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SUMMARY biochemical components to gain information on
their function. Adequate preservation of ultrastruc-
The purpose of this study was to compare two eleiture and antigenic reactivity of a biological speci-
tron microscopy embedding media — LR White antmen depends on a combination of factors, the most
Unicryl — with regard to cell morphologyical and important of which are the method of fixation, the
immunohistochemical preservation properties for thtechnique of tissue processing, the choice of embed-
study of fixation-sensitive nuclear antigens. Humalging agent, and the way of resin polymerization. As
cervical carcinoma (Hela) cells were fixed with many epitopes are sensitive to high concentrations
2% paraformaldehyde and 0.1% glutaraldehyde, ar glutaraldehyde (Miller, 1972; Snét al, 1974)
embedded in parallel in the two resins: LR White aniy gentle fixation with a rﬁixture’ of 2-4%’formalae-
Unicryl using; two different polymerization protocols hyde with 0.1%-1.0% glutaraldehyde is generally

gf&ﬁtﬂfg (ugg e%C:dr?;'tg'r Firss\?v“ﬁﬁte'ognoé flnoeopl;cfltg recommended as a good compromise for both ultra-
J P structure and antigenicity preservation (Tokuyasu,

Unicryl embedding. Immunogold labeling of Sm . ) .
antigen was significantly stronger on LR White sec 1984). D uring embedding, exposure of the tissue to
extracting agents and denaturing temperatures

tions. Polymerization by UV light resulted in stronger 9= o ;
and more specific labeling than heat polymerizatior Should be minimized. This, in tum, can be achieved

These results show that LR White is advantageol©Nl if the embedding medium has low viscosity

ing delicate aldehyde fixation. and tolerates small amounts of water, which helps to

avoid drastic complete dehydration of the sample.

For subsequent immunolabeling on ultrathin sec-

INTRODUCTION tions, lightly cross-linked and hydrophilic resin
facilitates access of the labeling agent to the epitope.

Immunoelectron microscopy has been widely use A wide range of acrylic resins meeting these cri-
to determine the intracellular distribution of specificteria is available (see e.g. Stirling, 1990). One of
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the most widely used is LRvhite, introduced in colloidal gold particles (British BioCell Interna
early 80-s and well described in both scientific andtional Ltd., Cardif, UK) were used in dilution 1:50.
commercial literature (Newman and Hobot, 1987
Newman, 1999). Unicryl, initially under the name Fixation and embedding forelectron microscopy
of Bioacryl, was formulated and described by Cells were fixed for 40 min in 2% paraformalde
Scalaet al in 1992. Embedding in this resin result hyde and 0.1% glutaraldehyde in Sérenseffiebuf
ed in good ultrastructural preservation of the tissu(0.1 M sodium/potassium phosphateferifpH 7.3;
and provided strong specific immunolabeling ofSB) at room temperature, washed in two changes of
the sections (Scalat al, 1992; Bogerset al, SB (10 minutes each), incubated with 0.02 M
1996; Gopinget al, 1996). Howeveronly two  glycine in SB for 10 min, washed again in SB and
direct comparisons of LRVhite and Unicryl have embedded in LRVhite (Polysciences Inddarring
been performed up to date with controversiaton, USA) or Unicryl (British BioCell International,
results — for mRNAin situ hybridization and Ltd., Cardif, UK) according to standard protocol
simultaneous localization of the protein producifecommended by manufactur@riefly, cells were
(Slater and Mason, 1994), and for the detection cquickly dehydrated in series of pre-cooled ethanol
several cytoplasmic enzymes and membrane priSolutions (30, 50, 70, 96, 100%; fiinutes each),
teins in chromdin cells (Gopinget al, 1996). the ethanol was then replaced with a mix of ethanol
In this study we have compared LR/hite and @nd resin 2:1 for 20 minutes, followed by
Unicryl for their suitability in studies of nuclear €thanol/resin 1:2 mix for 2@inutes, and pure resin
antigens. Fine structure preservation of cellulafor 1 hour Samples were infiltrated overnight with

ity of | 1d labeli -a fresh portion of pure resin at 4°C, next day-ncu
Ztﬁgﬁtﬁzséfcv%geg\?gﬁ elcrjn rgumnggr;‘?i gdena?:p'rr;gsgrbated for two hours with a fresh resin, and the resins

