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I. Introduction 
, L  

During tile last decade the nlammalian plasma membrane has emerged as a complex 
and heterogeneous otganelle. Its outer surface may contain a range of sophisticated and 
highly discriminating, information transducing transmenlbrane signalling systems that 
enable the cell to recogaise and react promptly to environmental signals. The plasma 
membrane features in intercellular adhesion and direct communication as well as carrying 
out the mo~e mundane barrier and transporting functions. A large number oi membrane 
proteins and glycoproteins a:e arranged transversely across the lipid bilayer in a highly 
specific configuration and em.~rge as candidates &)r functioning as receptor:;, enzymes and 
transmembrane molecular lit,ks and conduits. A further feature of  plasma membrane 
organisation and cell surface topography c~,ncerns the concentration of  many classes of 
membrane components at specific functional regions of the pericellular membrane. This 
differentiation of the plasma met,lbrane into anatomical domains with functional conno- 
tations is most marked in cells ,:omprising tissues and organs. The hepatocyte plasma 
membrane is one such example of a membrane showing distinct functional polarity and 
this aspect forms a major theme of this review on tts biocheraistry and biogenesis. 

A wide range of activities occur at the plasma membrane of the hepatocyte reflecting 
ti,e well established physiological versatility of the cell with respect to classical hepatic 
and biliary functions. Thus, anatomically, the hepatocyte surface comprises two regions 
studded with numero~as microvilti corresponding to the vascular and bilia:-y poles and 
these are separated by a smoother region where desmosomes and gap junctions are 
located. "rite biliary pole is ¢~,nplctely enclosed by tight junctions, that effectively segre- 
gate this mea~brane region from the remainder of  the plasma membrane. The tight junc- 
tion is a membrane specialisation found in epithelia allowing control of tra~scellular and 
pericellular permeability and in the hepatocyte it separates the "apical' biliary region and 
the "baso-lateral" regions exposed to the blood sinusoids. Physiologically, the plasma 
membrane comprising the vascular pole and especially the microvilli at the sinusoidal 
region feature in the transport of metabolites to and from the blood and for interaction 
with hormones and numerous blood-borne substances that regulate hepatic functioning. 
The plasma membrane comprising the biliary pole is involved in the discharge of  bile into 
the canalicular spaces. 

Plasma membrane preparations are now used to study an ever-increasing number of 
hepatic functions. However, the question of how representative of the various cell surface 
ftmctional domains the isolated fractions are has received relatively little at tention.  In this 
review the preparation and properties of liver plasma membranes are discussed giving 
emphasis to anatomical and physiological correlates. Since liver plasma membranes are 
used increasingly to study changes underlying disease states, the current status of  mem- 
brane modification+, in hepatobiliary disease, malignancy and after exposure to toxic sub- 
staaces is discussed and assessed. Mechanisms governing the biogenesis and turnover of a 
ft, r, ctionally polarised plasma membrane are also considered. The literature survey 
extends mainly from 1968 when the landmark review of Benedetti and Emmelot [1 ] 
appeared. 

!I. Anatomical correlates of liver pla..qna membrane diversity 

Earlier microscopic investigations of  liver [2--5] have been superceded by those using 
transmission and scanning electron microscopy and a new picture of the inter-relation- 
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TABLE I 

SURFACE AREA AND VOLUME OF TIlE FOUR MAJOR LIVER CELL TYPES 

Data from a stereotoaicsl study ustnlt rat ~ [11J. A recent estimate of the velati~ surface area of 
the three major helmtocyte s~fac¢ relIkm, is: sinumidal, 72%; latexa/, iS%; bile, 13% [ 175 I. 

AKgrelmte plasma 
memtnan¢ surface 
area in c¢:1 type (%) 

Percent o f  
pstenchymal volume 

llcpatocytes 73.5 77.8 

Non-hepatocy tes 26.6 6.3 
Endothelial cells 15.2 2.8 
Kupffer cells 4.3 2.1 
Fat-storing cells 7.1 1.4 

Intercellular spaces 15.9 
Disse spaoe 4.9 
Sinusoid lumen 10.6 
Bile c~n~IcuU 0.4 

ships of  liver cells and the nature of  the sinusoidal spaces and bile channels has now 
emerged [6]. The application of  stereological techniques has helped to define the relative 
cell surface areas contributed by liver parenchymal and non-parenchymal cells (Table l). 

11,4. Parenchymal and other liver cells 

The cellular heterogelxe|ty of  liver has been analysed, expecially with respect to the 
functions and morphology of  the non-parenchymal cells [ 7 - 1 0 ] .  As the technology c,f 
subcellular fractionation of  liver tissue becomes more sophisticated, knowledge of  the" 
contribution of  various cell populations to the isolated fractions becomes increasingly 
desirable. The relative distribution between hepatocytes and ,aon-pasen.,-.hymal cells c~" 
organelles has now been thorougldy quantified [11,12]. These s~udles show, for example, 
that although non.hepatocytes account for only 8% of the toud surface area of  all liver 
membranes, they constitute 26.$% of  all plasma memb.,anes and 15.1% of  the Got~: 
apparatus [11]. In addit/on to trans/ent red blood ceils, at least four major categories of  
non-parenchymal cells have been described. The dnusoids are lined with thin fenestrated 
endothelial cells that  demarcate the space of  Disse which extends to the dnusoidal pla.~rna 
membrane of  the hepatocyte.  Mobile Kupffer cells, characterise(l by amoeboid ptotusions 
and fat (steUate) cells storing vitamin A are foend between the endothelial cells and 
hepatocytes.  Endothelial cell arrangement and the permeability oi" the outer-endothelial 
fenestrations varies between species, being most marked between herbivores and car- 
nivore:; [13].  The closely-knit endothelial cell network may function, for example, in 
controlling entry of  chylomicrons into the space of  Disse [ 14] and in protecting hepato- 
cytes from parasitic infection in herbivores. Morphological surface characteristics and 
functional distinctions (see below) are now being reinforced further by knowledge of  the 
origin of  non-parenchymal cells. For example, Kupffer cells (sometimes refened to as 
hepatic macrophages) are not  self-sustaining but  originate from the bone marrow [15].  



l.ig. !. Sca~'ninb electron mic :o~aph  showing topographical relationships between domains on the 
l cpa tocy lc  s,lCface a , long  sinusoids (S) and the bile cunalieuli (B.C.). A conti~uous llet of  bile cana- 
ZJcuLi nun alon~: the cx;,oscd eel! surfac:s of  the Liver plates. The pcrisinusoidal space of  Dissc some- 
Limes ~-.xtends into in£erccllular recesses (arrows). Magnification, approx. X2SO0. Piloto~raph kindly 
:zivcn by P. ,Motta. 
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Bile ductule cells are associated with channels delivering bile away frotu the liver lobules. 
Nerve fibres are also. fl~und in the space of  Disse and between Itepatoc'.. tes [ 161. 

liB. Jlb,rphohJgv o f  the hepatocvte cell surface regirms 

Scanning electron microscopy has provided new details of  tile configurations and sur- 
thee topography of  hepatocytes.  The plate theory [17] which proposed that the adult 
mamnmlian liver consisted of  interacting polyhedral hepattacytes arranged in plates (l:mt. 
inae) and forming a sponge-like cellular mass perforated by a communicat ing  system of  
cavitie~ (lacunae) which contain the sinusoids is now generally accepte,!. The hepatocytes 
are irregular or elongated polyhedrons about 25 .30/ant by 20 --25 Vm in width having six 
or more faces covered with microvilli, e,~cept at the intercellular channel regions. About 
2 5  5 0  microvilli/kml-" of  hepatocyte cell surface are found [18].  Scanning electron 
microscopy (Fig. I)  illustrates the features of  the major functional regions Io . IO  211.  
The bile canaliculi form channels containing numerous microvilli: in marly instances the 
canaliculi carve, d out o f  the !:epatocyte surface bifurcate into two or more branches. In 
the context  o f  the isolation ..ff plasma membranes from the functionally distinct surface 
regions two further importa:~t observations emerge front scanning electron microscopy 
studies. First, branches of  i.h." bile canr,.licular channels may extend across the contiguous 
surface areas ending blindly near (about 0.1 /~tm)the sinusoidal surface region. Tiros. in 
some instances, the blood sinusoidal and bile canulicular plasma tnembranes are in close 
proximity,  al though the blood and bile spaces are still segregated by tight junctions.  Sec- 
ond.  thc existence of  mtracellular extensions of  the bile canalicular channels postulated 
by Pfliiger in 1860 [22] and Kupffer in 1876 [23] has been confirmed by scanning elec- 
tron Tnicroscopy [61 and this opens up the possibility of  a closer anatomical and func- 
tional cont inui ty between the bile canalicu!ar plasma membrane and the Golgi apparatus 
and possibly other  mtracelluiar regions. 

