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Abstract

Theonellapeptolide Id (TNLP-Id) was crystallized from
an aqueous methanol solution. This crystalline cyclic
tridecapeptide is solvated by 12 water molecules, which
interact with the backbone. All the solvent molecules
are located on one face of the hydrophobic peptide.
This suggests that the molecule also has unanticipated
amphipathic properties. The uniquely folded cyclic
backbone is composed of short and long turn units.

Comment

Theonellapeptolide Id (TNLP-Id) is the tridecapep-
tide lactone isolated from the Okinawa marine sponge
Theonella swinhoeiand it shows potent cytotoxicity
(Kobayashiet al., 1991). The TNLP family has high
hydrophobicity and is extracted by ethyl acetate with
related peptides and macrolides (Kobayashi, Kanzaki
et al, 1994; Kobayashi, Kawazoet al., 1994). Their
chemical structures contain unusual amino acids and
most of the amide bonds are methylated. In TNLP-Id,
the terminal N is capped by the methoxyacetate, and
the terminal C bonds through an ester linkage to the
hydroxyl group of the threonirté residue.

SCHEME HERE

The highly hydrophobic title polypeptide was crys-
tallized from aqueous methanol solution in a solvated
form. The 12 independent water molecules are associ-
ated with one face of TNLP-Id. The alkyl groups of
the hydrophobic residues (Val, Leu and lle) are assem-
bled on the opposing face, as shown in Fig. 1. Previ-
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ously, only hydrophobic properties were presumed to
be associated with this molecule; selective hydration
of a single surface, however, suggests that TNLP-Id
also has amphipathic characteristics. Solvation occurs
by hydrogen-bonding with the amide bonds (Table 1)
and networks are observed among the solvent molecules
(not indicated). No direct interaction is observed be-
tween neighboring peptides, except for van der Waals
contacts and water-mediated indirect connections that
stabilize the molecular packing in the crystal. The inter-
molecular hydrogen bonds contribute to the formation
of turn segments, which have different characteristics
from someg-turns. A 1 — 3 turn is formed between
N-3(L-Thr®) — O-5(p-LetP). This type of turn leads to
unfavourable steric interactions. However, in this case,
the turn does not appear to be tight because it includes
a p-alanine residue. The conformation of the peptide is
also stabilized by two %+ 5 turn units formed between
N-5(p-Lew’) — O-1(-Val}) and N-126-Leut?) — O-
8(p-alle®). A cis-amide bond is observed betweéh
Me-L-Val® and N-Me-L-Ala'® (Table 2). Finally, a long
loop is formed betweeN-Me-L-lle® andN-Me-p-alles.

FIG. 1

Experimental

The title compound, TNLP-Id, was crystallized from an
aqueous methanol solution.

Crystal data

C70H125N13016-12H,0 Cu Ko radiatjon

M; = 1621.0 A = 1.54180A
Orthorhombic Cell parameters from 20
P2:2:2; . reflections

a=21.205 (4)A 6 =9.92-10.09

b = 37.941 (8)A p = 0.697 mm!
c=12.227 (2A T=293(2) K

V = 9837 (3)A® Block

Z=4 0.8 x 0.3 x 0.2 mm

Dy = 1.095 Mg nv3 Colorless

Dm not measured

Data collection

Rigaku AFC-%/RU-200 Omax = 62.8F
diffractometer h=0—24

20/w scans k=0— 43

Absorption correction: none | =0 — 13

8571 measured reflections 4 standard reflections

8571 independent reflections  every 100 reflections

7490 reflections with intensity decay—3.64%
I > 20(1)
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Refinement

Refinement orf?
R[F? > 20(F%)] = 0.113
wR(F?) = 0.287
S=1.020
8571 reflections
1001 parameters
H-atom treatment: mixed
w = U[o?(Fé) + (0.14P)?
+ 18.5(P]
where P = (FZ + 2F3)/3

(A/o)max = 0.074
Apmax = 0.615 eA:3
Apmin = —0.594 eA ™3
Extinction correction: none
Scattering factors from
International Tables for
Crystallography(Vol. C)
Absolute structure:
Flack (1983)
Flack parameter = 0.0 (5)
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Table 1.Selected hydrogen bond&,(’)

D—H. - A
N(L-Thr¥)—H- - -O(o-Lelw?)
N(p-Let?)—H- - -O(L-Val*
N(D—aIIeSZ—H- .-O(p-Leu'?)
N(p-Leut?)—H- - -O(p-alle®)

