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Membrane fluidity and lipid composition influence the activity of a varicty of membrane proteins. Decrcased rates of hepatic ion
clearance are associated with the neonatal period. We postulated that hepatic basolateral membranes derived from suckiing
animals might be less fluid than those from adult animals. Basolateral membrane vesicles were prepared from the livers of
t-week-old (SBLMV) and adult (ABILMV) rats by a Percoll gradient method. Na* /K -ATPasc activitics were similar in the two
groups. Double bond index, cholesterol and cholesterol / phosphorus ratios were significantly higher in SBLMV compared with
ABLMYV, while lipid phosphorus and relative percentages of phospholipid subclasses did not differ. Fluorescence anisotropy
measured using diphenylhexatriene as well as 2-(9-anthroyloxy)stearate was significantly greater in SBLMV compared with
ABLMV, while mcasurements made with 12-(9-anthroyloxy)stearate were similar in both age groups. Mcan excited state
lifetimes, lifetime distributions, and rotational corrclation times were similar in both groups. These data suggest that hepatic
basolateral membranes derived from suckling rats are less fluid than those from adult animals and further suggest that this

difference may be due to increased cholesterol in hepatic basolateral membranes derived from suckling animals,

Intrgcuction

Suckling animals undergo an array of physiologic
char-zes as they develop from fetal to adul life, includ-

ing dramatic alterations in the activities of a varicty of

memdranc associated proteins, These transformations
are pariicalarly evident in the hepatocyte, as illustrated
by the postnatal development of taurocholate transport
across both the basolateral [1,2] and canalicular [3]
membranes, as well as by the ontogeny of hepatic
Na*/K*-ATPase activity [1]. Mechanisms controlling
thesc transformations have not been clearly defined,
although preliminary data suggest that rates and timing
of protein insertion into the membrane, as well as
protein modification either prior or subscquent to in-
sertion may play importaat roles [1]. in addition, mem-
brane composition is known to influcnce transmem-
brane protein activitics. Examples include medulation
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of sodium phosphate co-transport by cholesterol in
brush border membranes derived from rat kidney {4].
as well as modification of alkaline phosphatase activity
by cholesterol {5] and fatty acid composition [6] in
intestinal brush border membranes. Other examples
include the effect of membrane fluidity upon the activ-
ity of Na*/K*-ATPase in the liver [7], as well as upon
intestinal brush border p-glucose uptake (8). There-
fore, studies of the ontogeny of transmembrane protein
mediated substrate transport across the hepatocyte ba-
solateral membrane must take into account develop-
mental changes in membrane lipid composition. Kapit-
ulnik et al. [9] demonstrated that hepatic microsomal
membranes derived from fetal rats had higher choles-
terol and lower phospholipid contents compared with
adult animals, while Brasitus and coworkers [10] re-
ported higher proportions of unsaturated fatty acids in
intestinal membranes of 6-weck-old compared with
adult rats. Changes in membrane lipid composition
may also alter membrance physical characteristics, The
use of fluorescent probes which intercalate into lipid
bilayers has allowed tliz determination of membrane
fluidity, defined as the relative motional freedom of
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lipid molecules within a lipid bilayer [11]. In addition,
membrane structural netcrogencity can be explored
through the study of fluorophore lifetime distributions.

We hypothesized that basolateral membranes de-
rived from suckling animals would differ significantly in
lipid composition and fluidity from those derived from
adult arimals. We have defined compositional and
structural changes that occur in the hepatocyte basolai-
eral membrane during development.

Materials and Methods

Animals

7-day-old Sprague-Dawley rats (8-12 pups/litier)
with their dams, as well as adult nale Sprague-Dawley
rats were obtained from Harlan Laboratories, Indi-
anapolis, IN. Animals were housed in a temperature-
controlled room with 12-h light-dark cycles. Adult rats
were fed standard rat chow and water ad libitum, while
rat pups were suckled. All animals were killed by
decapitation in the fed state. These studies were ap-
proved by the University of South Florida Laboratory
Animal Medical Ethics Committec.

Chemicals

All chemicals were of reagent grade or of the high-
est grade commercially available, Solvents were glass
distilled.

Preparation of rat liver basolaieral membrane vesicles

Rat liver basolateral membranes were preparcd by
the method of Blitzer and Donovan [12], with modifics-
tions as described by Suchy et al. [2). The membrane
aliguots were mpidly frozen in liquid nitrogen and
stored in liquid nitrogen uatil used.

Determination of marker enzyme activities and protein
concentration

Na'/K'“ATPase and Mg®* ATPasc activities were
assayed by the method of Scharschmidt [13]. Protein
concentrations were determined by the method of
Lowry ct al. [14], using bovine serum albumin as stan-
dard.

