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'ev{siae(KD 46) reqmres added unsaturated fatty acid 
ted by :the presence of trans-acids there was a marked 
iospholipids accompanying continued incorporation 
OlVo~t m Vhosvllolipid SYnthesis associated with the 

tospholipids in supporting vital functions of living cells has 
investigators. An ~storic illustration is the comment of 

center, life, and chemical soul of all bioplasm whatsoever, 
that o f  plants aswell as animals, Their• chemical stability is greatly due to the fact 

anifold dynamicities. 
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ml toluene, 4g  
~enzene ~opoP) .  
fluid Without 
aat contained 
m internal stan- 
recovery, were 
ambient tem- 
ettings of 

i ~- 50~200 and 150-1000, a t50 and 20% gain were employed for t~itium and carbon- 
~ 14, respectively.. Under these conditions approximately 10.% of carbon-I 4 activity 

appeared i~ thetritiUmchannel, and 5% of tritium in the carbon-14 channel. Co,:rec- 
t[ons for isotope Crossover Were made with the aid of a Hewlett Packard Model 
98IOA programable calculator. Calculations of the extent of incorporation of labeled 

acids into: cell lipids were based on the specific activity of the substrate added 
• tO the cu!turemedium' 

D. ~ Organisms and media 

The mutant used throughout this study (Saccharomyces cerevisiae KD46 (ole 2)) 
was a generous gift of Dr. Alec Keith, Department of Biophysics, Pennsylvania State 
University. It is deficient in the ability to desaturate ~saturated fatty acids and re- 
quired exogenous unsaturated fatty acid. Yeast cultures were grown in the basal me- 
dium consisting of i% yeast extract, 2% Bacto-peptone and 2% dextrose (YEPD), as 
described by Keith et ' al. [6]. ~The mutant was kept free of revertants and other con- 
taminants by weekly transfers to agar platescont:~ining Tween-80 (1%) (v/v), and 
replica platingont0 Tween-80 and Tween-40 (0.2% v/v) plates. 

E. Growth measurements 

~:  Validatedcellclones of KD 46 were transferred from agar plates into liquid me- 
dium ~ntaining 60/~M ammonium oleate and grown for 16 hours (to mid or late log 
phase). Th¢ cells were separated by centrifugation, washed and resuspended in fresh 
medium. Aliquots Were transferred into experimental tubes (10.0 to 16.0 ml) giving 

per ml. Generally, 50% of the 
~olonies. To obtain a more viable 
; ~M oleic acid for 12 hr (mid log 
suspended in a minimum of fresh 
tres containing 50 ~M oleic acid to 
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A~ !: Aitered lipid contents with impaired growth 

Control cultures grown in the absence of nutrient unsaturated fatty acid general- 
ly Underwent one ceU doubling prior to cessation of growth. Supplementation with 
25 ~M 01eic acid:resulted ina net cellyield of 30 million cells per ml cut tare (table 1). 
Wheneitherelaidicor:trans,vaccenic acid was added in the presence of oleic acid, 
the:ce!lyields were reduced to levels similar or less than those observed in the absence 
Of any added nutrient unsaturated fatty acid. In the case of 26/~M oleate plus 
30jam trans.ll.acid(Experiment C), the cell density after 24 hr of growth was iden- 
tical to that at the start of the experiment. This gave a negative net cell yield relative 
• to the unsupplemented comrol culture. Although there was no appreciable increase 
in cell number, triglyceride increased during the 24-hr period. Incorporation of [3H]- 
oleic acid into total cellular lipids (in terms of nmoles per ml of culture) was lower 

. . . .  ~ut it was increased 1.5 to 2-fold 
langes in liF~d synthesis in terms of 
~ esterified [3H]-oleate in terms of 
:rease occurred in the apparent 

concentrations ofthe triglycerides and diglyceridesrespectively, when trans.acids 
::.:::::~_ :~i ,.,:=:~.: : :  - '-*---:" ~2-folcl increased intracellular concentration of 

31eate incorporation into phospholipids was 
~leate alone to 160 and 240 amoles/cell with 11- 
tcreased synthesis of neutral lipids with a con- 
~,nthesis suggested an inhibitory effect on phos- 

- or by someesterified product of the trans-acid. 
wth and oleate incorporation into lipids of nor- 

- " . . . . .  growth with oleate as 
~7.5 nmoles/ml cul- 
ls, ~eaching an opti- 
of increasing concentra- 
at a constant olea.te 
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$.6 in the ab- 
! (A) 34 ~aM 
18.4 #M A9- 

Ls monitored 
~d, cells were 
as described 
; O, phospho- 

to that in cells grown on oleate as the sole unsaturated fatty 
titions; esterification ofoleic acid (or oleic plus elaidic acid) 

.nt rate 
;is of cellular 

i:iiii!  ! :i 
\':'S: i :;i~ :? • !( 

. . , :  • 

16  2 4  3 2  

3o 

20 
E 

m 

~o 
i e- 

.9 

E 

Tim~_ :,; ,, , ._  . .  .__  __ : 

~he t i m e  c o u f ~ ,  o f o l e a t e . . i n c o r p o l a t i o n ,  _ •into, c e l l u l a r  l ip ids .  
9,trans); (B)'i'tmns,| :1' C].octadeeenoate. Cultures (in 
17.8 M 9,|'0r'[sH~ -octa~lec~nOic acid plus 18.4 pM 9- 
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F i g .  4. InCorporation of oleate(9,cis);into cellular lipids of $. cerevisiae KD 46 at various times 
after exP0sureit0 the9,trans-lsomeL Cultures at 30 ° Cin YEPD medium (10 mi) contained (A) 

