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Introduction

The study of the mechanism of action of the botulinum toxins has centered
upon the effect of the various types of toxin on living cells. The lethality
of these protein molecules produced by strains of Clostridiun botulinum is as
yet unsurpassed by any other toxins, which makes the determination of their
mechanism of action most important. The history of the study of botulinum
toxins (botox) reveals the difficulties brought about by i) the dangers of
working with such a poison, ii) the number of different serotypes of botox
which can confuse the field of study, iii) the lack of precedence from other
systems of protein toxins to produce working models that can be tested and
applied to experiments on botox, and iv) the deficiency of suitable
experimental procedures which have a small number of variables. This last item
points to the difficulties of any studies performed on living cells in which .
innumerable processes are occurring simultaneously with the experiment.

Recently the study of botox has shifted to an interest in defining botox
in molecular terms as opposed to phenomenological insights gained from work
with living cells (1). This shift has been accompanied by advances in other
systems of ptntein toxins which serve as models for the study of botox. The
form of these advances in other systems is in the way protein molecules are S
viewed, specifically proteins which act similarly to botox in that they are
toxins. These proteins are now seen to have some homologies in not only their
end result (the impairment of function of a "target" cell), but also in a) the
path(s) of uptake into the target and b) the structure of the protein molecules
themselves. The structural similarities refer to a "domain" composition of
these molecules, in which different segments of the polypeptide chain can be S
defined into various functional segments or domains (2,3).

The similarities above refer to paths of toxin uptake and of toxin
activity. Surprisingly, the similarities in paths of uptake refers to a
resemblance in uptake between eukaryotic and prokaryotic organisms. Both
utilize a pH gradient formed in a sub-cellular space in which the toxin
molecule is compartmentalized. For eukaryotic cells this is represented by
acidic endosomes or lysozomes, both which form an acidic compartment in their
interior through the use of proton translocating ATPases. Upon receiving the
"signal" that they are near the their targets (i.e., the pH of the environment
drops) a change occurs in the molecule which allows expression of its lethal
activity. The expression of activity requires not only an enzymatic portion of
the toxin molecule to act upon some internal structure(s), but also that the 4
active portion of the molecule reaches this structure by crossing the
endosomal/lysosomal membrane barrier. Crossing the membrane barrier has been
shown to be dependent upon another domain of the molecule which allows the
active domain access to the cytoplasm of the target cell. The generalized
toxin molecule can the be divided into at least three separate functional
domains: a) the enzymatically active portion, b) the domain which enables the
active domain to cross the membrane barrier into the cytoplasm, and c) the
binding domain of the molecule which functions to allow the toxin to bind to a
specific receptor on the outside of the cell prior"to internalization.

For prokaryotic cells and prokaryotic toxin molecules a similar situation
is seen, as in the case of certain bacteriocins, molecules which are able to
kill particular target bacteria. In the case of one class, that of the "E
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colicins", the toxin molecule has been shown to contain at least three I
functional domains. The receptor binding domain which recognizes a specific
protein (in this case the protein normally used by the bacterium to bind and
transport a required nutrient, vitamin B12), the active domain which
enzymatically acts to kill the target bacterium, and a domain which is required
by the active domain for translocation across the bacterial cytoplasmic
membrane (4,5). The analogy to eukaryotic systems is furthered by the fact
that a drop in the pH of the environment of these colicins induces a
conformational change in the protein. In the case of colicin El, this change
is accompanied by an increase in activity of a pore-forming ability in the
molecule (6).

The similarities in these molecules which act as toxins spans the
eukaryote/prokaryote barrier. Other resemblances include the high activity of
these molecules. Although for the much larger eukaryotic cells more than one
molecule may be required to kill a target cell trying to evade the toxic effect
(note however that a determination of this number for eukaryotic cells has
never been determined), in prokaryotic systems it has been shown that a single
molecule of the toxin is capable of killing a target bacterium.

The molecular mechanism of action of these toxins may also be strikinglyI
similar. For example, comparing the toxins colicin E2 and diphtheria, one
finds that both work to inactivate protein synthesis of target cells (E. coli
for colicin and mammalian cells for diphtheria). Both accomplish this task by
ADP-ribosylating elongation factor 2.

