


. Bivl Pharm. Sel Ve ; 3, New I duly, 7008

S,

LE R GROWTH TEMPERATURE AND T EMPERATURE
'_"’fé{&fﬁ‘% TTON ON STEREOSPECIFIC DISTRIBUTION OF
4 CIDS IN APHANIZOMENON 8P, GLYCEROLIPIDS
By
Hans M. Gashian ’, Khalid O. Abuinsia’, Terence J, Walton®

Frowm

! Department of Binchenistry, F, aoulty of Science, Eing Abdul-Aziz University

py ‘=f“}§

enemisicy Kesearch Group, School of Biological Science, {niversity of Wales
Swansea.

5

in this study of Aphanizomenon sp. culture grown ai either 28°C or 15°C or
duting fempersture  tran Smm from 28°C to 15°C were investigated for the
stere am““i‘ﬁs distribution of {stty acid in the major glycerolipid classes. The results
mdicated that the r}ﬁaz‘aammﬁ distribution of fatty acid in all fipid classes from culture
_ gmwz% at 28°C and 15°C were characterized by the predominance of C-18 fatty acid at
the su-1 position and C-16 ﬁ‘é‘ty acid at the sn-Z position, in a patiemn consisient with
that described  for :th{fr group 2 cyanobacteria. Cells growth at 15°C were
characterized by | g% proportion of unsaturation fatty acids compared to growth at
28°C. The énﬂrm e m the degree of unsaturation was induced essentially by increasing
LrBdat snel position in MGDG and DGDG and increasing C16:3 at g2 in PG. The
;}thw'zaz ﬁmrzbv uon was not aliered except that in the PG fraction, the C16:1 was
esterified in sn-1 position instead of sn-2 position in cell grown at 15°C. In cha anging
the gwwai emperature from 28°C to 15°C (24h and 48h) the Sterospecific
distribution of fatty acid at s»-1 and s#-2 glyeerolipids was largely conserved with C-
i0 fatly acid dominating at sn2 and C-18 fatty acid dominating at sn-1. The most
profuinent change induced by shift 1o lower temperature wags decrease in C18:1 and
L1€:5 levels at sn-} sccompanied by an inerease in C16:3 at both su-1 end sn-2 for
AR SR

IMTRODUCTION

Temperature 1s one of the most important environmenial factors that influence
the fatty acid composition of membranc lipids (Sumner of al, 1969; Haze! and
FProsser, 1974}, Poikilotherm has i mz;;w* their Iipid composition dus’ingﬁ sudden
changes in cnvironmental temperature in order to preserve lipid bilayer phase fluidity
and membrane function (Manson aﬁd Kates, 1984). For example compositional
studies of cyanobacteria have demenstrated that growth at low temperature causes one
or more changes in membrane lipid cempamtmn, mcluding increases in fatty acid
msaturation, shortening i acyl chain length, changes in the proportions of lipid
classes and changes in lpid; protein ratio (Holton e al, 1964; Sato e al, F879;
Swtart ef al, 1990, 1997 and Cossing, 1994),

The glycerolipids of A4 nidulens, 2 groop i cyanobacterium, contain fatty

acids with 14, 16 and 18 carbor atoms; these fatty acids are distributed on the glyceral
backbone of glycerolipids with daturated and monosaturated faity acids that estrified
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maindy at the sp-1 and sr-2 position respectively, Lf;}w“z”r'r*-q Ge growih femperature
led 16, a decrease in chain length of saturated fatty acid at sn-1 of all lipid classes, and
at the same time, io an increase desawration of 16 =’J‘= o 1671 at m«Z of
monogalac O%yknacy lyeerol ‘Viésu(; and  digalactosyldiacvigiveerol (DGDG)

{Bato ef al, 1979}, In conlrast in A aaf”zgzz z!fsg whi e,h contains polyunsaturated fatty

acids of 13 and 16 carbon atoms, localiy zcspc wely at sn-1 and sn-Z positions,

growth at lower temperature indicated that only éc; aturation of C-18 acids was

P

ié
ependent on the growth temperature in all four major lpid classes (MGDG, DGDG,

3

PG, and 5L} (Sato er al, 1979).