Lipid composition studies

Total lipids were extracted from the membrane vesi-

cles by the method of Foleh et al. [15). Cholesterol was
measured utilizing the method of Zlatkis ct al. [16],
while total phosphorus concentrations were measured
by the method of Bartlett [17). Phosphoglyceride classes
were separated on washed and dried Silica gel G piates
(Anaitech, Newark, DE) using the solvent system of
Zail and Pickering [18]. Plates were dried under nitro-
gen, sprayed with 50% sulfuric acid and charred. Sepa-
rated phospholipid bands were then scraped and rela-
tive phosphorus concentrations determined [19). Fatty

acids were methylated by the method of Moirison and
Smith [20]. Fatty acid methyl csters were separaicd
using a Perkin-Elmer model Sigma 2000 with a 30
meter DB 225 Megabore column. Gas liquid chro-
matography columns were obtained from J& W Scien-
tific (Folsom, CA). Column temperature was main-
tained at 170°C for 8 min, then increased by 2°C/min
to 210°C. Carrier gas flow rate was 30 ml/min. Identi-
fication of individual fatty acid methyl esters was per-
formed via comparison of retention times to those of
authentic standards (NuChek Prep, Elysian, MN or
Supelco, Bellefonte, PA).

Florescence polarization studies

Three fluorophores were utilized:  1,o-diphenyl-
1,3,5-hexatricie{DPH) (Aldrich, Milwaukee, WI), o1
2-(9-anthroystearic acid (2-A8) and m-12-(Y-anthro-
ylstearic acid (12-A8) (Moiecular Probes, Junction
City, OR). steady-state and dynamic polarization mea-
surements were made on an SLM 48000 multifre-
queney phase modulation fluorometer, in conjunction
with an IBM PC-XT computer, utilizing previously
described methods [21). All measurements were per-
formed at 25°C. Loading of membranes with tluoro-
phores was done as descrived by Brasitus ¢t al. [22].
Mceasurements of steady-.tate fluorescent polarization
were made in the T format, utilizing an excitation
wavelength of 365 nm. Emitted light was passed through
a 408 nm cutoft filter. Steady state anisotropics were
determined  according to  the relationship (1, -
Gl /U + 261, where [ is the intensity of light
cmitled through a vertically aligned polarizer after
sample excitation with vertically aligned light, and 7,
represents said light after emission through a horizon-
tally aligned filter, ¢ is a grating correcidon factor,
defined as tize ratio of vertically to horizontally polar-
ized cmitted light after horizontal excitation. Readings
were corrected as necessary for fluorescence noted
both in the absence of fluorophore (membrane +
buffer) and in the abserce of membrane (wffer and
fluorophore). In all cases. combined corrections were
less than 3% of fluorescent intensities noted in the
ntact preparation. Membrane preparations [2] were
also examined for the effcct of light scattering as
described by Lisinger and Flores [23). No effects of
scatter depolarization were noted upon steady-state
anisotropy as measured utitizing DPH within the con-
ceniration ranges used in this study. Lifetime measure-
ments (DPH) were obtained utilizing a reference solu-
tion containing dimethyl POPOP in absolute ¢thanol.
Mcasurements were obtained at a minimum of seven
frequencies between 0 and 100 MHz, with excitation
light polarized 2t O degrees and emitted hight polarized
at 55 degrees. Phase and modulation data were then
eaamined utilizing SLM software, version 1.4 (SLM
mnstruments, Champaign-Urbana, IL). Specifivaliy, one,



two and three component decay models were com-
parcd with unimodal or bimodal Lorentzian distribu-
tions [24]. Estimated experimental errors were set at
0.2 degrees for phase and 0.002 for modulation analy-
ses. Fluorescent intensitics (2-AS and 12-AS) were
calculated acrording to the formula /1, + 21, [25].
Rotational correlation times were estimated via differ-
ential polarized phase fluorometry utilizing the method
of Lakowicz {21]. .

Statistical methods

All results represent mean + standard  deviation.
Differences between groups were determined using
Student’s two-tailed ¢-test.

