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California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
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United States Government or any agency thereof, or the Regents of the University of
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A VIEW ON TECHNIQUES OF PREPARATION OF CELL AND TISSUE CULTURE
SPECIMENS FOR ELECTRON MICROSCOPY

John E. Johnson, Jr.
Lawrence Berkeley Laboratory, University of California .
Berkeley, California 94720
and

Ames :Research Center, NASA
Moffett Field, California 94035

ABSTRACT

Many investigators fix and embed cell culturee‘in situ‘fpre
electron m%croscopy.‘ Maximum structural integrity is méihteined,lend __
ce11-to-ee11 contacts are easily studied.l Coating coverslips with evap¥
orated carbon_is a popular mefhod'for allowing easy separation'of pq]y-'
merized blocks from the coverslips. Because carbon coatihgs are hydfo?
phobic, we have developed a new method whereby the carbon coating is
overlaid with evaporated silicon monoxide, providing a surface that wets:
easily and still allows separaiion of polymerized blocks from the cover- -
s]ipi,v0ur complete technique for coating coverslips, fixatibn, dehydra—:

tion, and embedding is described.



During the past several years, numerous fechniques have beén
published concerning electron micfoscopy of cells andv;fssues growh in
" vitro. Perhaps the greatest variability ih these methods 1ies in the
manner in which specimens are embedded. This variability may occur be-
cause the specimen is often too thin to be manipulated with forceps and
the embeddfng epoxy sticks to the substrate (glass'or'plastic);

Many’experimenters (Bfink1ey et al., 1967; Lipetz and
Cristofalo, 1972; Ross et aZ{, 1975; Codling and Mitche]]; 1976) utilize
in situ fixation and embedding; some use carbqn-cbated covers]ipsvfo aj-'
low the plastic-embedded épecimen to énap'free when polymerized (Liﬁeti
and‘Cristofalo; 1972). Indeed, in trying several methods for a]]onﬁgi
embedded blocks to be easily separated from the substrate, the carbon-
coated coverslip method works best. Unfortunately,.carbonvCoated élips
are hydrophobic, and for roller-tube app]ications,,this hydrophobia can

~ cause a problem because specimens are continuously dipped in and out of

" the incubation medium.

This paper outlines, in detéil;_an in sttu cuTturé'fixation
and embedding technique developed in our 1aboratory. A new method of

coating the substrate is described.
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MATERIALS AND METHODS

Coverslip Preparation

Glass covers]ips are cleaned by dipping theﬁ_in absp]Ute
alcohol fo]]owed'by distilled water and allowing them to_dry.'vThe slips
afe placed on similarly cleaned glass slides in a vacuum evaporation
chémber, and a carbon rod is evaporated (a tota1 of about 10 mngf car-
bon 1s suff1c1ent to beg1n with) until the slips are medium gray in
co]or (0 20 to 0 30 on a Kodak Gray Scale or 0.25 opt1ca1 density as
’measured on a dens1tometer). Thevs11ps are then coated w1th silicon
'monoxidé'by'evaporation of approximately 10 mg inva tungsten wire bas-
ket. The silicon cdqting appears slightly yellow. Adding the si]iédn
monoxide on the carbon undercoat allows greater wetting of the coverslip
sufface Whi]e still preventfng the epoxy from adhering too tightly to
the gTass. Cafe must bevexercised to shield other e1ectrddés in the
éhambér‘whenAevaporating the sf]icon monoxide because the silicon coats
ofhér e1éctfodes as well. Subsequenﬁ use of the silicon-coated elec-
vtrodes‘to evapqréte carbon will result in both carbon and silicon mon- . -
oxidé evaporating together, which will interfere with conduction if
specimens_are used for scanning e]ectron microscopy. It may be neces-
sary; therefqre, to evaporate the carbon, open the chamber, cover the
éarbon electrodes with a]uhfnﬁn fofl, close the chamber, and evaporate .
~ the silicon ﬁonoxide from the wire basket on the second pair of elec-
trodés. The coverslips afe then boiled in distilled water for several
minuteé for further cleaning. They can be stbred between sheets of soft

tissue and sterilized before use.
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Coated coverslips are p]aeed, coated sdrface Qp, in petri ”
dishes,:and cells with medium are innoculated into the dish,. For
roller-tube use, exb]ants are placed on thevcoated surface of the cover-
slip in the usual mannef except that care must be taken‘not to scfateh |

the surface of the cbvers]ip to damage the coating.

