hyl
aninocarbonyl-6-ch|orocounar|n 325 ng (0O.88 1)

7- But yryl oxy- 3- car boxynet hyl aninocarbonyI-G- chl orocoumari n was
dissolved in 15 m hot dry di oxane. Wth 15 rapid cooling 110 pl1 (1 nmol)
N-net hyl norpholine in 1 m di oxane and 115 pl (0.9 mmol) isobutyl
chloroformate in 8 nm nmet hyl ene chl ori de were added. The reaction was

kgpt at O[evlr] there:.erR’3ﬁmlﬁﬂzﬁltﬁﬁ aﬁ%‘ mﬁm 684f hed . B Eavlsbleétéaefrom
above uorgescei n- cepha orin e en
N A Tt P T A TN ST L
and after 39hour® and psdisvéntepaadentlysekidued £romy Sbeugrodheconsishingeat
di ssol ved 4§ 30 jHedBdpy reem ohkoride and tw ce extracted with one
vol ume 10% aqueous acetic acid and once with water. The organi c phase
was dried over 25 anhydrous sodium sulfate. Addition of 150 ml dry
et hanol , 1 reduction oB.theThel cempowmnd e dlaif0 inWherndinodt iy selected
-20[err]C 2 RN Wefd igRolpCEbRbiSEiAY & d A AURIBEhA( €6 UL Che fEBHom

3 selected from the group consisting of O, N and S in the

4 chromophore, ' _

5 -O(CH,) .-, -S(CH,),-. -NR’(CH;) -N'R?, (CH,) -,

6 'OCONR?(C}Iz hall’) 'OzC(CHz bl -SCSNR:‘CHz)n-, SCSO(CH;),,-,

7 -S(CH,) ,CONR?(CH,),, -S(CH,) .NR*CO(CH,),, and

o -
_ | N(CHa)m—
o

8 wherein R? and n are as previously defined; and m is an

9 integer from 0 to 4.

1 4. The compound of claim 1 wherein R’ is selected
2 from the group consisting of H and methyl.

1 S. The compound of claim 4 wherein R’ is H.

1 6. The compound of claim 1 wherein R* is selected

2 from the group consisting of H and acetoxymethyl.



Pdrification wa l“ﬂl‘ ﬂl I| ultmat ogr aphy over silica gel with 25%
ethyl acetate | | uent. 250 ng (0.21 30 nmol , 26% of
whi t e powder ous proéuct was col | ect ed. Cleavage of the

cephal ospori dryl ester was acconplished by tre

tr|fluoroace 'g . 145 ny (0.12 mmol ) of the above 3%5@@%?M§%£
treated with trifluoroacetic acid / nethylene chloride / anisole (10 /
10 / 35 1) at O[err]C for.-20 mnutes. Thgareagents were renoved in vacuo
and the residue triturated with di i sopropyl ether. The solid was
dissolved in 1 m dinmethyl sulfoxide and the product precipitated by
addition §0 25 ml water .4 It Ogpd

BT USO6/ %4059 7)1 WAs EUREOSAA of claim 1 me%@/iﬁ R OJ.s s B 4 on
reverse phase CJerr] resin with a step gradi ent of 40 to 60@6aqueous
acetonitril e containi ng 8. 5%rhectompound & dl=wim 1 wheeledanA gbel8kng 74 ny
(73 prol, 60% white powder. Prot ection of cephalosporin
acid as nenbrane 5 per neabl e acet oxynet hyl ester was achi eved a

foll ows. 115 ny (85 pndhe sempeend ok cIRid dcWhrxeini oBe| 9€dx|ané5'é

pl get hyiene mdibtandeperreafit S6PIRIEIVY lofidtleatf@uaidsbenp! donor
| uti di ne re added to _the SPLut on. The rea ti.0n was anbi ent

Lommer e T aPEt B A mafbiRhETbe el MR SRS £2Pnd! guenchef
vacuo. The rosdiRky s aseeptordfbyorophore moietonr gk whenphn ah teasta

gel with §t hyl orfic 3 215 a@‘ﬁ! ¥heoRtHEAS - at leastl%rim 14cB8PhroMaticWhi te

product ned aned 2/ bt AMac s used for
i ntracel | I ar bhyaér"xy(}et @Eﬁ'lléﬁegf af‘gggi ?’é&% ﬁrﬂnﬁ§1c1§y&a xy?
Measur enefit cﬁwharexmuuha1amylagroupramnﬁainsul to 5 carbopt atomsAandvati on

7, TSt SN 3Lty LB S R Bl o

glucocort?cmd> esponsi ve elenent in the nouse mamrary tunor virus
pr onot or 106 Thi s-CH,0C(0}alk, -CH,SC(0)alk, -CH,oc(o)-Oalk, lower acyloxy-alpha-

11 = benzyl, and deltabutyrolactonyl wherein alk is lower alkyl of

12 1 to 4 carbon atoms.

1 10. The compound of claim 9 wherein at least one of
2 X and Y contains at least one acylated aromatic hydroxyl,

3 wherein the acyl group is either acetyl, n-propionyl, or n-

4 butyryl. '

1 11. The compound of claim 1 whereih said donor is a
2 coumarin of formulae II-VII and said gquencher or acceptor is

3 selected from the group consisting of fluoresceins, rhodols,

4 and rhodamines of formulae VIII-XII, XLVII, and XLVII.

1 12. The compound of claim 11 wherein said donor is
2 selected from the group consisting of coumarins of formulae

3 iI-VII and fluoresceins of formula VIII.

1 13, The compound of claim 1 wherein said quencher
2 or acceptor is selected from the group consisting of

3 fluoresceins, rhodols, and rhodamines of formulae VIII-XII.

1 ' 14. The compound of claim 13 wherein said donor is

2 a fluorescein of formula VIII and said quencher or acceptor is



response to ster Oumﬁ‘“n“ﬂmrimas i ncreased intracellular
[err]-| actamase a | bstrate CCF2 caudshg—an appreprtat e

change in fluorescént®si'gndl . $25% . The gene for plasm d encoded
RTEM [err] -1 act amase of Escherichia coli wthout a si grﬁ,lmfs?%@:e
(Sequence 1 o 5‘“0 7) was put under transcriptional control of the
nouse nmanmary tunor virus pronotor and introduced into a mammal i an
expression vector. This vector also carried8he 30 chl oranpheni col

resi stance marker for anplification of the plasmd in bacteria and the

neonyci n Besi stekeatedfivom the group nconsdsting efcahodels| andashedanbees ed

into babyghansi€reormuladel ¥eY-kBYK) cells in culture using the cal cium

phosphat e precipitation technique. Cells were then subjected to 35

selection for stable integration of the plasmd into the cells, genone

usi ng thelantibiotic 418. OFfbeotompowmd af aigdm 12 wheredn| saiddcewnarin

mar ked '”Efeasf?'éhn[(fé’édd |f%5ham§egf6@§ec°6ﬂﬁ%ting JEOH-BYaREXPUBaRATE£n t &And
al og_de a

the steroid an xamnet hasone. 6/30540, .
PCT/ US96/ 340597-h19droxy-6-chlorocoumarin and sai\éof%.\mfgsceln is selected .

f ol | owi ngedesceidne xHe erramps constating dhefluoresdediar aade in
[err]-I acgams(?%mo@i%g%gcg?ni n this clone after additi on of the
'S ©

agoni st déxanet’hasone. fhe stable BHK cell clone (@41
expressing [err]-lactamase under control of 5 t he

gl ucocorthcoi d-i nduci bl aepr omhkOEoMpdEndk &ff dlaimha3 wherefpnesahdedonor is
absence of, the_ agonists j.n the i o ; asks Mo
cells wer& rend SRt e gﬁgg{ioﬁéﬁc}gﬁi‘? 1?6 eér [eagz[cfe]p@nr Bnf grﬂ\?aﬁs aﬁ:_er
agoni st addi t i ke FrPutheonsiistingantfanreepin or & fEeSrAgThRoFobiraRessesR| (

sol ution gont ahfi ASrrhl O VATa" 1A0whiSFRY, DRAMERY. ahfll R? O BN bXO@LANES
converted_to the [err]- ' | act amase accessi bl e fluorescent substrate

CCF2 by eﬁdogenous cytopl asm c esterases. Ten minutes |ater the cell
super nat aft cont ail¥.ng TeeFepwpenad Ofaelaisndde Wheredn\Eadtcquentasr
the 2cel | SrViEdSeptB99d W thodot 06F efbil dea Ve, M)t e¢ RW.an epi- 15
fluorescence mcroscope. Fluorescence neasurenents were taken with
violet excitation light (filter 400DF15) and with blue (filter
450DF65) and green (fil ti®. 53bBr¢dirpennd Hclaim 13 wherein said quencher

2 or acceptor is a rhodamine of formulae VIII, X, or XII.

1 - 19. The compound of claim 9 that is membrane-

2 permeant derivatives wherein at least one of X and Y contains

3 an acetoxymethyl group on an aromatic hydroxyl group.

1 20. The compound of claim 2 wherein Z' is

2 ~ (CH,) ,CONR? (CH,) ,,~ .

1 21. The compound of claim 20 wherein n and m are 0;
1 22. The compound of claim 20 wherein R*® is H.

1 23. The compound of claim 3 wherein Z° is -S(CH,),-.

1 24. The compound of claim 23 wherein n is 0.



fiTters. Aratio of bIHHI"Hm ni ssion intensities was
determ ned. The ratiofi ,ﬁm' @ 10w much substrate 20  has been

cqonverted to product. Usi¢ ngta #Oxs ective, fields with

approxi mat el vy, g s each were i nmaged at each time pqgj S

results show‘g glﬂéﬁ‘ I cant increase in the rati o of fl uorescent
Intensities reflective of increasing [err]- | act amase expression and
production. 25 tinme in 0.0 B6urs 1.0 hours 2.0 hours
3.3 presence of hours 30
dexamet hasdne avetge % cgmpoupd of 1¢laim 13) ofy the fermmla:. . 47
+ of fluorescence 0.02 0. 05 - 0. 07 0. 08
intensities 450DF65 / 35 535DF45 ) Exanpl e 12:

Measur enment of cell snﬁrface receptor activation af t Lo Dukgr

signaling via second- dres gNgY. r@sponsive
PCT/ US96/ 04059 "
Activation of cell surfk
i ntracel lul ar nessen§ér
intracel lular transcription fact@ a |V|1~y_rr

increase the intracellular concentration dgf_\5 _jthe rressenger

reglept fsy | eads to a ~cffang
oncentr Jfion hch in turng N-—4podul ates

, an

i on cal cium

| eads to the activation of the nucd,éar t %f activated
T-1ynmphocytes (NFAT). This event i ncrea franscription at pronoters
cont ai ni ng2t he whetein recognition site. An‘increase in calciumlevels
alone is 3 RY is selected from the group consisting of H, Cl, and

4 Br; _

5 | R* is selected from the group copsisting of H, and
N 6 methyl; ’

7 wherein R®* and R® are independently selected from the

8 group consisting of -C{O)alk, -CH,0C(0O)alk, -CH,sC(O}alk, -

9 CH,0C (0)Calk, lower acyloxy-alpha-benzyl, and

10 deltabutyrolactonyl; wherein alk is lower alkyl of 1 to 4

11 carbon atoms, and membrane-permeant £ luorogenic derivatives
12 thereof,
13 - R’ is 1-(acyloxy)alkyl
1 26. The compound of claim 25 wherein R* and R*® are
2 selected from the group consisting of acetyl, butyryl, and
3 acetoxymethyl. .
h 27. The compound of claim 12 of the formula:
HO )
HO. 0

X oo
R 1 _°>-NI'{ __rs
AT @
2 wherein CO.H

RY is selected from the group consisting of H, Cl, and
4 Br; and

w



sufficient to mar kedle’mmﬂ
as .[err]=lactamase r mim ﬂ s—put undeft———_transcripti onal——
control of a pronotor ‘coffitatnihg & mer of NFAT si tes.

