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Potar lipid {phospho-, glven- and aminolipids) pattern and tatty acid (elon-
gated. saturated and unsaturated, jso- and anteiso-branched farty acids) compo-
sitan of eytoplasmic membrane of seven thermophilic bacilli at the optimal
growth temperature were analyzed, Phasphotipids and particularly phasphogly-
colipids as the main polar lipids found in isolstes were studied The predomi-
nance of branched chain of jso- and anteiso- fatty acids rmnging from 73 1o B9%
of tota! fatry acids was shown. The strong presence of elongated, saurated and
branchicd chaln fatty seids and ahsence of unsaturated acids confirmed the
membrane lipids structure and compesition signifcance for thermophility for-
mation of ol tesied isolates. Chemotaxenemic implications on the basis of
branched chain faty acid analysis weee reported.

FPolar lipids - fatiy actds — thermophiles - Baciltus and related genera

Meuntbuwupmity ©oing gopdwuetbn pughlUsph (REpdnh) wiwguwpl Jbd-
ppwlp plitowhl (hwhelbph  (Poedapughinlbn,  gihlnpuhabbn L wdpline
thighnlitn) L SwnwwpReltnh (Splwn snewibnnd, hegbgid W hwgbgod, han-
b wiupshgripuudnpiwd Swougweenlibn) Gwqdp weh oupnhtw shpUumh-
Swilinnd Swurwelby b oap Srubehwhnbpn, duubwnpougb Jinudngihiyn-
thughnEnn, habmbuwbnd BU dCEnuwedud swghibnh nhlwtl pluEnwght
thwhnbtno: Snug £ upby Bnwn anpabtpng hgne L wlpbhgn-Gnunwdnpyws
Swnwpuwpenlbnh gepuwipenuin, spnie Gueguned b gpediinuht Glupuw-RRaOL
Ubph 73-hg Uhlyle 89%: Balwn znepwlbpng hwgkgud, Ginunuienpuwsd Suenagu-
wRltnh gipwigonup b thwgkguws swnuurerrlErh pugwluiniggnlp o
dnannnud Bl pumubpughl fpapnliph Guemgdwéeh & Gwadn bawluw-gnsmedn
nuunbfliwshindwd shpdubn peghbbph geplwnhdwglnnugwl hadwn; Cumn
gnuuidandws npwliibpny  Swpyuw-perltph  dbnnusnueul dilniuwgyus
plghiutnn fudpwynmt) BU pEdnuwgunlindhwgh Uwinwing:

PUGrufl hufnlbn — Swpgweeodlibn - plndndhltn -
ghin Bacilus L huniwlhy nbewllilby

Mavuen cocTan NONApHLX THMEIOE (rocdo-, TIHKO- 1 EMEBDIRNHIOS) H
AHHIMY EHCAOT (AAHHHOUCTIONEYHAE, HACLIMSHH LIS W HEHACLILEHHEIE, 130- H
AHTEWIO-PASBETHAZHELIC KHPHME KHEAUTH ] UHTONMCMATHYCCKOH MeMGpatiu
UITAMMOE TEPMOHILILI GAUKAN. TIPH ONTHMENEHOH AN8 POCTA TeMnEpaTyYpE.
Yeranoaneno, ato hocoHnuILL B YacTHOCTH, POCHOTIHKOTHMIIL, RANR-
BUTCH GUHUBHWIMA NOARPHEMT TRITESAMH HE00aT0B. [lokasano A0MHIHpOBLEE
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Areoupex 7389 % cyMmapHE HUPHEY kuenor. Haauuse 11MHHOLETIONESHAN
HBCHIULEHHEI H HI0-PEIBCTRICHHLL, HPHEIK KHCAOT W OTCYTCTBHE HEHACKILIEH-
HEIX HHPHLIX KHCROT MOATRCEOKIACT JHASEHAC CTPYKTYPR! M COCTARA MeMBpa-
HEIX TenHoon Ang fopsuposanua Tepsodiim HIYMEHHL HiongToR. [na
KEMOTRKCOHOMUMECKHN UeAeH HIONITL CrpYNNMPOBANEL M4 OCHOBAHHH AHATHIA
PRIBETANEHHLIX HHEHBIN KHETOT.

fonspueie snudet - Heuprbie KUCIONE ~ mEpMoguTal —
pod Bacillus u podemeaewane sudon

