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Membrane fhfitlily :rod lipid e~,npt~silitm influence the activity of a variety of membrane proteins. Decreased rates of hcpalic ion 
clearance fire associalcd with the ncon.'ttal period. We postultitcd l lint hepatic basolatcral melllbranes derived fl'onl S~t.:k;i:in~, 
animals might be Je:is fhfid than those from adult animals. Basolaleral menlbranc vesicles were prepared from IJle livers of 
I-week-old (SBLMV) ,rod adult (ABI,MV) rats by ,l Pcrcoll gradient method. Na ' / K  '-ATPase activities were similar in the two 
groups. Double bond index, cholesterol and cholesterol/phosphorus ratios were significantly higher in SBLMV compared with 
ABLMV, while lipid phosphorus and relative percentages of  phospholipid subclasses did not differ. Fluaresccncc anisotropy 
measured using diphenylhexatricne as well as 2-(9-anthroyloxy)stcarate was significantly greater in SBLMV compared with 
ABLMV, while measurcmenls made with 12-(9-anthroyloxy)stearate were similar in boll1 age groups. Mean excited slal¢ 
lifetimes, lifetime distributions, and rotational correlation times were similar in both groups. These dala suggest that hepatic 
basolater'il membranes derived from suckling rats arc less fluid than those irt,~m adult animals and further suggesl that lifts 
difl'czencc may bc duc to increased cholesterol in hepatic basolalcral mennbrahe,,; derived from suckling animals. 

lntreduetion 

Suckling animals undergo an array of physiologic 
ehm,g'es as they dew~,.¢, fl'om fetal to aduh life, includ- 
ing dramatic alterations in the activities of a variety of 
memarane associated proteins. These transformations 
arc par.iualarly evident in the hepatocytc, as illustrated 
by the postnatal development of taurocholatc transport 
across both the basolateral [1,2] and canalicular [3] 
membranes, as well as by the ontogcny of hepatic 
Na +/K ~-A'l'Pase activity [1]. Mechanimns controlling 
thesi~ 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 subsequent to in- 
sertion may play important roles [1]. in addition, mem- 
brane composition is known to influ,.nce translncm- 
brahe protein activities. Examples include mt~dulation 
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of sodium phosl+hate co-transport by cholesterol in 
brush border membranes derived fi'om ral kidney ~[4]. 
as well as modification of alkaline phosphatase activity 
by cholesterol [5] and fatty acid composition [6] in 
intestinal brush border membranes. Other eJmmplcs 
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 D-glucose uptake [8]. There- 
fore, studies of the ontogeny of transmembrane protein 
mediated substrate transport across the hcpatoc,,,tc 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 phosphoiipid contents compared with 
adult animals, while Brasitus and coworkcrs [10] re- 
ported higher proportions of unsaturated fatty acids in 
intestinal membranes of 6-week-old compared with 
adt, lt rats. Changes in membrane lipid compositio. 
may also alter membrane physical charactcrislics. The 
use of fluorescent probes which intercalate into lipid 
bilayers has allowed th..': determination of membrane 
fluidity, defined as the relative motional freedom of 
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lipid molecules within a lipid bilayer [1 I]. in addition, 
membrane structural neterogeneity 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 fluidit~ from those derived from 
adult arimals. We have defined compositional and 
structural changes that occur in the hepatocyte basolal- 
eral membrane during development. 

Materials and Methods 

Animals 
7.day-old Sprague-Da~.ley rats (8-12 pups/litter) 

with their dams, as well as aduFt male Sprague-Dawley 
rats were obtained from Harhm Laboratories, Indi- 
anapolis, IN. Anim:ds v¢ere housed in a temperature- 
controlled rt~ml with 12-h light-da,'k cycles. Adult rats 
were fed standard rat chow and water ad iibitum, 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 Committee. 

