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In Alzheimer’s disease, both acetylcholinesterase (AChE) and bu-
tyrylcholinesterase (BChE) colocalize with brain fibrils of amyloid-
(AB) peptides, and synaptic AChE-S facilitates fibril formation by
association with insoluble A fibrils. Here, we report that human
BChE and BSP41, a synthetic peptide derived from the BChE C
terminus, inversely associate with the soluble AB conformers and
delay the onset and decrease the rate of A fibril formation in vitro,
at a 1:100 BChE/AB molar ratio and in a dose-dependent manner.
The corresponding AChE synthetic peptide (ASP)40 peptide,
derived from the homologous C terminus of synaptic human
(h)AChE-S, failed to significantly affect A fibril formation, attrib-
uting the role of enhancing this process to an AChE domain other
than the C terminus. Circular dichroism and molecular modeling
confirmed that both ASP40 and BChE synthetic peptide (BSP)41 are
amphipathic a-helices. However, ASP40 shows symmetric am-
phipathicity, whereas BSP41 presented an aromatic tryptophan
residue in the polar side of the C terminus. That this aromatic
residue is causally involved in the attenuating effect of BChE was
further supported by mutagenesis experiments in which (W8R)
BSP41 showed suppressed capacity to attenuate fibril formation. In
Alzheimer’s disease, BChE may have thus acquired an inverse role
to that of AChE by adopting imperfect amphipathic characteristics
of its C terminus.
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myloid plaques are one of the pathological hallmarks of

Alzheimer’s disease (AD). The major constituent of these
amyloid deposits has been identified as an aggregated 39-43-
aa-long B-sheet polypeptide, amyloid B (ApB), primarily sus-
pected as a main cause of neurodegeneration (1). Subsequent
biophysical studies of fibrilogenesis, using well characterized,
homogeneous starting peptide preparations, demonstrated new
protofibrillar intermediates that appeared transiently during A
fibril formation. These AB species showed a -sheet structure
and significantly inhibited neuronal viability. Thus, substances
that can inhibit protofibrils formation could be of great thera-
peutic value for AD (2-4).

Butyrylcholinesterase (BChE), the major acetylcholine-
hydrolyzing enzyme in the circulation, is structurally and func-
tionally related to acetylcholinesterase (AChE), the primary
cholinesterase in the central nervous system (5, 6). In the
mammalian brain, BChE is found in complementary and over-
lapping sites with AChE, in nuclei related to cognitive and
behavioral functions, and in the human thalamus (7). In the brain
of patients with AD, BChE colocalizes with AChE in the
insoluble fibrils, known as senile plaques, within the cerebral
cortex.

The proportional plaque area displaying BChE as compared
with A was significantly higher in the brains of demented than
nondemented patients (8). Together with BChE’s localization in
neurofibrillary tangles, the second pathological hallmark of AD,
this finding suggested active involvement for BChE in the disease
process but left its role unclear.
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AChE is another component of senile plaques (8). Synaptic
AChE-S, the primary AChE 3’ splice variant (also known as
AChE-T) (9), promotes AB aggregation in vitro (10-12) and
enhances amyloid toxicity in cultured neuronal cells (13). In
hybrid transgenic mice, AChE-S promotes plaque accumulation
(14, 15), supporting the notion of its causal involvement with the
fibril-formation process.

Several studies attempted to delineate the specific AChE-S
structural domain(s) accentuating the nucleation and progres-
sion of the fibril-formation process. A hydrophobic sequence
positioned close to the peripheral anionic binding site (PAS) in
the AChE core domain, was found to directly interact with AB
(16) and was proposed to be actively involved in the acceleration
of amyloid fibril formation (11). BChE also harbors a PAS
region that shares some structural and physicochemical proper-
ties with that of AChE. However, the BChE PAS lacks three of
four aromatic residues of the AChE PAS and displays an
inverse biochemical property, namely, substrate activation rather
than the substrate-inhibition feature characterizing the AChE
PAS (17).

To study the functional involvement of BChE as compared
with AChE in amyloid fibril formation, we studied the effects of
purified AChE-S and BChE as well as synthetic peptides derived
from their C termini on in vitro fibril formation from AB. We
report here an attenuating role for BChE on fibril formation that
involves an interaction of the C terminus of BChE with the
soluble species of B-amyloids.