The nuri ne T_#¥QEBB te cel] line B3Z was transiently GRbisehbss ed
with two plas . e plasmd 15 contained the [err]-adrenergicC b
receptor, which localizes at the cells, surface, under the
transcriptional control of the strong a®d constitutively active

cytonmegal ovirus ( , ronoter. The other plasm.d contained th
bactor al IEM [ orr] R i8 8 EEOBCFRS FERHBARAARENTT & Fondd | ed
for inproved 20metiginal i an expression (sequence ID# 3, with optinum

Wﬂrri ption of a feporter 10 gene such
[
o

manmal i an Kozak sequence, [err]-globin | eader sequence, pre-seguence
removed) under the transcriptional control of a pronotor containing a
trimer of NFAT sites. The2ptasHeicompound of plaigdytcof | Hhe m‘&l%sﬁé :

el ectroporation. 5x10[err] cells in 25 0.5 m electroporation buffer were
el ectroporated in the presence of 10 pg each of both plasm ds using

t he Bi orad Gene Pul ser (250V, 960 pF, 16 psec). Twenty-four hours
after transfection, cells were either incubated in the presence or
absence of the [err]-adrenergic agonist isoproterenol (10 pnolar) 30 for
5 hours. The supernat ant maslrennved and replaced with Hank' s

bal anced salt sol ution cont akN_ng Rglear CCF2/ bt AMac[err]. After 20
m nutes at room tenperature ceﬂla gre { washed with fresh buffer and
viewed with the fluorescence ah i Soproterenol treated
cell s appeared 35 f1 uor escert=Cs er 400DF15, em ssion

filter 435 nm | ongpass) whi | gy ¢
@ g st ) . Maxi mal
pkor bol WO i

detectable in the control popul at ¢
stinmulation with 2 pMiononycin and

96/ 30540 o PCT/ US96/ 04059
76 ester for 5 hours resulted i 0% bl e fluorescent cells in
t he popul ati on.
RCF
11
2 - and membrane-permeant fluorogenic derivatives thereof.

1 _ 29. The compound of claim 16 of the formula (16):




EXample 13: 5 amases fromdifferent m croorgani sns
wer e nodi f i-ed flcl“l“lsmllﬂ“l”umﬂﬁmy— enzynes in eukaryotie-cells,
preferably mammal i an. *Thé b&ct &ri &l yene for these enzynes i ncl udes a
N-term nal prgs ce (first 23 am no acids of Seque o&ba0ss J-
7.) that targgFéggﬁgﬂenzyne_to the 10 extracel | ul ar space.qﬁgrﬁhmnng
transl ocati on a pre-seqguence pepti dase cl eaves the 23 am no acid
pre-sequence releasing the . mature [er@B-| actamase enzyne. RTEM
[err]-lactamase_from Escherjchia coli including its bacteri al
pre-sequerke (%BgHehBeRD and R¥yare independgatiyitselecred fam then group
expressi or veckohsiBtehgt 68 16(0) aldont-om,00{0) 4Tk NOUSESTROPALY, t4MOr Vi rus

pronotor. , Thi struct s.iLntr into b hanst er ki dney
cells usi n4g %H’O?hoe) a}sq{':fné'é’r rc%}ﬁ%bﬁgéﬁ%}?ée& (ie’ci pitation techni que.
The § er r fefsabuhyrelactonyl y wmgrefiwngki Ast hewer| alkyd tof & tlidum no
activity eul dchebndat g8eqmsl. in the cell pellet. The anmount of 20
[err]-lactanmase activity in the medi um was steroid dependent. Cells
that had been in the presence of 1 pM dexanet hasone for 36 hours
prior to thhe measurenment39r odtieeccanpoasiolod cdaém 14 of evhey nforthla cl@r:ol .
This nakes the [err]-lactanase with its bacterial pre-sequence
(Sequences 2 of Fig. 7) useful for an 25 extracel | ul ar assay of
manmal i an reporter gene activity. A preferred use of the
[err]-lactamase reporter is where the enzyne is produced and retained
in the cell cytoplasm Therefore the bacterial signal sequence was
renoved and repl aced by ATG (nethionine) as the new transl ati onal
start 30 site in three nodified RTEM [err]-| actamase genes (Sequences 1,
3, and 4 of Fig. 7). In order to incr e expression of the [err]-

| act amases in mammalian celdegg, th \nasgs of Sequence
3 and 4 of Fig. 7 were constrct g ri bosone bi ndi ng
sites optimzed for manmal i an ¥&XpPfedsE o2ék, M, J. Cell Biol

108: 229-241 (1989)]. For L FPHty with the mammual i an
transl ation machinery, [err]- Jequence | D #3 was
inserted at the end of an lian [err]-globin | eader
sequence. Al'l of
PCT/ US96/ 04059

2 and membrane-permeant fluorogenic derivatives thereof.



TF t hese novelUﬂML nm codi ng novel [err]-lactamases were
inserted_into namml i nnﬂﬂuﬂﬂrnrQ\Mth t he cytonegalavirus

pronotor controlling thei% traMsceiption. Manmal i an cells in tissue
culture (Hela, COS-7, CHO, BHK) were 5 transfected transiently with the
pl asmi ds usi NP WS andard -+ | i pofectin technique. Two @%@"ﬁﬁys
after transfection, the cells were incubated with the

menbr ane- per neant derivative, CCF2/btgdbc[err], of the fluorescent
substrate CCF2 to assay functional expression of the enzyne. 5-20% of

cells 10 1 transfected v31.h [Theseospoundtaf neegine AN Sarhee formula 328hd 4
of Fig. 7 showed a conversion of green to blue fluorescence

i ndi cating cleavage of the intracellularly trapped substrate by
expressed [err]-lactamase. By contrast, in untransfected or. nock
transfected controls, all cells showed the green 15 fl uorescence of
uncl eaved CCF2; no blue-fluorescing cells were observed, confirm ng
t he absence of any endogenous [err]-I|actanase activity. '

The gene for Bacillus |Hohepif com o r]-1actamase was i solated from
total. Bacillus lichenifor @ ‘ [use of the 20. polynerase chain
reaction. The oligonucl eot™wde F e ; e [err] -l actanmase
secretion sequence and. gener at ef tbng DINA LD # 5. This gene
was inserted in a pCDNA3 @ pl i an exPpPesST orPvett o under the
transcriptional control F onstitutively~getyye cytonegal ovirus
pronoter. HelLa 25 cells were nsfected wigh Ug of plasm d per 25
cnjerr] culture dish using |ifoleci 5 qQays after transfection,
cells were tested for functional pr i ok“[err] -l actamase by

i ncubating themin themce of MO prpl ar CCF2/ bt AMac2 and vi sual

i nspection with the epifluorescence mcr §&bpe. 30- 40% 30 of cells showed -
bl ue fluorescence, whereas only green- fluorescing cells, no

bl ue-fluorescing cells were detectable 25 in untransfected controls. In
transient transfections, it is typical for <50% of the cells to becone
transfected. 35 Exanpl e 14 _ A plasm d was constructed with
[err]-lactanase of sequence ID 3 (figure 7) under control of yeast

el ongati on factor EF-1al pha enhancer and pronoter. This plasmd was

2 and membrane-permeant fluorogenic derivatives thereof.

1 32. The compound of claim 27 wherein R* is Cl and R*
is H. (CCF2 or 76).

N

1 33. The compound of claim 15 that is

D

0
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\7/\18).96/ 30521& njected t “J“H ll““l“lm HI ot-assi E%T/sglsim{)?llgﬁgst rate CCF2
(compound 7b) into zebrarish len®ryés at the single cell stage. As

control, enbr‘?ngﬁkﬁ%lnjected with the potassiumsalt of substrate
CCF2 alone. e hours, the enbryos were 5 vi ewed Sr{v04059

epi fl uorescence m croscope using viol et excitation light (filter
400DF15) and a 435 nm | ongpass em ssiongioi |l ter. Enbryos that had
recei ved plasm d DNA fluoresced blue while controls fluoresced green.
10 Exanplle 15 34. Theecqupound gft ghadm génehexeinequence 1D 3
was cl oned 2 I Nt OR® dXDIOPELE Aadé tHRf1i;on vector under the control

of t2§ gl ass prﬁpnlo and jnjected into Wi | d- type Drosophila

enbryos. control, f@ actamase gene was inserted in the 15
wrong-orierdtation. énohol;b’ﬁl ia acdétylbs were gernline- transf or ned
using P el enent-nedi ated transformation. The transfornmati ons and al
subsequent fly mani pul ati ons were faormed usi ng standard techni ques
[ Karess, RIE. “and Rubin, 35- @?\A°°“B@|‘4Pd38f ¢33im 39gahereidypt i dia of |ate
st age 20 Zrewwfornnﬂ:mype wmde transsected and dissociated to single

cells. cells £ q&élg u r with 40. pnol ar CCF2/ bt AMac2
(conpound ?4) for \é\gﬁm né1ut es, EF? I’%’aw ewed with an
epi fl uorescence nicroscope (EXCI tat | on filter 400DF15, em ssion filter

435 nm | ong pass). Omatidie. cetheé dompdublly8s dDaimt 1 afsdWiTeGatid @onke is

uoresce bl ue, .while

iy
brmt1 i o8 T Eagered £06n UiiPRrovp cofph BRLAY, OF HIHPIARERT SutBpalif 280

green. 3 Ekaﬁlpmnl@omlexe& In certain enmbodi nents the conpound
of this - invention can be any of the follow ng conpounds.
1 37. The compound of claim 36 wherein said donor is
2 selected from the group consisting of europium and terbium

3 tris- (bipyridine) cryptands and related dyes.

1 38. The compound of claim 1 wherein said quencher
2 or acceptor is selected from the group consisting of
3 phthalocyanines and related dyes.

1 39. The compound of claim 37 wherein said quencher
2 or acceptor is selected from the group consisting of

3 phthalocyanines and related dyes.

1 40. The compound of claim 39 that is




2 N (AR In

—f9— wherein
Rlerr] is selected Trdm tthe®gr#®up* consisting of H Cl, and Br;
Rlerr] is s %‘Homthe group consisting of H and 5 .
wherein R[er err] are independently selected fromthe group
consisting of -C(Oalk, -CHerr]OC(Oalk, -CHerr]SC(O al k, -
CH20C( O) Cal k, | ower acyl oxy-al pha-benzyl, @@1d del t abut yr ol act onyl ;

wherein alk is lower alkyl of 1 to 4 10 carbon atons, and
menbr ane-ber meant f | uor 4§eni Ehelezampaundeof claimhapewherein said cqumarin

1- (acyl oxy) al k¥ a compoundnéf hedrRX@ I I9f: the conpound is: 15

. Rb
_ T

3 wherein m

4 'E is selected from the group consisting of H, OH, OR%,

5 and NRIR"; .