Chemicals 
All chemicals were of reagent grade or of the high- 

est grade commercially available, Solvents were glass 
distilled. 

iYeparation of rat lit'er ba.wdateral membrane t'esr'h's 
Rat liver basolateral membranes were prepared by 

the method of Blitzer and Donovan [121, with modific~- 
lions as described by Suchy et al. [2]. The membrane 
~diquots wer,: rapidly frozen in liguid nitrogen and 
stored in liquid nitrogen u~ltil u,~:d. 

l}elerm#uation o1" marker en~'me actil'ities and protein 
¢'OIl{'~'Hll~ltif~l 

Na ' /K  '-ATPase and Mg" ' ATPase activities were 
as,~ayed by the methtnl of Scharschmidl [13]. Protein 
concentrations were determined by the method of 
Lowry et el. [:4], using lxwine serum albumin as stan- 
dard, 

Lipid comlxx~ition studies 
Fetal lipids were extracted from the membrane vest- 

des by the methtnl of Ft~lch et al, [15]. Cholesterol was 
mLasured utilizing the method of Zlatkis et al. [16], 
while total phosphorus concentrations were me~lsured 
by the methtgl of Bartlett [ 17]. Phosphoglyceride classes 
were ~parated on washed and dried Silica gel G plates 
(Anaited~, Newark, DE) usi.n.g 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 [lu]. Fatty 

acids were methylated by tile method of Morrison and 
Smith [2(}]. Fatty acid methyl esters were separated 
using a Perkin-Elmer model Sigma 200(I 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 rain, 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, PAl. 

Florescence l~klri~aticm studies 
' lhree fluorophores were utilized: 1,6-diphenyl- 

1,3,5-hcxatrie,le(DPll) (Aldrich, Milwaukee, WI), t)l- 
2-(9-antllroyl)stcaric acid (2-AS) and Ol.-12-(9-anlhro- 
yl)stcaric acid (12-AS)(Molecular Probes, Junction 
City, OR). Steady-state and dynamic i~ol:u'ization mea- 
surements were made on an SLM 48000 multifrc- 
quency phase modulation 11uorometcr, in conjunction 
with an IBM PC-XT computer, utilizing previously 
described methods [211. All measurements were per- 
formed at -5 C. Loading of membranes with fluoro- 
phores was done as described by Brasitus et al. [221. 
Measurements of stcady-:.tate Iluorescent polarization 
were made in tile T timllat, utilizing an excitation 
wavelength of 3(~5 nm. Emiltcd light was passed through 
a 4118 nm cutoff" filter. Steady state anisolropies were 
delcrmincd according to the relationship (I , ,~-  
(H,n)/(I,., + 2(H,h), where Iv, is the intensity of light 
emitted through a vertically aligned polarizer after 
sample excitation with vcrticaUy aligned light, and I~., 
represents said light after emission through a horizon- 
tally aligned filler. (; is a grating correction l'actt~r, 
defined as '," tt,c ratio of vertically to horizontally pohu'- 
ized emitted light after horizontal excitation. Readings 
were corrected as necessary fi~r fluorescence noted 
both in the absence of fluorophore (inembrane + 
buffer) and in the absence ,~f mcmbr:me (b~fffer and 
fluorophore), in aU cases, combined corrections were 
less than 3% of flu,arescent intensities noted in the 
intact preparation. Metnbrane preparations [2] were 
also examined for the effect of light scattering as 
described by Lisinger and !:lores [23]. No effecl,,, ,,,-~ 
scatter depolarization were noted upon ~,;teady-state 
anisotropy as measured utilizing DPH within the con- 
ccnlration ranges used in this study. Lifetime measure- 
meats (DPII) were obtained utilizing a reference solu- 
tion conlaining dimethyl POPOP in absolute ethanol. 
Measurements were obtained at a minimum of seven 
fl'equencies between 0 and 100 MHz, with excitation 
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light poiar,,.cu :~ (I dcgrce:~ ~md emitted light polarized 
at 55 degrees. Phase and modulation data were then 
examined utilizing SLM software, version !.4 (SLM 
instruments, Champaign-Urbane, ILl. Specifb.'aiiy, one, 



two and three component decay models were com- 
pared with unimodal or bimodal la)rentzian distribu- 
lions [24]. Estimated experimental errors were set at 
0.2 degrees for phase and 0.002 for modulation analy- 
ses. Fluorescent intensities (2-AS and 12-AS) were 
calculated according to the formuht l,.,+21~h [25]. 
Rotational correlation times were estimated via differ. ~ 
ential polarized phase fluorometry utilizing the method 
of Lakowicz [21 ]. 

