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?\"xn H’iuomacnu substrates for buman immunodeficiency vieal protease have been developed based on the

sfer. Starting fromt o p24/p13 cleavage site-derived hexapeptide sub-
{ incorporation of 2-aminobazoie acid in place of the acetyl grougp

s the (ictm(n‘ and p«{\nyPhe at the P17 pasition as acceptor gave the inteamoleculacty quenched fluorogenic

subsirate. Cleavage of the substrate by HIV protease roleased the fuorsscent N -terminal tripeptide fron its

close
HESHY

appasition to the quenching wirobenzyl group, resulting in enbanced fhiorescence.
based on Bo-well microtiter plates and a Boorowetric plate reader have been ¢

An gutormated
loped, which allow

Jeve

high throughput of contpounds in the search for BIV profease inhibitors,

Key words: fluorogenic substrate; Suorometric assay; HIY praotesse mlubirors

Homan immunodeficiency viral (HIV) profease i
fogical therapeutic target in the search for ATDS
drugs. o order to allow the exploration of potential
mbibitors of HIV protease and to optunize lead com-
pounds, a convenient assay 1o kinetically characterize
the inhibitor which allowed for muo:mlmn and hi"
thioughpal was nece BATY. Initial assays (1-3) vsed in
the characterization of HIV protease were bamd 01
HPLC separation of pn:ydw.:ts and substraie ot fized
time mtervals, This HPLC assay quickly became the
rate-limiting step in the development of HIV protease
ihibitors with desirable theraprutic properties. A
continuous assay which allowed for quantitative
kinetic characterization of the interaction of the in-
hibitors with HIV protease was needed. The strategy
of developing either a chromogenic or a4 fluotogenic
substrate was chosen based on work characterizing
short peptide substrates of known HIV protease clea-
vage sites {(4),

Our inittal attempis focused on developing a chro-
mogenie substrate. Because of the known ACCOMm-
modawm of Phe and Tyr at position Pt in HIV pro-
tease substrates, we weparad series of potentind

Abbreviations: HIY. human mmunodeficiency virus;, DME. 81
methvlformamide; CH, L, dichloromethane; HPLC, high perfor-
wanee liquid chromatography: Abz, Z-aminobenzoic avid, or an-
thranilic acid; DMSO. dimethylsulfoxide: TFA, irifluoroacetic acid;
CHAPS, A{(3-cholamidopropyDdimethylammonio]- i -propanesul-
tonaie,

5
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subsirate anndogs contaimng p-NQO, -Phe at cither PI
or P17 OF the compounds we examined which were
actapeptides o smaller. only the P17 analogs were
subsivates and the chianges in absorbance upon hy-
drolysis were wmsudficient for o sensitive, continuous
assay, Recently, Mashed of o, (3) and Tomaszek o1 of.
{63 have reported a spectrophotometric assay based on
cleavage of chromaogemic substrates contauing p~
M3, -Phe at position P In these cases, the subsirates
were an octapeplide, a nonapeptide, and a decapep-
nde. Richards er of (73 bave recently reported a nona-
peptide substrate with PG - Phe at the P sie, A
I vgh-throughput. radioretric assay for screening for
HYY protease inhibitors, which is not continuous, has
heen reported by Hylzfu’zd et al (8). Tambaing ¢f al. (9)
hitve developed a sensitive HPLO assay based on 4
dansylated beptapeptide substrate and fluorescence
detection,

Fluorogemic substrates for hydrolyvtic enzymes have
been widely used in biochenustry becanse of their high
sensttivity, In many cnses, the fluorophore, eos Coler-
minal peptide antlides, s linked directly to the bond
ondergoing cleavage, resulting in a highly fluorescent
group upon hydrolysis. As the minimum length for a
sobstrate of HIV protease from our studies was a
hexapeptide. which iz cleaved into two tripeptides,
such a strategy was not applicable, The idea of using
intramalecularly 1u<3ndhd thiorogenic  substrates
cortaining a donor and an aceeplor chromophore in

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

the same molecule
upon-hydrolyvsis

which windd hecmne separated

fis been widely used (10, 11 Receny
ex;unpies of applicanons sclude o bacterial ool
fagenase (12}, vertebrate collagenise und gelatinasy
{131, enkephs tixmm {14y, and auial dipeptidyl car-
bowindmm‘ac {151 As we had demons h\m,d that a
substeate for HIV (mtecm could contain p-M0,-Phe,
a known atceplor, at position PV, incorporaiion of a
fluoreseent donor maotetv in the Noernunal segment
atteopted, The T)rp[lda Ao Thy-He-Mle-Phe(p-
NO-GU-ATE- N, was modiBed by replacerment of
the ¥V-terminal acety] group with vactous flunrescent
groups hased on anthraniic ackl, OBENF O
acid {(Abzy A sutable Quorogenio subsiraie i
and an autoroated assay utihizing microtitey plates and
g fuorescence plate yewder has been developed.
During the course of preparing this paper, we became
aware of sipilar cfforts to develop such an assay by
Wendner et ol (16), Muatayoshi ¢t ol (17, and
Geoghepan o af. (13) utilizing different fuorogenic
substyrates.

