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T—%In vitro experiments have been done on isolated phronic nerve-he-idiaphragmd
preparations. The purpcse of the experiments was to evaluate aminopyridines
as putative therapautic agents in the treatment of botulism and to develop
monoclonal antibodies that would neutralize botulinum toxin and tetanus toxin.
The work demonstrates that aminopyridines are active agairnst type A
botulinum toxin. Research on antibodies is still in progress.,
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1. BStatement of Problen
Pharmacological methods are being sought to prevent or

reverse the effects of botulinux neurotoxin. During the past
year, two approaches have been tested: 1i.) aminopyridines have

been evaluated as puﬁativo therapeutic agents for types A, B and

. B botulinum poisoning, and 1i.) monoclonal antibodies have been

sought that would neutralize both botulinum neurotoxin and '

tetanus toxin.

3. PBackground
‘Botulism is a neurological disorder caused by an exotoxin

from the organism Clostridium Sotuliﬁun. The disease is

charecterized by progressive muscle veakness that can result in
coiplntc flaccid paralysis. Unfortunately, there is no known
cure for the disorder. Patients who contract ths illness are
typica;ly provided with.lupportiv. thofapy (0.9., respiratory
support). Recovery appears to be a tﬁnction of the ability of
the nervous system to repair the damage produced by the toxin.

Botulinum toxin acts on peripheral nerve endings that store
and release tho‘ttnnsnittor acoty}cholino (2,15), .It_lhowl

greatest affinity for those cholinergic nerve endings that

. innirvato striated auscle, including the muscles of respiration

(e.g., diaphragm and intercostal muscle). The precise mechanism
of toxin action is blockade of nerve-depolarization-induced
release of aqotylcholino. This action accounts for the ability
of the toxin to produce muscle weakness and flaccid paralysis.

Botulinum toxin is a protein with an M, of ~150,000 (10,18).
It is composed of two polypeptide chains (M.s, ~100,000 and
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50,000) that are linked by a disulfide bond. The toxin appears
to proceed through a sequence of three steps in producing its
neurcparalytic effects (14,15),' There is an initial binding

' step, a subsequent membrane penetration step, and an eventual

poisoning step that occurs inside cholinergic nerve ond;néa. .The
binding and internalization steps are ﬁhouqht to be mediated by
the heavy polypobtido chain (L. L. Simpson, Ann. Rev. Pharmacol.
Toxicol., in press). The intracellular poiioniﬂq step may be
mediated by the light chain. | |
- The 1ncidcnco of human botulisa is relatively low, and thus

programs of 1llunization are not deemed appropriato. ¥hen
1nd1vidual'paticnt- contract the dissase, thorq is thc.v
possibility of administering antitoxin, but'thi- is of limited
value. intitoxin will noutrulizo'circulieinq>titorn of betﬁliﬁum'
toxin, but it canrot cross the plasma membrane of norv.lcolll to’
neutralize internalized toxin. Therefors, alternate |
ph;rnacoloqical'n.nn- have been sought to.overeono the effects of
botulism. o |

| The fact that the toxin depresses transmitter release has
oncouraqid efforts to find thdrapcutic drugs that will promote
acetylcholine release. The aminopyridines (4-aminopyridine
(4-AP] and 3,4-diaminopyridine (3,4-DAP)) are one group of agents
that has been tested. These drugs act on nerve membranes to
pronoto.intlhx of calqiun, and this in turn greatly promotes
efflux of acetylcholins (4, 9, 18). The pharmacological lctions'
of 4-AP and J3,4-DAP, as well as certain preliminary observations
(7), suggest that these drugs may be useful in the treatment of
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botulism. More specifically, they might i.) slow the onset of
neurcmuscular blockade, ii) increase the lethal dose, or iii)
prévidc symptomatic relief.