Statistical methods 
All results represent ntean + standard deviation. 

Differences between groups were determined using 
Student's two-tailed t-test. 

Results 

Marker enzyme ectit,itit:~' 
To bc used in developmental studies, membrane 

preparations must be: [I) highly enriched in the de- 
sired membrane fraction rela~M- 1o h o n m g e n : . e  a n d  

{2) comparable be.tween age groups studied. The 
nmrker enzyme profile of the hepatocyte basolateral 
membrane vesicle preparation utilized in this study 
reveals it to be both highly purified and similar in adult 
and neonalal animals [I]. Contamination by er)dopla:,- 
mic reticulum, lysosomes, and mitochondria has previ- 
ously been shown to be minimal and similar in neona- 
tal and adult animals [I]. Because of the wealth of 
previous information and characterization of the 
preparation utilized, we chose to examine only 
Na+/K'-ATPase and MgZ~-ATPase activities, mark- 
ers for the basolaleral and canalicular membranes. 
Relative enrichments (Table 1) did not differ signifi- 
cantly between the two Llgc grot~ps studied and were in 
the range obtained by previousty by us [26] as well as 
other prior investigators ulilizing this p~eparation 
[I,2121. The preparations were significantly (21-20- 
fold) enriched in membranes derived from the basolat- 
eral surfitce of the hepatoeyte, while only modestly 

TABLE I 

Madder etuyme act|('|ties of I)lasma mt,mhreme 

Values are m e a n s ±  S.D. in #me, I I' i / r a g  protein per h. Numbers in 
parentheses ate number of membrane preoarafions. 

Na ~ / K  +-ATPase Mg 2 LATPase 

| i o m o g e n a t e  

I w / o  (I.48-+ 0.24 2.12±0.70 
Adult (|.60 ± 0.40 2.73 ± 0.70 

Basolaleral fraclion 
I w / o  10.36 _-!- 4.511 9.05 5- 3.29 
Adult 10.22 ± 4.44 !61)0 ± 4.65 

Relative specific activity 
I w / o  26.24 _+ 13.{)9 (8) 5.12 _-!- 2.27 (8) 
AduR 21.16_+ 8.83 {13) 6.115 +_2.13 (13) 

01 

TABLE II 

b~my acid ('omposhion of  hel~Uh" I~asolmeral membrane tesich.s &.- 
rit'ed from SBI, MV and ABLMV rat~ (e.~7)r('ssed as weight % of t,'t:d 
.fatty acid) 

All values represenl means_+SD,  least cighi prcp;:rations. Signifi- 
cance: * P <  1).05, **  P < (I.0115, compared with values in vesicles 
derived from ABLMV. Double bond index = Elf% each laity acid) 
(number of double  bonds per fatty acid)]. 

Fatty acid A B L M V  SBLMV 

Ih :0  27,3 _-!- 5.2 31.1 + 7.8 
I h: I 0.6 + 0.8 0.0 + 0,0 
18: 0 23.0 +_ 2.7 24.2 _+ 3.4 
18:1 9.7-+ 1.8 5.3_+2.3 ** 
1 8 : 2 ( , - 6 )  I 1.7 ~7 1.7 5.7:1. !.3 ** 
211:0 0.2 -+ (1,3 (I. I ± 0.2 
20 : I 0.8 -+ ! ,0 11,9 -+ 0,9 
2(1: 2(n - 6 )  0.1 -+ILl I),l -+ I).l 
20: 3{, - 3) 0,2 _+ 11.4 (L I _+ 0.2 
I 8: 31,  - 3) 11,3 -L 11.3 O. I ± 11.2 
2 0 : 4 ( .  -~ h i  15.4 -+ 2.2 17.7 _+ 1.8 * 
22 :o (l.tj -+ I.I) 0.4 -+ l).3 
211: 5(n - 3) 0.7 _+ 11.4 (I.2 -): 11.5 
24:0 121  0.8 I " I.U • o A 

