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Ontogeny of proximal colon basolateral membrane lipid 
composition and fluidity in the rabbit 
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Basolateral membranes from rabbit proximal colon were prepared from isolated colon¢~c'ytc,," throughout postnatal maturation, 
using a mudil'h.ation of published techniques. In suckling (14-20 day) and pc~,:t-wcaaing/maturc (35-49 day) animals, 
membranes were purified approx. 10-fold, based upon the enrichment of nuabain-sensitive, st,dium-potassium ,dependent 
adcnt,sine triphosphatasc activity. Membrane lipid analyses demonstrated age-dependent increases in total cholesterol and the 
cholesterol/phosphnlipid molar ratio, as well as decreases in phosphatidylethanolamine content and the fatty acid unsaturation 
index. Fluidity of ba~olateral membranes and membrane liposomcs, determined from fluorescence anisotropy measurements 
using the lipid probes t,6-diphenyl-l,3,5-hexatricnc and OL-12-(9-anthroyl)stcaric acid, demonstrated signiticant, ontogenic 
decreases in fluidity'; and, additional studies showed that fluidity changes occurred early in the weaning p~,'riod (by day 24 
postnz~tally). Arrhenius plots of lipo~ome anisotropics suggested a bilayer lipid thermotropic transition temperature of 220C in 
sucklines 26"C in mature rabbits. These findings demonstrate that nntogeny of colonic basolateral membranes is associated with 
significant modulations in lipid composition and fluidity. 

Introduction 

The epithelium of the mammalian colon, similar to 
the small intestinal mucosa, exhibits marked structural 
and functional heterogeneity [1-4]. For example, 
colonic luminal (apical) cells demonstrate fluid and 
electrolyte absorptton, whiie crypt ceils arc involved in 
active fluid secretion [3,4]. These transport processes 
take place across the polarized surface of the colono- 
cyte, which consists of biochemically and functionally 
distinct luminal (bru,;b-bordcr) and ablumina[ (baso- 
lateral) plasma membranes [5]. Until recently, little 
information has been available concerniag the biophys- 
ical properties of cglonocyte membranes. Isolation of 
these membranes had been hampered by cellular het- 
erogeneit~ [6] and a thick, adherent colonic mucus 
layer [7]. Recently, several investigators have overcome 
these difficulties and described methods of membrane 
purification from both scraped mucosa [8] and isnlated 
epithelial cells [9]. Thus, both luminal and basolateral 
membranes (BLM) from adult rat [3,9,10] and rabbit [8] 
colon I~ave been isolated in high purity, based upon 
enzyme marker anal~sis. 

Corresponds:nee: S.M. Schwarz, Dcpartmem of Pediatrics. Division 
of Gas~.~oenterology and Nutrition. New York Medical College, 
Valhalla, NY It)595, USA. 

During postnatal development of all mammalian 
species studied, brush-border and b~solateral mem- 
branes of the small intestinal epithelial cell underg~ 
significant changes in composition, biophysical proper- 
ties and membrane function [1 I-14]. Membrane struc- 
ture-function relationships have been described during 
ontogenesis and in mature animals [15-18]. At present, 
however, no studies elucidating development~tl charac- 
teristics of colonic plasma membranes have been re- 
ported. The work presented herein describes modified 
techniques, based on previously published methods [9], 
for purification of BLM from isolated proximal eolono- 
cytes throughout postnatal maturation of tlte rabbit. 
Further analyses characterize ontogeaie changes in lipid 
composition and fluidity of these membranes. 

Materials and Methods 

Materials,  Unless otherwise specified, all materials 
were obtained from Sigma Chemical Co., St. Louis, 
MO. 

Cell  isolation. For studies of mature animals (age 
35-49 days), male New Zealand white rabbits (Charles 
River Laboratories, Kingston, NY) ranging in age from 
35 to 42 days were transported to the animal facilities 
at New York Medical Coll~ge at least one week prior 
to study (35-day-old animals were obtained from litters 



