FATTY ACID COMPONENTS OF OVINE ERYTHROCYTE LIPIDS*
By J. M. ConNELLANT and C. J. MasTERST

As part of a study of comparative lipid metabolism, the distribution of fatty
acids has been investigated in a number of mammalian tissues (Horgan and Masters
1963; Masters 1964a, 19645, 1964c; Connellan and Masters 1965), a major aim of
these studies being to facilitate correlation between lipid composition and function.
In this context, it is widely recognized that membranes play a fundamental role in
cellular metabolism, and that lipid is an essential component of these biomembranes
(Stein and Danielli 1956). The study of structure—function relationships in this
situation, however, has been hindered by the difficulty of isolating specific membranes
without contamination by other lipids. The mature mammalian erythrocyte possesses
advantageous characteristics for this type of investigation because of the lack of sub-
cellular particles, and the resultant presence of only a single membrane type (Kogl
et al. 1960). As an extension of previous investigations, then, the fatty acid composi-
tion of ovine erythrocytes has been determined.

Experimental Procedures

Blood was obtained by the venipuncture of Merino ewes and collected in tubes
containing heparin as the anticoagulant. Cellular elements were separated from the
plasma by centrifuging for 15 min at 1000 g, and then washed three times in aqueous
0-99, sodium chloride. After each centrifugation, the upper layer of cells (containing
leucocytes and thrombocytes) was removed and discarded. The lipids were then
extracted from the erythrocytes and the corresponding plasma specimens, fractionated
on silicic acid columns, and the fatty acids determined by gas chromatography.

These techniques have been fully described previously (Horgan and Masters
1963).

Results

All results given' represent the mean values of analyses from three separate
Merino ewes.

The relative percentage composition of the main lipid fractions in the erythro-
cytes was: cholesterol esters 30-19%,; triglyceride 3-9%; free fatty acids, mono-,
and diglycerides 10-8%,; and phospholipid 55-1%,. In Table 1 the fatty acid composi-
tion of these lipid fractions is listed. The main features are that palmitic acid is
present in greatest concentration in the cholesterol ester fraction, while stearic acid
is highest in the phospholipid and triglyceride fractions. Oleic acid is always present
in higher concentration than stearic acid, and is the major component of the phos-
pholipid, triglyceride, and free fatty acid fractions. The phospholipid and free fatty
acid fractions are the most highly unsaturated fractions in respect of the Cig acids.

* Manuscript received July 17, 1964.
+ Department of Biochemistry, University of Queensland, St. Lucia, Brisbane.

Aust. J. Biol. Sci., 1965, 18, 445-7



446 SHORT COMMUNICATIONS

There are considerable quantities of the saturated Cgg, Caq, and Css acids present,
particularly in the cholesterol ester fraction, but little unsaturation is evident at this
chain length.

Analyses for the corresponding plasma specimens were in general agreement
with previously published findings for this source (Horgan and Masters 1963).

TaBLE 1
FATTY ACID COMPOSITION OF OVINE ERYTHROCYTE LIPIDS

Values for each component refer to the percentage by weight of the total fatty acid methyl esters
in each fraction. “Trace” means that the amount of fatty acid present is less than 0- 59

Fatty Acid Ch(}g::::rol Triglye('aride Frezcljgtty Phosphc')lipid
R Fraction . Fraction
Fraction Fraction
12:0 0-7 0-5 Trace Trace
14(br.)* 0-5 Trace Trace Trace
14:0 2-1 1-1 1-1 0-6
14:1 0-7 Trace Trace Trace
15(br.)* Trace Trace Trace Trace
15:0 1-2 0-8 0.6 Trace
15:1 Trace Trace Trace Trace
16(br.)* 1-4 Trace Trace Trace
16:0 22-2 18-9 11-5 13-0
16 :1 3-8 2-7 2-2 1-3
17(br.)* Trace Trace Trace Trace
17:0 1-1 1-1 0-5 0-7
16 : 2 0-2 Trace 0-5 Trace
18(br.)* Trace Trace Trace Trace
18:0 14-5 234 8-9 18-7
18:1 17-4 36-9 43-1 45-8
18:2 8-0 3-1 17-2 10-3
18: 27 Trace 0-6 Trace Trace
18:3 2-1 0-6 2.7 1-0
20:0 4-4 1-3 1-2 1-7
20:1 Trace Trace 1-0 0-9
20:2 0-6 Trace Trace Trace
21:0 77 5.9 5-3 3-1
20:4 2.7 Trace 1-8 1-3
22:0 8-1 1-7 0-8 Trace

* br. = singly methyl branched chain.

