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Abstract The ability of cell tomodulate the fluidity of plasn am enbrane was crucial
to the survival ofm icroorzanisn at low temperature Plasnamenbrane proteins fatty
acids and carotenoids profiles of Antarctic psychrophile yeastRhodotorula sp N J298
were nvestigated at — 3 C, 0 'C and 8 C. The results showed that plasna mean-
brane protein contentw as greater at — 3 C than that at 8 'C, and a uniquemanbrane
polypeptide canposition w ith an apparentmolecularmass 0f94 7 kDawas new ly syn-
thesized w ith SDS-PAGE analysis GC analysis showed that themain changes of fatty
acids were the percentage of unsaturated fatty acids (CI18: 1 and C18:2) and shorter
chain saturated fatty acid (C10:0) mcreased along w ith the decrease of the culure
tanperature fran 8 C to — 3 'C; HPLC analysis ndicated that astaxanthin was the
major functional carotenoids of the plasnameanbrane percentage of which increased
fran 54 6 X1 3% at8 C 108l 932 1% at- 3 °C. However the fluidity of plasma
mem brane which was detem med by m easuring fluorescence anisotropy was si ilar at
- 37T, 0C and 8 C. Hence these changes m plasna meanbrane § characteristics
were mvolved n the cellular cold-adaptation by which N J298 could maintain nomal
plasmameanbrane fluidity at near-freezing tenperature

Key words psychiophilc yeast plasmamanbrane fludity fatty acxl protem ca-
wtenoils cold-adaptation

1 Introduction

Antarctica sea ice is a relatively extrane enviroorment w ith ntemal tenperatures ran-
ging fran — 1 °C to as low as — 50 'C mnwintel". In order to survive m icroorganisns liv-
ng in these severe enviromm entsmust adapt structurally and physiologically On cold-adap-
tation of Antarctic extrane cold environment m icroorganisn previous studies have mamly
addressed the production of cold-active enzymes temperature-dependent synthesis of pig-
ments the mantenance of protein synthesis and the production of cold-acclmation pro-
teins and them echanisn s of freeze tolerance or avoidance =31

aptation strategy which was crucial to the survival of the cell related to the ability of cell to

But one mportant cold-ad-
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modulate the fluidity of plasma menbrane at low temperature Antarctic sea ice psychro-
philic yeastRhodotorula sp N J298 was able to survive due to its unique ability to copew ith
extran e conditions of Antarctic enviroorment and thus made itself an attractive eukaryotic
model to understand the physiology and biochem istry aspect of cold-adaptation In this pa-
per themajor plasnamanbrane fatty acids carotenoids and protein canpositions of N J298
were mvestigated at near-freezing tamperature which would help to understand the cellular
basis of Antarctic m icrobial cold adaptation

2 M aterials and m ethods
2.1 Strain and cultwation

Strain N J298 was isolated fran the sea ice in the A ntarctica ( 68030!]3 65000’5) dur
ng 2001- 2002 and itwas dentified as Rhodotorula sp. The strain was cultured n the
seawatermedim ( peptone Q 5% and yeast extractQ 1%, pH 7 5) at different steady-
state tenperatures — 3 'C, 0 'C and 8 C. Cells were harvested at the logarithm ic grow th
phase after 96 h of mcubation and washed W ice w ith distilled w ater

