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Summary. Different membrane preparations of the fragmented sarcoplasmic reticulum 
(FSR) were examined by means of the electron microscope 1. after freeze-drying, 2. after 
partial dehydration and 3. after standard dehydration and embedding. Prior to these compara- 
tive preparational procedures the isolated membranes were either left in their native state 
or incubated with tIg-phenyl azoferritin or delipidated by digestion with phospholipase A 
and washing with albumin. 

The freeze-drying technique yielded satisfactory results only when fixation was carried 
out with OsO 4 vapour after accomplishing the drying. Even then, good preservation of the 
vesicular and membrane structure could--if at all--only be obtained in the very surface 
area of the pellet droplets, maximally up to a depth of 2-3 Ezra. 

The average vesicle diameter of freeze-dried sarcoplasmic membranes measures slightly 
less than that of chemically dehydrated membranes, particularly clearly demonstrated in 
delipidated preparations. The membrane structure itself, however, is thicker in freeze-dried 
than in chemically dried material. A peculiarity of freeze-dried untreated and Ierritin incu- 
bated membranes is that the usually light inner layer of the unit membrane is comparatively 
darker than in the corresponding chemically dehydrated preparations and than in all delipi- 
dated preparations, thus giving rise to a more compact membrane appearance of these freeze- 
dried FSR vesicles. 

While in sections of ferritin decorated, chemically dehydrated preparations the ferritin 
particles are arranged like a chain of pearls outside around the membrane, the ferritin 
particles are located in freeze-dried material immediately on the outer dense line of the 
vesicular membrane. 

Introduction 

Numerous  substances  are pa r t i a l l y  or comple te ly  ex t r ac t ed  from biological  
ma te r i a l  dur ing  rou t ine  f ixat ion,  d e h y d r a t i o n  and  embedding  procedure  for 
e lect ron microscopy.  This holds pa r t i cu l a r ly  t rue  for wate r  soluble components  
such as sugars  as well as for subs tances  soluble in alcohol or acetone such as 
l ipids (Stein and  Stein,  1971). According  to  Ste in  and  Ste in  (1971) phosphol ip ids  
however  can be nea r ly  comple te ly  r e t a ined  when the  t issue is pa r t i a l l y  d e h y d r a t e d  
(Stein, Scow and  Stein,  1970). Ano the r  me thod  for preserving water ,  acetone or 
alcohol soluble components  for e lect ron microscopic  examina t ion  would be the  
f reeze-drying technique  used b y  St i r l ing and  K i n t e r  (i967) and  improved  b y  
E c k e r t  (1969). 

The in ten t ion  of this  inves t iga t ion  was to f ind out,  whether  (by using the  
techniques  of f reeze-drying and  subsequent  embedding)  the  ex t rac t ion  of l ipids 
f rom biological  membranes  can be avoided  or reduced  when the  chemical  dehydra -  
t ion  th rough  a g raded  series of acetones or alcohols is rep laced  b y  dry ing  in high 
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vacuum.  We were interested to see, whether and  what  k ind of morphological 
differences in  the membrane  s t ructure  might  be found after the preparat ions 
have been freeze-dried, par t ia l ly  dehydrated and  rbut ine ly  embedded. These 
modifications should give rise to different degrees of lipid extract ion.  

We studied isolated sarcoplasmic membranes  (FSR) of r abb i t  skeletal muscle, 
which have been widely examined by  means of the electron microscope in a 
number  of investigations,  using s tandard  embedding as well as negative s taining 
and freeze etching techniques (Agostini and  Drabikowski,  1969; Agostini and  
Hassclbach, 1971a, 1971b, 1973; Deamer and Baskin, 1969; Hasselbach and  
Elfvin,  1967 ; Ikemoto  et al., 1968). After t rea t ing the isolated membranes  different- 
ly before either freeze-drying or part ial  dehydra t ion  or rout ine embedding the 
result ing structures were compared. I t  was no t  possible, however, to examine 
the lipid extract ion from the membrane  mater ial  dur ing fixation, dehydra t ion  
and  embedding by  radioact ivi ty  measurements ,  because small amounts  of the 
membrane  mater ial  are cont inously lost dur ing each step of the preparat ion 

procedure. 

Materials and Methods 

Fragmented Sarcoplasmic Reticulum 
FSR vesicles were obtained from skeletal muscles of adult rabbits essentially according 

to Hasselbach and Makinose (1963). 

