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Summary 

The n-alkanols from butanol through octanol are membrane perturbing 
agents that fluidize the microsomal membranes of 20<lay-old chick embryo 
hearts as measured by the fluorescence depolarization of 1,6-diphenylhexa- 
triene. In terms of the aqueous concentrations of n-alkanols the fluidizing 
effect increases with increasing number of carbons per n-alkanol. In terms of 
the membrane concentrations of n-alkanols the fluidizing effect is roughly 
equivalent for all the n-alkanols studied. 

Introduction 

The normal alcohols (n-alkanois) have commonly been used as membrane 
perturbing agents [1]. Like most other anesthetics they expand the membrane 
surface area and cause a fluidization or disordering of the membrane lipids [2]. 
For example, the surface area of red blood cells increases on addition of n-alka- 
nols which affords protection from osmotic hemolysis [2]. The lipid disorder- 
ing effect has been shown with the use of steroid spin labels [3,4] and stearic 
acid spin labels [ 5] that become increasingly mobile in the presence of n-alka- 
nols. Similarly, the fluorescent probes perylene and 9-vinylanthracene [6] and 
1-anilinonaphthalene-8-sulfonate [5] show increases in probe rotation rates in 
the presence of n-alkanols. In artificial membranes a broadening and a lowering 
of the phase transition [7--9], an increase in the amount of lipids in the liquid- 
crystalline state [10], and an increased rate of penetration of water into 

* A preliminary report of this work appeared in (1978) Fed. l~oc. 37, 516. 
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unsonicated liposomes [11] are all induced by n-alkanols. The fluidizing effect 
has also been demonstrated in Escherichia coil [12]. When grown in the pres- 
ence of n-alkanols (C5--C10), the E. coli modify the fatty acid composition of 
their membrane phospholipids by incorporating more saturated fatty acids 
(primarily palmitic acid) and fewer unsaturated fatty acids (primarily vaccenic 
acid) to compensate for the increased membrane fluidity induced by the 
n-alkanols. 

The n-alkanols perturb the membrane by inserting themselves within the 
bilayer [1]. They are amphipathic molecules that are likely to partition into 
the membrane by intercalating among the lipids with their hydzophilic hydrox- 
yl moiety anchored near the water/hydrocarbon interface. In this paper we 
report on the effects of n-alkanols on the lipid fluidity of a microsomal mem- 
brane preparation from 20-day-old chicken embryo heart. The fluidity is esti- 
mated from the depolarization of the fluorescence of 1,6-diphenylhexatriene. 
Increasing the aqueous concentration of the series of n-alkanois studied, buta- 
nol to octanol, increases membrane fluidity. In terms of calculated membrane 
concentrations, the n-alkanois are roughly equlpotent in increasing membrane 
fluidity. 

Materials and Methods 

The n-alkanols used were of reagent grade obtained from various sources and 
used without further purification. Diphenylhexatriene was of 'Puriss' grade 
from Koch-Light Laboratories, Ltd. Fertilized and incubated eggs were ob- 
tained from Grassy Knoll Hatchery (Standardsville, VA) and kept in a commer- 
cial farm incubator (Leahy Manufacturing Co.) until the eggs had been incu- 
bated 20 days. The hearts were dissected away from the embryos, minced, 
homogenized (20% w/v susper~ion in a Willems Polytron, PT 20 ST head at 
half maximal speed for 15 s), and centrifuged (Sorvall RC-2B, SS-34 rotor at 
48 246 × g for 75 rnin). The supernatant was discarded, and the pellet resus- 
pended for a differential centrifugation (SS-34 rotor for 20 rain at 10 000 × g, 
followed by 10 min at 20 000 X g) yielding the microsomal fraction in the 
supernatant. The microsomes were stored at --20°C in 0.25 M sucrose. The 
microsomal fraction was predominantly membranous material, with some 
unidentifiable cellular debris as revealed by electron microscopy. Compared 
to the homogenate the microsomes were enriched 5.5-fold in the plasma mem- 
brane marker 5'-nucleotidase assayed according to Solyom and Trams [13] and 
depleted about 5-fold in the mitochondria marker succinic dehydrogenase 
assayed according to Ells [14]. 

The protein content of the microsomal fraction was determined by a modi- 
fied biuret method [15]. The absorbance at 350 nm of tubes containing 1 ml 
of reagent and a variable amount of sample was measured after mixing and then 
standing for 10--15 rain. Bovineserum albumin standards were used. The 
phospholipid content was measured by a modification of the method described 
by Bartlett [16]. 

