Notes Bull. Korean Chem. Sd®99 Vol. 20, No.6 753

On the Unusual Homeoviscous Adaptation of the Membrane Fatty Acyl
Components against the Thermal Stress iRhizobium meliloti

Yong-Hoon Choi} Sebyung Kang, Chul-Hak Yang\, Hyun-Won Kim, * and Seunho Jung*

Department of Microbial Engineering, Konkuk University, Mojin-dong 93-1, Kwangjin-ku, Seoul 143-701, Korea
'Department of Chemistry, Seoul National University, Seoul 151-742, Korea
*Department of Biochemistry and Institute of Basic Medical Sciences and Medical Engineering Research Institute,
Yonsei University Wonju College of Medicine, Wonju 220-701, Korea
Received April 10, 1999

~
&

In order to maintain the optimal fluidity in membrane, (@)
microorganism genetically regulates the ratio of the unsatur
ated fatty acids (UFAs) to saturated ones of its biologica 3
membrane in response to external perturbing condition suc
as the change of temperat&eThe remodelling of fatty
acyl chain composition is the most frequently observec
response to altered growth temperature. It is reflected in th
elevated proportions of unsaturated fatty acid (UFAs) at low
temperature. Becauses double bonds, normally positioned
at the middle of fatty acyl chains, introduce a kink of
approximately 30 into acyl chain, UFAs pack less com- 1 5 6
pactly and exhibit lower melting points than their saturatec WY
homologues. Thus, enrichment of membranes with UFA: Retention Time
offsets, to a significant degree, the increase in membran 3 (b)
order caused by a drop in temperature. This is so calle
homeoviscous adaptation of the membrane fatty acyl chain 2
against thermal stre8$Membrane maintains the optimal
viscosity using homeoviscous adaptation.

We investigated the adaptive response in a microorganisi
where unusual fatty acyl component appears in its mem
brane. The Lipid A moiety dRhizobium melilotivas known
to contain a 27-hydroxyoctacosanoigdQatty acyl compo-
nent, of which chain length is unusually very long compar-
ing with normal components (€19 in the bilayer
membrané. The adaptive response Bfhizobium meliloti
was compared with that &nterobacter aerogenes or E. coli Retention Time
with normal membrane fatty acyl components. Figure lrjgyre 1. Gas Chromatographic analyses of major fatty acyl
showed the Gas Chromatographic analysis of the membrar@mponents in the membrane Eiterobacter aerogeneshocked
fatty acyl components irEnterobacter aerogenesThe at 25°C (a)versus37°C (b). Total fatty acids within the membrane
decrease in temperature (low temperature shock) greatiyere analyzed as fatty acid methyl ester derivatives after
enhanced the ratio of UFAs to saturated ones up to abo@ethanolyss. 1. o carboxylic acid methyl ester (28.9 min), 2.

161 carboxylic acid methyl ester (34.1 min), 3.6 carboxylic
280% after the thermal stress from°€7to 25°C as aresult  _ iy methyl ester (34.8 min), 4543 carboxylic acid methy! ester

of homeoviscous adaptation. Similar phenomenon was als@9.3 min), 5. G, carboxylic acid methyl ester (39.9 min), Go.6
observed irE. coli(data not shown). However, a soil micro- cyclopropane carboxylic acid methyl ester (42.2 min). The
organismRhizobium melilotvith an unusual & fatty acyl characteristic ratio of the relative amount of the saturated per
component did not show any observable difference in memunsaturated fatty acids changed from 0.5 at@%o 1.3 at 37C.
brane fatty acid compositions before and after thermal stre<d| e exact structures were confirmed with GC/MS analysis. The
A . value in parenthesis indicates the retention time for the GC

as shown in Figure 2. Table 1 compares the ratio of UFAS tg5ysis.
saturated ones foRhizobium melilotiand Enterobacter
aerogenesAs homeoviscous adaptation is regarded as aepends on the conformational change of its component as
general mechanism to maintain the optimum fluidity of thewell as the compositional change, we tried to investigate all
membrane against low temperature shock, it is surmised th#te possible conformational changes over a wide range of
there may be another novel mechanism Ritizobium temperature with computer simulation. In order to search all
meliloti to adapt to thermal stress. the possible conformations of an unusuglf@tty acyl com-

