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Abstract

Cecropin B1 (CB1) with two amphipathic o-helical segments is a derivative of the natural antibacterial peptide, cecropin B.
The assays of cell lysis show that, compared with cecropin A (CA), CB1 has a similar ability to lyse bacteria with a higher
potency (two- to six-fold higher) in killing cancer cells. The difference may be due to the fact that the peptides possess
different structures and sequences. In this study, the solution structure of CB1 in 20% hexafluoroisopropanol was determined
by two-dimensional nuclear magnetic resonance (NMR) spectroscopy. The 'H NMR resonances were assigned. A total of
350 inter-proton distances were used to calculate the solution structure of CB1. The final ensemble structures were well
converged, showing the minimum root mean square deviation. The results indicate that CB1 has two stretches of helices
spanning from residues 3 to 22 and from residues 26 to 33, which are connected by a hinge section formed by Gly-23 and Pro-
24. Lys-25 is partially incorporated in the hinge region. The bent angle between two helical segments located in two planes
was between 100 and 110°. With comparisons of the known NMR structure of CA and its activities on bacteria and cancer
cells, the structure—function relationship of the peptides is discussed. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Natural antibacterial peptides are widely found in
the animal kingdom. These peptides are highly po-
tent in lysing bacteria. Usage of these peptide anti-
biotics may be gradually appreciated since more bac-
teria may develop the ability to resist conventional

Abbreviations: CA, cecropin A; CB, cecropin B; CBI1, cecro-
pin B1; CB3, cecropin B3; HFP, 1,1,1,3,3,3-hexafluoro-2-propa-
nol; ICsy, inhibitory concentration at which the cell viability is
50%; LC, lethal concentration; RMSD, root mean square devia-
tion
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antibiotics due to the abuse of these drugs worldwide
[1]. Many antibacterial peptides have been found to
have impressive in vitro [2-4] and in vivo [5] activities
to kill cancer cells without damaging the normal eu-
karyotic cells. A recent report [6] further indicated
that expressions of the antimicrobial peptides such
as cecropin and melittin in human cells were found
to have anti-tumor properties. However, the mecha-
nism by which the peptides kill both prokaryotic and
transformed eukaryotic cells is not well understood.
It is believed that the amount of secondary structure
formed as they approach the cell membrane and the
content of the cationic residues in sequence [7-9] may
play an important role in the lysis of cell membranes.
However, it is not clear whether the structure or the
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sequence plays a dominant role in lysing the cell
membranes. From a structural point of view, these
peptide antibiotics [10] form diversified structures
such as o-helices (cecropins, magainins and melit-
tins), [B-strands (defensins, thionins, tachyplesins
and protegrins), extended coils (indolicidin and bac
5) or loops (bactencin and gramicidin S) upon ap-
proaching cell membranes, which initiate the action
of cell lysis. The different binding mode and interac-
tion profiles in various cell membranes may cause
peptides to form specific conformations. The struc-
ture—function relationship of the peptides with vari-
ous conformations remains to be elucidated.
Cecropins are a family of peptide antibiotics [11]
which are widely found in the immune hemolymph
of silk moth and mammals [12,13]. They are com-
posed of 34-39 amino acids and have high sequence
homology. The primary sequences of naturally oc-
curring cecropins have an N-terminal segment mostly
made up of basic residues contributing to the amphi-
pathic helix and a C-terminal segment basically com-
posed of hydrophobic residues. Solution structures of
cecropin A (CA), a hybrid peptide of cecropin A and
melittin (CAM), and cecropin P1 (CP1) have been
determined. Two-dimensional nuclear magnetic reso-
nance (2D NMR) techniques were used to investigate
the solution structure of CA in 15% (v/v) hexafluor-
oisopropanol (HFP) at pH 5.0 [14]. Analysis of 21
converged structures showed that two helical seg-
ments extending from residues 5 to 21 and from res-
idues 24 to 37 were identified. These two helices lo-
cated in two planes have a bent angle between 70 and
100°. The orientation of the helices within these
planes was not determined. CAM was found to
have a higher bacteria killing ability with a broader
spectrum than either CA or melittin, and has no
effect on the lysis of mammalian cells [15]. The struc-
ture of CAM was also investigated by 2D 'H NMR
in 30% HFP at pH 5 [16]. All proton resonances
were assigned except for the first residue, Lys. Re-
sults showed that CAM has both an N-terminal (res-
idues 4-12) and a C-terminal o-helix (residues 16—
26). The C-terminal a-helical segment was found to
be more stable than the N-terminal one. It was con-
cluded that a typical structure with a hydrophobic o-
helix and an amphiphilic o-helix connected by a flex-
ible hinge section in between is an important feature
for a peptide to perform lytic activity on cell mem-