Results

In vitro, AB fibrils formed spontaneously, provided the AB (1-40
amino acid residues) peptide was present >10 uM. Fibril
formation from 33 uM AP peptide was quantified by measuring
changes in thioflavin T (ThT) fluorescence in reaction mixtures,
including increasing concentrations of purified human BChE
(Fig. 14), recombinant AChE-S (Fig. 1B), or both (Fig. 1 C and
D). Characteristic experiments demonstrated that the presence
of AChE-S or BChE conferred distinct kinetics of AB sheet
formation.

BChE Attenuates Amyloid Fibril Formation. Purified BChE, at a
1:100 molar ratio to AP, prolonged the lag and reduced the
apparent rate of amyloid fibril formation. The effect was dose-
dependent to the extent that addition of 0.4 uM BChE to 33 uM
AB totally prevented fibril formation for >600 min (Fig. 14 and
Table 1). In contrast, addition of similar doses of AChE-S to AB
inversely shortened by half the lag time before fibril formation
(from 240 to 150 min), again in a dose-dependent manner, and
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Fig. 1. BChE suppresses, whereas AChE-S accelerates, amyloid formation.
Kinetics of change in ThT fluorescence with time are shown. Ag (1-40), at 33
uM, was shaken at 30°Cwith 1 uM ThT and BChE (A) or AChE-S (B) at the noted
micromolar concentrations or with both enzymes at 0.4 uM (C and D). One of
12-16 reproducible experiments is shown. Note time scale differences.

increased the apparent maximal rate of fibril formation, from
0.057 fluorescence units/min for AB alone to 0.116 for AB in the
presence of 0.36 uM AChE-S (Fig. 1B and Table 1). Increasing
doses of human (h)BChE added to a mix of 33 uM A with 0.36
uM AChE-S caused dose-dependent interference with the fibril-
formation process (Fig. 1C). Under these conditions, the rate of
fibril formation receded to the slow rate observed for A alone,
demonstrating a capacity of BChE to attenuate the fibril forma-
tion-accelerating effect of AChE-S (Fig. 1 C and D).

BChE Is Present in a Soluble Fraction of AB. To reveal which of the
different intermediates of the Ap fibril-formation process are
affected by BChE, we incubated 40 uM A (1-40) peptide with
0.4 uM BChE or AChE and, at the indicated time points,
separated the soluble and insoluble fractions by centrifugation
and assessed the presence of cholinesterases in each of the
fractions by measuring their enzymatic activities. AChE-S, pre-

Table 1. Cholinesterases and their A fibrillation effects

. Fold change
Concentration, Molecular - =
Cholinesterase mg/liter mass, Da £280 Rate Lag
No addition - - - - -
AChE-S 25.8 64,575.1 124,570 2.1* 0.6*
ASP40 2.0 5,074.5 19,750 0.8 1.1
BChE 27.4 58,418.1 134,310 0.3* 1.4*
BSP41 2.0 5,029.5 25,440 0.4* >1.9*
(W8R)BSP41 2.0 5,000.0 19,750 0.53 1.25
(R8W)ASP40 2.0 5,104.0 25,440 0.62 1.0

Peptides following the C-terminal sequences of human AChE-S and BChE
(SwissProt accession nos. P06276 and P22303) were synthesized by using a
Pioneer or a 443A peptide synthesizer (Applied Biosystems), followed by
purification (>90%) by reverse-phase HPLC and analysis by MALDI-TOF mass
spectrometry. Synthesized peptides and A fibril formation were character-
ized as detailed in Materials and Methods. Statistically significant differences
(P < 0.05, Student’s t test) from control (No addition) for triplicate measure-
ments and up to 20 repetitive experiments are marked by asterisks.
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Fig. 2. BChE associates with the soluble fraction of Ag peptide. (A) BChE is

localized in the soluble fraction of AB. Shown are the enzymatic activities
associated with the soluble or pelleted fractions of Ag formed by incubating
AB(1-40) peptide (40 uM) with 0.4 uM BChE or AChE at 25°C without shaking,
removal of samples at the indicated time points, centrifugation for 30 min at
20,800 X g, and three washes of the pelleted material with 10 volumes of PBS.
(B) BChE intervenes with the conversion of soluble to insoluble AB-fibrils.
Shown is bis-ANS fluorescence measured as described in Materials and Meth-
ods for AB (1-40), shaken, at 200 uM and 25°C in the presence or absence of
10 uM BChE. Aliquots were removed at the indicated time points and diluted
10 times with 27.5 uM bis-ANS. (C Left) Interaction of BChE with A affects the
affinity of the enzyme to its substrate. BChE (2 uM without or with 30 uM AB
was incubated for 22 h with shaking, and the mixture was fractionated as in
A. Enzymatic activity was determined at 4°C over the range of increasing
butyrylthiocholine concentrations (0-30 mM). (Inset) ThT fluorescence of AB
pellets formed in the presence of BChE. (CRight) Corresponding Km values for
BChE in the different fractions.