2.2 Isolation of plasna menbrane

N J298 plasn amenbrane of each culture was isolated at high purity essentially as de-
scribed previousl}J ' with modifications A1l the steps were perfomed at4 C. Briefly 5
grans wetweight of cells were suspended m 20 m | of cold grnding medum (250 mM su-
crosg¢ 10mM TrisHClbuffer pH 7 5), (and) contaming a protease mhibitormx (1 O
mM pheny ethylsulfonyl fluoride 2 Hg/m1 leupeptin 2 Hg/m 1 aprotnin 2 Hg/m 1 antr
pain 2 Hg/m|pepstatip 2 Hg/m 1 chymostatin). A fter hanogenization w ith 20 g of glass
beads ( dianeter Q 25— Q 32 mm) were shaken vigorously on a hanogenizer the resulted
han ogenate was centrifuged at 2 000 g for 10 m in to ranove glass beads and unbroken
cells The pelletwaswashed oncew ith the sane grndingmedim. The canbined supema-
tant was centrifuged at 15 000 g for45m n The crude pellet obtained w as resuspended in
S Omlof 1I0mM TrisHClbuffer (fH 7 5) and EDTA (1 mM), then titrated to pH 4 9
with @ 1N acetic acid and quickly centrifuged at 11, 200 g for5m n The pH of the super-
natantwas raised to 7 Swith @ 1 N N&OH and then centrifuged at4y 000 g for IS m in
Lastly the pelletwas resuspended n 10 mM TrisHCI buffer (pH 7 5) contaming glycerol
(30% ), phenyhmethylsulfonyl fluoride (1L OmM ), and dithiothreitol (1L OmM ).

The purity of the plasna menbranes was checked by measuring the ATPase activity
which was amarker of isolated plasnamenbrane vesicles”', according to the work prevr
ously published on yeast strain’ " Briefly plasnamenbrane ATPase activity wasm easured
as the lberation of morganic phosphate n the follow ng m xture ( 120 H1): 50 mM M es-
Tris pH 6 Q 330mM sucrosg 50 mM KNO;, 3mM MgSO,, 6 mM ATP, Q 1 mM ED-
TA, 1mM sodum azide Q 1 mM anmonim molybdate The reaction was mitiated by the
addition of 10 B 1of plasn am enbrane preparation contaning 10— 15 g of protein at 30 C
for30mm then tem mated by the addition of 120 H1 of 10% TCA and the anount of

. 8 : .
phosphate released was estim ated®’. The difference bew een activities in the presence and
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absence of 100 Pm vanadate was considered the true value for the activity of this maker
and the purity of the plasm am enbrane preparationsw as assessed by them easurament of the
activities of the marker enzym es N a\; -sensitive m itochondrial ATPase at optmum pH 8 5
and vanadate-sensitive plasn amanbrane ATPase at optmum pH @ Q

2. 3  Protein detem ination

Protein concentration was detem ned in the presence of @ 01% Triton X-100 by the
Bradford method”’, with bovine senm album in (BSA) as standard

2.4 SDSopolyacrylan de gel electrophoresis

The polypeptide canposition in the plasn am enbrane preparations of each culture were
detem ned by SDS-polyacrylan ide gel electrophoresis utilizing a 12 5% (w /v) separating
and 3% (w/v) stacking gel by the technique of Laemm 1id ",

2.5 Prearation and analysis of fatty acid methyl esters

Lipids of plasnamanbrane preparations ( 10 H1) of each culture were converted to fat-
ty acid methyl esters by treamentw ith 5% HCI inmethanol solution at75 C for1 h Re-
sultant fatty acid methyl esters were extracted w ith hexane and analyzed as described '
w ith a GLC H ew lett Packard 5890 gas chran atograph equipped w ith a flane ionisation de-
tector and aHP-5 cokmn (30 mm X Q 32mm X Q 25 Hm). The separated fatty acid
methy| esters were identified by canparing their retention tinesw ith standard m ethyl esters
and w ere quantitated w ith a datum analyzer The experments were perfomed i triplicate

