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Seecheromycss cerevisine and the osmotolerant. yeasts 3,

- rouxii aend Qgpggyom[céﬂ hansenii were werobicelly
and encerobicelly grown in presence of incTensing
concentrations of sodium chloride from ﬁerb to 15%
(w/v), Levels of both saturated and unsetureted
fatty seids in the yéast cells wafe egtimafe&rusing
gas liguid chromatography, Palmitic end S'tear;tb
acid constitated the major cohponent of satureted’
AEt1} scids in the thres test orgnnisms: however,_
palw1toleic, olelc and eluidic wers the major comp-

onpnts of unpaturated fatty eclds.

lio linear correlation waa found between le#els
of sodium chloride in the culture medium and layels
of either saturated or unspturated acida dn the yeast

Célls. Levels of totsl unsaturated fajty ‘mcids were

higher in aevcbically grown cells of S.rouxii end
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D. hengenii than:those grovrn enserobically, although

their levels were indifferent in S,cerevipise, Also,
levels of tolal satirnied feity eciés in S._rouxil
were lower ther their levels in both D. hansenii ang

8, cerevisise, However, levels of unsaturnted feity
acids in S, rouxii were higher then those of D.bansenii
or §, cergvisige. |

INTRODUCTION

The lipid composition of yeests is very respon-
give to changes in the chemical end physicgl propertie:
of the enviromment. White end ¥Werkmen {1948) reported

- an increase in the lipid conient of Ssccheromyces cere-

yvigipe following the growth in precence of scdiur
chloride, Combs end Plgano (19%68) found that on
increasing the concentration of sodium chloride from
zero to 10%, the lipid centent as well as levels of
the unssturated pelmitoleic fatty acid in Candidp
glbicena increased. Mahmoud et gl (1981) found that
levels of both total lipids and“fhospholipids in

5. rouxii, Déberyomyces hensenii end S, gerevigime
h dectensed vith the incremse of sodium

chioride conceatration,
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The aim of the prement atudy was to ahow thes effect
of scdium chlpride on the levels of both saturated and
unsatuarated fetty aclde in the psmotolerant yeanis
5. rouxii and D, hansenil in comparison with thoese of

8. cerevinine,

EATERTALS AND METHODS

Tant Orzanisms
Bacceromyces rouxil wes isslaeted from a aanple of

dried Exyptian dates, while Dsbaryomycess hansenil was
imolated from & sample of an Egyptlan cheese brins commonly

called (Meah), Both organiszs were imoleted and identified

by Mahmoud {1978). S. gerevisime, however, was laclated fLrom
a pample of commercial compressed yeast, a local product of

the Exyptian " Staroh Productis and Yesst Co.".

Growth Medinm
The tast organisms wers grown lu 100 ml fnctianu of -
a med:l.u.m containing tha desired conceniration of Apdlum

chlorids, and dispensed in 250 m1 cipacity Erlenmeyar ﬂuku.

Tha glucoms-yeast oxtn.c‘t broth aedium of I::'I.btrea and H.i.ndltill

{1974) wam used -rith sllght modifications, It has ‘the rollowins

cozpesition (_g: %) 0.5_peptona;_~0.3 yesst axtruct, 1.0 glucoss,

0.2 ERyF0, sad 0.05 Mg90,7.H,0. (initial pi 6.5).
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Sodium chleride wee adéed as grem per cent (w/v).
Hovever, the finel readings of the weter ;ctivity of
he growfh mediun were meesured upsing a Beckmen Eyp-
' roline recorder, model SAT. . Eack measurement vas
teken unfil the recorder vas stable for 30 minutes

to one hour,

Inoculsted flesks were sheken et 30°C uzing a
rotery sheker, TFor anmerobie growth, however eech
flaek eseptically received 10 ml of sterile pereffin
0il, end incubeated (unshakénl at 30°C, The incubation
period veried between 2-15 days for resching the
eerly stetiomery phese of growth,  This depended ugon
the test orgeniss es well as the coacentreiion of

sodium chloride.

Vieghing of cella:

After the proper incubstion period, the yeest
cells werc hervested end washed three times uglng
distilled waier by centrifugeticn at 2400 r,p.m.

