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Secondary and tertiary structural parameters of type E botulinum neurotoxin in the unactivated single-chain and activated two-chain
(i.e., after proteolytic cleavage) forms were analyzed using circular dichroism, derivative absorption and fluorescence spectroscopy.
The estimated secondary structures (22 and 20% a-helix, 44 and 44% B-pleated sheets, and 34 and 36% random coils for the single-
and two-chain neurotoxins, respectively) indicated that virtually no change occurred upon nicking of the single-chain neurotoxin.
About 57% of the 70 Tyr residues were exposed in the single-chain form, which increased to 62% in the two-chain form. Fluorescence
quenching experiments with neutral, anionic and cationic quenchers indicated that about 40% of the maximum accessible fluorescent
Trp residues were exposed on the surface of the single-chain neurotoxin as compared to only 20% in the case of the two-chain
neurotoxin. Acrylamide was the most effective quencher with a fraction accessibility of 0.56 and 0.48 of maximum accessible Trp
fluorescence residues in the single and two-chain forms of the neurotoxin, respectively. Native polyacrylamide gel electrophoresis of
the two forms of the neurotoxin revealed greater mobility for the two chain form. This indicates that the surface charges in the
single-chain neurotoxin were altered upon nicking. These observations suggest that nicking of the single-chain type E neurotoxin

results in refolding and redistribution of the surface charges of the neurotoxin.

1. Introduction

Botulinum neurotoxins are a group of approx.
150 kDa proteins produced by Clostridium
botulinum which are pharmacologically similar but
serologically distinguishable. There are seven
known serotypes (types A—QG) of botulinum neu-
rotoxins [1].

The neurotoxins, synthesized as a single-chain
molecules, acquire higher toxicity (LDg,/mg pro-
tein) following posttranslational modification in
bacterial culture [2}, which involves nicking of the
single-chain protein at one-third the distance from
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the NH,-terminus. The resulting two-chain neuro-
toxin consists of light (L, - 50 kDa) and heavy
(H, ~ 100 kDa) chains, that remain linked by a
disulfide bridge and noncovalent interactions [3,4].
When nicking does not occur in bacterial cultures
(e.g., in type E), it can be carried out in vitro by
trypsin. Although controlled digestion of the
single-chain type E neurotoxin with trypsin nicks
the neurotoxin and increases its toxicity approx.
100-fold (activation), the kinetics of nicking and
activation of type B neurotoxin are not the same
{5]. This and other experiments [6] indicate that
nicking is not the primary factor underlying
activation. However, irrespective of the primary
cause of activation, the molecular basis of the
higher activity is likely to be the conformation of
the two-chain form of the neurotoxin. It is not

0301-4622,/90,/%03.50 © 1990 Elsevier Science Publishers B.V. (Biomedical Division)



124 B.R. Singh, B.R. DasGupta / Conformation of botulinum neurotoxin

known what conformational changes in the type E
neurotoxin are induced by proteolytic processing
and whether activation of the type E neurotoxin is
due to such changes.

The well-known pharmacological action of
botulinum neurotoxin is at the neuromuscular
junctions. The neurotoxin binds exclusively to the
presynaptic membrane, enters the nerve ending
and causes an intracellular lesion(s); blockage of
acetylcholine release causes flaccid muscle paraly-
sis [7,8]. It is unclear whether the activation of
type E neurotoxin, i.e., increase in lethality, is a
manifestation of enhanced binding to the ‘recep-
tors’ on the membrane, internalization or intracell-
ular blockage, or an additive effect of enhanced
activity due to more than one of these three steps.

We investigated the conformation of the type E
neurotoxin before and after activation (treatment
with trypsin) in terms of the secondary structures
by means of circular dichroism, surface exposure
of Tyr residues using second-derivative ultraviolet
absorption spectroscopy and Trp accessibility em-
ploying the Trp fluorescence quenching tech-
niques. Although no changes in secondary struc-
tures were evident, significant differences in the
accessibility of Trp residues and in the surface
exposure of Tyr residues were observed. In ad-
dition, electrophoresis under nondenaturing con-
ditions suggested that change in the surface charges
occurred upon nicking of single-chain type E neu-
rotoxin.