In the case of botox, the mechanism of action is not known. However,
using examples from other toxins and the processes of experimentation utilized
it is our goal to elucidate the molecular mechanism of action of botox through
two lines of investigation. They are 1) to determine the conditions necessary
to develop a model system of artificial liposomes as targets for botulinum
toxin action and 2) a continuation of this study to determine the portions of
the molecule that are membrane inserting and to determine the orientation of
the botox molecule in artificial phospholipid bilayers. The present report
summarizes the findings of the interaction between botulinum toxin and
artificial liposomes, followed by a discussion of future work. In addition,
two of the most important aspects of this work have recently been initiated;
the defining of the mechanism of action of this toxin and the development of an
artificial inhibitor of the botox molecule.
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Materials and Methods

Supplies. Sources for all chemicals and reagents for buffers and solutions
unless otherwise stated were .- chased from Fisher Scientific. Proteases used
for digest studies were from Sigma, and -yes for the fluorescence studies from
Molecular Probes, Inc. Lipids were obtained from Avanti Polar Lipids, and all
electrophoretic chemicals were purchased from Serva. Botulimun toxin (Type B)
was obtained from Calbiochem.

Lipid Vesicle Formation. Large unilamellar vesicles (LUV) and small
unilamellar vesicles (SUV) were formed as described in (7,8).

Acid Shock Procedure. Vesicles in 10 mM Imidazole buffer containing 150 nM
NaCI, pH 7 (10 pg lipid/mL) were subjected to a drop in pH by the addition of
10 pL of a 10% stock solution of succinic acid at pH 3.9. After I min the
entire mixture was diluted into 3 mL of buffer at pH 7.4. 6

Fluorescence Measurements. Determination of release of the dye
carboxyfluorescein (CF) from lipid vesicles was performed by forming the
vesicles in the presence of a self-quenching concentration of the dye molecule
(100 mM). The free dye molecules were separated from the internalized dye and
liposomes by either passing the mixture over a Sephadex G-100 column
(collecting the void volume fractions of the column for the vesicles) or by
repeated centrifugations (at least 3 times) with resuspension into dye-free
buffer. The vesicles were then used within 4 hours for all assays of toxin
activity. Measurement of dye release was performed on an Aminco Bowman
Spectrophoto- fluorometer, adapted with a thermostatted, stirred cuvette, as
described in reference (8). pH shock was performed as described above using 6
10% succinic acid, followed by the addition of 10 pL of a 1 M Imidazole, pH 8
stock solution used to return the final pH to a value of 7.

Photolabeling Experiments. 1251-TID (3-(tcifluoromethyl)-3-(m-[i25-
I]iodophenyl)diazarine) [Amersham) was used as a hydrophobic photolabel for the
botulinum toxin molecule. After the photolabel was introduced into the
reaction mixture, a small UV pencil lamp (Hammamatsu Corp., model number 81-
1025-01) was then used to illuminate the mixture. The samples were kept
totally free of light until UV illumination, and the illumination was performed
in small open topped containers (Dynatech Laboratories, Inc., Immulon
Removawell strips) with total volume not exceeding 100 VL. For the vesicle
experiments, 10 pL of a 1 mg/mL final lipid concentration was placed in each
well, with I pL of photolabel, and 10 pg of added protein. The pH drop (to pH
4) was performed as described above by the addition of succinic acid.

Gel Electrophoresis. SDS-PAGE gels of photolabeled botox were run as in
(7) utilizing linear 10% gels with a 5% stacking gel. The completed gels were
then sliced into vertical strips for each lane containing samples, and these
vertical strips were then cut horizontally every 5 mm. The horizontal 5 mm
pieces were then placed individually into test tubes and assayed for
radioactive counts on a Beckman gamma-counter. Thd 5 mm pieces were labeled as
"zones" of the gel which could be compared to the mobility of stained molecular
weight standards run on the same gel. In this way the effective mobility of
the radioactive counts in each zone could be assigned a molecular weight range.
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For the Figures, Zones 1 through 11 correspond to the molecular weight (i.e.,

relative mobility) ranges of: 1- >300 kD; 2= 240-300 kD; 3- 180-240 kD; 4- 120-

180 kD; 5- 90-120 kD; 6= 70-90 kD; 7- 50-70 kD; 8= 30-50 kD; 9= 10-30 kD; 10=

<10 kD and 11= bromphenol blue dye front.
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Results

