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1. Introduction

The investigations of polypeptide conformations
arise not only from the challenge provided by the
numerous possible conformations of these molecules
but also because they generally possess biological
activity as hormones, antibiotics and ionophores. 'H
high field NMR which has the intrinsic potential of
revealing something of the spatial arrangement of the
neighbour protons in the molecules and *C NMR
which permits investigations of the carbon motions are
techniques available in conformational determinations
[1]. Thus a great number of peptides, antibiotics and
proteins have been studied by NMR with a view
toward the eventual elucidation of structure—biolo-
gical activity relationships [1-7].

In cyclic polypeptides the conformational possibili-
ties are greatly restricted [3,8,9]. In some cases only
one of the possible conformations dominates and it is
possible to determine which this is from 'H NMR
data in the usual way:

(i) Correlation between coupling constants and
peptide backbone conformation [10].

(ii) Temperature dependence of the amide protons.

(iii) Exchange rate for the amide protons,

(iv) ©C T, measurements [1].

In this paper we report 'H and '*C NMR confor-;
mational studies of iturin A, a cyclic peptidolipidic

antibiotic from Bacillus subtilis with the peptide
sequence below [11}:

The lipidic moiety is a mixture of 3-amino
12-methyl tridecanoic acid (BNC,;) and 3-amino
12-methyl tetradecanoic acid (BNC,s) [12] .

2. Materials and methods

'H NMR spectra were recorded on a Varian HR
300 spectrometer operating at 300 MHz in the CW
mode and a Briikker WH 270 operating at 270 MHz in
the FT mode. The two spectrometers are equipped
with decoupler unit and variable temperature accesso-
ries. The sample was 40 mg/ml in DMSO d,. Assign-
ments were made by selective irradiation. In order to
increase the resolution of the spectra, convolution
difference technique was used at 270 MHz.

3C NMR spectra were recorded on Varian XL 100
spectrometer operating at 25.2 MHz in the FT mode.
The sample was 100 mg/ml in DMSO d,. Assignments
were made:

(i) By comparison with the spectrum of the f-amino
acid Cy4—C,s fragment recorded in the same con-
ditions.

(i) Through off-resonance experiment,

(iii) Based on the data in [1].

Spin-lattice relaxation time (T';) measurements of

L-Ser—fNC4,C15—L-Asn—D-Tyr—D-Asn—L-Gln—L-Pro-D-Asn ~ [11]
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iturin A were achieved through the 180°—7—90°
sequence. The T, values were obtained by regression
analysis (0.95<r<0.99).

Iturin A was extracted from Bacillus substilis and
purified by chromatography as in [12].

3. Results

3.1.'"HNMR

Figure 1 represents the formula of iturin A and its
'H NMR spectrum recorded at 270 MHz in DMSO d,
solution. Because similar residues occur (e.g., 3 resi-
dues Asn) several strong overlaps of the signals arise
bothin the region of H, and Hﬁ protons. Consequently
the signal at 4.5 ppm may represent three H, protons
(certainly from two Asn and of the lipidic moiety).
Only the signals corresponding to the L-Pro, L-Ser
and L-Gln were attributed unequivocally from
decoupling experiments. The hydroxyl group of L-Ser
(4.9 ppm) was attributed unambiguously by exchange
with D, 0. Successive irradiations permit assignments
of CH, (3.7 ppm), CH,, (4.2 ppm) and NH (7.3 ppm)
of the L-Ser residue. In the same way, L-Gln and
L-Pro protons were assigned. The presence of three
Asn residues prevents precise individual assignments
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of the signals to their own amino acids. Fortunately,

among all the amide resonances the NH of L-Gln and

L-Ser which are unambiguously attributed are those

which exhibit the smallest temperature dependencies

(Adny/AT). It is important to observe that the slopes

(A8 gy /AT) of the different amide protons can be

divided in three groups:

(i) L-Gln(A8yy/AT=4.5X 107 ppm X degree™)
and L-Ser (A8 /AT =5.4 X 10~ ppm X
degree™). Such small temperature dependencies
are consistent with hydrogen bonds or highly
buried positions for these NH protons.

(i) Three NH protonsat 7.1 ppm (A8/AT=1.5X 1073
ppm X degree™'); 7.7 ppm (A6/AT =1.7X 1073
ppm X degree™') and 8.1 ppm (AS/AT =
2.4 X 1073 ppm X degree "), respectively, which
are probably located in buried solvent regions.