transported at day 21-28 postnatally). Animals were 
housed in wire bottom cages to prevent solid copropha- 
gia and were allowed free access to water and standard 
rabbit chow. Following an overnight fast, except for 
water ad libitum, animals were killed by intraeardiae 
pentobarbital injection following sedation with intra- 
muscular ketamine, and eolonocytes were obtained as 
described by Brasitus and Keresztes [9]. For investiga- 
tion of suckling rabbits (age 14-20 days, either sex), 
litters with their does were transported to the animal 
facility at 7 days postnatally and were allowed to suckle 
normally until studied. Pups were n_,:,t fasted; however, 
gastrointestinal tracts were grossly devoid of milk at 
time of cell isolation, in order to limit the contribution 
of intraluminal milk lipid to subsequent analyses. After 
suckling rabbits were killed as described above, colono- 
cytes were obtained by a modification of published 
procedures [9]. The abdomen was ~;pened longitudi- 
nally and the proximal half of the colon (excluding the 
cecum) was excised and flushed with 20 ml ice-cold 
145.0 tuba NaCl, 1.0 mM dlthiothreitol (DTT), to re- 
move intestinal contents. Proximal colonic segments 
were then manually perfused at a rate of 0.5 ml per s 
with 20 ml i0% fetal calf serum in 1.~% Joklik's 
modified minimal essential medium (G1BCO, Grand 
Island, NY) at 37°C. Loops were made by tying one 
end of the segment, aud these ~vere filled with sodium 
citrate buffer ~27.0 mM sodium citrate, 1.5 mM KCI, 
96.0 mM NaCI, 5.6 mM KHzPO4, pH 7.3). The open 
ends were ligated, the sacs were placed in a 250 ml 
Erlenmeyer flask containing; id0 ml sodium citrate 
buffer and incubated in a shaking water bath for 15 
rain at "~7°C. Sacs were then emptied and the intralu- 
minal buffer (containing apic~l cells) was saved on ice. 
Sacs of proximal colon were refilled with a solution 
containing 145.0 mM NaCI, 4.0 mM KCI, 5.0 mM 
NaH2PO 4, 5.0 mM Na,HPO 4, 1.54 mM EDTA and 
0.5 mM DTT, pH 7.2 (EDTA buffer). Following a 30 
rain incubation at 37"C in a 250 ml Erlenmeyer flask 
conlaining 100 ml EDTA buffer, the intraluminal solu- 
tion containing suspended colonocytes w.'~ combined 
with the reserved citrate incuba:ion buffer and cen- 
trifuged at 650 x g for 10 min to pellet the isolated 
cells. 

Membrane preparation. The pelleted colonocytes ob- 
tained from the citrate and EDTA-buffer incubations 
were su~p,~nded in 40 ml ice-cold 5.0 mM histidine, 5.0 
mM imidazole, 0.5 mM EDTA, pH 7.0 (HIE buffer), 
containing 250 mM sucrose, and homogenized with 20 
strokes in a tight-fitting, glass-glass Dounce homoge- 
nizeL Cell homogenates were filtered through a single 
layel of Nitex TM nylon mesh, IC~ 0.m pore size (Tetko, 
Inc., Ehnsford, NY) and washe:l through with 10 ml of 
HIE buffer. An aliquot of each cell homogenate was 
saved for subsequent analysis. Following a series of 
differential centrifugations [9], the resultant 'crude' 

membrane pellet was suspended in 4 ml 60% 
sucrose/HIE buffer (w/v) and dounced with five 
strokes. This material was layered on the bottom of a 
cellulose nitrate tube and a discontinuous sucrose gra- 
dient was formed by successive 3 ml additions of 40 
and 30% sucrose/HIE buffer, followed by 20% su- 
crose/HIE buffer sufficient to fill the tube. The dis- 
continuous gradients were placed in a Beckman SW 
41Ti swinging bucket rotor (Beckman Instruments, 
Fullerton, CA) and centrifuged at 140000 x g for 120 
rain in a Beckman 1.5-50 ultracentrifuge. BLM were 
collected from the 30/40% sucrose interface., sus- 
pended in HIE buffer (minus sucrose) and pelleted at 
105 000 x g for 30 min. Final pellets were suspended in 
1 ml HIE buffer and stored at -20"C for further 
analysis. 