Thcvprciont study is an attempt to evaluate two cf these '
ponsibilitio;. Data ar; described that help to evaluate 4-AP and
3,4-DAP as agents that can slow the onset of neuromuscular
blockade or provide ly-ptonatichclicf; |

Another possible avenue through which to dovclob therapeutic
aqontllin to prepare synthetic antigens. Past work suggests that
the lynthctic antigen most likely to be effective is one that is
derived from the éarboxytcruinus'ot the heavy chain, i.e., the
portion of the molecule that lidiatoa binding. This research
involves a sequence of steps, as follows:

A. Isolate the binding fragment (50,000 dalton carboxy-

-torninus) from the batulinun neurotoxins most often
implicated in human botulism (types A, B and E).

B. 'rron the binding component, isolate the segment that is
responsible for fixation to tno tissue receptor. Work
on other protein toxins indicates that this segment will
surely be less than 10,000 daltons, and may be Jess than
5,000 daltons. | |

C. Sequence the small polypeptide domains actually involved
in receptor binding.

D. 8Synthesize a polypeptide(s) that conserves the greatest
amount of sequence homology frog the various toxins.

E. Test thc.lynthotic agant as a vaccine that elicits
neutralizing antibodies.
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3. Methods

Most studies were conducted
henidiaphragms that were excised
either a tissue bath or an in
maintained in a physiological sc
O, and 5% coz; The lélution had
(millimolar): Nacl, 137; Xc1, Sj
24) NajHPO,, 1.0; glucose, 11.

on isolated phrenic nerve -
from animals and placed in
tion bath. Tissues vere
lution that was bubbled with 95%
the following composition
CaCl,, 1.87 MgSO,, 1.0; NaHCO,,

Solutions were luphlcqontad wvith

gelative {0.028) to diminish ad

orption and nonspecitic

inactivation of toxins. The tissue baths vere kept at 35 to

36°C, and the incubation tubes were kept at 4°c.

The parameters of phrenic nerve stimulation were 0.3-Hz

square waves of 0.1 to 0.3 ms duration. Muscle twitch wvas

recorded with a'forco-dilplacon t transducer connected to &

physiological recorder. Toxin-induced paralysis of neuromuscular

transmission wzs neasured as a

0% reduction in muscle twitch

anplitﬁdo evoked by nerve stimulation. 1In kcopihq with the

mechanisa of toxin action, paralysis was irreversible.

In some experiments, the left phrenic nerve-hemidiaphragms

of rats vere poisoned in vivo.

sodium pentobarbital (50mg/kg of
after which they were secured td
inclined. An inci;ioh wvas made
diaphragm, and the left lobes of
bipolar electrods was placed on

Animals were anesthetized with

' body weight, intraperitoneally),
) an operating tablo that was
approximately 6 mm above the

! the lungs were displaced. A

the phrenic nerve, which was then

stimulated at 0.2 Hz. Muscle twitch was recorded as described

above. A solution of botulinum

toxin was swabbed across the
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“hemidiaphragm, and muscle twitch was recorded until nexrve

stimulation failad to evoke a muscle response. When
neuromuscular transmission was blocked, the wound was surgically
closed. Animals received an intravenous injection of botulinum
antitoxin (bivalent botulisam antitéxin; Llederle Labafaéorics;
Pearl River, N.¥.) to prevent development of ginoralizod
botulisnm. |

4a. Results and Conclusions from Aminopvridine Experiments

4-Aninopyridine (A-AP):and 3,4 - diaminopyridine (3,4-DAP)
act on ion channels in excitable membranes. The ohdronult ot
this action is a qroitly promoted influx of calcium ions, which
in tum tfiqqors the release of acetylcholine (4,18). This
mechanisa of ncﬁion suggests ‘that aminopyridines might exert one
or more effects that would be beneficial in botulism. Indeea,
there is already pfoliainary evidencs to support thi-.id-a.

