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~IUMMARY 

The axon plasma membrane fraction isolated from garfish olfactory nerve was 
analyzed for its polypeptide composition by sodium dodecyl sulfate-polyacrylamide 
gel electropberasis. There were present over 20 well-resolved polypeptlde components 
in this membrane, and eleven of them, with an apparent molecular weight range of  
22 000-130000, accounted for most of the membrane proteins. None of the major 
polypeptide species present in the membrane appeared to he glycoprotein. Based on 
alectrpphoretic mobility on sodium dodecyl salfate-polyacrylnmide gel, eight of the 
major polypeptldes found in garfish nerve membrane appeared to he also present in 
the axon plasma membrane isolated from lobster walking leg nerve. Both garfish and 
lobster nerve membranes contained high concentration of liplds (66-76 %) which 
were essentially cholesterol and phospholipids. Tile classes of phospbolipide present 
were phosphatldylethanolamine, phosphatidylcholine, phosphatidy!serine, phos- 
phatidylinositol and sphivgomyelin. Lobster nerve membrane also contained about 
3 ~ phosphatidic acid. Assays for acetylcholinesterase in axon plasnm membrane 
fractions isolated from different nerve sources showed a wide variation, ranging from 
a specific activity of 2.4 for garfish nerve to 312.5 for lobster nerve membrane. 

INTRODUCFION 

Since the identification of garfish olfactory (Lepisosteus os,~eus) nerve by 
Easton [I] as an eneellent sour~ of axon plasma membrane several reports have 
appeared on the biochemical [2-81 and physiological 1"9-14] cheracteri'ratiun of axon 
r~embrane ruing this nerve, We have recently reported [15] the isolation of an axon 
plasma membrane fraction from this nerve. This membrane fraction was identified as 
axon plasma membrane from its yield, its (Na + + K  +)-activated ATPase activity and 
its specific interaction with ~H-labelled tetrodotoxin [8]. The membrane was obtained 
in high yield and in sufl%'ient amounts to he useful for detailed biochemical studies of 
excitable membrane and its components. The axon pl~sma membrane is unusually 



rich in lipids, and a detailed study on the composition and characterization of the 
lipids of  this membrane has been made [4, 15], Here we report the results on the 
polypeptide and glycoprotein components of  this membrane, obtaiz~ed by sodium 
dodecyl sul fate-polyaerylamide gel electrophnresis [16]. The polyt~ptide components 
of  another aann excitable membrane preparation isolated from lobster walking leg 
nerve [17] have also been analyzed and are compared with those of  garfish nerve 
membrane. Several major palypeptide components of similar apparent molecular 
weights are present in both membrane preparations. We also report tlu~ phospholipid 
compositions and acetyleholinesterase activities of membrane prepar~tions isolated 
from different nerve sources. 

MATERIA[.3 AND METHODS 

Preparation of avon plasw.a membranes 
The procedures used for the isolation of axon plasma membrane fractions 

from garfish [[ 5] and lobster [17] nerves have been reported previously. In the case of 
garfish nerve it consisted of homogenization of the nerve in 0.25 M su:rose, 5 mM 
"Iris buffer (pH 7A), followed by centrifugation of  the homogenate twice over I. 195 M 
sucrose in a SW 25.1 rotor for 90 rain at 25 0(30 rev./min, and finally zep~-ation of the 
total plasma membrane fraction, obtained as a sharp white band at the interface over 
a di~nt inuons sucrose gradient system. The axon plasma membrane ace,,malatod at 
the interface b~wcen 20 and 39 % sucrose. In the case of lobster nerve, the total 
plasma membrane fraction obtained on centrifugation of uarve homogenate in 0.33 M 
s~erose over 1.195 M sucrose was separated into two membrane fractions by centrJfu- 
gation over a llnear gradient between 0.66 and 1.195 M sucrose. The light membrane 
fraction, wh~Ytt ~llected a: a region corresponding to an apparent det~ity of  1.072 
g/cm ~, was identified as the axon plasma memb;ane, The m~.mbranes u~d  in most of 
these studies were stored frozen at --30 °C for up to 3 ~r, onths in 0.2:$ M sucrose, 
5 mM Tr~s, pH 7.4, until used. No differences in (Na++K+)-activated ATPase 
activity, tetrodotoxin specific binding or in poly~eptide pattern on sodiura dodct~yl 
suJfate-polyaeryiamlde ~1 electrophoresis were rJbservcd whet, the* frozen samples 
were compared with those of non-frozen samples analyzed immediately, 