Peptide - -water
O(Methoxy) - -O(W1)
O(Methoxy) - -O(W10)
O(N-Me-p-Lel?)- - -OWB)
O(N-Me-p-Let?)- - -O(W11)'

O(L-Thr). . .O(W8)
O(BAla%)- - -OW2)
O(BAIa%)- - -O(W10)
O(BAIa")- - -OW3)

O(N-Me-L-Ala*?). - .O(W6)
N(BAlaY). - .OW4)
O(BAla*)- - -OWS)
O(,BAIa“)- R -O(V\/l)'"

D.-.-A

2.832(8)
2.861 (8)
2.900 (7)
2.921(8)

2.74(1)
2.95(2)
2.84 (1)
2.87 (1)
2.86 (1)
2.90 (1)
2.69 (2)
2.65 (1)
2.81 (1)
2.97 (1)
2.78 (1)
2.86 (1)

D—H H...A
0.860 1.978
0.860 2.073
0.860 2.058
0.860 2.110
0.860 2.189

D—H---A
171.4
151.8
166.2
157.1

150.7
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Symmetry codes: (i}, y, z+ 1; (i) x+ 1,3 —y,2 — z (jii) x - 11,3 —
y,2—12

Table 2.Selected torsion angles)(

L-valt

) c1 N-1 Ca-1 c-1 —135.1 (8)
" N-1 Ca-1 c-1 N-2 161.1 (7)
w Ca-1 c-1 N-2 -2 166.6 (7)
N-Me-p-Let?

) c-1 N-2 Ca-2 c-2 98.9 (6)
" N-2 Ca-2 c-2 N-3 —112.8(7)
w Ca-2 c-2 N-3 -3 175.5 (8)
L-Thi

) c-2 N-3 Ca-3 c-3 —125.7 (8)
" N-3 Ca-3 c-3 N-4 64.6 (7)
w N-3 Ca-3 CcB-3 Cy-3 —171.7 (7)
BAla*

) c-3 N-4 Co-4 CB-4 98.6 (9)

" N-4 Ca-4 CB-4 c-4 —74.1(7)

ot Ca-4 CB-4 c-4 N-5 99.6 (8)
w CpB-4 c-4 N-5 -5 174.9 (8)
p-Lew?

) c-4 N-5 Ca-5 c-5 122.7 (8)
" N-5 Ca-5 c-5 N-6 —158.5 (7)
w Ca-5 c-5 N-6 -6 —179.0 (7)
N-Me-L-lle®

) c5 N-6 Ca-6 c-6 —106.3 (7)
" N-6 Ca-6 Cc-6 N-7 100.2 (8)
w Ca-6 c-6 N-7 -7 —165.9 (9)
BAla’

) c-6 N-7 Ca-7 CB-7 —131.5 (9)
" N-7 Ca-7 CB-7 c-7 78.0 (8)
¥t Ca-7 CB-7 c-7 N-8 —137.3(9)
w cB-7 c-7 N-8 -8 —173.7 (9)
p-alle®

) c-7 N-8 Ca-8 c-8 126.0 (9)
" N-8 Ca-8 c-8 N-9 —161.6 (8)
w Ca-8 c-8 N-9 -9 —171.3(8)
N-Me-L-Val®

) c-8 N-9 Cao-9 c9 —112.7 (8)
" N-9 Ca-9 c-9 N-10 100.2 (9)
w Ca-9 c-9 N-10 Gv-10 0.7 (9)

N-Me-L-Ala*®

) c-9 N-10 C-10 c-10 —109.4 (9)
" N-10 Ca-10 c-10 N-11 —164.6 (8)
w Ca-10 C-10 N-11 @-11 —171.2 (8)
BAlalt

2 c-10 N-11 Gr-11 c3-11 72.3(7)

" N-11 Ca-11 Cc3-11 c-11 68.5 (6)
¥t N-12 c-11 @-11 Co-11 —93.3(7)

w Ccp-11 c-11 N-12 @-12 —173.3(8)
p-Leu'?