(iii) Two solvent exposed NH resonating both at
8.7 ppm exhibiting strong slopes (A8 /AT =
6 X 1072 and 5.2 X 1073 ppm X degree ™) (fig.2).

Although there still remains a number of unassign-
ed signals, inspection of molecular models (Dreiding
and CPK) and literature compilation permit us to
propose a model for the secondary structure of
iturin A (fig.3). This conformation would be charac-

terized by two S-turns. The first one (turn A) with a
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Fig.1. Convolution difference 'H NMR spectrum of iturin A at 270 MHz (20 mg/0.5 ml DMSO d,).
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hydrogen bond between the NH of L-Ser (amino acid
#) and the CO of L-Gln (amino acid /+3) would involve

the residue L.Pro and D-Aen at the corners of the

chain reversal. The second turn{B) would involve an
hydrogen bond with the NH of L-Gln and the CO

of L-Asn preceding the D-Tyr and D-Asn residues
located at the corners of the turmn, Some support to
this conclusion arise from the weil known preference
that L-Pro apparently shows for occupying the posi-

Tablel
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Fig.3. Proposed model for iturin A.

tion #+1 in the bends of peptides.
Venkatachalam [13] was the first to characterize
three types of turnsin a fefranenhde other types

have been proposed since {14} . It was also shown
that, the type of the §-turn invoiving the CO of an
amino acid 7 and the NH of the amino acid /43 is
function of the configuration of the amino acids
located in the i+1 and /42 positions [13,15] (table 1).
In our case turn A would preferentially belong to the

Predicted values for the ¢ and ¢ angles and the VNH-HQ couplings in the amino acids
#+1 and #+2 of a g-bend involving amino acids i to #+3 as a function of the g-bend type

giype  Residue i+1 Residue i+2
Serie & 8 Unu- Serie ¢ 6 Inp-
(Hz) Ha (Hz) Ha
H L -60 120 ~4 L ~-90 150 8.5-9
(or Gly)
1§ D 60 120 ~4 D 90 150 8.s5-9
{or Gly)
i L -6 120 ~4 D 86 140 7 -73
{or Gly)
w D 60 120 ~4 L —80 140 7 -7.5
{or Gly)
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type Il and turn B to the type I'. ¢ and  values for
the amino acids i+1 and i+2 as a function of the turn
type have been proposed [14]. Then the values of
the *JNH_p,, can be evaluated as a function of the
type turn, following a Karplus-type relationship
between the dihedral angles 0 (related to ¢) and the
3J coupling constants [13—16] (table 1).

In iturin A, the turn A (8 type) with a hydrogen
bond between the CO of L-Gln and NH of L-Ser
involves residues L-Pro and D-Asn as i+1 and i+2
residues. By means of the values reported in table 1,
one can pvnm‘f Jvn ~H, a7—-7.5 Hz for the residue

116 CEll CAPELL ARG VARSI GRUE LA it L

D-Asn (z+2). In the same way, in the turn B (8’ turn),

with a hydrogen bond between the CO of L-Asn and
the NH of L-Gln, involving residues D-Tyr and D-Asn

as amino acidsi+1 and i+2, one can expect for these later

*INH-H, ~ 4 Hz and = 8.5-9 Hz, respectively. It is
interesting to note that these later values are effectively
observed in the spectrum (i.e., at 7.7 ppm, J ~4 .5 Hz,
certainly NH of Tyr and at 8.3 ppm, J ~8 Hz, fig.1).
It is noteworthy that the residue L-Pro in general
occupies the i+1 position in the p-turns of type II, is
in the case here.

Other conformations couid be taken into account.

For instance an antiparallel §-pleated sheet involving
hvdraoen hande hetwaan tha NH af 1 -Qar and CO of

hydrogen bonds between the NH of L-Ser and CO of
L-Gln on one side and hydrogen bonds between the
NH of L-Gln and CO of L-Ser on the other side could
be proposed. However, the observed values of
*JNH-H,, of LGIn (J=8 Hz) and L-Ser (J=7.5 Hz) do
not correspond very well with the values generally
reported for an antiparallel B-pleated sheet conforma-
tion l“f} \3J'>9 HZ) On the other uauu insucha
conformation other hydrogen bonds should also be
expected. The existence of v turns could alternately
be proposed but according to [17], one should
observe among the *JNH_H,, couplings more than
only one small J coupling (J ~4.5 Hz for NH at

7.7 ppm)

The Simpxe approa«:u to conformational analyﬁs
of iturin A by mean of ASNH slopes versus tempera-
ture and correlation between >J coupling and dihedral
angle remains ambiguous because not all the reso-
nances are assigned to their own amino acid. Exchange
rates for amide protons was utilized to compensate
for lack of knowledge of the dihedral angle ¢.

a avabhianea wraa fallaviad ha addins aian, aagivuas

™.
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quantities of D,0 because the exchange rates were
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very slow for all the amide protons of the backbone
but not of the side chains. Consequently, these NH,
groups are not involved in intramolecular hydrogen
bonds. Moreover their chemical deshielding in DMSO
d¢ solution are in agreement with the values reported
in literature for non-bonded resonances and in
accordance with their strong ASNH slopers versus

temperature.