branes. The NMR structure of CP1 isolated from pig
intestine [17] was further studied by the same group
[18] in 30% (v/v) HFP and pH 5.0. Similar to CAM,
all proton resonances were assigned for CP1 except
the first residue, Ser. It was intriguing that the struc-
ture of CP1 was different from the helix-hinge-helix
structure found in either CA or CAM. A single and
long a-helical structure of CP1 with an amphipathic
section of 4-5 turns and a short hydrophobic section
of 1-2 turns was identified. The results showed that
CP1 could easily span through lipid bilayers. Re-
cently, a multi-point mutation of Abp3, an analog
of cecropin B, was found to display higher bacterio-
lytic activity than cecropin B and its solution struc-
ture has been determined by 2D NMR [19]. All the
above peptides, CA, CAM, CPI and Abp3, have a
common motif of helix-hinge-helix (except CP1 with
a continuous o-helix) and possess cell killing ability
with different degrees and specificities.

In this communication, we investigated the solu-
tion NMR structure of the custom peptide, cecropin
B1 (CB1), with two amphipathic o-helical segments
derived from natural cecropin B (CB) (for peptide
sequences, see Section 2). The experiments were
done at the optimum conditions and the results
were compared with known data of CA [14]. In ad-
dition to the structure, we further conducted cytotox-
icity assays on leukemia cells using these two pepti-
des. The relationship between structure and function
can therefore be explored. In correlation with our
previous report on lethal concentrations of CBI
and CA on bacteria [2], the differences between the
peptides in structure and potency on cell membranes
are discussed.

2. Materials and methods
2.1. Materials

The RPMI 1640 medium, 1,1,1,3,3,3-hexafluoro-2-
propanol (HFP), hydrochloric acid, sodium bicar-
bonate, and sodium hydroxide used in this experi-
ment were purchased from Sigma, USA. Cell culture
media like F-12 nutrient mixture (Ham), fetal bovine
serum (FBS) and Dulbecco’s modified Eagle’s me-
dium (D-MEM) were obtained from Gibco, USA.
Micorotetrazolium assay kit was purchased from
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Boehringer Mannheim, Germany. The leukemia cell
lines like HL-60, K-562, Jurkat (E6-1) and CCRF-
CEM and fibroblast cell 3T6 were ordered from
American Type Culture Collection (ATCC), USA.
Sodium 3-(trimethyl silyl) [2,2,3,3,->H] propionate
(d4-TSP) (99.5% purity), deuterated water (D,O)
(99.9% purity) and deuterated hexafluoroisopropanol
(dy-HFP; 98% purity) were obtained from Cam-
bridge Isotope Laboratory, USA. The water used
in this study was deionized from Milli-Q water puri-
fication system (Millipore, USA).

2.2. Peptide synthesis

Synthesis of peptides CA and CBI1 was carried out
as previously reported [2,20]. Both amino acid com-
position and molecular weight were determined by
mass spectrometry. Results indicated that total num-
ber of amino acids and molecular weights are: 37/
4004 for CA, and 34/4113 for CB1. These data agree
well with the peptide primary sequences. The peptide
solution was lyophilized after purification (for de-
tails, see [2]). A microbalance (Sartorius Research
Model R200D; *0.01 mg) was used to measure
the weight of dried products. Peptide concentrations
were determined from their dry weight. Amino acid
sequences of CA, CB and CBI are as follows: CA:
(NH,)-KWKLFKKIEKVGONIRDGIIKAGPAVA-
VVGOATQIAK-(CONH;); CB: (NH,;)-KWKVFK-
KIEKMGRNIRNGIVKAGPAIAVLGEAKAL-(C-
ONH,;); CB1: (NH;)-KWKVFKKIEKMGRNIRN-
GIVKAGPKWKVFKKIEK-(CONH,).

In CA, the first underlined segment is the amphi-
pathic helix and the second segment is the hydro-
phobic helix [14]. CB1 was designed by replacing
the last 11 residues of CB by the segment from posi-
tions 1 to 10 of CB (underlined in CB).