¥
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in the Baltie, Aphanizomenon sp. and cther cyanchacteria
the summer 10 a wide range of temperature from 2 maxdimum
at the surface under calm conditions to 2 minimum of 10°C whe
thermmocline {olfowing a wind induced nmixing event.

i*‘t‘: iﬁ‘{?@ﬁgcd during
t Hoatmy
nk to the

In our previous studies (under press) we sstablished that JAphanizomenon 8
modulates the fatty acid composition of s membrane glycern! ‘pzm; I TESHONSE o
changes in growth temperature. This work f;iﬁ:f;g, E g further studies into the detail of
these ¢b anges éﬂy an analysis of the sterecspecific disiribution of fatty acids within
cach of the major gl ﬂ,molml g sses [rom rp!?f:,z zomenon sp. cultures grown either
isothermally at 28°C or at 15°C and during tempe b

sition from 28°C o 1550,

MATERIALS ANMND METHODS
Crowth Conditions:

A cultures of  Aphanizomenon sp. {obtained from the biochemistry research
group, umversity of Walss, Swansea} were grown photoay E@pi wally up to 25 days in
madified Aul‘v; i jiquid medium éackmf a fixed nitr ogen source, and wothermally at
two different temperatiure e “high temperature” (280 or “low vw‘ﬁfuamr“
(15°Cy Anmhv culture of dphanizomenon sp. was grown in the same medium for 10

days, and then the incubator temperature was then reduced to 15°C where the growth
continued for 2 days,

Extraction of Tofal Lipid Fracticn

Cells of Aphanizomencn sp. culture grows 28°C or 13°C or during |
temperature  ansition were  harvested dugaten, nommally a2t 3000xg

essentially according to the method of Bigh and vﬂﬁ" ’“W% as modified by Bato
snd Muovata {1981,

Separation of Glveerolinid Classes

The major glycerolipid class

es were separated by

TLC, Total lipid exiracts were apphied as 2 short band (o si
together with authentic samples of MGDOG, ‘Z}G?}G, PG oand
were developed i chloroform-methanol-acetic acid-water, %’?('}
Plaies were sprayed with 0.05% {w/v) primulin in acmg}neiwa{m‘ é,\.x vivy, and
glyoorolipid were detected under UV light, Visuslization also and used for lipase

i}/dici}’%if\ The MGDG fraction isolated as deseribed above was sublected to further
£ I P 4"

pr e*mmtwc TLC in a solvent of chioroform — methanol — scetic acid — water 851 15
1 {by vol,

9.7 {by fm‘

it
i
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The Stereospecilic Distribution of Fatty Acids

The distribution of fatty acids at the sn-1 and s#-2 position in each giyeerolipid
é'%-‘zzf*zim'; recovered from preparative silica gel-G T was established by lipase
hydrolysis as deseribed by Sate and Murata (1988} which was developed from the
procedures described by Fischer ef al, (1973} The lysogliyeerolipid containing the
si-2 fatty acid was recovered by double development TLC. Sampies of each
fysoglycerolipid and the original glyeerolipid from which the sample was derived
were individuelly transesterified, and the resulting fatty acid methy! aster FAME
fractions were subjected to GLU analysls,

The fatty scid u:mgmwmz at sn-2 was determined directly from the

lysoglycerolipid samples and the composition at sp-! was determined by difference
betweorn a,%;c original Qy&,me‘ia 14 and the corresponding lysoglycerolipid, according to

=rolipid overall {atty acid composttion}- [glveerclipid

RESULTS AMD DISCUSSION

Effect of Growth Tempersture on the Stereospecific Distribution of Fatty Acids.

‘@‘i;rma i and 7 show the fatty acid compostiion of MGDG, DGDG, PG and
woge Ei"“‘i” W *r fhf* m}mmm“ di*“i‘rﬁbwion af the fa‘géy aciﬁ?s at .«m»f and grh’}

tw

for
;ﬁmds i gl 2.15. ¢ classes ii"f}m ou tux, grown at }?“C ané 15" C was character fmd %}v
the predominance of C-18 fatty acids at the sn-1 position and C-16 fatty acide at the
sr-2 position, in & pattern broadly consistent with that described for other group 2
cyanobacteria (Sato and Murata, e gl 1979). When dphanizomenon sin cells grown
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at low temperature (15°C) compared with cells grown at high temperature (28°C)