Pro:eh~ and enzym~ assays. The total protein of the 
cell homogenate and BLM were determinec~ by the 
method of Lowry. et al. [19], using bovine ser,am albu- 
min as the standard. Sodium-potassium dependent 
adenosine trlphosphatase (Na+/K+-ATPase, EC 
3.6.1.3), an enzyme marker for BLM, was measured 
according to the method of Ydnsolving [20], after 
freeze-thawing samples three times and treating with 
0.6 mM sodium deoxycholate (12 pM final concentra- 
tion). Enzyme activity was calculated as the difference 
between the total and ouabairr-insensitive ATP~se ac- 
tivities. To determine contamination of the final BLM 
preparation by co-isolated ee':lular elements, specific 
activities of cysteine-sensitive alkaline phosphatase (EC 
3.1.3.1), a luminal membrane marker, and mito- 
chondria associated suecinate dehydrogenase (EC 
1.3.99.1) were assayed by published methods [.9,21]. 

Lipid analysis. Lipids frora proximal colon BLM 
were extracted by a modification [22] of the method of 
Folch et al. [23], and recovery (> 90% in all prepara- 
tions) was determined by coextraction of tracer lipids. 
Total cholesterol was determined by gas-liquid chro- 
matography (GLC) utilizing a Shimadzu mini-3 gas 
chromatograph (Shimadzu, Inc., Columbia, MD) 
equipped with a flame ionization detector. Separation 
was accomplished using a 1.7 m glass column (2 mm 
i.d.) packed with 3% OV-17 on 100/200 Supelcoport 
(Supclco, Inc., Bellefonte, PA), and quantitation was 
achieved by using stigmasterol as an internal standard. 
Cholestryl ester content was measured according to the 
method of Brown et al. [24]. 

Total membrane phospholipids were determined by 
measuring extracted lipid inorganic phosphate [25]. In- 
dividual phospholipids were assayed by thin.layer chro- 
matography in one dimension, according to a modifica- 
tion [12] of the method of Touchstone et al. [26], Fatty 
acids were separated and identified by GLC, employ- 
ing a Shimadzu GC-gA gas chromatograph, following 
derivitization to fatty acid methyl esters using 14% 
boron trifluoride/methanol. Samples were injected 
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onto a 1.7 m glass column (3 mm i.d.) packed with 10% 
SP-2330 on !00/200 Supeleoport, and fatty acids were 
separated using a temperature program mode as previ- 
ously described [12]. Individual peaks were identified 
by comparison to retention times of authentic fatty 
acid methyl ester standards. 

Fluorescence polarization studies. To determine the 
fluidity of proximal colon BLM during ontogenesis, the 
lipid soluble fluorescence probes 1,6-diphenyl-l,3,5- 
hexatriene (DPH) and OL-12-(9-anthroyl)stearic acid 
(12-AS) were employed. These fluorophores were pre- 
pared and stored as previously described [14]. All stud- 
~"..~ were carried out within 2 weeks of membrane 
isc,lation. Membrane fluidity was calculated following 
fluorescence polarization measurements using a Shi- 
m;tdzu RF-540 spectrofluorophotometer fitted with a 
th.:rmoregulated sample chamber (Perkh~-Elmcr, Inc., 
Norwalk, CT) and automatic polarizers (C.N. Wood, 
Newtown, PA), as previously described [14.16]. Values 
for the steady-state fluorescence anisotropy r (recipro- 
cal of fluidity) were determined using the equation: 

• = (1::- I~ )/(111+211 ) 

where I, and Ij. equal fluorescence intensities parallel 
and perpendicular, respectively, to the excitation plane. 
Scattered light plus ambient medium fluorescence con- 
tributed <5% to the total fluorescence intensity 
throughout the tempcraure range utilized in all studies. 
Limiting hindered anisotropy r~, which represents the 
static component of fluidity related to bih,ycr molecu- 
lar packing and hindrance to probe rotation [27], was 
calculated from DPH fluoresecence polarization mea- 
surements according to the equation of van der Meer 
et al. [28], which may be written: 

r .  = ( r , r  2 ) / ( r u r  4- ( r .  - r ) 2 / , n )  

where r a equals the maximal limiting anisotropy in the 

frozen state (0.365 for DPH [29]) and m = 1.71 for 
DPH [28]. Although specific determination of r® from 
time-resolved studies (dynamic depolarization using 
DPH [30]) was not carried out in these steadies, the 
above calculation provides a reasonable approximation 
for r= under the conditions utilized herein [28]. Co~)- 
stancy of fluorescence probe lifetimes was assessed 
from measurements of total fluorescence intensity, F, 
where F = Ill + 211 [31]. This value did not vary with 
temperature, or among membrane/liposome ,~repara- 
tions (comparisons by analysis _-,f var.;ance). To evaluate 
thermotropic transitions (break points) of membrane 
lipids, Arrhenius plots of log r vs. ( l / K ) ×  103 were 
constructed. Accuracy of transitions was tested by mea- 
suring the phase transition of multiLmellar liposomes 
of dimyristoylphosph,~tidylcholine, using DPH fluores- 
cence polarization as previously described [11]. 