2. 6 Carotenoids extraction and quantification

P lasn am en brane preparations (20 H1) ofN J-298 of each culture was treated w ith 100
% acetone (3 ml), vortexed and centrifuged until they becane entirely colourless The
coloured phases were diluted w ith distilled water ( 10 m1), and then carotenoids were ex-
tracted w ith light petroleum (5 m 1) until disappearance of any pignentation fran the lower
phase The pooled organic phases were washed repeatedly w ith distilled water dried over
N a2S04 and evaporated under a strean of nitrogen gas A Il above processesw ere conducted
in darkness m order to avoid pignent degradation Later the major carotenoids which was
astaxanthin ( unpublished) was quantified by high perfomance liquid chranatography as
described previously ', the experment ofwhichwas conducted on the A gilent 1100 analyt
ical systen equipped with an photodiode-array detector and a reversed-phase C18 column
(Apex ODS Column 4H2531Q0 4 X250 mm 5 Hm). The mjected sanple volime was 20
H] and eluting solvent was methanol/w ater/n-hexane (9% 4 1 v/v/v) with a flow rate
Q Sml/mmn and the effluientwas monitored at 478 nm. Before analysis the mobile phase
and sanples were filtered through Q 45 Pm filtermeanbrane A ll of the solvents used were
of HPLC grade Content of each carotenoids mn the extract was calculated using the area
percentage obtamed fran HPLC chran atography analysis A ll testswere detem med n trip-
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licate
2.7 Plasnamanbrane fluid ity

M enbrane fluidity nwhole cells ofRhodotorula sp N J298 which cultured mn seaw ater
medim at— 3C, 0C, 2C, 4C, 6C and 8C, respectively was detem ined by m easur
ng fluorescence anisotropy using the meambrane probe DPH ( 1, 6-diphenyl-l, 3 5-
hexatriene) on aH itachi 650— 10 fluorescence spectrophotan eter based on Laroche’d "',
Excitation and an ission wavelengths were 340 nm and 432 nm, respectively The degree of
fluorescence polarization ( p) was calculated using the follow ng equation P = ([, -
G ly) /(Ly+ 26 Iy ) withG = I,y /Ly, wherel is the corrected fluorescence ntensr
ty and subscripts V andH mdicate the orientation ( vertical or horizontal) of the excitation
and analyzer polarizers F luorescence anisotropy was calculated by the follow ng equa-

tion' s r= 2P /(3-P)
3 Results
3.1 Purity of isolated plasna m an brane

In order to estmate the purity of isolated plasmna menbranes ATPase activity was
measured The results showed that the ATPase activity at pH @ 0 was mhbited more than
90% by Q 1mM vanadate and less than 5% by ImM NaN;. AtpH 8 § therewas also
no significant mhibition by NaN;, suggesting that the isolated plasna meanbrane prepara-

: e : : : : is
tions w ere not significantly contan mated w ith m itochondrial m embranes ™.

3.2 Plasna manbrane proteins analysis

Itwas found that the plasmamanbrane protein content fran N J298 w as greater at — 3
C than thatat8 C (Fig 1). Analysis by SDS-PAGE showed that the polypeptides patiem
of plasnamanbrane obtamed fran N J298 cells grown at — 3 C was different fran that ob-
tained at0 'C and 8 C (Fig 2). One polypeptide band w ith an apparentm olecularm ass of
94 7 kDawas absent at 8 ‘C and 0 C, but present at -3 C which was indicated by arrow
(Fig 2 lane 3).

3.3 Fatty acids analysis

The fatty acid profiles of plasnamenbrane fran N J298 revealed decanoic ( C10:0),
hexadecanoic (C16:0), octadecanoic (C18:0), octadecenoic (C18:1) and octadecad ien-
oic (C18:2) acid to be the predam mant fatty acidswhen itwas cultivated at different tem-
peraturg and as a function of tenperature the changes in fatty acids content presented n
Table 1 As the tamperature decreased fran 8 C to — 3 C, themain changes were the
percentage of unsaturated fatty acids (C18: 1 and C18:2) and shorter chain saturated fatty
acid (C10:0) increased especially C18:2 and C10: 0 pranoted a tranendous increase
which wasmore than double change but resulted n a decrease n the proportions of C18:
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(Q while C16: 0 renamed unchanged on the whole The plasna menbranes contamed a
high concentration of saturated fatty acids at all grow th temperatures but the ratio of satu-