Chemical and enzymatic analyses 
Protein concentrations were determined by the method ot' Lowry ct at. [18] 

after solubillzation with deoxycholate, using bovine serum albumin as the standard, 
Lipids were extracted by the procedure of Folch et al. [19] and also by the technique 
of Bligh and Dyer [20], Since the lobster nerve was shown not to contain any ganglio- 
sides [21], the extraction procedure of Bligh and Dyer, when applied to membrane 
isolated from this nerve, should not result in any loss of lipid in the water layer, Lipid 
phosphorus was determined by the micro method of Rouser et at, [22] and cholesterol 
by the procedure of Zlatkis et al. [23]. Phosphofipid composition was determined by 
two-dimcosiona[ thin-layer chromatosrnphy followed by phosphorus analysis [22]. 
For carbohydrate determination, the membrane was purified and delipld~ted accord- 
ing to the proceduze of GIossmann and Neville [24]. The dried protein rasldue was 
used for the ~etermination of total hexoses, aminohexoses and sialie acid. Total 
hexose concentration was determined by the anthrone method de-~rlbed by Spiro [25] 
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using D-glucose as a standard. For hexosamine determination, the sample was hydro- 
lysed in 2 M HC~ at 100 °C for 15 h and the hexosamine determined according to the 
method of Gatt and Berman [26] using gaiactosamine hydroelfloride as ~ standard. 
Siaiic acid was determined with thiobarbitutic acid according to the method of 
Aminoff [27] after hydrolysis in 0.1 M HCI at 84 °C for 30 rain. N-Acetylneurar.~inic 
acid was used as the standard. (Ha + + K + )-activated ATP~e activity was determined 
according to the procedure of Wallach and Kamat [28] :~nd was estimated as the 
increase in the rate of ATP hydrolysis which occurred in the presence of both Na + and 
K ÷ over the rate when K + was lacking. The (Na ÷ +K÷).act~vated ATPase was also 
measured under the conditions described by Grefrath and Reynolds [7]. The activity 
is expressed in terr~s of pmol of ATP hydrotysed per h per mg membrane protein. 
Acetylcholinesterase was assayed by the method of EIIman etal. [29] as modified by 
Klingman etal.  [30]. The activity is expressed in terms of #mol of aeetylthiocholine 
hydrolysad per h per mg membrane ~r,~teln. The combined histocheJaical and elec- 
tron microscopic technique for I~'allzation of acetylcholinesterase in the whole nerve 
is descdhed elsewhere [31]. Liv/~ ner':'e samples pro-fixed in glutaraid~:hyda were 
sectioned into thin slices and these were incebatcd in the medium of Koelle and 
Friedenwald [32] containing acetylthiocholine iodide as substrate. After incubation, 
post-fixation, dehydration and embedding as described elsewhere [31], tine sections 
were observed in the electron microscope for the deposition of copper thiacholine, the 
end product of the enzymatic reaction. The binding of tctrodotoxin to the axon 
plasma membrane was determined using 3H-lahelled tetrodotoain by the procedure 
described elsewhere [8]. 

Sodium dodecyl sulfate-polyaerylamide gel electrophoresis 
Polyaerylamide gel eleetrophoresis of axon plasma membrane protein was 

carried out according to the procedure of Fairbanks etal.  [16]. The membrane frac- 
tions for electrophoresls were prepared by solubilising them in a solution (2 mg 
protein/ml) containing I ~o sodium dodecyl sulfate, 0.6 % dithiothreitol, 10 % sucrose, 
1 mM EDTA and 0.01 ~ bromophenol blue in 0.01 M "Iris, pH 8.0, followed by 
heating in a boiling water bath for 15 rain. Approx. 20-40/~g protein (in 10-20/d of 
solution) was used for each gel. In runs where gels were used for glycoprotein stain, 
samples oontaining up to 200/Lg protein were employed. The electrophoresis was 
carried out at a constant current of 4 mA p~r gel for about 2.5 h; the tracking dye, 
bromophenol blue, moved to about 1 cm from the bottom of the gel. By running the 
electrophoresis for shorter period of time it was detefmiacd that none of the polypep- 
tide components of the samples migrated ahead of the hi'omophenol blue dye. Gels 
were stained for protein with Coomassic blue ¢ssentildly according to Fairbanks et ai. 
[16]. For carbohydrate staining the gels were washed first according to Fairbanks et 
al. [16] and then stained with Sehiffreagent after periodic acid oxidation according to 
Korn and Wrigh~ [33]. To cheek the technique of periodic acid-Schiff staining, 
ovalbumin was always used as a marker glycoprotein. 