Liposomes. Liposomes were prepared from ex- 
tra{ ted, N2-dried membrane lipids alter suspension in 
phosphate-buffered saline containing DPH (lipid con- 
centration approx. 0.3 mg per ml). Lipid suspensions 
were sonicated under N z for 3 min at 4°C, and then 
centrifuged at 10t7)0 x g  for 10 pain, The supernatant 
contained liposomes with the incorporated fluores- 
cence probe (probe/phospholipid molar ratio approx. 
2- 10-~). 

Statistical analysis. Student's t-test for unpaired 
samples was utilized for comparisons between BLM 
prepare, dons at 14-20 and 35-49 days old, 

R e s u l t s  

Membrane i~'olation 
Table ! shows the enrichment (-fold) and recovery 

(yield~ relative to starting colonoc~'te homogenates, of 
proximal colon BLM, as measured by specific activities 
of appropriate marker enzymes. During both the suck- 
ling (!4-20 days~,* and post-weaning (35-49 days) pert- 

TABLE I 

En~'me mark,,r s,m,cific acticities of cel l  hlnno.~.emm.s al~d tmr iJh 'd  basolatet~l mcmbram':. (BLM) ~' 

Age Enzyme marker Specific activity Enrichment Yield ~' 
(days) . hei,~ogenale BLM (-fold) (%) 

14-2() Na +/K +-ATPase 
(nmol/mg per min) 6.1 _+ 0.8 58..~ "t 12.6 g.6 + 1.4 10.3 + I.I 

35-49 Na ~/K+.ATPase 5.6±2.0 38.1 ± 9.4 8.8+2.0 12.8+2.5 
14-20 alkaline phosphatasu 

(p.mol/mg per rain) 6.6 ± 1).9 7.15:2.3 1.2 5:0.3 0.4 ± {).2 
35-49 alkaline phosphatase 15.7±7.5 ~" !4.6~ 4.'1 ~ 0.9+_04 0.3_+0.2 
14-20 succinate dchydrogcnase 

(p.mol/mg per min) 0.75:11.3 0.45:0.3 0.6 + 0.? 0.? -:E 0.3 
3 5 - 4 9  succinatedehydrogenase 0.9+0.4 0.55:0.2 0.5-±0.3 0.6+0.4 

Values are means 5: $.E. of duplicate delerminations from at least four membrane preparations in erich age group. 
h Yield ('7;)= (total BLM enzyme/total horaogenate enzyme units)x 100. 
c p < 0.05. compar:d 1o 14-20 days. 



TABLE II 

Compos~tioa o[ basolateral membrane lipid extracts" 

~omponent (/zmol/mg protein) 14-20 days 35-49 days 

Cholesterol 0.20±0.03 0.27 ±lI.O3 ~' 
Cholestryl esters < 0.111 < 0.111 
Phospholipid 0.47±0.114 0.43+0.05 
Cholesturol/phospholipid (mol/mel) 0.43±0.02 I).67±0.05 h 

;' Values are means+S.E, of triplicate determinatious on at least 
four membrane preparations. 

t, p < 0.05. compared to 14-20 day;. 

ods,  the specific activity of  BLM-associa ted  N a + / K  +- 
ATPase  was  enr iched  9 -10 . fo ld .  By contras t ,  activities 
of  cysteine-sensitive alkalilte phospha tase  (a luminal 
m e m b r a n e  marker )  and  sacc ina te  dehydrogenase  (a 
mi tochondr ia l  m e m b r a n e  n.:arker) were  purif ied a mean  
of  1 .0-1.2-  a n d  0 .5-0 .6-fJId ,  respectively, indicat ing 
relative absence  o f  the,,e m e m b r a n e s  in the final BLM 
prepara t ion .  R;',coveries of  total N a + / K + - A T P a s e  units  
(total BLM enzyme units  per  total  colonoeyte ho- 
mogena te  units)  were  similar  for  suckl ing and  ma tu re  
BLM prepara t ions .  