Fixation and Dehydration

The fixative employed is of peréona] choiee,' All_types thatvwel"
have tried seem to work well (see Discussion). Some that we use routinely
include 2.5% g]utare]dehyde in 0.12M phoéphate buffer (pH 7.4, 1% pakafor-
ma]dehyde and 1. 5% glutaraldehyde in 12.5M phosphate buffer, and O 8A glu-
taraldehyde —-O 7% OsO4 (m1xed together just before use and p1ace on 1ce)
in 0.12M phosphate buffer. A1l processing solutions including the epoxy.
Shou]d be prepared and kept close at hend because solution chenges are
" rapid. The covers]ipe with culture specimens are transferred to petfi'
.'dishes as near the size of the slips as possib]e}-VCuIture medium 153
-added to prevent drying of the specimens. The medium is poured off'and |

rep]aced with room-temperature fixative (except a'lde'hyde-O'sO4 mixtures,v
wh1ch should be used co]d) for 10 min. The fixative 1s decanted and re-
placed with 2% OsO4 in the same buffer as in the a1dehyde f1xat1ve
Dishes are placed on ice for 10'm1n. Subsequent steps thqugh 95% eth- f
anol can also be dohe on ice. ‘If "en bloc" staining'is-performed (see 
Diseﬁssion), rinse with maleate buffer (pH 5.2) twiceifor 5 hin eacH,
and stain with maleate-buffered uranyl acetate for 15 min. Dehydrate
with 70% ethanol, 95% ethanol, and absolute ethanol for 5 mih each (tWo

changes of absoTute'ethanol). If no en bloc staining is done, rinse



. osmicated speéimens twice for 5 min each with 0.9% sa]ine‘befdre dehydfa-'
tion. vIn all cases, the coverslips shoqu be 1ifted with forceps after
each solution change to prevent pfevious solutions from.being trappéd
underneath. New solutions should be added quickly when old solutions
are pouréd off, especially in the alcohol series, to prevent drying of

the cells.

Embedding

The absolute ethanol is replaced with 50% ethanol-50% epoxy
(Epon-Araldite) for 5 min. This solution is poured off and replaced
with 100% epoxy (t@o changes, 10 min each). The dfsﬁes can be placed in
a 60°C oven for’a few'minutes during the 100% epoxy changes to assist in

' evaporétihg residual ethéné]. The dishes should be swir]ed occasionai]y

to facilitate impregnafion. The second change of epoxy is poured off,
‘and fresh époky is deed so that the slips are covered by a layer 3'mh
high} »Béém capsules With the pointed endS.cut off are inverted over the
spetimens: The dishes are then placed in a 60°C oven for severa] hours
'unti]jthe epoxy is tacky; the capsules are then filled td the top with

more epoxy and allowed to polymerize for 3 days at 60° C.

Removal

After 3 days of po]ymerization, the dishes are allowed to cool.
for several minutes. The capsule is grasped with a pair of pliers, and,
with a twisting motion (as in using a screwdriver), the capsule is pulled
fr$e. Using a disse;ting microscope and reflected light, appropriate |

v' areas can be trimmed and thin-sectioned. Cells will be in the first
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sections thai come off of the knife so care must be exercised'in aiignQ,

ing the block face with the knife edge. | |
Thin.sections for electron microscopy (600 R) are firsf stained

with 2% aqueous uranyl acetate for 10 tb 15 min followed by three water

rinses and then stained in lead citrate for 1 to 5 min followed by three

water rinses.