T he proton-decoupled natural abundance *C

Fourier transform NMR enectrum of iturin A ig

VNiiCh WIALSIUIIIL LRGN SpPlileial Ul allaiii & b

depicted on fig.4. Some of the Cg resonances were
not determined exactly due to their overlapping.
The resonances assignments of the lipidic moiety were
achieved by comparison with the spectrum of the
amino acid C4~C,s fragment recorded in the same
conditions and with the data in [18,19]. From the

snectrum, one ¢can evaluate the relative |nfpnq1f1nc of

SPULLIGIIL, VIl Lall UVARIUGAIT UiV 101GV y IvIiSilies Ui

the terminal methyl groups of the lipidic chain and
propose a 1/1 ratio for the mixture C.4/C (s side
chains. The value is in accordance with [12]. As
could be expected, the chemical shifts of the proline
carbons Cg and C, are consistent with a trans-peptide
bond [20].

Tha 130 T woluias ara 7
111V AV § l va.luvo aiv 1L

classified in three groups.

(i) The C, backbone carbons with restricted motion
is lying in the range of 0.06 s.

(i) Essentially the CB carbons (T'; =0.08—0.12 5)
whose mobility is still restricted due to their
prox1m1ty to the backbone and also the other

o o o gt o dida chaing ((31n Tur

carbons of the amino acid side chains o, 1y71,
Pro) (T, =0.15-0.24 s).

(iii) The end of the lipidic moiety which exhibits a
large flexibility as shown by the averaged T’ value
of 0.56 s estimated for CH,, T, =2 s and CH,

Ty ~=3.6s.

The effective correlation time for the molecular
tumbling may be described from T'; through the equa-
tion [21) 75 = C/N T, where C is a constant =
4.72 X 107" 52, provided 7 lies in the extreme
narrowing limit [(‘*-’H2 + wc?) 7?<<1]. From the
averaged C, backbone Ty, one finds 7.5 ~8 X 10710,

a value qulte in accordance with the overall correla-

tion time (8.8 X 1071° 5) estimated for the nonapep-

o Avutaain o ntnine an havanantide cvuelic

. sl i Ale
llUE U)&y tOCIiT WiiiCi COfains an Inaapipuuv vyvuav

moiety.
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Table 2
BC chemical shifts of iturin A in DMSO d,
Residue C, Cﬁ C,y Cs
L-Ser 56.2 613
L-Asn 50.8 34.9
D-Tyr 56.2 34.9
D-Asn 49.8 36.3
L-Gin 50.8 28. 30.6
L-Pro 60.8 29.3 253 45.5
D-Asn 49.8 36.3
CH,
(CHY), ~CH, —CH< 22.5
gNC,, 472 28.8 312 267 ~CHg
—CH,— CH— CH,—CH,
BNC,, 472 28.8 385 [267 312 138
CH,
22.5
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Fig.4. C NMR of iturin A, The **C T, values are reported in the formula. C, 7, values averaged 0.06 s (not reported).
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4. Conclusion

In conclusion, we propose that, in DMSO d, solu-
tion, iturin A populates preferentially a highly folded
conformation characterized by two §-turns involving:

(i) The residues L-Gln, L-Pro, D-Asn and L-Ser with
an hydrogen bond between the CO of L-Gln and
NH of L-Ser for the type 1I 8-bend.

(ii) The residues L-Asn, D-Tyr, D-Asn and L-Gln with
a hydrogen bond between the CO of L-Asn and
NH of L-Gln for the type I B-bend.