Lip id  compos i t ion  
Ontogen i c  changes  in BLM lipid composi t ion  are  

indicated in Tables  I I - IV .  Analysis  of  m e m b r a n e  
cholesterol  a n d  phosphopl ip id  conten t  (Table I l l  
d emons t r a t ed  an  a g e - d e p e n d e n t  increase in total 
cholesterol  (suckling vs. m a t u r e  = 0.20 + 0.03 vs. 0.27 
4- 0 , 0 2 / z m o l / m g  prote in ,  P < 0.05) wi thout  a change  
in total phosphol ip id  conten t ,  resul t ing in a significant 
increase in the c h o l e s t e r o l / p h o s p h o l i p i d  mola r  ra t io  in 
o lder  animals  (0.43 5:0 .02 vs. 0.67 4- 0.05, P < 0.05). in 
both  age  groups ,  m e m b r a n e  eholestryl  es te r  conten t  
was  negligible. A l though  no age- re la ted  di f ferences  in 
total BLM phosphol ip ids  were  measu red ,  analysis o f  
individual phosphol ip ids  (Table I l l )  showed a signifi- 
can t  decrease  in phospha t idy le thano lamine  conten t  in 
3 5 - 4 9 - d a y  animals .  A t rend  towards  a g e - d e p e n d e n t  
increases  in phosphat idy lchol ine  a n d  decreases  in 

TABLE V 

Fbwn'scence polari'~ation studies af  ba.~olmcral membranes (BLM) 
t)l..12.(9.anthro~q)stearic acid (12.AS)" 

TABLE III 

Disn'ibution of'phospholipids " 

Phospholipid % (w/w) of total lipid-associated 
phosphate of basolateral membranes 

14-20days 35-49 days 

Phosphatidylcholine 21.5 5:6.6 28.8 5:7.5 
Lysophosphatidylcholine < I < I 
Sphingomyelin 16.2 ± 3. I 18.4 ± 2.3 
Phosphatidylserine 21.2 .+. 5.2 16.1 ± 2.1 
Phosphatidylinositol 211.5 + 4.9 18.7 ± 5.3 
Phosphatidylethanolamine 23.6 + 1.0 16.0 ± 2.3 i, 

;~ Values are means±S.E, of duplicate determinutions on three 
membrane preparations. 

h p < 0.05. compared to 14-20 days. 

phosphat idylser ine  con ten t  was  also noted;  however,  
these dif ferences  were  not  statistically significant.  

The  fatty acid composi t ion  of  proximal  cok,  nocyte 
BLM is shown in T~ble IV. A m o n g  the major  fatty 
acids identified,  the % total o f  pa lmkic  acid 116:01 was 

TABLE IV 

Oistribution of fat O, a('ids hi basolateml menlhraae lipid et'traets '~ 

Fatty acid % Total fatty acids 

14-211 days 35-49 days 

14:0 1,5 + 0.7 I .  1 + 1.11 
16:0 17.5 + I.I 25.4+ 1.7 h 
18:0 16.3+ 1.0 16,6:1:0,8 
18: I 21.11+2.1 24.6 ± 11.7 
18:2 22.8 5:3.1 18.6+ 1.5 
18:3 7,5+0.7 1.8±0.5 h 
20:0 3,1 ±0.3 1.9±0.4 
20:4 5.25:0.5 4.7±0.5 

Unsamration index c 2.6+0.2 1,9±0.1 h 

" Values arc means + S.E. of duplicate determinations on fi)ur ment- 
brahe preparations, 

i, p < 0.115, compared to 14-20 da~s. 
• Calculated as the sum of the % total of each unsaturated acyl 

chain multiplied by its double bond number, divided by the % total 
of the saturated acyl chains. 

and nwmbrane liposome~, using 1,6.diphenyl-l,3,5.hexatricne (DPlt) aml 

Age Probe Preparation (r) Anisutropy Limiting hindered 
(days) H 25°C anisotropy (r~) 

14 - 20 r)p; I BLM 0. 188 + O.(X)8 O. 151 ± 0.0 I0 
12-AS BLM 0 Ih'~8 5: X)4 
DPH L.iposomes 0.122 + 11.005 