Results

Marker enzyme octivitios

To be used in developmental studies, membrane
preparations must be: (1) highly eariched in the de-
sired membrane fraction relai've (o homogenate and
(2) comparable between age groups studied. The
marker ciizyme profile of the hepatocyte basolateral
membrane vesicle preparation utilized in this study
reveals it to be both highly purificd and similar in adult
and neonatal animals {1]. Contamination by endoplas-
mic reticulum, lysosomes, and mitochondria has previ-
ously been shown to be minimal and similar in neona-
tal and adult animals [1]. Because of the wealth of
previous inforsnation and characterization of the
preparation utilized, we chose to examine only
Na'/K'-ATPasc and Mg?'-ATPasc activitics, mark-
ers for the basolateral and canalicular membrancs.
Relative enrichments (Table 1) did not differ signifi-
cantly between the two age grovps studied and were in
the range obtained by previousity by us [26] as well as
other prior investigators utilizing this preparation
[1,2.12]. The preparations were significantly (21-20-
fold) enriched in membranes derived irom the basolat-
eral surface of the hepatocyte, while only modestly

TABLE |
Muarker enzyme activities of plasma membrane

Values are means + 8.0 in gl P, /mg protein per h. Numbers in
parentheses are number of membrane preparations.

Na* /K*-ATPase Me? *-ATPase

Homogenate
Iw/o 048+ 0.24 2.1210.70
Adult 0004 0.46 2.73+0.70
Basolateral fraction
1w/0 10.36 + 4.50 9.95+3.29
Adult 10.22+ 4.44 16.04 1 4.65
Relative specific activity
lw/0 26.24 + 13.69 (8) 5.12+2.27 (8)

Aduit 21.16+ 8.83(13) 6.05+2.13{13)

ol

TABLE 11

Fany acid composition of hepatic basolateral membrane vesicles de-
rived from SBLMV and ABLMV rats (expressed as weight % of toral

fauy acid)

Al vilues represent means+ 8D least eighi preparations. Signifi-
cance: * P <005, ¥F P <0005, compared with values in vesicles
derived from ABLMYV. Double bond index = Y[(% each fatty acid)
(numbey of double bonds per fatty acid)).

Faity acid ABLMYV SBLMV

16:0 27.3+52 31+78
l6:1 0.6+08 0.0+ 00
18:0 23,0427 24.2+34
18:1 9.7+18 53423 %%
18:2n - 6) 1.7+ 1.7 57413 %%
20:0 02403 0.1+0.2
201 0.84+1.0 09+09
20:Un ~0) 1+0.1 0.1+
20:3%n - 3) 02+04 01+02
I8:Xn—-3) 03403 0.140.2
20:4(n — ) 154422 17274 1.8 *
2.0 09+ 1.0 04+0.3
20:5(n - 3) 0.7+04 02405
2:0 12108 | IR
24:1 0.6 +0.7 05+04
22:5(n - 3) 14105 21410
22:6(n - 3) S8+ 1.1 10,0423 **
Double bond index 1.44+0.17 1.62+0.24 *+*
F.A. > 18C 0.25+0.03 0.3240.04 **
Saturated 0.53 + (.05 (.57 + 0.06
Monoenoic 0.12+0.02 0.07+0.02 **
(n-3) 0.08 + .01 0134003 **
{n—0) 0.27 + 0.04 0244002 *

(n~-6)/(n-3)

3.40+£0.39 2104088 **

enriched (5-6-fold) in membranes derived from the
canalicular surface.

Lipid composition

Fatty acid coinposition. There was no significant
difference in percentage of saturated fatty acids be-
tween ABLMYV and SBLMYV (Table II). The double
bond index was significantly higher in SBLMV due
predomingntly to increases in percentages of decosa-
hexacnoic (22:6(n — 2 snd arachidonic (20:4(n - 6))
acids. Percentages of linoleic acid (18:2(n — 6)), total

TABLE 111

Analysis of cholesterol and total lipid phosphorus from SBLMV and
ABLMYV

Cholesterol and total lipid phosphorus values are expressed as
pumol /mg protein and represent mean £ S.D. of at least eight prepa-
rations.

Cholesterol (C) Lipid phosphorus (P) /P

ABLMV 017 +£0.04 0.3140.08 0.57+0.14
SBLMV .20+ 0.03 0.3740.08 0.72; 015
P value  <0.001 N.S. < (.05
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TABLE IV
Analysis of phaspholipid subclasses from SBLMV and ABLMY

Individual phospholipids are expressed as molar percent of total
phospholipid content and sepresent means+8.D. of at least five
preparations. PE, phosphatidylethanotamine: PS, phosphatidylserine;
PC. phosphatidytcholine: 8P, sphingomyelin:  PL phosphatidyl-
inosiiol,

PC PE SP PSS+ Pl
ABLMYV 510+60 26.1+4.3 8.4+3.1 15.2+ 3.7
SBLMV 474+ 78 206.5+78 79+ 38 9.3+ 138
P value N.S. N.S. N.S. N.S.