dictably, disappeared with time from the soluble fraction and
appeared in the pellet, in agreement with the findings of Alvarez
et al. (18) (Fig. 24). In contrast, BChE was found to be present
exclusively in the soluble fraction of AB over the entire time
range of fibril formation (Fig. 24). The same distribution of
BChE activity was obtained when the fibril formation involved
shaking and followed the time scale of hours (data not shown).

Kinetics of Appearance of the Different Conformers of Ag. To reveal
the step of the fibril-formation process that is affected by BChE,
we followed with time the changes in the fluorescence of
bis-ANS (4,4’-dianilino-1,1'-binaphthyl-5,5’-disulfonate), which
binds to the soluble, low-molecular-mass isoforms of AB. BChE
increased the fraction of the bis-ANS-sensitive conformers that
accumulated during 20 h of incubation (Fig. 2B) and demon-
strated significantly lower associations with the ThT-labeled
fraction (data not shown), indicating that BChE, by binding to
the soluble, probably low oligomeric, form of AB slows down its
conversion to the larger, B-sheets-rich AB species. Because
bis-ANS cannot distinguish between monomers and low oli-
gomers of A peptides, further research will be needed to reveal
the exact composition of the soluble intermediate sensitive to
BChE.
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Table 2. Native or mutated C-terminal peptides
of cholinesterases

Cholinesterase Sequence

ASP40 DTLDEAERQWKAEFHRWSSYMVHWKNQFDHY - SKQDRCSDL
(R8W)ASP40 DTLDEAEWQWKAEFHRWSSYMVHWKNQFDHY - SKQDRCSDL
BSP41 GNIDEAEWEWKAGFHRWNNYMMDWKNQFNDYTSKKESCVGL
(W8R)BSP41 GNIDEAEREWKAGFHRWNNYMMDWKNQFNDYTSKKESCVGL

The mutated trytophan and arginine residues are shown in bold.

Enzymatic Properties of the Soluble BChE-AB Mixture. To demon-
strate the presence of the BChE-AB complex in the soluble
fraction, the affinity of BChE to its substrate was determined
after 22-h preincubation with or without AB. To preserve the
steady state of BChE association to AP, the preincubation
mixture was cooled to 4°C, supernatant and pellet were sepa-
rated, and hydrolytic activities were determined at 4°C. Substrate
affinity of soluble BChE preincubated with AB (ECsg of 1.7 mM)
was eight times lower than that of BChE incubated without A
(ECsp of 0.2 mM) (Fig. 2C). Enzyme activity in the soluble
fraction reflects the activity of both free and AB-bound enzyme
species, suggesting that the measured affinity of BChE to its
substrate is, likely, an underestimation. Importantly, the very
minor fraction of BChE that was associated with the A pellet
(resuspended in the original volume of PBS buffer and exhibiting
high binding of ThT (Fig. 2C Inset) bound its substrate with
>30-fold-lower affinity (ECsp of 6.5 mM) than the soluble
unbound enzyme (Fig. 2C Right). Similar decreases in substrate
affinity were reported for AChE present in AChE-AB com-
plexes of the insoluble fibrillar fraction (18). The currently
observed decrease in substrate affinity thus likely reflects bind-
ing of BChE to one or several soluble intermediates of the AB
fibrillation process, reinforcing the notion that BChE is present
in soluble BChE-AB complexes.