The ability of the botulinum toxin molecule to alter the permeability of a
lipid bilayer was investigated through the use of dye-encapsulated liposomes
and liposomes with an artificially induced membrane potential. For the dye
leakage experiments, vesicles with carboxyfluorescein (CF) inside the vesicles
were placed into a stirred, thermostatted cuvette of a fluorometer. The level
of fluorescence was monitored continuously over the course of the experiment.
Shown in figure 1 is the fluorescence of the CF-encapsulated liposomes showing
the stability of the integrity of the bilayer over the course of 1 hour. Also
shown is the large increase in fluorescence after the addition of an agent
which causes the permeability barrier of the liposomes to collapse, the
detergent Triton X-100. The rapid increase in signal is at the limit of
detection of the monitoring fluorometer, and occurs within 1-2 seconds after
detergent addition. Since the effect of a pH shock on the toxin was to be
investigated, it was necessary to determine the response of the vesicles
themselves to a pH shock (pH 4 for 1 min). Table 1 summarizes the effect of
this acid shock on liposomes composed of a variety of compositions. Note that
all of the vesicles that contained a negatively charged phospholipid
phosphatidyl serine were subject to some decrease in permeability after
restoration of the pH to 7. This is probably due to the formation of hexagonal
forms of the lipid (due to "titration" of the acidic phospholipids with protons
at low pH) which would cause large holes and gaps in the vesicles, or even to
complete loss of bilayer structure. The dependence on phospholipid chain
length was also found to be critical, in that the DMPC/DOPC vesicles were much
more sensitive to this shock as compar-4 to DPPC/DOPC vesicles (14 carbons for
DMPC, 16 for DPPC). Table 1 also shows that 5% cholesterol added to the
DPPC/DOPC vesicles led to a further stabilization of bilayer structure during
the acid shock procedure.

The DPPC/DOPC/Cholesterol (45%/45%/5%) vesicles were then used for
subsequent studies on the botulinum toxin molecule. When the molecule was
added to vesicles at pH 7, no change in fluorescence was seen (Fig 2), and is
consistent with earlier reports on the ability of botox to form channels in
supported lipid bilayers. When isolated toxin was subjected to an acid shock,
returned to pH 7, and added to vesicles no increase in fluorescence was seen
indicating that the bilayer structure had not been compromised under these
conditions (Fig 2.). Figure 3 shows that when the toxin molecule was present A
with the vesicles only at the time of the acid shock an increase in
fluorescence could be seen. This is similar to other studies on different
toxin molecules such as diphtheria (15), colicin El (16), and the membrane-
active protein of the human complement system, C9 (12). This ability of botox
to alter the permeability barrier could not be duplicated when the toxin
protein was heated for 5 min at 100C (data not shown).

The membranolytic activity of botox was further characterized through the
use of photoaffinity labeling. The hydrophobic photolabel, 12 51-TID (3-
(trifluoromethyl)-3-(m-[125-I]iodophenvl)diazarine) was used to determine the
extent of toxin penetration into the lipid bilayer, and also as a basis for
future studies to determine the actual portions of the molecule that are
embedded into the membrane bilayer. In this assay',' the photolabel was pre-
incubated with the vesicles, and this label partitioned into the hydrophobic
interior of the vesicle bilayer. The toxin molecule or other protein of
interest was added (with or without the pH shock) and the mixturu was then
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illuminated with a high intensity UV light source for I min. The mixture was
then processed for SDS-PAGE and autoradiography as described in Methods.

Shown in Fig. 4 are the results of the measurement of radioactivity in
slices from the gel lanes performed as in Materials and Methods. Botox alone
with the photolabel shows under non-reducing conditions a major peak (120 to
180 kD). This corresponds to the reported molecular weight of 145,000 of this
botox type (1). When the toxin was subjected to an acidic pulse prior to
photolabeling, an additional high molecular weight aggregate is formed that has
an apparent molecular weight of over 300,000 (Fig. 4). The reason for the
appearance of this high molecular weight aggregate is not known, but may
indicate that some pH-dependent conformational change has occurred which causes
:he protein to form SDS-resistant polymers.

Botox was then subjected to photolabeling in the presence of artificial
vesicles. Using vesicles that are not by themselves rendered permeable by an
acid shock nor became permeable when acid-shocked in the presence of botox
(using vesicles composed of 100 % DPPC, from previous data, shown in Table 3,
Annual Report 1987) it was seen that the toxin molecule was not labeled to any
significant extent when irradiated (UV light) with or without an acidic pulse
prior (30 sec) to the irradiation (Fig. 5).