Molecular weight estimation 
The molecular weights of the polypepfide components of axon plasma mem- 

brane were estimated from the calibration onrve obtained when the relative mobilities 
(relative to bromophcaol blue) of proteins of  kJlown molecular weights, electro- 
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phoresed under the same conditions as those of the membrane proteins, were plotted 
against their logarithms of molecular weights. The protein standards used were 
myoglobin (17 600), chymotrypsinogen (25 700), ovalbumin (43 000), bovine serum 
albumin (68 000) and 3,-globulin (160 000). For eleetrophoresis all protein standards 
were solubilized in the solubilizing medium of Fairbanhe et al. [16|, except ?-81obolin 
which was dissolved in the sohibilizing medium containing no dithiothreitol. A plot of 
the relative mobility vs. the logarithm of molecular weight of the standard proteins 
was found to be linear. 

RESULTS 

Preparation of  axon plasma merabrwte. The discontinuous sucrose density 
gredient eentrifugation procedure developed for the isolation of memhrane fraction 
from garftsh olfactory nerve gives two subfractions of axon plasma m~.,mbrane [15]. 
The minor subfraction (about 25 ~,  by protein) collects just above the in~.rfac¢ 
between 20 and 30% sucrose and the major subtraction (about 75 %, by protein) 
collects at the interface. A similar type of separation pattern was obtained by Cancalon 
and ]~..idler [34] when the same procedure was applied on a smaller scale for the 
isolation of plasma membrane fractions from garfish olfactory nerve, Grefrath and 
Reynolds [7] also obtained two membrane subfractions when a Ficoll-sacrose discon- 
tinuous gradient system [35] was used for the isolation of plasnm membrane from 
this nerve. These membrane subfractions show minor differences in the total lipid to 
protein ratio: however, they have similar phospholipid composition and similar 
phospbolipid to cholesterol molar ratio. They also have similar pnlypeptide patterns 
on sodium dodeeyl sul fate-polyacrylamlde gel ¢lectropboresls [I 5]. The reason for the 
formation of subtractions of axon plasma membrane is not clear. It is possible that 
they are membrane vesicles of different purity and homogeneity, although there are 
probably other explanations such as they being membrane vesicles formed from 
membranes of different regions (either with respect to location [7] or functions of the 
axon fibers. 

In order to see whether possible differences exist along the axon fibers with 
respect to the ratio of the two axon plasma membrane subtractions, olfactory nerve 
from unlformJy sized garfish snouts (about 6 inches long) were obtained and each 
nerve cut into three equal segng, nts. The corresponding segments of each nerve were 
combined and axon plasma membrane fractions were isolated. No qualitative differ- 
ence was seen in the ratio of the two axon plasma membrane subtractions isolated 
from the three segments of the garfish olfactory nerve. 

In electron micrographs it is always found that the light subfraction is more 
homogeneous and free from inter- and intraveslealar non-membranous material than 
the other membrane fraction. Furthermore, the light subtraction has a little higher 
(Na + -kK ÷)-activated ATPase and tetrodmoxin uptake than the major snbfraetJon. 
The results presented in this paper arc obtained on the combined axon plasma mem- 
brane fraction. 

¢lw~nleal eompasltlono Table I gives the chemical composition of axon plasma 
membrane fraction isolated from garfish olfactory nerve, One of the characteristics of 
the garfish olfactory nerve ason plasma membrane is its high concentration of lipide 
(66 ~)  which consist entirely of phaspbolipids (/4 ~)  and cholesterol (26 ~o), Similar 
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TABLE I 

COMPOSITIONAL AND ENZYMATIC PRGPBI~XIES OF AXON PLASMA MEMBILkNE 
FROM GARFISH OLFACTORY NERVE 

Protein (%) 34 
Total lipid (%) 66 

Phospholipids (percent of total lipids) 74 
Cholesterol (Percent of total fipids) 26 

