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Abstract

Botulinum neurotoxins have seven distinct serotypes, four of which (types A, B, E and F) cause botulismis humans. The
neurotoxins are composed of a 100 kD heavy chain, and an enzymtically active zinc-dependent light chain (S0 kD). The
metalloprotease presents an ideal target for the development of potential hibitors if botulism: One of the most efficient
methods for rapid high throughput screening of potential inhibitory compounds is based on the use of intramolecularly quinched
fiuorescent substrates. As previously reported, the fluorescence resonance energy transfer (FRET) peptides, SNAPtide®™ and
'VAMPtide™, were devised at List as substrates for botulinumtoxin type A and B, respectively.

Recently, a FRET substrate for botulinum nerotaxin type E, SNAP Etide™, has been designed and evaluated. This peptide,

based on the eukaryotic target SNAP-25, contains an o-anrinobenzoic acid fluorophore (0-Abz) and a 2,4-dinitrophenal (Dnp)

acceptor chromophore. It s readily cleaved wmulmmnemmntype E, light chain (LcE). Tests of the activity of LcE with
SNAP Etide™ as a function of pH, ZnQl, and Tween-20 thec for the cleavage of the
Substrate is 50 MM HEPES, pH 7.8, 0.1% Tween-20. As observed for both type A and type B light chains, the addition of ZnCl, is
inhibitory to the FRET substrate cleavage reaction. The hydrolysis of SNAP Etide™ by LcE shows a linear response to the enzyme:
concentration. Atotal enzyme digest of increasing concentrations of SNAP Etide™ using trypsin, indicates a linear increase in
fiuorescence up to 40 M substrate. At higher concentrations a significant inner filter effect is observed. A value for K wes
estimated using 0-Abz-Lys to correct for the inner filter effect. Substrate inhibition is observed for concertrations greater then 100
LM SNAP Etide™.

Introduction

Methods (continug)

Inner Filter Effect Correction: Dilutions of SNAP Etide™ were prepared in 50 miVi HEPES, pH 7.8, 0.1% Tween-20 to achieve concentrations ranging
from250 pMto 2 UM Huorescence end point readings of SNAP Etide™ at each concentration were recorded. In order to determrine the inner filter
effect at each substrate concentration another set of end point fiuorescence (RFU) readings were recorded after addition of 5.0 piMfree o-Abz-Lys.
HwescercelnersnyonaredforSNAPEnde”\nes!fms.ma:edlromtheﬂucrm|nerslyoualnedfu'9\lAPEIde'MandoAszys|n
order to obtain fluorescence for the free 0-Abz-Lys peptide. The ck fit the 0-Abz Lys in th of SNAP Etide™ reflects
the inner filter effect (Table 1). A correction factor is obtained for each SNAP Etide™ concentration:

corection factor = REU (0-Abz-Lys) at each [SNAP Etide™]
RFU (0-Abz-Lys)

Initial reaction rates were obtained for each substrate concentration after adkition of 2.5 nMLcE. The rates were corrected as givenin Table 1. The
plots of initial velocity versus SNAP Etide™ concentration (Figure 4) indicates a decreasing rate of cleavage at concentrations of substrate greater
then 100 M This is consistent with substrate inhibition. The kinetic data wes analyzed using the substrate inhibition equation from KaleidaGraph
softwere:

Botulinum neurotoxins are the most deadly bacterial taxins known in nature. Each neurctoxinis composed of a 50 kD er icall
active zinc-dependent light chain. This metalloprotease cleaves specific SNARE proteins blocking the release of acetylcholine from
the synaptic vesicles and causing potentially lethal paralysis. As such, the light chain presents an ideal target for direct inhibition of
thetoxin. Identification of potential inhibitors is dependent on a rapid and highly sensitive method for screening large cherrical
compound libraries. An efficient method for such “high thoughput screening’ is based on the use of fiuorescence resonance energy
transfer (FRET) substrates. FRET substrates are substrates containing a fiuorescence donor and a quenching acceptor that are:

a deavage bond. I resonance works to suppress the intrinsic: of the donor by
transferring the energy to a chomophare quenching group while the bond is intact. However once the enzymetic dleavage bond is
hd@nlfeﬂllﬂulmd!heﬂmﬁﬁue\sdﬂavsﬁ The increase in fluorescence is directly proportional to the amount of
substrate cleaved and the ivity can be monitored continuously.