rated /unsaturated fatty acids changed fran 2 72 at8 C to L 74 at — 3 C,
160
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Fig 1 Effect of tanperature on the P lasnameanbrane proten production of Rhodotorula sp N J298 The data
was themean of three independent experinents Standard deviations were depicted by the error bars
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Fig 2 Canparison of SDS-PAGE profiles of polypeptides fran the plasn am enbrane fraction of Rhodotorula sp
N J298 cultivated at 8 C ( lane 1), 0 C ( lane2), — 3 C ( lane 3). Each lane was lbaded with 5 Hg
sanple Protein molecularmassmarkers ( expressed n kDa) were shown on the lane 4

Table 1L Fatty acids canposition and content change (% of total) of plasna meanbrane fran N J298 cells
grown at 8§ ‘C, 0 C and - 3 C (» &)

% of total fatty acid

Fatty acid g C 0C 3
C10:0 8 910 3 10 1404 18 210 4
C16:0 138+ 6 13540 4 137405
C18:0 29 610 8 263109 22 630 8
C18:1 10 710 4 1. 610 3 12 840 4
C18:2 93104 12 410 4 19730 5

Un identified 25740 8 24 140 7 1L.030 5

3.4 Carotenouds analysis
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HPLC analysis showed evidently the content of astaxanthin ( peak a) mcreased pro-
eressively along w ith the decrease of the culture temperature fran 8C to — 3 'C, while an-
other wo carotenoids content decreased (Fig 3). The astaxanthin contentwas 54 6 X1 3§
66 6 X1 8 and 8L 912 1% at8 C(Fig 3A), 0C (Fig 3B) and - 3°C (Fig 3C),
respectively The results for carotenoids m the pignent extracts fran the plasmnamenbrane
of N J298 cells indicated that the different percentages of carotenoids depended on the cul-
ture temperature and low er tamperatures seemed to pranote syntheses of astaxanth in
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Fig 3 HPLC chranatograns show ing carotenoids fractions and content separated fran the plasmameanbrane of

N J298 cultured at different tanperature A: 8 C, B 0°C, G -3 C; peak a astaxanthin
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3.5 Cellplasnamanbrane fluidity

Usually the fluidity of plasna menbrane is measured as anisotropy by fluorescence
polarization of probes which decreases when manbrane fluidity mcreases The fluores-
cence polarization values ofwhole cells plasmam enbrane which corresponded to fluidity of
plasnamanbranes of N J298 were all steady at different temperatures (Fig 4). The results
ndicated the relative fluidity of the N J298 cellswas sin ilar during cells grow th fran — 3 C
to 8 C.
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Fig 4 Florescence polarization of DPH probe i whole cell plasna menebrane of Rhodotorula sp N J298
grown at different tenperature Each datun pont represented the mean of three independent experr
ments Standard deviations were depicted by the error bars