6 T is selected from the group consisting of O and NR*;

7 R* and R® are independently selected from the group

8 consisting of an attachment point, H, halogen, and lower
: 9  alkyl; - : |
. _10 R3, Rh, and R* are independently selected from the group
' 11 cons:.st:.ng of an attachment point, H, lower alkyl, and -

12 CH, (CH,) qa;

13 R! is selected from the group consisting of an attachment

14 point, H, halogen, lower alkyl, CN, CF,, phenyl, CO,H, and
15 CONRYR?; and .
16 a is selected from the group consisting of H or an

17 attachment point; and membrane-permeant fluorogen:.c

18 derivatives thereof.

1 ) 42. The compound of claim 11 wherein said acceptor
2 or quencher is a compound of formula (VIII):

wherein

E is selected from the group consisting of H, OH, OR%,
and RIR"; _

G is selected from the group consisting of O and N'R9R";

Q’ is selected from the group consisting of O, CH,,
C(CH,),, and NRY;

W 30w



s > UMMM & i rs et e o

CH2OC( O) al k, Iomer *acyl oky- 8l pha-*oenzyl, and del t abut yr ol act onyl ;
wherein al k ”Bwﬁ al kyl of 1 to 4 car bon at ons. PCT/U
96/ 30540 'h% PCT/ US96/ 04059
80 Anot her exanpl e of the conpound is: [err] WO
96/ 30540 92 pCT/ US96/ 04059
9 R*, R®’, R% and R! are independently selected from the
10 group consisting of an attachment point, H, halogen, and lower
11 alkyl;
12 R® is selected from the group consisting of an attachment

13 point, H, lower alkyl, (CH,),COH, (CH;),CHaCOH, CHa (CH,) ,CO.H,
14 {(CH,) ,COa, CH=CHCOa;

/’j’j- ,./Qm’".u, o

15 R?, R", R*are independently selected from the group

16  consisting of an attachment point, H, lower alkyl, and -
17  CH,(CH,).a; |
18 n is an integer of from 0 to 5; |
19 " a and a’ are independently selected from the groﬁp '
20 coﬂsis:ing of H or an attachment point; and membrane-permeant
21 fluorogenic'derivatives thereof. '

1 : 43.. The compound of claim 42 wherein said donor is
2 selected from the group consisting of coumarins of formulae

3

II-VII, and membrane-permeant fluorcgenic derivatives thereof.

44. The compound of claim 43 wherein
Q' is C(CMez)2; and
G is 0; and membrane-permeant fluorogenic derivatives

& W N e

thereof.



81" and pat ent docunments cited in this
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pur poses to the sa ch i ndi vi dual publication or

pat ent documag‘;o% SO | nd| Vi dual |y :denoted. 5 PCITuSE S8t

I nvention provides novel Substrates for bet a-| act anase,

bet a-| act anases and net hods for their use. Wi | e specific exanpl es
have been provi ded, the above descripti® is illustrative and not
restrictive. Many variations of the invention will becone apparent to
those 10 3Iskilled in thet%rt Thsosfompored of ¢}aim AR AeliecsedfromTRbe
scope of tize i ngedhp oForsdiBtithg iofar ef ore, be determ ned not Wi th
reference to the abovg _description, but instead should be det er mi ned
with reference to the Epﬁﬁhﬂéd cl ai rs al ong mn&p Phelr fubl scope of
equi val ents. 15 o.__~AlJopyol i cations 0 : 5O C O cited in
this application are by ref ent rety

for all purposes to thg & exA f each |niivi.n;, publ i cation
or patent docunent were so |nd|V|d;aIIy t eds WO 96/ 30540
PCT/ US96/ 04059 X VWHAT | S

CLAIMED | S: 1 1. A conpogataN $ Ia (1): [err]
,and

46. A method for determining whether a sample

contains f-lactamase activity comprising:

contacting the sample with a compound of claim
1, which exhibits fluorescence resonance enexrgy transfer when
the compound is excited;

: exciting the compound; and

determining the degree of fluorescence
resonance energy transfer in the sample, whereby a degree of
fluorescence resonance energy transfer that is lower than an
expected amount indicates the presence of g-lactamase
activity.

W o g o & W

=
- o

47. The method of claim 1 for determining the
amount of an enzyme in a sample wherein determining the degree
of fluorescence resonance energy transfer in the sample
comprises determining the degree at a first and second time
after contacting the sample with the substrate, and
determining the difference in the degree of fluorescence
resonance energy transfer, whereby the difference in the
deg:ee of fluorescence rescnance energy transfer reflects the

W 0O 3 0 W

amount of enzyme in the sample.



2 ° wherein: Y is a fluorescent donor noiety or
a4 rrenbrane perrreant h“ll!\ﬁﬂﬂ“m“mﬂ]ﬂ" and the other is a.5 guencher
mi ety, an acceptor uorop oret ni ety dr a nenbrane- 6 per meant
derivative th%ﬁﬁ%&?@% is selected fromthe groui consi sting
of H, |ower (CH[err])[err]CH, (CH2)[err] COOR', and™= ) 9
which nis O or an 9 integer froml1l to 5 and J is H M, CH2COCH,

CHMeCOCH, and 10 Cve2COOH;, 11 94R' is selected fromthe group
consisting of H, 12 physiologically acceptable netal and ammoni um cati ons,
- 13 CHREerr] OCQ( CH2) [ é8r] Crisrecaddiirant] 00Cdedd ecdf) flolefyle comprising
aCy|th|0nE§rU”7eﬁ§EQd%ﬁbnaEBH§roi4se ad@ t%@'?ﬁ%yfﬁhéﬁiaﬂyin a

met hoxycar onylox y phi nyl et

bet anor ph inoéﬁ%ﬁ e °&iél %@gﬁg‘?ﬁﬁrﬁyq 1¥§>| nPHSEé?%b%%W‘Fﬁu,
in which RR 17 codmgséloetthd éxpreddiongcfia Eelsicthmageof H and | ower

al kyl; 18 Ais selected fromthe group consisting of S, O SO
19 S and CH2; 20 Z' is a linker for X, and_ 21

7' is a lihker for Y. 48. The recombimantrmucdgisoaridonoteante 10f \#haim n

Z' is sel exted4sd whiereint BReOhatledite Sdquenele endbiest abéldss A 8- -

(CH2) [err] R[ &%&gpg)[err] - (CH2)[err] NRRCO(CH2)[err], -
(CH2)[err] err err](CH2)[err]-, 4 (CH2) NR[err]CSNR2 (CH2) m -
(CHerr]) nCONR3 (CH2) pCONR2 (CH2)[err], - (CH2) -, - 5

(CH2) [err]d\NR err] OO CH2) @ 1 | PhéHadditilmant nGddkikeatl $(hbPaEEId lof claim

pé??ﬁégg;r OSQQQZ&L t%gr comprising mammaf%an %ozak sequenges for the

3 ribogsome binding site.

1 51. The recombinént nucleic‘acid molecule of claim
. 2 50 wherein the nucleotide sequence is Sequence 3 or Sequence 4

3 of Figure 7.

1 "~  52. The recombinant nucleic acid molecule of claim
2 492 wherein the nuclectide sequence is Sequence 1 or Sequence 5
3 of Figure 7. ' '

1 S3. The recombinant nucleic acid molecule of claim

2 48 wherein the expression contrcl sequences are inducible

3 expression control sequences.

1l 54. The recombinant nucleic acid molecule of claim

2 48 wherein the expression control seguences are constitutively
-3 active expression control sequences.

1 | 55. The recombinant nucleic acid molecule of claim

2 48 wherein the expression control sequences include the c-fos

3 promoter or the c-jun promoter. '

1 56. The recombinant nucleic acid molecule of claim

2 48 wherein the expression control sequences include cyclic

3 AMP-responsive elements, phorbol ester response elements,

4 serum response element, or Nuclear Factor of Activated T-cells

5 response elements.



EEE SRR L R——————

7 wherein R err] n*are &s previously defined; R err] is selected from
t he grﬂﬂp Elstlng of hydrogen and | ower aIkyI, and pR9f%s6bs0sP m

and pis i éﬁéﬁ% ntly selected fromthe group consisting of 10 I nt egers

fromO to 4. 3. The conpound of claiml1l wherein Zerr]

is selected 2 fron1the group consisting®f a direct bond to a heteroatom
3 sel ected fromthe group consisting of 0, Nand Sin the 4

chronophore, 5 CXC}Q)[err] -S(CH2)[err]-, -NR[err](CH2)[err]-
-N[err]g% (CH[err])[ega] &hﬁﬁmﬁerabihemblecule of clalm

(gq[ere;]r?) [ e”] F%S (g{%ﬁ?%’;‘fz)éﬁe“&% F%%E%)e%‘?fc&&%’e’?’r‘ YSierr]

and 3err]substandks thiaer moduRaee r qel&ﬁﬁurﬁﬂqs §§C9P§9F§usly defined; and.

mis an 9 integer fromO to 4. : The conpound of
claiml1l wherein Ris selected 2 romthe group con I st Fﬁka g?
methyl .1 1 58. Hhe #ﬁgomkﬁhﬂﬁﬁ] Tell ad geguge faim
2 48 wherein the expression control sequences are responsive to.
3 substances that modulate intra-cellular receptors.
1 ' 59. The recombinant nucleic acid molecule of claim
2 48 wherein the fS-lactamase comprises a signal sequence for
3 extracellular secretion.
1 - 60.‘ The recombinant nucleichacid molecule of claim
2 59 wherein the nucleotide sequence is sequence 2 of Figure 7.
1 61. The recombinant nucleic acid molecule of claim
2 48 wherein the fB-lactamase is a cytosolic B-lactamase.
1 62. The recombinant nucleic acid molecule of claim
2 61 wherein the nucleotide sequence is Sequence 1, Sequence 3,
3 Sequence 4, or Sequence 5 of Fig. 7.
1 63. A recombinant nucleic acid molecule comprising
2 expression control sequences adapted for function in a
3 eukaryotic cell and operably linked to a nucleotide sequence
4 coding for the expression of a cytosolic g-lactamase.
1l 64. The recombinant nucleic acid molecule of claim
2 63 wherein the nucleotide sequence encocdes a class A B8-
3 lactamase.
1 65. The recombinant nucleic acid molecule of claim
2 64 wherein the nucleotide sequence is Sequence 1, Sequence 3,

3 Sequence 4 or Sequence 5 of Figure 7.



1" . The »C—Hmm “lljl wherein R is selected 2 from
t he- group conS|st|ng—9L- WO 96/ 30540