Anew FRET substrate, SNAP Etide™ (Produict #550), has been designed based on the synaptasomel SNAP 25 pratein. SNAP
Etide™ contains an o-aminobenzoic acid (0-Abz) fluorophore and 2,4-dinitrophenal (Dnp) cuencher chromophore. Studies illustrate:
that the SNAP Etide™ FRET suibstrate i readily cleaved by botulinum neurotaxin light chain type E (LcE) invitro and therefore is:
suitable for high thoughput screening assays.

Optimum condtions for hycrolysis of SNAP Etide™ by LcE have been established. Initial rates of veloxity of the SNAP Etide™
deavage reaction were monitored while varying buffer pH and Tween-20 concentrations (Figures 1A and 1B). BecauseLcEisa
zinc-dependent metalloprotease and some of the zinc may have been lost during the purification process, it is possible that the:
‘addition of zinc may increase light chain activity. - For this reason the activity of LCE in buffer containing various zinc-chloride:
concentrations wes also evaluated (Figure 1C).

Determination of kinetic parameters, such as K, for FRET peptides is problemetic. Analysis of initial rate for SNAP Etide™
deavagebchEvevsLsalmaeooma—nalm|rdwsa|§“valued24uM(ngreSA) However atotal trypsin digest of SNAP
Etide™ indiicates that the fiuc nat linear after 40 ph tration of this (Figure 3B). Thisisan
indication of the inner filter effect, aﬁmﬁmﬁﬂmsﬁenqﬁthggmmurdeﬂ/edsmmesudewed[mdm
rmoleculles absorb some of the fluorescence emitted from the cleaved product. In order to accurately determine the Kmthe inner
filter effect for SNAP Etide™ hydrolyzed by LcE, wes corrected using the free fluorophore from SNAP Etide™, o-Abz-Lys (Figure 4).

Materials

SNAP Etide™ substrate (Product #550) and botulinum neurotoxin type E light chain, recorrbinart (Product #6354), are both
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Figure 3: Digestion of SNAP Etide™ with LcE (A) and Trypsin (B). FRET assays were performed in 50 mV HEPES, pH 7.8, 0.1%
Tween-20. Figure 3A shows SNAP Etide™ cigestion with 25 nM LcE. The K, value is estimeted to be 23.9 piVl using the Mchaelis-
Menten equation (KaleidaGraph software). Total enzyme digestion with trypsin, Figure 3B shows a norHinear response in fluorescence:
intensity decrease in fluorescence intensity with concentrations greater then 40 UM SNAP Etide™ due to inner filter effect. The decreasein
initial velocity seen in Figure 3A contains some contribution fromthis effect. Estimation of K|, must include correction for the inner filter
effect.

Figure 1: Buffer Optimization. SNAP Btide™ (Product #550) FRET assay conducted in 50 mVI HEPES buffers at 37°C with 5 M LcE (Product
#635A) and 10 UM suibstrate, as a function of pH (A), and Tween (B) and ZnCl, (C) concentrations. Figure 1A demonstrates that the optimum pH for
the cleavage reaction is 7.8. According to Figure 1B the optimum Tween-20 concentration is 0.2% however since the difference in LcE activity
between 0.1%and 0.2 %is very slight 0.1% Tween-20 was used in further studies in order to reduce the amount of bubbles obtained during mixing.
The use of ZnQ,, i clearly shown to be inhibitory to the cleavage reaction of SNAP Etide™ by LcE in Figure 1C.

products of List Biological L Inc. id, 0-Abz-Lys, wes syntt 0 for thi
project.