2. Materials and methods

Single-chain type E neurotoxin, isolated from
cultures of C. botulinum type E (strain Alaska
E-43) according to Giménez and Sugiyama [9],
was nicked as follows; neurotoxin and trypsin
(Worthington), both dissolved in 10 mM sodium
phosphate buffer (pH 6.0) and mixed in a 40:1
(w/w) ratio were incubated at room temperature
(23-25°C) for 90 min. The reaction was stopped
by incubating the mixture with soybean trypsin
inhibitor (STI) linked to agarose beads (Sigma, St.
Louis, MO) for 30 min at room temperature. The
nicked neurotoxin was recovered by filtering the
mixture through a 0.2 pm Acrodisc filter (Gelman

Sciences). Neurotoxin nonspecifically bound to the
agarose beads was extracted with 0.6 M NaCl
dissolved in 10 mM sodium phosphate buffer (pH
6.0). The filtered neurotoxin (before extraction
with 0.6 M NaCl) was used directly for experi-
ments following appropriate dilutions, while the
0.6 M NaCl-extracted neurotoxin was precipitated
with ammonium sulfate (39 g,/100 ml). The pre-
cipitated neurotoxin was redissolved in 10 mM
sodium phosphate buffer (pH 6.0) and dialyzed
against the same buffer before use. Each protein
preparation was filtered through a 0.2 pum filter
before optical measurements. Utrapure guanidine
- HCI (Schwarz /Mann, Cleveland, OH) and other
chemicals used were of the highest quality availa-
ble commercially. All buffers and solutions were
made up in deionized distilled water.

Absarption spectra were recorded on a Uvikon
860 (Kontron Instruments). CD spectra were re-
corded on a Jasco J-20 CD /ORD spectropolarim-
eter as described elsewhere [10]. Secondary struc-
tures were estimated according to Chang et al. [11]
using the program provided by Drs J.T. Yang and
C.-S.C. Wu of the University of California, San
Francisco.

The degree of Tyr exposure, a, was estimated
according to Ragone et al. [12].

a=22"Ta 5100 (1)
Yo s

‘where y, and vy, are the derivative peak ratios,

a/b (see fig. 3 for notation), of the neurotoxins in
the native (in 10 mM sodium phosphate buffer,
pH 6.0) and unfolded (incubated in the pH 6.0
buffer containing 6 M guanidine - HCI for 30 min
at 23° C) states. v, is the derivative peak ratio of a
mixture of free Tyr and Trp residues in the same
molar ratio as the neurotoxin. The Tyr/Trp molar
ratio was taken as 4.376 for the type E neurotoxin
based on the published amino acid composition
[4].

Trp fluorescence spectra of the neurotoxins
were recorded on an SLM 8000 ‘smart’ spectroflu-
orometer (SLM Instruments) at room temperature
(23-25°C). An excitation wavelength of 295 nm
was used to excite preferentially Trp residues. The
slit widths on both excitation and emission mono-
chromators were set at 4 nm. Spectral resolution



B.R. Singh, B.R. DasGupta / Conformation of botulinum neurotoxin 125

for excitation and emission monochromators was
fixed at 2 nm. To minimize the inner filter effect,
fluorescence measurements were made with pro-
tein concentrations such that A4,,; was less than
0.1.

For Trp fluorescence quenching experiments,
stock solutions of KI (5 M), CsCl (5 M) and
acrylamide (8 M) were prepared. To 700 pl pro-
tein solution, 1-5 ul of a quencher was added in
several steps (total of 19 pl) and the fluorescence
at the emission maximum was recorded after each
addition. Fluorescence intensities were corrected
for the dilutions. In the case of acrylamide, the
fluorescence intensity was also corrected for the
absorbance due to acrylamide at the excitation
wavelength (295 nm) according to the method of
Eftink and Ghiron [13]. The quenching data were
analyzed according to Stern-Volmer plots [13]:

B 1+k,0Q] (2)

where K, and F represent the fluorescence intensi-
ties at the emission maxima in the absence and
presence, respectively, of a given concentration,
[Q], of quencher. K, is the Stern-Volmer quench-
ing constant. :

A modified Stern-Volmer analysis [15] was per-
formed according to the equation

fo 1,1
AF  fi  f,KolQl]

where F; and AF denote the steady-state fluores-
cence in the absence of any quencher and the
difference in steady-state fluorescence in the pres-
ence of a given concentration of quencher, [Q].
K, is the effective quenching constant, and f,
denotes the fraction of maximum accessible fluo-
rescence.