BChE Synthetic Peptide (BSP)41, BChE's C-Terminal Peptide, Attenu-
ates Fibril Formation. In search of the region(s) within the BChE
molecule that cause the observed interference with AB fibril
formation, synthetic peptides of the homologous C-terminal
domains of BChE and AChE-S (Table 2) were examined for
their effects on amyloid fibril formation. The 41-aa-long BSP41
peptide suppressed the fibril-formation process in a dose-
dependent manner and in similar molar ratios to those of BChE
(Fig. 34). Like BChE, BSP41 decreased the rate of fibril
formation and prolonged the lag period (Fig. 3 B and C). In
absolute quantity terms, complete attenuation of A fibril
formation for >400 min was achieved with 2 pg/ml BSP41 as
compared with 30 ug/ml BChE (Table 1). In contrast, the
40-aa-long AChE synthetic peptide (ASP)40 peptide derived
from the corresponding domain in AChE-S showed no capacity
to activate or inhibit fibril formation (Fig. 3 B and C).

Structure-Function Relationships. To further pursue the structural
basis for the functional differences between ASP and BSP, we
measured molar elipticity circular dichroism (CD) of BSP41 and
ASP40. A clear positive band at 192 nm and two negative bands
at 209 and 220 nm were obtained for both peptides, characteristic
of a-helical structures (Fig. 44). In structural modeling, both
ASP40 and BSP41 peptides emerged as symmetric amphipathic
helices with similar distributions of polar and nonpolar residues,
compatible with findings of others (Fig. 4 B-E) (19). However,
BSP41 displayed imperfect amphipathicity, locally disturbed by
the protruding aromatic W8 residue in the polar side of this helix,
indicating that the aromatic W8 residue in the polar side of
BSP41 could potentially be responsible for the functional dif-
ference between ASP40 and BSP41. To challenge this hypoth-
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Fig. 3. Effects of synthetic BSP and ASP on amyloid formation. (A) AB fibril
formation was followed under addition of the noted micromolar concentra-
tions of BSP41. (B) Average rates =+ SE of changes in ThT fluorescence are
shown for the cumulative data of each protein and peptide tested. (C) Average
lags = SE preceding the onset of fibril formation in the presence of AB and the
noted proteins or peptides.

esis, we prepared a WS8R mutant of BSP41 and an R§W mutant
of ASP40 (Table 2 and Fig. 5 A and B). (W8R)BSP41 showed a
significantly reduced ability to attenuate A fibril formation,
corroborating the importance of this aromatic tryptophan. Re-
ciprocally, (R8W)ASP40 showed a decreased yield and a mar-
ginally reduced rate of fibril formation as compared with the
native ASP40 (Fig. 5 C and D), suggesting that other feature(s)
of ASP40 determine its incapacity to attenuate Ap fibril forma-
tion. Structural modeling further highlighted an H-bond of 3.04
A formed between Q9 and E13 of ASP40 but not between the
corresponding E9 and G13 residues of BSP41 (Fig. 5E). This
difference, next to W8, forms a polarized microenvironment,
shielding the tryptophan effect in the polar side. That both
(W8R)BSP41 and (R8W)ASP40 failed to affect Ap fibril for-
mation thus confirmed that W8 is an essential, but not sufficient,
cause of attenuating Ap fibril formation.

Discussion

By following the kinetics of amyloid formation rather then
measuring the final yield of the fibril-formation process, we were
able to show that BChE prolongs the lag (nucleation phase) and
reduces the rate (propagation phase) of amyloid fibril formation
in vitro. Others have observed that AChE, but not BChE,
increases the final yield of the Ap fibrils and interpreted that to
imply no involvement of BChE (11). Our study, however,
demonstrated that, contrary to this early prediction, BChE acts
as a negative modifier in this process and is also capable of
suppressing the facilitation of amyloid fibril formation enhanced
by recombinant, highly purified AChE-S. Importantly, the C-
terminal peptide of BChE, BSP41, mimicked the effect of BChE.
In contrast, the corresponding peptide of AChE-S failed to affect
the fibril-formation process, showing neither facilitation nor
suppression of amyloid fibril formation. This finding is compat-
ible with the conclusion of others (11) that AChE-S does not
promote fibril formation via its C-terminal peptide but rather
through its hydrophobic PAS domain. Our findings thus dem-

Diamant et al.
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Fig. 4. Structural characteristics of BSP and ASP peptides. (A) CD a-helix
spectra of 1 X 10~4 M BSP41 (Upper) and ASP40 (Lower) in aqueous solutions.
(B) Helical wheel projection of residues 3-30 in human BSP. Residues appear
as circles (hydrophilic), diamonds (hydrophobic), triangles (potentially nega-
tively charged), or pentagons (potentially positively charged); for further
division, see color scale. A division line divides the BSP amphipathic helix into
polar and nonpolar sides. Tryptophan 8 (dashed circle, arrow), disturbs am-
phipathicity. (C) Combined molecular modeling with colored aromaticity
(green, see scale) highlights the asymmetric protrusion by tryptophan 8.
Arrows mark tryptophan 8. (D) ASP shows minor differences from BSP in the
hydrophobicity and charge of its residues (see scale). (E) ASP’s amphipathicity
is intact, completed by arginine 8.

onstrate that BChE, in contrast to AChE-S, interferes with the
fibril-formation process in a manner involving C-terminal aro-
matic residues in a polar environment.