Total hexo~es (/;g/ms protein) i2.6~:0,9" 
l-lex..osan~ne ~ m g  protein) 7.34-1.2 *~ 
Siali¢ acht (eg/mg proteiP) 0.85 :k0.1*** 
Teirod~.'toAii$ b!nding ~raol/mg protein) 

Fresh sample 3.7 
Frozen sampT¢ ~ 3.7 

(Na +-bK+)-ATPa~e (pr ~l ATP/mg protein per h) I 6.8* 
Aeetylcholinesterase (pmol acegylthlocholine/mg protein per h) 2.4 

* v-Glacofa', as standard. 
* t>GalactesamJne as standard. 

~"~ N.Acetyltieuratain/¢ acid as standard, Each v&hte is a mea~ value from six determinations. 
t Estimated according to the procedure describ'ed in ref. 7, 

high concentrations of lipids were also found in the axon!plasma membrane fractions 
isolated from lobsL,'r nerve (76 %) and squid stellar ner~/e (70 %) [36]. Table I also 
gives d~ta on the amount of carbohydrata in the axon plasma membrane protein. The 
membrane ¢~ntains 12,6 and 7,3 pg of total hexose and bexosamine, respectively, per 
mg protein, These 'concentrations are low ~ompared to the amounts of total hexose 
and hexosamine reported for other ~ypes of plasma membranes [24]. Sialio acid, if  
presenh occurs only in traces in this membrane. This low concentration of carbohy- 
drate in the membrane protelr~ is reflected in the low level of periodic aeid-Schiff 
staining of polypeptide bands in sodium dodecyl sdifate-gei eiectropho~sis which is 
described elsewhere. 

Tetrodoloxin binding. SH-laheUed tetrodotoxin binds to the membrane with a 
dissociation constant of 5.5.10 -9 M ar.d a maximal binding of 37 pmol oftetrod0- 
toxin per mg of membrane protein (Table I). This tetrodotoxin binding ability of the 
membrane is not diminished i f  siored frozen as a suspension in 0.25 M sucrose, 5 mM 
Tris, pH 7.4, up to 3 months. 

(Na+q-K+)-ATPace acltvity. The specific activity of (Na÷-~K+)-activated 
ATPase of  the axon plasma membrane e~;tima~ed as the difference in activity in the 
presence and absence of 0.5 n~bl ouabain (s~rophanthin-G) under the co~lditions 
described by Grefrath and Reynolds [7] is 6.8 (Table I) and it is about 70 % of the 
total (Na* + K  + +Mga+)-activate~ ATPase. This value is similar to that e.,timated 
before (4.5-6.7) [15] by the procedure of Wallach and Kamat [28]. A higher ~Na + -k 
K+)-aetivated ATPase activity (25.8, 28.8) was reported for art axon plasma mem- 
brane preparalion from frozen garfish olfactory nerve by Grefrath and Reynolds [7]. 
The reason for this difference is not known. 

Aeetykhollacsterase activity. The axon plasma membrane fraction isolated 
recently from lobster leg nerve [17, 37] bas been shown to Ix,ssess a high cLegree of 
acetylehollnesterase activity. The concentration of this enzyme in the axon plasma 
membrane of garfish olfactory nerve was found to be surpeisingiy low ('fable I). It is 
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less than 1% of that found for h,bster axon plasma membrane. No ~;pecific enrichment 
of the enzyme activity was found in the axon plasma membrane fraction during its 
purification from the nerve hmr, ogenate, The nerve homogenate, when analyzed for 
the enzyme, showed a similar low activity, thus ruling out the po'~sibility that acetyl- 
cholinesterase has been removed during the preparation of the membrane, Inclusion 
of Triton X- 100 (0,1 ~,,,) in the assay medium did not increase the enzyme activity [34]. 
The very low activity of acetylcholincsterase in the garfish olfactory nerve was con- 
firmed by his(ochemieal techniques combined with electron microscopy. In agreement 
with the small amount of the enzyme detected by the biochemical measurements, a 
virtual absence of positlve reaction to acetylcholinesterase activity was observed when 
attempts were made to locate the enzyme histochemieally in the nerve according to 
the procedure of Koelle and Frlcdenwald [32[ (Fi~. I ), The same technique when 
applied to lobster nerve gave a positive reaction (Fig. 2}, as evidenced by the deposi- 
tion of dense granules of copper thiocholine end product, mostly at the interface 
between the axon and the Schwann cell plasma membranes. 