MATERTIALS AND METHODS

Solid pligse synthesis of HIV protease subitraivs
.‘uctyi m.,w;,u,;md amides wers prepased by solid
[RIERS m‘yﬂ;idc vithesis gsing the p f"if‘lhy'ﬁ)(‘.!ﬂ}-
hydrylaming res sin {(Bigma, &1 Iouu \/i()} “or cach
synthesis, 0.5g of
resin} was used. The following BOCaming actds were
med {Bacheny, Torrance, OA) BooArg(Tos). Boo-
o, Boo-The{Brl, Boo-Asp(OB). Boc S EEAN
Ser{Bad), fm T ;Em-'{’i' B(\"\"“ﬂ B{ . and
Boc-Phed p4, ) T : kindiy
provided by Dis
Sonsanto (30 Lowis) and protectedd by veacuon with
di-Fbutvipvrecarbonate. The following  synthetic
profocol was wsed for incorporation of the Boc-amino
acids:

Deprotection. 5% triftuoroacetio actd/CUH,CL Smin

arud 25 min

CH.CL I min
opropanod » 1 min
CHLCL Fin

Newratizaiion, 10%  disopropylethylarang/CH,LC
dmin and Smm
CHLCL 2
DMy 2

1min
{myin

difsopropyicarbodiimide n the prosencs of 4 equiv. of
bvdronybenzotriazole fn DMFE for 21 Coupling in
D3E wats repeated t the Kadser (est {19 was positwe,
Acetvladon was performed with acetic anhydride n

pedyroer (Famel free woine/y of

,.Mim ia L« .:mi i.mn tictmnan of

Coupding . A equuy, of Boc-aming acid and mguiv of

PV ProtOase BUOPInOt Iy ssay
DINME i the presence of an eguivalent mmount of
DIPEA for Wyodn. Conpleted peptudes were cleaved
with ~‘¥“"-11’1i\‘n§c‘ G- Crude pe plzdu i ixxmi.uim
20009 md‘L ltud dnd impm ( ' i
tied b;, e

dut«mxmlu ﬂmdiw
higheresolution nass .q&-‘zuumuzugﬂ !
acid aralyues,

Spathwses of D
e R : : ;
The protoeol was essentially tart wsed for the other
subsirutes with the following madifications. Ahwwas
couplad using an equivilent waount of BOP reag
1 and 3 equiv, of THPEA w M for
cleavad peplide was dissolved in glueial ace
duuted with watse, and yophilized. Smull portons of
the crude peptide were dissalved in glicial acetic acid,
and purified by i Vydae € mamprq arauve HPLO
cofunu 4]~ 250y using a 25-43% acetoniinle gra-
dient {(1.0539% TEAY for 40 mmn, The mrain peak ot 35%
acetomnile wit z;:olk‘.cwd amd vophilized. The siruc-
ture of the pepuide was contivmed by FABMS

g¢ 1
3t The
{1 (3»(.-1&,

{(MF, = 940y, E’W wning acid avalvas {(Beckman
systorn Oroddy and by UV and Huoresceneg speciro:
SCOPY.

HPi £ assan

The HPLO HIV proteass assay was conducted using

either \gmhma HIV protesss (1) in which the two Cys
( ‘ hasl been veplaced by the s

% Jmmu%mu vie acid fo eliminate the comphca-
mim vidrvl groups (21 or cloned mate u.zi

5 eoli suppied by Vi, Goeorge Clover af
ik bl cases examined, thee
d inknbition resolty ware identiead,
f»-;mri(u—d pmMixg wis dissolved ina
panichne s HCL D3 in\ pit 7.5
0%, glyeéral al g conge 'mnﬂ uf Ay b 1 owas
diadyzed versus o buffer of 2u suanuhne - HCOL 100 mM
Teis, pH 7.5, 40% ghveerol (H0 » volume, 2 = T
rowara teomap ) Jodl wed | by chiulysis against 20 i

S

tion'\ ni froc

o~

bufter m-‘ {3

plwaie bulley, pht 7.5 409 alveerol, 0 Ps
(HOD % vadamme, 20 Th room tomp.] ¢ 4

bufler (1 it phosphate Tutfer, P WH LA A0 plveerol.
G % OHARSY quoore 3 3 Sehneider aod SR
Kot (persoral cornmnadcation). The precipitated
sohid nagerial was reooved by contrifugation, aad the
Twen

refolded HIV proteuse was stoced at - 707,
suteroditers of 0.1 yam substrate (dissobved 1n DMEO
and diluted with sesay bulffer) was moxed w uh 2l