Fluorescence depolarization measurements were performed on an Aminco 
Fluoro~olorimeter (Model J4-7439). The excitation filter was a Baird-Atomic 
10-36-0 mercury line filter with a central transmittance at 365 nm and the 
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emission filter was a Wratten 2A that  transmits light with wavelengths greater 
than 415 nm. The exciting light was polarized by passage through a Polacoat 
filter (3M Corp.) and the emit ted light was analyzed after passage through 
polaroid filters (Edmund Scientific), one of  which was oriented parallel, the  
other  perpendicular to  the  excitat ion filter. Fluorescence depolarization mea- 
surements were made at 37°C as follows: 1 0 0 / d  of the crude microsomal mem- 
branes were added to 2 ml of an n-alkanol solution in water  or to water in 
10 x 75 mm culture tubes. The tubes were vortexed and placed in a water bath 
at 37 ° C. Scattering was measured for each tube  before 2 ~1 of  a i mM diphen- 
ylhexatriene in te t rahydrofuran solution was added and the suspension vigor- 
ously vortexed.  After 2 to 3 h at 37°C to insure incorporation of  diphenyi- 
hexatriene into the  membranes,  the  fluorescence intensity of  the  emit ted light 
polarized parallel (It) and perpendicular (li)  to  the exciting light was recorded 
3 times approx. 20 rain apart to  be certain stable values were reached. The 
diphenylhexatriene to lipid molar ratio was calculated to be I : 130. 

The anisotropy of  fluorescence (r) is calculated from the measured inten- 
sities as follows [17]:  

( I ,  - - ( I i  - I I )  
r = 

where the superscript 's' refers to the  scattered light contr ibution.  Anisotropy 
is used to  estimate microviscosity by  a form of the  Perrin equation [17]:  

ro = 1 + C ( r )  T r  

r 

where r0 is the  limiting anisotropy in a highly viscous system, T is the  absolute 
temperature,  r is the  fluorescence lifetime, 77 is the microviscosity, and C ( r )  is 
a function of  r that  depends on the shape of the fluorophore.  The Perrin equa- 
tion can be modified to:  

- - 1  r} 

where it is clear that  the term ( (ro /r )  - -  1)- '  varies directly with r/. This relation- 
ship provides a useful method for comparing fluidity in membrane systems 
[18].  

In view of  the  recent criticism of  using fluorescent probes to estimate the 
microviscosity of  membranes by  steady state fluorescence depolarization, it 
is useful to  briefly just i fy our methodology.  The criticism focuses on some 
basic assumptions used in the  evolution of  this technique [17,19].  This method 
depends upon a calibration curve of  the fluorescence of  the probe being used 
in a reference oil of  known viscosity. Hare and Lussan [20] have demonstrated 
that  the  polarization behavior of  a given probe can be quite different in differ- 
ent reference oils of  the  same viscosity. Hence the microviscosity values ob- 
tained from membranes depends critically on the reference oil being used in the 
calibration curve. This method  also assumes that  mono-exponential  decay of  
fluorescence occm~s. The methods  used to  measure fluorescence decay have 
yielded ambiguous results, however it appears certain the fluorescence decay of  
diphenylhexatriene in most  membranes is at least bi-exponential [21,22] .  The 
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implication here is that the rotation of the fluorophore is not isotropic, as it is 
in a reference oil, but depends upon the orientation it assumes in the bilayer. 
The question that arises is how can a microviscosity value be assigned to a 
membrane if the probe sees a different microviscosity depending on how it is 
rotating. This point is further illustrated by measuring the microviscosities of 
a membrane using different methods. Lackowicz et al. [23] measured micro- 
viscosity in dimyristoyl phosphatidylcholine and dioleoyl phosphatidylcholine 
vesicles using steady state anisotropy with diphenylhexatriene, then by the 
rotational rate of diphenylhexatriene by oxygen quenching anisotropy mea- 
surements and finally by the diffusivity of oxygen. All of these methods 
resulted in different values for microviscosity. 

The conclusion to be drawn from this information is that the absolute micro- 
viscosity cannot be estimated in biological membranes by fluorescence depolar- 
ization since the lipid organization results in complex and restricted modes of 
motion for any probe or substance within the membrane. Hence the measured 
microviscosity depends initially on what probe is being used to measure micro- 
viscosity. However, as the nature of the motion of the more popular probes in 
bilayers become better characterized, other important information can be 
gained from studying this motion. Meanwhile, estimating changes in micro- 
viscosity or in the parameters used to obtain microviscosity (such as aniso- 
tropy, ( ( r o / r ) -  1) -z, or the polarization of fluorescence) remain useful in 
quantifying the effects of perturbing agents as long as the same membrane 
preparation is used. It is in this context that our results are presented. 