4 Discussion

Antarctic m icroorganisn cellular adaptations to low temperatures and the underlying
cold-adaptation mechanisns are not fully understood yet and are still being mnvestigated
Previous studies have showed that fatty acdswere crucial to the survival of the m icroorgan-
isns at lw tenperature "', In this paper fatty acid analysis of N J298 plasn am enbrane
revealed a classical type of cold-adaptation by increasing the content of unsaturated fatty
acidsw ith decreasing tanperature Unsaturated fatty acids were significant to the survival of
the m icroorganism swhich ncreased m enbrane fluidity at low tanperatures . On the other
hand the content of shorter chan (C10: 0) fatty acids ncreased which was different fran
san e A ntarctic psychrophilic bacterim which adapted to extrane conditions by changing mn
the fatty acid canposition w ith a preponderance of branched chain fatty acidd ™~ *'!. Shorter
chams fatty acids especially those with less than 12 carbons were unable to span the br
layer and could not form hydrophobic mteractions with other lipis and proteing and thus
conduced tomamtain the fluid state of the plasma manbrane And the marme bacterim
Shav anella putrefaciens adapted to fluctuating tem perature conditions by varying the content
of short-chain fatty acils 21 Furthemore short chains fatty acids had lowermelting points
than those of longer cham ( length) 21 So the significance of the womam changes of fatty
acids confimed N J298 cells grown at near-freezing temperature by ncreasing the fluidity of
the plasnameanbrane The effect of grow th temperature on the outermeanbrane proteins of
E. coli has been well docum ented *"'. The results of plasn am anbrane protein analysis re-
vealed thatN J298 responded to the low tenperature by mducing the synthesis of a set of
proteins and itwas noteworthy that the psychrophilic yeast N J298 showed the presence of
cold inducible protein of 94 7 kDa which was only present in cells grown at near freezing
tamperature — 3 C, indicating that expression of them embrane protein w as under tem pera-
ture specific regulatory controlwhichmay play a role n cold-adaptation InE. coli the phe-
nanm enon had been studied and shown one novelm enbrane protem 0f93 0 kDa response to
low temperature >, Furthemore itwas reported m enbrane proteins could nteractw ith the
lipis and contributed to the overall stability of the bilayer*™ *”. M eanwhile pignent anal
ysis firstly ndicated polar carotenoids astaxanthin was the major carotenoids of the plasna
meanbrane fran N J298 and its content ncreased with the culture temperature decreased
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which was consistent w ith tem perature-dependent synthesis of pigments n Antarctic psy-
chrotrophicM. roseus revealed higher yield of polar carotenoids at low temperaturg can-
pared to the production of non-polar carotenoidd”'. A number of Antarctic bacteria have
been found to contain carotenoid type of pignents n theirmenbrane and it had been spec-
ulated that these pigmentsmay play a role n bufferngmeanbrane fluidity due to their ability
to localize in the membrane " **'. Furthemore it has been suggested that the survival of
the A ntarctic m icroorganisn s at low temperature may be enhanced by the ability of carote-
noids to stabilize membraned ™. However carotenoids structural features influenced the
chan ical properties of the carotenoids as well as their location and orientation within lipid
bilayers m biological environments In vitro studies based on the nteraction of carote-
noids w ith model m enbranes had clearly demonstrated that polar carotenoids stabilize
the m embrane and non-polar carotenoids ncrease the fluidity ofm enbraned ™. In ad-
dition it was revorted astaxanthin could avoid extreme hich levels of lipid damace
change plasmamanbrane pem eability and scavenge radicals mside the meanbrane both by
the con jugated polyene chain and the tem inal ring moiety *# Hence astaxanthin was
possible playing an mportant role in regulation of plasmam enbrane fluidity at near-freezing
tem perature

Taken together the cold-adaptation response of N J298 cell to extrane low temperature
was possible to postulate that at near-freezing tem perature san e of the nomally fluid canpo-
nents of plasnamenbrane becane gel-lke however i plasnamenbrane the unsaturated
and shorter chain fatty acids increased resultng nmamntaning the plasmamenbrane n a
fluid state and meantme cold-active and nducible protems polar carotenoids astaxanthin
canbined which counterbalanced this effect and helped to stabilize the plasnamenbrane n
a fluid state and then the gel fom ation was prevented n tummamntaned the nomal plas-
mamenbrane fluidity and preserved the function mside the cell as a consequence N J298
was able to adapt and still survived at near-freezing tanperature In conclusion the under
stand ing of thesemultiple changes of the plasm am enbrane canponents in N J298 throw new
licht on the mportance of the plasnam enbrane n the physiology of highly cold-adaptedm r
croorganisn and provide significant new mnfomation relating to a characteristic of mpor
tance in various biotechnology app lications
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