A number of investigators have shown that 4-AP and'3,4-DAP
can act as antagonists of botulinum neurotoxin (S5, 7-9, 12,.13)
and tetanus toxin (1, 3). With only one uxcoptién.(7), these
studies wers not aimed at evaluating the therapeutic pectential of
aminopyridines. The goal of the studies was to determine the

mechanism of action of the naurotoxins. However, in each case,

‘data were presented that showed that aminopyridines aia possass

some antagonistic activity. And in the report by Lewis, Jr. (7),

.preliminary results indicated that arinopyridines could delay the

onset of symptoms in animals poilonod with botulinum toxin.
Despite these favorable suggestions, thorovard two potential

and serious drawbacks. First, studies done on isolated tissues
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that vere excised from animals previously poisoned with botulinum

. toxin have shown a hetercgeneity of effect. The aminopyridines

wvere not equivalently effective in relieving the neurcparalytic

symptons prodﬁccd by different types of botulinum toxin (5, 12).

Second, there is a theoretical concern that has diminished
enthusiasn for pursuing studies on the aminopyridines. It has
been repeatedly demonstrated that the rats of onset of toxin-
induced nouranuscular blockado is nerve activity dependent; i.s.,
the more rapid the ratq ot nerve stimulation, the more rapid the

onset of paralysis. This may be due to the link between

. .exocytosis (viz., the release of acetylcholine} and endocytosis

(viz., the internalization of toxin). This allows the

. possibility that aninopyridincl could exert opposing actions. On

' one hand, they would antagonize poisoning by promoting

acetylcholine release; on the other hand, they would enhance
toxicity by pronétinq uptake of toxin molecules.

The proscnﬁ study provides an c#aluaticn of aminopyridines

as therapeutic agents in bqtuliln. Experiments were performed

' that bear directly on two issues, the ability of the drugs to

slow the onset of paralysis and the ability of the drugs to
provide symptomatic relief. Of‘thc seven serotypei of botulinum

neurotoxin, three were examined (A, B, and E). It is these three

1 that account for most cases of human botulisn.

When tested at the maximum doncontration practical for study
‘10"H), both 4-AP and 3,4-DAP slowed the rate of onset of
neuromuscular blockade produced by botulinum toxin type A. Of

the two, 3,4-~DAP produced a more striking effect. Interestingly,
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- toxin.

neither drug was equally effective in delaying the onset of
paralyiis due to botu.inum toxin types B and E or tetanus toxin.
| Failure of the drugs to provide substantial protection
against botulinum toxin types B and E cannot be due to drug-
promoted’ uptake of the toxins. When ého paralflis times of
controi_tislucs and toxin-treated tissuas were conpaer, it was

found that the aminopyridines did not cause tissues to begin to

. be paralyzed more quickly. PFPurthermore, the aminopyridines did

not provide substantial protocgion against botulinum toxin types
B and E vhen added to tissues that had already internalized the

When tested toriitl,abiiity to relieve the effects of
pdildning in tissues that had previously been exposed to '

botulinum toxin, 3,4-DAP caused responses to increase in

magnitude. The effect was greater for botulinum toxin tyhc A

than for botulinum toxin types B and E. These results confirm
and extend earlier work in which olcctrophysiologicai studies

showed that aninopyridincslvoro more effective in promoting

acetylcholine release from tissues poisoncd'with toxin type A

than from tisuqc: previously poisoned with toxin type B (12) or

type F (35).

The data suggest that 3,4-DAP or a drug similar to it might
bo.useful in the treatment of botulism caused by type A toxin.
As indicated by thé discussion above, the drug might slow the
onset and diminish the uitimate severity of the diseasas.
Although additional experiments are needed, the.available
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£indings suggest that 3,4-DAP may increase the lethal dose of
botulinum toxin type A (7).