Treatment ol F S R  Vesicles prior to Electron Microscopic Preparation 
The following membrane preparations were used for comparative freeze-drying, partial 

dehydration and standard embedding procedure: 
1. Untreated FSR vesicles. 
2. Hg-phenylazo/erritin Decorated Sarcoplasmic Membranes. The Hg-phenyl azoferritin 

was obtained according to Hasselbach and Elfvin (1967) with small modification as described 
by Lengsfeld and Hasselbach (1971). 

The incubation of the membranes with Hg-phenylazoferritin was carried out according to 
Hasselbach and Elfvin (1967). 

3. Delipidated FSR Vesicles. Sarcoplasmic membranes were delipidated essentially ac- 
cording to Fiehn and Hasselbach (1970) by digestion with phospholipase A and subsequent 
washing with albumin. 1 mg phospholipase A/100 mg membrane protein was added to a 
solution of 0.1 M KC1, 0.02 M Tris, pH 8.5, 5 mM CaC12 . The membrane-phospholipase mix- 
ture was stirred for 2 hours at room temperature. Then 4% albumin was added and after 
stirring for another 10 15 rain the membranes were centrifuged for 40 min at 30000 • g 
(Sorvall Type SS-1, highest speed). Subsequently the membranes were washed 1) either a 
second time with 1-2% albumin in 0.1 ~ KC1, centrifugation 30 min at 30000 • g, or 2) 
twice with 0.1 M ammonium acetate, pSI 7.2, centrifugations 1 hour resp. 30 rain at 30000 • g, 
or 3) twice with 0.1 M KC1/0.02 M Tris, centrifugations 1 hour resp. 30 rain at 30000 • g. 

Electron Microscopy 
Freeze-Drying. For freeze-drying the membrane vesicles, originally suspended in 0.1 M 

KCI were washed either once or twice with distilled water or twice with 0.1 M ammonium 
acetate, pH 7.2 (centrifugations 30-45 rain at 30000 • g, Sorvall, Type SS-1, highest speed) 
in order to avoid KCt crystals in the freeze-dried embedded membrane material. Similarly, 
the Hg-phenylazoferritin incubated membranes after the third washing with 0.1 M KC1/0.05 M 
K2HPO,, were washed either twice with distilled water or twice with 0.1 M ammonium 
acetate, centrifugations once 15 rain at 4600 • g, once 30 min at 30000 • g (Sorvall). All 
procedures were performed at 2-4 ~ C. 
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Freeze-drying and subsequent embedding of the FSI% vesicles were carried out  according 
to Eckert  (1969), some modifications were introduced. Prior to deep-freezing the  sarcoplasmic 
membranes were spun down to obtain loose pellets. By dipping the tips of th in  glass needles 
or capillaries into the pellet material,  small droplet-shaped samples of a diameter of 1/2-1 m m  
were prepared, which, together with the glass needles were carried over into tubes with 
liquid propane of --180~ C for rapid deep-freezing. Copper wire as applied by  Eckert  for 
tissue blocks could not  be used, since the pellet material did not  stick to it. The test  tubes 
were then a t tached to a freeze-drying apparatus  constructed as described by  Eckert. Two 
samples could be dried a t  once. The preparations were dried a t  10-4-10 -~ Torr and at  --80 ~ C. 
I t  proved necessary to dry the material  for 6-7 days a t  this low temperature.  Then the 
temperature  was slowly raised to --40 ~ C, a t  which temperature  the  preparat ion was kept  
for 15-24 hours. Subsequently the temperature  was raised to room temperature  over a period 
of about  4 hours. 

Fixat ion was carried out  with osmium tetroxide vapour for 2-21/2 hours a t  room tempera- 
ture. In  modification of Eckert 's  description, the  ampoules containing the OsO 4 crystals were 
pu t  directly into the test  tubes containing the dried FSI~ vesicles, to shorten the diffusion 
distance of OsO~. For this procedure the tube with the  dried membranes had to be removed 
from the vacuum apparatus  for a short  moment,  bu t  immediately after fixing the OsO 4 
containing ampoule i t  was again evacuated to 10-2-10 -a Torr and left under  vacuum for 
the fixation period. This short  interruption of vacuum apparently did not  effect the dried 
membrane material. After fixation the OsO~ containing ampoule was removed during another 
quick interruption of vacuum, and subsequently the excess OsO 4 was sublimed into the 
cold trap at I0-a-I0 -5 Torr for 30-60 rain. 