As it is possible that the molecular order in membrane alsponent, simulated annealing molecular dynamics - minimi-
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(b) 3 Figure 3. The conformations within 3 kcal/mol of the lowest
energy minima were categorized into three classes. The confor-
o mations in each class were superimposed and represented as a ball-
g stick model; (a) three folded conformations with hydrogen bond,
g (b) four unfolded conformations (c) three folded conformations
] without hydrogen bond. Hydrogen bonds are displayed as dashed
H lines.
5
est energy minimum categorized. We made a further classifi-
12 ’ cation to three conformational classes as shown in Figure 3.
I I 16 7 There are folded forms with (Figure 3(a)) or without hydro-
4 | S gen bond (Figure 3(c)), and unfolded forms (Figure 3(b)).
Retention Time As molecular order of membrane rapidly decrease against

Figure 2. Gas Chromatographic analyses of major fatty acyl|ow temperature shock as indicated by homeoviscous adap-
components in the membraneRifizobium melilotshocked at 25 aii4n e speculated that the conformational changes of the

°C (a) versus 37C (b). Total fatty acids within the membrane were | fatt | ts miaht be involved in th
analyzed as fatty acid methyl ester derivatives after methanolysié“.musua alty acyl components mig € Involved in the reg-

1. Cis 3-OH carboxylic acid methyl ester (32.9 min), 2  ulation of the. membrane fluidity. .
carboxylic acid methyl ester (34.7 min), 3;s€carboxylic acid If we consider théBoltzman distributiorto determine the

methyl ester (39.3 min), 4..6 carboxylic acid methyl ester (39.9 probability of finding a molecule with enerd);, the proba-
min), 5. Qs:o carboxylic acid methyl es.ter (41.9 min), 68;@3-OH bility P, is,
carboxylic acid methyl ester (43.2 min), 7,sQ7-OH carboxylic
acid methyl ester (64.0 min). The characteristic ratio (0.7) of the eOE/RT
relative amount of the saturated per unsaturated fatty acids did not Pi =  AE/RT
change at both temperatures. All the exact structures were Ze !
confirmed with GC/MS analysis. The value in parenthesis indicates ]
the retention time for the GC analysis. , whereR is the gas constant (8.314 J/mol-K) and T is the
absolute temperature (K).
zation calculation was performed with the temperature So, definePyq andPyqiogas below;
changed between 300 K and 1000 K five times at intervals P =SP  andP.. = SP _
of 50 K. After heavy searching process of possible confor- Yoia = 2. Proi, ol = 2 Puntoia
mational states of a 27-hydroxyoctacosanoic acig)(@e  WhenBoltzman distributioris applied to the 10 conforma-
obtained the 10 conformations within 3 kcal/mol of the low- tions of the lowest energy minima obtained in the simula-
tion, (Pfold/Punfold)ZQSK < (Pfold/Punfold)SloK (Table 2) As the
. applied temperature increases, the relative proportion of
Table 1 Effect of thermal stress on chain length and thefg|ged forms to unfolded ones increases. It may suggest that
degree of saturation of the fatty acidsEinaerogeneandR. e |ow temperature shock can induce the conformational

meliloti changes from folded forms to unfolded ones. If the folded
_ Enterobacter aerogenes Rhizobium meliloti forms are more thermodynamically accessible than the
Fatty acids 2500 3790 2500 375C unfolded ones at elevated temperature, the low temperature
Saturated 328 6.6 410 39.9 shogk inRhizobium melilotmay induce an un_folded con_for—
mation as a less ordered form. Based on this speculation, the
Unsaturated 67.2 434 59.0 €01 Cys fatty acyl component could be involved in regulation of
Ratio of S/U 05 13 0.7 0.7 28 yl comp 9

the membrane order by changing its conformation from a

aRelative amounts of unsaturated, saturated fatty acids were determin ﬁ . L
by the calculation of integrated peak areas on GC analysis at ea‘if Ided form to an unfolded one. This adaptation is compara-

condition.bSaturated fatty acids/Unsaturated fatty acids. ble to that ofEnterobacter aerogeneism which the less
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Table 2. Energy of 10 conformations within 3 kcal/mol of 5% methanolic HCI solution were sealed in a Teflon-lined
the lowest energy minimum among 141 structures (framesycrew-capped vial and heated in a water bath or oven at 72

obtained from the MD simulation °C for 24h. Chloroform (3 mL) was added every 8h, fol-
Rank  Frame AE (kcal/mol) Conformation  H-bord lowed by mild sonication for 5 min. After concentration to