24 : I 0.h + 0.7 (I.5 _+ 0.4 
22: 5in - 3) 1.4 ± 11.5 2. I ± 1.0 

22:fg, -3) 5.8± I.I 10.0±2.3 ** 

Double bond index 1.44 t ([ 17 1.62 _+ 0.24 * * 

F.A. > 18C 0,25 ± 0.03 0.32 ± 0.(H * * 
Saturated 0.53 +_ 0.05 11.57 ± 0.06 
Moaoenoic (I. 12 + 0.02 0.07 -+ 0.02 * * 
(n - 3) 0.08 -+ O.OI 0.13 ± 0.{13 * * 
(n - O) {I.27 ± O.(M 0.24 ± 0.02 * 
(n --- ())/(n - 3) 3.40 ± 0.39 2.1(I± 0.88 * * 

enriched (5-b-fold) in {nembranes derived from the 
c:malicular surface. 

LipM composition 
Fatty acid composition. There was no significant 

difference in percentage of saturated fatty acids be- 
tween ABLMV and SBLMV (Table Ilk The double 
bond index was significantly higher in SBI.MV due 
predominen:ly to increases in percentages of decosa- 
hexaenoic (22:6(n - 3)~ and arachidonic (20:4(n - 6)) 
acids. Percentages of linoleic acid ( 1 8 : 2 ( n -  6)), total 

TABLE III 

Analysis of cholesterol an, I total lipid pho.~phon~s from SBLMV and 
ABLMV 

Cholesterol and total lipid phosphorus values are expressed as 
p .mol /mg  protein :rod represent mean ± S.D. of  at least eight prepa- 
rat ions. 

Cholestero l (C)  Lipid p h o s p h o r u s ( l ' )  C / P  

ABLMV (k17±(k(14 0.31 ±0.08 {I,57±(1,14 
SBLMV 0.26-20.03 0.37-+0.08 11.72 i ().15 

P value < 0.0Ol N.S. < 0,05 
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TABLE IV 

Analysis of phospholipid sutwtasses from SBLMV and A BI.MV 

Individual phospholipids are expressed as molar percent of total 
phospholipid content and represent means_+S.D, of at least five 
preparations. PE, phosphatidylcthanolamine; PS. pht~sphatidylscline; 
P('. phosphatidylcholinc: SP. sphingomyelin; PI, phosphalidyl- 
inoskol. 

PC PE SP PS +Pl  

ABLMV 51.0+h.0 26.1 _+4.3 8.4+3.1 15.2+ 3.7 
SBLMV 47.4±7.8 2h.5 ± 7.8 7.05:3.8 19.3±13.8 
P wdue N.S, N.S. N.S. N.S. 

monounsaturatcd fi~tty acids and ( n -  6) fittty aeMs 
wcrc higher in ABI,MV, while fatty acids greater than 
18 carbons in length were lower. 

Choh'.~'terol /pho.sT~holipid (C / P) rath~s and phosldm- 
lipM sul)classes (l'abh,s Ill and Ill). Total cholesterol 
content wits significantly higher in SBLMV cotnpared 
wit h ABLMV (0.26/.t tool/rag prolein vs I I. 17,u tool/rag 
protein) whereas total lipid phosphorus contents were 
not significantly different. As a result, the C/P ratio 
wits signiticantly clevatcd in SBLMV (0.72) its com- 
pared with ABLMV (11.571. There were no significant 
differences tn rclatb'c c~,acentrations of phospholipid 
subclasses between the two age gr, mps. 

Fluidity studies 
Steady-state anisotn:py. Steady-:tate anisolropy val- 

ues as measured by DPH wet ,~ significantly decreased 
in ABLMV versus SBLMV (Table V). Anisotropy mea- 
surements made utilizing 2-AS were significantly in- 
creased in SBLMV compared with ABLMV, whereas 
no significant diffcrellcc,, were noted with the I'r'ol~e 
12-AS. 