For embedding the dried and fixed membrane material, partly still adhering to tile 
glass needles as droplets, partly broken apart into smaller pieces, was quickly carried over 
into flat dishes containing Epon 812. After allowing the Epon to suck the dried material for 
2-3 days, polymerization took place at 60 ~ C for 48 hours. 

In these experiments we did not only use sarcoplasmic membrane material un/ixed 
before freezing and drying. For comparison we also used FSR vesicles /ixed prior to 
freeze-drying, either with an Os/Cr mixture, containing 2 % OsO 4 and 2 % K2Cr2OT, pH 7.2 
(untreated sarcoplasmic membranes), or with 3% glutaraldehyde (GA) in SSrensen phos- 
phate buffer, pH 7.2, and postfixed with the above Os/Cr mixture (Hg-phenyl azoferritin 
incubated membranes). Before deep-freezing the fixed membranes were washed several times 
with distilled water. The freeze-drying and embedding procedure was accomplished as 
described above. 

Partial Dehydration. Part ial  dehydrat ion and embedding in Epon were carried out  
sesentially according to Stein, Scow and Stein (1970). The untrea ted  FSR vesicles suspended 
in 0.02 M Tris/0.1 M KC1 were fixed for 45 rain in 5% GA in S6rensen phosphate buffer, 
pH 7.2, washed overnight  with  buffer and postfixed in two changes of the above described 
Os/Cr mixture (Wohlfahrt-Bottermann, 1957) for 15 min each. After washing with tyrode 
for I hour the membrane material was stained in block for 45 min with i % phosphotungtic 
acid (PTA) and 0.5% uranyl acetate in 70% ethanol (Wohlfahrt-Bottermann 1957). The 
subsequent procedure followed Stein et al. (1970). 

In the same way fixation and embedding were carried out with the I-Ig-phenyl azoferritin 
incubated sarcoplasmic membranes after they had been washed three times with 0.I M KCI/ 
0.05 M I~a2HP04, and with delipidated vesicles after they had been washed twice with 
0.i Ivl KCl/0.02 M Tris. 

Routine Fixation and Embedding. The untrea ted  sarcoplasmic membranes suspended 
either in 0.1 M KC1 or in 0.1 M ammonium acetate, and the  delipidated vesicles suspended 
either in 1% albumin containing 0.1 iV[ KCl or in 0.1 M ammonium acetate, pH 7.2, or in 
0.1 M KC1/0.02 M Tris, were fixed with the Os/Cr mixture for 30~i5 min, while the Hg-phenyl 
azoferritin incubated membranes were fixed with 3% GA in SSrensen phosphate buffer, 
pH 7.2, and postfixed with the Os/Cr solution. Dehydrat ion was carried out  in a graded 
series of acetones, with 1% FTA and 0.5% uranyl acetate in the 70% acetone for block 
staining. Epon was used as embedding medium. 

Sections were cut with glass knives on an  LKB Ultrotome III ,  LKB Productors Stock- 
holm, and poststained with lead citrate (Venable and Coggeshall 1965) or double-stained with 

9 7Kis~ochemistry, Vol. 40 
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uranyl acetate and lead citrate. Electron micrographs were taken with a Siemens EM 101, 
equipped with an anticontamination device, using a double condenser illumination and 
operating at 80 kV. 

Results 

Freeze-dried Membrane Material 
The structure of the sarcoplasmic vesicles was well preserved only in areas, 

which were located in the very narrow surface zone of the freeze-dried droplet- 
shaped pellet material. The thickness of this well preserved layer did not exceed 
a few tim. I t  was therefore important  to choose for sectioning only the surface 
zone of the dried membrane droplets. Luckily, even when these were broken apart  
prior to or during embedding, the original surface site could be distinguished in the 
polymerized flat Epon blocks by its rounded smooth appearance, when examined 
under a stereo microscope. 

Satisfactory results were obtained only when the membrane material was 
]irst /reeze-dried and subsequently/ixed with OsO a vapour, but not when/ixation 
took place prior to deep-/reezing and drying. In  the latter case---no micrographs 
are included--the sarcoplasmic membrane vesicles, largely sticking together, have 
been nearly completely disrupted during the freeze-drying procedure. Instead of 
closed vesicles nearly only open membrane fragments are discernable. However, 
some of these show a distinct trilamellar appearance with a width of 90-110/~, 
the inner light layer being remarkably lighter then the electron dense outer lines. 
In addition, five-iamellar membrane structures with a thickness of 150-180 A 
can be observed, probably originating from adjacent membrane vesicles, whose 
membranes have intimately stuck together. 

