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A dialkylcyclohexadienecarbinol from the bacterium Zymomonas mobilis,
a novel type of potential membrane lipid
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Abstract. (2-methyl-4,5-ditridecyl-1,4-cyclohexadienyl)methanol has been isolated from the lipidic
fraction of the ethanologenic bacterium Zymomonas mobilis. The amphiphilic feature of this novel

uplu is compatible with interactions within a pnuspnu'uplu oudycrb and suggesis a function in
membrane metabolism of the bacterium. © 1998 Published by Elsevier Science Ltd. All rights reserved.

Zymomonas mobilis is an efficient ethanologenic Gram-negative bacterium, converting in anacrobic
conditions glucose into ethanol with high yields. This bacterium is capable of tolerating high ethanol
concentrations (up to 13%, w/v) as well as high sugar concentrations (currently 20% and even 30-40% for
most strains).! Membrane lipids are most probably involved in these unusual features. Indeed, Z. mobilis is
the best hopanoid producer amongst bacteria.?2d These membrane stabilizing triterpenoids’¢ are present in
such hxgh concentrations (up to 30 mg/g, freeze drled cells, i.e. one order of magnitude hlgher than in other
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1,4-cyclohexadienyl)methanol 4

The 'H-NMR spectrum of this novel compound showed signals due to two primary methyl groups at &
0.87 (t, J 7.7 Hz), 22 aliphatic methylene groups at § 1.25 (broad s) and two methylene groups at 8 1.68
(quintuplet, J 7.7 Hz) and 1.69 (quintuplet, J 7.7 Hz), indicating the presence of two aliphatic chains.
Further, two methylene groups at 8 2.61 and 2.77 appeared as two pseudo- triplets (J 7.7 Hz). Their chemical

shifts corresponded to those of methylene protons of a cyciohexa-1,4-diene. 5 The 'H-NMR spectrum showed

also an olefinic methyl singlet (8 2.53) and a doublet for methylene protons on a carbon bearing an OH group
(54,71, J 4.5 Hz), indicating counling to onlv an hvdroxvl proton (8 446,t,J4.5 Hz). The nresence of the
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hydroxy group was confirmed by deuterium exchange and bv the band at 3433 cm'! on the IR spectrum. In
the 'H/!H COSY spectrum, the protons of the two cyclohexadiene methylene groups at 8 2.61 and 2.67 were
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only coupled with the methylene groups of the aliphatic chains, respectively at 5 1.68 and 1.69. Furthermore
the carbon atoms found in a DEPT experiment corresponded to three methyi, 27 methylene and four
quaternary carbons. On the MS spectrum, the base peak at m/z 320 corresponded to a McLafferty

eement with elimination of a neutral olefin molecule (M+- C;,H,,). This unigue signal indicated the
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resence of two identical tridecyl chains on the cyclohexadiene double-bond(s). Moreover, a fragment at m/z

457 corresponded to M*- CH,OH. From these data and those of the !3C NMR spectrum,® the structure of the
novel lipid was suggested to be a cyclohexa-1,4-diene substituted on the quaternary carbons by one methyl
group, one CH,OH group and two tridecyl chains. In order to confirm the localisation of the two alkyl chains,
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long-range heteronuclear multlple bond (HMBC) iH/13C correlations were pertormecl The HMBC spectrum
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showed long-range couplings between the methylene proton of the CH,OH group with carbons C-1, C-2, C-
5 and C-7 and between the C-7 methy! protons with carbons C-1, C-2, C-4 and CH,0H indicating that the
two tridecyl chains were located at C-5 and C-4, and that the novel cornpound was (2- methyl-4,5-d1tr1decyl-

1,4-cyclohexadienyl)methanol.

The dialkylcyclohexyl carbinol from Z. mobilis is an amphiphilic compound. Its structural features are
compatible with interactions within the phospholid bilayer of a biological membrane. Indeed, this compound
mimics a monocyclic cholesterol analogue.” i) The primary hydroxy group is capable of forming hydrogen

bonds with the aqueous phase outside the membrane or with the hydrophilic membrane surface (e.g. polar
heads of phospholipids, polar carbohydrate derived moieties of hopanoids). ii) The C;3 alkyl chain are

capable of van der aals interactions with the hydrophobic fatty acid chains from phospholipids. iii) The
average length of this lipid is similar to those of usual fatty acids and of the w-cyclohexyl fatty acid chains
found in the Alicyclobacillus spp. hopanoids® allowing its insertion in the phospholipid bilayer. The lipid
identified in the present report (125 pg/g, lyophilized ells) has been completely overlooked in previous
S[uGlCS on Z. momus lipids.® It fernd‘ns to check now whether such ¢ 2

n d membranes and to elucidate its hh\!CIO!O

to elucidate its physiological
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