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SUMMARY 

Plasma membranes  were isola ted from bovine o l fac tory  epi the l ium by differen- 
t ia l  and  sucrose dens i ty  grad ien t  centr i fugat ion.  Assays of mi tochondr ia l  and  micro- 
somal  enzymes ind ica ted  tha t  very l i t t le  con tamina t ion  of these s t ruc tures  was present  
in the i sola ted  p l a sma  membrane  fract ion.  Elec t ron  microscopic examina t ion  of the  
fraction showed tha t  the fract ion is coinposed of membrane  profiles essent ia l ly  un- 
con t amina t ed  by o ther  cellular components .  The ac t i v i t y  of (Na ~ - -  K+)-ATPase of 
the isola ted membrane  was much lower than  tha t  of the  nerve melnbrane.  

The chemical  composi t ion of the isola ted membrane  was de termined.  I t  was 
found tha t  the  membrane  is charac te r ized  by  a high content  of lipid, especial ly  
phosphol ipid .  The major  components  of phosphol ip ids  were phosphat idylchol ine .  
phos t )ha t idyte thanolamine ,  and  sphingomyel in .  

INTROI)UCTION 

in i t i a l  in terac t ion  of odorous  molecules wi th  the o l fac tory  organ occurs on the 
surface of the ep i the l ium of the organ. Since o l fac tory  receptor  ceils of ve r tebra tes  are 
c i l ia ted 1, the ini t ial  in terac t ion  is most  l ikely to occur on the cilia. However,  it was 
insis ted tha t  cilia m a y  not  function in o l fac tory  recept ion at  all, on tile basis of the  
observa t ion  tha t  neural  responses to odorous molecules recovered even af ter  o l fac tory  
cilia had  been removed  by  de tergents  ̀>. 

I)?,VIES a proposed a theory  tha t  a t e m p o r a r y  "punc tu r ing"  of the o l fac tory  
receptor  cell membrane  by  adsorp t ion  of odorous molecules induces o l fac tory  s t imula-  
t ion.  Regardless  of whe ther  one admi t s  thei r  punc tu r ing  theory  or not,  it seems to be 
reasonable  to th ink  tha t  the  receptor  cell membrane  is the most  probable  site a t  which 
the ini t ia l  process of o l fac tory  recept ion occurs. 

\Vhile tas te  recep tor  cells of ver tebra tes  are d i s t r ibu ted  sporad ica l ly  on the 
surface of the  tongue,  the o l fac tory  receptor  cells which are the  te rmina l  swellings of 
the  o l fac tory  nerves are densely  localized toge ther  with the  suppor t ing  cells in olfac- 
t o ry  et)i thelium ~. In the present  s tudy ,  p lasma membranes  were isolated from bovine 
o l fac tory  epi the l ium and  some of the  ctieinical proper t ies  of the membrane  were 
examined.  Recent  successful s tudies  * ~ on the isolation of t)lasma membranes  of 
an imal  cells encouraged us to s t a r t  the  present  s tudy.  
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PLASMA MEMBRANES FROM OLFACTORY EPITHELIUM 43 

EXPERIMENTAL 

Isolation of plasma membrane 
The o l fac tory  t issues were ob ta ined  from cows as soon as possible af ter  t hey  

were ki l led and  b rough t  to the  l abo ra to ry  under  cooling at  o °. The o l fac tory  epi the-  
l ium, which is a t ender  surface layer  res t ing on the ra the r  ha rd  basement  membrane ,  
was shaved  off gen t ly  wi th  a spa tu l a  from the p igmen ted  area  of the  o l fac tory  t issues 8. 
A b o u t  I I  g (wet wt.) of the  epi the l ium including mucus  were collected from t w e n t y  
cows and used for an exper iment .  

The  collected ep i the l ium was washed twice with o.3 M sucrose solut ion con- 
t a in ing  I mM CaC12 by  cent r i fuga t ion  at  6ooo x g for 15 rain and  homogenized with a 
P o t t e r  homogenizer  wi th  four s t rokes  of a loose Teflon pestle.  The homogena te  was 
d i lu ted  IOO t imes  the  wet wt.  of the  ep i the l ium wi th  homogenizing med ium according 
to the  me thod  of RAY 9. The d i lu ted  homogena te  was centr i fuged at  7oo x g for 12 
min. The pellet  was homogenized in the  same med ium using two gent le  strokes.  The 
suspension was d i lu ted  to half  the  previous  volume and centr i fuged at  7oo :< g for 
12 min. The combined  s u p e r n a t a n t  from the  first and  second spins at  700 ~< g were 
centr i fuged again at  7oo × g for 12 min and the scan ty  pel le t  was discarded.  The 
supe rna t an t  was cent r i fuged at  7ooo "~< g for 15 rain. The  resu l t ingpe l l e t  was washed 
twice, and  resuspended  in a small  w~lume of the  homogenizing med ium by  gent le  
homogenizat ion.  