Integrated stereological and biochemica~ stu:Iies have shown differences in particle 
densities determined in freeze-fractured areas of  '.ateral, sinusotdal and canalicular plasma 
membranes  [24].  Titus, al though particle de::oity was he same in the bilayer half abut- 
ring on the external side of  the cell. particle density on the cytoplasmic half varied 
between regions with the canalicular plasma membranes possessing the highest particle 
density. 

Pathological modification lo surface membr.ane topography has Nequently been 
reported,  especially at the bile canalicular region tinder conditions of  choleretic infusion 
and intra- a , d  extra-hepatic cholestasis. Such studies indicate that surface mo:T, hology at 
this region may be regulated by the degree of  bile secretion [25---29]. Modifications to 
naiclofilaments that insert into the bile eanalicular microvii!i and the tight junctional com- 
plex forming the pericanalicular web have also been reported [27,31 ]. 

II!. Devolution o f  plasma membrane functions 

IliA. Cellular aspects 

Before describing those functions at t r ibuted to the sinusoidal, contiguous and biliary 
regions of  the hepatocyte  plasma membrane,  it is appropriate to categorise fiver functions in 
the context  o f  the cell populat ions im'olved. In addition to its role in secretion of  plasma 
proteins,  storage, conjugation and detoxicat ion,  the liver is involved in the catabolism of  
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metabolites during plasma clearance. A hepstic glycoprotein recognition system has been 
identified [ 3 2 - 3 9 ]  and at role in the uptake and degradation o f  a wide range of plasma 
components,  including lipoproteins [40,41] chylomlcron remnants [42] and enzymes 
[43] has been demonstrated using liver platma membranes. The separation o f  hepato- 
cytes from the sinusoidal cells (mainly endo~:helial and Kupffer cells) following enzymic 
dissociation of  liver has aided in apportioning the role(s) played by Inesc mt~or cell types. 
Hepatocytes feature in the recognition and removal of  circulating glycopmteins contain° 
ing a terminal galactose, whereas glycoproteins terminating in N4ce ty lg luconmtne  or 
mannose are preferentially taken up by non.ptrenchymgl cells [460].  C a r c t n o e m ~  

TABLE I! 

BIOCtlEMICAL STUDIES ON LIVER 
ACCORDING TO REGIONAL LOCATION 

PLt, SMA MEMBRANE FUNCTK)NS CLASSIFIED 

Region Phy siolottical functions 
examined 

Biochemical pazametets RefL 
explored 

Blood sinusoidal 

Con~uo~t$ 

Bile canalicular 

Rec~'nition. JptakL and 
dc~ti~ticn t~f mc~abolites 

Hormone receptors, 
bindin8, ©tc. 

Bindin8 of cations 

Effe~-t of toxins 

Antigens 

Transport of metabolites 

Adhesion 
CeU-ceU communication 
1"issue permeability 
Hormone receptors 
Bile release 

Asialotglycop~oteins 
Glu,:.~ mrticL~ 
Fatty ac~Is 
Bite acids 
B romosulphonaphthalein 
Plasma lipoproteins 
Chylomic~on fragn~nts 
Guanine nucleotides 

Prolaeti~ 
Proinsulin 
InsuUa 
Growth-inducing hormones 
F~rosUqO~clt~ E t ,2 
Adrenalin 
Glucq~n 
Ansiotensin 
Thyroxine 
Oestrogen 

Calcium 

Cholera toxin 
Lectins 
Cytochldasins 
Phtllotoxl~ 
Procaine 

Hi~tocompat~.bflity 
Immunoglobulin A 
Amino acids 
D~UCO~ 
Specificity 
Gap junctions 
Tisht junctions 
Ins tuUn 

Bile composition and enzyme, 

32-34 ;,36~?.39.1&4 
,13 
4$ 
46,47,477 
41.468.475 
4! 
42 
49 

50-52, 478 
53 
54-62,3O 
63,447 
64,~5 
66-69.74.7$.4S? 
68-?2A$9.435 
73 
455,484 
4T6 - 

76.77.79.80.482 

81,471 
81-83  
84 
8.5-89 
"/9.90 

91-94 
9$.46S 

96 
97 

98,483 
99-107 
108,109 
1100111 

112-121 
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antlllen appean to be taken up initially by Kupffer fells and i,~ then transferred to helmto - 
cytes for excretion in bile [165] thus suig~estlng that some form of metabolic cooperation 
between liver fells may occur. 

The endothelial fells also have • special role in the phagocytosis of  vastly rmprap~hysiof 
ogical concentrations of protein. For example, ¢onfentrations of insulin above S ttlq are 
degraded by endothelial cells, where~s normally, insulin, following induction of  its im, l~e- 
diate metabolic effects, is degraded by hepatocytes (44l.  

II!11. R ~  ~ l u t i o n  o [ ~  membren¢ ~mctbms on bepmtocyt¢, 

The fuwctions carded out at the three major hepatocyte functioral regions, and the 
related b ~  studies are mnmmrtmd in Table II. The ~ r u t ~  of  functions 
o~utf la l l  at the blood , t a ~  region and in which the u a ~ d y t ~  ~ ~ f l  mechaa- 
itms am ~ studio! i$ striking and uncleflia~ tim nu~tabolk versatility of  the heli¢o- 
c)qe. i t  is likely that this list of  functions will l eng th~  as other toxins, mf~ t ious  agents 
and i r ~  complexe, [60] are lhown to interact with the s l n ~  ptamuh mcm~q~me 
of the hepatocyte. It is ~ to dtsttnlpatsh b t ~  the e x ~  functlcms at the o b ) ~  
stnug)idal and the limited number o f b a e  canalkuttr  l u n c h ,  but move d t f fk~ t  to put- 

brmm r e ~ ,  since the extent of  access of  various b iood-bor~  substa~-es to the m t ~ -  
hepatocyte clefts is variable. 

IIIC. Hepetocyt~ functb~qwl h e ~ ~ .  

A conunent should be made on the apparent h e t e ~ n e o u s  distributkm between liver 
Iobules of  hepatic c~nponents  and functions including, for examp4e, enzymes [ I_*O- 
124], glycogen metabolism [125] and albumin synthesis [126]. These dill'erences,,.'~m- 
bir&qi with dffferenfes in amounts or distribution of hepatocyte organelks shown by 
stereological studies [ 11 ] and the separation of  at least two m j o r  populations of bepeto- 
cyles [470] have to be borne in mind when using the sub.cellular fraczio~t~ on a p p m a ~ .  
Differences in size between centmlobular and periportal cell morpholos3 os.'cuz with 
[128]. 

Iv .  I ~ p m a t i o a  of plsmat membram f r ~ t l e m  

Following the initial description of the morphological and biochemical properties of  
rodent liver plamm membranes [ I ], the basic methodology has been modified extensively 
mainly to improve membrane purity and yield. The major technical modifications used 
can be summafised as follows: (a) use of various tissue disruption methods [ ! ~ - 1 3 1 ] :  
Co) changes in ion content and tonicity of  media [132-141] :  (c) improving f~,~,.,ion pu- 
rity, especially diminishing mitochondrial contamination, by modified centrifugation con- 
ditions [142--145]; (d) the use of  rate-zonal centrifugation techniques [ 146-151 ] ; (e) 
adaptation of the method to two .phue  poiymer separations [152-154] :  and ( 0  use of 
rapid immunological p r o f e d m ~  [155 -156 | .  Common to all these techniques of liver 
plasma membrane preparation is the adoption of  a mild tissue homogenisation step to 
minimise fragmentation of the bile canaliculi, an observation described by Novikoff in 
1955 [ 158 ]. The ~ a  membrane fragments sediment at low speed (in • 'nuclear fraction') 
and are subsequently $epexated front cell debfls,nuclei, mitochondria and vesicles, The plas. 
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ma membrane fractions prepared by these methods generally account for approx. 1 --2 mg 
membrane protein/g liver wet weight, and have an equilibrium density in sucrose gra- 
dients of" 1.16-1 .I 8 g)'cm 3 (the theoretical yield calculated on the basis o f  stereological 
data iS] should be appr~x. 2 - 3  mg membrane protein per g liver weight [157]). The 
fractio~ts consist mainly of membrane sheets, many of which are attached to each other 
by intercellular junctions, and bile canalicular profiles together with large numbers of 
vesicles; intact intracellular org;melles are largely absent. About 8 -20% of plasma mere* 
brahe marker enzymes are recovered by t.e3ese procedures and contamination by nuclear, 
endoplaxmic, lysosomal, mitochondrial and Golgt components assessed using enzymic 
morphological and chemical nmrkers is low. 