2.3. Sample preparations

2.3.1. Cell culture and cytotoxicity assay

The ICsy values of CA and CBI on typical leuke-
mia cells such as HL-60, K-562, Jurkat (E6-1) and
CCRF-CEM were measured. Fresh venous blood
was stored in an EDTA bottle. The pellet of eryth-
rocytes was washed with D-PBS buffer four times.
The detailed procedures of cell culturing and the as-
say of cell lysis have been shown elsewhere [2,21].

2.3.2. Preparation of NMR sample

NMR sample was prepared to a final concentra-
tion of 2 mM by dissolving 4 mg of CB1 in a mixture
containing 80% (v/v) H,O and 20% (v/v) d,-HFP.
The pH of the solution was adjusted to 4.2. d4-TSP
was used as an internal standard.

2.4. NMR spectroscopy

All NMR measurements were carried out on a 600
MHz Bruker DMX-600 spectrometer. A 2D TOCSY
of 70 ms mixing time [22,23] and a NOESY of 200
ms were recorded at 20°C and 32°C. In the TOCSY
experiment, the numbers of data points in #; and #,
were 512 and 2048, respectively, and each increment
was the sum of 64 scans of FIDs. In the NOESY
experiment, a total of 88 scans were accumulated
for each increment of ¢ and the spectra were re-
corded using TPPI phase sensitive mode under the
situation of pre-saturation during relaxation delay
and mixing time [24].

2.5. Structure calculation

All energy minimization and dynamical simulated
annealing calculations were carried out according to
Nilges et al. [25,26] on an INDY workstation using
X-PLOR software [27,28]. The calculations were
based on the distance constraints obtained from
NOEs pooled from a 200 ms NOESY spectrum.
The structure calculation was initiated with 50 ran-
dom structures followed by the dynamical simulated
annealing protocol [25,26]. A total of 12 final struc-
tures were chosen based on the minimum NOE vio-
lation and the lowest conformational energy. The
structures were overlapped and displayed using
QUANTA software (see Fig. 6).

3. Results and discussion
3.1. Anticancer activities of CA and CBI

Both CA and CBI can inhibit almost all kinds of
leukemia cells. The ICsy values (uM) of CA and CBI1
on some typical leukemia cells are shown in Table 1.
These peptides do not affect healthy vertebrate cells
at these concentrations. For comparison, the ICsg
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Table 1

Measurements of the ICsp values of CA and CBI1 on leukemia cells and the lethal concentration (LC) of CA and CB1 on Gram-nega-

tive bacteria

Cell line ICY, (CA) ICsy (CB1) Bacteria LC* (CA) LC* (CBI1)

HL-60 22014 7.5%£0.5 Kilebsiella pneumoniae 0.33+0.021 0.39%0.015
K-562 20.0%x1.1 10.2£0.7 Escherichia coli 0.45%0.022 0.49£0.002
Jurkat (E6-1) 15.8£0.9 24103 Pseudomonas aeruginosa 1.43£0.004 1.48 £0.021
CCRF-CEM 17.8+1.1 8.6%0.5

3T6 (fibroblast cells) > 50 > 50

Erythrocytes > 100 (HES,) > 100 (HEs)

The results are the average of at least three experiments and the average deviations are shown. The unit used for the ICsy and the LC

is UM.
4The data were obtained from our previous report (see [2]).

PThe ICs is the concentration of peptide (CA or CBI) at which cell viability is 50%.
‘The HEjs is the concentration of peptide (CA or CB1) at which hemolysis is 50%.

values of CA/CB1 on healthy vertebrate cells such as
fibroblast cells (3T6) and erythrocytes are also shown
in Table 1. It is known that cecropins can kill most
Gram-negative bacteria. The lethal concentrations
(LCs) of CA/CB1 on some typical Gram-negative
bacteria are shown in Table 1. In general, the poten-
cies of CB1 and that of CA on lysing Gram-negative
bacteria such as Klebsiella pneumoniae, Escherichia
coli and Pseudomonas aeruginosa are similar. The
differences in LCs between CB1 and CA range only
from 3% (P. aeruginosa) to 15% (K. pneumoniae). In
contrast, for leukemia cells, the potency of CB1 and
that of CA are significantly different, the 1Csy values
of CA are about two- to seven-fold the ICs values of
CB1. For example, the ICsy of CBI1 is only 2.4 uM
for Jurkat (E6-1) cancer cells but the ICsy of CA is
15.8 uM for the same cells. The different values of
1C59 of CB1 and CA obtained from different leuke-
mia cells, as shown in Table 1, may be caused by
these cells, which were obtained from leukemia pa-
tients of different ages, sexes and races, with different
growth rates and life cycles [2]. The fact that CB1 has
a greater ability to kill leukemia cells than CA may
be due to the difference in the sequence or to their
three-dimensional structure. To further understand
the correlation between cell killing ability and the
peptide structure, the solution structure of CB1 was
investigated by CD and NMR methods as shown
below.