The ability of microbes to thrive in high-temperature environments has recently
prompted researchers to study these microorganisms to understand better their intere-
sting physiological traits [3]. The phenomenon of thermostability of microorganisms
represents an intricate problem involving many factors, which could be responsible for
the stability of entire cells and cellular components [1,5], Cell membranes are an obvious
target when subjected 1o severe treatments. In thermophilic species polar lipids form a
large proportion of the cellular membrane fractions and usually include phospholipids
and glyeolipids [7, 16]. Comparative studies on the fatty acid (FA) composition of
psychrophilic, mesophilic and thermophilic bacilli have shown that a certain preference
for the synthesis of saturated, elongated and branched FAs existed at higher temperature
[9, 14, 15]. This is determined by the changes occurring as & result of temperature
alterations. In fact. microorganisms synthesize their lipids rapidly, and therefore, they
must respond to a changing environment with equal rapidity, altering their membrane
lipid composition. It is one of the adaptation mechanisms to allow the survival of
thermophiles in extreme conditions [3, 3],

The analysis of the membrane lipids is also a useful chemotaxonomic approach
for classification and identification of some bacteria, The significance of the branched-
chain FA for classification of representatives of the genus Bacillus and related oenera is
impressive [8, 9, 17].

The aim of this study is to determine polar lipid and FA compaosition of seven
thermophilic strains of bacilli isolated from soil sampled from the site with geothermal
anemaly (Dilijan, Armenia) to ascertain lipids rale in thermaphility formation mecha-
nism. Chemaotaxenomic implications on the basis of fatty acid analysis were reported too,

Material and Methods, The abjects of investigation were seven selected thermophilic
bacilli designated as T-2, T-3, T-4, T4, T-7. T-9 and T=10 isolated from the soil sampled from site
with geothermal anomaly (40044'27,7" N, 44052'01,52" E} near the town of Dilijan [2].

Cuitivation cokditions. All cells were cultivated in 4 medium containing {g/l) Nall, 5
CaCy, 3; weast extrzct, §; peptone, 5; glucose, 10; pH 7.2, Solid medium was prepared by the
addition of 2% agar (2], Afler incubation of slants at optimal temperature (for T-4 and T-7 at 50°,
for T-2, T-3 and T-6 at 55° and for T-9 and T-10 at 657 for 24 hr cells wers inoculated into flisks
containing § m/ of liquid medium and eultured in corresponding conditions an shaker, Up 1o 1 liter
of liquid culture was abtained for cach isolate by using gradual fnoculation method. Cell growth
was monilored by a spectrophotometer. Cultures were grown up to the late exponential phase
{turbidity 0.5 OD at 540 nm) [13], Cells were harvested by & centrifugation (10000 g, 15 minj.

Lipid analvsis. Total lipids were extracted from freshly harvested cells by CHCI3/CHIOH
(11, wiv) mixture under shaken conditions overnight [4]. Solvents were remaved with a POEAVEROLT
and lipids were weighed for caleulstion of lipid vield Lipids were fractionated by thin layer
chromatography (TLC) an silica gel (0,25 mm, F234, Merck KGA) [4]. The mixture of
CHCL/CH0MH,0 (65:25:4, viviy) was used as a solvent svstem for the initiat monpdimensional
TLC experiment [4]. The phospholipids vere identified by using also bidimensicnal TLC. The
plate was developed in the first dimension in soivent system CHCLACH;OHM.O (65:25:4, viviv)
and in second dimension in solvent system CHCL/CHOHICHCO0HMHT (85:12:15:4 viviviv)
[13], Lipid solutions extracted from the strains Thermus sp. and Bacillus (CGeobacillus)
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thermeleovorans from the Collection of Extremophilic Bagilll at the Instinie of Biomolecoler
Chermustry (C.N.R., Naples, [taly), a5 well as cardiolipin disodium salt from bovine heart {CL),
recl, 2-dipalmitoyi-glycero-3-phosphocthanolamine  (PEA), 2, 3-dipalmitol glveero-1-phospho-
cheline (PC1) 1, 2-dipalmitol-3N-glycerc-3-phosphocholine - monohidrate (P, 1(3-SN-
phasphatidyl}-rac-glycerol sedium salt (PG) and 3-SN-phosphatidyl--serine from bovine brain
(PS) were used a3 standards.

Lipids were detécted hy spraying the plates with Cs;80, in Ha80, (wiv) followed by
heating at 100° for 5 min. Staining tests for complex lipids were performed by using specific
reagents for phasphe-, glyeo- and aminolipids [6, 10, 11].