Plasma membranes equilibrating at a lower density in sucrose gradients (! ,i 2 - I  .I 5 
8jcm 3) that contain very few intercellui,~r junctions but are enriched in the same enzymic 
and chemical markers have also been prepared from the post-nuclear supernatant nor. 
really discarded in the classical methods described abo~e [ 131 ,I 35,159,160]. These frac- 
tions consist pzedominazltly c,f vesicular profiles and can account for up to 30% of the 
plasma membrane enzymic m.zrkers, but in contrast to the plasma membranes isolated at 
the 1. I t~-- 1.18 g]cm 3 sucrose density interface, they contain a higher content of 81ycosyl 
transferases, activities usually assigned to the Golgi apparatus and endoplasmic reticulum. 

Adding to the heterogeneous nature of the various plasma membrane fractions 
described above is the demonstration that the standard Neville-Emmelot plasma mem- 
brane fraction of sucrose density 1.16-1.1S g/cm 3 can be subfraction.~ted following 
mechanical disruption to yield 'light" and 'heavy' components equilibrating at sucrose 
densities 1 .12-1 . i4  and 1.16-1.18 g/cm 3, respectively [133,134,141,149,160-162, 
326]. The "heavy" subfraction retains the sheets with junctions and large vesicles present 
in the parent fraction, whereas the 'light" subfraction is ve,~icular. The "light" fraction also 
represents a further increase in specific activity of many plasma membrane mat!:er 
enzyn~es; for example, 5'-nucleotidase and alkaline phosphodiester3.~e. 

The anatomical and physiological con~derations described earE;er in this review pro- 
vide a basis for resolvin~ the diverse properties shown by the plasma membrane szbfrac- 
tions of differing densities and composition prepared by the vatious methods. 3rentle 
homogenisation of liver generating low shear forces disrupts hepatocytes releasin ; large 
strips of  the plasma membrane attached by tight junctions to relatively intact bile cana- 
liculi. The plasma membrane fragments originating predominantly from bile canaliculi, 
and latezal surface regions, together with small variable amounts of sinusoidal membrane 
are sedimented at low speed together with nuclei, and heavies" mitochondria and are thus 
sel:4zrated from the bulk of other intracellular organelles and membrane componet,ts. Fil- 
tration t~f tissue homogenates through muslin cloth removes cell debris and many of  the 
non-parenc~'wmal ceils undisrupted by the gentle homogenisation, especiaUy endothelial 
ceils [ 163,164]. The use during tissue dispersion of alkaline low ionic strength media, for 
example, bicarbonate or borate buffers [136] in combination with low Ca ~t* (less than 
I mM) [132] appears to aid in mtnimising fragmentation of the plasma membrar,e, thus 
enhancing the rapid sedimentation at low speeds of partial membrane 'ghosts" cor, taining 
large fragments of  the pericellular membrane. Procedures that aim to study blood sinus- 
oidal functions using plasma membra~-tes purified from low speed pellets minir.lise the 
number of  mechanical manipulations inv:flved, e.g, in studies of glucagc, n activation of 
adenylate cy-~lase activity or in the purification of the organic anion transport..protein 
l~xtially p,.~rified liver plasma membrane have been extensively used [70,475]. The micro- 
viUar blood-sinusoidal region of  the hepatocyte plasma membrane rapidly forms vesicles 
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predominantly of the right-side-out configuration [ 166-168]  even under mild conditions 
of cell disruption and these have to be pelleted at highe~ centrifugal forces. 

V. Functiomd chartctert~tion of plasma membrane fractions 

Topographical assignment of the plasma membrane subfr~ctions to the correct hepato- 
cyte surface regions is an obvious advantage for biochemical studies of functions occur- 
ring at specific domains. Four lines of e,,'idence help assign to the appropriate cell surface 
region the plasma membrane subtractions prepared by the above procedures. The utility 
of the morphological markers, intercellular junctions and bile canalicular profiles has 
already been alluded to in assigning components in the classical 'nuclear fraction" derived 
p;asma membrane to a mainly bile front-contiguous surface origin [158l. Second, histo- 
chemical evidence [169-171"] pinpointing high phosphatase activities at bile canaliculi 
supports this regional assignment, and also suggest that 'light" vesicular plasma membranes 
recovered after vigorous homogenisation of the standard fraction and characterlsed by 
extremely high phosphatase activities are derived mainly from the microvilli projecting 
into the bile canalicular spaces (Fig. 2). Third, analysis of glucagon-activated adenylate 
cyclase ~ctivity in plasma membranes prepared from 'nuclear" and 'microsomar fractions 
also aids in identifying the microsomally-derived plasma membrane vesicles and the heavy 
plasma membrane subfraction derived from the "low speed" pellet as originating mainly 
from the sir, nsoidal and contiguous plasma membrane regions respectively. The light sub- 
fraction released by high shear forces from plasma membranes prepared from low-speed 
pellets oJ" hypotonic homogenates contained an adenylate cyclase activity that was not 
activated by a range of glucagon concentrations, and this can be interpreted as further evi- 
dence in support of an origin from a non-hormonally activated region of liver cells, most 
likely the bile canalicular region [160]. Fourth, direct evidence for plasma membrane 
fractions containing membranes havi,g access to blood was obtained by use of a domain- 
sp,'cifi¢ labelling technique [170,173] (Fig. 2). Perfusion into the portal vein of radio- 
labelled ligands, e.g. glucagon, wheat germ agglutinin and asialofetuin known to interact 
with specific receptor sites on the hepatocyte's vascular pole, followed by preparation 
and analysis of plasma membrane fractions from "nuclear" and "microsomar pellets 
demonstrated that 'light" plasma membrane vesicles present in microsomal and nuclear 
pellets of sucrose-dispersed homogenates are the most suitable for study of blood sinus- 
oidal functions [131,160,164,172,173]. Fractions containing intact bile canalicular 
attached to sheets, or the shear-released vesicles are most suitable for study of biLiary 
functions [112,114,116,117,142,149,174,175]. 

Knowledge of the major sites of origin on the cell surface of the various plasma mem- 
brane fractions described helps to resolve some apparent connadictio~.s in the 0roperties 
of plasma membranes isolated by different methods. This is illustrated by variations in 
insulin binding properties of 'light" and "heavy" plasma membrane fractions. Thus. in 
studies using liver dispersed in a hypotonic medium, or isotonic sucrose, higher binding 
was associated with "heavy" membranes (density in sucrose 1 .16-!  .I 8 g/cm 3) than with 
"light" membranes (1 .13-1 .14 g/cm 3) [57,176], whereas in another study [133} a light 
vesicular plasma membrane fraction prepared using a different methodology bound higher 
amm,nts of insulin than heavy plasma membranes. The extent of  fragmentation of the 
plasma membrane and the relative amounts of sinusoidal and bile canalicutar membranes 
recovered in the 'light" fraction.,, appear to be factors governing the subcellular distribu- 
tion of ceU surface receptors, since the sinusoidal membranes are a richer source of 
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Sheets 
F/g. 2. Ekq~ram show/ng a domain-~¢ciflc approach for labelling and identifying in subcellulaz frac- 
t/oat pksma membrane ~ derived from the hepatocytu's blood s i n ~  surface [172,173], 
lodmat~l ligands (c4~. wheat ~ aS~lutinln, 81ucaBon, desialofctuln) were peffU~d for 2 rain into 
liv~ ~ bc~:~me attached to ~-uptors shown, after tissue dissociation v~uq coUasunase, to bc located 
nudely cm the h~patocTt~'$ cell surface. After tissue, homosenisatton and preparation of plasma mem- 
brm~ .~bfh~t iom from low4pesd (auck~)  pe~ t s  |149 |  an~. microsornsl fractions [131,160l radio- 
activity w ~  slcovwed mainly in "h~vy" plasma membrane svbfractlon (~tmutty 1.16-1.18 ttJcm3) 
coatah~i~ I n ~  junctloas and ~ and in the ~ubftactlon (clic~rwlty I . I I--I .14 l~em 3) 
pcupmett by flotatlon fro~ tho mkroaomal fractlcm and containing ~ odililmtin~ from the blood 
sktu.soklz,] s t ~ r ~ .  Ve~cks (density 1.12-I .14 &gem 3) relo~.wd by shearing forces from thc plasma 
mombcs~  prepared by the standard NevWe-Emmclot procedure contatr, ed lowest redioactivity, ~hus 
s ~ p s t i ~  a bite ~ O~.C.} o ~ i n .  
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hormone binding membranes relative to the contiguous membranes present in the 'hew:y" 
subtraction, in addition, the binding of polypeptide hormon~  to intracellular mem- 
branes, e4g. Genii [177,179] and nuclei [180] ctn also influence the hormone-binding 
capacity when impure fractions are used. Further complicating the resolution on the basis 
of  blood stnusoidal or biBary ort.~dn of  the various membrane subfractions i~ the unknown 
molecular b a ~  of  the gradation of  the sinum/dal into conttguotm pla.~nt, m,'mbrane 
region and morphological evtden¢~ that the proximity of  canaltcular ~,.nd stnusoidal 
regions on hepatoeytes can vary considerably [6]. These considerations, combined with 
others discussed above demonstrate some difficulties in achieving by cun~nt subcellutar 
fractionatioa pgoc~ums the pceparation of  membrane subfractions fully resolved with 
respect to the stnusoidal, contiguous and canalicular plasma membrane ~egions. 

