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dearmdatmn. Methylat[]n may act pri- 
marily as a backup mechamam to allow 
cells to reprogram their receptors in cases 
of excessive deam~daUon. It  m only when 
cells are exposed to dramaUc mcreases • 
attractant concentrat[]n that methyla- 
uon becomes rate lmmmg Under  these 
conchtmns swnnmmg m perturbed untd 
the methylatmg enzyme has had suffi- 
cient time to introduce a new receptor 
program. 

Cundmiun 
When bactena rmgrate m chemical 

grachents they are adaptmg to thetr enw- 
roument and every component of the 
chemotaxm system in some way serves an 
adaptive functmn Receptor methylation 
probably does not prowde the adaptive 
mechanism by which cells compare their 
munediate past vath the present to sense 
temporal changes, nor is ~t enttrely 
responsible for maintaining an optunal 
steady state balance between runs and 
tumbles. MethylaUon does, however, 
appear to provide an unportant 
mechamsm by which receptor sensitivi- 
ues can be tuned to a particular enwron- 
mental setting 

i 

Ta'2dng Point 
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Plasma membrane cholesterol 
pools 

Gerrit van  Meer 

Cholesterol is an amptnpatlnc hpid 
molecule In I~gher eukaryotes tt occurs 
as a major component of cellular mem- 
branes I and of hpoprotelns, in winch 
most of  it ms present estenfied to long 
chain fatty actds. Besides Rs function m 
membrane structure and m hpld trans- 
port m the Clreulauon, cholesterol serves 
as the precursor for bile acids and steroid 
hormones In human pathophysmology 
cholesterol ~s best known for the correla- 
tion that exists between ingh plasma 
cholesterol levels and atherosclerosm2 
The v~gorous search for the structure and 
b[]synthesls of cholesterol and its fate • 
the human body has, [] the past 25 years, 
been honoured with several Nobel 
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prizes, to Konrad Bloch in 1964 and to 
Michael Brown and Joseph Goldstem m 
1985. However, despite the vast amount 
of hterature on cholesterol, there is still a 
severe d~ference of opmion on such a 
basic ~ssue as the locatmn of th~s choles- 
terol [] the mammahan cell Whale 
experimental ewdence assigns 85-90% 
of the cholesterol to the plasma mem- 
brane, model calculauons suggest that 
th~ cannot be true and that [] fact most 
of the cholesterol IS present [] the mem- 
branes of intracellular organelles 

Cholesterol is known as a typmcal 
plasma membrane hpld. The r a t •  of  
cholesterol to the other plasma mem- 
brane hpmds, phospholiplds and glyco- 
sphmgohplds, is about II 7-0 8 (tool/ 
moO, whde • mtracellular membranes ~t 
may be as low as 0 1-0 2 (Refs 3 and 4) 
The mechamsm by wluch tins ennch- 

m e n t [ ]  the plasma membrane is estab- 
hshed and mamtamed ~s far from clear 
The vanatlon [] cholesterol content may 
be unexpected m view of the general 
assumpoon that cholesterol rapidly 
eqmhbrates between membranes by 
monomenc exchange through the aque- 
ous phase However, the spontaneous 
exchange of cholesterol between mem- 
branes is [] fact slow (tm/2 > 2 h, see for 
example Ref 5) compared to the vesicu- 
lar transport m the cell s Experimental 
data 7-9 • d e e d  suggest that newly synthe- 
sazed cholesterol m transported to the 
plasma membrane by vesicles rather 
than by exchange 