PCT/ US96/ 04059 84 1 7.
The conpound wherein R err] is H 1 8. The
conmpound of c kgﬁFﬁnakereln Ais -S. 1 9. ?ﬁ@"§8WByﬂnd of
claim1 wherein one of Xand Y 2 I S a menbrane-perneant derivative of

the fluorescent donor 3 noi ety, or a nerdg ane-perneant derivative of the
guencher 4 noi ety or acceptor fluorophore noiety, and wherein at |east
5 one ol X and Y cont &éns Thel zecombinant yiudled cargeddt moledulehgfir okgim
acyl ated ani neg3 Qihedldinl %h@deibemian hysHepon seauen\eﬁﬁr Rird Eﬁﬁuéﬂ# edroup

cont ai ns é to 5 carbon atons ag wherein the al group 1s selected
from the grouXRFRAR ST, Fon§ro Fe%ence‘MmC(O)alk CH[err]SC(O)aI K,
-CH err]OC(O) Cal k, | ower acyl oxy-al pha- 11 benzyl, and

del tabut yio' actonyl | whejgel nTﬂhkrééo%talﬂ@éleqf 9:%:.:1 ﬁnoi@cﬂl&%?o laim

at ons. [o3s) of claim9 wherein at |east_ one
of 2 X ?and ¥ srhexei &?@ gxere ée&H’&E‘FSShﬂPoSE?P?tBW"—iVElY
wherein the acadt::gxe)thpmsstibhecomylsequq@rcmm'.onyl, or n- 4 butyryl.
1 11. The conpound of claiml1l wherein said donor is a 2
coumarin of formulae I1-VII and said quencher or acceptor is
1 67. The recombinant nucleic acid molecule of claim
2 63 wherein the expression control sequences include the c-fos
3 promotexr or the c-jun promoter.
. 1 68. The recombinant nuclelc ac1d molecule of claim
2 63 wherein the expression control sequences include cyclic
. 3 AMP-responsive elements, phorbol ester response elements,
E 4 serum response ‘element, or Nuclear Factor of Activated T—cells
S response elements.
1l 69. The recombinant nucleic acid molecule of claim
2 63 wherein the expression control segquences are responsive to
3 substances. that modulate cell-surface receptors.ﬂ
1 70. The recombinant nucleic acid molecule.of claim
2 63 wherein the expression control seguences are responsive to
3 substances that modulate intra-cellular receptors.
1 71. A mammalian host cell transfected with a
2 recombinant nucleic acid molecule further comprising
3 expression control sequences adapted for function in a
4 mammalian cell and operably linked to the nucleotide sequence
5 coding for the expression of a f-lactamase.
1 72. A method of determining the amount of B-
2 lactamase activity in a cell comprising the steps of:
3 providing a host cell transfected with a
4 recombinant nucleic acid molecule comprising expression
5 control sequences operatively linked to nucleic acid sequences
6 coding for the expression of a f-lactamase;



3 sel ect ed fromt hemwmlumf" H of fluoresceins, rhodols, 4 and
r hodanimmes—of—for nul ae s ,—and Xl + —2
-The compound of claim 11 wherein said donor is 2 sel ected fromthe group

consi sting woogsekasr i ns of formulae 3 11-VII and fluoresggi %Fg{w ormul a
VI, 1 13. The conpound of claim1l wherei g&g@; quge,ncher 2
or acceptor is selected fromthe group consisting of 3 fl uoresceins,
rhodol s, and rhodanmi nes of formulae VII1-RF|. 1 14. The

corrpoun% of claim 13 wherein said donor I S f a fluorescein of formula
VI and said quencher or &€ a sample compyisipgddup cell or an

PCT/ USO& 04088tract of the cell or c:ondlt:l.oned mediuwith a sibathratel fom

the group copslgétggagé rgyglol s and rhodamines 4 of forrmulae VIII-XI|
15,7 The' compound of, cl a| m 12 wherein said coumarin 2 is

1 )
select &P fromthe group corf§E8X™Ring the ARGt Rfruketaates cleaved,
7- hydr 3y - 6- vheveby otheramowntd cfaisdbbtratesckeaved iwelrliatéd to them t he

group qgn5|sshgg%9f?§l¢l égﬁfwﬁ%aggt§v1tglchlorof!uoresceln. 1
I'm

16. The comnpoun erern satd donor is 2 a fluorescein and
sai d quencher or acceptor is selected from3 the group consisting of an
eosin on a tetrachl or of3 LoresRehda4 for Ohoh Dideiry \dHe exbredsabnRber &l |

Rlerr]., Rl erglne 08 RSly 11:HiedPtoCh &bt of expression control sequences

3 comprising: )

4 providing a eukaryotic host cell transfected

5 with a recombinant nucleic acid molecule comprising expression
6 control sequences operatlvely linked to nucleic acid sequences
7 coding for the expression of a 8- lactamase, except if the

8 ‘eukaryote is a fungus, wherein the B-lactamase is a cytosolic

.9 B-lactamase;”” | B '. -
10 contacting a sample comprising the cell or an
11 extract of the cell or conditioned medium with a substrate for
12 B-lactamase; and
- 13 _ determining the amount of substrate cleaved,

14 whereby the amount of substrate cleaved is related to the
15 amount of g-lactamase activity. |

1 74. The method of claim 73 wherein the eukaryotic

2 cell is mammalian.

1 75. The method of claim 73 wherein the sample

2 comprises an extract from the cell, with or without the

3 conditioned medium.

1 76. The method of claim 73 wherein the sample

2 comprises the cell. '

77. The method of claim 73 wherein the substrate is
~a compound of claim 1 and the step of determining the amount
of substrate cleaved comprises exciting'the compound; and
determining the degree of fluorescence resonance energy
transfer in the sample, whereby a degree of fluorescence

n & W K



: ;cceptor s a rhf}dﬁ-I-Tgﬂlﬂmmlmul}'"mr: >r? 1ng\'here| nlsal C_i._CI;J?nCher 58- O-rrhe

. conpound of claim 13 wHer éi ntsafd uencher 2 or acceptor is a rhodam ne

of fornmul Yedsqe < OF Xl 1 19. The cogeits laim?9
that is nengrane- 2 per meant derivatives wherein at |east ongmg X and Y
contains 3 an acetoxynet hyl group on an aromatic hydroxyl group. 1

20. The conpound of claim?2 wherein Z' 982 -

(CH2)[err] CONR2(CH2) [err] - 1 21. The conpound of claim 20

wher ei n®n” anfefeRaRCH energy transfer thapois Ipwer dipan i expecked 20 _
wher ei n 7R eramourst Hndichtes the presends. of TRl aeramusy a2t i/ ity 3 wherein

Z' is -S(CH2)[err]-. 1 24. The conpound of claim 23 wherein
nis O.. WD 96/ 30540
PCT/ US98/ 04059 78. The method of claim 73 3¢herelin the nucleofide The

conpound of séqidnde’ eticddes GOENHEd A g-1d&tdmase.

1 79. The method of claim 78 wherein the nucleotide
2 sequence is Sequence 1, Sequence 2, Sequence 3, Sequence 4 or
3 Sequence 5 of Figure 7.

1 80. The method of claim 73 wherein the expression
2 control sequences are inducible expression control sequences.
] 1 81. The method of claim 73 wherein the cell is an
2 animal cell and the B-lactamase is a qftosolic f-lactamase.
1 82. A method for determining whether a test
2 compound alters the expression of a gene operably linked to a
3 set of expression control sequences comprising:
4 providing a cell transfected with a recombinant
5 nucleic acid construct comprising the expression control .
6 sequences operably linked to nucleic acid sequences coding for
7 the expression of a f-lactamase except if the eukaryote is a
8 fungus, wherein the p-lactamase is a cytosolic f-lactamase;
9 contacting the cell with the test compound;
10 contacting a sample comprising the cell or an
11 extract of the cell with a B-lactamase substrate; and
12 determining the amount of substrate cleaved,
13 whereby the amount of substrate cleaved is related to the
14 amount of B-lactamase activity. |
1 83. The method of claim 82 wherein the eukaryotic
2 host cell is mammalian.
1 84. The method of claim 82 wherein the sample
2 comprises an extract from the cell.

1 85. The method of claim 82 comprises the cell.



2 wherein 3 romthe group consisting of H d,
and 4 Br-—5 l"l"l mllmllmﬂﬂmrom—%he—group—eeﬁs—r sting of —H——and
6 met hyl; 7 erélw Ri'er ™ &nd*R[err] are independently sel ected
fromthe 8 consisting of -C(Oalk, -CH20C(O) al k, Soropdse O al K,
-9 CH[err?gﬁg%gb | ower acyl oxy- al pha-benzyl, and 10%%@5

del t abut yr ol act onyl ; mherein alk is lower alkyl of 1 to 4 11 carbon atons,
and nenbrane-perneant fl uorogeni c derivati9es 12 t hereof, 13 Ris
1- (acyl oxy) al kyl 1 26. The conpound of claim 25 wherein
Rlerr] and Rlerr] are 2 selected fromthe group consisting of acetyl,
butyryl,2and 3 acet 08§ "ETHY Imetholl of claim 822vherdi® tHeMsubKt@itelizi m

12 of th? for l %f % {ﬂ %jéad & sgbg gf %ﬁterjiégﬂg éﬁé éﬂé%ﬂ&?d

fromthe group Consr g g

3 of substrate cleaved comprises exciting the compound; and
4 determining the degree of fluorescence resonance energy
5 transfer in the sample, whereby a degree of fluorescence
6 resonance energy trangfer that is lower than an expected
7 amount indicates the presence of f-lactamase activity.
1 87. The method of claim 82 wherein the nucleotide
2 sequence encodes a class A f-lactamase.
1 88. The method of claim 87 wherein the nucleotide
h 2 sequence is Sequence 1, Sequence 2, Sequence 3, Sequence 4 or

3 Sequence 5 oﬁéFigure 7.

1 .- 89. The method of claim 85 wherein the expression

2 control sequences are inducible expression control sequences.
1 : 90. The method of claim 85 wherein the cell is an
2 animal cell and the B-lactamase ‘iz a cytosolic B-lactamase.
1 91. The method of claim 82 wherein the expression of
2 B-lactamase is operably regulated by activation, or inhibition
3 of activation, of an intracellular receptor, a cell surface
4 receptor, or a component of an intracellular signaling
5 pathway.
1 92. A method of clonal selection comprising:
2 providing cells transfected with a recombinant
3 nucleic acid molecule comprising the expression control
4 sequences operably linked to nucleic acid sequences coding for
3  the expression of a cytosolic f-lactamase;
6 contacting the cells with a substance that activates
7 or inhibits the activation of the expression control
8 sequences; . .

9 contacting the cells with a compound of claim 9

10 which is converted into a substrate;
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met hyl . 1
[err] 2

29. The conp

11
12
13
14
15

16
17
18
19
20
21
22
. 23
24
25

Rlerr] is sel ectumll”ulu"l,u,lmum consi sting OFCL/_UigS/ 24059

The 'coftpodind* of claim 14 of the fornula (11):

88n%u@§£brane perneant fl uorogeni c derivatives t;gﬁﬁ§&~459l
n c

|l aim 16 of the fornula (16):

100

determining whether substrate is cleaved within each
individual cell, whereby cleavage reflects S-lactamase
activity; '

selecting and propagating those cells with a
selected level of f-lactamase activity.

93. The method of claim 92 further comprising the
steps of:
culturing selected cells in the absence of
activator for a time sufficient for cleaved substrate to be
substantially lost from the cells and for B-lactamse levels to
return to unactivated levels;
' incubating the selected cells with a compound

'of clalm 9 which is converted into a substrate, and

selecting cells that have not substantlally
cleaved the substrate.