Extraction of ILiplds

Free lipide were extracted from the yeast eells
eccording to the method presénted Jy Letters (1968)
with slight rodifications., Yeest cells were digintegrate

by mechamicel sheking with glags beeds, end the broken
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cell preperation was extirecied with neatrsl end

acid solvents es follows: 20 ml poriions of ec? (v/v)
equeous ethencl et 80¢C were added to sawples of broiken
cellp, each corresponding to 100-130 ng dried yeast '
cellg, The suspension wes meintelned et 80°C for

15 minutes, then filtered ithrough wnetmen No. 44 paper.
The exiract together witk otker wo ethanol waeshings
were combirned, and the entioxident (BET) was added at
a finel concentretion of ©,005%. Samples were ithen
gtored et ~ 26°C, The residue sermples ware gl:alren !
vith 50 ml of 55¢ ethenol-ethyl ether (1:1 v/v) for

24 hrs at 3b°C. The solvent phase wes sepereted by
filtretion and added to the ethanol extract, The
residee wes reextracted twice with chloroform, Bound
lipide wera extracted sccording to Letters (1S66) by
gtbjecting the residue from ethanol-etkylether and
chloroform treotments to digestion in gcldic mixture

{ chloroform-methancl-hydrochloric gcid 124:65 : 1
(v/v/v) for 5 hrs. at 50°C . The extract wes then
nevirelized using 2F Ke OH. Tvwo extrections were
done, the first wes with 95% ethancl-ethyletner 157
(v/v), end the second with chléroform. Each extrection
rested for 24 hre, Flpelly, all extrecis wera combined

and the solvents were renmoved in wecuunm. -
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feperation of Neutrel Liplds

The solvent pﬁftifio& gyeten deseribed by Galencs
ond Kapoules (1962} wes sdepted,
The lipiq extrects dissclved in 15 ml of petrolehm ether
were transferred to a seperatory funnel centeining ~
45 ml of both petroleum ether end 95% agueous ethsnol,
ATter sheking and seperation of leyers, the lower loyer
thich conteins the phosphiipids wes transfe;%d to & gecond
funnel, The neutrsl lipids in the firgt funnel were theu
washed twice by sheking with 12 ml portions of 95% a;?cus

ethenel to ensure compiete seperation of phospholipide,

Jtas liguid chromstogrenhy

Anglysia of free fatty mcids was done usinézgas-
Iiquid-chremetography eccording to Lipsky et al (1555)
and Hunter and Roge (1971}, A1l saxples of neutrel
lipids were analyzeé usicg e Perkin—ﬁlmer 910 GLC-type

Fleme lonization detecter efter complete estrificegtion
of fotiy acids, The feity acid-methylesters were sepe-
reted on 10% diethylglyeol edirete {BEGA) supported on
35-8C mesh chromosordt w, end pascked in g stainleass steel

column of € £t G€.25 inch,
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The (DéGA) Column vas mainteined et 195°C with
nitrogen flow rete of 50 ml/min and the detector at
19500, All semples injected to the ¢olumn (1,5 ul)
viere dissplved in 1 ul dimethylether. Eér ptatie-
tical analysls of data, the paired-smmple t-test wns

used weeording to Campbell {1974).

RESULTS AND DISCUSSICON

Tables 1, 2 and 3 répresent levela of fatty
acld esters of the three test organisms, aerobically
end Eﬂ&ErOblC&ll) grovh in the presence of 1ncressing
concentretions of sodium chloride, In cese of ae"rn-

bically groven cells of Saccharomyces rouxii palmitlc

ecid (16 : 0 ) and steeric ecid (1B: 0) were the mejor -
components of the saturaued fatty ecids, In anaer03‘
bically grown cells, the fatiy =cids F-nonoic IQ:O]}
cepric (10: 0), undecencic (11: ©) me woll as pente-
decanoie (15:0) praétiéelly df seppeared, While . stearic
acid disappeare&ii% pre;énce of sodium chlcride, where |
pelnitic acid (16:0) beceme the major compenent and its
levels were significantly higher then those under |

gercbic conditiona,
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In Deberyomyces hansérnii , levels of steerie

acid in enserobicelly growm celle were higner then
those grown aercbicelliy, in contrest to palmitie,
myristic (14:0) end iridecenoic (13:C), since their

levels did no* show eny statistically significant //

e
' difference in the azroblcally end anmerobieally grown celle,

In 8, cerevigiae, levels of the fetty ecid

" leurdie (12:0) iﬁ:ﬁerobice_lly grovm cells were higher

-

th.a.ﬁ':those aneeroblcelly grovm, contrery to steeric
eclid., However, levels of the resttggﬂgazurﬁfgéfzggty"
geids did not show any significant difference in the
eercbically and gnéerobically grown cells, 1In both
S: rouxii and D, hensenii palmitic gcild conmtituted
the major component of saturated fatty acids, while
relnitic and eteari;iég;e doninent in 8, cerevigise.
.