Plate I shows thin sections of sarcoplasmic membrane material after freeze- 
drying and subsequent fixation with OsO 4 vapour. Membrane preparations 
pretreated in different ways did not give equally good results by the freeze- 
drying technique. Cross sections of the surface layer of the pellet droplets of 
untreated (Fig. 1), Hg-phenylazoferritin incubated (Fig. 2), and delipidated 
sarcoplasmic membranes (Fig. 3) are presented for comparison in the same scale, 
at low (a) and higher (b) magnification. 

The best results with untreated FSR membranes were obtained, when the 
vesicle preparation was washed with distilled water before deep-freezing (Fig. 1). 
Washing with ammonium acetate did not improve structural preservation, though 
the results were quite satisfactory, too. The vesicular and membrane structure 
is well preserved up to a distance of 2-3 ~m from the surface of the pellet droplets 
(Fig. 1). Open vesicles are comp~rati~cely seldom in the outer layer of 1-11/2 [~m, 
but their frequency increases with the distance from the surface. Corresponding 
to the higher frequency of disruptered vesicles towards the inside of the pellet 
droplets, the vesicles show a progressing tendency to clot together. Sometimes 
they are forming strands of membrane material separated by areas of membrane 
free embedding medium, the individual vesicles then not being ruptured to the 
same extent, as seen in Fig. la, upper part. 

When the untreated membrane preparation was washed with ammonium 
acetate before freeze-drying, more open vesicles were observed in the very outer 



Figs. 1--3. Cross sections through the surface area of freeze-dried pellet droplets of isolated 
sarcoplasmic membranes ]?retreated in different ways: Fig. 1 native FSR vesicles, Fig. 2 Hg- 
phenyl azoferritin incubated preparation, Fig. 3 delipidated membranes. Good preservation 
of the vesicular and membrane structure took place only in the very surface zone of the 
pellet droplets, at  the highest to a depth of 2-3 ~ (Fig. la).  Fixation with OsO 4 vapour; 

a 29760:1, b 83700:1 
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layer of the droplets, and sticking together and disrupturing of the vesicles 
occurred more often, while the membrane structure itself was well preserved. 

Fcrritin labelled membrane preparations displayed good structural preservation 
after freeze-drying only, when washed with ammonium acetate before deep- 
freezing (Fig. 2a). The well preserved surface layer of the pellet droplets was 
normally only about 11/2-2 ~zm thick, in  deeper layers of the pellet, agglutination 
and disrupturing occurred more often than in untreated membrane vesicles. 

Acceptable results of delipidated sarcoplasmie membranes were obtained, when 
the preparations were washed either with ammonium acetate or with 0.1 M 
KCI/0.02 M Tris; the latter proved more satisfactory. However, in comparison 
with freeze-dried untreated and Hg-phenylazoferritin labelled membrane prepara- 
tions, the yield of well preserved structures of freeze-dried delipidated sarco- 
plasmie membrane preparations was quite low. As shown in Fig. 3a the vesicular 
and membrane structure of the delipidated FSR material is fairly well preserved 
only till a depth of about 1/2 ~zm. Further inside the droplet, even at  a distance 
of only 1-2 ~zm, the pellet material is disruptured extensively. Good structural 
preservation of the delipidated membranes until a depth of 1-il/2 ~m from the 
droplet surface could be found only occasionally. 

As to the size of the vesicles of the different preparations, the diameter of 
untreated and ferritin incubated FSR vesicles usually ranges from 0.06-0.2 ,am, 
the ferritin vesicles being slightly smaller than the untreated ones. The delipidated 
membrane vesicles are extremely small, having an average diameter of only 
0.02-0.04 ~m (compare (Figs. 1 b-3  b). 

Untreated Sarcoplasmic Membrane Preparations 
Sections comparing native sarcoplasmic membrane preparations after freeze- 

drying (a and b), partial dehydration (c) and standard embedding procedure (d) 
are presented in figure 4 (a, c and d same magnification). The vesicle diameter 
of native FSR membranes ranges normally from 0.06-0.4 ~m ; the average vesicle 
diameter, however, is slightly smaller in freeze-dried than in partially or standardly 
dehydrated material (see Table 1). The membrane thickness, on the contrary, 
seems to be enlarged when chemical dehydration is abbreviated (partiM dehydra- 
tion) or avoided (freeze-drying), as seen in Table 1. 