It would seem that the p~cture of the 
orgamzaUon of cholesterol m the cell 
is hereby complete However, indden 
• the hterature hes the •consistency 
already ment[]ned, winch senously 
quesuons the vahdmty of the mchwdual 
approaches Although there ms agree- 
ment about the ratio of cholesterol to the 
other hplds [] the plasma membrane 
bemg 4- to 8-fold higher than that of the 
• tracel lular  membranes, the various 
data • the hterature have lughly d~fer- 
ent tmphcaUons for the fracUon of the 
total cellular cholesterol that ms smtuated 
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in the plasma membrane. On the one 
hand there is the evadence from expen- 
ments • which the amount of plasma 
membrane cholesterol was established 
by either the accessthdtty to the enzyme 
cholesteroloxzdase or by comparison 
of the composmon of tsolated plasma 
membranes with that of • tact  cells 
These approaches 7-10 led to the conclu- 
ston that the plasma membrane con- 
tamed the bulk of the total cellular 
cholesterol (80-05%) On the other 
hand, calculatmns combmmg the pub- 
hshed hp~d co•positrons of the various 
mtracellular organelles3,4,13 with morpho- 
metric measarementsn,~2,t4 suggest that 
less than 40% of the total cholesterol ~s 
situated m the plasma membrane Let us 
look • t o  these calculations m a httle 
more detad 

In the rat hver cells, which had also 
been st•bed with cholesteroloxtdase 10, 
the molar rauo of cholesterol to phos- 
phohp~d was determined to be 0 76 for 
the plasma membrane and 0 12 for the 
ER plus the outer rmtochondnal mem- 
brane 3 WRh a surface area of 37 A.2 for a 
cholesterol molecule and 65 A 2 for a 
phosphohpld molecule I, cholesterol 
occupied 30% of the surface area of the 
plasma membrane and 6% of the ER 
plus the outer rmtochondnal membrane. 
The surface areas of these membranes 
were determmed to be 8% and 59% of 
the total cellular membranes, respec- 
ttvely n Thus the plasma membrane 
cholesterol covered a fraction of 30/100 
× 8% of the total cellular membrane sur- 
face area, versus 6/100 x 59% for the ER 
plus outer mltochondnal membrane 
cholesterol, a ratio of 40 to 60. If one 
would include the Golgl complex, endo- 
somes and ly~omes  m the calculatmn 
this would almost certamly reduce the 
fraction of the total cellular cholesterol 
present in the plasma membrane below 
4O% 

A smular calculatmn for BI-IK cells, 
from the hp]d composmons of the 
plasma membrane and the ER and then" 
surface areas, suggests that ma.xanally 
24% of the total cholesterol is present m 
the plasma membrane of these cells The 
molar ratios of cholesterol to phos- 
phohpld were 0.63 and 0.25 for the 
plasma membrane and the ER, respec- 
tively 4, while thetr surface areas were 
3400 ttm2 and 22 170 ttm2 per cell (Ref 
12) 

These low values for the fractmn of the 
cholesterol that is present • the plasma 
membrane are supported by an •depen- 
dent calculatmn for yet another cell type, 
the eplthehal MDCK cells In this calcu- 
lation the amount of cholesterol per cell 

ts simply compared to the surface area of 
the plasma membrane. The surface area 
of the two plasma membrane bllayer 
leaflets was 2464 [.nl'l 2 per MDCK strata 
II cell (Ref. 14, smular results are 
obtained for a different MDCK c~ll lme, 
stram I [Refs 13, 14]). MDCK II cells 
contamed 6 x 109 cholesterol molecules 
per cellt3. With a surface area of 37 ~tk2 
per cholesterol moleculel, the total 
cholesterol of a particular MDCK cell 
covers a surface area of 2220 tun2 If90% 
of this cholesterol would be sttuated m 
the plasma me•bane, ~t would occupy 
81% of the plasma membrane surface 
area, resultmg m a molar cholesterol to 
phosphohpld ratzo for the plasma mem- 
brane of 7 5 This is qmte unreahsUc 
Clearly, far less than 90% of the cellular 
cholesterol can be present m the plasma 
membrane ff this membrane m to have a 
cholesterol to phosphohl~d ratio of 
around 0 8, a value generally found m 
plasma membranes I In fact, ff one 
assumes that the latter value represents 
the actual molar rat[] of cholesterol to 
phosphohpld plus glycohpld m the 
MDCK plasma membrane, cholesterol 
would cover 31% of the plasma mem- 
brane A calculatmo shows that, [] that 
case, only 34% of the total cellular 
cholesterol is located in the plasma mem- 
brane. The presence of membrane pro- 
terns would reduce flus number even 
further 