: e - were polymerized for 48ours either at“€C under
a group of proteins participating in a variety OfUV light (UV), or at 50C (T). The whole procedure
RNA processing events (see e.@ill and was performed at 0°C unless otherwise stated
Luhrmann, 1997; Setet al, 1999) and was cho '

sen as a typical and abundant nuclear antiGiea.
results show that after a mild aldehyde fixation ani Thin sections (80 nm thick) were cut with a-dia

standard embedding procedure, better ultrastru,, 4 "y pife (Diatome, Biel, Switzerland) on a
ture and stronger immunogold signal are achievegaichert Ultracut E (Leica MicrosystemsG

with the LRWhite resin. Howeverin cases With  \yet71ar Germany) and mounted on 200 mesh
extremely low labelling éiciency Unicryl may giided copper grids (Polysciences Indlarring
provide more specific immunogold labeling. Forion Usa). Non-specific labeling was blocked by
both resins, polymerization by UNght is prefer  preincubation with 10% normal goat serum (NGS,
able to thermal polymerization. British BioCell International Ltd., CardifUK), in
PBTB (1% BSAand 0.1%Tween 20 in PBS, pH
7.4) for 30minutes at room temperatuihe see

Postembedding immunolabeling

MATERIALS AND METHODS tions were then incubated for 1 hour with primary
antibodies diluted in PBTB containing 1¥6S or
Cell culture only with PBTB with NGS for control, washed in

Human cervical carcinoma (HelLa) cells werethree ten-minute changes of PBX.005%Tween
grown at 37C in suspension culture in Eagle min 20 in PBS), incubated 45 minutes with secondary
imum essential medium (S-MEM, Sigma-Aldrich, gold-conjugated antibodies in PBTB, washed
Prague, Czech Republic) supplemented with 5%again twice in PB;Tthen twice in bidistilled water

(v/v) foetal calf serum (10 minutes each wash), and-dired. Finally
sections were contrasted with a saturated solution
Antibodies of uranyl acetate in water for 4 min.

Human autoimmune serum containing high titer o

anti-Sm antigen antibodies (ANAMuman Refer  Quantification of the gold labeling

ence Serum #5, Centers for Disease Contro Immunostained sections were observed in a Philips
Atlanta, USA) was used in dilution 1:500 and goaCM100 electron microscope (Philips, Einthoven,

anti-human IgG antibodies conjugated with 10 nnThe Netherlands) equipped with a CCD camera
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(model 673, Gatan, Pleasanton, USA) and 50 raiIRESULTS

dom digital electron microscope images of nuclea

sections were taken per each experimental and cc We compared the ultrastructure and labeling
trol group.The area of nucleoplasm and the numbeintensity of Sm antigen in HelLa cells that were
of gold particles were measured on the images usirembedded in either LR/hite or Unicryl polymer

a macro developed for LUCIAmage-processing ized either at 5IC (LR-T, Uni-T) or at 4C under
software (Laboratory Imaging Ltd., Prague, CzectUV light (LR-UV, Uni-UV). LR White blocks
Republic), and the density of gold labeling was calwere easier to cut, and the ultrathin sections had
culated. Diferences between samples were statisthigher afinity to uranyl acetate. Electron miero
cally evaluated by t-test. graphs are shown in Fig. 1. Cytoplasmic structures

Fig. 1 - Electron micre
graph of Hela cell
- embedded in LRVhite
- (A, polymerization at
50°C; B, polymeriza
tion at £C under UV
light), or in Unicryl
(C, polymerization at
50°C; D, polymeriza
tion at £C under UV
light). Bar, 500 nm.
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and membranes were preserved to similar extent DISCUSSION

all samples. Nucleoplasm and chromatin, howeve

had finer and more defined structure in \ARite- In this study HelLa cells embedded in LWhite
embedded samplesfter Unicryl embedding, and Unicryl were compared with respect to ultra
nuclear interior appeared like rough, loosenestructural preservation of cell structures and to the
meshwork of equal density throughout the nucleefficiency ofa nuclear antigen detection using post-
us, without clear distinction between euchromatirembedding immunoelectron microscop@ells
and heterochromatin domains. Nucleolar compawere fixed with 2% formaldehyde in presence of
nents — fibrillar centers, dense fibrillar componentand a minimal concentration (0.1%)gltitaralde

and granular component — were well defined othyde (0.1%) to) to maintain morphological pattern
LR White sections, while in Unicryl-embedded but still allow good antigen preservatioh.stan
cells they were often indistinguishabl&he dard embedding protocol was used; both resins are
method of resin polymerization had no prominenequally simple to use.

effect on the ultrastructure when LWhite was  Embedding in LRWhite resulted in satisfactory
used, but for Unicryl heat polymerization resultecmorphology of cytoplasm and in good fine nuclear
in much worse morphology of the samples thaistructure.This was expected, as we had used LR
polymerisation by UVight. White for studies on nuclear structure for a long