35 -49 DPH BLM 0.238 5:0.(114 ~' 1).218 + I).1119 ~' 
12-AS BLM O.Og9 ± I).(XI6 ~ 
DPH Liposomes 0.181 + o.i)a9 h 

" Values are means±S.E, o! duplicate determinations from at least four membran¢/liposome prupalations in each age group, 
h p < 0.01, compared to 14-20 day-old rabbits, 
" P < 11.115, compared tt~ 14-211 day.old ranblts. 
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increased and linolenic acid (18 :3)conten t  was de- 
creased in post-weaning/~ature  rabbit,,, compared to 
sucklings. BLM of 14-20.day-old rabbits also demon- 
strated, a significantly higher tatty acyl unsaturation 
index (2.6 + 0.2 vs. 1.9 :t: 0.1, P < 0.05) than did mem- 
branes from 35-49-day-old animals. 

Fluorescence polarizatiot.: studies 
To determine the influence o f  ontogenic changes in 

BLM lipids on bilayer physical characteristics, mem- 
brane fl,aidity was determined from fluorescence polar- 
ization measurements, utilizing the fluorophores DPH 
and 12-AS. These lipid probes were chosen because 
they differ in structure and steric configuration, and, 
therefore, localize within unique bilayer domains [32]. 
For DPH, probe molecular rotation is limited by mem- 
brane lipid, structure and intrinsic protein constituents 
(i.e. hindered motion). The r~ values (the 'static' com- 
ponent of anisotropy) measured for DPH are, there- 
fore, high mid represent the major component of fluo- 
rescence attisotropy. For 12-AS, anisotropy measure- 
ments more closely reflect the speed of molecular 
rotation (a 'dynamic' component), as opposed to hin- 
drance to probe motion. Thus. r= values for 12-AS are 
low, and fluidity of the bilayer region which incorpo- 
rates this molecule is approxlmaicd by the steady-state 
anisotropy, r. As shown in Table V. significant, age-re- 
lated increases ia both r (Di'H and 12-AS) and r= 
(DPH) at 25°C indicate ontogenic decreases in fluidity 
of the various lipid domains probed by these fluoro- 
phores. To evaluate the contribution of bilayer lipids 
a'one ,,s. protein-lipid interacti:ms to these fluidity 
measurements, DPH anisotropies in protein-free BLM 
liposomes were determined. At all temperatures stud- 
ied, DPH anisotropy values were lower in liposomes 
(by ~ 50% in sucklings and ~ 31)% in mature rabbits) 
than m the correspondi~l[: intact BLM preparati,~ns. 
These data also demons~:ra~cd significant, age-related 
increase.-, in liposome r values ((I.122 + (I.005 vs. 0.181 
_+ 0.(109, P < (I.01) at 25°C. 

The thermotropic behavior of BI.M fluorescence 
anisotropies wa~ evahmled by consl~rncting Arrhenius 
plots of log r(DPH) vs. temperature (Fig. I). Through- 
out the temperature range studied (40-5°C), values for 
r remeined higher in wean!ing-matur,: rabbit B[.M ~49 
day) than in suckling 13LM ¢18 dayL P.epresentative 
plots of BLM anisotropies from 24.day-old animals 
were superimposable on those from mature rabbit 
BLM, lndicating that these fluidity changes occurred 
early in the weaning period. Arrh."niu:; data of r (DPii) 
ill intact membranes suggested a thermotcopic Iransi- 
tgon occurring around 2(t'C ilz proxim;d co!on BLM 
throughout postnatal development. When Arrhenius 
plots were constructed from anisotropy measurements 
of membrane liposomes (Fig. 2), similar suckling-ma- 
ture anisotn)p~, differences throughout this tempera- 

~" (*C } 

40 30 :~0 10 0 

/ 
d 

O.15 / o 18 day 
24 day 

• 4g day 

I I I I 
3.1 32  3.3 :},~ ?~ "~ " ~  

1 / [K  x lO 3 ] 

Fig. I. Representative Arrhenius phlts or the fluorescence altisotropy. 
r(DPII), from all =o 5°C, in purified BLM from 18-. 24 and 49-day-old 

rabbits. 

lure range were found. However, liposome anisotropy 
results suggested a m:.~lbrane lipid thermotropie tran- 
sition occ:lrring at ~. 22°C itt suckling animals, and at 
~ 26°C in mature rabbits. 
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prepared from extracted BLM lipid of 18- and 49-day-old rabbits. 