The  ob ta ined  suspension was careful ly  layered  on a sucrose g rad ien t  with s teps  
37, 35 and 23 % (w/w), and  it was centr i fuged at  25ooo rev . /min  for 2 h in a RSP  
25 A ro tor  in a Hi tach i  55P-2 ul t racentr i fuge.  The brownish-whi te  ma te r i a l  at  the  
interface between 23 and  35 % sucrose solut ion was collected by  centr i fugat ion.  
The pel let  was resuspended in a small  volume of I mM CaC12 solut ion and then mixed  
with 65 % sucrose solut ion so t ha t  the  final concent ra t ion  of sucrose was 43 %. This 
suspension was p ipe t t ed  into a centr i fuge tube.  Over  this  suspension the following 
five different  concent ra t ions  of sucrose solut ions were careful ly  l ayered  in order :  37, 
35, 33, 3o and 28 °o. This was cent r i fuged at  25 ooo rev . /min  for 2 h in a RSP  25 A 
ro tor  in Hi tach i  55P-2 ul t racentr i fuge.  All the  above  opera t ions  were carr ied out  at  2 °. 

Isolation of mitochondrial and microsomal fractions 
The o l fac tory  epi the l ium was homogenized in o.3 M sucrose solut ion with a 

Teflon homogenizer  using six s trokes,  and  centr i fuged a t  9oo × g for io  min. The 
s u p e r n a t a n t  was centr i fuged at  8ooo ~'< g for 2o min. The  suspension of the  pel let  in a 
small  volume of o. 3 M sucrose solut ion was f r ac t iona ted  b y  d iscont inuous  sucrose 
g rad ien t  cen t r i fuga t ion  (from o.8 to 1.6 M), and  the fract ion at  the  interface between 
the 1.2 and 1. 4 M sucrose solut ion was used as the  mi tochondr ia l  fract ion because it 
had  the  highest  cy tochrome c oxidase ac t iv i tv .  

The supe rna t an t  from the above  cent r i fugat ion  (8ooo × g for 2o rain) was 
centr i fuged at  3oooo >~ g for 3 ° min. The pel let  was d iscarded  and the microsomal  
fract ion was ob ta ined  as the  pel let  b y  cent r i fugat ion  of this  supe rna t an t  at  15oooo 

g for 6o rain. 

El t z v l l l e  a s s a y s  

The ac t i v i t y  of ( N a + +  K+)-ATPase  was measured  as a marke r  of p lasma  

[~iochim. Biophys.  Acla, 241 (197r) 42-48 
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inenlbrane  according to the  method  of NAKAO el al. TM and the ac t i v i t y  of Mg 2-- 
ATPase  was also measured  1°. Contamina t ion  by  microsome and mi tochondr ia  was 
moni to red  t)v the act iv i t ies  of the following enzymes as markers :  microsomes by  
N A D H - c y t o c h r o m e  c reductasO 1, mi tochondr ia  1) 3, cv tochrome c oxidasO 2 and 
monoamine  ox idasC a. 

Chemical delerminatious 

Protein  was nleasured according to the method  of LOWRy et al. ~ with bovine 
sermn albuinin as s tandard .  

I . ipids of the p lasma  melnbrane,  immed ia t e ly  af te r  isolat ion,  were ex t r ac t ed  
with chlorofornl-naethai lol  (2: I, v/v) and  the ex t rac t s  were washed according t ,  
FOLCH et al. 15. The analysis  of l ipids was carr ied out  by  th in- laver  ch romatography .  
The plates  were p repared  with silica gel G (Merek-Darmstad)  and developed with 
c h l o r o f o r m - m e t h a n o l - w a t e r  (7o: 3o: 5, by vol.). Ind iv idua l  l ipids were identif ied by 
s imul taneous  c h r o m a t o g r a p h y  with s t a n d a r d  l ipids purchased from Tokyo Kasei ('o. 
The reagent  of DITTMER ANI) Lvs'r~;.Id ~ for phospholi t) ids and the an throne  reagent  r 
for glycol ipids  were used as aids in this  identif icat ion.  