vl. I k ~ ~  i,m~cdluJer juc~ com~l~x~ 

lnterceUuhtr junctional complexes that atzach adjacent hepatocytes may be t en ,do ted  
as discrete membrane functional differentiations located within the contiguous cell ~gf~-e 
domain. Three major classes of  junctions are described on hepatocytes. The tight junc. 
tions (zonulae occludentes) control tranaeplthelial flux between ceils [181,182l. They 
form a continuous belt-like structure around the bile canalicular space [6]. Freeze,leave 
studies show tight junctions to be composed of  strands of intramembranous particles 
present in the plasnut membrane of  each cell [181,18~]. Their interdigitation creates the 
permeability barrier that controls passage of  molecules between the blood and bile sp~'es 
[ 183]. Presently, knowledge of  the chemical composition of  the tight junctitm r e a m  of  
the plasma membrane is limited [469] 9wing to the lack of  methodology for their peepa- 
ratior,. Desmosomes (maculae/facia adherens) are sites of  adhesion between adjacent 
hepatocytes, and although advances in their h~31ation and characteHsation from other tis- 
sues are reported [186,187], hepatic desmo~omes have not been isolated and studied bio- 
chemically. Far greater knowledge of  p p  junctions has emerged since it was .dlo~a that 
their isolation was possible by taking advantage of  their relative insolubility in d~te rgetq is, 
especially .N-dodecyl sarcosinate [99-107] .  Gap junctions have been shown ultrastntc- 
rurally to be composed of  aggregates of  intramembranous particles in the apposed plasll~ 
membranes, paired particle.to-particle across the intercellular space, so constructing a 
direct channel for exchange of  ions and smKi molecules between cells [188]. The absent-e 
of  any biochemical or immunolog/cal markers has required their purification from ~ a  
membrane fracuons to be dependent upon morphological monitoring, esp~i~tlly of  the 
regular polygonal structure seen in negatively stained preparations (Fig. 3B). The inso|u- 
bility in mild detergents of  collagen fibres present in isolated iiver plasma membrane frac,- 
tioas and the use of  highly impure coUagenases to d i ~ v e  these fibres, have delayed their 
molecular characterisation and thus far, even when pro~eolytic treattr~nt is a~ide~ dur- 
ing preparation, consensus on the nature of  the polypeptide(s) believed to construct she 
intercellular channels and believed to correspond to the intramembranoux pmticles ol~- 
served by freeze-fracturing tecimiques ha~ yet to be achieved [100-10~,189,|<X)1. ML~d. 
els of  gap juni:tion structure based on electron micto~'opy and X-ray diffr;tction hay,: 
been p r o ~  [191,419] (Fig. 3A). 

Uhrastructural [192,260] and electrophysiological studies [189.191 ] indi~tte that the 
number antt area of  Sap junctioas and the ektent of  coupling between he mltocytes at~ 
rec~uced after hepatectomy, but the full complement of  gap junctions retttms within 
2 days of  the operation. 
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l:i~. 3. tA~ Diagrammatic representation of the orga.nisation of the hepatic gap junction as inferred 
ftcm X-ray difftaclion and electron microscopical studies. The model proposes hexagonal symmetry 
:~n t the hydrophUic channel is located between the subunit,~ [191 I- An alternative model that pro- 
po~s that the channels run between twisting subunits has been proposed on the basis of image proces- 
sivg of negatively stained plasma membranes i 419 I- 

V II. Biocher~ical properties of the hepatocyte plasma membrane 

I'!L,1, k.'l~vme distributh 3n and propertA,s 

Analytical subcellutar fractionation studies have provided much information on the 
equilibrium densities of  liver plasma membrane enzymes [166,194--105] .  Preparative 
studies on the dislribution of  an increasing number of  marker enzymes among plasma 
n embrane subfractions have been interpreted to refh:ct their uneven distribution ,an the 
h :patocyte  surface. For example, many of  the recognised marker enzymes are present at 
h:ghest specific activities relative to homogenates in bile-canalicular fractions, although 
l~,v,er levels of  enrichment are also n,,easured in blood-sinusoidat fractions [149,169-- 
162] By tar the lowest activities of  such marker e lzymes are measured in contiguous 
r,'gion fractions. Increasingly, exceptions to this di.aribution pattern are being noted;  
thus, CMP-neuraminic acid hydrolase [ 107], glutamyi t ranspeptidase [ 198 ] and glucagon- 
a: t ivated adenylate cyclase [160] may have primarily a blood-sinusoidal plasma mere- 



Fig. 3. I,B) Isolated hepat ic  .~ap funct ion  nccativcl.v ~lained ~,~'ith sodium silicotun:.:.~t.at~, t~:-_,..:z~i~2,.'.~- 
t ion,  x250  000).  Inset: af ter  t-titration showing the ht.-~aeol~al packing of  the abo~e t~,~dcl ~ilt~ Cc'~rre" 
to-Centre sp;,cirtg bet,,veen units o f  abo:~t 8 nit). 

brahe location. (Na '+  K')-ATPas¢ is mainly l\~und in the contt,.zuot, s l',l;Isma .'ue~br.,~-¢ 
fraction [47 L) ]. 

A number  o f  plasma membrane enzymes have be,:n purit~ed, and characterised bx 
molecular and kinetic studits (Table Illj .  Furthcrmor,.  ~. in many it~st:mces the Io,:atio~" m 
the membrane of  the etlzyme's active site relative to the exterior arid inteziot of  the ceil 
has been determined.  Most o f  the classical plasma tnembratle marker en.-ynws are cclo. 
enzymes [ 19t ) -202]  which is a fi~rtttitous h~cation it: ~,'iew of  their extensive use m sub- 
cel':da,- fractionation studies, since mosl pl:lsma membrane vesicles pr,,duced dttrin~ tis. 
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sue hLm~ogenisation maintain the same topographical orientation as in the intact cell 
[ ! 6 6  168,203]. These ectoenzymes are widely distributed on mammalian cells and have 
similar kinetic and antigenic properties [204-207 ]. Many, and probably ail plasma mem- 
brane ectoenzymes are glycol~toteins, but l i t t le is known currently o f  the nature and bio- 
logical role of the sugar components in bepatocyte plasma membranes [4801. 

Plasma membranes are particularly rich in enzymes in,~olved in nucleotide metabolism. 
The hepatic adenylate cyclase has been purified partially [267,344] and it may resemble 
the enzyme purified from kidney and thyroid membranes in view of the facility with which 
mammalian adenylate cyclases can be shown by cell fusion studies to  be activatable by 
various hormones and receptors [268A48].  Most ( 8 0 - 9 0 % ) o f  guanylate cyclase is recov- 
ered in liver tissue supernatants [2301 but a small proportion attached to membranes dif- 
fers in kinetics and molecular size [78]. The liver plasma membrane enzyme also differs 
fr m~ the soluble form in being activatable by pr<~teolysi:i [343]. The (Na" + K')-ATPase 
of liver plasn.a membranes has not been purified, possibly owing to its poor stability. 
Although the enzyme has a base-lateral location in epithelia [446] the enzyme has been 
reported to be present at both the sinusoidal and canalicular [270-273]  plasma mem- 
brane regions but recent cytochemical and biochemical sludies indicate a location mainly 
at the sinusoidal and contiguous regions [269,479]. In view of its postulated participation 
in mediating the Na" transport-dependent component of bile formation [270] the 
enzyme activity has been studied in normal and cholestatic liver. 

Ahhough possessing specific Ca2"-binding properties [76-80]  (a Ca2%binding glyco- 
protein has been isolated from hepatoma cells [482l),  controversy sun ounds the 
question of whether there is a Ca2"-activated ATPase in the hepatic plasma membrane 
[77,364]. Complicating the issue is the demonstration in liver plasma membrane fractions 
ot" a Ca2'~activated ATP pyrophosphohydrolase [453] of broad specificity that hydrol- 
y ~ s  a variety of  dinucleotides and sugar nucleotides at 1he pytophosphate bond [217-- 
222]. Nucleotide pyrophosphatase, after purification to homogeneity,  also displayed 
alkaline phosphodiesterase I activity [21"/,221|, and is a glycoprotein shown by lacto- 
pcroxidase-catalysed iodination of isolated hepatocytes to be surface located, and thus 
optimally positioned for hydrolysis of external sugar nucleotides [222-224,~74] .  