Aggregation processes are affected by hydrophobicity,
B-propensity, m-stacking, and charge (20, 21). Recent reports
postulate that, for amyloid-forming proteins, a unique side-
chain arrangement that, by m-stacking forces, provides the
energetic force supporting the formation and stabilization of
the core B-sheet structure (22). In the majority of AChE-S and
BChE molecules, the hydrophobic part of the amphipathic
helix of the C terminus, is engaged in G4 homooligomers (19,

Diamant et al.
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a H-bond (3.04 A) that cannot be formed between E9 and G13 of BSP, raising
the microenvironment polarity to ASP.

23). In the AChE-S molecule, the hydrophobic PAS domain
located close to the lip of the active-site gorge is free to form
complexes with growing fibrils, thus supporting the AB assem-
bly process (24). In variance with AChE-S, BChE attenuates
the fibril-formation process by the aromatic W8 residue,
positioned in the polar side of the BSP helix. This residue can
form heteroaromatic complexes with soluble monomeric or
low-oligomeric AB conformers. The residue can thus interfere
with oligomerization and/or the side-chain stabilization of the
B-sheet structure and inhibit propagation of the fibril-
formation process to form toxic protofibrils and insoluble
fibers (Fig. 6B). That replacement of tryptophan to a polar
residue abolishes the attenuation of Ap fibril formation is fully
compatible with this hypothesis. This concept is also strength-
ened by the reports of others (25, 26), that pointed to
heteroaromatic interactions as being involved in the inhibition
of fibril formation.

Single amino acid substitutions affect the amyloidogenic po-
tential of several peptides and proteins (27, 28). Our current
findings highlight the importance of the structural location of
such residues. Particularly, we show that two peptides sharing
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The mechanism(s) underlying BChE's effects. (A) Evolutionary conservation of amphipathic apolarity in BSP. (Upper) The fully conserved ASP sequence

(row 1) (SwissProt accession no. P22303). Differences from human BSP are marked in yellow. (Lower) sLasT search of the BSP sequences (rows 2-7, human, P06276;
ponpy, Q5R7Z4; horse, P81908; chick, Q90ZK8; rabbit, P21927; and mouse, Q04411). Only great apes (i.e., Homo sapiens and ponpy) include tryptophan in position
8 (asterisk); thus, the currently observed effect could be deciphered only with the human enzyme. (B) Model of BChE and AChE opposing effects on A fibril
formation. BChE attenuates A fibril formation by association with the monomeric Ag and/or the protofibrillar-soluble AB species, recognized by bis-ANS. In
contrast, AChE-S enhances AB fibril formation by binding to the highly organized insoluble amyloid fibrils and fibrils recognized by ThT.

high homology affect fibril formation inversely because of the
altered position of a single aromatic residue.

Intriguingly, the polar substitution in BSP is unique to humans
and great apes (Fig. 6A4), explaining why mouse studies over-
looked this phenomenon and suggesting that primate BChE
acquired this promiscuous function while not impairing its
classical roles in ACh hydrolysis (29). Correspondingly, arginine-
for-tryptophan substitutions impair the biological features in
numerous proteins (30). Therefore, identifying evolutionary
structural promiscuity may, perhaps, be used to predict and
manipulate protein functions.

