GLYCERIDE SYNTHESIS
ED BY TRANS-FATTY ACIDS

wll"‘growth was mhlblted by the presence of trans-acnds there was a marked
oleate’ estenficgtxon into phOSphohpnds accompanying continued incorporation

ntly some. ‘control point in phosphohpxd synthesns assocnated wnth the
; age of phosphatldate blosynthesns : :

o ‘PhOSphatldesvare the center, life, and chemxcal soul of all bloplasm whatsoever,
that of plants as well as ammals. Thelr chemlcal stability is greatly due to the fact

‘ acyl cham m the phosphohpxds [3] The contnbutxon of the
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/). Only preparations containing
region were employed.

ined 200 ml Triton X-100, 800 ml toluene, 4 g

g p-bis [2(5-phenyloxazolyl)]-benzene (POPOP).

ed'in 10 ml of the scintillation fluid without

ater; lipids a ca gel samples were counted in fluid that contained

of 5% water. Quenching was determined by addition of an internal stan-

ar mples, and quench corrections, to evaluate overall isotope recovery, were

* always employed. Liquid scintillation counting was performed in an ambient tem-

. péfa{ttj‘;eP‘ackaird;}Model~2002 Tricarb, liquid scintillation counter. Settings of

- 50-200 and 150—1000, at 50 and 20% ga:n were employad for tritium and carbon-
14, respectively. Under these conditions approximately 10% of carbon-14 activity

3

. appeared in the tritium channel, and 5% of tritium in the carbon-14 channel. Correc-
tions for isomﬁévéféssoveﬁriweref made with the aid of a Hewlett Packard Model

~ 9810A programable calculator. Calculations of the extent of incorporation of labeled

 fatty acids into cell lipids were based on the specific activity of the substrate added

_ to the culture medium.

. D._.Organ'isihsk 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 1% 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 plates containing Tween-8C (1%) (v/v), and
. replica plating onto Tween-80 and Tween-40 (0.2% v/v) plates.

. E. Growth measurements

. Validated cell clones of KD 46 were transferred from agar plates into liquid me-
- dium containing 60 M ammonium oleate and grown for 16 hours (to mid or late log
- phase). The cells were separated by centrifugation, washed and resuspended in fresh
nedium. Aliquots were transferred into experimental tubes (10.0 to 16.0 ml) giving
cell density of about S to 10 million celis per ml. Generally, 50% of the

, inoculations were capable of forming colonies. To obtain a more viable

i clones from plates were grown in 75 M oleic acid for 12 hr (mid log
\ed with fresh medium and resuspended in a minimum of fresh

ts wer  transferred into fresh cultures containing 50 uM oleic acid to
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stream of nitrogen, redissolved in a minimum of chloroform/
d applied to analytical silica gel H plate (0.25 mm thickness). The -
- was developed with the solvent system consisling of petroleum

v/v). The approximi te mobilities for phos-
e, 1,3-diglyceride, free fatty acid and trigly-
0.28; 0.55; and 0.79 respectively. The chromatogram was
radioisotope TLC scanner, the complete chroma:ogram was divided
ate fract:ons containing the major lipids and lipid-fiee bands. The frac-
raped into liquid scintillation vials and counted.

A Alteredhpzd contents with impaired growth

<" Control cultures grown in the absence of nutrient unsaturated fatty acid general-
~ ly underwent one cell doubling prior to cessation of growth. Supplementation with
25 M oleic acid resulted in a net cell yield of 30 million cells per m! cuiiure (table 1).
" When either elaidic or trans-vaccenic acid was added in the presence of oleic acid,
the cell yields 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 uM oleate plus
30 M trans-13-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 control 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
~ for cultures supplemented with trans-fatty acids, but it was increased 1.5 to 2-fold
 in the triglyceride fraction. To demonstrate the changes in lir‘d synthesis in terms of

- cellul ’~’metfgbfohc: activities, we also expressed the esterified [3H]-oleate in terms of
~attomoles/cell. In this manner, a 10 and 5-fold increase occurred in the apparent

" concentrations of the triglycerides and diglycerides respectively, when trans-acids

_ were present. Despite an apparent 42-fold increased intracellular concentration of

* [3H]-oleic acid (1300 amoles/cell), oleate incorporation into phospholipids was

~ reduced from 420 amoles/cell with oleate alone to 160 and 240 amoles/cell wiih 11-
* and 9-trans acids respectively. The increased synthesis of neutral lipids with a con-

- comitant decrease in phospholipid synthesis suggested an inhibitory effect on phos-

~ pholipid synthesis by the trans-acid or by some esterified product of the rans-acid.

" The relationship between cell growth and oleate incorporation into lipids of nor-
nal cells is demonstrated in Figure 1A, During the first 2 hr of growth with oleate as
nt f: racellular oleate increased to 7.5 nmoles/ml cul-
orporation into phospholipids, reaching an opti-
ration-at 8 hr of 21 nmoles/ml culture. Addition of increasing concentra-
vaccenic acid to the medium from 10 to 20 uM (at a constant oleate
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eate incorporation into cellular lipids of S. cerevisize KD 46 in the ab-
of 9-trans-octadecenoic acid. The culture was supplemented with (A) 34 uM
c acid or (B) 1"-‘7:;'8”;;M,'A9,lO{[svH‘]Icis-octgdecenoic‘ acid plus 18.4 uM A9-
cenoic acid. Cell growth in 16.0 ml YEPD medium at 30°C was monitored