3.2. Secondary structure of CBI

CD spectra of CB1 without (dashed line) and with

(solid line) 20% HFP (v/v) are shown in Fig. 1. With-
out the addition of HFP, CB1 shows negligible traces
of secondary structure as shown by the negative min-
imum at around 200 nm. This implies that CB1 is in
a random coil form in aqueous solution. In contrast,
with the addition of HFP providing a membrane-like
environment in the solution, about 55% of a-helix is

N

-
T

[6] x 10 (deg.cm? decimole)

-3 L 1 . 1 L 1 L 1 s 1 L
190 200 210 220 230 240 250
Wavelength (nm)

Fig. 1. CD spectra of CB1 with (solid line) and without (dashed
line) 20% HEFP (v/v).
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Table 2

'H chemical shifts (ppm) of CBI1 in 20% HFP at pH 4.2 and 32°C

Residue NH CoH CBH CyH Others

Trp-2 4.81 3.41 2H 7.38; SH 7.15; TH 7.53; 4H 7.28; 6H
7.53; NH 9.85

Lys-3 8.21 4.11 2.31, 2.37 1.35 8CH, 1.77

Val-4 7.21 3.76 1.77 0.90, 0.80

Phe-5 7.42 4.46 3.33, 3.17 2,6H 7.30; 3,5H 7.40, 4H 7.

Lys-6 7.97 4.18 2.02, 1.93 1.62 O6CH, 1.80; eCH, 3.04

Lys-7 7.69 4.10 2.04 1.59, 1.48 O0CH, 1.74; eCH, 3.03

Ile-8 7.94 3.81 2.04 1.75, 1.22 yCH;0.98; 8CH; 0.88

Glu-9 8.27 4.01 2.15 2.48, 2.28

Lys-10 7.83 4.06 2.06, 1.87 1.52 8CH, 1.71

Met-11 8.34 4.34 2.28 2.75, 2.66 S6CH3 2.05

Gly-12 8.83 3.90

Arg-13 8.10 4.09 2.04, 1.94 1.72 O0CH, 3.27; 8NH 7.36

Asn-14 8.04 4.58 3.16, 2.87 ONH, 36.78, 7.13

Ile-15 8.45 3.85 1.99 1.20, 1.81 vCH;30.97; 3CH3 0.90

Arg-16 8.19 3.99 1.97, 1.90 1.65 8CH, 3.19; 8NH 7.02

Asn-17 8.11 4.49 3.02, 2.84 S8NH, 7.56, 6.70

Gly-18 8.04 3.87

Ile-19 8.16 3.74 1.94 1.65 yCH30.87; 8CH3 0.80

Val-20 8.03 3.79 223 1.12, 1.00

Lys-21 7.90 4.15 1.95 1.61 8CH,1.71; eCH,3.01

Ala-22 7.93 4.36 1.56

Gly-23 8.04 4.03, 4.25

Pro-24 4.39 2.25,2.05 1.83 6CH,3.81, 3.68

Lys-25 7.83 4.06 2.06, 1.87 1.52 6CH,»1.71

Trp-26 7.65 4.49 3.43 2H 7.31; SH 7.07; 7TH 7.48; 4H 7.54; 6H
7.23; NH 9.57

Lys-27 7.45 3.91 1.81, 1.69 1.26 8CH,1.33; eCH,3.00

Val-28 7.49 3.71 2.08 0.98, 0.88

Phe-29 7.93 4.46 3.23, 3.18 2,6H 7.16; 3,5H 7.27; 4H 7.28

Lys-30 8.01 4.06 1.99 1.82 6CH; 1.89

Lys-31 7.76 4.18 1.89, 1.81 1.45 8CH, 1.75; eCH, 3.04

Ile-32 8.01 3.94 1.99 1.68, 1.24 vCH;0.94; 3CHj; 0.86

Glu-33 8.01 4.11 2.07, 2.00 2.37,2.32

Lys-34 7.83 4.30 1.97 1.59 8CH, 1.77; eCH; 3.08

All proton chemical shifts were measured with an error of *£0.02 ppm relative to sodium d4-TSP. A single entry for a methylene
group chemical shift indicates the two protons either overlap or are not unambiguously assigned.

induced as evidenced by the 208 and 222 nm negative
minimum bands. The CD evidence of CB1 possessing
the secondary structure in the HFP solution was
clarified. This result may be a useful reference for
the investigation of CB1 solution structure by using
NMR techniques as shown below.