Native (nondenaturing conditions) and SDS-
polyacrylamide gel electrophoresis were run on a
Phast System (Pharmacia) electrophoretic unit
using an 8-25% gradient and also 7.5% homoge-
neous gels (0.45 mm thick, in 0.112 M acetate—
0112 M Tris buffer, pH 6.4). The stacking gels
were 4.5% acrylamide (A), 3% N,N'-methylene-
bisacrylamide (C) for the gradient gel and 5% A,
3% C for the homogeneous gel. Agarose (2%)
buffer strips used for running electrophoresis were

(3)

presoaked in 0.88 M L-analine, 0.25 M Tris buffer,
pH 8.8. Electrophoresis was performed at 400 V
for gradient gels and 600 V for the homogeneous
gel for approx. 600 A V h according to the Phast
System manual provided by Pharmacia.

The native (nonactivated) and trypsinized
(activated) neurotoxins migrate on SDS-poly-
acrylamide gel electrophoresis under reducing
conditions as single- and two-chain proteins, re-
spectively, hence they are referred to as unnicked
(or single-chain) and nicked (i.e., two-chain) pro-
teins.

3. Results
3.1. Secondary structure

The CD spectra of the single- and two-chain
neurotoxins (fig. 1) are virtvally identical with the
negative double CD maxima at approx. 221 and
approx. 207 nm and the negative minima at 213 +
1 nm. The mean residue weight ellipticities, fygw
were very similar in both forms. For example, at
207 + 1 nm, the fyzw values were —11243 + 58
and —11532 + 181 degree cm? dmol~! for the
single- and two-chain neurotoxins, respectively.
The apparent secondary structures derived from
the CD spectra were 22 and 20% a-helix, 44 and
44% pB-pleated sheets, no S-turns, and 34 and 36%
random coils, respectively for the single and two-
chain neurotoxins (table 1). Although the sec-
ondary structure estimation shows no B-turns, it is
unlikely that such a large protein has no tumns.
The method of Chang et al. [11] is especially weak
in the estimation of B-turns. The predicted CD
spectra of the single- and two-chain type E neuro-
toxins are plotted along with the experimental
spectra in fig. 1a and b, respectively. The predic-
ted spectra are calculated from the estimated sec-
ondary structure contents according to the method
of Chang et al. [11}].

3.2. Tyr exposure
The degree of Tyr exposure on the surface of

proteins was determined using second-derivative
ultraviolet absorption spectroscopy. Fig. 2 shows



126 B.R. Singh, B.R. DasGupta / Conformation of botulinum neurotoxin

20000
. d E single chain, Exp.
w——— E single chain, Pred.
= 84
K]
B
W -10000 -
£
2
i -20000 T— T 7 T T T—"
3 w0y
h-d
@
LY
i ~——  Edichain, Exp,
§ E dichaln, Pred,
=
0
10000 <

180 190 200 210 220 230 240 250
Wavelength, nm

Fig. 1. Experimentaily recorded (Exp.) and predicted (Pred.)
CD spectra of single chain (upper panel) and two-chain (lower
panel) type E neurotoxins. The CD spectra of 0.14-0.16 mg/ml
neurotoxins, dissolved in 10 mM sodium phosphate (pH 6.0)
were recorded at 23-25°C using a 1 mm path length quartz
cuvette. The predicted spectra were obtained using the esti-
mated values of a-helix, B-sheets and S-tums according to
Chang et al. [11].

the absorption and second-derivative spectra of
the single-chain neurotoxin dissolved in 10 mM
sodium phosphate buffer (pH 6.0). The derivative
spectrum (between 280 and 300 nm) shows two
negative peaks at 284.5 and 291.5 nm and two

Table 1

Secondary structure analysis of the single- and two-chain forms
of type E botulinum neurotoxin, in 10 mM sodium phosphate
buffer (pH 6.0) derived from far-ultraviolet CD spectra

The secondary structures were estimated using mean residue
ellipticities between 240 and 190 nm at 1-nm intervals accord-
ing to the method of Chang et al. [11].

Neurotoxin a-Helix (%) B-Pleated  8-Turns Random

sheets (%) (%) coils (%)
Single-chain 21.75+1.06 44.00+2.12 0.00 34.25+1.06
Two-chain  19.75+2.47 44.2541.77 0.00 36.00+0.71

04 001

Absorbance
82a /622

0.0 +——r ~r T -0.01
240 260 280 300 320

Wavelength, nm
Fig. 2. Absorption (------ } and second derivative ( )
spectra of single-chain type E neurotoxin dissolved in 10 mM
sodium phosphate (pH 6.0). The spectra were recorded at
23-25°C. The notation a represents the arithmetic sum of the
824 7822 at 284.5 and 288.5 nm. The potation b represents the
arithmetic sum of 824 /8A* at 291.5 and 295.5 nm.