60 uM. At time points indicated 2.0 ml aliquots were removed, cells were

s extracted and separated by thin layer chromatography as described
o, free fatty acid; o, triglyceride; v, diglyceride; O, phospho-

lowly compared to that in cells grown on oleate as the sole unsaturated fatty
r these conditions, esterification of oleic acid (or oleic plus elaidic acid)
into cellular triglycerides and continued at a fairly constant rate

1e experiments (fig;%_:,;'l‘A',irzA;‘SzB); In all instances, synthesis of cellular
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incbipdxajtion into cellular lipids.
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[*H}-cis-octadecenoic acid plus 18.4 uM 9-
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: e L ' Tnme (minutes) :
= _"Flg 4 lncorporatlon of oleate (9-cxs) mto cellular lipids of S. cerevisiae KD 46 at various times

o ‘after exposure to the 9-trans-1somet Cultures at 30°C in YEPD medium (10 ml) contained (A)
; '34 uM 9-cls-1somer or (B, C, ‘D) 20 uM 9 10-1 H]-czs—octadecenoxc acid plus 20 nM 9-trans-octa-
= id. For cultures containing the trans-isomer, additions of 9-cis- [1-’ CJ-octadecenoic
give oleate concentrations of (B) 20. 7uM at 0 hr; (C) 260 uM at 9 hr; and
MM af Thr of growth Ali guots of 4.0 ml were removed immediately and also 60
mm after the addmon of the 9-czs-[ 1! CJ-octadecenoic acid pulse. Cells were rapidly isolated,
H washed the cell hpxds extracted and sepaxated by thm layer chromatography Symbols are as in

: fig 1 L , .

s 2 5 nmoles/ml culture/hr) desplte the lower apparent intracellular non-esterified

- ‘jo'leate concentration.

After9 and 17 hr of exposure to the trans-lsomer (ﬁg 4C, D), the cells ability to
‘ 1ester1 yfolelc acid into tnglycendes proceeded unchanged at rates of 2 to 3 nmoles/
 ml culture/hr, in comparison to 1 nmole/ml culture/hr in normal cells. The rate of

. oleate incorporation into phospholipids, however, declined further from 2 to 1

: "-,fnmoles/ml culture/hr, despite high intracellular concentrations of free oleate (13

' 'oleslml,;i:ultute_as compared to 7 nmoles/ml culture in normal cells after 1 hr). In
- all instances oleate m:,orporatxon into dlglycendes reached a steady state lev el of
L bdut 1/ 3 to ll 2 that of normal cells after 1hr. :

The fbnosyntheas of phosphohpnds inS. cereviszae appears to follow patliways rec-
ogmzed for other eukaryotlc cells. Glycerol-3-phosphate forms phosphatld ate whnch
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§ ir) when most phospholipid was synthesized.
iglyc,ride (and stero plus sterol esters) also increased greatly during
asin the I (2026 hr) when asci were formed. Since - |
ibited only the Phase I phenomenon, the special-
into triglyceride at the later time seems triggered
mpanying ascus production. In-
‘ride in haploid and diploid cellsin
sium acetal ceurs while phospholipids and cellular
and accumulation does not appeaf to be a result of

skamz:;.'n cells

 Kinget aj_l,,,{»l}Q]*r&por’tedgthat neutral lipid, phospholipid and cholesterol accumu-
lated in eukaryotic L-strain fibroblasts and in Ehrlich ascites cells during retardation
of cell division and protein synthesis. Furthermore, the lipid-laden cells apparently
- underwent a progressive decrease in lipid content when stimulated to active division.
~ Mackenzie ¢t al. [20] noted that triglyceride accumulation in L-cells and rabbit liver
- cells was much greater with rabbit serum than with horse serum. This lipogenic ac-
o tivit

 attributed to non-esterified fatty acids bound to serum albumin in the
edium [21]. The source of lipid i such cultured cells is apparently the free fatty
acid bound to albumin in the serum added to the medium [22—24]. Triglycerides are
also utilized by cultured cells [25,26}. Although this can occur by means of lipase
- action to 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

* accumulation can be decreased by use of () low concentrations of free fatty acid in

 fattyacid [26,33,34. - ; |
~ Moskowitz [31] noted that the microscopically assigned degrees of steatosis (su-
o were roughly proportional to the ratio of triglyceride to phospholipid in
- the cells, and were detectable from values of 0.5 to 2 or greater. Usually, the trigly-
~ ceride content is much less than the relatively constant content of polar lipids

- (equal to 0.154 X protein) in mammalian cells [20]. Although the triglyceride levels

" the medium [30]; (b) lipid-depleted seram proteins [31 ,32] or (c) esterified forms of

~varied five to ten-fold, the highest content of accumulated triglyceride was compara-

" ble to that for phospholipids. In our present report, using the mutant of . cerevisiae
(XD 46) that requires unsaturated fatty acid, we could define in a more detailed
noer tha dler ;

ations in lipid metabolism that lead to the accumulation of triglyce-
 triglyceride synthesis is a normal metabolic processs in yeast lipid
hen cultured with oleate), it contributed generally only a minor
ellular lipid content (1/3 or less). Under conditions

concentration of oleate, the triglyceride content

t






: sphohpld ,toptnglycerrde synthesxs e 3,13__ )

: may have -to"accept multrple mdependent msertron and removal
; protems) in some mosaic assembly. If so, the term “mem-
n ill-defined chermcal entity of a complex mixture of compo-
varymg propOrtrons — much as the term “lecithin” was prior to the time
ich Baer initiated his deﬁmtlve, drscrplmed studies which let us examine
Jearly ing 'vrdual component molecular species of the lecithins. We look
to P the lessons of the past in approaching the complex pleiotropic
s of membranes that seem due to therr mixtures of phospholipids.
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