The small temperature dependencies of several
amide protonsindicate a large steric hinderance to the
solvent access, certainly due to the mobility of the
side chains. All of these results are in favour of a
relatively rigid structure of the backbone with a small
cavity (<2 A diam.) in which the backbone carbo-
nyls are directed inside. This type of structure is
generally observed in ionophores [22] and may be
related with the antibiotic role of iturin A. Moreover
the side chains of a-amino acids are not involved in
hydrogen bonds and they keep a large degree of free-
dom allowing a possible interaction with microbial
envelope. Such an interaction was recently found
with the bacterial membrane of M. luteus protoplasts
[23]. Other results have pointed out the influence of
the amino acid residues surrounding the hydrophobic
B-amino acid on the lytic activity of antibiotics from
iturin groups on the lysis of M, luteus protoplasts [24].

Acknowledgements

We thank Professor Anteunis (Gand, Belgique) for
enabling us to record spectra on the Varian HR 300.
This work was supported by le CNRS (ERA 613)
and I"Université René Descartes (Faculté des Sciences
Pharmaceutiques et Biologiques).

References

[1] Wiithrich, K. (1976) NMR in biological research: Pep-
tides and proteins North-Holland/American Elsevier,
Amsterdam, New York; Deslauriers, R. and Smith,

1. C. P. (1975) in: Topics in **C NMR spectroscopy
(Levy, G. C. ed) vol. 2, Wiley Interscience, New York.

156

FEBS LETTERS

September 1978

{2] Stern, A., Gibbons, W. A. and Craig, L. C. (1968) Proc.
Natl, Acad. Sci. USA 61,734,

[3] Bovey, F. A, Brewster, A. L. T, Patel, D. J., Tonelli,

A, E.and Torchia, D. A. (1972) Acc. Chem. Res, 5, 193.

[4] Gibbons, W. A., Nemethy, G., Stern, A, and Craig, L. C.
(1970) Proc. Natl, Acad. Sci. USA 67, 239-246.

[5] Brewster, A, L, Hruby, V. J,, Glacel, J. A. and Tonelli,
A. E. (1973) Biochemistry 12, 5291--5304.

[6] Wessel, P. L., Feeney, J., Gregory, H. and Gormley, J.
(1973) JCS Perkin II, 1691-1698.

[7] Roques, B. P., Garbay-Jaureguiberry, C., Oberlin, R.,
Anteunis, M. and Lala, A. K. (1976) Nature 262,
778-1179.

[8] Blout, E. R,, Deber, C. M. and Pease, L. G. (1974} in:
Peptides, Polypeptides and Proteins, Proc. Rehovet.
Symp., p. 266, Wiley and Sons, New York.

[9] Demel, D. and Kessler, H. (1976) Tetrahedron Lett.
2801--2804.

[10] Bystrov, V. F., Ivanov, V. T., Portnova, S. L., Balashova,
T. A. and Ovchinnikov, Y. A. (1973) Tetrahedron 29,
873-877.

[11] Peypoux, F., Michel, G., Das, B. C. and Lederer, E.
(1974) L’Act, Chim. 7, 70.

[12] Peypoux, F., Guinand, M., Michel, G., Delcambe, L.,
Das, B. C., Varenne, P. and Lederer, E. (1973) Tetra-
hedron 29, 34553459,

{13] Venkatachalam, C. M. (1968) Biopolymers 6,
1425--1436.

[14] Lewis, P, N,,Momany, F. A.and Scheraga, M. A. (1973)
Biochim. Biophys. Acta 303, 211-229.

[15] Davies, D. B,, Khaled, M. A. and Urry, D. W. (1977)
JCS Perkin 11, 1294-1301.

[16] Cung, M. T., Marraud, M.and Neel, J. (1974) Macromol.
§, 606613,

{17] Nemethy, G. and Printz, M. P. (1972) Macromol, §,
755-758.

[18] Grant, D. M. and Paul, E. G. (1964) J. Am. Chem., Soc.
86, 2984 ; Levy and Nelson eds (1972) Carbon-13
Nuclear Magnetic Resonance for Organic Chemicals, ch. 3,
Wiley Interscience, New York.

[191 Grathwohl, C. and Wiithrich, K. (1974) J. Magn. Reson.
13,217.

[20] Dorman, D. E, and Bovey, F. A. (1973) J. Org. Chem.
38, 2379--2383.

{21] Doddrell, D., Glushki, V. and Allerhand, A. (1972)

J. Chem. Phys. 56, 3683.

[22] Davies, D. G., Gisin, B. F. and Tosteson, D. C. (1976)
Biochemistry 15, 768774,

[23] Besson, F., Peypoux, F., Michel, G. and Delcambe, L.
(1978) Biochem. Biophys. Res. Commun. 81, 297304,

{24] Besson, F., Peypoux, F. and Michel, G. (1978) FEBS
Lett. 90, 36--40.