positive peaks at 288.5 and 295.5 nm. The ratio of
a (arithmetic sum of the §%4,/8A? at 284.5 and the
874 /82 at 288.5 nm) and b (arithmetic sum of
the 3%A /8N at 291.5 nm and the 824 /8A\% at
2955 nm) was 2.14 1 0.04 (table 2). Upon de-
naturation with 6 M guanidine - HCI, 84 /8A* at
283.5 and 288.5 nm increased substantially (spec-
trum not shown) and the a/b ratio was 3.86 1- 0.14
(table 2). The second-derivative specira of the
two-chain neurotoxin show two positive peaks at
288.5 and 295.5 nm and two negative peaks at 285
and 291.5 nm (fig. 3), very similar to the single-
chain neurotoxin (fig. 2). However, a minor dif-
ference was noted in the peak ratios of the positive
peaks at 288.5 and 295.5 nm. The ratio was 1.04
and 0.87 for the single- and two-chain neuro-
toxins, respectively. The a/b ratio for the two-
chain neurotoxin was 2.28 1 0.24. Upon denatura-
tion with 6 M guanidine - HC], the intensities of
the peaks at 824/8A% at 283.5 and 287.0 nm
increased (spectrum not shown). The a/b ratio
increased to 3.79 4 0.15 (table 2).

The degree of Tyr exposure was estimated to be
57.4 and 61.9% for single- and two-chain neuro-
toxins, respectively (table 2), which indicates small
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Table 2

The degree of Tyr exposure in the single- and two-chain forms
of type E botulinum neurotoxin as determined by second
derivative ultraviolet absorption spectroscopy

Yn» a/b ratio of the native neurotoxin (see fig. 2 for the
notation of a and b); y,, a/b ratio in the unfolded neurotoxin
with 6 M guanidine-HCl; x, Tyr/Trp ratio; v,, a /b ratio of a
mixture of free Tyr and Trp in the same ratio as in the
neurotoxin, calculated using the equation:
A+ B

¥

(4

where A, B and C are constants (taken from ref. 12) and x
denotes the Tyr/Trp ratio. Numbers of replicate experiments
are indicated in parentheses. Standard errors of means for
single- and two-chain v, are +0.02 and +0.07, respectively.

Neurotoxin vy, Yu x Ya a
(%)
Single-chain 2.14+0.05 3.86+0.14 4376 -0.17% 574
®) 3)
Two-chain  2.26+0.13 379+0.15 4376 -0.179 619
“ @

alterations in the Tyr exposure of the single-chain
neurotoxin upon nicking.

3.3. Trp topography

The topography of Trp residues was probed by
the fluorescence quenching technique using anionic
(I7), cationic (Cs*), and neutral (acrylamide)
quenchers. The Trp fluorescence spectra of both
the single- and two-chain forms showed emission
maxima at 334 nm (spectra not shown). A Stern-
Volmer analysis (plots not shown) of acrylamide
quenching revealed Stern-Volmer quenching con-
stants (Kgy) of 2.74 and 2.64 M ! for the single-
and two-chain neurotoxins, respectively (table 3).

Table 3
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Fig. 3. Absorption (------ ) and second derivative ( )

spectra of two-chain type E neurotoxin dissolved in 10 mM
sodium phosphate (pH 6.0). Other details as in fig. 2.

The modified Stern-Volmer analysis for acryla-
mide quenching of Trp fluorescence revealed K,
(effective quenching constant) and f, (fraction of
accessible fluorescence) of 7.62 M ™! and 0.56 for
the single-chain neurotoxin and 8.83 M~! and
0.48, for the two-chain neurotoxin, respectively
(table 3).

The ionic quenchers (I7 and Cs*), unlike the
nonionic acrylamide, were substantially less effec-
tive quenchers. Stern-Volmer constants for I~
quenching were 1.26 and 0.8 M™! for the single-
and two-chain neurotoxin, respectively (table 3).
The Stern-Volmer plots for I7 quenching are
shown in fig. 4. Modified Stern-Volmer analysis
revealed K and f, values of 16.05 M~! and 0.25
for the single-chain neurotoxin and 8.82 M ™! and
0.19 for the two-chain form. The modified Stern-
Volmer plots are shown in fig. 5. The cationic

Trp fluorescence quenching parameters of the single- and two-chain forms of type E botulinum neurotoxin