Palm:.%oleic {16:1), oleic (lB 1), and. elaidig__f
(18:2) constltuted t‘:e Janpeti rated -:E‘Ett:,r aclds In )
tha three test” o*-gr.n.lsms.' Levels of oleic ac:ud‘-rn""’
aero'ﬁlcelly Srown cel},.s of 8§, rouxii were higher then
mxanaerobically g:rmn cells ‘contrary to levels of
boih pelmitoleic end elsidic, Levels of elaidic meid
viane higher :i..'f;ﬁerobically grown cells of D, hansenii

then in those aneercblcally grova end contrery to the

rest of other ecids. In £, cerevipiee. however, levels

.'/
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of pelmltoleic and oleic acids did nq;_-mshqw BOY
differenge in aar.bbically over _:-_nnaerobicall_ér grovs
cells, Bunier and Roae (1971} found that 1e;.réla _
of pelmitoleic scid were highe*‘ thgn olelc in S,

Ly

cerensiaa whe.n the cells were gro\"n anaeroh:.ce.lly

at 30°C, In the preser.t Eluudj._, le'\rels oi‘ paim.- F
toleic were h:l.ghar thu.n oleic in S. cerav:l.a:.ae (aero-
b:.cally or anaerobically}. chaverﬁlavela ‘of oxeic - "
acid bcth 5, rouxii am'i D, h.a..':.senil were ‘higher them - -7
levels of pelmifoleic ac:Ld \‘.r’ﬂetha-r the calla tiere grown-

[RITI - '. .

aerobically “or - anaerobicaily 3G T chw UL vl tar wiks e f LaLru

o . b e - .
R g T LR AL o T w -,a-- . pegattlt
. Fae

A6 8 response to the presence of sudlum chloride ' *
in the medium, no Tinear correlatlen gould-be Foufd™ =7
betwedr TeveTar ‘Efv‘fh;-:f?f‘r"ﬁjﬁ"afoidﬁs‘-"'énd E&1% fconceniras iodoTuw
tion, Howaver, Yéveld-oL trtdecanoictadld rfd 3:0)xd i~ Loainl
5.7 erbvigiae Berobigally incressed;end ranaerobifallysy,cenas
§ecregbed in Temponse- 4o Balb :co&qeﬁjqaﬂgnm;q.}fslg%gh_u_ B
148 Yevela did not. show any, significent gifference In. ... ..
D. hamaeniiw,_iLevals,--pﬁa_palmitic acid showed a_iiglx;qrﬂgeﬁ L, ar

in aeroblcally .&noxn cells of 8. rouxii but not under i
WD Lu..\."_-?‘_ LA Ts. ".‘ gty &t T

u.naeroh:v,c condi‘cions. A.lso, iis 1eve1a were indi‘fferent

ui Tar Geoartsud Frospoisnd ol nim
iz D. hcmsenii In EI. cerev:.siae, howdver, ita l&Veld
T T A L ToaeEETRE Sao o T Rur 81ad_sievel wisdd

increased aero‘nically end decreased anaerbb:.cally with
eprniietty LB To sliian WO Y, flnoid
the inereasé of sulute Coficenrratlon,
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combs and Pigenc {1968} found ‘thai when

Candide mlblcens was grown in presence of zerc fo

10% "sodium_ chloride, levels of palmitoleic

acld increased, while levels of oleic ecid decressed
wlith the inerease of solute conceniraticn,

In the present study , levels of palmitoleic acid
ahcw§E g gignificaent inoreace in regponse {0 sodiun
chloriéa under eerobic and aneercble conditioms, Levels
of oiaic ecid in S, rouxii decreesed in cells growm
-under.eithqr-conditions, although they decrecsed aero-
bicelly end increesed ensercbically in 8. cerevisise,

‘However; its levels were indifferent in D, hansenii,

_ ) generai procensen for the-formation'of unse-
%u;ated fatty acids have been discuseed by Erwin (1573).
‘Introduction of ungaturation into yeast fatty msclds
eppeared to be restrloted to oxygan—dapendenf desaturase
.5?Stams. _Also,he postuleted the presence of an alternate
; anaerchic pathwey for the introduction of unseturation,

In the present stuqﬂ y levels o?f tofg’ unsafhrated fatty

- écids were higher in aerobically zrown cells of 8. rouxii

,_“and D hansenii tha&lkhoae grown engerobically, However,
their Jdevels ware indifferent in gerobically and ansero-