Vesicles that were subject to CF release only when acid shocked in the
presence of botox were then examined. In this case (Fig. 6) it is seen that,
in addition to the labeling of the phospholipid molecules seen as the counts in
zone 11, an increase in labeling of the 120 kD to 180 kD zone can be detected.
Glutathione (GSH) is a small molecule that is soluble that can act as a "sink"
for this photolabeling procedure, and can be used to distinguish between
proteins that are surface associated (or weakly bound to the vesicles) from
those that have segments which are buried in the hydrophobic core of the
bilayer. GSH was added at a concentration of 25 mM which is at least 1000 S
times in excess of botox, and should dilute the portion of the photolabel that
botox receives if it is not buried in the bilayer (9). Figure 6 shows that GSH
did reduce the labeling of the toxin molecule, but did not completely eliminate
the labeling. It should be noted that the majority of the label on the toxin
appeared in a lower molecular weight peak (=70 to 91 kD zone) and is caused by
the ability of GSH at such a high concentration to effectively act as a
reducing agent. This probably represents label that is incorporated into the
heavy chain of the botox molecule (1). The reduction in the amount of label
that was seen in the presence of GSH could be due to a decrease in the labeling
of those portions of the molecule that are near the vesicular surface at the
time of irradiation, and that portion of the molecule that is labeled
represents a portion(s) of the toxin that is buried in the membrane.

The ability of the botox molecule to be tagged by the hydrophobic
photolabel, TID, has been done under a variety of conditions of acid shock,
vesicle composition, and presence or absence of GSH. These results are
summarized in Table 2. It can be seen that the toxin molecule can only be
effectively labeled after an acid shock treatment. It should be noted that
when the labeling of the toxin was performed with vesicles composed such that
acid shock alone causes a breakdown in their permeability (i.e., DPPC/PS), GSH
could not consistently decrease the amount of label incorporated into the toxin
molecule. It is possible that GSH can no longer aAt as a sink for label (or is
less efficient as a sink) due to rearrangement of the phase structure of the
phospholipid molecules which could act to further bury the toxin molecule into 4ý
hydrophobic regions that are not accessible to the water soluble GSH. Since
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this induced change is independent of the toxin molecule, we feel that any
portions of the protein that may be labeled under these conditions is not
relevant to the mechanism of action of the botox molecule.

Recently we have begun using the acid-pulsed mixture of membrane vesicles
and botox to determine which portion of the molecule are accessible to
proteases. The enzyme in the aqueous phase will not be able to digest those
portions of the toxin that are either inside the lumen of the liposome or
buried in the hydrophobic interior of the bilayer. Digests with the enzyme
trypsin on the DPPC/DOPC/CHOL vesicle - Botox mixture (after acid shock
treatment) have been complicated by the low yield of protein after treatment
(data not shown). The trypsin is effective at digesting the botox before acid-
shock in the presence of vesicles, however, and therefore we are currently
establishing a procedure to label the toxin embedded in the vesicles (with 125-.
I) in order to detect small proteolytic fragments from the digests on SDS-PAGE
gels followed by autoradiography. S
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Discussion

The finding that botulinum toxin can disrupt the integrity of the membrane
bilayer of artificial vesicles when subjected to a low pH pulse (pH 4 for 1
min) for certain artificial liposomes can be used as to further characterize
the in vivo action of the toxin. Similarly, as the toxin has been shown here
to insert into the hydrophobic interior of these vesicles, the actual portions
of the molecule that are buried in the membrane may be sought, and that future
studies using proteolytic agents on the photolabeled botox molecule can
determine this. The finding that some vesicle compositions that are disrupted
by the acid shock alone yet do allow the photolabel to be introduced into toxin
molecule is of most importance. Further studies on determining the location of
the photolabel along the peptide backbone of the toxin molecule could be
complicated by this non-specific, and that a true picture of toxin orientation
in the bilayer must be performed under conditions that maintain the integrity
of the bilayer in the absence of toxin. S

Recent work in two other areas of research have directed our present
studies towards the determination of i) the specific mechanism of action of the
toxin and, most importantly, ii) to the development of an artificial inhibitor
of the botulinum toxin molecule. The first of these two goals has come about ,.
through the demonstration of common protein sequence antigens in diverse toxin-
like molecules and the second through recent advances on inhibitors of small A
hormone molecules in the human body. '.