Sodium dodeeyl su(fatevmlyacrylamide aM eleetrophoresi.~ and polypeptide eom- 
pos'ition, The sodium dodccyl sulfate-polyacrylamide gel clcctrophoresis and staining 
procedures of Fairbanks et aL [I 6] were found to yield the best results when applied to 
the analysis of garfish axon plasma membrane proteins. Fig. 3 shows the polypeptide 

Fig, I,  Attempled localization of acclylcholillc~icrase in agon fibers of garfish olfactory nerve, 
Nerve was incubated in Koelle.Fricdonwald medium confining a¢¢tyltbiocbolin¢ nnd copper suffate. 
No acetylcholincsteras¢ a¢liVity is seen. AcetylcholJnc~ter~ i f  pre~nt would be indlcated by the 
formation of dense granules of copper thiocflolin¢ ¢pd product. For positive reaction of this enzyme 
~ec Fig, 2, Ma[~nification / 58 CO0, 
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Fig. 2, Localization of acctyl~:holinesteras~ in lobster walking leg s~ervo~ Nerves were incubate0 in 
Koe)le-Friedenwald medium ¢oatainin~ acetylthiocholin¢ and copper sulfate. E cotton dense granules 
of copper Illiochofln¢ end product arc ';¢¢n ;n the inzcrface betwcer~ agon and Schwann c¢11 plasma 
membranes {arrows), Magnification, × 30090. 

pattern of the garfish nerve axon plasma membrane (G) separate.|, on a 5.6 % poly- 
aerylamide gel containing 1% sodium dodecyl sulfate and stain{ d with Coomassie 
blue, Although about 20 well-resolved polypcptide bands are present, eleven oC them 
(arbitrarily named I-X1) account for more than 90% o" the total polypeptide com- 
ponents. The most predominant component is V and the other componen|s occur in 
nearly equal concentration except I and. II which are present only in relatively small 
concentrations. In addition, about ten minor polypeptide components arc. found in 
garfish axon plasma membrane, anJ these are consistently seen in the preparations. 

Molecular weights of polypeptt~tes. The estimated molecular weights of the 
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F~Z, 3, SaO.iur~ dodecyl sulfate-polyacrylamide f, el electrophor~is of'ar~on plasma m~mbrane~ of 
garfish ojf,~to.~ nerve (G), lobster walkine leg nerve (L) and an equal mixture of gar~h and Iob~tcr 
nerves ((3-~ .). Membrane polypcpt[d¢~ were fcpasated~ into componenle on a 1% indium dodecyl 
sulfate gel of 5.6 % polyaerylamide and s~ained wilh Coomassie bl~ according to the J~'oc.ed ttre of 
F~rbankf. et ul. [16]. The major bands are identified~asbitrasJly I-XL 

major polypeptide species of garfish axon plasma membrane are shown in Table IL 
They fall within the range of the moleenlar weights of the standards (17 500 for 
myoglobin to 160000 for 7-globulin). The predominant spe~es, V, has a molecular 
weight of  53 000. and the other major species range ~n molecular weights from 130 000 
(1) to 22 000 (XI). When considering all the polypeptide species, the molecular weights 
range from 22 000 to over 200 000. Although the range of the molecular weights of  
polypeptide components is comparable to those reported for erythroeytes [38] and 
other plasma membranes [39], the axon plasma membrane cont,.ins very little of high 
molecular weight species. 

Comparison o f  garfish axon pl~ma membrane polypeptldes with those o f  lob,~ter 
axon plasma membrane. Comparative studies on the polypeptide components of axon 
plasma membranes of different specie5 could provid~ information on polypeptldes 
involved in the fonetioning of excitable membrane, The ason plasma membrane 
fraction isolated from lobster nerve recently by Barnol~t et al, [17] wa~ t~refore 
analyzed for its polypeptide pattern by sodium dodecyl sulfate-polyacryl~mide gel 
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TABLE II 

MOLECULA~ WEIGHTS OF MA/OR POLYPEPT/DES OF GARFISH AXON FLASMA 
MEMBRANE, ESTIMATED BY SODIUM DODECYL SULFATE-POLYACRYLAMIDE GEL 
ELECTROPI~ORESIS 
The polypeptides are labelled in Fig. 3. 

