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Addressing the persistence of BoONT Lc protease
activity in the intoxicated NMJ presynaptic terminal
IS critical to successful BONT intoxication therapy.

A wide range of persistence is seen with the different BONT
serotypes where BoNT/A and /C are longest, BONT/B is
intermediate, and BoNT/E and /F are shortest.

Understanding the basis of this serotype difference is likely to
facilitate development of therapeutics which address persistence.

BoNT Lc trafficking, cellular protein interactions, post-translational
modifications, and regulation of degradation will all affect
persistence.

Investigations into these cellular processes which regulate BoNT Lc
and development of designer ubiquitin ligases for degradation of
BoNT Lc will be described.



Localization and trafficking of BONT Lc differs
depending of serotype in transfected cells

GFP-BoNT/A Lc GFP-BoNT/B Lc GFP-BoONT/E Lc



YFP-BoNT/A Lc is trafficked through multiple vesicle
compartments in neuronal cells




YFP-BoNT/E Lc is also trafficked to plasma

membrane




Both Lc/A and Lc/E are membrane associated by
subcellular fractionation
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Radiolabelled palmitoylation experiments establish that YFP-
BONT/A Lc is palmitoylated on multiple Cys residues
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1. Bo/NT Lc A

2. Bo/NT Lc A + hydroxylamine
3. Bo/NT Lc A Cys 123 mutant
4. Bo/NT Lc A Cys 3 mutant

5. YFP only



Significant sequence motifs in BONT/A and /E Lc

BONT/A Lc
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Trafficking of GFP-BoNT/A Lc Mutants
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Summary of results with XFP-BoNT/A Lc mutants:

*First 9 AA of BONT/A Lc seem to regulate membrane association by
unknown mechanism (no obvious membrane association motif).

*Palmitoylation of BONT/A Lc cysteine residues appears to regulate
lipid raft association and trafficking to plasma membrane but not
membrane association.

« KLLC dileucine may affect lipid raft association and stability but not
membrane association.

«Carboxyl terminal 50 AA of BONT/A Lc increase stability and
substitution with BONT/E residues leads to decrease stability.



Membrane association and Trafficking of BONT/A, /B, and /E

*BONT/A and /E Lc is also trafficked to plasma
membrane by confocal microscopy.

*BONT/B is trafficked to intracellular compartments.

*BONT/A and /E are membrane associated
biochemically as shown by subcellular fractionation.

*BONT/A and /E are palmitoylated..

Next:

BONT/E Lc is ubiquitinated more extensively than
BoNT/A.



Ubiquitin proteasome system
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Ubiquitin-Proteasome Pathway

Y .
ubiquitin 9 —» @O 9‘@ or Lpﬂq: -
T v
g

ubiquitin P

1 ; !E 265 proteasome
J



Single Subunit:

_h

substrate _

HECT

(E6-AP)

Substrate = Substrate
%89 Recognition
domain

I\k

sub strate

R IBR R

(Parkin)

® - Ubiquitin

Multi Subunit:

Substrate
recog.

S—

substrate

SCF - CUL3-BTB




Use of Stable GFP-Lc Cell lines for investigation of Lc
ubiquitination

Increase in steady state BONT
fluorescence with proteasome inhibition
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MDCK stable cell lines expressing CFP-BoNT/A Lc

Stable cell lines for XFP-BoNT/A Lc can be used for HTS screening of
therapeutics which destablize LC or impair trafficking to membrane.




Stable GFP-BoONT/A Lc Cell lines can be used to
monitor ubiquitination
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Do BoNT Lc and Enveloped viral budding share
common mechanisms?

Viral L domains sequences

PPXY: HIV

*PTAP: Ebola

*YXXL: EIAV

Involves Y phosphorylation

Occurs at lipid rafts and involves acylation
MVB trafficking pathway

Involves ubiquitin/proteasome system/Nedd4/Tsg101




Development of CFP-Ubi family indicator cell lines

CFP-His 6x-Ubi

CFP-His 6x-Sumol

CFP-His 6x-Sumo?2
like



YFP-BoNT/A Lc cotransfected with CFP-Ubi

YFP Channel CFP Channel FRET Channel

+ YFP-BONT/A Lc
+CFP-Ubi

+ YFP-BONT/A Lc
- CFP-Ubi




Co-expression of YFP-BoNT/A Lc and CFP-Sumo
In MDCK cells affects trafficking and stability of Lc

YFP-BoONT/A Lc CFP-Sumo



Generation of designer ubiquitin ligases for toxins

*Designer E3 approach based on concept that E3 ubiquitin ligases are
modular with a substrate binding domain that directs E3 ligase to a particular
protein for ubiquitination and a “catalytic” E3 ligase ubiquitinating domain.