Fatty gcid analysis. FA methyl esters (FAME) were obtained from compilex lipids by acid
methanolysis {CH;OH/MHC! anbivdrous %:1-at a0° overnight), Samples were treated repeatedly with
the mixture of CHyOH and CHCl; and dried under nitrogen until disappearance of HC| smell. The
purity of samples was assessed by TLC analvsis. Samples were eluted with N-hexane/CH,CH.OH
{96:4 wiv}, detected by exposure to J2 vapors and compared with standards. FAME analyses were
performed by pas liquid chromatography (GLC, Carlo Erba HRGC 5300 Instrument, FID, OV
L25m x 0.32mm, 0.25pm). Identification was accomplished by comparison with a standard
mixture of FAMES. In addition to GLC, identification of each sample component was confirmed
by mass specltroscopy analyses, which were performed with an GC-MS HPS5890 series 11 TRIO
20K} V(3 analytical Instrument, using flame-lonization detector (FID) under following conditions:
HP-5 calumn, temperature programme of 120° (1 min), from 120 to 230° at 2%min, from 230 to
2507 at 10%min, injection volume lul, The identification of the compounds was performed by
parallel riuns of pure standards (Sigma), and by interpretation of mass spectra [13]

Results and discussion. The total lipid content of studied seven thermophilic
isolates ranged between 1.8-2.64% of the cells biomass at the optimal growth tempe-
rature. Phospho-, glyco- and aminelipids of thermophilic [solates were extracted and
fractionated by monodimensional TLC [4]. Phospho- and glicolipids formed a large
proportion of the cellular membrane fractions for all seven isolates examined. The
phospholipids represented the main polar lipids found in all isolates studied, The glico-
and phospholipids content of all studied bacili compared with lipids extracted from
Thermus sp. and Baciilus (Geobacillus) thermoleovorans is shown in figures 1 and 2, A
major and some minor phosphoglycolipids were detected in each isolate. A major and a
minor glycolipid, with the exception of miner phosphoglycolipids, were detected only
for the isolate T-9 (Fig. 1). Other glycolipids were not visualized in chromatograms pro-
bably due to their absence in most of studied isolates. It was shown earlier that
glyeolipids were widely distributed within species of the Bacillus and related genus and
their absence was reported only for few bacilli species [12, 13], Recently It was recently
reported also that relative propertion of the main glycoloipids increase with growth
temperature [18]. Presumably sugar-containing lipids imcrease the hydrogen-bonding
capacity of the lipid bilayer surface, thus stabilizing the membrane at high temperatures.
Consequently the high proportion of phosphoglycolipids in all isolates and additional
glveolipids in strain of T-9 could contribute to the ability of the bacteria to grow at high
temperature,

Analogy in aminolipid content between all studied bacilli was observed, Major
aminolipids and aminoglicolipids and minor phospholipids, phosphoglycolipids,
aminolipids, aminophospholipids and or their traces were also detected in isolates, As
shown in Figures | and 2, in general, by phospho- and glycophospholipids content
isolates T-9 and T-10 were similar to Bocillus (Geobacillus) thermoleavorans that
indicated the belonging of theses isolates to obligatory thermophilic ones of Bacilfus or
related genera. Analogy in polar lipids content of studied bacilli and Thermus sp. were
not observed,

Analysis of mono- and bidimensional TLC of lipid extract from some of studied
bacilli revealed components that could be identified as PEA (Fig. 7). For the jsolates of
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-9 and T-10 were detected also PG and CL. Other tested phospholipids, probably due to
their small amount were not identified.

. 5 H I o L3011
Figure 1. TLC of sugar contaning lipids. The plates were treaed
with c-naphtol for defection glycolipids.
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Figure 2, TLC of phospholipids. The plates were treated by:spu_:_iﬁc reapent &s reported
Dittmer& Lester [6] for detection phospholipids.

PEA mix T-10
A e
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Figare 3. TLC of phaspholipids of isolate T-10 compared with PEA using as standard,
Mix — mixture of PEA 2nd lipid solution extract of T-10,
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The results for determination of FA composition of thermophilic isolates at the
optimal temperature of growth are shown in Table 1. All isolates were characterized by
thz predominance of branched chain iso- and anteiso- FAs (mainly iC15:0, aiC15:0,
C1T:0, aiC17:0, often iC16:0, aiC16:0, rarely iC14:0, iC18:0 iC19:0). The other major
components were nC16:0 (11-27%) and #C18:0 (2-15%). FAs nC14:0, nC15:0, nC17:0
and nCI9:0 were absent or in trace amounts. The presence of (CI8:0, /C19:0 and
«/C19:0 as a minor component was detected only for the isolate T-2. The ratio of normal
and branched (both iso- and anreise-) FAs are shown in figure 4. In general, branched
FAs were predominant, ranging from 73% to more than 89 % of of all FAs measured,
while straight chained fatty acids were minor components.