) c-11 N-12 Gv-12 c-12 87.0 (7)
" N-12 Ca-12 c-12 N-13 —158.1 (8)
w Co-12 c-12 N-13 @-13 —177.2 (8)
N-Me-p-alle!®

) c-12 N-13 Gv-13 c-13 —56.3 (7)

o N-13 Ca-13 c-13 0oy-3 —50.1 (6)

wi CcpB-3 0y-3 c-13 r-13 172.2 (8)

t Thep-alanine has two torsion angles corresponding.tb The angle is
for the ester linkage between C-MBe-p-alle’®) and hydroxy oxygen
Ov-3(L-Thr).
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Intensities were measured to a maximuh \&lue of 120,
because reflections are only poorly detected beyond this
limit. Direct method trials were extensively carried out using
SHELXS86 (Sheldrick, 1985), but no clear solution was
obtained. The structure was solved by tBhake-and-Bake
method using the progra@nB (Miller et al., 1994; Changet

al.,, 1996); a single running of the program gave a solution
with a default setting and 700 trial structures. Full-matrix
least-squares refinement wifif magnitudes and anisotropic
displacement parameters for non-H atoms was carried out
by SHELXI93 (Sheldrick, 1993). The difference Fourier map
showed 12 peaks, which were interpreted as solvent molecules.
At the N-Me-lle® residue, the &1 atom was disordered into
two parts, with probabilities of 0.69 and 0.31.

Data collection: MSQAFC Diffractometer Control Soft-
ware (Molecular Structure Corporation, 1991). Cell refine-
ment: MSTAFC Diffractometer Control Softwar®ata reduc-
tion: MSTAFC Diffractometer Control SoftwardProgram(s)
used to solve structuré8nB Program(s) used to refine struc-
ture: SHELXI193. Molecular graphicsORTERII (Burnett &
Johnson, 1996).

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: SX1064). Services for accessing these
data are described at the back of the journal.
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Fig. 1. A stereoscopic drawing of TNLP-Id with the residue names.
The displacement ellipsoids are drawn at 50% probablity level. H
atoms have been omitted for clarity.

MITSUNOBU DOl et al.

C70H125N13016-12H,0

MITSUNOBU DOl et al.

Cr0H125N13016-12H,0

MITSUNOBU DOl et al.

C70H125N13016-12H,0
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Supplementary data

The data shown below are not normally printeddicta Cryst. Section
C but the data will be available electronicaliya the online contents
pages of the journal at

http://www.iucr.org/journals/acta/tocs/actac/actac.html

Table S1. Fractional atomic coordinates and equivalent
isotropic displacement parametei?j