monounsaturated fatty acids and (2 - 6) fatty acids
were higher in ABLMV, while fatty acids greater than
18 carbons in length were lower,

Cholesterol / phospholipid (C / P) ratios and phospho-
lipid subclasses (Tables 1 and 1V). Total cholesterol
content was significantly higher in SBLMV compared
with ABLMV (0.26 g mol /mg protein vs. G117 pmol /mg
protein) whereas total lipid phosphorus contents were
not significantly different. As a result, the C/P ratio
wis significantly clevated in SBLMV (0.72) as com-
pared with ABLMV (0.57). There were no significant
differences in relative coacentrations of phospholipid
subclasses between the two age groups,

Fluidity studies

Steady-state anisotrepy. Steady-state anisotropy val-
ues as measured by DPH wer# significantly decreased
in ABLMV versus SBLMV (Table V). Anisotropy mea-
surements made utilizing 2-AS were significantly in-
creased in SBLMV compared with ABLMYV, whereas
no significant ditferences were noted with the probe
12-AS.

Dynamic lifetime seasurements. Measurements of
litetime of <he excited states were performed utilizing
DPH. Best fit was obtained utilizing a discrete bi-ex-
ponential decay model (Table VI in accordance with

TABLE V

Steadv-state anisotropy studies of fepatic basolateral menbrane cosi-
cles

All measurements performed at 25°C. Values represent mean + S.0.
of at least seven determintions. Sipgnificance: * 2 < 002 compared
to values obtained from ABLMV: ' P <001 compared to values
obtained from ABLMV,

Preparation Probe » Anistropy (r)
ABLMV " DPH 0.201 + 0008
2-A8 01194 0002
12-A8 0.101 + 0006
SBLMV DFH 0.215+0007 1
2-AS 0126 +0.005 *
12.A8 Q.10+ 0,003

TABLE VI

Discrete hiexponential analysis of the excited state lifetiie of DPU in
SBLMV and ABLMV ar 25°C

fy and ¢, lifetimes in nanoseconds. Fy and F.0 Fractional intensity.

¥

1 Fy 1 r, X’

SBLMV 3854094 0044007 1110+ 0.50 0864007 220+ 1.27
ABLMV 3.74 3 0.19 0.12+0.01 1058 +0.29 088 + 040 211+ 1.47

previous work utilizing BPH [27]. Both long (approx.
11 ns) and short (approx. 4 ns) lifetimes were similar in
ABLMYV and SBLMV, is were fractional lifetime con-
tributions. Bimodal Lorentzian  distribution  analysis
vielded signficantly lower chi-square values than did
unimodal, There were no significant ditferences be-
tween ABLMV and SBLMYV in lifetime component
centers, distributional widths (full width at half maxi-
mum), lifetime fractions or chi-square values. Measure-
ments of total fluoreseent intensity were performed
utilizing 2-AS and 12-AS. Results did not differ be-
tween SBLMV and ABLMV with cither fluorophore
(in arbitrary units, 2-AS: SBLMV 413 + 0.07 (4 = 4),
ABLMYV 413 £ 002 (n=4); 12-AS: SBLMV 241 +
001 (n=T7), ABLMV 241 + 0.02 (n = 7).

Rotationai corrciation times. Rotational correlation
times, estimated via multifrequency analysis utilizing
the probe DPH. did not differ significantly between
ABLMYV (098 + 0.13 ns, # = 3) and SBLMV (1.I8 +
(LI8 ns, # = 4).

Discussion

Previous work in vesicles derived from rat renal [28]
and rabbit intestinal microvitlus {29.30] membranes has
documented a decrease in membrane fluidity with
postnatai development. These changes have been asso-
ciated, at least temporatly, with increases in the C/P
ratio with age. Conversely, Kapitulnik et al. [31],
demonstrated an increase in membrane fluidity in adult
as compared to fetal hepatic microsomal membrancs.
In contrast to the data presented here, however,
changes in fluidity were largely complete by birth and
were associated with significant changes in membrane
phospholipid content. The present data suggest a dif-
ferent scenario, in which hasolateral membrane fluidity
continued to increase postnatally and was associated
with decreasing contents of membrane cholesterol,
while membrane lipid phosphorus content remained
stable. The significantly higher levels of cholesterol in
SBLMYV are consistent with data obtained in intestinal
microvillus membrane preparations derived from new-
born rabbits [30], and may reflect high levels of fetal
hepatic sterol synthesis [32], as well as significant in-
take of dietary cholesterol [33]. Percentages of mem-
brane fatty acids also differed significantly between



SBLMYV and ABLMV. Increased fatty acid chain length
and double bond index in SBLMV may be attributable
to transplacental accrction of long cliain polyunsatu-
rated fatty acids (PUFA) during the fetal period [34].
In addition. breast milk is known to contain significant
amounts of PUFA [35]. The capacity for PUFA synthe-
sis in 1-weck-old animals may be limited duc to dimin-
ished hepatic activities of A° and A -desaturascs dui-
ing fetal and carly neonatal life [34].