Methods

A Assay: Contir ona SPECTRAmex GEMINI XS fluorescence microplate reader
(Molecular Devices, Sunnyvale, CA) using Gemer FLUO-TRAC black flat-bottomed plates (E&K Scientific, Campbell, CA). Stock
solutions of the FRET substrate wes mede in dimethy! sulfoxide (DMSO). Final dilutions were mede in the appropriate buffer.
Plates were equilibrated at 37°C for 15 min prior to initiation of the reaction. For all experiments the time-dependent increase in
fiuorescence intensity was monitored at 37°C. The excitation wavelength wes set to 321 nmand emission to 418 nm

Bufferqmmzalon FREI'&aySV\He[:erforrredlol&lfeamw[ydLlfme\wPEllde‘Mmaﬁrmmmemeerrmam
znQ,. Thr perf ‘(Fqguvel) The cleavage mmmlnmazaimhahnmdSnMLrEto
ﬂemdlsmmnrglOpMS\lAPBub‘"‘lnﬂe buffer. Initial velocities of cle RFU raluated and
mma‘ediumesaylncrdmodamnnetmomnunbﬂammusfmhereaajm

LCE Titration: LCE itration experinment was performed in 50 mvi HEPES, pH 7.8, 0.1% Teen-20, using 10 iV SNAP Etide™.
LcE wes prepared at 10, 5, 2.5, 1.25, 0.625, 0.313, 0.156, 0.078, and 0.039 M concentrations. Following eqilibration, the
cleavage reaction was initiated with acicition of 10 1M SNAP Etide™. Initial velocities of deavage were plotted against LE
concentration (Figure 2).

Trypsin Digest: Dilutions of SNAP Etide™ were prepared in 50 mVIHEPES, pH 7.8, 0.1% Tween-20 to achieve 70, 60, 50, 40, 30,
25,15, 7.5, 375, 1.88, and 0.94 jiM concentrations. The reaction wes initiated with addition of 10 nMtrypsin into each well. End
Jpoint readings were taken after 50 min. A second round of 10 nM trypsin wes added to each well in order to achieve total enzyme
cigestion. The meximum fiuorescence reached wes graphed as RAU/S000 against SNAP Etide™ concentration (Figure 34). An
identical experiment wes run using 2.5 M LcE for digestion of SNAP Btide™. Initial velocities of cleavage were graphed in
RFU'sec against substrate concentration (Figure 3B).
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Figure 2: LcE Titration with 10 M SNAP Etide™. FRET assay with SNAP Etide™ (Product #550) wes performed in 50 miVI HEPES, pH7.8, 0.1%
Tween-20, a 37°C (Figure 2A). A plot of initial velocities versus LcE concentration demonstrates that the SNAP Etide™ deavage reaction s linearly
proportional to the LcE concentration (Figure 2B).

RFU
SNAP Etice™ RFU (0-Abz+ RFU Correction Corrected
(M) | SNAPEtiE™|  SNAPEtide™) (0-Ab7) Factor | RFUsec | RFUsec
00 14654 3211.83 306529 1000 0018 0018
20 27446 319358 201912 0952 0234 0.246
39 36142 3257.30 28%.88 0945 043% 0460
78 55967 3250.10 269043 0878 0.7% 0.907
156 93541 357428 2638.87 0861 1364 1584
20 127431 368318 240887 0786 179 2212
313 147483 376805 282 0.748 197 2630
500 1936.44 398241 2045.97 0.667 21710 3253
625 218654 4024.53 1837.9 0.600 2.3% 388
1000 275200 41958 144758 0472 2219 4701
1250 300891 440825 1394.34 04% 197 4345
2500 363819 461811 919.92 0.300 1167 3890
Table 1: Inner Filter Effect Correction at Different SNAP Etide™ Concentrations (see
discussion in the Methods section)
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« SNAP Eiide™ (Product 550) s reacily cleaved by botulinum neurotaxin type E light chain (Procuct 6354).

« Optimum buffer for the digestion of SNAP Etide™ by LcE is 50 mMHEPES, pH 7.8, 0.1% Tween-20.

« Addition of ZnQl, is inhibitory to the cleavage reaction of SNAP Etide™ by LcE.

 Hydrolysis of SNAP Etide™ by LcE shows linear response to the LcE concentration.

«+ Total enzyme digest of SNAP Eide™ using trypsin shows a linear increase in fluorescence up to 40 uMsubstrate.
 Substrate inhibition kinetics are observed for SNAP Etide™ cigestion with LcE for concentrations greater then 100 uM.

* K, value of 108 iMwes estimated for SNAP Etide™ using 0-Abz-Lys peptide to correct for the inner filter effect.