Ueq = (1/3)Xi XU d dlg g

X y z g

o) 0.8363 (4) 0.8527 (2) 1.2845 (7) 0.111 (2)
c1 0.8383 (4) 0.8637 (3) 1.1909 (10) 0.079 (2)
c2 0.8912 (5) 0.8536 (4) 1.1132 (13) 0.111 (4)
03 0.8817 (4) 0.8684 (3) 1.0101 (8) 0.144 (4)
C4 0.9295 (8) 0.8602 (7) 0.9324 (19) 0.242 (13)
N-1 0.7948 (3) 0.88547 (18) 1.1478 (6) 0.0694 (17)
Ca-1 0.7368 (3) 0.8949 (2) 1.2064 (7) 0.0633 (18)
C-1 0.6824 (3) 0.89233 (19)  1.1253 (6) 0.0540 (16)
0-1 0.6935 (3) 0.89692 (16) 1.0272 (4) 0.0678 (14)
CcB-1 0.7406 (5) 0.9323 (3) 1.2533 (9) 0.091 (3)
Cy1-1 0.7526 (6) 0.9602 (3) 1.1620 (13) 0.116 (4)
Cy2-1 0.7920 (6) 0.9337 (4) 1.3432 (11) 0.132 (5)
N-2 0.6237 (3) 0.88975 (16) 1.1659 (5) 0.0555 (14)
Ca-2 0.5695 (3) 0.89518 (18) 1.0901 (6) 0.0551 (16)
c-2 0.5438 (3) 0.8596 (2) 1.0535 (6) 0.0573 (17)
0-2 0.5175 (3) 0.83891 (16)  1.1161 (5) 0.0768 (15)
Ccp-2 0.5173 (4) 0.9185 (2) 1.1405 (8) 0.074 (2)
Cy-2 0.5385 (5) 0.9557 (3) 1.1671 (11) 0.096 (3)
Co1-2 0.5608 (8) 0.9758 (3) 1.0729 (15) 0.141 (6)
Co2-2 0.4862 (7) 0.9749 (4) 1.2263 (11) 0.135 (6)
CIN-2 0.6101 (4) 0.8781 (2) 1.2766 (7) 0.068 (2)
N-3 0.5521 (3) 0.85250 (15)  0.9475 (5) 0.0561 (14)
Ca-3 0.5360 (3) 0.81993 (18)  0.8949 (7) 0.0580 (17)
c-3 0.5946 (4) 0.8058 (2) 0.8353 (7) 0.0643 (19)
0-3 0.5966 (3) 0.8051 (2) 0.7361 (6) 0.097 (2)
Cp3-3 0.4793 (4) 0.8232 (2) 0.8184 (8) 0.068 (2)
Cy-3 0.4569 (5) 0.7885 (3) 0.7709 (11) 0.106 (4)
0Ov-3 0.4262 (2) 0.83740 (13) 0.8813 (5) 0.0669 (14)
N-4 0.6426 (3) 0.79701 (18) 0.8989 (6) 0.0718 (18)
Ca-4 0.7061 (4) 0.7873 (2) 0.8579 (9) 0.076 (2)
Cp3-4 0.7528 (4) 0.8169 (2) 0.8623 (8) 0.073 (2)
C-4 0.7432 (4) 0.8448 (2) 0.7760 (7) 0.0635 (19)
0-4 0.7620 (4) 0.8397 (2) 0.6832 (5) 0.098 (2)
N-5 0.7132 (3) 0.87428 (15) 0.8067 (5) 0.0586 (14)
Ca-5 0.7039 (4) 0.9050 (2) 0.7385 (6) 0.0606 (18)
C-5 0.6338 (3) 0.91335 (19)  0.7288 (6) 0.0566 (17)
0-5 0.5966 (2) 0.90412 (17)  0.7990 (5) 0.0745 (16)
CB-5 0.7381 (4) 0.9366 (2) 0.7889 (7) 0.070 (2)
Cy-5 0.8108 (4) 0.9332 (3) 0.7965 (10) 0.092 (3)
Co1-5 0.8396 (6) 0.9642 (4) 0.8601 (12) 0.130 (5)
Co2-5 0.8421 (5) 0.9301 (5) 0.6880 (14) 0.145 (6)
N-6 0.6154 (3) 0.93323 (17)  0.6412 (5) 0.0619 (15)
Ca-6 0.5461 (4) 0.9423 (2) 0.6307 (7) 0.0654 (19)
Cc-6 0.5196 (4) 0.9202 (2) 0.5397 (7) 0.066 (2)
0-6 0.5321 (4) 0.92668 (19)  0.4428 (5) 0.094 (2)
Cp3-6 0.5351 (4) 0.9815 (2) 0.6107 (9) 0.078 (2)
Cvy1-6 0.5626 (6) 1.0060 (3) 0.6953 (12) 0.105 (4)
Cy2-6 0.4635 (5) 0.9882 (3) 0.6035 (14) 0.120 (5)
C61-6At  0.5549 (10) 1.0442 (5) 0.6740 (18) 0.132 (7)
Cs1-6Bf  0.555 (2) 0.9998 (11) 0.809 (4) 0.080 (13)
CIN-6 0.6565 (4) 0.9429 (3) 0.5503 (7) 0.077 (2)
N-7 0.4874 (3) 0.89124 (17) 0.5689 (6) 0.0691 (17)
Ca-7 0.4701 (4) 0.8629 (2) 0.4955 (10) 0.082 (3)
CB-7 0.4005 (4) 0.8520 (2) 0.5037 (9) 0.073 (2)
c-7 0.3560 (4) 0.8762 (2) 0.4465 (8) 0.075 (2)
o-7 0.3676 (4) 0.8886 (2) 0.3553 (6) 0.109 (2)
N-8 0.3025 (3) 0.88417 (18) 0.4996 (6) 0.0674 (17)
Ca-8 0.2514 (4) 0.9048 (2) 0.4492 (8) 0.075 (2)
c-8 0.1892 (3) 0.8843 (2) 0.4577 (7) 0.0617 (19)
0-8 0.1832 (2) 0.86075 (14)  0.5258 (5) 0.0698 (14)
Cp3-8 0.2442 (5) 0.9414 (2) 0.5038 (13) 0.101 (4)

cy1-8 0.2296 (8) 0.9376 (3) 0.6256 (14)  0.142 (6)
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Cy2-8 0.3024 (7)
co-8 0.3125 (8)

N-9 0.1417 (3)

Ca-9 0.0784 (4)

c9 0.0629 (4)
0-9 0.0446 (4)
CB-9 0.0252 (5)

Cyl9  —0.0371(5)

Cy2-9 0.0417 (6)
CIN-9 0.1493 (6)