Polyl~ptide Molecular weijtht 

I 130 000 # 
II 110 000" 

Ill 78 000" 
IV 57 000 
V 53 000" 

VI 4700O 
VII 42 000" 

Vill 38 000" 
IX 32 000" 
X 26000 

XI 22 000 * 

• Polyl~fide5 of similar apparent muscular weights are also present in lobster nero.." axon 
plasma membrane. 

electrophoresis and compared with those of the garfish nerve membrane. Fig. 3 .~bows 
the electrophomtie patterns of the polypeptides of the lobster r.erve membrane (L) 
and of  a mixture of garfish and lo~:ter nerve membranes (G+L) .  A remarkable 
similarity appears to exist betwecn the polypeptlde components of the two axon 
plasma membranes. Both have neady the same number of  polypeptide subunits, Eight 
major polypeptides with similar appar,:nt molecular weights are found in both merry- 
brahe preparations, although the relative concentrutioas of  these c.~mponents in tF~ 
two membranes are different. In addition, several minor components with similar 
eleetrnphoretic mobilities are also presen! in both membranes. A polypeptide corn- 
ponent in one membrane is considered similar to a component of another one when 
these polypeptlde componen~.s do not split into two bands when a mixture of the 
membranes is electrophoresed, although it should be emphasized that similar electro- 
phoretic mobilities in the gel are not convincing proof for the identity of the poly~p.. 
tides. The IV, Vi  and X polypepfide components found in garfish nerve membrane 
appear to be missing in lobster nerve raembrane, but it contains a major component 
with a molecular weight of about 66 000 not found in gar nerve membrane. 

It is found that in the case of lobster nerve membrane, a considerable amoun~ 
of material does not enter the gel and remains at the origin of the gel as Coomassie 
blue staining maleriai, although under the same coalitions all the garfish nerve m'.m- 
brahe material e n ~ s  the gel. It  should also be noted tlrxt whereas component II of 
gar nerve membrane always appears a,.; a sharp dlscret~ band on sodium dodecyl 
sulfate gel, the band corresponding to II  in the lobster nerve membrane appears broad 
suggesting not only the possible differenee between these two components hut also 
the presence of  more than one molecular :.pecies in component H of lobster nerve 
membrane. 

Glyepproteln o f  axan plgsma rru/m~,rane, The periodic acid-Schiff staining 
procedure of  Kom and Wright [33] gave the best results for detection of glycopro~.~in 
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components after sodium dodceyl sulfate-polyacrylamide gel eiactrophoresis ~ the 
membrane proteins. No background coloration is formed if  the gels are first washed 
according to the procedure of Falrbanks etal .  [16] before the periodic ac~d-Schiff 
staining. As little as 0.2/z:~ total hexose containing g, lycoprotein (10/~g ovalbumin) 
could be detected. For identification of  the polypeptide ~pefies, the gels after periodic 
acid-Schiff stainings were stained lightly with Coomas~;ie blue and comp:~r,',d, None of  
the major polypeptlde species present in fa r  nerve membrane were foun6 to show any 
noticeable periodic acid-Schiff staining when as much ~ 700/~g membrane protein 
was used for the electrophoresis and staining. However, two broad, ,~eak periodic 
ueid-Schiff staining areas were seen in the high molecular weight region of the gel 
where no prominent Coomassle blue staining component was present. In the case of  
lobster nerve membrane a sample containing 50 pg protein showed the presence of a 
periodic acld-Schiff staining band, which appears to correspond to component VII in 
the Coomassie blue stain (molecular weight, 42 000). This component is the most 
prominent component in lobster nerve membrane but is prurient only in relatively 
small concentration in far  nerve membrane. 