[err] WD 96/ 30540 PCT/ US96/ 04059
88 2 —wherein Rlerr] andRlerr] ate independently-selected from thhe—group
3 consisting of -C(OQalk, -CH0C(Oalk, -CHerr]SC(OQalk, - 4

CH err] OC(QO wer acyl oxy- al pha-benzyl, and 5 del t abpiyidesdsaNy!
wherein al k r alkyl of 1 to 4 6 carbon atons. 1 o 30.
The conpound of claim 14 of the formul a @Z27:

Exciting rhodamine at 550nm
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3 200000 |- i
-
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>
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before B-lactamase
g 500 ‘550 600 650
wavelength [nm]
FIG. 1(a)
RCF fluorescence emission
Exciting fluorescein at 470nm .
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FIG. 1(b)



;[err] 2 and nmenbr ane- perneant fl uorogenic derivatives
t hereef————— WD-96/36540 ——P€CT/ US96+64659—

. 89 31. The compound of claim1l of the forrmula (25):
[err] WO 96/30540 - PCT/US96/04059
2/17
FIG. 2

FCE fluorescence emission
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I i 4
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2 and nmenbr ane- pernmeant fl uorogenic derivatives thereof. 1
32. Fhe—~conpeund—of ctatm2ZFwhereri—Rerr]—+s—€—and Rerr] 2 —sH—
(CCF2 or 76). 1 33. The compound of claim15 that is

[err] 96/ 30540 A
PCT/ U896/ 0433‘§!)”“”"¥‘\‘Q 96/04

3/17

FIG. 3

FCRX fluorescence emission

( excitation 470 nm )
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90 1 34. The conpound of claim26 wherein 2 Rlerr] and
Rrer r |—are—acetoxynet hyk—3—— —RfFe+r] | s—H—and 4—— each RRe++}—-s
acetyl . 1 35. The compound of claim27 wherein 2

Rlerr] is Hwa9%gsskso Rlerr] is nmethyl (CCF1 7a). 1 36.
The conpound of claim1 wherein said donor is 2  selected mlrunst He 'g!]'r oup
consisting of fluorescent europiumand 3 4/87bi um conpl exes. 1

37. The conpound of claim 36 wherein said donor is 2 selected fromthe
group consi sting of europiumand terbium3 tris-(bipyridine) cryptands

and rel ated dyes. 1 38. TheF#@npound of claim 1l wherein said
quencher 2 or acceptor is selected fromthe group consisting of 3
pht hal ocyani nes and rel ated dyes. 1 39. The conmpound of
cl ai m 37 wherein said quencher 2 or acceptor is selected fromthe group
consisting of 3 pht hal ocyani nes and rel ated dyes. 1 40.
The conmpound of claim39 that is [err]
FCRE fluorescence emission
( excitation 485 nm )
] 1 )
600000 - -
after §-lactamase

)
x .E .
_ S 400000 |
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b
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=1

2

& 200000 -

500 550 600
wavelength [nm]



VIO 96/ 30540 PCT/ US96/ 04069

91 _1 41. lhe_cgrrpound—gi—cl ai m—te—wherei n-sai d coumar+A—=2-
is a conpound of formula (111): [err] 3 wherein 4 Eis
sel ected fromthe group consisting of H OH OR[err], 5 APETIUSIE/04059

NR[ err] R er rYV,” T is selected fromthe group consisting of O and
NR[err]; 7 Rlerr] and R err] are independently selected fromthe

group 8 consisting of an attachment point, &jy7hal ogen, and | ower 9
al kyl; 10 == Rlerr], Rerr], and R err] are independently selected

fromthe _grﬁ'ﬂo 11 consisting of an attachnent point, H |ower alkyl, and
- 12 CHZ(H)[err]a; 13 Rlerr] is selected fromthe group
consi sting pfyan attachnent 14 poi nt, H, hal ogen, |ower alkyl, CN,
CFlerr], p |, CO2H, and 15 CO\IR[err]R[err] and 16 . alis
selected fr t he groopTomsTStiTg—of—H or an 1/ attachnment point; and
menbr ane- peywaefant f | dor ogenic 18 deri-vatives thereof. 1
42. The co und of [claim 11 wherein said acceptor 2 or gllencher is a
conmpound of rmula (M11): o
s ]
=
<
R Q
FQ ~— "a o
- £ s E
L W = © =
v K © o
S o 5
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& £ g &
2 8 8 B
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FIG. 5



3 wherein [err] 4 Eis selected from
t he—group—consi sti ng ofH—6H ORet+}+, 5 —and—Rferr]Rr—6 —G--s
.selected fromthe group consisting of Oand N err]Rerr]Rerr]; 7

Q is sel e@eskdokdgm t he group consisting of O CH2, 8 C$Hr6dokhdos and
"NR[err]; we WD 96/ 30540 g 9
Rlerr], Rerr], Rerr], and Rierr] are inggpendently sel ected fromthe 10
group consisttng of an attachnent point, H hal ogen, and |ower 11 al kyl ;

12 rl] is selected fromthe group consisting of an attachnent 13
point, H | r alkyl, (CHerr])[err]CR2H, (CHerr])[err]CHaCO2H,
CHa(CH2) [ enr] H 14 (CH2)[err] COa, CH=CHC(Cq; [err] 15
Rlerr], R Rlerr] are independently sel ected fromthe group 16
consi sting an atta Ryt —anmd— 7 CH2 (CH2) a;
18 s’ an i ntjeger of fromOto 5; 19 a and a'fjare
i ndependent selectdd fromthe group 20 consisting of H ¢f an attachnent
poi nt; and rane- ger reant 21 fl uorogeni c derivatives thgreof. 1
43. The cog@pund of |claim 42 wherein said donor is 2  sel &8 fromthe
group consi SH ng of ¢oumarins of fornulae o ©
m
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44,

-V,

C L M S

PCT/ US96/ 04050 96/30540

The conmpound of cl aim43 wherein-2

Gis 0; and nenbrane-perneant fluorogenic derivatives. 4

WO 96/ 30540

93

1

and nmenbr ane- perneant fl uorogenic derivatives thereof. 1

Q—s—CLCMe?) 2;

t her eof .
PCI‘IIJS%IMO?S

and 3——

The conmpound of claim43 selected fromthe 2 group consisting of: [err]
1 46. A nethod for determ ning whether a sanple 2 contai ns
[err]-lactamase activity conpri sing: /17
FIGURE 7A
Se | parent B- modification mammalian location
g lactamase : expression of
ID | gene vector expressio
and n
reference
# EBscherichia | signal sequence pMAM-neo cytoplasm
1 coli RTEM replaced by: ATG TGA | glucocortic | ic
Kadonaga et oid-
al. inducible
# Bscherichia | wild type secreted- pPMAM-neo secreted
2 coli enzyme glucocortic | extracell
RTEM 2 changes in pre- oid- ularly
| Kadonaga et | sequence: .| inducible
al., - ser 2 arg , ala 23
gly
# Escherichia | f-globin up stream PCDNA 3 cytoplasm
3 coli RTEM leader: cMv ic :
AAGCTTTTTGCAGAAGCTCA { promotor
GAATAAACGCAACTTTCCG
Kozak sequence: and
GGTACCACCATGG
signal seguence PZEOC
| replaced by: Sv40
ATG GGG promotor
# Escherichia } Kozak sequence: pMAM-neo cytoplasm
4 coli GGTACCACCATGG glucocortic | ic
RTEM signal sequence oid
replaced by: inducible
ATG GAC
(GAC replaces CAT)
# Bacillus signal sequence pCDNA 3 cytoplasm
s licheniform | removed, cMV ic
is 749/C new N-terminal ATG promotor
Neugebauer
et al.
J. Kadonaga et al., J. Biol. Chem., 259: 2149 (1984)

K. Neugebauer et al., Nucleic Acid Res.,

9: 2577 {(1981)




3

whi-ch exhi-bits—+fluor escence—+esonance—ener gy—tr ansf-e+—when 5
exciting the conpound;

contacting the sanple with a conmpound of claim4

is excited; 6
det erm ni ng ree of fluorescence 8
sanpl e, V\her}e(g%aggﬁegree of 9

S

| ower than an 10

[err]-lactanmase 11
for determining the 2 amount of an enzyme in a sanple wherein determ ning
in the sanple 4

the degree 3

expect ed anount

activity. 1

of fluorescence resonance e
conprises determning the degree at a first and second tine 5
and 6

contacting the sanple with the substrate,
difference in the degree of fluorescence 7
whereby the difference in the 8 degree of fluorescence resonance energy

transfer
96/ 30540
94 1
expressi on control
and operably Ilnked 28 a nucl eot2@e sequence‘304

c (é
sl il AT S e
Pact ana | Rgnt nu

of a [err]
nnlecule o

[err

reflects the 9

nDIecuIe of cIaJn12*

t he

GGT GCA CGA

Gly Ala Arg
110
* *
GAG AGT TTT
Glu Ser Phe
160 .
*

*

CTG CTA TGT

Leu Leu Cys
210

* *

GGT CGC CGC

Gly Arg Arg
- 260
*

ACA GAA AAG
Thr Glu Lys

310

* *

GCC ATA ACC
Ala Ile Thr
360

* *

cCcG
Pro

GGA GGA
Gly Gly
410

* *
CTT
Leu

ACT CGC
Thr Arg
460

* *
GAG CGT GAC

Glu Arg Asp

GTG
val

*
cGC
Arg

.
GGC GCG
Gly Ala

Pro

*

ATA
Ile

CAC
His
270
* *
CAT CTIT
His Leu
320
*
ATG AGT
Met Ser
370
R

AAG GAG

Lys Glu
420
*

GAT CGT

Asp Arg
470
*
ACC ACG
Thr Thr

ol £

170
*

220
-

"GAT

anount of enzyngy

Seqgquence no. 1l: range 1
48 E.qg i

resonance energ
fl uorescence resonance energy
I ndi cates the presence of
The met hod of claim1l

471

and

47 .
y transfer

determ

7

ni ng the

1,

the—eenpeund

ﬁmﬁ%ﬁﬁﬁﬁﬁ§9

transter that

in the

after

resonance energy transfer,

oy

sanpl e.

/ US96/ 04059

WO

B8NhodiFile@l By Addbnagheést| £1 xaop4) sing 2
vertebrate cel
codlng4ﬂor t he expﬁ955|on

120
* *

Glu Glu Arg

*

TCC
Ser

GTA
val

TTA
Leu

*

TCT
Ser

TAT
Tyr

CAG
Gln

*

GAT
Asp

GGC
Gly
330

*

ACG
Thr

*

ANC
Asn

ACT

Thr
380
*

Asp

*
CTA ACC GCT
Leu Thr 2Ala

430
* *
TGG GAA CCG
Trp Glu Pro
480
* ]
ATG CCT GCA
Met Pro Ala

130

CCC GAA GAA CGT TTT

Phe
180
*

CGT
Arg

230
*

AAT
Asn

280
*

ATG
Met

GCG
Ala

TTT

Phe

*

GAG
Glu

*

GCA
Ala

*

CCA ATG ATG AGC ACT

Pro

GTT
Val

GAC
Asp

AcCA’

Thr

GCC
Ala

TTG
Leu

Leu

ATG
Met

sequences adapted for function in a 3

GGT TAC ATC GAA CTG GAT CTC AAC AGC GGT
Gly Tyr Ile Glu Leu Asp Leu Asn Ser Gly

140
* *

Met Met Ser
190
* *
GAC GCC
Asp Ala
240
* *
TTG GTT
Leu Val
290
&*
GTA AGA
Val Arg
340
. * *
AAC TTA CTT
Asn Leu Leu
390
*

