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The etructure of a paralld left-fanded double-hdical farm of gramicidin
wae Jetected by circular d khooiem epectroecopy and determined veing 300
and &0 KMHz WMME in Cac]-/ methanol eslution. kMeas o rernents of TOCEY,
DOF-COOEY and NOESY epectra were converted into 604 dietance and 48
toreional angle coretrainte for etructure calculations. Sterecepecific
aegignrments and ¢, angles were dleulated veing .. du (00 Jey 0 and
du 0. g angles were determined uging (i) Jepli 4 el dn, 000 and
du[0.0). The calculatione of initial etructures were performed uveing the
Jdigtaree geometry feimulated annealing method in XFLOR. The initial
etructuree were further refined and energy minimized ueing simulated
annealing fmelecular dynamice methode. Back<alculatiore for every
generated etructure were ales performed to check their coneistency with
the experimental Jdata.

187 final etructiures with no wiolatione abowe the threshold conditione
oos A, 5°. 5°, 05 A and 5° for bonde, angles. improper, NOE and cdihe
reepectivelyl were produced from the 200 initial etructuree. Twenty
etructuree with the lowest NOE energies were uesd for further analyeie.
The average r.m.e Jeviatione for the 20 etructuree are 0.64 & for tackbone
and 1.1 & for all nen-hydrogen atorme.

caramiidin in thie form, with approximately 5.7 regidues per turn, ie a
parallel double hddical dimet. The length aleng the hdix axie ie about 20 A
and the inner pore diameter varies from 140 2 & Tt ie diffecent from all
other gramicidin etructures determined to Jdate. The preeence of o™
etabilieee a corformation that prevente the binding of monowalert catione.
It ie likely that thie etructure ie related to a non-channel, antibiotic mole of
gramicidin.
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Introduction

The moet chamcterietic feature of gramicidin ie ite
esjuence of altecnating t- amd G-amino acide. Thie

Gramicidin & ie a linear polypeptide amibictic
ey nthesized by Facdlus brewis (Hotchkies & Dubee,
19400, Tt wantaine 15 hpdrophabic amine acide writh
an ethanelamine residue at the carboxyl terminue
and a formyl group at the amine terminue. The
esguence ie [Sarges & Witkop, 19630

formyl-t-Val-Gly-t- Ala- -Leu-t-Ala-D-Wal-t-

¥al-o-¥al-t-Trp-0-Teu-t-Trp-0-Leu-t-Trp-0-

Leu-t-Trp-ethanclamine

Abbr= mtiors 1mad: MAE, macl=ar magnetic
rasanamcs; 0, crcaber dichrodm; HOE, noclesr
cverteser affect; O06Y, comrelated spactroscopy;
TOCSY, total corraintad spactToacopy.
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melecule cortaing neither charged nor polar aming
acide. e0 # ie wirtually irecluble in water but e
ecluble in a wide variety of pheepholipide. alcohole
and other arganic eslvernte.

Being a relatively emall and conformationally
flexible paly ide gramicidin <an adopt a
nurmber of dJdifferent typee of conformatione,
Jdepending on ite envitonrment. The major ty pee of
gramicidin confo mations hawe been daesifed into
helical dimer or dJouble helical etructuree [Urry.
1972 eatch el af . 19740 The helical dimer hase teo
ronormeric helikes aseociated with sach other W
terminue-to-M tecminue [Weey, 1972). Thie fomn hae
a helical pitch of 6.2 reeiduee per turn and forme a
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cylindrical tube with 12X parallel peheet-like
intra-ralecular hpdrogen bonde between reeidues
in adjacent turne of each monoamer. The agss iation
betwreen monores in the helical dimer ie e eix
inter-melecular hydoegen bonde. Thie form exhibite
wond uctance epecifically for monevalent catione. In
ey rmhetic eaturated pheephelipid membranee, it ie
the predominant conformation [YWallace ecf al.
19811, Te conformation haes been Jetecrined by
20 NME in eodium Jdodecyl eulphate micelles
[Areeniew of gl 1985; Bve
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Results

Circular dichroism spectra

NMR spectra
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Resonance assignments
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Secondary structure

Temperature dependence of NH chemical
shifts

Structure determination
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Structure analysis
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The dimension of the central pore

Description of the structures



NMR Structure of Parallel Double-helical Gramicidin 763

(@)

(b)

Surface electrostatic potential map
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Discussion

Comparison between the determined structure
and proposed models
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Hydrogen bonds

Tryptophan residues
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Function of calcium cations

Materials and Methods

Sample preparation

Circular dichroism spectroscopy

Possible biological role of the parallel
double helix

NMR spectroscopy
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Structure constraints

Structure calculations

Structure analysis
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