Discussion 

The methods de:scribed in this report, modified frGr:~ 
those previously published [9], comprise effective ant' 
reproducible techniques for purification of BLM from 
rabbit proximal colon epithelial cells. These methods 
result in membranes from both st.,:kling (14-2(1 day) 
and post-weaning/mature (35-49 day) animals being 
purified ~ 10-fold compared to colonocyte ho- 
mogenates, based upon enrichment of l:|LM-assoclate4 
Na+/K+-ATPase, with a 10-13% yield ,3f total enzyme 
units and little contamination by luminal or mitochon- 
drill membrane.,,. The enrichment data are in close 
agreement with the results of Brasitus and Keresztc~ 
[9] for rat proximal colon membranes, which also were 
purified from homogenates of isolated colonocytes. One 
recent study demonstrated purifications of greater than 
30-fold (based on enrichment of marker enzyme activi- 
ties), for adult rabbit distal colon BLM prepared from 
hom~ ,genized mucosal scrapings [8]. This enhanced pu- 
rification, compared to the present study, is not sur- 
prising, since differences in en~me activities between 
the initial homogenate and the final 13LM fraction 
would be greater (thus resulting in an apparently higher 
enrichment-fold) if scraped mucosa, as ,.~pposed to 
colonocytes, were the starting material. 

In artifical membranes, higher cholesterol levels, 
associated with elevated cholesterol/phospholipid mo- 
lar ratios, result in decreased fluidity of aqueous lipid 
d~spcrsions above their thermotropic lipid phase transi- 
tion temperature [.33]. Studies of various biological 
membranes also indicate that eholeste,xd content, rela- 
tive to phospholipid, varies inversely with fluidity 
[12,~7M]. The onto~enic changes in lipid comr,osition 
and fluidity of proximal colon BLtd reported here 
st, ppor t. this concept, and our results are ill close 
agreement with lipid levels found daring postnatal 
development of rabbit small intestinal BLM [12,14]. 
Ague-related reductic,ns in the fatty acyl unsaturation 
inuex should, presumably, also result in decreased 
membrane fluidity. However, the relationship between 
fatty acid saturation and fluidity of lipid bilayers is a 
complex one and involves numerous factors, including 
~ength and degree of unsaturation cf acyl chains, and 
interactions with ,Jther mt~mbrane components, such as 
proteins, cholesterol and nhospholipids [35]. The ex- 
tent to which developmental differences in BLM 
palmitie and linolenie acid content, ir~ addition to other 
lipid changes reported herein, are direct consequ,..nces 
ot dietary, lipid composition (the transition fron~ a milk 
to show diet), as opposed to endogenous infuences on 
membrane lipid structure (e.g. cholesterol biosynthesis, 
enterocytc membrane lipid incorporation/degradation) 
is lit,~ewise unclear and is the st~oject of ongoing study. 

Fluorescence polarization studie~, utilizing the 
structurally ~mique fluorophores DPH and 12-AS, 

demonstrate that developmental reductions in mem- 
brane lipid fluidity ate fuund in various hilayer lipid 
regions, and these changes are initially evident early in 
the weaning period (by 24 days postnatally). Parallel, 
age-related increases in fluorescence anisotr,.~pies il~ 
BLM and in liposomes prepared from membrane lipid, 
confirm that fluidity modulations are directly related to 
lipid compositional changes. Lower liposome anisotropy 
values, compared with intact BLM, reflect protein ef- 
fects on these measurements [5]. Liposome studies also 
suggest a thermotropic phase transition at approxl- 
mately 22°C for suckling rabbit BLM lipid, similar to 
that previously reported for adult rat colon BLM [14], 
while a break point in mature rabbit colon BLM lipo- 
somes is found at ~ 26°C. "lhis age-related, upward 
shift in appalent thermotropic ilpid phase transition of 
liposome preparations is expected, based upon the 
lower lipid fluidity 6;" ma:are membranes [14]. The 
reasons underlying differences in apparent break points 
between liposomes and intact membranes in both dge 
groups likely involve the interfering effects oF b[layer 
proteins on DPH anisotropy measurements. 

