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Using Raman spectroscopy, we found that the sarcoplasmic reticulum 
lipids of combined muscles from rabbit leg undergo at least two reversible 
temperature phase changes, centered at about -15 and 13°C. Below the 
first transition, the lipid Raman CH st region is characteristic of the 
hexagonal lamellar gel phase. Above the second transition, the Raman CH 
stretch region is that of a "melted" lamellar phase, somewhat more rigid 
than a monophasic lipid system. The composition of the lipids was deter- 
mined and the possibility of a relation between the major head group types 
and the phase transitions is discussed. Since SR Ca2+ATPase activiity is 
enhanced at about 14-19"C, the Raman studies suggest that ATPase activity 
is enhanced when the 13°C transition is complete. 

The temperature-dependent phase behavior of sarcoplasmir reticulum 

(SR) lipids has not been previously detailed. An abrupt enhancement in the 

activity of sarcoplasmic reticulum Ca 2+-ATPase observed around 15" has been 

attributed by some to a postulated possible transition of the SR lipid to 

the liquid crystalline phase132 and by others, to an enzyme conformation 

transition which requires a fluid bilayer but is not correlated with a 

lipid phase transition.3 Recently, we analyzed and compared the phospho- 

lipid and cholesterol composition of rabbit SR membrane from various muscle 

types. 4 Notable differences in composition between fast twitch and slow 

twitch muscle SR lipids were observed, which led to the proposal of a 

possible mechanism for regulating ATPase activity and twitch rate by lipid 

composition. The various studies of SR lipids and ATPase indicate that 

detailed studies of SR lipid phases are necessary to better understand SR 

membrane processes. Because Raman spectroscopy is very sensitive to 

hydrocarbon chain order, and chain packing5-7, we have studied the Raman CH 
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stretch region of lipids extracted from rabbit. muscle sarcoplasmic rrticillum 

membrane to examine the tempeIaturr dependence of SR lipid phases. 

ESPERIMENTAI 

Fragmented sarcoplasmic reticulum was prepared from a male white Uew 
Zealand rabbit, as previously4. by the method nt MacLerlnon* as modified hy 

Banerjie et. al.' Lipids (including cholesterol) were extractedlO by 

adding 3 mL CHC13/MeOH solution cl:? b>- volume) to 1 ml. K1 washed sarco- 
plasmic reticulum suspension ( .5 to 15 mg protein/ml) and vtrrlesing for one 
minute. One mL CHC13 was added with vortexing. One mL H?o was added with 

one minute vcrtesing. The phases k;ere separated by centrifugatrion. The 
lower phase was removed for lipid6 analysis and for- Raman sample prepar- 
ation. 

The Raman sample was prepared by evaporating the CHC13 from an aliqllot 
of the lipid extract under N2 and dispersing the lipids in-triply distillell 
water. The sample was sealed in a capillary tube and placed in a Harney 

Miller cell in which sample temperature was controlled within : 0.5'C hv a 
stream of cooled or warmed N2 gas and measured by cl thermocouple attached 
to the capillary close to the incident site of the laser beam. Raman-sh if-ted 
114.5 nm argon ion laser light scattered from the sample was collected At 
90“ to the incident beam and analyzed by a Spex 14018 four-slit double 
monochrometer equipped with a spatial filter to reduce strav light. A 
cooled RCA-~3101: PM tube was used for photon counting. Spectral handp~bs 
WYS set. at 5 cm . Sample integrity was also monitored hq' measuring acvl 
vibrational Raman bands (C=O strc)tch). head group b.ands (choline svmmetrir, 

(C4Nf stretch), and the side chain C=C stretch al t'dch temperaturue. r h CI h *A 
bdnds showed no significant changes which might indicate, snmplr deterior- 
ation. 

RESULTS 

The Raman CH stretch bands for the phosphnlipid h>drocarlun chairis5-7 

are verv sensitive to intcachain conformataion (gauche-trans isomerization) 

and are also sensitive to lateral interactions of hvdrocarbon chains. The 

ratio of peak heights for the Fermi-enhanced Raman-active antisymmetric CHI 

stretch at -2882 cm-' and the symmetric CH2 stretch at -2850 cm-1 is about 

1.38. The low temperature Raman CH st spectra of the SK lipids are typical 

of hexagonal phase lipids in lamellar gel (or solid) state. (See Fig. ia). 

The spectra above 14°C are typical of melted lamellar dispersions (Fig. 

lc). As the hydrocarbon chains become more randomized, the Fermi-enhanced 

2882 cm-1 Raman band broadens and decreases in peak height. The peak 

height ratio f2882iI2850 is used in the present study to monitor the 

packing and "fluidity" of the bilayer interior of the SR lipids as a 

function of temperature. 
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FIGURE 1. Rsman CH stretch region for SR lipids at (a) -17 (b) -6 and (c) ZO'C. 