Gly

GAG
Glu

GAA
Glu

*

AAC
Asn

CAC

His

440
*

Met

GCC
Ala

AAT
Asn
490
*

GAA
Glu

*

GCA ACA
aAla Thr

ACG
Thr

GGG

ATG

5 8L,

elclagld
49 fart her+conpwi si ng ¥rammal *an Kezak seguences for

AAG ATC
Lys Ile
150
* *
TTT AAA
‘Phe Lys
200
*

Thr

*

CAA
Gln

GAG CAA
Glu Gln
250
* *
TAC
Tyr

w*

TTA . TGC
Leu Cys
350
*
CTG ACA ACG
Leu Thr Thr
400
*

TCA CCA
Ser Pro
300

*

AGT
Ser

*®
GGG GAT CAT
Gly Asp His
450
* *
ATA CCA AAC
Ile Pro Asn
500
x *
TTG CGC AAA
Leu Arg Lys

CTT
Leu

GTT
val

CTC
Leu

GTC
Val

GCT
Ala

ATC
Ile

GTA
val

GAC

Asp
510
*

CTA
Leu



3 ri bosome binding site. 1 51. The reconbi nant nucleic
aet+d—woteeute—o+—l ai m2—>50-where+A—+ he nueleeti de sequence i s Seguence 3
or Sequence 4 3 of Figure 7. 1 52: The reconbi nant

nucl ei ¢ aci 49 wherein the nucleothggﬁﬁﬁﬂymg S

Qnggﬁﬁmle of claim 2
Sequence 1 or gquence 5 3 of Figure 7. 1-
reconbi nant nucleic acid nolecule of claim?2 48 wherein the expression

control sequences are inducible 3 expressi on control sequences. 1

54. The reconbinant nucleic acid nolecule of claim2 48 wherein the
expression control sequences are constituti ¥ty 3 active expression
control sequences. 1 55. The reconbi nant nucleic acid

nol ecul e of claim 2 48 wherein the expression control sequences include
the c-fos 3 pronoter or the c-jun pronoter. 1 56. The
reconbi nant nucleic acid nolecule of claim2 48 wherein the expression
control sequences include cyclic 3 ANP- aﬁagskye el enents, phorbol ester
response el enents, 4 serum response el eng Nucl ear Factor of
Activated T-cekhs 5 resgopse el enerndggo s50V\O 96/ 305490

PCT/ US96/ 04059 +* * * * * * 95 *

TTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAAT’I‘AATAGACTGG

-GGC TGG

Leu Thr Gly
570

* *

GCG
ala

ATG GAG
Met Glu
620
* *
TTT
Gly Trp Phe
670
* *
ATC ATT
Ile Ile
720
* *
TAC ACG

Tyr Thr
770

Ala
ACG
Thr

GAG ATA Ger
Glu Ile Gly

GCA GCA CTG.

Glu Leu Leu
580
®

GAT AAA GTT
Asp Lys Val
630

* *
GAT
Asp

ATT GCT
Ile Ala
680
* *
GGG
Ala Leu Gly
730
* *

CAG
Gln

GGG AGT
Gly Ser
780

* *
GCC TCA CTG
Ala Ser Leu

*

Pro Asp

Thr Leu Ala
590
L ]

GCA GGA CCA
Ala Gly Pro
640
*

GGA
Gly

AAA TCT
Lys Ser
690

* *
GGT
Gly

CCA GAT

740

* *

GCA ACT ATG

Ala Thr Met
790

* *

ATT AMG CAT

Ile Lys His

Ser Arg Gln Gln

600
* * o ®
CTT CTG CGC TCG
Leu Leu Arg Serxr
650
* * *
GCC GGT GAG CGT
Ala Gly Glu Arg
700
* *
AAG CCC TCC CGT
Lys Pro Ser Arg
750
: * *
GAT GAA CGA AAT
Asp Glu Arg Asn

*
TGGE
Trp.

Leu Ile Asp
610
*

GCC CTT CCC
Ala Leu Pro
' 660 .
* *
GGG TCT C3C
Gly Ser Arg
710
* *
ATC GTA GTT
Ile Val val
760
* *
AGA CAG ATC
Arg Gln Ile

Txp

GCT
Ala

GGT
Gly

ATC
Ile

Ala



57. The reconbi nant nucleic acid nolecule of claim?2 48

Mhererﬁ‘Hm?TmﬁfQSSIOﬁﬂﬁﬁﬁ+ﬂ4 segquences are-respenstve to 3 substanees
-that nodul ate cell-surface receptors. 1 59. The reconbi nant

nucl ei ¢ aciwgogBbsagul € of claim2 48 wherein the expressipeq,
sequences are responsive to 3 substances that nodul ate intra-cellul ar

receptors. 1 59. The reconbi nant nucleic acid nol ecul e of
claim?2 48 wherein the [err]-lactamase conprises a signal sequence for 3
extracel |l ul ar secretion. 1 60. The reconbi nant nucleic acid
nol ecul e of claim2 59 wherein the nucl eoti de sequence is Sequence 2 of
Figure 7. 1 61. The recor®H&&nt nucleic acid nol ecul e of
claim?2 48 wherein the [err]-lactamase is a cytosolic [err]-I|actamase.

1 62. The reconbi nant nucleic acid nolecule of claim?2 61
wherein the nucl eoti de sequence i s Sequence 1, Sequence 3, 3 Sequence 4,
or Sequence 5 of Fig. 7. 1 FI89RE 7D ! €conbi nant nucleic acid

‘nol ecul e conprising 2 expression control sequences adapted for function in
a3 eukaryotic cel |Segugénopenabl2y kanged to aseucl eoti de sequence 4

codi ng for the expredbilfttype sasgresed| REEN enecyme awithnSew2»Ard, Ala23-Gly

64. The reconblnanE nucl ei c ac#g nol ecul e fﬁ claim?2 63 mhereln the

nucl eoti de seqgaence 8ncon§ a cfass A [err]=, | gcta

65. The MeGOMN ATt CANCHE} @TRChOr e apkecps zﬁhalcﬁtzn-r W@e&%&
nucl eot i dMesentyeme csnSewmeeAﬁg ﬁaqmacm&n& prsemaem A18r @mence 5

of Figure 7. . 60 100

* * ® * *

TGCC'I‘TCCTGTTTI‘T GGT CAC CCA GAA ACG CTGGTGAAAGTAAAAGATGCT
Cys Leu Pro Val Phe Gly His Pro Glu Thr Leu Val Lys Val Lys Asp Ala
110 120 130 - 14¢ 150
* * * ) * * * * - *®. * *
GAA GAT CAG TTG GGT GCA CGA GTG GGT TAC ATC GAA CTG GAT CTC AAC AGC
Glu Asp Gln Leu Gly Ala Arg Val Gly Tyr Ile Glu Leu Asp Leu Asn Ser
160 : 170 180 190 200
* * * * * * *

GGT AAG ATC CTT GAG,AGT TTT CGC CCC GAA GAA CGT TTT CCA'AIG ATG AGC
Gly Lys Ile Leu Glu Ser Phe Arg Pro Glu Glu Arg Phe Pro Met Met Ser
210 220 230 240 250
) * * * * * * * * * * *
ACT TTT AAA GTT CTG CTA TGT GGC GCG GTA TTA TCC CGT GTT GAC GCC GGG
Thr Phe Lys Val Leu Leu Cys Gly Ala Val Leu Ser Arg Val Asp Ala Gly

260 270 280 : 290 300
* * * * * * &% * * *
CAA GAG CAA CTC GGT CGC CGC ATA CAC TAT TCT CAG AAT GAC TTG GTT GAG
Gln Glu Gln Leu Gly Arg Arg Ile Eis Tyr Ser Gln Asn Asp Leu Val Glu
310 320 330 340 _ 350
* * w * &* * * * * *
TAC TCA CCA GTC ACA GAA AAG CAT CTT ACG GAT GGC ATG ACA GTA AGA GAA
Tyr Ser Pro Val Thr Glu Lys His Leu Thr Asp Gly Met Thr Val Arg Glu
360 370 380 390 400
* * * * * * * * * &
TTA TGC AGT GCT GCC ATA ACC ATG AGT GAT AAC ACT GCG GCC AAC TTA CTT
Leu Cys Ser Ala Ala Ile Thr Met Ser Asp Asn Thr Ala Ala Asn Leu Leu
410 420 430 440 450
* * * * * * * * * *

CTG ACA ACG ATC GGA GGA CCG AAG GAG CTA ACC GCT TTT TTG CAC AAC ATG
Leu Thr Thr Ile Gly Gly Pro Lys Glu Leu Thr Ala Phe Leu His Asn Met
460 470 480 . 490 500 510
* * * * * * * * ' * * *
GGG GAT CAT GTA ACT CGC CTT GAT CGT TGG GAA CCG GAG CTG AAT GAA GCC
Gly Asp His Val Thr Arg Leu Asp Arg Trp Glu Pro Glu Leu Asn Glu Ala



VD 96/ 30540

96—-1

63 wherein the expression control

Wiy

active expression control
The reconbi nant nucleic acid nmolecule of claim?2
i nclude the c-fos 3
The reconbild4h? nucl eic acid nol ecul e of
sequences include cyclic 3

control

67.
expressi on
pronot er .
claim?2

seq
nol ecul e of
constitutively 3

control
1

63 wherein the expression control
phor bol

sequences

AMP-r esponsi ve el enents,

response el enent,

el enent s.
claim?2

or
1

Nucl ear

68.

69.

ester

66.

63 wherein the expression control
sequences. 1
63 wherein the

reconbi nant nucleic acid nolecule of claim?2

control
intra-cell
transfecte

4 &

EXDFESSIOH COﬂ

sequences ar eszllasponm ve 33@ 3

g :ﬁ@@@ﬁg@ﬁt%@@

Fequenc

0%9E

PCT/ US96/ 04059

66. —Fhe—reeconbiranrt—nucl ei e—ae+d—rol ecul e of cl atm2—
sequences are inducible 3
The reconbi nant n

expressi on

Uscishe/doss

seguences are

pronoter or the c-jun

response el enents, 4
Factor of Activated T-cells 5
The reconbi nant nucl eic acid nol ecul e of
63 wherein the expression contrgloyggdsgnces are responsive to 3
subst ances that nodul ate cel | -surface receptors.

1

subsﬁ&ﬂces t hat nﬁﬂmlate

serum

response

70.