A remarkable peculiarity of the freeze-dried membranes is the relatively 
electron dense inner layer of the trilamellar unit membrane (in comparison with 
partially dehydrated and routinely embedded material). Though the outer dense 
lines are clearly more electron opaque than the grayish middle layer, the freeze- 
dried membranes thus display a more compact appearance (Fig. 4a and b), which 

Fig. 4a--d. Sectioned pellet material of untreated FSR membranes after freeze-drying and 
subsequent fixation with OsO 4 vapour (a and b), after partial dehydration (e) and after 
standard dehydration (d). The vesicular diameter of the freeze-dried membranes is slightly 
smaller than in the chemically dehydrated preparations, while the membrane structure itself 
is thicker after freeze-drying. Note the grayish middle layer of freeze-dried membranes 
(a and b), which is comparatively darker than in partially (c) and routinely (d) dehydrated 

membranes, a,, c, d 180000:1, h 300000:1 
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Table 1. Average vesicle diameter and membrane thickness of the different membrane 
preparations after freeze-drying (FD), partial dehydration (PD) and standard embedding (SE) 

Average vesicle Membrane 
diameter thickness 
(~) (A) 

I. Native FSP~ preparations 
1. after freeze-drying 0.07-0.2 
2. after partial dehydration 0.1 -0.25 
3. after standard embedding 0.1 -0.25 

II. Ferritin labelled sarcoplasmie membranes 
1. after freeze-drying 0.06-0.11 
2. after partial dehydration 0.1 -0.25 
3. after standard embedding 0.08-0.2 

III .  Delipidated sarcoplasmic membranes 
1. after freeze-drying 
2. after partial dehydration 
3. after routine embedding 

75-90 
65-75 
57-65 

65-80 
55-65 
50-55 

0.02-0.035 65-80 
0.04-0.06 60-70 
0.04-0.06 55-65 

definitely differs f rom the  distinct and very  contrastful  dark-l ight-dark triple- 
layer aspect of the part ial ly dehydra ted  and routinely embedded F S R  membranes 
(Fig. 4c  and 4d). 

Hg-phenylazo/erritin Incubated Membrane Preparations 

Fig. 5 shows Hg-phenylazoferr i t in  incubated FSI~ vesicle preparat ions after 
freeze-drying and subsequent f ixation with OsOa vapour  (a and b), after partial 
dehydra t ion  (c) and after routine embedding procedure (d) (a, c, d same mag- 
nification). 

As observed in nat ive membrane  preparat ions freeze-dried ferritin decorated 
F S R  preparat ions are characterized by  a slightly smaller vesicular diameter  and 
a larger membrane  width than  the corresponding chemically dehydra ted  ones 
(compare Table 1). 

Similar as in the nat ive F S R  preparat ions the middle layer of freeze-dried 
ferritin decorated membranes  (Fig. 5a, b) is comparat ively darker t han  in the 
chemically dehydra ted  ones (Fig. 5 c, d). 

Concerning the ferritin binding to the membranes,  a difference can be observed 
between the freeze-dried and chemically dried material.  While in the sectioned 
part ial ly dehydra ted  (Fig. 5 c) and s tandardly  embedded FSI~ preparat ions (Fig. 5d) 

Fig. 5a--d. Hg-phenylazoferritin incubated membrane preparations, after freeze-drying and 
subsequent fixation with OsO 4 vapour (a and b), after partial dehydration (e) and after routine 
dehydration and embedding (d). Note the difference in ferritin binding: While in sections 
of chemically dehydrated FSR preparations the ferritin particles are arranged like a chain 
of pearls outside around the membranes (e and d), they are located in freeze-dried material 
immediately on the outer dense line of the membrane, thus partly overlapping the membrane 

itself (a and b, arrows), a, c, d 180000:1, b 300000:1 
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the ferritin particles are arranged like a chain of pearls outside around the 
membranes, the ferritin particles are located in the sectioned freeze-dried material 
directly on the outer dense line of the membrane structure itself, thus par t ly  
overlapping the membrane itself (Fig. 5a  and b, arrows). 