Phaspholipid composition. Table III  compares the pho~,pholipid composition of 
axon plasma membranes from different sources. Major phospholipld classes are 
phosphatidylethanolamlne, phosphatldyleholine, phasphatidylserine and sphingo- 
myelin, In the lobster nerve membrane, phosphafidylethanolamine is tht. component 
present in the highest concentration whereas phosphatidyleholine is present in the 
highest concentration in the membranes of garfish [15], squid stellar nerve [36] and 
squid retinal nerve [40]. A relatively high concentration of phosphatldlc acid (3.3 ~ )  
is found in the lobster nerve membrane. A similar phosphatidic acid concentration 
was reported by Sheltawy and Dawson [21 ] in the total lipids of lobster nerve. Anal- 

TABLE ill 

FHOSPHOLIPlD COMPOSITION OF AXON FLAY;MA MEMBRANES ISOLATED FROM 
DIFFERENT SOURCES 
The valttes arc ropro$cntad as per~atage of lotS| tipJd phosphorus, 

Phosphollpld Lobster Squid steSar Garfish Squid 
leg nerve nerve* olfactory nerv¢** retinal narve*** 

Phosphati(|yl- 43,3 34.4 33.6 3Z3 
elhaoolamine 

Phosphstidyl. 25.4 45,9 42.2 39.7 
choline 

PhosphatidylserJne 12,0 10.4 12,0 9.7 
P h o s p h c t ~ J y l J n o s i t o l  3 ,1  - 4 ~  - 

SphingomycSn 12.8 10~, 7.5 3.9 
PhospI'.atidic acid 3.3 I~ - 
Diphosphatidyl- Ir I r  - 

gbc~roI 
Lysophospholipids - - 6,6 

,t Values taken from rcf. 26. 
*e Values taken from re/. 15. 

* * *  Values gakert from ref, 46, 
l r ,  trace, 



yses of  membrane fractions isolated from lobsters collected at different times of the 
year, as well as from lobsters of two different sizes (358 g vs. 1225 g average weight) 
showed no difference in their phospholipld compositions. 

DISCUSSIONS 

The finding of an insignificant amount of acetylchollncsterase activity in the 
garfish axon plasma membrane preparation and in the whole nerve was unexpected 
because of the ubiquitous presence of this cnzymc in nerve tissues in general, the 
detection and preferential location of the enzyme in high concentration in axon 
plasma membrane fraction of lobster nerve [17, 37] and because of the possible role 
of  aeetylchulinestcrase and acetylehullae in the mechanism of nerve impulse conduc- 
tion [41]. However, assays for the enzyme in axon plasma membrane preparations 
isolated from different sources of nerve have f;hown a wide variation. Thus the specific 
activities of acetyleholinesterase of axon plasma membranes from garfish olfactory, 
squid optic, squid stellar and fin, and lobster leg nerves are 2.4, 8.9, 44.9, and 312.5, 
respectively. Such a large variation of enzyme activity does not indicate that acetyl- 
chollnesterase has a specific role in the r~.~che, nism of nerve impulse conduction. The 
amount of  enzyme may, however, be rela~ ed to the extent of axon-glial cell membrane 
interaction that may exist in these nerves. At least in squid stellar nerves there is 
enough evidence to suggest the existence of axon-Schwann cell interaction, medlaled 
by a chollnergic system [42]. In the gerfish olfactory and the squid optic nerves, which 
have the lowest concentration of ~.etylcholi~sterase, the majority of axons do not 
contact the glial cell membrane and the ~xons occur in bundles of several hundreds, 
each bundle surrounded only by a single glial celL 

Compositional studies on axon plasma membranes from several sources now 
indicate that these membranes imve a high content oflipids and that the lipids consist 
assent.~lly of cholesterol and phosphullpJds. The phosphollpids are phosphatidyl- 
ethal~amine, phosphat[dyleholine, phosphatidylserine, phosphatldyiinositul and 
sphlngomyelJn. The axon membrane from lobster nerve also contains about 3 % 
pho~phatJdle acid. The fatty acids associated with these phosphulipids are unusually 
rich in polyunsaturated fatty acids [4,1~, 40]. 

Sodium dodecyl sulfato-polyacrylamide gel electrophoresis of garfish axoo 
plasma membrane protein has yielded eleven major and ten minor polypeptide 
species. This polypeptide pattern is somewhat d~fferent from the pattern reported by 
Grefrath and Reynolds [7] on the axon plasma membrane isolated from frozen garfish 
olfactory nerve. Differences are found in the number, the relative concentration and 
also in the apparent molecular weights of the polypeptide species. This variation may 
be due to the differeuoes in the techniques of  sodium dudecyl sulfate electrophoresis, 
although the differences in the method of isolatior~ of the membrane fractlons from 
the nerve or the condition of the starting nerve tissue (fresh or frozen) may al,,o l~ve 
contributed to the variation in the results. The concentration of sodium dudecyl sul- 
fate used to sohibilize and electrophorese the mem]~rane protein in the procedure of 
Falrbanks et al. [16], which we have used, is I ~ whereas a sodium dodecyl sulfate 
coneentratlort of  0.I % was used by Grefrath and B.eynotds [7] in their studies. It may 
be tl'~lt under these conditions the polypeptide chains were not completely disaggre- 
gated and the electrophoresis resulted in fewer ofpolypeptlde species. The conclusion, 