N-10 0.0704 (4)
Ca-10 0.0923 (4)
C-10 0.1591 (4)
0-10 0.1926 (3)
CB-10 0.0446 (5)
CIN-10  0.0555 (7)
N-11 0.1790 (3)
Ca-11 0.2446 (4)
c11 0.2811 (3)
0-11 0.3074 (3)
cp-11 0.2903 (4)
N-12 0.2430 (3)
Ca-12 0.2342 (4)
c-12 0.2844 (4)
0-12 0.3097 (3)
CB-12 0.1678 (4)
Cy-12 0.1141 (5)
Cs1-12  0.0513 (5)
C62-12  0.1057 (8)
N-13 0.2993 (3)
Ca-13 0.3462 (4)
c-13 0.4078 (4)
0-13 0.4354 (3)
CB-13 0.3225 (4)
Cy1-13  0.3638 (6)
Cy2-13  0.2533 (6)
C5-13 0.3565 (8)
CIN-13  0.2765 (6)
01S14  0.8852 (3)
02514  0.8812 (4)
03514  0.3904 (4)
04s14  0.1315 (4)
05514  0.3002 (6)
06514  0.3157 (4)
07514 0.9099 (5)
08514  0.6305 (6)
09s14  0.1835 (5)
010514  0.7488 (6)
011S14  0.0098 (6)
0125145  0.9077 (15)

0.9640 (4)
0.9758 (4)
0.89395 (17)
0.8780 (2)
0.8543 (2)
0.8673 (2)
0.9054 (2)
0.8861 (4)
0.9298 (3)
0.9187 (3)
0.81855 (18)
0.7992 (2)
0.7848 (2)
0.79725 (17)
0.7719 (3)
0.7980 (3)
0.76012 (16)
0.74741 (19)
0.78030 (18)
0.76078 (16)
0.7750 (2)
0.80595 (16)
0.8167 (2)
0.8441 (2)
0.86136 (15)
0.8328 (3)
0.8067 (3)
0.8275 (6)
0.7843 (5)
0.84950 (18)
0.8777 (2)
0.8705 (2)
0.89116 (16)
0.9154 (2)
0.9417 (3)
0.9193 (3)
0.9784 (3)
0.8283 (3)
0.79486 (18)
0.8102 (2)
0.8487 (3)
0.7146 (2)
0.7315 (3)
0.7892 (3)
0.7570 (4)
0.8360 (3)
0.6934 (3)
0.8581 (4)
0.7119 (4)
0.7531 (8)

0.485 (2)
0.368 (3)
0.3907 (7)
0.4084 (9)
0.3111 (9)
0.2257 (7)
0.4269 (12)
0.4475 (15)
0.5205 (15)
0.3012 (12)
0.3175 (7)
0.4139 (8)
0.3921 (8)
0.3177 (6)
0.4542 (12)
0.2199 (11)
0.4603 (6)
0.4592 (7)
0.6256 (6)
0.6933 (5)
0.5063 (6)
0.6577 (5)
0.7692 (7)
0.7992 (7)
0.7256 (5)
0.7842 (9)
0.7747 (11)
0.7534 (16)
0.8719 (18)
0.9040 (5)
0.9271 (7)
0.8638 (7)
0.8072 (6)
0.9117 (10)
0.9691 (13)
0.9464 (17)
0.942 (2)
0.9926 (8)
1.3890 (7)
0.6122 (8)
0.1817 (7)
0.6398 (7)
0.9010 (9)
0.2361 (9)
0.7459 (12)
0.5309 (9)
0.8642 (8)
0.4717 (10)
0.7105 (13)
0.9624 (16)

0.167 (8)
0.237 (16)
0.075 (2)
0.075 (2)
0.082 (3)
0.110 (3)
0.099 (4)
0.128 (5)
0.134 (6)
0.124 (5)
0.083 (2)
0.071 (2)
0.064 (2)
0.0841 (17)
0.100 (3)
0.120 (4)
0.0658 (17)
0.0630 (18)
0.0542 (17)
0.0835 (17)
0.0614 (18)
0.0608 (15)
0.0635 (19)
0.0604 (18)
0.0703 (14)
0.078 (2)
0.106 (4)
0.169 (8)
0.173 (7)
0.0610 (15)
0.067 (2)
0.0624 (19)
0.0799 (16)
0.082 (3)
0.114 (4)
0.145 (6)
0.182 (9)
0.098 (3)
0.099 (2)
0.122 (3)
0.123 (3)
0.116 (3)
0.153 (4)
0.145 (4)
0.175 (5)
0.153 (4)
0.132 (3)
0.191 (6)
0.186 (5)
0.251 (13)

t Site occupancy = 0.78 (2). { Site occupancy = 0.22 (2).

§ Site occupancy = 0.65.
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