560

host*

"E'”"?‘mzi B 8hiass nc

610

: The
63 wherein the expression

CTA GCT TCC OGG CAA CAA
Arg Lys Leu Leu Thr Gly Glu Leu Leu Leu Ala Ser Arg Gln Gln
620 630 640 650 660

* * * * * * * * * *
TTA ATA GAC TGG ATG GAG GCG GAT AAA GTT GCA GGA CCA CTT CTG CGC TCG
Leu Ile Asp Trp Met Glu Ala Asp Lys Val Ala Gly Pro Leu Leu Arg Ser

670 680 690 ’ 700 710
* * * * * * t_ * * * )
GCC CTT CCG GCT GGC TGG TIT ATT GCT GAT ABA TCT GGA GCC GGT GAG CGT
Ala Leu Pro Ala Gly Trp Phe Ile Ala Asp Lys Ser Gly Ala Gly Glu Arg
- 720 730 740 750 760
* * * o * * * * ® *® * *
GGG TCT CGC GGT ATC ATT GCA GCA CTG GGG CCA GAT GGT AAG CCC TCC CGT
Gly Ser Arg Gly Ile Ile Ala Ala Leu Gly Pro Asp Gly Lys Pro Ser Arg
770 780 790 800 810
* %* * @ *® L 4 * * * *® *
ATC TAC ACG ACG GGG AGT CAG GCA ACT ATG GAT GAA CGA AAT
Ile Tyr Thr Thr Gly Ser Gln Ala Thr Met Asp Glu Arg Asn
830 840 850
%* S * * * * *
GCT GAG ATA GGT GCC TCA CTG ATT AAG CAT TGG
Ala Glu Ile Gly Ala Ser Leu Ile Lys His Trp

GAA CTA CTT ACT
Thr

TTG
Leu

CGC AAA CTA TTA ACT GGC

ATC GTA GTT
Ile Val val
820

*

AGA CAG ATC
Axg Glin Ile



il

manmal i an cel |

codi-ng—f-or—the—expression—of—a [ err}-tact ampse——1

method of determining the anmount of [err]-

conprising the steps of:
transf ect ed”

4

3

2

| actamase activity in a cell
providing a h
reconbi nant nucl eic acid nolecule ¢

and operably linked to the nucl eoti de sequence 5
wis)

Kohpid

expression 5 control sequences operatively linked to nucleic acid
sequences 6 coding for the expression of a [err]-I|actanmase;

WD 96/ 30540 PCT/ US96/ 04059

97 7 contacting a sanple conprising the cell or
extract of the cell or conditioned nediumw th a substrate for 9

[err]-I|actanase;
substrate cl eaved,
anmount of

tothe

12
met hod f or

and 10

determ ni ng the anmount of
11 whereby the anoyggyipf substrate cleaved is related

[err]-lactamase activity. .
gene operably linked to a

nonitoring the expression of a 2

1

set of expression control sequences 3 conprising: 4

provi ding a eukaryotic host cell transfected 5 wth a reconbi nant

nucl ei ¢ acid nol ecul e conprising eprE@EﬁbﬁF control sequences
operatively linke I | Cq n coding for the expression
of a [err]-lact an%ﬁeﬂ&g %twé ES : a\ﬁoiéadei' am;ﬂﬂﬁgﬂﬁn rrakei n the
[ err] - | seajuenes,e neplacagehasd isd.gn: se&@éﬂ e bgCHeE1g; -
contacting a sanple conprising the cell or an 11 extract of the cel

condi ti | ] t err]-lactamase; and 13
determ MWM%%&ACC&% ereby theggmount of

» anouné of [err]- kactannse *

GCT GAA GAT CAG TTG GGT GCA

Ala Glu Asp Gln Leu Gly Ala
100

substrate ckeavedsis relatedsto tha 15
activit GGG CAC CCA GAA ACG CTG GTG AAA GTA AAA GAT

et Gly His Pro Glu Thr Leu Val Lys Val Lys Asp
90

60

CGA
Arg
110
*
TIT
Phe

160
*

TGT
Cys

cee
Arg

AAG
Lys

*

ACC
Thr

CCG
Pro

Leu

GTG
Val

cGe
Arg

- *
GGC
Gly

.*
ATA
Ile

*

CaAT
His

70
* *
GGT TAC ATC
Gly Tyr Ile
120
* *
CCC GAA GAA
Pro Glu Glu
170
|

GCG GTA TTA
Ala val Leu
220
* *
CAC TAT TCT
His Tyr Ser
270
* *
CTT ACG GAT
Leu Thr Asp
320
* *

ATG AGT GAT AAC

Met

Ser Asp Asn

370

AAG
Lys

420
*

GAT CAT TGG GAA CCG
Asp His Trp Glu Pro

* *

GAG CTA ACC
Glu Leu Thr

*

430
*

80

* *
GAA CTG GAT
Glu Leu Asp

130

* *
CGT TTT CCA
Arg Phe Pro

180

&* *

TCC CGT GAT

Ser Arg Ile
230
*

CAG AAT
Gln Asn
280
*

GAC
Asp

*

ACA
Thr

*

GCC
Ala

*

TG
Leu

GGC ATG
Gly Met

330

*
ACT GCG
Thr Ala
380

*
GCT TTT
Ala Phe

*

GAG
Glu

CTG
Leu

.
CTC AAC AGC
Leu Asn Ser
- 140

*

*

*

ATG ATG
Met Met

AGC
Ser
190
* *
GAC GCC

Asp Ala
240
* *
TIG GTT GAG
Leu Val Glu
290
[ ]

GGG
Gly

GTA AGA GAA
Val Arg Glu
340
4 *
AAC TTA CTIT
Asn Leu Leu
390
&* *
CAC AAC ATG
His Asn Met
440
* *

AAT GAA GCC
Asn Glu Ala

*

AAG ATC
Lys Ile

GGT
Gly

*

TTT AAA
Phe Lys

ACT
Thr

*

CAA
Gln

GAG CAA
Glu Gln
250
* *
TAC

Tyr

TTA
Leu

TCA CCA
Ser Pro
300
*

TGC AGT
Cys Ser
350

*

CTG ACA ACG
Leu Thr Thr
400

* *

GGG GAT CAT
Gly Asp His
450

* *

ATA CCA AAC
Ile Pro asn

150
*

200
*

* *
CTT GAG AGT
Leu Glu Ser

*

GTT CTG CTA
Val Leu Leu
210
* *
GGT CGC
.Gly Arg
260

*

CTC
Leu

*

GTC ACA GAA
Val Thr Glu
310
* *
GCT GCC ATA
Ala Ala Ile
360
* *

ATC GGA GGA
Ile Gly Gly
410
&

GTA ACT CGC
val Thr Arg
460

* *

GAC GAG CGT
Asp Glu Arg



1 74. The method of claim 73 wherein the eukaryotic 2  cel

i s—rrerretam +— ——— 75.—Fhe-net hed—ef—l akHm—73 wherei nthe—.
sanmple 2 conprises an extract fromthe cell, with or without the 3
condi tioned wadksddye 1. 76. The method of cl aj ﬂeﬂgﬁggei n
the sanple 2 conprises the cell. 1 77. Thgezé% od of

claim73 wherein the substrate is 2 a conpound of claim1l1 and the step of
determ ni ng the anmount 3 of substrate cleaved conprises exciting the
conpound; and 4 determ ning the degree of fluorescence resonance energy 5

transfer in the sanple, whereby a degree of fhgg@ﬁscence WO
96/ 30540 - - / US96/ 04059

98 6 resonance energy transfer that is |lower than an expected 7

anount indicates the presence of [err]-lactanmase activity. 1
78." The nethod of claim 73 wherein the nucleotide 2 sequence encodes a
class A [err]-Ilactanase. 1 §§H§%I?§ met hod of claim78
wherein the nucleotide 2 sequence i s Se5 , Sequence 2, Sequence 3,
Sequence 4 or 370 Sequenceagdo of Figure ggo 500 510
* * * * * * * * * *
GAC ACC ACG ATG CCT GTA GCA ATG GCA ACA ACG TTG CGC AAA CTA TTA ACT
Asp Thr Thr Met Pro Val Ala Met Ala Thr Thr Leu Arg Lys Leu Leu Thr
520 530 540 550 560
* * * * * * * * * *
GGC GAAR CTA CTT ACT CTA GCT TCC CGG CAA CAA TTA ATA GAC TGG ATG GAG
Gly Glu Leu Leu Thr Leu Ala Ser Arg Gln Gln Leu Ile Asp Trp Met Glu
570 580 590 600 610
* * * * * * * * * *
GCG GAT AAA GTT GCA GGA CCA CTT CTG CGC TCG GCC CTT CCG GCT GGC TGS
Ala Asp Lys Val Ala Gly Pro Leu Leu Arg Ser Ala Leu Pro Ala Gly Trp
620 630 . 640 650 - 660
* * * * * * * * * *
TTT ATT GCT GAT AAA TCT GGA GCC GGT GAG CGT GGG TCT CGC GGT ATC ATT
Phe Ile Ala Asp Lys Ser Gly Ala Gly Glu Arg Gly Ser Arg Gly Ile Ile
€70 680 690 700 710 720
* * * * * * * * * * *
GCA GCA CTG GGG CCA GAT GGT AAG CCC TCC CGT ATC GTA GTT ATC TAC ACG
Ala Ala Leu Gly Pro Asp Gly Lys Pro Ser Arg Ile Val Val Ile Tyr Thr
730 740 750 760 770
* * * * * * * * * *
ACG GGG AGT CAG GCA ACT ATG GAT GAA CGA AAT AGA CAG ATC GCT GAG ATA
Thr Gly S::oGln Ala Thr Met Asp Glu Arg Asn Arg Gln Ile Ala Glu Ile
790
* * * *
GGT GCC TCA CTG ATT AAG CAT TGG -
Gly Ala Ser Leu Ile Lys His Trp



i 80. The method of claim73 wherein the expression 2

centr ol —segquences—are i reuetrble expresston contfel—seguences. 1 :
81. The nethod of claim 73 wherein the cell is an 2 ~ani mal ceII and t he

[err]-Ilact aﬁf‘ﬂhﬁ' a cytosolic [err]-Ilactanase. A
met hod for deter of ng whether a test 2 conmpound alters"ﬁe expression
of a gene operably linked to a 3 set of expression control sequences
conprising: 4 providing a cell transfected with a

reconmbi nant 5 nucl eic acid construct conprising the expression control

6 sequences operably linked to nucleic gﬁﬂd sequences coding for 7 t he
expression of a [err]-I|actamase except i e eukaryote is a 8 f ungus,
wherein the [err]-lactamase is a cytosollc [err]-lactanase; 9

contacting the cell with the test conpound; 10

contacting a sanple conprising the cell or an 11 extract of the cell with
a [err]-lactanase substrate; and 12 FIGURE 7H determ ning the
amount of substrate cleaved, 13  whereby the amount of substrate cl eaved

is related to the SsquepgmEBOL ®f yange] 1| eRetTase activity
83. The,gethod, of Wnﬁ’g’? pase yWithemammalian: Kezak EWPCEeﬂdlr?Placemm

mammal i %h.® gnil sequence 42%Phe net hod of cl ai m 82 wherein the sanple 2

conprises an extrggt fromtheecell. 1 30 $&. The net hggl of
claim82 comprisessthe @ell. « * WO 96/ 36540 = *
PCT/ USOBF@® HBEOCCA GAA ACG CTG GTG AAA GTA AAA GAT GCT GABOGAT CAG TTG GGT'
Met Asp Pro Glu Thr Leu Val Lys Val Lys Asp Ala Glu Asp Gln Leu Gly
60 70 80 90 100
* * * * * * * * * *
GCA CGA GTG GGT TAC ATC GAA CTG GAT CTC AAC AGC GGT AAG ATC CTT GAG
Ala Arg Val Gly Tyr Ile Glu Leu Asp Leu Asn Ser Gly Lys Ile Leu Glu
110 120 130 140 150
* *x * * » ' * * »* * *
AGT TIT CGC CCC GAA GAA CGT TTT CCA ATG ATG AGC ACT TTT AAA GTT CTG
Ser Phe Arg Pro Glu Glu Arg Phe Pro Met Met Ser Thr Phe Lys Val Leu
160 170 180 190 200
* * * * * * * * * _ ¥*
CTA TGT GGC GCG GTA TTA TCC CGT ATT GAC GCC GGG CAA GAG CAA CTC GGT
Leu Cys Gly Ala Val Leu Ser Arg Ile Asp 2Ala Gly Gln Glu Gln Leu Gly
210 220 230 240 250