In the human brain, AChE mRNA is 20-fold more abundant than
BChE mRNA (31). In human blood, however, BChE, at 50 nM, is
3-fold more abundant than AChE (32). This difference might be
physiologically important, because the A fibril-formation process
likely involves continuous communication between the brain and
the circulation (33) and because BChE interacts with AB in the
soluble phase. That others see BChE in amyloid plaques (7) may
imply that BChE incorporates into AR fibrils at a late phase of
their formation. Putative therapeutic use of the relatively short
BSP peptide may involve injection, similar to erythropoietin or
granulocyte—marcrophage colony-stimulating factor C (GM-CSF)
(34, 35). Transfecting bone marrow cells for autologous transplan-
tation with a BSP expression vector, similar to the gene therapy
protocols used for adenosine deaminase replacement (36, 37), or
intranasal administration, like that of nerve-growth factor (NGF)
(38), are also plausible. In either way, the reportedly disrupted
blood-brain barrier in AD (17) and that cholinergic imbalances
induce blood-brain-barrier disruption (39) predict effective BSP41
penetration into the brain. The role(s) and actions of BChE in the
pathogenesis of AD thus merit renewed attention.

Materials and Methods

Enzymes. Purified human BChE (from human serum, >90%
pure, as determined by gel electrophoresis) and recombinant
human AChE-S were from Sigma. To define enzymatic activity,
we determined hydrolysis rates of butyryl- or acetylthiocholine
at 25°C or 4°C, respectively, as indicated (40). Enzyme concen-

8632 | www.pnas.org/cgi/doi/10.1073/pnas.0602922103

trations were calculated based on the molecular mass of a protein
monomer and its known amino acid composition.

The mammalian AChE-S and BChE proteins are highly
homologous, and both were tightly conserved through evolution.
Intriguingly, there were sequence differences in a structural
context between the BChE and the AChE-S C termini, especially
in aromatic residues shown by others to exert dominant effects
on the fibril-formation process. This phenomenon served as the
basis for our selection of the C-terminal peptides of BChE and
AChHE-S as putative yet distinct interactors with the A peptide.

Peptides. Peptides were synthesized, according to the C-terminal
sequences of human AChE-S and BChE (SwissProt acces-
sion nos. P06276 and P22303) by using a Pioneer or 433A pep-
tide synthesizer (Applied Biosystems). Purification (>90%) by
reverse-phase HPLC was followed by MALDI-TOF mass
spectrometry (41).

Kinetics of AB Fibril Formation Monitored by Fluorescence Measure-
ments. The fluorescence excitation spectrum of the benzothia-
zole dye ThT (Sigma) shifts from 340 to 450 nm when interacting
with B-sheet amyloid structures. Fluorescence signals (excita-
tion, 450 nm; emission, 485 nm) reflected the amount of amyloid
fibrils formed (42). In contrast, bis-ANS shows increasing flu-
orescence when interacting in acidic buffer solutions with solu-
ble, random coil/mixed conformations and a-helical forms of
AP (1-40) but reacts weakly with soluble B-sheet forms or
amyloid fibrils (43). Both ThT and bis-ANS fluorescence were
measured by using a spectrofluorometer (Tecan, Maennedorf,
Switzerland).

A synthetic AB (1-40) peptide (from BioSource, Camarillo,
CA, or Sigma) dissolved in DMSO at 1.6 mM was sonicated
(three 5-sec pulses), filtered through 0.22-um filters, and stored
in aliquots at —70°C. Aliquots of AB were diluted from the stock
DMSO solution to a final concentration of 162 uM in 20 ul of
PBS containing 0.02% sodium azide (fibril-formation buffer),
with or without cholinesterases or synthetic peptides, in 96-well
plates (Nunc). After 20-min preincubation at room temperature,
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80 wl of 1.25 uM ThT in 50 mM glycine-NaOH buffer, pH 8.5,
was added for 6-10 h, shaking at 200 rpm at 30°C. ThT
fluorescence was measured at 10- to 30-min intervals. Alterna-
tively, 162 uM AP was incubated at room temperature in the
fibril-formation buffer, with shaking for several hours or without
shaking, for up to 7 days. Aliquots of 20 ul were removed and
assayed with ThT (as above) or with 30 uM bis-ANS (in 30 mM
citrate buffer, pH 2.4).

Assessment of the fibril-formation process involved measuring
the lag preceding the onset of fluorescence increase (the nucle-
ation process) and the apparent maximal rate of fluorescence
increase (rate of fibril formation) for 300-600 min, depending
on the duration of the lag phase. Mean standard error was
calculated by using the program KALEIDAGRAPH (Synergy Soft-
ware, Reading, PA).

CD Measurements. BSP and ASP peptides were dissolved in
double-distilled water to a final concentration of 1X10~% M.
Direct CD spectra were recorded at room temperature by using
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