4b. Results and Conclusions from Antibody Experiments

~ The wofk is proceeding according to the lcquonc; of steps
enumerated above. This is an extremely time-consuming project in
protein chonisiry. Furthermore, the wofk;han been temporarily |
delayed due to an equipment alteration. An on-line aninq icid'
analyzer has been purchased to interface with the gas phase
sequenator. The company that made the instruments (Applied
Biosystens) has asked that the two be returned to the
' manufacturer for an internal modification thﬁt vill update the
apparatus. The instruments aroloupp050d to be returned on or
about November 1, 1986. |

During the interim when protein chemistry work is delayed,
antibody studies are continuing. In the course of this vork a
most unusual di-eo?ory has bocn made. The background and the
results from the work are summarized here.

In addition to the seven neurotoxins, Clostridium botulinum
produces an unusual toxin (éz) that is composed of two components
and which the author calls a binary toxin. The precise mechanism
of action of the toxin has not been established, but the
followin§ general scheme seems to apply. The heavy chain is a
polypeptide that facilitates the binding of the toxin to
vulnerable cells. The light chain is an onzfm. that possessas
ADP-ribosylating activity. The intracellular substrate for the

toxin may be actin.
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As part of the work on polyclonal and monoclonal antibodies,
the light chain of the binary toxin was administered to_niéc.
Surprisingly, it was found that the light chain was not '
1nngnoqonic. This wvas an unexpected finding, because the
polypeptide has a molecular weight of 350,000 daltons. It is hard
to‘bolicvo that a protein this size lacks antigenic sites.

Several experiments were done to pursus this observation,
the following of which was revealing. Groups of -iéo vere |
injected with the molecule: i.) as the native light chain, ii.)
as the toxoided light chain, and iii.) as a combination of the
two. The expectations set on the experiment were these. If ali
three groups failasd to produce antibody, the light chaiﬂ would
tentatively be viewed as lackinqlopitopcs.’ If groups i. and iii;

‘failcd to produce antibody, the native light chain would be

viewed as an immunosuppressive aqoht. If only group i. failed to
produce anéibody, the light chain would be viewed as an agent

that impaired only those components of the immune response that

interacted with the chain.

It is the latter result that was obtained. This showed that

the light chgih did have epitopes and it was not a geniral

immunosuppresant. Instead, it appears to possess a property that

impairs only that portion of the immune system that comes into

contact with the molecule. One way to envision the process is as
follows. The light chain is endocytosed as an initial step in
the im' 1e mechanism. The endocytosing cell has a substrate

(actin?) that is vulnerable to ADP-ribosylation. Wwhen the

substrate is enzymatically inactivated, the sequence of events in
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the immune mechanism is halted. Thus, no endogenous antibody is
formed. |
There are of course other wvays to interpret the data.
However, most intcrprctatioﬁn ahare these three properties.
rirltly; they suggast that thc native light chains of the
botulinum neurotoxins should be tested for immunizing ability.
This would allow a conbarilon of the known catalytic activity of
the binary toxin with the assumed catalytic activity of the
neurotoxins. Secondly, other ADP-ribosylating toxins with light
chains should be compared with the binary toxin. This would
indicate whether tho antibody outcome hinges mainly on the nature
of tha enzyme or mainly onlﬁhc nature of the substrate. And
thirdly, the light chain of the binarf toxin should be tested as
a selective, chimeric immunosuppresant. For oxanplc; the light
chain covalently linked to an antigen for which therse are é
| ixistinq intibodio- may cause the titer of these antibodies to

decraase. All of thase are being pursued.

s. Plans for Coming Year

Thq Principal Investigator will continﬁc the research plan
exactly as described in the research proposal. The only change
is one that applies to funding, and it falls within aécopted
guidelines, ‘Tho expenss of preparing moncclonal antibodies is
substantial, and it was not anticipﬁtad in the original proposal;
To offset this expense, the Principal Investigator is lowering
his percent time and effort from 40% to 30%. The additional

monies will be used to support the monoclonal work. The
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r'allocation‘ot salary money falls well below the 25% change in
any category fhnt is permitted by DOD guidelines.
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