* * * * * & * * * * *

CGC. CGC ATA CAC TAT TCT CAG AAT GAC TTG GTT GAG TAC TCA CCA GTC ACA

“Axg Ile His Tyr Ser Gln Asn Asp Leu Val Glu Tyr Ser Pro Val Thr
260 270 ' 280 ' 290 300
* * * * * R * +* * %*

GAA ARG CAT CTT ACG GAT GGC ATG ACA GTA AGA GAA TTA TGC AGT GCT GCC
Glu Lys His Leu Thr Asp Gly Met Thr Val Arg Glu Leu Cys Ser Ala Ala

310 320 330 340 350

* * * * * * * * * *

ATA ACC ATG AGT GAT AAC ACT GCG GCC AAC TTA CTT CTG ACA ACG ATC GGA
Ile Thr Met Ser Asp Asn Thr Ala Ala Asn Leu Leu Leu Thr Thr Ile Gly
360 370 380 390 400

* * * * * * * * * *
GGA CCG AAG GAG CTA ACC GCT TTT TTG CAC AAC ATG GGG GAT CAT GTA ACT
Gly Pro Lys Glu Leu Thr Ala Phe Leu His Asn Met Gly Asp His Val Thr
410 420 430 440 450

* * * * * * * * * *
CGC CTT GAT CAT TGG GAA CCG GAG CTG AAT GAA GCC ATA CCA AAC GAC GAG
Arg Leu Asp Arg Trp Glu Pro Glu Leu Asn Glu Ala Ile Pro Asn Asp Glu
460 470 480 490 500 510
* * * * * * * * * * *
CGT GAC ACC ACG ATG CCT GTA GCA ATG GCA ACA ACG TTG CGC AAA CTA TTA
Arg Asp Thr Thr Met Pro Val Ala Met Ala Thr Thr Leu Arg Lys Leu Leu



1 86. The nethod of claim 82 wherein the substrate is 2 a
conpotmta—of—etatm31- and—+he—step of -deter m n-Rg—the anount 3 of
substrate cleaved conprises exciting the conpound; and 4 determ ni ng the
degree of flyg ce resonance energy 5 transfer in th ﬁg?%ﬁF”
whereby a degrée of fluorescence 6 resonance ener gy trans er IS

| ower than an expected 7 anount indicates the presence of P-|actanase

activity. ) 87. The nethod of claim82 wherein the

nucl eotide 2 sequence encodes a class A [err]-Ilactanase. 1

88. The nethod of claim87 wherein the nucleotide 2 sequence i s Sequence
1, Sequence 2, Sequence 3, Sequence 4 or 3 jgpggluence 5 of -Figure 7. 1
89. The nethod of claim85 wherein the expression 2 control sequences
are induci bl e expression control sequences. 1 90. The

met hod of claim85 wherein the cell is an 2 animal cell and the
[err]-lactamase is a cytosolic [err]-lactanase. 1 91. The

met hod of cl aim 82 wherein the expression FURE) 71 [err]-lactanase is
operably regul ated bygagctivati ongzer inhibitign 3 of agly vation,
intracel | ul ar recept ok, a cell suktace #4 recept ok, or a conpenent QP an
i ntracel | uAST GG IGAA OT. Acxt OTR\GCT TCE CGG CAA CAA TTHOATAAGAEtTeE ATG

cl onal sel@bFl%hVéﬁmpiﬁglk@p ThZ Leu Ala Ser @lindBhy Ll |1det Asp ST Med

with a reconbi pant 578  nugl ej csg%‘%ol ecU conpri si iRP% he expres$ildn

control  4gusS@aYIenTe AARREH K L-Errgfd e @E dséé‘%@-“&éé o for
S the exmesmaomsgf Ls Ovd109%a! QLB e Se Ala Leu Pro Ala Gl
contacting the celéd2® wth a sgbetance thategrtivates gsg or 1nhilgges {he

activation of the expresston céntrol * 8 sequentes; O * *
cont act i ngT¢H ﬁff’ SARpBET EBF GET LFIF SAGOCCT \FFET TCT sCEQ IRaY ATG
into a subgﬂ’a%}ée Ile Ala Asp Lys Ser Gly Ala Gly Glu Arg Gly Ser Arg Gly Ile
670 680 690 700 710
* * * * * * * * *

ATT GCA GCA CTG GGG CCA GAT GGT AAG CCC TCC CGT ATC GTA GTT ATC TAC
Ile Ala Ala Leu Gly Pro Asp Gly Lys Pro Ser Arg Ile Val Val Ile Tyr
720 73 740 750 760
* * * * * * *
ACGACGGGGAGTCAGGCAACTA’I’GGATGAACGAAATAGACAGATCGCTGAG
Thr Thr Gly Ser Gla Ala Thr Met Asp Glu Arg Asn Arg Gln Ile Ala Glu

770 780 " 790
* * * * *
ATA GGT GCC TCA CTG ATT AAG CAT TGG
Ile Gly Ala Ser Leu Ile Lys His Trp.
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100 1% det-erm-ri-Ag Whet-her subst+ate—i-s—eteaved wit hi n—eaeh—
12 i ndi vidual cell, whereby cleavage reflects [err]-lactamase 13
activity; 14 sel ecting and propagati ng those ¢ @@MﬁﬁQﬁ

sel ected Ieve?eﬁysrérr]-lactanase activity. 16 ﬂb*

nmet hod of claim92 further conprising the 17 steps of: 18

culturing selected cells in the absence of 19 activator for a tine
sufficient for cleaved substrate to be 20 substantially lost fromthe
cells and for [err]-lactanse levels to 21 J&? ?rn to unactivated | evels;
22 I ncubating the selecte ells with a conpound 23 of
claim9 which is converted into a substrate; and 24

selecting cells that have not substantially 25 cleaved the substrate.

FIGURE 7J

Sequence no. 5: range 1 to 786
Bacillus licheniformis f-lactamase with signal sequence
replaced

30
L * *
GAT TTT GCA AAA CIT GAG GAA CAA
Asp Phe Ala Lys Leu Glu Glu Gln
70 80

* *

40

* *
GCA AAA CTC GGG
Ala Lys Leu Gly
100

*

10 20 50
* * *

*
AAA GAT
Lys Asp
60
* *
TTT GCA
Phe Ala

GAT
Asp
90
*

ATG

Met Phe

*

TAT CGG CCG GAT

Tyr Arg Pro Asp
150

* *

* %*

GAT ACA GGT ACA AAC CGG
Asp Thr Gly Thr Asn Arg

ACG
Thr

GTA
Val

GCG
Ala

ATC
Ile

TTG
Leu
120

" Glu

- Glu Leu

110
* *
‘GAG CGT TTT
Arg Phe
160

* W
TG

Leu

CAA CAG

Gln Gln
210

* *

GAT

Asp

GAT CTIT
Asp Leu
260

*
ATG
Met

ACG

Thr
310

+*

CTC
Leu

*

GCA CAG AAT
Ala Gln Asn

360

&* *

GAA CTG AGG
Glu Leu Arg
410

* *
GAG TTA AAT
Asn
460
* *
GCA CTT
Ala Leu

GTC
val

GCT
Ala

*

*

TTT GCT TCG

130
* *
ACG ATT AAG
Thr Ile Lys

*
GCT
Ala

TTA
Leu

*

ARA

Lys Ser

*

GTA

Val Asn

Phe Ala Ser
: 170
*

Ile

220
*

Tyr

270

*

AAA
Lys

*
GAG
Glu
320

*
CTC
Leu

ATT

Ile
370

*
AAG ATT

Lys Ile

420
*

GAA GTG.

Glu val
470
*

ACA AGC
Thr Ser

CTT
Leu

CcTT
Leu

GGT
Gly

AAT
Asn

Leu

1

* o

TCA ATA GAA GAT CTG

Glu Asp Leu
230
* *

AAC TAC AAC CCG ATT
Pro lle

Asn
280
* *
GCG GAT GCT
Ala Asp Ala
330
* *

AAA CAA ATT
Lys Gln Ile
380
*

GAT GAG GTT
Asp Glu Val
430
* *

CCG GGT GAA

‘Pro Gly Glu

480
*® *

CGA GCC TTT
Arg Ala Phe

80

AAC
Asn

AGA
Axg

CAG
Gln

140
*

ACT
Thr
190
*

ATA
Ile

240

*

AAG
Lys

ACG

Thr Glu

*

TCG
Ser

CIT CGA

Leu Arg
340

) * *

GGC

Gly

GGA CCT
Gly Pro
390
*
AAT CCC
Asn Pro
440
*
CAG GAT
Gln Asp
490
*

*

ACA
Thr

ACT
Thr

*

GCT CTT GAA
Ala Leu Glu

290
*

CAC
His

TAT
Tyr

*

GAA
Glu

Gan
Glu

ACC
Thr

GAT
Asp

GTA
Val

*

ACA
Thxy

.
GTT.
val

%*

AGT
Ser

AGT
Serxr
4

CGA
Arg
450
*
AGT
Ser
500
L 2
AAA
Lys

‘Asp Thr

‘GAC AAT

GGC GTC CTT
Gly Val Leu
200
*

TAT ACA CGT

Tyx Thr Arg
250
*

GAT ACG

*
GGA
Gly
300

* *
GCG
Asp Asn Ala
350

* *

AAA AAG
Lys Lys

TTG
Leu
00

*
TTC
Phe

*

GAA CCa
Glu Pro

*

GCA AGA

Ala Aryg

510
*

ACA
Thr

CCA
Pro

AGT
Ser

CTT
Leu
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*

520

* *

530
*

GAA AAA CGC GAG CTT TTA ATC
Glu Lys Arg Glu Leu Leu Ile
570

* *

GCC TTA ATC
Ala Leu Ile
620
* *
ATC ATT TGG
‘Gly Ala Ala
670
& *
GTG GCT GAT
Ile Ile Trp
720
* *

GCC AAG TAT
Ala Lys Tyr
770
*

GCC TTA AAC
Ala Leu Asn

*
CGT GCC GGA

580
*

GCG

Arg Ala Gly Val

*

630
*

GAT
Asp

*

GCa
Pro

*

CCG CCA AAA GGA GAT

Ser Tyr Lys
680
* *
ARA ACT GTIT
Pro Pro Val
730
_* *
GAT GAT AAA

Asp Asp Lys
780

*_ *

ATG AAC GGC

Met A9((

Gly

CTT
Leu

*

CTT
Leu

*

AAA

Asp
*

GCa
Ala

ATT
Ile

‘Val Leu

PCT/US96/04059

17/17

FIGURE 7K

540 550
* *

* *
TGG ATG ARA CGA AAT ACC
Trp Met Lys Arg Asn Thr
590 600
* * *

TCA TAT GGA ACC CGG AAT
Asp Gly Trp Glu Val Ala
640 650

* % *

GGT GTG CCG GAC

Gly Thr Arg Asn

700
&*

CCT GTC
Pro Val
680 -

* ) * *
TCC AGC AGG GAT
Ser Ser Arg Asp

750

* * *

GCA GAG GCA ACA ARG GTG
Ala Glu Ala Thr Lys Val

GTA TTA
740
*

560
* *
ACT GGA GAC
Thr Gly Asp
610
* *
GAC ATT GCC
Asp Lys Thr
€60
* *

GGT TGG GAA
Asp Ile Ala
710
*

AAA AAG GAC
Lys Lys Asp

760
* *

GTA ATG AAA .
Val Met Lys.
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