RESULTS

- Examples df specimens fixed with 2.5% g1Utara1dehyde in 0.12M
phosphate buffer and embeddéd in situ as described above are shgwn in
Figs. 1 through 4. Thése electron mibrographs were taken on a Philips
300'e1ectron microscope and printed on AGFA Brovira #2 paper. 'No majér
disruption of cell plasmalemma (aS would be céused by scraping and ceﬁ-i
trifugation) is found. Cell-to-cell contacts are readi]y;obsérvable, |
and microvilli (Figs. 1 through 3) as well as cytoplasmic extensions
lying between cells (Fig. 3) are easily studied. High magﬁification 61-
lows visualization of the tri]amina; arrangementbdf unit membranes (Fig.

4) when uranyl acetate staining is used before dehydration.

DISCUSSION

Each of the three basic steps of in vitro tissue prepakation
(fixation, dehydration, and embedding) has specia]vproblems unlike those
of in vivo preparations. When whole organs or slices of organs are fixed

by immersion, the rate of penetration is critical. G]utaraidehyde is a.
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" superior fixative, but it pénetrates more 5iow1y than formaldehyde. Many .
laboratories therefore use a combination of glutara]dehyde'(prebaked ffdm”, o
parafdrma]dehyde) fok immérsion fixation of biopsy or autopsy specimens |
and perfuse the fixative whén possib]e for experimental animals. The
autolysis incurred with immeréion'fixation is showed if the fissues are
fixed cold. ;Some cytoplasmic structdres such as microtubules hay, how--
ever, be affected by cold fixation. For in vitro work, the penetratioh
rate is not as critical because specimens are USua11y.qu1te thin (6 to 20',
u layers of cells, for example) and the fixative can reach all of the o
cells in a matter of seconds. For suspension cQ]tures,'again, a]1.ceiT§  
are quickly exposed to. the fixative by‘adding one volume of doub]e-strength
»a]dehydés fn’normal—strength buffef to an equal volume of ce]]vsuspensioh
before centrifdging the cells into é'pellet. ~ Therefore, room-téhpekatufe
fixatives containing oh]y glutaraldehyde work very well. Indeed, we héve
noticed very little difference in cell preservation usihg a widé variety
of fixative combinations and strengths. In our experience, "vacuo]ated":
(swo]]en) mitochondria appear to depend on the cell type rathef than On‘
the'fixatiVe. Of ‘the ce]1'type$ tested (see Acknowledgments) using the.'
same fixative (2.5% glutaraldehyde in'O.lZM phosphate buffer), BSC-1 kid-

- ney cells have only a few swollen mitochondria, neutroblastoma ce]]s-have'
many, and A-9 fibrob]asté have a moderate amount. This variation is prbb-
_ab]y a reflection of the metabolic activity of the particu]arVCell typé e

and possibly a cell-specific reaction to the fixative.
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. Asvan alternative to fixing and'embedding in situ, some 1nve$—
tigators scrape the cells off the bottom of the petri dish beforevor after
primary fixation with aldehydes. The cells are usually centrifuged into a
pellet for fﬁrther processing. When we used this technique, monolayer cell -
cultures were processed to the point where dehydration would begin on the
next step. (if any concentration of-alcohol is added to fhe petri dish,
ée]] removal is dffficU]t.) ‘The cells were then scraped‘off w{th_a piecé_
of rubber tubing, centrifuged, dehydrated, and embedded by transferring
the pellet to a.Beem capsule. By fixing the cells completely before scrap-»
ing them off thé pefri dish, mechaniéa] damage was kept to.avminimum,'and' _
some cel]-to-céll‘contacts remained although many were destroyed. By'con;
trast, im situ fixation and embedding aT]ows max imum tisSue’préserVatioh,'
and examination of cell-to-cell contacts is very straightforward. | .