Discussion

The separation of erythrocyte lipids into cholesterol ester, triglyceride, free
fatty acid, and phospholipid fractions has not been recorded in the literature, although
a number of workers have studied the structure-function interrelationships of
erythrocyte membranes by means of the identification of individual phospholipids
(Dawson, Hemington, and Lindsay 1960; Hanahan, Watts, and Pappajohn 1960)
and fatty acid analyses of the membrane lipid (James, Lovelock, and Webb 1959;
Veerkamp, Mulder, and Van Deenen 1962). Results in this paper emphasize that
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both phospholipids and cholesterol esters are major lipid fractions of the ovine
erythrocyte.

The results of Kogl et al. (1960) on the major fatty acid components of the mem-
brane lipid from a series of mammalian erythrocytes showed that the fatty acid
composition varied between species in a manner which was parallel to the permeability
properties of these membranes. Although they did not fractionate the erythrocyte
lipid, an overall comparison of their results with the results presented in this paper
shows that the analyses are in general agreement. The main disparity is that the values
in this paper for stearic acid are somewhat higher, and the oleic acid percentages
lower. These differences appear to improve the correlation with haemolysis time and
permeability values.

The high oleic acid content of ovine erythrocytes (Table 1; Kogl et al. 1960)
is unusual when the saturated character of most ruminant lipids are compared
(Horgan and Masters 1963; Masters 1964c¢), and in view of the low oleic acid content
in erythrocytes from monogastric animals (Veerkamp ef al. 1962). Examination
of the results shows that this acid is located predominantly in the phospholipid
fraction (Table 1), which contains the highest level of this acid in all the major ovine
tissues (Horgan and Masters 1963; Masters 1964¢). Possibly this is a factor contribut-
ing to the peculiar properties of the ruminant erythrocyte membrane (Rapaport
and Guest 1941; Dawson et al. 1960).

Further noteworthy features of ovine erythrocyte lipids are the comparatively
high content of long-chain (Cgo, C21, Co2) saturated fatty acids, and the low values
for polyunsaturated acids. Oleic acid concentration in ovine erythrocytes is far
higher than in plasma phospholipid, while the C;g acids of the erythrocyte cholesterol
ester fraction are considerably more saturated than those in the corresponding
plasma fraction.

The authors wish to acknowledge the continued interest and support of
Professor E. C. Webb.

References

CONNELLAN, J. M., and MastErs, C. J. (1965).—Biochem. J. (In press.)

Dawson, R. M. C., HeEmiNgTON, N., and Linpsay, D. B. (1960).—Biochem. J. 77: 226.

Hanamax, D. J., WarTs, R. M., and PAPPAJOEN, D. (1960).—J. Lipid Res. 1: 421.

Horeax, D. J., and Masters, C. J. (1963).—Aust. J. Biol. Sci. 16: 905.

James, A. T., LoveLock, J. E., and WEBB, J. P. W. (1959).—Biochem. J. 73: 106.

KéeL, F., DE GiEr, J., MULDER, I., and Vax Deexe~, L. L. M. (1960).—Béochim. Biophys.
Acta 43: 95.

MasrEers, C. J. (1964a).—Aust. J. Biol. Sci. 17: 183.

MastEeRs, C. J. (1964b).—Aust. J. Biol. Sci. 17: 190.

MasTERS, C. J. (1964c).—Aust. J. Biol. Sci. 17: 200.

Rararorr, 8., and Guest, G. M. (1941).—J. Biol. Chem. 138: 269.

SteEIN, W. D., and DaxieLL1, J. F. (1956).—Disc. Faraday Soc. 21: 238.

Veerkamp, J. H., MULDER, I., and VAN DgENEN, L. L. M. (1962).—Biochim. Biophys. Acta
57: 299.







 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 18.38, 663.82 Width 439.15 Height 9.19 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     18.3828 663.8196 439.1467 9.1915 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     4
     3
     4
      

   1
  

 HistoryList_V1
 qi2base