Despite intensive investigation the function(s) in the liver plasma menlbrane of  5'- 
nacleotidase is still unclear. The membrane-bound enzyme differs kinetically from a solu- 
ble activity [275,277]. Evidence for interaction with phosphatidylinositol [2.14] (primar- 
ily an inner leaflet phospho| ip id)and with actin in the folm of  its nuclease c(,mplex [215, 
216] suggest that it is deeply anchored into the plasma membrane. It is generally thought 
that 5'-nucleotidase is involved in the transmembrane transport of  adenosine and other 
nucleosides produced by hydrolysis of  tri- and monophosphates as demonstrated in heart 
tissue [276]. 

Plasma membrane enzymes hydrolysing peptides [230,231] and phospholipids [ 2 4 1 -  
2451 have been demonstrated, but their physiological role is unclear. Glycosyltransferases 
are present in rough and smooth endoplasmic reticulum and the Golgi apparatus [480], 
but they are also present in lower amounts in liver plasma membrane fractions, especially 
those enriched in sinusoidal membranes [250-252] .  Postulated roles in cell recognition 
[473A74] and in the uptake of circulating glycoproteins [472] have not been adequately 
verified. The extensive interaction of intracellular membranes with the sinusoidal plasma 
~aembrane that underlies secretion and plasma membnm-, biogenesis (sc~tion IX) may 
result in spill-over of  some enzymes into the sinusoidal region of  the hcpatocyte 's  surface 
n~embran¢. Recently, a plasma membrane location has been shown for lqADH-o.xidas¢ 
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Cvtoptasm 

Fig. 4. Schematic diagram showing the disposition of some proteins of the liver plasma (rcdza~n from 
Houslay and Palmer [285j). The diagram encompasses a large number ofobservattos~ on the proper- 
ties of the enzyrr~$ as described in ~-ction VIIA and Table iii. G.C., guanylate cyctase: 5'-nuc. 5'-,u- 
cleotidase; H, hormone interacthlg with 81ucagon receptor (Sluc. re(:.) xvhich, in turn, int~acts wi th 
adenylate cyclase (A.C.) when the receptor site is occupied. P.D.E., alkaline phosphodiester~,~; cAMP 
PD, cyclic AMP I)hosphodiestera~e; --, microfUamcnts interacting in an unknown way with 5"-nu- 
cleotidase, P,I,, p]~osphatidylino,,itol. ~ , carbohydrate side chains. 

and a role in hormone mediated receptor activation of adenylate cyclase was suggested 
[253-2s6l. 

Analysis of  liver plasma membrane proteins using immunological methods has pro- 
vided importaltt insights into the nature of enzymic and lectin and hormone binding 
activities. Information on molecular inter-relationships, and especially topograpldcal 
aspects of" membrane enzymes has been obtained [231,278-2841.  Current information 
on the properties of  liver plasma membrane proteins, especially their compositio:~ and 
orientation in the lipid bilayer established by lipid melting exper/ments [285], per.~ts  a 
schematic formulation (Fig. 4). 

VIIB. ChemicaJ comp~sin'on 

laver plasrn~t membranes, in common with aH mammalian plasma membranes ~;--..:~:~ 
the highest amounts of  glyeosylated p:otein and lipid relative to other membrm)e sys- 
tems. The large number of functions occurring at the various plasma membr.me regions of  
the hepatocyte (Table II) is reflected in the complex pattern o f  polypepddes resohed 
electrophoretically, The polypeptide patterns differ characteristically from those of  o!her 
hepatic membrane systems [166,286--290]. Compared to simpler plasma membranes, e.g. 
eryt hrocytes, progress is slow in relating polypeptides to enzymic, binding, and transport 
activities etc. Both actin [291 ], and myosin [292,293] have been shown to be associated 
with the liver plasrrm membrane, Many glycosylated polypcptides [ i 0 0 , 2 8 7 - 2 8 9 ] ,  idea- 
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tiffed in gels using the SchitT-periodate reagent, lcctin-binding [294], and incorporation 
of  radioactive sugars [349| are present, especially in the 7 0 0 0 0 - 1 5 0 0 0 0  molecular 
weight range, and many of these correspond to the erzymes purifi©d from liver mem- 
branes (Table I!1). b-Type cytochromes (cytochromes bs, P-450, P-420), mainly Iota'Led in 
endoplasmic reticulum and outer mitochondrial membrenes have also been shown to be 
a ~ i a t e d  in low amounts with liver plasma membranes; their functional roles, if any, at 
the pIasma m©mbrane remain to be established [295,296]. Hepatoma cell plasma mem- 
branes are being used increasingly to isolate glycoproteins [297] and membrane-asso- 
ciated mucopolysaccharides [298,299.4211. Differences in the polypeptide and gl)copro~ 
rein patterns of plasma membranes originating mainly from each of the functional d,~mains, 
are mainly in the staining intensity of polypeptides of similar electrophoretic n lobility 
[1¢J0.294I. Lectin-binding studies indicate that a diverse range of glycoprot..=ins are 
present in sinusoidal plasma membrane fractions (Evans, W.H. and Carey, F., unpublished 
results). Since many major polypeptides are present in approximately similar amounts in 
the plasma membrane subfractions, it may b¢ that functional distinctions are more 
related to differences in glycoprotein (and possibly glycolipid) composition. Gap junction- 
containing regions have generally a very much simpler protein composition [ 101-1071. 

The neutral and phospholipid composition of  liver plasma membrane have been ana- 
l~.%~d and compared with that of intracellular membranes and organelles [136,~,00-309]. 
The plasma membrane subfractions are characterised by a high cholesterol/phospholiiNd 
ratio and sphingomyelin content [312]. The fatty acid profiles have also been examined 
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h¢lNktoeyt© plasma membrane ~tdo~s. The distributions were determined on the basis o f  phot~pholipid 
a c c e ~ i b ~ t y  to hydrolysis by ohoR~holipa~ c of  aostridiutrl s~rlchiL Pho~phatidylinositol was not 
hydgol.vsed but  is thought to be mainly located in the cytoplasmic half  of  the bilayeg [ 167,315 ]. The 
ovgrall composit ion range o f  rat livez pta~na memblane phosphol|pids expressed a.¢. tool% is: phospha- 
tidylseKine, 3 .5 -9 .0 ;  phosphatidylinositol, 4 .2 -8 ,8 :  sphingomyelin 10.7-23.2;  pb, osphatidylcholine, 
30 ,0-46.2 ;  phosphatklylethanolamine, | 8.5 -24.7  | 300 -  309 ]. 



45 

[310,311 ]. Analysis of the n~utral and phospholipid compositions of plasma m~mbrancs 
derived from the three functional domains indicated that they were less variable than the 
differences recorded in polypeptide and enzymic composition [312], The major differ- 
ences in lipid composition and lipid/protein ratio were found between "light' and 'heavy' 
plasma membranes [ 160,312]. Gangliosides are highly concentrated at the plasma mem- 
brane [313 | .  Analysis of  the transverse organisation of the phc, spholipids indicated a sim- 
ilar asymmetric distribution to that found in erythrocyte membranes, with phosphatidyl 
choline being the major lipid in the outer bilayer [ 167]. However, differences were found 
between the canalicular and sinusoidal plasma membrane fractions and the contiguous 
fraction (Fig. 5). The arrangement of phospholipids in the bilayer is an important factor 
when investigating mechanisms for the biogenesis of the plasma membrane, and especially 
in explaining the resilience of the canalicular plasma membrane region to the action of 
bile durin~ ~.s transfer to and accttmulation in the biliary networks [314,315]. 

It is generally accepted that glycoproteins, which account for about 4,% of the liver 
plasma membrane dry weight [316], are asymmetrically orientated in the plane of the 
membrane [317]. Many studies c~,nfirm that the hepatocyte plasma membrane (at its 
three major functional domains) is no exception to this generality [318-322] .  No lectin- 
binding sites are present at the gap junctional region [.~23], an observation consistent 
with biochemical analysis of  isolated junctional proteins [ 104,106,324]. 