Concerning the mechanism of action of the toxin, it has recently been
shown by one of us (10) that two diverse proteins that have been shown to be
membranolytic, namely the human complement component C9 and a component of bee
venom, melittin, share common sequences of amino acids, act as antigens for
each others antibodies, and antibodies to melittin have been shown to inhibit
the lytic activity of C9 (10,11). This implies that these two proteins share a
similar mechanism of action, even though the size (538 amino acids for C9, 26
for melittin) and source of the proteins are so different. Taking this into
account we have begun to initiate the production of antibodies to portions of
the botox molecule. As our studies with the photolabel point to certain
membrane embedded region(s) of the botox molecule as being important for
membrane interaction we have started with this segment(s) of the protein. As
almost all of the toxins grouped into the "generalized toxin molecules"
(colicins, C9, diphtheria, etc.) require a membrane-spanning region and others
contain, in addition, a membrane-active portion which actually causes the toxic
effects to be manifested (4,12) we feel that the development of antibodies to
this region(s) will be useful. 0

In addition we have begun obtaining antibodies (polyclonal and monoclonal)
to many of the "generalized toxin molecules". These antibodies will then be •-X
used for cross-reactivity tests with botox to determine similarities in
sequence (as yet undefined for botox) and function. Through these studies it
may be possible to define the regions of the molecule responsible for lethal
activity. Any common cross reactivities found could point to similarities in
any one of the three generalized functions of these toxins: i) the enzymatic
unit, ii) the membrane inserting or translocating domain, and iii) the receptor
binding domain. I I

The development of an artificial inhibitor for the botox molecule may soon
be the most important part of this research effort. It has recently been shown
that small peptide hormones may be influenced by artificial peptides 6
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manufactured according to one of two methods. One involves the generation of a
peptide from the opposite strand of DNA that encodes the hormone peptide.
Using this approach it was shown that the activity of the hormone ACTH could be
inhibited by ieptide manufactured as if the "opposite strand" message was
translated ir otein (13). This inhibitor ("HTCA") probably acts as an
artificial rk or for ACTH and therefore acts as an inhibitor to the hormonal
effects of A(-..,. Also, a novel method to produce similar inhibitory peptides
is being proposed for other peptide hormones. In this case, arginine
vasopressin (AVP) is being used as a model to demonstrate the feasibility of
producing artificial i-ihibitory peptides to this hormone. This method involves
the use of an algorithm which bases selection of the "inhibitor's" amino acid
sequence loosely upon pairing of hydrophobic and hydrophilic residues between
AVP and the inhibitor (14). This technique is currently being patented by Dr.
Howard M. Johnson in our department at the University of Florida, and he has
given our lab advanced access to his algorithm. Currently we are arranging to
have our hydrophobically-labeled sequences of the botulinum toxin molecule
sequenced. Since this new algorithm does not require the DNA sequence (to
produce the protein of the opposite strand) to be known, we will not be
dependent on obtaining this information, but rather only on our ability to
sequence portions (amino acids) of the molecule.

The reported ability of these artificial inhibitors provides a unique
opportunity to produce an agent that can counter-act the effects of the
botulinum toxin. The ability of these molecules to inhibit the expression of
activity of small hormone molecules demonstrates their capability. If
molecules as small and as effective as these can be inhibited one could argue
that a similar inhibition could be obtained for larger molecules. Since we are
defining important regions of the botox molecule only artificially produced
inhibitors to these relatively small areas will be needed. If it is possible 0
to produce such an inhibitory peptide, the normal route of rroduction of the
body's own defense (that of antibody production to the toxoid) which takes
weeks or months to take effect will not be requited, or, may provide an
antidote in emergency situations until an effective antibody titre is produced.
Our ability, in utilizing the defined artificial liposome system, to monitor i)
the binding of botox to membranes, ii) the insertion of regions of the molecule
into the bilayer, and iii) the dissipation of ion gradients by the toxin enable
us to determine how any artificial inhibitor is able to inhibit botox activity.
Indeed, any such inhibitor produced, even if never used as an "antidote" will
give us insight to the mechanism of action of botox if the activity of Lhe
molecule can be selectively inhibited.