Previous investigations in adult animal models have 
demonstrated dependence of several enterocyte mem- 
brane fauctions on lipid fluidity in th~ small inte:itme 
[15-18,36-38]. For example, rates of Na+-eoupled, D. 
glucose upt~ke by rat jejunal brush-border membrane 
vesicles isolated from cells along the crypt-villus axis, 
can be correlated with maturatmn~l (~:~ypt to villus) 
changes in enterocyte membrane flu;dity [18]. Glucose 
transport across rat jejunal brush-border membranes 
may be alte~ed, in vitro, following membrane fluidiza- 
tion by specific n-aliphatie alcohols [.37]. Modulations 
in activity of the enterocyte membrane glucose carrier, 
manifested by changes in the transport l~,~ax, have also 
been achieved in vivo by dietary triacylglycerol-induced 
modifications in bilay¢~ lipid ,aturat~on and fluidity 
[38]. Studies from our laboratory [16] suggest that es- 
trogen-related inhibition of Na+/K+-ATPase activity 
in rabbit ileal BLM is regulated, at least in part, by 
decreases in membrane fluidity. 

Although brush-border and basolate~al membrane 
structure/function associations in mammalian colonie 
membranes have not been extehsively studied, in com- 
parison with the large body o~ experimental data in the 
small intestine, availabl,, evidence indicates that such 
interactions are involved in regulating sodium and wa- 
ter fluxes. Recent investigations have, in fact, demon- 
strated the influence nf bilayer lipid dynamics un trans.. 
port of fluid and electrolyte across isolated colonocyte 
membranes. Osmotic watel permeation in the colon 
occurs via a lir)id-mediated, nonfacii!tated pathway, 
which is eharacterired by a very iow pem,t~a~,~l~iy ~oef- 
fieient [8], Studies in rats [39] have shown that both 
osmotic ~;a[er permeability a;:d sodium-hydrogen ex- 
change arc enl~.anced with decreasing molecular order 
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( i nc rea sed  fluidity) o f  colonic  b r u s h - b o r d e r  m c m -  
b raues .  Thus ,  c h a n g e s  in b i layer  fluidity in the  r a n g e  o f  
5 - 6 %  are  a s soc ia ted  wi th  a 3 6 %  inc rease  in the  V. .... 
o !  ami lo r ide - sens i twe  p r o t o n  efflux ac ross  m e m b r a n e  
vesicles  [38,39]. T h e s e  s tud ies  sugges t  tha t  a l t e ra t ions  
in B L M  fluidity, o f  the  m a g n i t u d e  r e p o r t e d  here ,  migh t  
be  e x p e c t e d  to in f luence  s imi lar  colonic  func t ions  in 
the  m a t u r i n g  rabbi t .  Neve r the l e s s .  the  physiological  
s igni f icance  o f  these  d e v e l o p m e n t a l  m o d u l a t i o n s  in 
l i p i d  d y , a m i c s  wi th  respec t  to on togenes i s  o f  B L M  
e n z y m e  a n d  t r an spo r t  funct ion,  has  n o t  yet  b e e n  
d e m o n s t r a : c d .  In this  r ega rd ,  e n z y m e  d a t a  p r e s e n t e d  
h e r e  d o  not  sugges t  a g e - r e l a t e d  d i f f e rences  in proximal  
colon B L M  N a + / K + - A T P a s e  specif ic  activity, desp i t c  
o n t o g e n i c  d e c r e a s e s  in fluidity. Based  u p o n  o u r  ea r l i e r  
s tud ies  in rabbi t  i l eum [16], lower  e n z y m e  specif ic  
acti~,ity wou ld  be  e x p e c t e d  in the  less fluid m a t u r e  
rabbi t  co lon  B L M .  Add i t iona l  s tud ies  ( m e a s u r e m e n t  o f  
SH-ouaba in  b ind ing  sites to assess  IOtt,,l m e m b r a n e - a s -  
soc ia t ed  enzyme= units ,  A r r h e n i u s  plot,,, o f  e n z y m e  spe-  
cific act ivi ly)  a re  r e q u i r e d  to add re s s  this issue and  
e luc ida t e  s t r u c t u r e / f u n c t i o n  reht t ionships  in the  deve l -  

oping, colon.  
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