The branched-iso-family was the most abundant component of the FA mixture for
major part of tested isolates. The presence of branched FAs is considered to be a means
of maintaining membrane fluidity; iso-branched FAs generally have higher melting
points, while anteiso-branched FAs typically have lower melting points. fso-branched
FAs of isolates T-2, T-3, T-6, T-9 and T-10 constituted 42-65% of total FAs and greatly
predominated over anteiso-branched FAs, which constituted 17-35%. By contrast,
anteiso-branched FAs of isolates T4 and T-7 slightly predominated over the iso-
branched. This can be explained by optical growth temperature, which is the lowest
among all tested straing (30 for both isolates).

Unsaturated acids were not detected. It is comprehensible: unsaturated FAs do not
have appropriate properties suitable for maintaining membrane fluidity at higher
temperature and they are not widespread in thermophilic microbes. Furthermore, in cold-
adapted species the levels of unsaturated FAs or polvunsaturated FAs are known to be
relatively high [3, 14].

T-1 Fall T Tuk Tar Tl Tul 8
= lrnnched Sty wcidy M 3ormal Gty wcids
Fig. 4. The comparisen of namal and branched (isa- and anteiso-} FAs contents
{weight per cent of fatbe acids) of tested isolates.

The strong presence of elongated, saturated and branched-iso-FAs with high
melting points and, on the other side, the absence of unsaturated acids with low melting
points were detected for all tested thermophilic isolates. The melting point of the major
membrane constituents can be regarded as a factor influencing the flexibility and
stability of the membrane, In general the results of the present study are in agreement
with previously published data [5, 7, 13-16], confirming that the membrane lipids
structure and composition are fundamentzl for thermophility formation of hacilli
isolates;
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The importance of branched chain FA analysis for the chemotaxonomy of the
genus Bacillus has been reviewed by T, Kaneda [9]. According to Kaneda it is possible
to create fingerprints of the genus Bacillus by using FAs analysis. Later P, Kampfer [8]
showed that the genus could be divided into major and minor groups based on the ratio
of the quantitatively predominant FAs i15C:0 and 4/15C:0. The a/15C:0 FA (12-
methyltetradecanoic  acid) was the predominant FA in the major group
(15C:0ail5C:0<2), and the 15C:0 FA (i3-methylietradecanoic acid) was the
predominart FA in the minor group (i15C:0/ai15C:022) including mainly obiigatory
thermopiles.

The ratio of /15C:0/a2i15C:0 of studied thermophilic isolates varied between 0.3-
1005 (Table 1). Isolates T-% and T-10 were characterized by a ratio of /15C:0/ai1 5C:0>2
and could be grouped into minor group, while all others, exhibited a ratio of
13C0/ai5C:0<2, could be grouped into major group. Althaugh isolates T-9 and T-10
could group in the same cluster, FA composition was different. The determination of
FAs composition of isolate T-9 has shown high amounts of iC17:0 suggesting a possible
relationship with geobacilli which are known to be obligatory thermophiles, The isolates
T-4 and T-7 possessed low amounts of /17C:0 and the same value of {15C:0/ai15C:0
ratio, indicating possible relationship between those isolates. The ratio of 71 5C:0ail5C:0
and relatively high amount of /17C:0 content was similar for isolates T-2, T-3 and T-6.
Moreover, the differences at the level of 15C:0/ail 5C:0 ratios and ail7C:0 content
indicate that isolates might be belonging to the different subgroups. Final identification
can be proved by studies of other phenotypic and genatypic properties.

This research was carried out at the Institute of Biomolecular Chemisiry (C.N.R.)
Pozzuoli (MNaples, ltaly),

Acknowledgements

The research was supported by the FEBS Short Fellowship-2003. The invaluabie
assistance of Profl B, Nicolaus, Dr. 4. Poli and technical support of Mr. E. Pagnotia is
to be highly emphasized

REFERENCES

. Aséwcawdpos BH  Makpomonckyiapeule  ocHOBel  TepModinee,  Beonorus
TEpMOGHNBHLIX MHKpoaprankiMos. M. Hayka, 57-68, 1986,

2 Haworrn  QA, Tesarawan {18, Taemepsn 4B, Honos H3F Hoswe
IRCTpeMOdibHLE hopael Baumnn w3 nows ApMedds Buonor, sype. ApMesind,
54, 1-2, 104-109, 2002,