¢ bufter (20 phosphate butfer, pH 6.4 0%
of, D.1% CHAPS). Ten vucrolifers of H"!"v’ RINVE
s stack was added, and the misture wis incabated
at 257 for the desired ume. The ;'ﬁ:aci‘m was stopped
by 1} addition of & el of 10%: TEFA and the sample
was applied 10 an HPL(_. mix.zmn {(Yydae 18,
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LY. 1 oth ang e kKL arshail
(L6 o 25cem). developed with 0.05% TFA for Smin,
fellowed by a gradient of (-30% acetonitiile in
40min, For inlubitor studies, 10 pl of the protesse
solution was preincabatad at 23
of 0. Lo inhibitor (dissolved is DMSO and diluted to
0 Poss with assay buffech Then 200 of ic‘,i sub-
trate, Ac-Thr-lle-Met-Met-Gla-Arg-NH,, or Abz-
?ht ﬂe\ Nie-Phe-{ p-NO Y- Cin-Arg- PH, (Abz Ni“

63}, was added in order 1o delummc mh1 sition of

slenvage. Resctions were stopped and cleavage rates
were manitoeed by HPLC as above. In order to
confirm the cleavage p zmern of Abz-Thr-He-Nle-
Phe{ p-MOL FGlo-Arg-MNH,, cleavage was allowed to
finish as ;ud%d by HPLC *md the two product peaks
were isofated by HPLO Incubation with either syn-
thetic HIV protedse or enzyme expressed and mmﬁt:d

fram F. coli ¢kindly sapplicd by D, George Glover of

Monsanto} gave the same HPLC pattern (Fig. 1),
Retention ume of the substrate was 42, min, while
AbzThr-He-Mle-OH was 37.4mm and H-Phelp-
NOO-Gin-Arg-NH, wias 17 7min, Identity of the
;)toduu mpmies was confirmed by FABMS and
anuno acid analys

Fluprescence spectvd

The excitation and enidasion spectra were measured on
an 5LM 8000 C *p?ctroﬂxmmnme‘ Both the sub-
strate, Abz-MHY -6, and the N-torminal product, Abz-
Chr-de-Nie-OH. show ab\mpuon snaxima at 337 nm
and broad cmission maxima betweon 390 and 440 nm.
The comparison hetween substrate and product at the

,._.w.m,._wm
-
s
e AT
e SOV

2
4
t
H
3

*AJ,& AR

FIGURE 1

HIFLC prodile of elation pattenn of Abz-Thr-Tle- Ml Phe-{ -NOy, )
oA e N (AL NEY -6, ehution time = 421 min) and products,
Abe-The-Tle-Nle-OH (elution time = 37.4) and H-Phe p-NQ,)-
Gln-Arg- N, (elwtion time = 177 mind Forty naorohiers of 58 g
Abz-NF*-6 in assav buffer were yavubated with gl of HIV
protease solation for offmin a1 room temperature: Clervage was
stopped by adifition of 60l of 14 TEFA and the mixture was
analyzed by reversed phase HPLU (Vvdae Oy, 46w 250m
volumn). Mobile phase 0.053% TFAMHLO (S mind, U-40% auetoni-
trife (0.09% TFAY at fmlimun, dcm,uon at 220 nm, Other peaks
ave due 16 bufler components, LIV absorption (aufs: 0.2) plotied
versus Bow

546

¥ for Wmby with 20 4.

same concentravon shows dramatically the tenfold
increase in excitation and sixfold incretse 1 emission
upon enzymatic bvdrotysis, Intvad kineties were mon-
tored af 257 with magnetic stirring al opltimad cons
ditions (excitation = 337 nr and emission = 4{0am}

UV spectra

The absorption spectra of the substrate, Abz-NEP-6,
and the N-terminal product, Abz Th-Te-Nle-OH,
were recorded o a Beckmas DUSE spectrophotos
meter, The subsirate shows maxima at 284am sl
258 oo, while the deavage product has maxion at
38 aoand 232nm.

Fluovescence assay
Fluorescence measureinents on 96-well ELISA pht
wore made with the Titertek Fluoreoskan T version
3.0 An excitation filter of 335nm  (bandwidih
35 4 dmmi oand an emission Glter of 430 (band-
width 25 4+ 3om) were used. Ten mucroliters of 4
stock solution (0.05mgfml) of HIV protease were
mcubated with five different concentrations of Abz-
NF*-6 in s final volume of 100 b of assay buffer at
379 with the increase in luorescence monitored treach
well every 2nun for 20nun. A stock solution of 1o
Abz-NF*6 in DMS0O was diluted to 0.1 oy with
assay buffer and used for the assay. The highest con-
cegiration of TDMEO tested was 8%, which shows no
effects of cleavage. A standard corve (Fig. 2} relating

Calibration Gurve
3000 r
B2 e 0:999 .1-/
A
£ }a/‘
i 28000 1
@ /
L+
el -
(3]
G /
@ X
@
& 18000 + /ﬁ/
€ .
& bt
«
& /g,/
0 R r ¥ T ¥ {
20 40 8% 80 fe36]
Conecgniration {microM)

FIGURE 2

Standurd calibrafion curve of flnorescence increase versus cons
ceairdtion. The fluorogenic substrate (Abz-WIeP*0) at ejght dift
ferent conwuntrations wis incubated overnight with 0.5 gy of HIV
protease in assay buffer {final volume = 10081y on a micratiter
plate. The changes in fuorescencoe emission were messured and ace
plofted versus the concentration of substraie;

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