*Accelerate regulated ubiquitin-proteasome degradation of BONT/A, C1, and
E Lc by using SNAP25/NC as targeting domain and fusing to an E3 ligase
catalytic domain to produce a chimeric designer E3.

*This approach can be made specific to toxin by use of camelid antibodies for
targeting domain.

*To be fully functional as a therapy a designer E3 will also require a NMJ
presynaptic terminal delivery domain as well.

Full designer E3 to treat BONT persistence will require cellular delivery
domain, substrate targeting domain, and E3 ligase domain.



XIAP E3 ubiquitin ligase as example of the modular design -
Substrate binding domain and E3 ubiquitin catalytic domain

XIAP BIR1-3 domains
recognizes and binds caspase |
substrate for ubiquitination

XIAP RING is
Catalytic E3 domain



XIAP BIR1-3 domains
recognizes and binds caspase |
substrate for ubiquitination

XIAP RING is
Catalytic E3 domain

SNAP-25/NC

SNAP25 replaces XIAP BIR1-3 \
domains and recognizes BoNT
as substrate for ubiquitination

BoNT/A and E
noncleavable C-
terminus of SNAP25
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Immunoprecipation followed Western blot to assess

by western to assess steady state levels of

ubiquitin modification transfected YFP-BoNT/A
S 5 LC modification
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YFP-SNAP25/NC-RING expressing MDCK cell line
exhibits appropriate membrane localization of E3.
Western blot demonstrates full length protein as well as
cleavage products.

YFP-SNAP25/NC-RING
Full length (80kD)

T

YFP-SNAP25/NC-RING
cleaved? (50 and 35 kD)

I

YFP-SNAP25/NC-RING cell line a-SNAP25 western blot






BiaCor analysis of Anti-BoNT/A Lc VHH clones
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GST-VHH-B8 potently inhibits BONT/A Lc
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VHH-B8 was expressed as a GST fusion protein (GST-V  HH-B8). Assays were
conducted with 0.2 ug BONT/ALC in 100 ul reaction  volume (25 nM), 0.5 ug YFP-
SNAP25-CFP substrate (80 nM), and increasing concen trations of GST-VHH (B8).
Inhibition of BONT/A LC activity by GST-VHH (B8) wa s near stoichiometric.



VHH co-localizes with BoNT/A LC In cells

YFP Channel

+ YFP-VHH-RING
- CFP-BONT/A LC

+ YFP-VHH-RING
+ CFP-BONT/A LC

CFP Channel

VHH expressed in
Neuro2a (N2a) cells
localizes to the
cytosol. BONT/A LC
expressed in N2a cells
localizes to the plasma
membrane. VHH co-
expressed with
BoNT/A LC in N2a cells
localizes to the plasma
membrane.

These results suggest
that VHH binds to A-LC
within transfected N2a
neuronal cells.




YFP Channel CFP Channel
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Caveat: change in YFP-VHH-RING may be due to cleavage of protein.



VHH-B8-E3 function to prevent SNAP-25 cleavage In
N2a cells by transfected GFP-BONT/A Lc

1: YFP-VHH (B8)-RING
2: YFP-VHH (B8)-F-Box

3: YFP-XIAP

Anti SNAP 25 Anti GFP



Neuronal delivery domains for designer ubiquitin ligases

“Designer E3 ligase”

Ubiquitin _
ligase Delivery

LC binding
agent

Therapeutic
fusion protein

Intoxicated neurons



Demonstration of Tat/'SNAP-25/NC uptake into HEK 293
by Immunofluorescence

A. YFP-SNAP
B. Fluorescence

B. SNAP-25
Immunofluorescence in cells
treated with Tat/SNAP-25/NC

C. SNAP-25
D Immunofluorescence
- In untreated cells

D. SNAP-25
Immunofluorescence
In cells treated with
SNAP-25/WT (no Tat
PTD)



BONT Lc

BONT Hc-N

BONT Hc-c






Summary of designer ubiquitin ligase efforts:

SNAP25/NC based RING and Hect E3’s have been constructed and
demonstrated to ubiquitinate BONT/A Lc.