Mcasurements of membrane fluidity utilizing the
probe DPH were concordant with the above described
data. Cholesterol is known to decrease membrane flu-
idity, presumably by reducing the motional frecdom of
membrane phospholipids [36]). Studies of stcady-state
anisotropy utilizing anthroyloxy probes of varying chain
lengths have found that the effect of cholesterol occurs
primarily within the 15 angstroms immediately below
the membrane surface [37], consistent with the changes
observed in our studies utilizing 2-AS, in which the
fluorophore component is positioned close to the mem-
brane surface. In contrast, utilization of the fluo-
rophore 12-AS, which is positioned deeper within the
bilayer, revealed no changes. Membrane fluidity is also
affected by degree of fatty acid desaturation [11]. Intro-
duction of double bonds into fatty acid chains produces
conformational changes resulting in increased motional
freedom and fluidity. The double bond index of
SBLMYV was significantly higher than that of ABLMV,
yet the fluidity of SBLMV was significantly less than
that of ABLMVY. This apparent discrepaney may o
duc to the observation that conformational changes
induced with phospholipid acyl chain desaturation are
maximal with the initial double bond insertion [37].
Subsequent  desaturations induce smaller conforma-
tionil changes. ABLMV have a significantly higher
percentage of monounsaturated fatty acids than do
SBLMYV. in concordance with observed fluidity differ-
ences. Other factors known to influence fluidity, such
as phospholipid content; did not differ significantly
between the two age groups studied. It is unlikely that
the observed changes in anisotropy were due to differ-
ences in preparation purity. Previous authors have
demonstrated the caralicular hepatocyte membrane (0
be less fluid than the basolateral surface [38], thus the
minimal enhancement in Na' /K *-ATPasc enrichment
noted in SBLMV vs. ABLMV may have caused us to
underestimate the difference in anisotropy between the
two age groups studicd.

Fluorescent decay kinetics may be used to clucidate
membran. physical properties. DPH, because of its
distribution in the hydrophobic acyl regions of a varicty
of membrance domains [39], as well as its responsive-
ness to changes in membrane dielectric properties, is a
uscful probe for such studies. Lifetimes of the excited
statc (DPH) can be described in terms of mono or
multi-cxponcntial dccay. Bi-cxponcntial decay modcls
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have generally proven to be most suitable in complex
biologic membranes and typically reveal a predominant
long (approx. 10 ns) lifctime component as well as a
minor short (approx. 4 ns) component. In the current
study, lifctimes obtained in ABLMYV and SBLMV did
not differ when examined by a biexponential model,
nor did they differ when examined by means of a
continuous lifetime distribution, in which lifetime val-
ves are weighted both by proportion and width [24].
The lack of differcnce between lifetime widths noted in
the present study may be explained by the high C/P
ratios (> (0.5) observed in both ABLMYV and SBLMV.
Hui et al. [40}, demonstrated that onset of phase sepa-
ration occurred below 20°C in erythrocyte membranes
with C/P ratios greater than 0.5. Therefore, differ-
ences in heterogeneity secondary to membrane choles-
terol content may have been minimal in the present
study which utilized a wemperature of 25°C. The lack of
difference in fluorescent lifetimes noted with DPH is
supported by the similarity in {lucrescence intensities
(suggesting similar fluoresence  lifetimes) noted be-
tween ABLMYV and SBLMYV in studies using 2-AS and
12-AS. Finally, the lack of significant difference in
rotational correlation times between ABLMV and
SBLMY is not surprising in light of previous work in
which membrane cholesterol content has had minimal
effect upon this parameter [27].

The above describea ontologic changes in the hepa-
tocyte basolateral membrane differ from thosc previ-
ously defined in other tissues, although they concur
with changes noted by Storch and coworkers in the
diiferentiating 3T3F442A ccll [41]. Such differences
suggest that these alterations arc specific and serve
distinet teleologic purposes, including, perhaps, modu-
lation of developing membranc transport processcs.
Potential regulatory mechanisms for membranc lipid/
physiochemical development include changes in ilic
hormonal and/or dictary milieu of the developing ani-
mal.
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