VIII. Plasma membrane p a t h o l ~  modifkations 

To identify membrane and molecular lesions occmrine in hepatic disorders, two major 
approaches utilising plasma membranes have been used extensively, in the l~rst, the prop- 
erties of plasma membrane.~ from normal and experimentally manipulated animals have 
be~:n compared in a number of respects (Table IV), and in the second, agents have been 
added directly to isolated membranes. Although useful information has emerged from 
studies that compare 'normal" membranes with those from diseased or poisoned liver, this 
general approach in a number of instances needs to be evaluated in the context of  the fol- 
lowing reservations. 

The plasma membrane is the biosynthetic product of a series of  events involvin 8 coor- 
d~ated  activity of  a number of  intracellular membrane systems and the cytoskeleton. 
Consequently any lesions affecting their integrity will be reflected sooner if  not later in 
plasma membrane properties, especially in the context of the speed of  metabolic turnover 
and the level of  secretory/absorption phenomena (see section IX). This is illustrated by a 
detailed examination of the effects of  phallotoxins and related substances on fiver phy.~i- 
ology, where wide-rang/ng effects on membranes and the cytos~eletal components an: 
now reported [372]. 

A second quaUfication is that the regional complexity or" the hepatocyte plasma mem- 
brane opens a Pandora's box with regard to the permutation of deviaDt fractionation 
Possibilities open to pla.~ut membrane fragments of  differ/ng s/ze and density especially 
when they are prepared from the wide range of hepatoma that h sve been compared only 
with respect to a low yield of a sinsle plasma membrane fraction properties. The d/if©rent 
methods of  cell disruption and fractionation used when compari Ig normal and abnormal 
t/ssues or cells can lead to plasma membrane fra ln~nts  from ,~veH:ipp/ng or different 
surface regions bein~ isolated. Analytical fractionation of  hepatoma has shown that in 
contrast to the bimodal density distribution of  many plasma membrane markers of  liver 
tis.~ue, a s/ngle modafity is obtaine~I, and that $'-nucleotidase activity may be low or 
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absent [345]. These differences are further accentuated for ex~nple ,  when membr,mes 
prepared from different hepatoma are compared [346,377]. 

A third reservation that applies to many studies using liver plasma membrane also 
emerges from the biofhemieally heter~geneous ~lature of  the fractions obtained by truing 
the various pr~.'edures. Whereas the standard (Neville.Emmelot) preparation and its many 
variants yields membranes suitable for investigating modifications induced by eholerests, 
cholestaxis etc.. the same fraction, although deficient in sinusoidal plasma membrane fralg- 
mcnts is a l ~  used for investigating blood-rdnusoidal functions, especially membrm~- 
t~ 'eptor  p~operties and modifications. The fact that hormon~.-binding studi~t have 
yielded functionally meaningful results may be related largely to the exprett lon of  t h e ~  
properties at the contiguous region and the reter tion, especially in methods that mtnimise 
the number of  *~teps, of  fragments from the microvilli pre3ent at the major blood simut- 
oidal plaxnut membrane region. Clearly, further studies utiliaing more d e a d y  d e f i e d  
blood sinusoidal plasma membranes are needed. 

A fourth qualification concerns the use of  liver tissue plasma membrane fractions to 
investigate functions that are increasinsly attributed to the hepatic non-parenchymal ceils 
(see section IliA). The resolution of liver ti.,~ue into its component  cell types, their 
enzymic analysis [378-380]  and analytic.l  frtctionation [381]. and the availabiLty of  
methods for preparing plasma membrane subfra ~tions and other membrane fractions from 
i~dated hepatocytes [382] will be expected to i'eature more in future studies. 

iX .  Ftmma membrane biolleacsb and turnover - thek role in the Ileaerattea o f  f uno  
ttomd polmty 

The liver plasma membrane is a largely biosenetically inert orsanelle. Thus, ribosomes 
are absent and the capability for synthesis of  lipids is limited, being confined mainly to 
smooth endoplaxmi¢ reticulum vesicles [38~'-389].  However, it is the locus of  intensive 
metabolic activity conditioned by intra- and extracellular events. This is especially the 
case at its blood s/nusoidal region where secretory, and absorptive activities are mainb" 
I~-alised. The extent o f  metabolic involvement of  the contiguous (lateral], plasma mem- 
brane region is unclear. Undoubtedly some endocytotic p ~  occur as shown by  
,,utoradiographical studies of  iodinated lr~ulin uptake [! I0,11 I] .  Intensive metabolic 
activity must also underly the discharge of  bah: across the canalicular membranes into the 
biliary spaces. 

IXA. g i ~ e s i s  

Kinetic studies on the incorporation of  labelled precursors into liver plax~m membrane 
and inU~cellular membrmle proteins and carbchydrates are often in te rp~ted  as i n d i c t i n g  
• biogenetic route involvin 8 a sequence from ':he mush  endoplar~ni¢ reticulam to the cell 
surface via the smooth endopla~-nic reticulum and Golgi apparatus [390--399].  The 
kinetics of  membrane protein movement to the cell surface are similar to that o f  albumin 
[3961 and ~ . -g lobu l in  ~ecretion [3971. Appr~>x. 2 - 4  h elapse before maxinml incorpora- 
tion of  precursors into plasma membrane p,otein is achicved [398,399] but carbohy- 
drates are incorporated into liver plasrna membranes at a faster rate, with • maximum at 
about I - 2  h [400,353]. It h not the intention to discuss here detailed mechanisms for 
biosynthesis o f  membrane proteins and lipids but to comment  on some p o ~ b l e  pathways 
for transferring them to their final position at the various plasma membrane regions. Sam- 
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ply. how is t l~ p m ~  of  plmmm rnembmn~ :yn them so ~rmqF~l. ~ h  that sq  r ep ted  
futtctk)ntl t o m  are p n e m t e d  and mt in t t l nN?  Althotq~ trany of tk t  d: t~ib a* t , t  d ,~ct  
exp~dn~ta !  mmly~Ls, two ~ ~ t a m s  and t b ~  r o m ~  fm trm~d~r ,~ plmm, 
membrane conq~en ta  to tli~¢ ~ pmdtlo~ at the het~toc)t~ ~ f f i : ~  c~n be postu- 
Isted. Trand'er o f  r ~mbrm~  coaqxxmmts, f~r examt~,  ~ ~ l p ~ :  f i rm  th<,~r s~te o f  
synth4~s at the cytopl lmdc f m  of the endoplem~ic mticulum [402,4031 Io the plasnm 
m m b r m  m y  involm ¢:xr/tanM proteins similar to those Cuturinlg tn the e x ~  o f  
endophtsn~ rtl tculum and rndtochonddal pbosphollptds 14041. ThL~ ~,~dd explain, for 
¢xamp~, the 10.fold mo+e rapid trmud'er of  choimt©rol and its ~ ~ s  ~ ¢ t ~  w d  
hlthosteml from the endoplazmi~ mti¢~Im It) the hepato~yte's ~nusoidal pimaua mem- 
brane than would be expected if the Gollgi aplx.atus were L r ~ t e d  [4.q)l. ~ . ~ . t m  

fog the trsnlfer of membaane proteins via a t y t o p h m ~ c  rather than a nwmbmne-meds- 
ated me thanbm lut~c not boon d¢~flbed, and rout¢~ postulatinS vtmcles 14051 or mem- 
brm~ flow [390.395] ~ ,  cmrently in ~ .  

~ routat to the h ~ t o c y l e  smfac¢ that It~erate am u n ¢ ~ !  mstn t~-  
Uon of many p lma~  membrane components can be desc r i ed  (Fig, 6). Th~ t'lrst route 
entails the t a u r t k ~  of  c o m l ~ t s  randomly into the pht~ut nlcmbrm~, folk.wed by 
htteral t tamiocatton of components in the plane of the membrane that n~y  be ~ded or 
controlled, foe example, by  cytoskeletal ettments [406-4081.  A seconc~ ~ route tn~%~.~ 
the i n s m t l ~  of  comlx)nents dirsctly into the pignut membgm~e re~ons whcrt  they carry 
out their fmtctions. Lateral m o ~ m e n t ,  ~ c i a l l y  bgtween the major d~m~it~s, ~ u l d  be 
restricted by various functional interactions. For example, insulin receptors at the bk~t~t 
sinmoid~ plasma membnme ~ have been shown to aggresate and be intc~wi, tU 
rapidly following interaction with circulating hommne 14091, and such reccpt,~r-m~i- 
ated endocytotic process would minimise the extent of  lateral redistribution. "i'ltc inset- 

OS OS BS 

~ . ~  ~ r ~ ,  Sinuso~da! Insm:,~x~ 
a. ~ hnm,one mcep~ Bs. tocat~ SS- Ok>0d amuso,dJ pm,~  mm~m-,e 

c .  Canekcutm prom~. Be. tocm~'~ K::-tDih ~ t~ . "~a  rnem~m~ 
T j  - T,oht ~, ~cto~ 