Before or during dehydration, some'in?estigators use uranyl“f'
acetate staining (sometimes referred to as "en bloc") to enhéhte‘the trf-f'
laminar arrangement of cell membranes. The staining techﬁiqde that has
consistently provided the best results in our ]aboratbry fs the maleate-
buffered uranyl acetate method described by Karnovsky (1967). Our for- |
mula modification of this technique is described in the Appendix. Aithough
en bloc staining is necessary only when Studying cell membranes is a focus‘
of the exheriment, we_routine]y use the technique for all specimens be-
cause contrast is improved.v L

When dehydrating i vivo specimens'for e]ectkon microscopy, .
acetone or propylene oxidé is often used as a transitioné] so]ﬁent.betwéen
the .alcohol and the epoxy. Acetoﬁe and propylene oxide will, hdwgvér,'dis—

solve plastic petri dishes. For in vitro work, processing frdm,ethanol to
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50:50 ethanoi-epoxy_and theh toIIOO% epoxy.works‘we]1 BecauSé the'spéé-:"
imen is thin enough to allow the ethanol to evapdrate when p]aced‘in the
oven for polymerization. | -

The embedding materia] presents an interésting problem. - Many -
of the 1bw-viscosity plastics that we have tested appeé} to dissolve or
soften the walls of the petri'dish, producing a mi]ky'appearante in pérts‘_
vof the epoxy. The hardnéss of the embedded block ié important because
in siiu prepafations yield oﬁ]y a thin sheet of tissue for sectioning. :’
Therefore, thin sectioning or thick sectioning for 1ight microscopy mUst'_
be easy to perfbrm from the very surface of the block. Epon and Araldite
have cénSistently given excellent results in our preparations. Théyﬁdof 
not substantially dissolve the surface of the petri dish, and speéimens
readi1y snap free of the carbon-silicon-monoxide-coated covefs]ips,

These h]astics also stain in a superior manner for 1light mickoscopy

(toluidine blue).
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APPENDIX

Stock concentrated buffer (0.48M phosphate; pH 7.4):
16.8 gm K,HPO, (anhydrous)
.3.2 gm NaH2P04-H20
distilled H20 to make 250 ml

Fixative (2.5% glutaraldehyde in 0.12M phosphate buffer; pH 7.4);.' 
50 ml 0.48M stock phosphate buffer - |
10 ml 50% u]trapure glutaraldehyde - (Tousimis Research Corp.,

. Rockville, Maryland)
140 m1 distilled Hy0 :

Osmium tetrokide fixative (2% OsO4 in 0.12M phosphate buffer; pH 7.4);- :
25 ml 0.48M stock phosphate buffer |
50 ml ‘4% 0s0,
25 ml distilled HZQ

Maleate buffer (pH 5.2) with 1% uranyl acetate:
Add 1.74 gm maleic acid to 100 ml distilled H,0. Adjust pH to
5.2 with 5N NaOH. Dilute to 300 ml with distilled HZO.I Set
iaside 200 ml forvrinsfng cells after osﬁiéatioh.' Add 1 gm
uranyl acetéte tp the remaining 100 m1 and sohfcate_unti] dié—_'

solved. _The.pH of the maleate-buffered ukany] acetate wi]] be.

approximately 4.5.
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Epon-Araldite embedding formula:
30 gm Epon-812
10 gm Araldite-502
18 gm NMA
18 gm DDSA
1 gm DMP-30
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FIGURE LEGENDS

Fig. 1. These two cells are in close contact along a large part of
their boundaries (solid arrows). At certain points (hollow
arrows), dilated gaps exist between the cells. Microvilli

are found in these gaps (A-9 fibroblasts, x 20,550).

Fig. 2. At higher magnifications, microvilli (arrows) lying in inter-
cellular gaps can be studied more closely. The trilaminar
arrangement of unit membranes is not quite discernible at this
magnification in micrographs reproduced by half-tone.

(A-9 fibroblasts, x 48,000).

Fig. 3. Between these two cells (CT and C2) are found two cytoplasmic
processes (Pa and Pb). Microvilli (arrows) can be observed
lying between the cells and processes. If this specimen had
been scraped and centrifuged into a pellet, interpretation of
microvilli interrelationships would have been difficult.

(A-9 fibroblasts, x 30,780).

Fig. 4. Using uranyl acetate staining before dehydration as described,
the trilaminar arrangement of unit membranes is apparent
(arrows) in such structures as mitochondria (M) and granular bodies

(G). (A-9 fibroblasts, x 120,000).



-14-

Fig. 1

Fig. 2
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