Stable cell line expressing YFP-SNAP25/NC-RING has been developed and
localization of protein appropriate.

Array of YFP-SNAP25/NC-E3 domain ligases are being constructed for
comparison of various E3 domains (RING, Hect, F-box, R-IBR-R, and U-box).

VHH (B8 and D4) based designer E3 (RING and F-box) are being expressed
and tested for expression, localization and E3 ligase function.

Various delivery mechanisms are being evaluated for application of designer
E3 to therapy: PTDs, scFv delivery vehicle, and clostridial toxin based delivery
vehicles.



Rationale for Y2H with BONT/A, B, and E:

*BONT/A intoxication is persistent with Lc remaining at
synapse for up to 3 months or more.

*BoONT/E intoxication is short lived and BoNT/B intoxication
lasts several weeks up to three months in humans.

*BoONT/E is much more extensively ubiquitinated in cells than
BoONT/A suggesting that stability is related to degree of
ubiquitination and proteasome degradation.

*BONT/E may bind ubiquitin ligases which do not interact with
BoNT/A.

*BONT Lc interaction partners which may be novel therapeutic
targets may be elucidated.

*New insights into mechanism of intoxication may be learned.



List of unique Y2H hits for BONT/A Lc:

Chaperone/Deubiquitination:
p47
hypoxia up-regulated 1 (Hsp70 homolog)

Actin/Septin/ERM/Rho/Rab function:

Septin 8

Villin 2 (Ezrin) and Radixin (ERM complex)

Ezrin Binding Protein 50 Kd Interactor EPI 64 (Rab-Gap)
VPS9 ankyrin repeat domain 27 (VARP) (Rab-Gap)
P14K5

Brkl

Par6

Ubiquitin-like modification:
Faul (ubiquitin like protein Fubl)



Significance of p47 Y2H interaction with BoNT/A Lc:

suggests possible role of deubiquitination

Association with E3
ubiquitin ligases and U box
E4 polyubiquitination
factors

Association with
deubiquitinating
enzymes and
synataxin




Otu family of Deubiquitinating Enzymes
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Implications of a Septin/ERM/Rho/rab actin cytoskeleton
nexus of BONT/A interactions

*This nexus of interaction may provide mechanism for actin cytoskeleton
anchoring and transport to the presynaptic plasma membrane.

*Such cytoskeletal interactions may play important role in persistence.

*Disruption of this nexus of cellular signalling may acount for non-
protease mechanisms of toxicity.

*Research by Dr. P. Ray and others has suggested a non-protease rho
mediated toxicity for BONT/A Lc.

*Overexpression of GFP-BoNT/A Lc appears to have cytoskeletal,
morphological, and cell division effects that may be related to this
putative interactions.



Hypothesized Septin functions at the presynaptic
terminal are consistent with BoNT/A Lc interactions

Septin 8

CDCrel-1 =
Septin5



Significance of Villin2 Y2H interaction with BONT/A Lc

[

ERM=Ezrin/Villin2/Radixin

Morphogenesis of presynaptic terminal and
Structuring of actin cytoskeleton



GFP-BoNT/A Lc expressing cells frequently extend
processes and assume crescent morphologies.



Y2H may have revealed unexpected form of
ubiquitin like modification of BONT/A Lc which
may alter stability and trafficking.

Faul Y2H Hit encodes a Ubiquitin-like modifier Fubl



Fubl has been demonstrated to covalently modify a substrate
protein (Bcl-g) at lysine residues like ubiquitin.
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Fubl



Y2H results to date:

*Assay of CFP-p47 N2a expressing cell lines as been negative
so far for interaction with BoNT/A Lc by VHH pull-down assays.

Diffuse distribution of CFP-p47 in N2a and MDCK cell lines is
somewhat unexpected - adverse effect of N-terminal CFP tag?

*Next interactions to be studies are ezrin and septin 8. Ira
Herman (Tufts) is anexpert on ezrin function and collaborating
with us in this work.

*Possible Fubi modification of BONT/A Lc will be assessed using
techniques similar to the C-ubi, C-Sumo, and C-Isg15 approach
already underway.
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