I~.,namic lij'ethne measurements. Measurements of 

lifetime oJ" die excited states were pcrlbrmcd utilizing 
DPH. Best fit was obtained utilizing a discrete bi-cx, 
poncntial decay model (Table VD, in aeeordancc with 

TABLE V 

,~h~l~h,',stah" anisomqLv xludw,~ of hepalh' bawdateml memlmme vesi- 
¢'h's 

All measurements perl'ormed at 25T.  'v;dues represenl mean + S.D. 
of at least seven determinations, Significance: * P < 0JI2 compared 
1o values obtained fronl ABLMV; t p ~  11,111 compared to values 
obtained frum ABI, MV. 

Prel'amttion Prol~e Anistropy ( r )  

ABLMV ' DPI I 11.2111 -~ iHKI8 
2-AS 11.119± 11,1HI2 

12-AS O. 1111 _+ 0JH)6 

SBLMV DPII 0.215 +0,007 t 
2-AS 0.126 _+ 0,1KI5 * 

.~ 2- AS O. 1011 + 0,003 

TAflLE Vl 

Discrete t~h:ff~om,mial ana/y,~is of the excitcd ,~hllC lifi'tmw of DPI! hi 
SBLMV and ABLMV at 25°C 

~t and t,: lifetimes in nanoseconds. F t a'ld /'Z: Fractional intensity. 

t~ F t t ,  F, k" 

Si]LMV 3.85+0.tM 0.14+0.{17 11.10+0.51k 0.$6+0.(17 2.20:t 1.27 
ABI.MV 3.74 J O.It} 0.12111.111 1{|.58±fL29 11.88±0.01 2.11 +. 1.47 

previoas work utilizing DPH [27]. Both hmg (approx. 
I I ns) and short (approx. 4 ns) lit'crimes were similar in 
ABLMV and SBLMV, as were fractional lifetime con- 
iributions. Bimodal l.orcmzian distribution analysis 
yielded signficantly lower chi-square vahlcs than did 
unimodal. There were no significant differences be- 
tween ABI,MV and SBI,MV in lifetime component 
centers, distributional widlhs (full width at half maxi- 
mum), lifetime fractions or chi-squarc vahtes. Measure- 
ments of total Iluorcscent intensity were peH'ormed 
utilizing 2-AS and 12-AS. Results did nol differ be- 
tween SBLMV and ABLMV with either fhto.rophore 
(in arbitrary units, 2-AS: SBI,MV 4.13 ± 0,117 (n = 41, 
ABLMV 4.13 ~1|.02 (n =41: 12-AS: SBLMV 2.41 ± 
0.111 (n =- 7), ABLM~ 2.41 ± 0.112 (n -= 7)). 

Rolat ionai  correiatum times. Rotational correlation 
times, estimated via multifrequellcy analysis utilizing 
the probe DPH, did not differ significantly between 
ABI.MV (0.98 ±11.13 ns, n = 3) and SBI, MV 11.18 + 
(1.18 ItS, n = 4). 

l)iscussion 

Previous work in vesicles derived from ral renal 128] 
and rabbit inteslinal microv!!lus [29,311] nlcmbranes has 
documented a decrease in membrane fluidity with 
postnatal development. These changes have been asso- 
ciated, at least temporally, with increases in the C / I  s 
ratio with age. Conversely, Kapitulnik et al. [31], 
demonstrated an increase in membrane lhlidity in adult 
as compared to fetal hepatic microsomal membranes. 
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- 
fi'rent scenario, in which basolateral membrane fluidity 
continued to increase postnatally and was associated 
with decreasing contents of membrane cholesterol, 
while nlembrane lipid phosphorus content remained 
stable. The significantly higher levels of cholesterol in 
SBLMV are consistent with data obtained in intestinal 
mierovillus membrane preparations derived from new- 
born rabbits [30], and may reflect high levels of felal 
hepatic steroi synthesis [32], as well as significant in- 
take of dietary cholesterol [33]. Percentages of mem- 
hrane fatty acids also differed significantly between 
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SBLMV and ABLMV. Increased fatty acid chain length 
and double bond index in SBLMV may be attributable 
to transplaccntal accretion of long ctmin polyunsatu- 
ralcd fatty acids (PUFA) during the fetal pcriod [34]. 
In addition, breast milk is known to contain significant 
amounts of PUFA [35]. The capacity fl~t" PUFA synthe- 
sis in t-week-old animals may bc limitcd duc to dimin- 
ished hepatic activities of A"- and ,a "~-ucsa~u~ ~' ............ ,,,,,,.,,, dur- 
ing fetal and early neonatal life [34]. 