based on the presence of pcrJodlc acM-Schiff.posit/ve material at the dye fron; in the 
sodium dodeeyl sulfate gels that the a~on plasma membrar.e contains the glycolipid, 
reported earlier [4] in the |it~ds of the ~,/hole nerve, is also at variance with our results, 
This giycolipid is not found in any appreciable concentration in the isolated axon 
plasma membrane fraction, although it is found in the whole nerve lipide. The strong 
periodic acid-ScMff positiveness found at the dye front of the gel Seems due not to the 
giycolipld but to the piasmalogens (which liberate aldehydes under acid conditions) 
which are present in high concentration in the pllasphatidy~:banolamiue fraction of 
the iipids of this membrane [4]. 

The concentration of giycoprotelns present in the ga~:sh axon plasma mum. 
brane is low, as indicated by estimation of carbohydrates in membrane protein, as 
well as by periodic acid.Schiffstaining of the polypeptide species separated on sodium 
dodecyl sulfate gel. It is significant that only traces of slalie acid could he detected. On 
sodium dodecyl sulfate gel two faint broad periodic ucid-Schiff-poJitive areas in the 
high molecular weight region of the gel could he scan when as mtzch as 200/~g protein- 
containing membrane was used for electrophore~is. However, these bands do not 
correspond to any major polypeptide species stained by Coomassie blue. Glycopro- 
t elns are widely distributed, even though as minor component;, in biological mum. 
braues and have been considered to play several important blologlcal roles [43] such 
as in regulation of cell growth, antigenle~ty, cellular recognition, and cell adhesion. A 
relative low concentration of giycoprotelns in the axon plasma m-.mbraue of garfish 
olfactory nerve is compatible with these postulated roks of giycoi~roteins, since only a 
limited cell-to-cell or merebrane-twmembrunc ir, teraction is likely to exist in these 
nerves between axons and gii~l cells. 

The apparent similarity in polype~ide components between the garfish ~nd 
lobster a~on plasma membranes if remacJ'.able. Based on electtopborctic mobility on 
sodium ~decyl sulfate-polyacrylamide gel, eight of the eleven ra~jor plus several 
minor poiypeptides found in garfish mcn~brane ~ppear to he prer, ent also in the 
Iolnter membrane, There are, however, d~ff~ranses in relative concentrations among 
the individual polypeptJdes of the two pz~arations. It may be ~lgnificant that the 
predominant pnlypeptide component V of garfish membrane is also present in 
relatively eq~al concentration in lobster. The quantitative differences among the 
other polypeptide components may he duc to the functional differences of the mem- 
branes in the two species, or may he due to :.he differenc4~ in the technlq~Je of Isolatlon 
of the two axon membrane preparations. !~ eny case, the close similarity between the 
polypcptide componen~ of axon plasma membrane of distantly feinted species 
suggests that each of these apparently similar* polyprptides may play an ,;sscntlal role 
tn the structure and function of excitable membrane. This type of slmila:ity in mem- 
brmte polypeptide components has been :6~ported for erytbrneyte membranes of 
different species [44]. 

Because of the spacializad function of axon plasm~ membrane, a relatively 
small number of polypeptide componant~ Ir~lght be expected in this membrane. It is 
likely that several of these polypeptide spe¢it:s found on sodium dodccyl sulfate gel 
electtophoresis exist together as a functionally viable unit in the membrane, The 
identification and characterizntion of these polypap41de components with mpact  to 
their function would require the isolation of f't~nctionally viable entities such as tetro- 
dotoxin binding compunents, and their subsequent a~alysis. Specific modif~ttion of 
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the  membrane components followed by chemical and  functional analyses o f  the 
membrane could also be expected to provide information on the functional role o f  no t  
only the polypeptide components but  also phospholipicL~, Experiments along these 
lines are in progress in our  laboratory. 
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