FIGURE 2. The peak height ratio of the 2882 and 2850 cm-1 Raman bands plotted 
against temperature for rabbit sarcoplasmic reticulum lipids. 

Two distinct phase transitions are evident from the peak height ratio 

12882/12850 plotted against temperature in Figure 2. The Raman temperature 

measurements were made three times with different aliquots and gave 

virtually identical results for the three studies. Phase transitions were 

centered at about -15" and 13°C. 

The difference AR between the peak height ratios I~gg2/12g50 immedi- 

ately after and before each transition is a measure of the average change 

in fluidity of the total sample during the transition. When compared to 

ARmax, the difference between the highest and lowest values of 12882/12850 

observed for the sample, a very rough estimate of the fractional change in 

average bilayer fluidity for each transition is obtained. The lower 

temperature transition accounts for about 70% of the bilayer melting, while 

the higher temperature transition accounts for about 30% of the bilayer 

melting. 

The composition of the SR lipid extraction used was analyzed and is 

presented in Table I. As expected, the phosphatidylcholine/phosphatidyl- 
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TABLE I 

Composition of the Sarcoplasmic Reticulum Sample 

Lipid Type Mole % of Total Phospholipid Content 

Phosphatidylcholine 

Phosphataidylethanolamine 

Sphingomyelin 

Phosphatidylinositol 

Phosphatidylserine 

b 8 i. 

16% 

5% 

4% 

7% 

Cholesterol 9% of total lipid and cholesterol 

ethanolamine ratio is high. Ahout 70x of the SR phospholipids are phos- 

phatidylcholine; 16% are phosphatidylethanolamine; and phosphatidylserine, 

phosphatidylinositol, and sphingomyelin make up the remaining 14%. The 

cholesterol content measured is less than 10%. 

DISCUSSION 

The phase changes may be due to morphological changes in which the hilayer 

undergoes long-range structural reorganization. Or the individual phase 

changes may be due to "melting" to the liquid crystalline state of a 

fraction of the lipid components of the bilayer. However, we can determine 

from the final value of the CH stretch intensity ratio above 14" that the 

bilayer is in the liquid crystalline lamellar phase, since the ratio value 

R of ahout 1.09 is greater than that observed for liquid crystalline 

1amrlLar phases of pure synl.hetic phospholipids such as DPPC.5 Both the 

2890 and 2850 peak height ratio and the 3890 and 2935 cm-1 peak height 

ratio are close to those of lammellar melted phases, and not like those of 

non-hilayer phases. 

Lateral phase separation and monotectic phase behavior have been 

ohserved in a number of model binary lipid systems when the phase transi- 

tion temperatures T, of the pure components differ by 10" or more (See 

references 11-14 for examples). Significant differences in head group, 

difterences in side chain saturation. and differences in side chain length 
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of two or more methylene groups are sufficient to prevent "co-crystalli- 

zation" of different lipids in a binary system. There has been much 

speculation that lateral phase separation of fluid and non-fluid components 

in natural membrane lipids may also occur. 15y16 And, it has been suggested 

that proteins requiring a fluid lipid environment for maximum activity may 

attain this enhanced activity at temperatures below that required for 

melting of the entire bulk lipid by preferentially associating with regions 

of fluid lipid in a phase-separated mixed phase system. 17,18 

Phase transitions for various lipid types in natural systems have been 

measured by separating the lipids by head group type, and have been 

observed to have widely differing melting temperatures (T,). For example, 

T, for egg phosphatidylcholine (PC) is reported to be -15 to -17'C.19 This 

temperature range is similar to that for the first phase change observed in 

the SR lipid sample. That transition accounts for about 70% of the entire 

hydrocarbon chain disordering observed over the entire melting study and PC 

constitutes about 68% of the phospholipid population in the sample studied. 

Thus the observations are not in contradiction with the possibility that 

the lowest observed SR lipid transition may involve PC-rich lipids. T, 

reported?O for egg phosphatidylethanolamine is 5'C, which isvery close to 

the value of the second transition centered at 13°C. Sphingomyelin melting 

points are generally higher, 38°C for bovine brain SM. PE and SM together 

make up 21% of the lipids in the SR sample and may be involved in the 

second transition. 

The fact that the higher temperature phase transition is complete at 

about 14'C, which corresponds to the temperature of enhanced Ca2+ATPase 

activity, suggests that either the entire bulk lipid must be liquid 

crystalline for enhanced ATPase activity, or that the highest temperature 

transition involves lipids enriched with specific types which interact with 

Ca2+ATPase. 
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