Measurements of membrane fluidity utilizing the 
probe DPH were concordant with the above described 
data. Cholesterol is kuown to decrease membrane flu- 
idity, presumably by reducing the motional freedom of 
nlembrane phospholipids [36]. Studies of steady-state 
anisotropy utilizing anthroyloxy probes of varying; chain 
lengths have found that the effect of cholesterol occurs 
primarily within the 15 angstroms (remedial.ely below 
the nlerl:bralle surface [37], consistent with the changes 
observed in our studies utilizi;~g 2-AS, in which the 
fluorophore comp,,~nent is positkmed close It) the menl- 
brane surface. In contrast, utilization of the fluo- 
a~phot'c 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 produ.ces 
conformationai changes resulting in increased motional 
freedom and fluidity. The double bond index of 
SBLMV was significantly higher than that of ABLMV, 
yet the fluidity of SBLMV was significantly less than 
that of ABLMV. This apparent discrepancy may bc 
due to the observation that conformational changes 
induced with phospholipid acyl chain desaturation are 
maximal with t!:e initial double bond insertion [37]. 
Subsequent dcsaturations induce smaller conforma- 
tional changes. ABLMV have a significanlly higher 
percentage of monounsaturated fatty acids than do 
SBLMV, 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 dne to differ- 
ences in preparation purity. Previous authors have 
demonstrated the car.alicular hepatocyte membrane to 
be less fluid than the basolaterai surface [38], thus the 
minimal enhancement in Na ~/K~-ATPase enrichment 
noted in SBLMV vs. ABLMV may have caused us to 
underestimate the difference in anisotropy between the 
two age groups studied. 

Fluorescent decay kinetics may be ttsed to elucidate 
membrane physical properties. DPH, because of its 
distribution in the hydrophobic acyl regions of a variety 
of membrane domains [39], as well as its responsive- 
ness to changes in membrane dielectric properties, is a 
useful probe for such studies. Lifetimes of the excited 
state (DPH) can be described in terms of mono or 
multi-exponential dccay. Bi-cxponcntial decay models 

have generally proven to be most suilablc in complex 
biologic membranes and typically reveal a predominant 
long (approx. 10 ns) lifetime component as well as a 
minor short (approx. 4 ns) component. In the current 
study, lifetimes obtained in ABLMV 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- 
ues are weighted both by proportion and width [24]. 
The lack of differ~:nce between lifetime widths noted in 
the present study may be explained by the high C/P 
ratios ( > 0.5) observed in both ABLMV and SBLMV: 
Hut et al. [411], 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 
stud~,, which utilized a temperature of 25°C. The hick of 
difference in Ouorescent lifetimes noted with DPH is 
supported by the similarity in flu,:resecnce intensities 
(suggesting similar fluoresence lifetimes) holed be° 
tween ABLMV and SBLMV in studies using 2-AS and 
12-AS. Finally, the lack of significant difference in 
rotational correlation times between ABLMV and 
SBLMV is not surprisinlg m light of plrevious wcrk in 
which membrane cholesterol content has had mitfimal 
effect upon this parameter [37]. 

The ab(we descrit, ea ontologic changes in the hepa- 
tocyte basolateral membrane differ from those previ- 
ously defined in other tissues, although they concur 
with changes noted by Storch and coworkers in the 
differentiating 3T3F442A cell [41]. Such differences 
suggest that these alterations are specific and serve 
distinct teleologic purposes, including, perhaps, modu- 
lation of developing membrane transport processes. 
l'otential regulatory mechanisms for membrane lipid/ 
physi¢~cl~emical development include changes in ihc 
hormonal and /o r  dietary milieu of the developing ani- 
mal. 
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