3.3. NMR experiments and analysis
Initially, one-dimensional '"H NMR experiments

were carried out at various temperatures and pHs
to optimize the conditions for acquiring 2D NMR

data. The results obtained from 1D NMR show that
a pH value of 4.2 and a temperature of 32°C are
optimal for conducting 2D NMR experiments. All
the amino acid spin systems except for the first res-
idue (Lys-1) were completely identified in the
TOCSY spectrum. Sequence specific resonance as-
signment was carried out using standard procedures
[29] and it was accomplished without much difficulty,
due to the appreciable dispersion of the resonances
of CB1 in 20% HFP and 32°C. The 'H NMR reso-
nance assignments of CBI1 are presented in Table 2.
Proline present at position 24 has a trans configura-
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tion as indicated by the strong NOE cross peak be-
tween the o-protons of Gly-23 and the &-protons of
Pro-24. Helical segments are characterized by a weak
don(i,i+1) cross peak and strong dnn(i,i+1) connec-
tivities. Fig. 2A shows the NH-oH region of the
NOESY spectrum of CB1. The dyn(i,i+1) connectiv-
ities are indicated for the two stretches from residues
4-17 and 29-34 (Fig. 2A). A series of sequential

A ] !

.0 g
lBa —3.8

612 1"

R 142

I ° AL ?}2 Q | ppm

T

pom 8.5 8.0 75
Fig. 2. Portion of the NOESY spectrum of CBI in 20% HFP
at a mixing time of 200 ms showing (A) NH-oH connectivities
from residues 3 to 17 and 29 to 34 and (B) the amide region
with dnn(i,i+1) and dan(i,i+2) NOEs characteristic of a helical
conformation.

17 22
20¢&
2.4
+2.6
2.8
= R
%\ 3.0
F3.2
| bpm

ppn L5 4t 3 42 1

Fig. 3. Representative dgg(i,i+3) NOE interaction from the
same NOESY spectrum as in Fig. 2.

dnn(i,i+1) connectivities are observed throughout
the entire sequence including a few dnn(i,it+2)
NOEs (Fig. 2B). Together with the strong
dnn(Z,i+1) connectivities, helical segments show me-
dium-range dgn(i,i+3), dn(ii+4) and  dep(i,i+3)
NOE interaction. Fig. 3 shows some of the represen-
tative d,g(i,i+3) NOEs which are characteristic of
helical conformation. Summaries of the sequential
and medium-range NOEs observed for CB1 in 20%
HFP are depicted in Fig. 4. In Fig. 4, several ambig-
uous NOEs were observed due to spectral overlap.
About 17 of 43 such medium-range NOEs could be
confirmed by carefully analyzing those peak shapes
across the diagonal. These NOEs were used in the
structure calculations. However, the obvious conver-
gence of the structure is not only based on these
NOE:s but is rather due to the whole set of 350 un-
ambiguous NOEs. The bent angle between two heli-
ces is quite converged due to NOEs of side chains
within the bent regions from positions 19 to 26.
These medium-range NOEs obtained from the bent
region of CBI1 are: 278cm#/240H, 24yH#/26HN,
22BH#/26HN, 240H/26eNH, 2100H/26eNH, 24yH#/
26eNH, 190cy3#/26eNH, 240H/260H and 230H/
260H. Some representative NOEs are shown in Fig.
5. Several NOEs are obtained from the side chain of
Trp-26. The indole proton of Trp-26 has a NOE
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Fig. 4. Schematic representation of the NOEs observed for CB1 in 20% HFP. NOE intensities are indicated by the thickness of the
bars. NOEs that are obscured because of overlapping resonance are indicated by dotted lines.

coupling with dcys of Ile-19 to a-protons of Lys-21
and Pro-24. These NOEs are partially used to deter-
mine the bent angle formed between two o-helices.
The NOE pattern identifies two helical segments
spanning residues 3-22 and 26-33. Deviations from
the reference random coil values for the o-proton
chemical shifts can give valuable information on
the conformational status of a peptide or protein
[30]. When both o-proton chemical shifts of CA
[14] and CB1 (present work, data not shown) are
compared, we observe that CA possesses slightly
higher helical content than CB1. This implies that
the strength of the secondary structure of peptides
may not be essential for a better cell killing ability
since the potency of CA in cancer cells is less than
that of CB1 (see Table 1).