3 Cospemennas mukpobuonorss. Npoxapuots. Jod pedasyuen H denseaep, I
Jpeec u I aezens M, 2, Mup, 2005,

4 Bligh ED. Dyer W.J. A rapid method of total lipid extraction and purification, Can.
.. Biochem. Biophysiol. 37, 911817, 1959,

3 Charlier D, Droggmans L Microbial life at high temperature, the challenges, the
strategies. Cell Mol, Life Sci., 62, 2074.2084, 2003,

6. Dittmer J.C. and Lester, EL A simple specific spray for the detection of
phospholipids on thin laver chromatograms. I_ Lip. Res,, 5§ [26-127, 1964,

1. Dreissen AJ M., Albers 5 V. Membrane adaptations of {hyperjthermophiles to high
temperature. [n Physial Biotech Extremophiles, 104-116, 2007,

8  Kampfer £ Limits and Possibilities of Totl Fany Acid Analysis for Classification
and [dentification of Bacilfus Species. System. Appl: Microbiol,, /7, 36-98, 1994,

9. Kaneda T. fso- and gnreiso-fatty acids in bacteria: biosynthesis, function and
taxonomic significance. Microbiol, Rev,, 53, 288-302, 1991,

03



16.

7

HH PAROEYAN

. Kates M Techniques of Lipidology (R.H. Burdon, P.M. Van Knippenberg, eds),

Elsevier Science Publisher, Amsterdam. 1991,

. Kuyndy SK  Thin layer chromatography of neutral glycosphingolipids and

gangliosides, In Methods in Enzymology, ed. by .M. Lowenstain, Academic Press
Inc., New York, pp. 185-204, 1981,

O 'Leary WM., Wilkinson 5.J, Gram-positive bacteria. In Microbial Lipids, {, (C.
Ratledge, 8.0, Wilkinson, eds.) New York, academic Press; 117-183, 1988,

. Nicalgus B, Manea MC., Lama L. Esposito E and Gambacorta A, Effects of

growth temperature on the polar lipid pattern and fatty acid composition of seven
thermophilic isolates from the Antarctic Continent. System. Appl. Microbiol., 18,
3236, 1995,

. fussell NJ and Fukunage N A comparison of thermal adaptation of membrane lipids

in psychrophilic and thermophilic bacteris. FEMS Microbiol, Rev., 75, 171-182,
1990,

Shen P.Y, Coles E, Foote J L. and Stenesh ). Fatty acid distribution in mesophilic
and thermophilic strains of the genus Sacifius. /. Bacteriol,, f03, 2, 479, 1970
Siristova L., Mefzoch K and Rezanka T Fatty acids, unusual glycophospholipids and
DA analyses of thermaphilic bacteria iselated from hot springs. Extremaphiles 13,
101=109, 2004,

Vandamme F., Pot B, Gillis M., De Vas P, Kersters K. and Swings J, Polyphasic
faxonomy, a consensus approach o bactenal systematics. Microbiof, Rev., 60, 407-
438, 1996,

- Yang Y.L, Yang F.L., Jao 8. Ch, Chen MY, Tsay 88, Zou W, Wul 5 H. Structural

clucidation of phosphoglycolipids from strains. J.Lipid Res. 47, 1823-1832, 2006.

Received 02.03.2010

16



FOLAR LiPIDPATTERN AND FATTY ACTD COMPOSITION OF THERMOPHILIC BACILLY ISOLATED FROM A SITF WITH

LRI DR PONRITRS A | 1 ) PR U T i e e ] DO G T T ] RIS | HOIRASIG0Y

jaluh perek el TR T S
’ . Elr . {8z L BEH| 29 ‘ P iRH G| RO LT [ (i-L
[} s t (e LT L8y Hie T (9| ce SElE <0l o &1
[H13 : k6l wirl G {r ‘ iy LVl ’ ' £ rE el
v = Ogisl - | TVl e Beo a8 Pl T L y $1 67 a1
- - T - - gLl =T PLL HlrT - ENN &gl 57K LIl it e .l
- ¥ NEiL % LEgt 0eEr e L1 % (il EHT i & g g i B
G LE Lo Sl YL YIET fitl £ (0 : Lrel o ey e £ % gl B
= - -] ~ o = = == .+.. = = - ..._..
8 & & & & & B A& § & @& & B 5§ & 3
= = = = o 3 = = 3 s i = = 2 & B g
= = = = = = 5 P o = b = P = in T = g
= (=] 3 5 B =
B £ &
B E = i
——— : = e — = £ =

) $pran Aneg pEmpraipu)

iaird po sty jeungdo g e saegas) s pegdowaeag o wonsodiuos peae Ay o) ey
i

107



	100
	101
	102
	103
	104
	105
	106
	107