Quenchers Single-chain form Two-chain form

Kev M™1) Ko M™h fa Kgy (M™1) Kq(M™h fa
1~ 1.26 16.05 0.25 0.80 8.82 0.19
Cs™ 0.58 6.29 0.16 - * - -
Acrylamide 2.74 7.62 0.56 2.64 8.83 0.48

* Fluorescence quenching was negligible.
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Fig. 4. Stern-Volmer plots for 1™ quenching of Trp fluores-

cence in the single- and two-chain type E neurotoxins. ¥, and

F represents the fluorescence intensities in the absence and

presence of the indicated concentration of quencher (acryla-

mide), respectively. The excitation wavelength was 295 nm,

and spectral resolution was fixed at 4 and 16 nm for excitation
and emission monochromators, respectively.

quencher Cs* was the least effective for both
forms of the neurotoxin; Ky, for the single-chain
neurotoxin was 0.58 M~! (table 3), and for the
two-chain neurotoxin it was negligible. Because of
the negligible quenching in the two-chain form,
modified Stern-Volmer analysis of Cs™ quenching
was carried out for the neurotoxin only in the
single-chain form. The derived values of K and

®

9 € ‘single chain
. E dichain

Fo/aF

[+] T T J
0 10 20 : ao

BRI CONT
Fig. 5. Modified Stern-Volmer plots for I~ quenching of Trp
fluorescence in the single- and two-chain type E neurotoxins.

F,, fluorescence intensity in the absence of any quencher; AF,
difference in fluorescence intensities after adding a given con-

centration of quencher (acrylamide). Conditions for recording

fluorescence spectra were the same as described in fig. 4.

Fig. 6. Native polyacrylamide gradient (8-25%) gel electro-

phoresis of the single-chain (lanes 1, 3 and 5} and two-chain

(lanes 2 and 4) type E neurotoxins. About 0.58 ug of single-

chain neurotoxin and 0.79 ug of two-chain neurotoxin were

applied in their respective lanes. The neurotoxin bands were
stained with Coomassie brilliant blue.

f, for Cs™ quenching were 6.29 M~ and 0.16,
respectively (table 3).

3.4. Surface charges

Electrophoresis on a native polyacrylamide gel
(fig. 6) showed a difference in the mobility be-
tween the trypsinized and native neurotoxin. Fas-
ter migration of the trypsinized neurotoxin to-
wards the positive electrode indicated that the
neurotoxin, following nicking, acquired more net
negative charge. The neurotoxin in single- and
two-chain forms, had identical electrophoretic mo-
bility on SDS-polyacrylamide gel electrophoresis

[9].

4. Discussion

The secondary structures of the neurotoxin un-
dergo virtually no change upon nicking (table 1).
This indicates that the neurotoxin retains the basic
structural core of the protein likely to be essential
for the toxic activity. This is consistent with our
earlier finding that the three different serotypes
(A, B and E) of the botulinum neurotoxins have
basically the same pattern of secondary structures
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[16] although they vary in toxicity approx. 1000-
fold. Peptide cleavage by trypsinization may not
influence the secondary structure, the core of the
polypeptides’ conformation, but could affect poly-
peptide folding (tertiary structure) which in turn
may provide clues on the activation of the neuro-
toxin.

A significant change in polypeptide folding is
likely to affect the degree of Tyr exposed to the
protein surface. We observed only approx. 4%
increase in Tyr exposure upon nicking of the
single-chain type E neurotoxin (table 2). There are
70 Tyr residues in the type E neurotoxin. Thus,
about 40 Tyr residues (57.4% of the 70) are ex-
posed in the single-chain form whereas 43 Tyr
residues (61.9% of the total of 70) are exposed in
the two-chain neurotoxin. The degree of Tyr ex-
posure calculated based on second-derivative ul-
traviolet spectroscopy qualitatively agrees with an
earlier study [17], where the alkaline pH induced-
difference spectra demonstrated that 45 Tyr re-
sidues in the single-chain neurotoxin could be
ionized. However, all the Tyr residues in the two-
chain neurotoxin were ionized by alkali. The
molecular topography of the Tyr residues is ap-
parently important for the toxicity of the type E
neurotoxin, since the modification of 10-12 Tyr
residues by tetranitromethane abolished the toxic-
ity [18].

