J. KOREAN SOC. FOOD NUTR.
13(4) 459~468 (1984)

CH’ RO

Alo|xjdbo| M=l2 7xe 7|0l OlRl= FE

ES =

loh

I

ZAAAN L AR AF et
(19841 84 84 A )

A Review :

Effect of Dietary Fat on Structure and Function
of Mammalian Cell Membrane

Sung-Hee Cho

Department of Food Science and Nutrition, School of Home Economics,
Hyo Sung Women’s University, Taegu, Korea
(Received August 8, 1984)

Abstract

The currently accepted model of membrane structure proposes a dynamic, asymmetric lipid matrix of
phospholipids and cholesterol with globular proteins embedded across the membrane to various degrees.
Most phospholipids are in the bilayer arrangement and also closely associated with integral membrane
proteins or loosely associated with peripheral proteins. Biological functions of membrane, such as
membrane-bound enzyme functions and transport systems, are influenced by the membrane physical
pro_perties, which are determined by fatty acid composition of phospho-lipids, polar head group compo-
sition and membrane cholesterol content. Polar and non-polar region of the phospholipid molecule can
interact, with changes in the conformation of a membrane-associated protein altering either its catalytic
activity or the protein’s interaction with other membrane proteins. Mammalian dietary studies attem-
pted to change the lipid composition of a few cell membranes have shown comparisons, using essential
fatty acid-deficient diets. In recent years, Clandinin and a few other workers have pioneered the study
proving the influence of dietary fat fed in a nutritionally complete diet on composition of phospholipid
classes of cell membrane. Modulation caused by diet fat was rapid and reversible in phospholipid fatty
acyl composition of membranes of cardiac mitochondria, liver cell, brain synaptosome and lymphocytes.
These changes were at the same time, accompanied by variety of membrane associated functions cont-
rolled by membrane-bound enzymes, tranporter and receptor proteins. The findings suggest the basic
concept of the necessity of dietary fatty acid balance if consistency of optimal membrane structural lipid
composition is to be maiﬁtained, as well as the overall inadequacy of describing the nutritional-biochem-
ical quality of a dietary fat solely by its content of linoleic acid. Furthermore, they give light on the
pos;ible application to clinical and preventive medicine.
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Fig. 2. Cross-sectional view of the fluid mosaic bilayer inodel showing the charged
hydrophilic amino acid side groups and polar head . group of phospholipid
projecting inte the aqueous phase, the uncharged hydrophobic groups in the
bilayer and spacing of fatty acid tails of phospholipid. '
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Fig. 3. Lipid/Protein interaction
(a) Ilustration of low-specificity lipid/
proteraction at a single binding site
(b) Illustration of the multiple lipid
binding sites of the ‘boundary lipid’
layer around cytochrome oxidase
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Table 1. Lipid composition of a varlety of membranes®)

SM PC PE PS PI CL Chol
Myelin 8.5 11.7 18.9 8.0 0.6 0.3 52.2
RBC dog 56.0 24.4 11.7 8.0 1.1 — 47.9
Sheep ) 28.0 — 14.4 7.7 1.6 —_— 45.1

S————

Lymphocyte 6.3 27.2 17.9 9.4 - 37.5
Hepatocyte plasma membrane 13.1 24.5 9.1 2.1 3.7 — 43.2
Synaptosome 3.6 29.0 23.8 9.2 2.4 — 30.3
Nuclear membrane 2.9 55.6 20.6 3.3 7.8 —_ 35.5
Golgi 9.9 36.5 13.7 3.4 7.0 —_ 9.4
Mitochondria inner membrane 1.9 38.2 36.6 0.9 1.6 16.0 5.7
Outer membrane 2.0 44.1 31.2 0.9 8.2 3.8 10.7

SM; sphingomyelin

PE; phosphatidyl ethanolamine
PI; phosphatidy! inositol
Chol; cholesterol

PC; phosphatidy!l choline
PS; phosphatidy! serine
CL; cardiolipin
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Fig. 5. Role of solvation for protein function,

Activation of delipidated Na-K-ATPase
(in excess deoxycholate) by dioleoyl-
phosphatidylethanolamine.