Results and Discussion 

The series of n-alkanols from butanol to octanol was studied, and the result- 
ing data is plotted in Fig. 1 where the fluidizing effect as shown by decreasing 
values of ( (ro/r)  - -  1) -1 is approximately linear with the aqueous concentration 
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of the alkanols. It is evident that increasing the aqueous concentrations of each 
n-alkanol fluidizes the membranes. Note that the longer chain alkanols are 
more effective in that they exert their effect at lower aqueous concentrations. 

The aqueous concentrations of the n-alkanols are not really the relevant 
parameters. The concentrations of the n-alkanols in the membrane, calculated 
with known membrane/water partition coefficients, are more relevant to the 
function of the n-alkanols as membrane perturbing agents. Seeman et al. [24] 
measured the partition coefficients of n-alkanols in human red blood cell 
ghosts. The partition coefficients for butanol and hexanol were not given but 
we calculated these values from a linear plot of the log of the partition coeffi- 
cients of the other n-alkanols studied versus the number of carbons in the 
n-alkanol. Roth and Seeman [25] measured the partition coefficients for a 
variety of anesthetics in nerve and muscle membranes (guinea-pig brain and 
rabbit gastrocnemius) and found them to be quantitatively similar to the 
partition coefficients of human erythrocytes. This similarity between various 
biological membranes supports the use of the partition coefficients for human 
erythrocyte membranes in our calculations with chick embryo heart micro- 
s o m e s .  

The partition coefficients calculated by Seeman et al. [24] are in units of 
(mol/kg dry membranes)/(mol/liter). The molar ratios of n-alkanol to lipid 
are of more interest so conversion to (tool/tool total lipid)/(mol/liter) is desir- 
able. The phospholipid content of the microsomal membranes was calculated 
to be 0.69/~mol/mg protein, and the average molecular weight of a phospho- 
lipid was assumed to be 750. The cholesterol/phospholipid ratio in purified 
20<lay chick embryo heart membranes is 0.63 [26]. With these values the con- 
version of the partition coefficients given by Seeman et al. requires multipli- 
cation by a factor of 1.49 from which the mole ratio of n-alkanol to total lipid 
(phospholipid plus cholesterol) can be obtained. The partition coefficients 
determined by Seeman et al. and those used here are listed in the legend of 
Fig. 2. 

The relationship of ((ro/r)- 1) -l to the membrane concentrations of the 
n-alkanols studied is illustrated in fig. 2. The data are fit fairly well by a single 
straight line. This implies that the n-alkanols, butanol to octanol, are approx- 
imately equipotent in decreasing the fluorescence depolarization of diphenyl- 
hexatriene. This result can be interpreted if the expected locations of the 
n-alkanols and of the diphenylhexatriene in the membrane are compared. As 
previously described the n-alkanols might be expected to partition into the 
membrane such that the hydroxyl moiety is adjacent to the head groups of 
the phospholipids with their hydrocarbon chains extending into the bilayer 
parallel to the acyl chains of the phospholipids. The majority of these acyl 
chains in 20<lay chick embryo heart are palmitic acid (30%) and stearic acid 
(25%) [26] so that the longest of the n-alkanols studied, n-octanol, would 
extend less than halfway down the acyl chains of the membrane phospholipids 
[9]. On the other hand, diphenylhexatriene, a highly hydrophobic molecule, 
would partition into the entire hydrophobic portion of the membrane in a 
more or less random distribution with respect to the acyl chains of the phos- 
pholipids [22,27,28]. Consequently when the n-alkanols partition into the 
membrane, and expand the surface area, the phospholipids are pushed apart 
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t ex t  to: b u t a n o l  1 .59;  pentanol ,  5 .05;  hexanol ,  18 .03;  heptanoL 58 .13;  octsnol ,  226 .24  ( m o l / m o l  mere- 
brene l ipid) / (mol / l i ter) .  

creating vacancies deeper in the bilayer where the hydrocarbon chains of the 
n-alkanols do not reach. The Van der Waal's interactions are decreased, thereby 
reducing the molecular attractions between the terminal methyl and methylene 
groups allowing greater lipid chain mobility in the region of  the bilayer where 
the vacancies are created [7]. It has been demonstrated that in regions of 
increased lipid chain mobility the angle over which the fluorophore can rotate 
increases due to the creation of vacancies within the lipid bilayer [29]. Steady 
state fluorescence depolarization measures the average rotation of the fluor- 
ophore in the bilayer so that all of  the diphenylhexatriene molecules need not 
be affected by the perturbation of the membrane. Nevertheless, with a propor- 
tion of  the diphenylhexatriene exhibiting greater motional freedom in the 
region where vacancies are created, it would appear that the average motional 
freedom of  the diphenylhexatriene would increase thereby decreasing the 
anisotropy observed. The calculated value for ( ( r o / r )  - -  1) -1 would also decrease 
implying an overall decrease in membrane microviscosity. 
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