Trp fluorescence quenching is used to probe the
microenvironments of Trp residues [19,20]. A
change in fluorescence of one or more of the 16
Trp residues in type E neurotoxin {4] can, there-
fore, reflect change(s) in polypeptide folding.
Among the three quencher probes used in this
study, acrylamide was the most effective (table 3)
at quenching the Trp fluorescence of both single-
and two-chain neurotoxins. Acrylamide, a neutral
molecule, can penetrate the protein matrix and is,
therefore, used to investigate the accessibility of
fluorescent Trp residues in hydrophobic domains
[21}. The accessible fraction of fluorescent Trp
residues in the single- and two-chain forms was 56
and 48%, respectively (table 3, f, values). Thus,
about half of the fluorescent Trp residues were not
accessible even to acrylamide. Such low accessibil-
ity suggests that a significant fraction of the fluo-
rescent Trp residues are buried deep within the

polypeptide folds which hinders diffusion of the
quencher.

Fluorescence quenching by all the three
quenchers including ionic quenchers (I” and Cs™)
appears to be collisional, since no upward curva-
ture was observed in their Stern-Volmer plots [20].
This suggests the absence of static quenching which
is relatively more strongly affected by charge, pH
or ionic strength of the protein solution.

Trp fluorescence quenching experiments with
1™ indicated that the fluorescent Trp residues
were only slightly more accessible in the single-.
chain form than in the two-chain neurotoxin (cf.
f, values in table 3). However, I~ was consider-
ably more effective in quenching the Trp fluores-
cence of the single-chain neurotoxin as compared
to the two-chain form (as indicated by the Ky
and K, values; table 3). Lower f, and Ky
values for 1™ relative to acrylamide are consistent
with the conclusion that most of the fluorescent
residues are buried in the protein matrix of the
neurotoxin (vide supra). Comparison of the
quenching parameters for I” and acrylamide is
reasonable, since both have a quenching efficiency
of unity [20]. In such a case, the difference in Kgy,
and K values would reflect the difference in the
microenvironments of the fluorescent Trp re-
sidues.

The cationic quencher, Cs ™, was ‘the least effec—
tive in quenching Trp fluorescence in the type E
neurotoxin. Only 16% of the fluorescent Trp re-
sidues were accessible to Cs* in the single-chain
type E neurotoxin while no quenching was ob-
served in the two-chain form (table, 3). The f,
values for I~ and Cs* quenching are mutually
exclusive, hence their sum represents the fraction
of fluorescent Trp residues on the surface of the
protein which are accessible to the two ionic
quenchers. Thus, about 41% (sum of 0.25 .and.
0.16) of the fluorescent Trp residues are ap-
parently on the surface of the single-chain neuro-
toxin and 19% (sum of 0.19 and .zero) on the
surface of the trypsinized neurotoxin. Since 48—
56% of the fluorescent Trp residues in the single-
and two-chain forms of the neurotoxin are accessi-
ble to acrylamide, it appears that additional Trp
residues not accessible to the ionic probes are
accessible to the neutral probe acrylamide.
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This study indicates that while virtually no
alteration in the secondary structure of type E
neurotoxin occurred upon nicking (i.e., during
activation), significant change in the tertiary struc-
ture was observed on monitoring the microen-
vironment of Trp residues. Change in the tertiary
structure included only a small difference in the
degree of Tyr exposure. It is possible that the
changes take place in small segments of the poly-
peptide which affect the Trp but not the Tyr
residues. The exposure of Tyr residues is derived
from the absorption characteristics of the chromo-
phores which is not as sensitive a technique as the
method based on the fluorescence properties. Fur-
thermore, the degree of Tyr exposure indicates an
average of the exposed Tyr residues, therefore on
average, the degree of Tyr exposure may not show
any substantial difference even after a significant
change in protein folding. This is more likely with
proteins such as the neurotoxin which has a large
number of Tyr residues. A refolding of the poly-
peptide structure could result in the redistribution
of charges as indicated by the difference in elec-
trophoretic mobility of the single- and two-chain
neurotoxins. The two-chain neurotoxin acquires
an additional anionic charge due to the formation
of a new C-terminus of the light chain, ie., a
COOQ~ group. This additional anionic site could
partly contribute to the greater electrophoretic
mobility of the two-chain neurotoxin towards the
anode (fig. 6). However, the data on Trp fluores-
cence in the case of ionic solute molecules (table
3) suggest an alteration of charge distribution in
the vicinity of the Trp residues, implying that the
difference in electrophoretic mobility may not be
entirely explained by peptide cleavage during
nicking.

Yokosawa et al. [22] obtained nonidentical
peptide maps of the chymotryptic digests of the
type E neurotoxin before and after activation. The
differences in chymotrypsin-susceptible sites be-
tween the two forms of the neurotoxins were
ascribed to conformational differences, consistent
with the data presented in this report.
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