Table 2. Fatty acid composition of dietary
oils used for chicken heart mito-
chondrial study?)
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1. Heart mitochondria Q1X|&! 4 2} Respi-
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2.8 (sunflower seed oil,

Table 3. Fatty acid compesition of phos-
pholipid extracted from cardiac
mitochondia of chicks fed HER,
LER or SFO%»)

Fatty Acids SFO HER LER

(% w/w)
Cie:0 5.6 2.6 3.1
Cis:1 — 0.2 0.1
Cisio 3.3 1.1 1.3
Cis 13.2 25.2 65.5
Cis:z 77.9 15.3 18.8
Cia:s — 6.7 6.7
Cao1 — 11.7 1.8
Caos — 0.3 -—
Cazco — 0.4 0.2
Cazy — 36.5 2.5

Fatty acid HER LER SFO
(% w/w)

Cisio 1.0 0.9 1.2
Cisio 10.3 12.1 10.6
Cist 1.4 1.5 0.4
Cis:o 20.0 21.9 24.6*
Cig1 12.7 13.6 5.5%
Cis:2 25. 6% 23.2 30. 0%
Cis:s 0.5 0.4 0.3
Czo1 5.5% 1.2 0.3
Cao:2 0.9 0.4 0.6
Cao:s 17.0 20.9 22. 8%
Caz:1 2.8% 0.8 —
Caa:o 0.2 0.3 1.5
924 Saturated 37.0 36.5% 38.1
-9 16.9% 16. 9* 7.1
-6 42.6 44.1 52. 8%
-3 0.5 0.4 0.3

SFO; Sunflower seed oil
HER; High erucic acid rapeseed oil
LER; Low erucic acid rapeseed oil

HER; High erucid rapeseed oil
LER; Low erucic acid rapeseed oil
SFO; Sunflower seed oil
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Table 4. Oxldative activity of cardiac iltochondria isolated from chicks fed HER, LER

or SFO%»)
Di Rate of Oxygen Uptake Respiratory o ATP
et State 3 State 4 control ADF/ synthesized
ng atonis o/mg protein/min nmole/mg protein/min
HER. 253 88 2,92 2.06a 517a
LER 298 103 2.94 1.93a 575a
SFO 282 90 3.17 2.53b 691b

" (HER ¥ A= Cots

HER; High erucic acid rapeseed oil
LER; Low erucic acid rapeseed oil
SFO; Sunflower seed oil
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(Table 3)& *4}35}l3 mitochondrial respiration-g-

Ao X Zst Aol A e EE AL
SFOZl A Cusd7t %
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2. Dynamic modulation of Heart mitocho-
ndrial Inrer membrane Lipid by Dietary
Fat.

Innisg} Clandinin'®-& % 7}x] 4] o] =] uk(Table 5)
¥ Ah§sted Fig. 631 & 4o] A2e] e}
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Table 5. Fatty acid composition of dietary
oils nsed for rat heart mitocho-
ndrial inner membrane study!®

Fatty Acids SBO RSO

(% w/w)
Cis0 10.0 4.5
Cis:0 2.2 1.4
Cisn 23.6 23.6
Cis:2 55.7 16.6
Cis:s 8.5 7.6
Cazom1 0.0 13.3
C a2 0.0 33.3

SBO; Soybean oil

RSO; Rapeseed oil

S840

Sk A A A A A AAA A A
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YV 777, 077 CIPL, ¥ At VLY Al ) VL L viZ

SBO SBOX
 —— A
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KA
S35 8 T 7 20 3B B 3 3%

Fig. 6. Design for experimental dietary oils
in Table 5, A indicates days on which
rats were killed and the number of
group on diet treatment: open bars
indicate rats fed on a diet containing
20 9%(w/w) soybean oil: hatched bars
indicate rats fed on a diet containing
209%(w/w) rapeseed oil'",
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Table 6. Effect of diet fat on heart
mitochondrial PC, PE, CL and
cholesterol content!®)

PE PC CL Chol
ug/mg of protein

SBO 71.0 54.1 17.5 1.4

RSO 67.2 69. 8% 17.8 5.1

SBO; Soybean oil

RSO; Rapeseed oil
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Table 7. Fatty acid composition of dietary
fat used for rat liver plasma
membrane study, 2

Fatty acid composition (g/4184kJ of diet)

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Cis:0 2.7 2.5 2.4 2.3 2.2
Cis:o 1.0 0.9 0.9 0.9 0.9
Cisu 4.9 9.5 14.4 19.5 24.8
“Cus:2 27.3 22.9 17.9 12.9 7.6
Cis:s 2.3 2.3 2.4 2.5 2.5

Diets contained 2.06% (w/w) linseed oil and
a total of 17.9% (w/w) safflower oil, High-
linoleic and high-oleic acid safflower oils were
combined to make dietary fats of differing fatty
acid composition.

—

Fatty acid content
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5 10 1B 20 25
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Fig. 9. Relationship between dietary oleic
acid and changes in fatty acid compo-
sition of phesphatidy ethanolamine.
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