'bicel]y gromwn cells of B. ceraviaiae,
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A3 a responss2 {0 irereasing concentretion of
godium chloride, levela of total saturated fatiy acids
decreased in §, rouxii (aerobically or anserobically)
althougn ftrhey increased in 3, cerevisigse grovn under
both conditions, On the other hand, lavels of unsa-
turated fatty scids increesed in §, rouxii (aerobicelly
or = ahaercbically) bui decreased in aserobically grown
8. cerevisisae end inpreased under anaerobic cenditions,
In D. hangenii, however, levelsg of both totel saturated
and unaaturated fetty scids did not show aﬁ?i;iéﬂ%@fhant
difference in aerobically and aneerobically grown cells
ag a rezgonde to increasaing concentration of sodium

chlorida,

Jollow et sl (19%8), =nd Bulder and Reinink (1974,
found that when baker's yeast cells were grovtl angero-
bically, the content of unssiurated fetty ~cids decreased.
In the pragent studﬁ » in ebsenca of sodius chloride,
lavels of toisl umsaturated fatty acids wers hirher in
gaerobically _rowm cells, Howaver, on incrazgin.g the selt
coneeniration, itheir lsvels decreased in the nerobiecally

gxown cells and incrsased in the anzeroblcally cultivated cella,

Demal et al (1367) mnd Kok (1975) working on the
fatty acid composition of en obligete ocamophilic mutent

of 5. rouxli, reported that tha changes cf tae ratios of
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geturated pelmitio and the unsatureted palmitoleic

and olefc?;%ﬁ'.ght ceuge changes in the cell membrene,

The incrsesase in the content of uvnsatureted fatty aclds
eould also resgult in increesing the fluidity of the yeas
¢all membrane, In the present study' y increesing the
conpentraetion of sadium chloride decreazsed the levels

cf palmitic and oleic in eerobically or angerobically
grown cella of 8, rouxii, however, levels of palmitol-
gic end elaidic aeld=s increazed in the aercobleally cultivated

and decrzaged in the anasrobilcally grown cells.

Generally, levels of tatel saturated faity acide

in aerobicelly end eneerobileally srown cells of 8.

rouxii were lower them their corresponding levels ia

D. hangenii and 3, cereviaiae, wherea their levels did
not show any differenca, However, levels of total
unsaturated fatty ecids in 8, rouxii were higher thaen
thogse of D. hansenii and S, cerevisise, where thelr

lovels were indiffereant.
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Table 1 .
Levels of Patty acids in Saccharomy¢es rouxil (mg/g neutral lipida)

Sodium Chloride®{w/v) || o4 1.7 3.4 6.5 9.8 5.3 0 1,7 3.4 6.5 9.8 15,3
Fihal water activity 0.998 ©.,9%2 ©0.,98 0,96 0,932 0.8 0,398 0.992 0.98 0,96 ¢.932 0,89
: - Aerobic Orowth Anaerobige Growih

li-Honoie 9:0 - 3,0 1.5 0.5 tracesa 3.4 - - ~- - - -
Capric 10:0 2.2 2,2 4.5 1.4 -- - - - 0.6 . - - -
Undeganoic 11:0 - - 8.0 1.8 1.3 0,8 - - - - - -
Lourie 1lz:0 u,.2 0,2 9,0 1.1 1.3 2.1 10,7 Q.2 0.5 - - -
hiyristic 14:0 4.5 4,0 3.0 3.8 4.0 4.7 2.7 - B.6 - - ~
Pentodecancic 15:0 U3 9.8 1.5 1.1 1,9 2.6 - - 0.6 - - -
Palmitie 16:0 133, 123.9 124 103,7 87 81,3 Jl283.3 241,88 186.,7 187.9 151,8 111.9
Pelmitoleie  16:1 05,9 290.4 216.,5 212.,2 180.1 142.2 [145.5 1pl1,7 =232,2- 257.2 300.3 382.8
Heptedecanolc 17:0 p.8 - - - - - - - - - - -
Steoric lg:0 21.4 11,1 12,1 13,1 33,0 40,2 |([74.0 - - - - -
Olcic 18:1 6l4.0 530.2 542.1 575.6 564.6 582.7 (510.8 483.8 431.3 405.,2 1396,9 378.4
Elaidic 18:2 107,0 119.5 72.3 82,1 127.1 135.4 §169.2 136,5 1l21,5 112.6 89,7 69,7
Saturated (Total). 163,3 154,2 164,6 126,9 1255 135 |260.7 242.0 198  187,9 151,8 111,9