Ddipidated Sarcoplasmie Membranes 
Comparative sections of phospholipase A digested sarcoplasmic membrane 

preparations are shown in Fig. 6 after freeze-drying (a and b), after partial 
dehydration (c) and after standard embedding (d) (a, c, d same magnification). 

Delipidated FSR preparations consist mostly of closed vesicles, but open 
membrane fragments (Fig. 6, arrows) are more frequently found than in native 
isolated sarcoplasmic membranes. As already reported by Agostini and Itassel- 
bach (1971a, 1973), the vesicle size of delipidated membranes is considerably 
smaller than in native preparations (compare Fig. 6c and d with Figs. 4 and 5). 
However, compared to these, the vesicular diameter of freeze-dried phospholipase 
A digested membranes is further diminished measuring mostly only 0.02-0.035 [zm 
(compare Fig. 6a, c, d and Table 1). The freeze-dried vesicles have often more 
or less completely collapsed, thus giving rise to five-lamellar membrane structures 
(Fig. 6 a and b, double arrows). 

As in native and in ferritin labelled FSR preparations the membrane width 
of freeze-dried delipidated membranes is larger than  in chemically dehydrated 
delipidated preparations (see Table 1). 

When compared to freeze-dried untreated and ferritin decorated membranes, 
the middle layer of the freeze-dried delipidated membranes is markedly lighter 
than the outer electron opaque layers, thus giving rise to the contrastful dark- 
light-dark three layered appearance usually observed in chemically dehydrated 
membranes. 

Discussion 

The freeze-drying of isolated sarcoplasmic membranes yields satisfactory results 
only when fixation was carried out with OsO 4 vapour after the drying procedure, 
but not when fixation took place before deep-freezing. Furthermore, the vesicular 
and membrane structure of the FSR preparations was well preserved only in the 
very surface layer of the pellet droplets, maximally up to a depth of 2-3 [zm. 
Further inside the droplets the vesicles were highly disruptured; the degree of 
disrupture increased with the distance from the surface. 

When compared to Eckert ' s  (1969) good structural preservation of freeze- 
dried tissues, our experiments with pellet material thus proved to be less successful. 

Fig. 6s--d. Sectioned pc]let materia] of Fhostvhot~pase A digested FSR, after freeze-drying and 
subsequent fixation with OsO 4 v~pour (a and b), after partia[ dehydrat~o~ (e) and after 
standard dehydrgtion (d). The vesicle diameter of delipidated membranes being considerably 
smaller than m native FSR preparations (comp. c and d to 4c and d), is especially tiny 
after freeze-drying (a and b). Arrows: open membrane fragments; double arrows in a and b: 
collapsed vesicles giving rise to five-lamellar membrane structures, a, c, d 180000:1, 

b 300000:1 
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Apparently the application of the freeze-drying technique to pellet material is 
more difficult than for tissues. 

However, it is questionable, whether the high degree of disrupture in deeper 
layers of the freeze-dried pellet droplets is caused by the freeze-drying procedure 
itself or whether these damages are not more likely introduced in a later stage of 
the fixation and/or embedding procedure. The following observations seem to 
indicate, that  the disruptures are probably not primarily due to the freeze- 
drying procedure itself. When lyophilized FSI{ vesicles, which show a collapsed 
aspect after fixation with OsO 4 vapour and subsequent embedding, are resus- 
pended in 0.1 M KC1, they regain their usual vesicular appearance, so that  
sectioned pellets of fresh and resuspended lyophilized preparations hardly show 
any differences (unpublished data). Similar results were reported by Sreter, 
Ikemoto and Gergely (1970) with negatively stained fresh and reconstituted 
lyophilized FSR preparations. 

The average diameter of freeze-dried membrane vesicles measures altogether 
slightly less than the average vesicle diameter of the corresponding FSR prepara- 
tions after partial dehydration and routine embedding. This is most clearly de- 
monstrated by the freeze-dried delipidated membrane preparations, whose vesicles 
are extremely tiny. Apparently the drying in high vacuum has caused shrinkage 
of the vesicle diameter by the removal of water out of the vesicular membranes, 
while during chemical dehydration, on the contrary, the exchange of water against 
acetone or ethanol largely preserves the original vesicle size. 