For  the quan t i t a t i ve  analyses  of the indiv idual  lipid, the spots  of l ipids on the 
silica gel plates  were visual ized by  exposure  to I,, vapour.  Cholesterol was e lu ted  with 
chloroform methanol  (2 : I, v/v)  from the plates  and phosphol ip ids  were e lu ted  with 
the same solvents  as were used for common phosphol ip ids  17. The amount  of choles- 
terol was measured  by the modified method  of GLICK el al. is. Phosphorus  of phos- 
phol ipid  was e s t ima ted  by  the method  of BARTLETT 19 and the a inount  of phosphol ip id  
was ca lcula ted  by  nml t ip ly ing  the P value by 25. 

ElecJron microscop3' 
A prepara t ion  of the isola ted p lasma membrane  was fixed with 1% Os() 4 in 

o . I4  M ve rona l - ace t a t e  buffer a t  pH 7.4 and embedded  in methacry la te .  The ul t ra-  
thin sections were s ta ined  with uranvl  ace ta te  followed by  lead c i t ra te  and  examined  
in a Hi tach i  HS-7 electron microscope. 

RI~S['LTS AND I)ISCUSSION 

\ \ ' hen  tile bovine o l fac tory  epi t lmlium was homogenized gent ly  in a Teflon 
homogenizer  with a loose pestle, most  of the  a c t i v i t y  of (Na + + Ke)-ATPase,  which 
is a marke r  enzyme of the p lasnla  membrane ,  was flmnd in the  mi tochondr ia l  fract ion 
which sed imented  at  70o0 ~< g for 15 rain. This fract ion was f rac t iona ted  fur ther  into 
four subfract ions  (A-D) t) 3" d iscont inuous  sucrose g rad ien t  cent r i fugat ion  as described 
raider EXPI;A{I~IENTAL. As seen from Table  I, the  highest  ac t iv i ty  of (Na ~ + K+) - 
ATPase  was found in Subfrac t ion  B, while the  highest  ac t iv i ty  of cy toehrome c 
oxidase,  which is a marke r  enzyme of mi tochondr ia ,  was found in Subfract ion C. 

Subfrae t ion  13 was f rac t iona ted  fur ther  into five fract ions (B-I-B-V) by dis- 
cont inuous  sucrose g rad ien t  centr i fugat ion.  The act ivi t ies  of the marker  enzymes in 
these fract ions are presented  in Table  i.  The highest  a c t i v i t y  of (Na ~ +- K+)-ATPase 
was found in Subfract ion B - I I  which exh ib i t ed  low ac t iv i ty  of cy tochrome c oxidase.  
This resul t  suggested tha t  the subfrac t ion  B- I I  is a p lasma membrane  fract ion con- 
t a m i n a t e d  very  l i t t le  b y  mi toehondr ia .  Al though re la t ive ly  high ac t iv i ty  of (Na + 

tHochi~n, lHophys. Acta, 24t (I071) 42 4S 
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-~ K+)-ATPase was also found in Subfraction B-III, this fraction was not as pure as a 
plasma membrane fraction because contamination by mitochondria was much 
greater. The relatively high activity of Mg2+-ATPase in Subfractions B-IV and B-V 
seems to be derived from the higher content of mitochondria in these fractions. 

In order to assess the degree of contamination of mitochondria and microsomes 
in Subfraetion B-I I, the activities of their marker enzymes in the fraction were con> 
pared with those of the mitochondria and microsomes isolated from the bovine ol- 
factory epithelium. As seen from Table II, it is obvious that the degree of contamina- 
tion of mitochondria and microsomes in Subfraction B-II is very small. The activity 
of (Na + + K+)-ATPase in Subfraction B-II showed an approx. 5o-fold increase, when 
compared with that in the whole homogenate of the olfactory epithelium. While the 
nerve plasma membrane possesses very high (Na + + K+)-ATPase activity, the 
(Na + 4- K+)-ATPase specific activity of the bovine olfactory plasma nlembrane 

"I'A BLt' ;  1 

E N Z Y M E  A C T I V T r I E S  I N  T H E  F R A C T I O N S  S E P A R A T E D  F R O M  T H E  H O M O G E N A T E  OF B O V I N E  O L F A C T O R Y  

E P I T H E L I U M  BY D I S C O N T I N U O U S  S U C R O S E  G R A D I E N T  C E N T R I F U G A T I O N  

5;ubfracliom~ Sucrose co**c~l, lotwles Pi released/rag proteD~ per h Cylochrome c o,vida.~c 
(%) . . . .  (,L4 units per mg 