Unsaturated {Total) 826.3 840,1 830,9 869,9 B71.8 860.3 [[725.5 748 785 765 - 785.1 830.9




63 —

Table 2 .
Levels of PFatty acids in Debaryomyces hangenii (mg/g neutral 1ipids)

$odium Chloride % (w/¥)] © 1.7 3.4 6.5 9.8 15,3 0 1.7 3.4._ 6.5 9,8 15,3
Fingl water activity 0.998 0,992 0.98 0,96 C.232 0.8% 0,998 0.992 0.98 0,96 0.932 0.82

. Aerobic  Growth Angerobic Growth
Capric. 20:0 0.6 - - 0.3 - - - - 0.3 - - -
Undecanoic 11:0 0.9 - - 3,1 4,6 0.8 - - 1.5 - 2.0 2.5
Lauric 12:0 - - - -~ - - 2.4 0.2 0.3 0.3 3.2 3.0
Pridecenoic 13:0 4.6 11,2 14.7 1.5 traces traces|jl,8 1.8 2.0 1.7 5.9 5.9
Lyristic. 14:0 1.7 16.4 14.7 6.7 2.2 1.1 1,2 1.5 4.2 5.1 5.5 4.8
Pentudeconoic 15:0 - - 0.7 4.9 3,3 1,1 - - 2.7 3.3 3.9 6.7
Felmitic 16:0 215.,8 252,6 225.2 95,6 140,4 177.1 Jl267,7 221.8 182.5 184.4 234.6 348.0
Prlmltoleic le:1l 46,1 51.8 83.7 96,3 148,9 218,9 |[36.4 83.9 107.6 87,6 ap.s 71,2
Heptadecunoic 17:0 10,1 - - - - - - - - - - ~
Stearic 18:0 10.4 i5.5 10,7 i7.0 61,7 62.9 169,5 1%0,1 1l36.2 140,.8 134.4 117.0
Oleic 18:1 520,7 502.4 486,3 463.8 298,3 225.2 |[481,5 469,0 496  412.4 442.9 349.7
Eladdic 1H:2 152.2 100,1 84,9 258.6 230.9 185,9 f72,8 31,7 48.3 30,8 22.1 17,2
Saturated  { Totsl) 244.1  295.7 276 129,1 212.4 243 a8z.6 372.1 2329,7 335.6 389.5 487.9
Unseturated ( Total) 654,3 654,9 B20,7 678,1 630 590.7 587Y.9 651.9 550.8 545.% 434.8

I




Table 3

I
g
" Levels of Fatty acids in Saccharomyces cerevisise(mg/g neutral lipids)

Sedium Chloride % (w/v}) 0 1.7. 3.4 £.5 9.8 15.3 0 1.7 3.4 6.56 9.8 15.3

Final weter activibty 0.998 ©.992 0.98 0.96 0,932 0.89 § 0.998 0.%92 0.98 0.96 0.932 0.89
Aerobic (rowth _ _ Anaerobic Crowtih

oqmwn 1G:0 - - - - - - 0.7 0.9 -

Undecanocic 11:0 2.2 - - 1.4 - 4.3 7.0 1.8 10.9

Louric 12:0 2.4 2.9 3.2 B.2 1.4 23.3 0 40 70

?ridecancic 13:0 0.3 2.0 2.0 1.4 2.9 5.0 1.6 traces btruces

tHyriatic 14:0 1.3 - - - - e 26.5 24.6 21.8 61.3 o =

Pentadecanoic  15:0 0.5 - - - - « 1.4 3.5 3.0 2.7 o =

Palmitie 16:0 7.8 133.1 163.9 203.3 214.9 0 284.8 166.7 178.7 117.8 o o

Palmitoleic 16:1 278.8 397.6 425.6 444.3 450,1 o [ 343.2 405.6 407.3 386.2 o«

Heptadecanoic  17:0 10.4 18.4 16,3 2.2 traces - - - = W o

Stearic 18:0 110.7 144 130 111.0 110 7.2 44.3  27.6  16.2

Oleic 18:1 480.0 211.6 215.2 201.7 1%91.7 ° 273.6 313.0 300.3 298.5 °

Elaidio 18:2 1.6 49.4 38.3 24.4 28.5 = - - - - - -

Saturated ( Total } 199.6 300.4 315.4 327.5 328.5 381.5 272.3 273.8 298.9

Uneaturated ( Total) 760.4 658.6 679.1 670.4 670.3 616.8 T18.6 T07.6 6B4.7

i :

m—e

e
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