3 ' 4  # M  9~is-isomeror (B,~C, D) 20 #M9,10,[  3H]-cis-octadecenoic acid plus 20 #M 9-trans-octa- 
decenoic acid~. For cultures containing the t rans-isomer, additions of 9-cis-[ 1-14 C ]-octadecenoic 

acid Were ~made to!~ve oleate concentrations of (B)20.7 pMat0 hr; (C) 26~0 Wl~ at 9 hr; and 
~ IIII~I!!(D)23!.8 ~ after i7hr ofgxowth,Afi~uots of 4.Oral were removed immediately and also 60 
i iii ; i ~  after ~ e  addition0f th~ 9~is , [ l '  C],octadecenoic acid pulse. Cells were rapidly isolated, 

washed, the cell fipidSex"tracted and separated by thin layer chromatography. Symbols are as in 
f~g.:l. 

2.5 nmoles/nd culture/hr) despite the lower apparent intracellular non-esterified 
0]eate Concentration. 
~ ~ter  9 and 17 hr of exposure to the trans,isOmer (fig. 4C, D), the cells ability to 

estedfyo]eic acid into triglycerides proceeded unchanged at rates of 2 to 3 nmoles/ 
nil cUlture/hr, in comparison to  ] nmole/nd culture/hr in normal cells. The rate of 
oleateinco~oration into phospholipids, however, declined further from 2 to 1 

nmoles /~ :  Culture/hr,: despite high intracellular concentrations of  free oleate (13 
i ~ o l e s / ~  culture as compared to 7 nmoles/ml culture in normal cellsafter I hr). In 
~ ~ ins t~ces  01eate:incorporation into diglycerides reached a steady state level of 

,, ab0ut 1/3 to 1/2 that of normal cells after I hr. 
. 

!The bi0ffnthesis ofph0spholipids in g cerevisiae appears to follow pathways rec- 
ognizedforbther e~aryotic cells. Glycerol.3-phosphate forms phosphatid~te which 
tl~en c ~  !form either diglycerides or CDP-diglycerides [81, The diglyceride,,, in turn., 

ae derivatives. 
~m is .mcouraged 
sphoglycerides to 
ions. We share 
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In, 
i::: ce 

! ii: ~i iiKing!etlal. [19]reported:that neutral lipid, phospholipid and cholesterol accumu- 
lated ~;~eul~=a~0tic L-strain fibroblasts and in Ehrlich ascites cells during retardation 
of ce~ division andpr0tein synthesis. Furthermore, the lipid-laden cells apparently 
UnderWent a progressive decrease in lipid content when stimulated to active divisiorL 
Mackenzie et ~.: [20] noted thatt:~iglyceride accumulation in L.cells and rabbit liver 

:~ cells Was much " greater ~ t h  rabbit serum than with horse serum. This lipogenic ac- 
t iv i ty  Was::aRributed to n°n'esterifi~dr fatty acids bound to serum albumin in the 
~medi~:i[21]. The source of lipid i~ such cultured cells is apparently the free fatty 
acidbound to: albumin in theserumadded to the medium [22-24]. Triglycerides are 
also utilized by cultured cells [25,26]. Although this can occur by means of lipase 
actionto produce the readily incorpcrated free fatty acids [22], Bailey et al. [27] 
reported that uptake by L-cells involved the intact triglyceride molecule. The degree 
of cellular lipid accumulation or steatosis seems to reflect the concentration on non- 
esterified unbound fatty acid anion to which the cell is exposed [28,29]. Thus, fat 

. . . .  ncentrations of free fatty acid in 
[31,32] or (c) esterified forms of 

~ssigned degrees of stoatosis (su- 
rf triglyceride to phospholipid in 
2 or greater. Usually, the trigly- 
rant content of polar lipids 
[, Although the triglyceride levels 

varied five to ten.fold, the highest content ot accumulated triglyceride was compara- 
: bleto that f0r phoSpholipidS. In our present report, using the mutant of S. cerevisiae 

that requiresunsaturated fatty acid, we could define in a more detailed 
(KD 46)=:~ ~,._,,.:~_. :.. u..;a ,~,,,M~nli.~m that lead to the accumulation of triglyce- 

r.~ocesss in yeast lipid 
generally only a minor 
:as). Under conditions 

: :! igly kle tr ceride content 

~ster ,  i ' )  . . . .  greatly during flesters ~. also increased 
D-26 hr)i:When asci were formed: Since 
nly the Ph~e i phenomenon, the special- 

• ~ " r glycende~at thelater ttme seemsmgge ed 
~als a¢c0mp~y~g ascus pr0duction. In- 
~iyceridei~h~loid and diploid cells in 

phospho  P ds and 
dafi0ndoes not appea~ to be a result of 

pidehanges in cultured ni~rnmalian cells 
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,~ a•possibility that lack 
'protein, RNA, and DNA 

~.'~- !.~ I 

ne~ 

• ) ,  

; to be  constant 
indicate that a 

~binafionoflipids and proteins can be produced in eukary- 
nnrop~iate!t~ass~me a constant phospllolipid content in 
~ ~ ~ ~ u s ' r " ~  i~emaianeirpredi~ted by a unit membrane assembly 
havetoaccept multiple, independent insertion and removal 
as proteins) in some mosaic assembly. If so, the term "mere- 
-defined, chemical entity:of;a complex mixture of compo- 
)ns .... - much as the term "lecithin" was prior to the time 
his definitive, disciplined studies which let us examine 

al component molecular species of the lecithins. We look 
past in approaching the • complex pleiotropic essons of the 

it seem due to their mixtures of phospholipids. 
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