(Na* ~ K*)- 3lg2+-ATPase protein per rain)* 
.4 YPase 

\Vho le  
h o m o g e n a t c  
: \  

B 
C 
1) 

B-I 
B- I [  
B - 1 I I  
B- IV 
B-V 

o.16 t . i  7 0.483 
o--23 o.71 2.59 0.492 

23-35  2.14 4.40 0.527 
35 -37  1.I7 6 . 2 3  2.270 
,<,edinlen t 0.55 2.4i  o .37 t  

28 -30  1.8i 3.64 o.128 
,3 ° 3,3 7.48 4.27 o.141 
33-35  5-39 4.84 0 . 4 2 6  

35 37 3.38 5.99 o.527 
37 43 1.57 6.o6 o.633 

" I .4 u n i t  is d e f i n e d  as t h e  a m o u n t  o f  e n z y m e  c a t a l y z i n g  all i n c r e a s e  or  d e c r e a s e  of Lo o  
- s ' r  t~l'~ ~0 p e r  rain in t h e  a b s o r b a n c e  o f  t h e  suO. t a ~ " ,- . 

T A t 3 L I ¢  II 

C O M P A R I S O N  O F  T H E  R E S P E C T I V E  M A R K E R  E N Z Y M E  A C T I V I T I E S  O F  M I T O C H O N D R I A  A N D  M I C R O S O M E  

I N  T H E  P L A S M A  M E M B R A N E  F R A C T I O N  ( g - I I )  1,VITH T H O S E  I N  M I T O C H O N D R I A L  A N D  M I C R O S O M A L  

F R A C T I O N  F R O M  T H E  O L F A C T O R Y  E P I T H E L I U M  

Fraclio, ~JA units per mg protein per rain* 

Cylochrome c ,llonoamine 
oxidase oxidase 

NA DH-cylochrome c 
dehydroge~ ase 

Plasnaa  n l e i n b r a n e  f r a c t i o n  (B- I  I) 
l '~Iitochondrial f r a c t i o n  
M i c r o s o m a l  f r a c t i o n  

o.141 0.004 0.63 
to. 4 o.218 - -  
__ _ 8.46 

* U n i t s  de f ined  as  in T a b l e  I. 

Biochim. Biophys. Acta, 241 ( i971)  4 2 - 4 8  
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(B-1I) was roughly  one order  of magn i tude  lower than  tha t  of the  squid nerve p lasma 
membrane  21. 

Fig. I is an electron micrograph  of Subfrac t ion  B- I I  which shows tha t  the 
fract ion is composed essent ia l ly  of membrane  profiles, a l though somet imes a small  
amoun t  of e lectron-dense mater ia l s  which are difficult to iden t i fy  is seen. 

I:i~. I. E l e c t r o n  m i c r o g r ~ p h  of Inelnl~ranc f r~c t ion  (B-I [), w h i c h  on  ~mcount of the. e n z y m i c  <l~ta 
i n a v  coil t&in n l ( i s t ly  pl~rslna incnlbr~mcs .  5Ia~ni l ic t t t i t ;n  < 2.5 ooo. 

l?iochin~ l~iophvs..Iota, _,41 (I~,71) 42 4"; 
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T.kBLE 11 [ 
CI~[E3IICAL C O M P O S I T I O N  O F  T H E  P L A S M A  M E M B R A N E  F R O M  T H E  O L F A C T O R ' V  E P I T H E L I U M  

1)ata are expressed in percentages on a weight basis. 

Plasma membram. [Vhoh, homoge~ah' Plasma i~l#~1~zbra~lt , t°/as1~la illcnlbram 
from the olfactory f rom the oljactory (Fraction2 1) * from from rat lib.'or ",-° 
epithelium cpithdiztm the first stellar 

~wrves of the sqHid 
(Dosidicus gigas) 7 

Non-lipid material 4o-t 77.8 29. 5 ()o. 2 
Total lipids 59.6 22.- 7o.5" * 39.8 

\Vt. ",, of total lipids ioo ioo lOO 1oo 

C h o l e s t e r o l  [ / ) .  4 6 . o  a S .  I t 9 . o  

(;lycolipids Traces Traces 5.6 
Phospholipids 76.8 72 . ~ 46.8 55-4 

Phosphatidyl- 
ethanolamine t8.7 2o. t [6. ~ 1o.2 

l)hosphatidylcholine 34.8 3o. 8 21.5 t9.3 
Sphingomyelin [ I. 7 t I. [ 4.7 9.8 

• Vraction [ is considered to be the axolemma fraction. 
** According to FISCHER et al. 21, total lipids account for 45.4 % of the plasma membrane 

trom the retinal axon of the squid. 