3.4. Structure calculation

A total of 350 distance constraints including intra-
residue, sequential and medium-range constraints de-
rived from the NOESY spectrum of CB1 were clas-
sified into four different distance ranges [14]. Pseudo
atom corrections were used for methylene and meth-
yl protons [29]. The three-dimensional structure cal-

culation of CB1 is based on the application of a
dynamical simulated annealing protocol [25,26].
Briefly, the simulated annealing protocol consisted
of 20 ps of high-temperature molecular dynamics

I | |
ppm 7.4 7.3 7.2

Fig. 5. A representative spectrum showing some significant
NOEs, which partially define the bent angle of CBI.
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Fig. 6. Stereo view of CB1 showing the backbone superimposition of the 12 final simulated annealing structures. Vertical and horizon-
tal secondary structures represent N- and C-terminal o-helices, respectively.

with a low weighting on the NOE constraints at 1000
K followed by 10 ps of dynamics with an increased
weighting on the NOE constraints. The system was
then cooled to 100 K over 15 ps and the structures
were subjected to 200 cycles of energy minimization.
A series of template structures with randomized co-
ordinates were used to generate a set of 50 simulated
annealing structures. The structures were further re-
fined by restraint Powell energy minimization (steep-
est descent 50 steps and Powell 100 steps), which was
based on the CHARMM program (Charm version
23.2) [31]. Among 50 simulated annealing structures,
12 structures were selected based on the minimum
NOE violation and the lowest conformational en-
ergy. Fig. 6 shows the superimposition of the back-
bone atoms of CB1 for the 12 refined structures. The
statistics of the final CB1 structure are as follows: (i)
energy: 426.9 kcal/mol for the total energy after min-
imization, 44.8 kcal/mol for the bond energy, 418.9
kcal/mol for the angle energy, 190.6 kcal/mol for the
dihedral energy, 17.6 kcal/mol for the improper en-
ergy, —13.5 kcal/mol for the Leannard Jones energy
and —231.6 kcal/mol for the electrostatic energy. (ii)
RMSD: 1.33 A for the heavy atoms, 0.62 A for the
backbone and 0.45 A for the structural region. Based
on the results, CB1 was found to have a bent angle
ranging from 100 to 110° and helical motif of N-

terminal o-helix from positions 3 to 22 and C-termi-
nal o-helix from positions 26 to 33. An analysis of
the ¢—y combinations for the averaged structure of
CB1 shows that residues 3-22 and 26-34 are well
defined in the o-helical region of the Ramachandran
plot as shown in Fig. 7. Three amino acids, namely
Gly-23, Pro-24 and Trp-2, are not in the allowed
region of the Ramachandran plot. This also supports
the NOE data obtained for the length of the helical
segments spanning residues 3-22 and 26-34. Lys-25
is partially incorporated in the hinge region along
with Gly-23 and Pro-24. However, this residue was
also found in the o-helical region (see Fig. 7). Based
on the defined NMR structure of CBI1, the helical
wheel projections [32] for N-terminal and C-terminal
a-helices are shown in Fig. 8A,B, respectively. The
wheels indicate that CB1 possesses two amphipathic
a-helices.