Hierences in fatty acid composition could be detected. Low
: o an imcresse i the degree of unsaturation which
accompanied by merease bt the Wi‘{};‘?@ﬁ:i{m of unsaturation fatty aclds and decrease in
the proporion of seturated fathy acid in all classes, in MGDG and DGDG fractions,
the relative proportion of CI6:0 at the 5 ;:-'2 position in eells grown at 28°C was 68.8%
and 86.5% respectively, Whilst it was reduced to 55.3% and 72.6% at 15°C in MGDG
and DGBG. This reduvtion in ¢l6:0 was accompanied by a sharp increase in the
proporiion of C16:3 at su-2 of the MGDG and DGDG fractions in cell grown at 15°C,
At the lower temperature an approximate mvbiinw in the refative proportion of C18:3
fatty acid at sn-1 pu% stion in MGDG and DGDG was also observed, whilst the relative
proportions of C18 r‘sd C1E2 at sl owere de rf:a;ed The C16:0 fatty acid in PG
- fraction was VE'“‘S'"’I’“E, mamly at the sp-2 position in cell grown at 28°C, where It
represented 48.2% of the fatty acid, whilst it ""i‘JI‘CSﬁ:ﬂi d ‘%E 3% in cells grown at 15°C
fFig. 23 At es-2 C160] represented 24.1% of fatty acid, but could net detected at
15°C, whilst C16:3 u which was absens at 28°C and constituied 37.3% of the PG a2
fatty acid at 15°C, In the 8L fraction 9‘3 16:0 was the only C-16 faity acid at the sn-2
position at eiher hwn ternperature (28°C) or low temperature (15°C), and there was
little difference in the relative proportion at the two growth temperatures C-18 acids
were located almost entively at the sn-1 position in SL {rom cells grown at 28°C and
15°C, and an increase in the relative proporiion of C18: at sw-1 was seen in cells
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grown at 15°C, and this increase was accompanied by a marked decrease in the.
reiative proportion of C18:1 and C18:2 obssrved at 28°C. In spite of all these changes
in fatty acid relative proportion, the positionzl distribution was not altered except that

in the PG fraction, the C16:1 fatty acid was estrified in sa-1 position instead of wnod

“position in cells grown at 15°C,
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Figure 1. The pos
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win contrast o that of Sate of ok, {1979). They found that
ids focated almost exclusively at sp-!

CelE o

rely In g md classes, It thus appears that in groun 2
“”“guéme: i /fpﬁvmﬁ{)f??{f?f"}?‘ £p.as i A wirabills, Mept&tmra of fatty acid

. hiferent i un | ovancbacterio £.g. Anacyaris nidulans. In
11§ DIgAnis (:j.;eﬁﬁi%’f» el al, {1979y, found that in growth af reduced temperature the

change in chain fength was found at sn-1 position; the monounsaturated acids were
do wn:*ﬁ it ' Poroturated once ab se-Z. When the growth temperature was
of monocunsaturated fatty acids was varied at an-1, and the
cids m palaciolipids was influenced at sn-2, In the scidie lipids
s malmite acid eas estrified to sn-Z, and no change with growth
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ransition on the Sterecspecific Distribution of Fatty

39T, Z4h and 48h), the stereo specific
of the giveerolipid iwnd {immg gmwtb at

e ws %z f..~ & ﬁ&é‘i}" acids predominant at sn-2 and C-18 fatty
. 33 The most pm”n,“éﬁm change brmﬂm about by the
e in ‘m: galactolipid fractions was a decrease inn CHE:] and
accompanied by an increase in Ciad at both sn-l and sn-2 of
in the C-18 g‘atsy acids at sn-1 are consistent with
s oceurring af sn-b of pre-existing MGDG species o
ficant increzse in C18:3 1n either the PG or SL fractions
sportion of Cl81 in the 5L fraction was
m‘vn%‘;ﬁ”;% of Cl18:1 and r{:pi&f‘amem of
onocnoic fatty acid is an effect

frst 10" following the downward
e in the CHe:d in the MGDG {raction
5:1 levels consistent with the direct
NN 00 (Sate and Muratz, 1986 With
peraiure however, the relative contents of £16:0 and

whilst there wag a concomi
desaturation of O
i ;i‘sci:z" incubation j
C16:7 falty acids were almost ed %.(‘ seiginal level In Aphanizomenon sp. C18:0
and CI8:1 level were decreased zw";e:i C18:3 was increased in a similar way 1o 4
var mmz’zﬂ (8ate and Murara, 1980, st*stf*m wzia divect desaturation of lipid-
hinked C18:0 a v acids at sn-2 and the C-18
fatty z;“ i - MODC species in Aphanizomenon W yield
CHE:3C6 - and CHRB/TH 50 which accompanied by an increase in the
degree uf spsaturation would be expecied (o bring Lﬂmm an increase in the membrane
fluidity aliowing the organism o adapt to the lower {emperature.
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