Four facts indicate that  less lipids are removed from the sarcoplasmic mem- 
branes when the preparations are freeze-dried: 1. The membrane structure of 
freeze-dried untreated and ferritin decorated FSI~ preparations is markedly thicker 
than in routinely embedded material. 2. In freeze-dried native and ferritin 
decorated sareoplasmic membranes the middle layer of the trilamellar unit mem- 
brane is comparatively darker than in the corresponding routinely embedded 
preparations. 3. These structural differences between freeze-dried and chemically 
dried preparations are much less pronounced, when the membranes have been 
enzymatieally delipidated. 4. The thickness of partially dehydrated membranes 
is in between that  of freeze-dried and routinely embedded material. 

The latter finding implies that  partial dehydration does not only considerably 
reduce the extraction of neutral lipids from the tissues, as reported by Stein and 
Stein (1971) and Stein et al. (1970), but that  it also improves the retention of 
phospholipids and neutral lipids in isolated sareoplasmie membranes. 

However, a direct proof of these conclusions would require tracing of lipid 
extraction with radioactive labelled lipids. But it is difficult to apply this method 
to pelleted membranes, since small amounts of the material are normally lost 
in each step of the fixation, washing, dehydration and embedding procedure, 
so that  radioactivity measured in the discarded solutions would not only originate 
from extracted lipids, but  from lost membrane material as well. 

Our results seem to be at variance with those of Cope and Williams (1969a, 
1969b), who found the lowest loss of two labelled glyeerophosphatides from rat  
liver after fixation with OsO4 and subsequent dehydration in ethanols and 
embedding in Araldite, while all other procedure, including [reeze-drying and 
freeze substitution, led to rather extensive loss of labelled phospholipid. However, 
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these authors did not perform any fixation of the freeze-dried tissue and used 
only glutarMdehyde fixation for the freeze-substituted material before embedding; 
moreover, they used methacrylate for embedding, a medium which is known 
to dissolve lipids (Cope and Williams, 1968). 

Concerning the chemical structure of the membrane itself, i.e. the distribution 
of lipids and proteins in the membrane, the following facts indicate a location of 
the lipids mainly in the middle layer of the membrane, while the proteins or at 
least those parts of the protein molecules which stain with OsQ,  are arranged 
preferentially in the outside layers of the membrane structure: 1. The--probably 
partially lipid extracted--chemicMly dehydrated native and ferritin labelled sarco- 
plasmie membranes as well as the enzymatically delipidated membranes after 
freeze-drying as well as after routine embedding show a distinct light inner 
layer of the unit membrane, thus displaying the usual dark-light-dark triple 
layered membrane aspect. 2. In comparison to these the freeze-dried native and 
ferritin decorated membranes, which have retained more lipids have a relatively 
electron dense inner layer, thus giving rise to a more compact membrane appear- 
a n e e .  

I t  would be difficult to explain our results in accordance to MiihlethMer's 
newly developed membrane model, which has been derived from freeze-etching 
experiments. This model shows the protein molecules located mainly inside the 
lipid bilayer, but partly extending through the lipid layer and thus reaching the 
membrane surface on one side or on both sides (Mfihlethaler, 1972). 

For the interpretation of our findings we need not necessarily assume a 
modified Danielli membrane model, but a somewhat modified fluid mosaic model 
of membrane structure as proposed by Singer and Nicolson (1972), could also be 
taken as a base, particularly as new biochemical data of Migala, Agostini and 
Hasselbach (1973) could be interpreted in terms of this model. 

As far as the observed differences in the location of the bound ferritin particles 
at the freeze-dried membranes and the chemically dehydrated membranes are 
concerned, they seem to indicate that some kind of configurational change of the 
membrane structure has taken place either during freeze-drying and subsequent 
fixation with OsO 4 vapour or during the standard fixation and chemical dehydra- 
tion procedure. As a consequence the ferritin particles have either penetrated 
more deeply the membrane (freeze-dried preparations) or have been expelled 
from the membrane (chemically dehydrated material). 

Yet it cannot be decided at present, which of the observed configurations is 
the original one and which the by fixation and dehydration altered one, or 
whether possibly both arrangements have to some extent arisen artificially by 
the fixation and drying procedure. 

Alterations in the location of bound ferritin particles at sarcoplasmic mem- 
branes have also been reported by Agostini and Hasselbach (1973) after delipi- 
dation of the membranes with phospholipase A. These findings are interpreted 
as an indication "that some changes in the configuration of membrane protein" 
(p. 105) have possibly occurred when the lipid composition was altered. 

We wish to thank Mrs. Elizabeth Alexander-JMinek for her excellent and invMuable 
technical assistance. 
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