1 45 @ folded yes dryness under nitrogen gas, samples were partitioned
2 125 0.56 folded yes between water and chloroform, and the aqueous layer was
3 26 1.99 unfolded no washed several times with chloroform or hexane. The com-
4 87 2.49 unfolded no bined solutions were filtered through glass wool. Prepared
5 15 2.64 folded yes fatty acid methyl esters were subjected to gas chromatogra-
6 1 2.69 unfolded no phy analysis on a 25 M J&W scientific DB1 column using
7 138 2.76 folded no nitrogen as the carrier gas and a temperature program of 50
8 58 2.94 unfolded no °C initial temperature, 0.00 min hold time, and °@min
9 120 2.94 folded no rate to a temperature of 180, and C/min rate to a tem-
10 114 2.08 folded no perature of 150C. A third ramp of 4°C/min was then

aThe lowest energy value is 1.62 kcal/mdlhere are three classes; 'mm?d'ately _Stam:"d until the final temperaturepf 30@vas .
folded forms with or without hydrogen bond, and unfolded forms. obtained. This temperature was held for 30 min. The relative
proportion of lipid components were calculated from the
ordered UFAs are induced against low temperature shockintegrated peak areas. The fatty acid identification and
Since a novel 27-hydroxyoctacosanoic acid in the membranmolecular weight were determined using a GC/MS (Gas
of Rhizobium melilotivas first reported in 1989ts unusual ~ Chromatography/Mass Spectrometry) analysis using a JEOL
structure induced interesting questions on biochemical funcdIMS-AX505H spectrometer interfaced with a Hewlett-Pack-
tions correlated with legume®hizobiumsymbiosis®® most  ard 5890A gas chromatograph.
of which still remain to be answered. Our present work sug- Conformational search of 27-hydroxyoctacosanoic
gests that conformational changes of an unusuafdaity acids by simulated annealing molecular dynamics mini-
acyl component possibly plays an important role in main-mization simulation. Conformational search of 27-hydrox-
taining the optimum fluidity of the membrane of tRhizo-  yoctacosanoic acid over a wide range of temperature was
bium melilotiin response to the low temperature shock. performed by simulated annealing molecular dynamics full
Lacking direct experimental evidences for this conforma-minimization strategy. In the simulated annealing molecular
tional shift at present stage, heavy searching of all the possitynamics (MD) simulation, the temperature was changed
ble conformations over a wide range of temperature byetween 300 K and 1000 K five times at intervals of 50 K.
simulated annealing molecular dynamics - minimization At each temperature, MD simulation was performed for 2.5
strongly pointed out weighted distribution of a folded form ps: 0.5 ps of equilibration phase and 2 ps of production
relative to an unfolded form. Sterol, inside the animal mem-{phase. One structure was saved from the end of each produc-
brane, acts as a 'fluidity buffer' around the phase transitiotion phase. Total MD simulation time was 352.5 ps. Molecu-
temperature of lipids with its own conformati&nlt is a  lar dynamics calculation was performed with DISCOVER
similar interesting case on the membrane adaptation inducqarogram (version 97.0, Molecular Simulations Inc.) using
without compositional changes of other fatty acyl compo-consistent valence force fieldNo cutoff was imposed on
nents against the thermal stress. the calculation of non-bonded interactions. NVT MD calcu-
Therefore, based on the present results we suggest the cdation was performed using the leap-frog algorithmith a
formational changes of an unusual 27-hydroxyoctacosanoit fs time step. Temperature was controlled by velocity scal-
fatty acyl component inside the membraneR#fizobium  ing in equilibration phase and Berendsen algofigimpro-
meliloti may play an important role in the adaptive responseluction phase with a coupling constant of 0.2 ps. Dielectric

of external thermal stress. constant was set to 1. After the MD simulation, all the 141
structures were fully energy-minimized: 100 iterations of
Experimental Sections steepest descent minimization and conjugate gradient mini-

mization until the maximum derivative reached below 0.001
Thermal stress on the microorganisms&$ Different tem-  (typically 10,000-20,000 iterations).
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