Table  I I I  shows tile chemical  composi t ion  of the  isola ted p lasma  membrane  
(B-II)  and  the whole homogena te  of the  o l fac tory  epi thel ium.  For  comparison,  the  
chelnical  composi t ion of the p l a sma  membrane  from the first s te l lar  nerves of the 
squ id  7 and t ha t  of r a tq ive r  p lasma  membrane  2° is presented  in the  table.  The conten t  
of to ta l  l ipids in the  isolated p lasma  membrane  is 59.6 % and this percentage  of to ta l  
l ipids  is fa i r ly  high, compared  with  the  l ip id  content  in the  ra t  l iver p lasma  membrane  
(30.8 %) or t ha t  in red cell membrane  22 (22 31%) ,  a l though the l ipid content  in the 
isola ted p lasma  membrane  is a l i t t le  lower than  t ha t  in the  squid nerve p lasma  mem- 
brane:  which is one of the  membranes  having  the higest  l ipid conten t  among p lasma 
membranes  isola ted from animal  sources. Of the  to ta l  l ipids in the  isola ted p lasma  
membrane ,  phosphol ip ids  account  for an ex t r eme ly  high percentage,  t ha t  is, the 
con ten t  of phosphol ip ids  exceeds 76.8 °o of the  to ta l  lipids, while the cholesterol  
con ten t  is only  ~o.4 % of the to ta l  lipids. The phosphol ip ids  consist  ma in ly  of phos- 
pha t idylchol ine ,  phospha t idy le thano lan6ne  and sphingomyel in ,  and phospha t idy l -  
choline accounts  for 34.8 % of to ta l  lipids. The l ipid composi t ion  of the  isola ted p lasma  
membrane  resembles tha t  of the  whole homogenate  of the  o l fac tory  epi the l ium in a 
general  profile, a l though the p lasma  membrane  of the  o l fac tory  epi the l ium has a much 
higher  l ipid content .  Whi le  glycol ipids  in ra the r  high amount s  were found in the  bra in  
white  m a t t e r  or myel in  2a, only  t races  of glycol ipids  were found in the whole homo- 
genate  of o l fac tory  epi the l ium as well as in the p l a sma  membrane  of the epi thel ium.  

An a t t e m p t  was made  by  K o c h  2~ to isolate the  concen t ra t ed  p lasma  membrane  
fract ion from the whole homogena te  of the sep tum and tu rb ina t e  t issues in r abb i t  
o l fac tory  area. In  the present  s tudy ,  only  pa r t  of the  o l fac tory  epi the l ium which 
consists ma in ly  of the  recep tor  cells and suppor t ing  cells s were used for isolat ion of 
the  lnembrane  fract ion conta in ing  p la sma  membrane  of the  receptor  cells in the  highest  

Biochim. I3iophys. Acta, 24t (t97 l) 42 48 
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p o s s i b l e  c o n t e n t .  A n  a t t e m p t  t o  s e p a r a t e  d i f f e r e n t  t y p e s  of  p l a s m a  m e m b r a n e s  f r o m  

t h e  o l f a c t o r y  e p i t h e l i u m  d i d  n o t  s u c c e e d  in  t h e  p r e s e n t  s t u d y ,  p r o b a b l y  b e c a u s e  t h e  

d e n s i t y  of  t h e  r e c e p t o r  cell  m e m b r a n e  is n o t  so d i f f e r e n t  f r o m  t h a t  of  t h e  s u p p o r t i n g  

cel l  m e m b r a n e .  

I t  is s a i d  t h a t  o d o r o u s  m o l e c u l e s  a r e  l i po id  s o l u b l e  25. T h e  f i n d i n g  t h a t  t h e  p h o s -  

p h o l i p i d  c o n t e n t  w a s  v e r y  h i g h  in  t h e  p l a s m a  m e m b r a n e  of  t h e  o l f a c t o r y  e p i t h e l i u m  

m a y  s u g g e s t  t h a t  t h e  i n t e r a c t i o n  of  o d o r o u s  m o l e c u l e s  w i t h  p h o s p h o l i p i d  in t h e  m e m -  

b r a n e  p l a y s  a n  i m p o r t a n t  ro le  in t h e  p r i m a r y  p r o c e s s  o f  o l f a c t o r y  r e c e p t i o n .  
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