3.5. Biological implications

Based on our experimental observations for mem-
brane lysis induced by CB and its analogs CB1 and
cecropin B3 (CB3), by using encapsulated-dye leak-
age [20] and electron spin resonance [33], the
strengths of lytic activity of these custom peptides
on lipid bilayers may depend not only on the char-
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Fig. 7. Ramachandran plot of backbone conformational angles
(¢—w) for the averaged simulated annealing structures.

acteristics of o-helix but also on the orientation of
the peptide upon approaching the surface of polar
head lipids. Regarding the latter factor, orientation
of the peptide, we believe that the bent angle of the
peptide may be one of the key factors to determine
the orientation when the peptide’s environment is
transferred from an aqueous solution (peptide with
random coil) to a polar milieu (peptide with two o-
helices). Under the conditions of the existing second-
ary motif with a bent angle between two helices,
peptides thus perform their membrane lysis activity.
A preliminary study on the correlation between the
bent angle of CBI in the polar HFP environment
and the peptide’s biological activity was therefore
carried out and the results are shown in this commu-
nication. The NMR structures (in HFP) for CB and
CB3 are under investigation. The NMR structures in
HFP of these peptides can be the basis for our future
peptide NMR studies in the cell membrane system.
As observed from the reported NMR structures of
certain members of the cecropin family like cecropin
A [14] and cecropin P1 [18], all the peptides form
secondary structures in the membrane-like environ-
ment. In the present study, a custom designed pep-
tide, cecropin B1, was also found to have a second-
ary structure in HFP solution. The formation of the
secondary structure, therefore, may be a prerequisite

for the lytic property of the peptide. Once the con-
dition for forming the secondary structure is satis-
fied, the characteristics of the o-helix may appear
to be an influential factor in determining the potency
of the peptide on membrane lysis. For example, a
custom peptide, CB3, with two hydrophobic o-heli-
cal segments does form a secondary conformation in
HFP solution or cell membranes; however, it lacks
the ability to lyse either bacteria or cancer cells [34].
For cecropin peptides, this implies that an amphi-
pathic o-helix is necessary for performing valid cell
killing activity. The role of the hydrophobic o-helix
in the peptide may not be significant on lysing cell
membrane. For instance, CBI1, having two amphi-

K30

E33

132 K31

F29

K27
Fig. 8. Helical wheel projection of CBI1 (A) N-terminus amphi-
philic helix and (B) C-terminus amphiphilic helix.
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pathic o-helices, has a similar ability to kill bacteria
as CA, which has one amphipathic and one hydro-
phobic o-helix (see Table 1). Moreover, CB1 has a
much greater ability to lyse cancer cells than CA
does (see Table 1). This may imply that a peptide
with two hydrophilic a-helices is in a better position
to kill transformed eukaryotic cells than a peptide
with one hydrophilic and one hydrophobic helix.

Based on the above observations of the biological
activities of CB1 on bacteria and cancer cells, in this
communication we further investigate the structure
of CBI1 by CD and search for more details by the
NMR technique. The results confirm that CB1 pos-
sesses secondary structure with the helices from res-
idues 3-22 (N-terminal o-helix) and 26-34 (C-termi-
nal a-helix; see Fig. 7). The hinge region between the
N-terminal and C-terminal o-helices is partially in-
corporated into the region together with a pair of
residues, Gly-23 and Pro-24. With consideration of
the optimal conditions used for CA [14] and CBI,
the difference between the two peptide structures lies
with the bent angle between two helices. CA has a
wider flexibility with an angle from 70 to 100° and
CB1 has a more compact form with the angle extend-
ing from 100 to 110°. The narrower flexibility of the
bent angle for CB1 may be one of the factors leading
to the peptide’s higher membrane lysis ability on
cancer cells since the structural flexibility of the pep-
tide may determine the insertion efficiency at the
early stage of membrane lysis. Although other fac-
tors such as the self-orientation and the stability of
the helix in peptides may also play a role in the
efficiency of lysing cell membranes, studies on CA
[14] and CBI1 cannot clearly identify these two fac-
tors under the investigations of the current NMR
spectroscopy in HFP solutions. In addition, the char-
acteristics of o-helix may play a role in lysing cells.
For example, our designed peptide, CB3, having two
hydrophobic o-helical segments, shows a different
degree of lysis ability on lipid bilayers of different
compositions as compared with CB1 [20].

In summary, the solution structure of a custom
antibacterial peptide, CB1, with a higher leukemia
cells killing potency than the natural peptide, CA,
was determined. This custom designed peptide with
an o-helical structure in the membrane-like environ-
ment is similar to the reported natural CA and has
the ability to lyse bacteria [2]. The differences in

cell killing ability between CB1 and CA may be
due to the peptides’ differences in bent flexibility
and other factors such as helical self-orientation
and stability. The net charges and characteristics of
the a-helix may also influence the structural con-
struction. To obtain information regarding the pep-
tide orientation and stability, an NMR study involv-
ing micelles in peptide solution will be conducted in
the future.
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