The questmn whether almost all (80- 
95%) or less than half (2 ~, A.O%) of the 
cellular cholesterol is located in the 
plasma membrane is of obvious stgndi- 
cance for the mterpretatmn of results 
concerning the uptake and transport 

pathwa3~ of cholesterol and the regula- 
t[]n oftts metabohsm m the cell. The dis- 
crepancy wdl have to be resolved m 
order to evaluate the various approaches 
used and to provide a rehable set of tools 
with which to study the dJsposmon and 
dynamic properttes of cellular choles- 
terol It should be stressed that two more 
aspects of the organization of cholesterol 
m cellular membranes, its transbdayer 
chstributton and transbllayer transloca- 
tmn rate, are still subject to controversy. 

References 
I Derael, R A and de Krmjff, B (1976) 

Bmchlm Btophys Acta457,109-132 
2 Brown, M S and Goldsteln, J L (1983) 

Annu Rev Bmchem. 52, 223-261 
3 Colbean, A,  Nachbanr, J and Vlgnats, P M 

(1971) Btochun BaTphys Acta 249, 462-492 
4 Renkonen, O, Gab•berg, C G, Sanons, K 

and Italia•men, L (1972) Baxhwa Btophys 
Acta 255, 66-78 

5 Mclean, L R and Phdhps, M C (1981) 
Bwchenustry 20, 2893--2900 

6 Mellman, 1 (1984) m Lysosomes m Bto/o~ 
and Pathology (Dmgle, J T ,  Dean, R T and 
Sly, W, eds), lye 201-229, Elsevier 

7 DeGrella, R F and Sanom, R D (1982)] 
Blol Otem 257, 14256-14262 

8 Kaplan, M R andSimom, R D (1985)$ Cell 
Biol 101,446-453 

9 Lange, Y and Steck, T L (1985) $ Bwl 
Chem 260,15592-15597 

l0 Lange, Y and Ramos, B V (1983)./ Bto/ 
Chem 258, 15130--15134 

11 Bloum, A ,Bolender, R P andWmbeI, E R 
(1977) $ Cell Bzol 72,441-455 

12 Gnffiths, G, Warren, G, Qman, P, Mathteu- 
CosteUo, O and Hoppeler, H (1984) J Cell 
Biol 98,2133-2141 

13 Hanssan, G C, Stmons, K and van Meer, G 
(1986) EMBOJ 5,483-489 

14 yon Bonsdorff, C-H, Fuller, S D and SImons, 
K (1985) EMBOJ 4, 2781-2792 

Help neededl 
At the request of the Internat,onal Un,on of B,ochem,stry I am prepar, ng a small 
exhibition for the International Congress in Prague next July on the history and 
development of the IUB. The exhibitmn may also form part of the IUB archwes. 
Histor0cal facts are important, easy to obta,n and, on their own, very dull. Making 
an interesting exhibition needs human touches. 
I need urgently: 
(1) Any photographs (of yourself or others, in formal or informal sett[]gs) 

taken at any IUB Symposium, Workshop or International Congress of 
Biochemistry from Cambridge 1949 to Amsterdam 1985. 

(2) Any memorabil,a associated with these occasions e.g. first or second an- 
nouncements of meetings, booking forms, receipts, ,nv,tat,ons to social 
events, conference or symposm programmes, souvenirs (spec,al publica- 
tions, shoulder bags etc.), first volumes of IUB publ,cat,ons 

Time is short so, ,f you have any of these things and ere willing to loan them, 
please send them to me as quickly as possible 

Dr Liz Evans, Department of Biochemistry and Molecular Biology, 
University of Manchester, Stopford Building, Oxford Road, 
Manchester M13 9PT, UK 

Any materials subm,tted will be treated w,th great care, copied and returned 
promptly 