FII. 6. Dialtam ~oudnl thre~ ~les of IMmr~ of compommts rnultlml In ~-~ synthe~ of a mmlti- 
domain ~ mm'bame. Axrows show m~'.s from ~ ~  sitg(s) of s y a ~  to the bepeto- 
eye's th t~  ~ p lmm m m t m m  dmm~s, aad in the t~ttt  of mao i4~  immrtion, d~c htmml 
mm.io~t~oa ~ ti~ p4me o t ' t~  m a b r ~ ,  poss~ty owagomtntt the tm~qnr of t ~  t i~ t  jv~ctio,. Fo~ 
otbm detzl~ m t~xt. 
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tion of gap junction polypeptides i~to the contiguous plasma membrane re,fun c~n lead 
to junction formation by c~lose packing and intercalation of  the subunlt$ with correspond. 
~ng subupits on neighbouring hepatocytes. Once a~embled, the gap junctic,n polypeptides 
would t~cc,.ue locked at regions of  closely appo,,~d plasma membrane. 2-unctions, once 
"ol-n~'d are difficult to dissociate, a~ld complete junctions are retained on the surfaces o f  
• o~ated hepatocytes [410] : evidence supporting their breakdown as complete units after 
,nt(,rnalisation into lyso~0mal region~ has also beer presented [41 ! ]. Similarly, membrane 
proteins implicated in discharge of  bile would be c irectly inserted into the bile canalicular 
p]asr, a membrane region. These pathways of  inaction would, of  course directly generate 
the unequal distribution of  some components in the plasma membrane. A third route 
restricts the insertion of  plasma membrane components to one plasma membrane region 
and can be regarded in some aspects as a corollary of  secretion. Since Golgi vesicles pre- 
donunantly interact with the blood sinusoidal pl~[sma membrane region, they provide a 
vehicle for the insertion of  glycoconjugates into the plasma membr2ne in a selective c,r 
gloss way [177]. After insertion into the sinusoidal plasma membrane region, some ;ate- 
~t~ies o f  component ~ would become IocaIised arocnd the site of  insertion, wherea~ others 
could move laterally and into the contigdous plasma membrane regions. Autoradiographlcal 
evidence for the insertion of  membrane glycoconjugates into the plasma membrane by 
this pathway has been obtained in liver prelabelled with various radioactive sugars [322, 
4131. The constancy in liver of  secretion in equilibrium with p ~  that internalise 
plasma membrane components (see section IXB), would account for the generation and 
maintenance of  these gradients. Information on the topographical location of  5'-nucleo. 
tidase in hepatocytes illustrates the insertion of  a specific p la~.a  membrane component 
b~ this p~tthway. 5'-Nucleotidase is synthesised mainly by membrane.4~ound ribosome 
[360]. a comnton site for synthesis of  intrinsic membrane proteins in liver [414|  a~d the 
enzyme ltas been shown to be present in Golgi membranes where histochemical evidence 
suggests ~:ranslocation of the active site from the cytoplasmic side in the cisteroal ele- 
ments to the luminal side in secretory vesicles [412]. After insertion into the blood sinus. 
oidal plasma membrane, this ectoenzyme would be in a position to move laterally, thus 
explainint; the lower enzyme levels present at the contiguous plasma membrane region. 

Ho,,~ever, discu.~ons of nl~.'chanisms generating functional domains in liver by invok- 
ing lateral mobility between plasma membrane domains must give due regard to the role 
o f  the tight junctions in segregating the bile canalicular plasma membrane region from the 
remainder of  the plasma membrane, if the tight junction prevents any lateral spillover 
into the bile canalicular plasma membrane of glycoproteins initially inserted into the 
blood sinusoidai aud lateral plasma membrane regions, how can one account for the high 
levels of  g!ycoen~3 .'a,.~es shown to be present in this region by biochemical and histochem. 
ical techniques? An alternative route postulates direct interaction between the Golgi com- 
plex and the canalicular membrane but the evidence is indirect and circumstantial. For 
example, following bile duct ligation there is a large increase in the Golgz apparatus in the 
nonobstructed lobules that compensate to mainlain bile formation [26]. Also, when 
increased bile formation is induced by peffusion of  liver with taurocholate, morphometric 
analysis showed a.. increase in Golgi components and vesicles of  diameter more than 
I000 A of  unknowlt origin in the pericanalicular region [461 | .  On the other hand, it may 
be argued that if some classes of membrane proteins can move through that part of  the plas- 
ma membr~Lne comprising the tight junction (tl~Ix may depend for example on the number 
and proxim~:y to each other of  the sealing strands in the junction), they would then 
become trapped within the bile canalicular region, thus making it the anatomical correlate 



on the hepatocyt0"s surface of Abercrombie's sink colv~opt [416]. Furthcrn~re. many 
plasma membrane ectoenzymes are present in bile (although comprising a minor compt~- 
nent of  the bite proteins [ 113,116,417,4 ! 8,420| ) and thht has led t o Imsdbl¢ mechanisms 
being de~ribed for entry of plasma membrane proteins and lipids to bile influenced by 
membrane flow and/or the abruive action of bile salts [ 114,1 I~,118-120.314.315,418, 
420]. 

The maintenance of polarity in ei.-ithelia, and the cellular interactk~ns upderlymg ti~u¢ 
organisation ale being studied by observing changes in ssirfacf architecture following tis. 
sue diutociati~m, in various epithelia (urinary bladder, ant' kidney and intestinal colunm~ 
cells) extensi:~ redistributlon of  cell surface component.~ occurs after enzymic d i ~ i a .  
lion [415]. [~zyme histochemistry [1691 and biochemistry [382| have .,horn that 5"- 
nucleotidase and ATPase activities are concentrated at ,~'ciflc sites on the surfaoe of 
freshly isolated hepatocytes, thus suggesting that the underlying biogenetic tncclumisn~ 
maintaining polarity, although leu effective, remain operational foliowinlg tissue dit~t~:ia- 
tion [410]. Indeed, the maintenance of surface polarity in isolated hepatocytes, mid the 
proclivity of epithelial cells in general to reform into aggre[gates leading to reformation of 
intercellular junctions [108] suggests that polarity of cell surface organiu~tion is the enJ 
result of  a complex series of intracellular structural and biogenetic events invtdving the 
interaction of  numerous membrane and organellar networks. This probably involves t~r 
example, cytoxkeletag elements [407] and rhe GERLsystem [422-4251 (the GERL sys- 
tem is a specialbed part of the smooth endoplasmic reticulum Iocalised near the Golgi 
apparatus and postulated to be involved in the production of  lysosomes). 

IXB. Turnover 

Liver plasma membrane proteins turnover with a half-life of 41-43  h (detennir.ed using 
Naat4CO3 or {O~tt/no-"Clarginine) 14.,,- -,.o] and these values ~,~re obtained wiUt 
subcellular fractions containing mainly bile.canalicular and lateral plasma mcn~b~n~. 
INawna membrane 8tycoproteins turnover more rapidly ~428,4291, e.g. half.ti~es of 
between 25 and 37 h have been calculated using various sugar precursors, [14Clgluco~- 
amine and [aH]fucose [337,338,348,430]. Some/'ucoproteir~s may turnover m::,re rapidly 
with a half-life of 4 - 6  h [431]. In regenerating lt, er and hepttoma, the half-lives c fglyco- 
proteins [337,338 ! and proteins [3391 of  p i n n a  membranes are ~gnificantly longer. 
probably reflecting a lower degree of  secretory activity and increased cell growth and 
proliferation. Measurements of turnover and 6.,gradaticm of blood sinusoidal plasma 
membranes would be heavily influenced by the tnterplay between exocytouc and endo- 
cytotic p ~ ,  and theae would undermine the as~,mptions inherent in the teclmiques 

for measuring rates of degradation. 
The following routes for interiori~d sinusoidal plasma membrane can be described 