In summary, future work on our study of the botox molecule will include a
complete characterization of the regions of the botox protein that are embedded
in the-artificial membrane bilayers and to determine how other factors (i.e.,
pH shock) are able to allow expression of this activity. In addition, a search
for common antigenic and functional sights between botox and other molecules
that have a "membrane-activity" has begun. It is hoped that this will allow us
to predict the mechanism of action of the botox molecule and to define the
segments of the molecule involved in this activity (which are most likely
distinct from the regions buried in the membrane). Finally, protein sequencing
of the membrane embedded portion(s) of the moleculA has begun (and any regions
of the molecule found to show a common binding site to known toxin molecules
will also be sequenced) in order to produce possible inhibitors to the botox
molecule.



Table 1. Effect of Acid Shock Procedure on Liposomal Membrane Integrity.

Composition (%) % Dye Release
Asolectin 55 ± 13
Asolectin/CHOL (95/5) 27 ± 9
DMPC (100) 83 ± 15
DMPC/DOPC (50/50) 66 ± 10
DMPC/DPPC (50/50) 42 ± 8
DMPC/DPPC/CHOL (48/47/5) 29 ± 7
Egg PC (100) 9 ± 3
Egg PC/DPPS (70/30) 69 ± 12 5
DPPC (100) 6 ± 3
DPPC/DPPS (70/30) 97 ± 18
DPPC/DOPC (50/50) 6 ± 2
DPPC/DOPC/DPPS (35/35/30) 53 ± 8
DPPC/DOPC/CHOL (48/47/5) 2 ± 1
DPPC/DOPC/CHOL/DPPS (35/35/5/25) 37 ± 6
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Table 2. Ability of Botulinum Toxin (type B) to be Labeled by the

Hydrophobic Radioactive Tag, 51I-TID.

Composition GSH -- % Incorporation

Egg PC 45

Egg PC + 35

Egg PC/DPPS 63

Egg PC/DPPS + 47

DPPC/DOPC/CHOL 77

DPPC/DOPC/CHOL + 52

DPPC 8

DPPC + 6

DPPC/DPPS 78

DPPC/DPPS + 75

DPPC/DOPC 34

DPPCiDOPC + 25

% Incorporation of total counts not including counts in the dye front

(i.e., free label and labeled phosopholipids).

Data expressed as average of 3 expts, error = +1- 10%.
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Figure 1. Stability of the fluorescence of Carboxyfluorescein
(CF, 200 aiM) in lipid vesicles (DPPC/DOPC/Cholesterol,
48%A/47%//5%). 10 Jpg of lipid was diluted 100 X into 2 mM
immidazole, 150 mM NaCi, pH 7 in a stirred thermostatted cuvette
(370C) of a spectrophotometer and the fluorescence at 520 nm was
monitored (excitation'- = 475 nm). At the indicated time (T) the
detergent triton X-100 was added to a conc. of 0.1%.
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Figure 3. Ability of Botulinum toxin to increase the permeability
of liposomes in the presence of an acid-shock. Conditions as in
figure 1. At the arrows labeled 4 and 7 the pH of the liposome
suspension was made either pH 4 or pH 7 respectively as described
in figure 2. B = addition of .05 Pg of botuiinum toxin, TX=
triton X-100 added to 0.1%,.
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Figure 4. Photolabeling of Botulinum toxin before and after

acid-shack. Botulinum toxin (1 Jg) was photolabeled with TID in

the absence of liposomes, separated by SDS-PAGE, and the gel cut
into pieces for counting as described in methods. Open bars = I
toxin labeled at pH 7, closed bars = toxin labeled after an acid-
shock as described in figure 2. % Radioactivity = relative
counts in each gel piece. Relative mobility zone corresponds to

the molecular weight ranges as described in Methods.
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Figure 5. Photolabeling of Botulinum toxin by the hydrophobic
photolabel TID in the presence of DPPC liposomes.' DPPC liposomes
that are not subject to botox-induced (with acid-shock) leakage

were used for the experiment. Lipid to protein ratio (M/M) = 100
htoaeng aspromd0seafranci-hktopto 1. Open bars = photolabeling performed at pH 7, closed bars U

for I min with return to pH 7. Other conditions as in figure 4.
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Figure 6. Photolabeling of Botulinum toxin by the hydrophobic
photolabel TID in the presence of botulinum-sensitive (with acid-
shock) liposomes. Liposomes were composed of 48% DPPC/47Y, DOPC/
5. Cholesterol. Both open and closed bars subjected to acid-
shock as described in figure 5, with the closed bars representing
photolabeling in the presence of 25 mM Glutathione. For this
figure, relative counts are presented not including those counts

in the dye front (gel zone 11).
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