briefly (Fig. 7). in addition to the interaction of i'tteriorised plasma membrane fragments 
with lysosomes followed by the breakdown of the plasma l'nembrane components by 
lysosomal hydrolytic enzymes (~oute D), there is increasing experimental evidence inter- 
preted to suggest that mechanisms are operable t 1at enable the direct return of interior- 
ised membrane to the pla.,~rna membrane without mdergoing degradation within the lyso- 
somal system (route B}. Aithough such 'shuttle mechanisrm" were first postulated to 
occur in macrophages [4 3?] and fibroblasts [433], experimenud evidence for their role in 
explaining turnover of  81) coprotein in i~olated hepatocytes [434| and in hepatoma cells 
~351] and specifically t)f a hepatic binding protein for asialc~ycoproteins [451 ] have 
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Fi~. 7. Dia~amr~attc repre~ntatton of the various po~ble routes of b i o l g e ~ ,  tuznover and interplty 
of the plauTta membxan¢ re~ons of the hepatocyte. A. Route of in~rtion ofslycoproteins from Golsi 
di4.-tyoson~s and ~cretory v~sicles to the blood sinusoid~l plasma membrane re ,on.  Evidenc~ for any 
dixt-ct inte,p:tion of such vt'~/~les with the bile canailcular phmna membrane is circumstantial (?). B. 
Dk¢ct resin: shuttling t'rL~m and to the blood sinusoida. ~ plasma membrane. C. Direct shuttling of vesi- 
cl~x from the blood ~usoidal plasma membrane to the Golgi apparatus. D. Endocytosis of sinusoidal 
p~sma mere brahe vetkle$ and their breakdown after ~teraction with lysosomes. Membrane compo- 
nents are reutilised for membrane synth¢~[." ~.e novo, E. Vesicle- shuttling from blood sinuzoidal to the 
b~te canallculat plasma membrane resion. F. Lateral movement of plasma membrane components in 
the plane of ~e membrane, G. Tranr, location between Golgi ,znd lysosomal compartments. For further 
explanations, see text, 

appeared,  ,4. further  mechanism shown to  operate in secretory epithelia including liver 
features tl~e direct interaction o f  interiorised plasma membrane  components  with Golgi 
dlctyosom(:s (route C) [51,436,437] ,  Vesicles shuttl ing to  and from the plasma mere- 
brahe may also interact with Golgi components  on thzir route,  especially in view o f  the  
apparen;  rol ;  o f  the Golgi apparatus in directing the 5iogeaesis o f  cellular components .  
Finally, an ; .daptation of  such mechanisms for removal and recycling o f  plasma mere- 
brahe coml~ments  may involve translocation o f  ve~cles endocytosed from the blood 
sinusoidel p l t sma vesicles and transported across the hepatocyte ' s  interior to  the bile 
canalicular t~embrane (tout(: E), since this membrane-mediated route could explain the 
tap/d appearance in bile o f  components  for wh/ch there ale receptors at the blood-sinus- 
oidal pla~x~a l,~embrane. 

Recent woL'k on the fate o f  TJolypeptides bound to hepatocyte  surface receptors is now 
b.~-ginning to provide expeO.mental evidence for the intraeellular m u t e  o f  internalised 
polypept ide hormone-receptor  complexe~ and the mew~bran¢ compar tments  involved. For 
example,  f o l l o , ~  the interact ion,  o f  t=Sl.radiolabelled ir.sulin or pro |act in  with the plas- 
ma membrane  ~inu.~3idal and lateral regions [110,409,444] ,  radioacti~ity was detected  by 
a u t o r a ~ p l w  at 10 min in secretory elements of  the Golgi apparatus and lysosome~liP.e 
vacuoles, and at 20 m/n the hormone  was fouad maL~y in the lysmomal  compar tmen t  
[110.111] .  Colmbonzt ive evidence using ~ b c e l l ~ a r  fr, t c t i o ~  has a h o  been obta ined [51, 
4381. Thus, the: general concept  lz emeqOng that  certain pob 'pept lde  hormones  and their  
~ a  membrane  receptors are degraded in specific o ~ e s  inside the cell. This leads 
to  the possibiU'.'y that  insulin, prolacttn and other  lx~ypeptlde hormones  may  produce 
their bi¢4ogical ~:ffects after transfer to  the inside o f  the cells. 



A class of endolytt¢ veaiclez has been identified tltat may be involved in facilitating 
the rapid transport of lmmunoglobulin A from blood to bile without lyso~omal it~v~lve- 
ment. lgA is a nm~r component of bile [462,4631 and autontdiolpaphical [464l and bi~* 
chemical [465] steadies =u81lett that a direct route (~cswretpo~dinlt to E in Fi 8. 7 )may  
account for its rapid trantcellular pammp after receptor blndtn8 at the = i n ~  plasma 
membrane leading to release into bile. This route may also cater for transfer of  other 
blood4mme substances aim found in hll~ concentrations in bile, e4~. insulin [466j. 

Coated vesicles, one of  the candidates for plasma membrane recyclin$, and pxnmes.xing 
a characteristic cor~position and lattice.like coat [43q--44t [, have not been isolated from 
liver, although morphological evidence for their preten~.'e ha.~ been obtained [422.4671. 

X. Condudlns ~nmrks 

Since the preparation and biochemical analysis of liver pla~na membranes were rep~ted 
some 15 yeats at,=o, these membranes have emerged as the loci of an increasing number of 
enzymic and reCel)tor-implicating hepatic functioqs. Liver plasma membrane fractions 
h~ve featured widely in studies directed towards unravellinl; the molecular lesionx under- 
lying diseases of the hepato-biliary system. The prese~lt review emplutsise= the heter~t~e- 
neous nature of the hepatocyte plasma membrane. By focu~=..~e~ ,,,t anatomical and physio- 
logical correlates, subcellular fraction heterogeneity is .~,~solv¢~ by considering the hepato- 
cyte plasrr~ membrane as a functional mosaic constructed ~f three major regior, s or 
domains. Subfractionation techniques that separate plasma t~entbrane fragments ac~-ord- 
ing to an origin from the blood-sinusoidal, contiguo~ts 0ateral) and bile canalicular regions 
are discussed, and info:mation on the chemical an~l ,',~ochew.ical differen..es is presented. 
Althnugh most of the biochemical functionsoccur predominantly at the blood-sinuso~da! 
plasma membrane region, most memb,'ane fractions used originate mainly from a 
restricted region of the pericellular membrane and contain mainly contig~:nus and bile 
canalicular membr=Jnes. It is stressed that methods yielding bi~,,~d sinusoidai plasma mem- 
branes are often t~ore appropriate for use in studies of the e~er.increasing blood-sin~soi- 
t~d plasmna membrane functions listed in Table II. The major intercelludarjunctions pre~nt  
in the contiguous plasma membrane region, viz. desmosomes, tight and gap junctions are 
also considered as an example of further functional specialisation within a gi~en domain. 

The differentiation of the hepatocyte plasma memUrane into three functional dom~tins 
is discussed in the context of biogenetic and degradative processes that c~mstantly synthe- 
sise and maintain these functional differences within the framewo=-k of  a continuous 
membrane. Various mechanisms and routes for the biogenesis of the plasma membrane 
domains are evaluated. A major consideration is the i~tensive metabolic activity confi~ed 
mainly to the plasma membrane's blood-sinusoidal regio,3. Indeed, such is the inten~ty of 
secretory and endocytotic activities ]ocalised at the blood sinusoidai plasma membrane 
that plasma membrane components ~t a given time are located not only at the cell .~ur- 
f~ce, but are also to be found migrating in'.o the ce~l where opportunities for interacting 
with other intraceliular membrane components arise. These interactions between deriva- 
tives of  the sinuso.idal plasma membrane and intraceilular membrane compartments 
make measurements of the turnover and degradation rates of cell surface components 
difficult. The dynamic biogenetic interactions between the surface domains, the nature of 
the transitory region between sinu.~idal a~td contig~=o~s plasma membrane .,~gions 
together with th.; zole of the tight junction5 in segregating the bile canaiicular pl~ma 
membrane from the contiguous membrane are further aspects about whit:h much needs to 
b~ learnt. 
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A final aspect o f  hepatocyte  physiology concerns the control  o f  endocytosis  and 
exocyto~s  and pla~nla membrane  recycling between the various domains  o f  the 
membrane.  Many pol /pept ides  and proteins bind to receptors at the sinusoidal plasma 
membrane  and are ral>idly inter.nrised. Some also are released into bile, and this trans. 
hepatocyte  route,  as examplified by lgA and bile acids, is, o f  course, a componen t  o f  
their entero-hepatic ci:cL:lation. These routes raise intriguing questions at the organ level 
regarding the transporting mechanisms, especially the nature o f  the putative vesicles that  
may migrate transcellutarly between the sinusoidal and canalicular domains,  the identifi- 
cation of  intracellular 'ports o f  call', if any,  the p~opelling mechanisms involved, and the 
recognition mec.hanism:~ controlling trans-cellular movement  and the interaction with the 
appropriate plasma membrane domain interfacing with the bile canaliculi. At the organ- 
ism level, the biological mechanisms that come into operation after parturi t ion for exam- 
ple, leading to suppression of  hepatic secretion o f  ]gA into bile and simultaneously 
redirecting into milk const i tute further  modulat ions of plasma membrane  phys.~oiogy. 
Clearly, when these mec~hanism have been further explored at the level o f  plasma mere.  
brane biochemistry,  our understanding of  hepatic physiology, and epithelial cell function- 
ing in general will have taken a major step forward. 
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