To compare the tdctiveness of immunodetec time with good results (see e.g. Hosdlal, 1994a;
tion of nuclear antigens, the density of post

embedding immunogold labeling of Sm antiger
was quantified.The results are presented in
Fig. 2A. The labeling density of LRVhite-embed
ded samples is about two-fold higher than that ¢
Unicryl-embedded specimens; the feiénce is z ~
statistically significant at 1%evel (Tablel). When 03
comparing UV and heat polymerization, there isE 0.4
no significant diference in the labeling density for — 0.3
Unicryl, while on LRWhite sections labeling den £ g2
sity is higher by 18% after Uyolymerization ™ 5,
than after thermal polymerization. '
In order to compare the resins with respect to nor
specific binding of immunoreagents, the density o
background labeling was quantified after omitting B
the primary antibodies (Fig. 2BJhe background
labeling density equaled 1.07% of the total labeling g nq4 1
density for Uni-T 0.65% for Uni-UVY 1.25% for LR- 0.012 s |
T, and 0.74% for LR-UVThe diference between ‘E‘ 0.04
samples was statistically non-significant - thus, non_E :
specific labeling was negligible in all cases. Never = , ooe
theless, the ratio between total labeling intensity an &
background label density is slightly better for =
Unicryl-embedded material (exceeds that for Lk
White-embedded cells by cca 15%afle I1)). For Uni-T  Uni-Uv LR-T LR-UV
both resins, this ratio was by 40% higher when-oly
merization was performed af@ under UVIight Fig. 2 - Quantification of immunogold labeling on ultrathin
when compared to thermal polymerization. sections of HeLa cells embedded in Unicryl or in \0Rite.
These results demonstrate that the use dMtRe ~ The labeling density is expressed as number of parficies/

i i iva £ SD. Uni-T - Unicryl, polymerization at 5@C; Uni-UV -
is advantageous over Unicryl for the study of fixa Unicryl, polymerization at 2C under UVight: LR-T - LR

tion-sensitive nuclear antigens as both cell ultra,.;c polymerization at 5C; LR-UV - LR White, polymer
structure and antigenic reactivity were better- prejzation at 4C under UMight. A, labeling density of Sm anti
served. gen; B, density of background labeling.

Uni=L LR-T LR-Lv

LR
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Table |
Statistical evaluation of ddrences in Sm labeling densityni-T - Unicryl, polymerization at 51C;
Uni-UV - Unicryl, polymerization at 4C under UVlight; LR-T - LR White, polymerization at 5C;
LR-UV - LR White, polymerization at€ under UVlight. NS - non-significant §0.05), ** - p<0.01

Uni-T Uni-Uv LR-T LR-UV
Uni-T NS *x *x
Uni-Uv NS *x *x
LR-T * *k *%
LR-UV * *k *%

Hozaket al, 1994b, Nowalet al, 1997). Unicryl  structure of cytoplasm in human pancreatic cells but
embedding, howeveshowed worse ultrastructural do not mention nuclear morpholody is possible
preservation, especially for the cell nuclei of HelLéthat the diferences are due to longer fixation (3
cells. This comes into contradiction with previous hours in their protocol). On the other hand, Slater
studies using Unicryl, where it was especially appreand Mason (1994) report inferior ultrastructurakper
ciated for the preservation of structural integrityformance of Unicryl compared to LWhite, which
(Scaleet al, 1992; Gopingt al, 1996; Bogerstal, is in agreement with our results. In general, it seems
1996; Gonzalez Santanderral, 1997).These dis  that Unicryl possesses stronger extracting properties
crepancies may be accounted fofeslénces in pro  than LRWhite, and that this feature becomes promi
tocols used. Goping and co-workers (1996) applienent on delicately fixed specimer&his can also
strong fixation with 2.2% glutaraldehyd&hen 4%  explain higher labeling density that we obtained on
paraformaldehyde with 0.2% glutaraldehyde wa:LR White—embedded cells. Gopirgj al (1996)
used, Unicryl caused considerable shrinkage arshow higher labeling &fiency for Unicryl than for
deformation of the cells in their studies. Gonzale:LR White after strong glutaraldehyde fixatidrhe
Santander and co-workers (1997) used even stroncantigens in their study (dophamifiehydroxylase,
fixation with glutaraldehyde-tannic acid/osmium tyrosine hydroxylase, and the membrane channel
tetroxide. Bogers and co-authors (1996) obtaineprotein annexitVIl) were obviously aldehyde-fixa
good ultrastructural results after fixation with 4%tion insensitive. In contrast, for many nuclear -anti
paraformaldehyde and 0.2% glutaraldehyde, whicgens it is crucial to usemild fixation with

is still higher than in our protocol, followed by irfil 4% formaldehyde and 0:Q.2% glutaraldehyde as a
tration and resin polymerization at —20°C. Howgvermaximum.

Scala and co-workers (1992), who originally formu Background labeling in our study was negligible
lated the Unicryl resin, used also quite gentle-fixain all samples. Howevgethe ratio between total
tion (4% paraformaldehyde and 0.1%lutaralde labeling density and background labeling density
hyde), processing at room temperature, and-pohwas somewhat higher for Unicryl, and for both
merization at 4°C by U\ight. They show very good resins this value was better after {gdlymeriza

Table Il
Ratio of the total label density to the background label dengitiy T - Unicryl, polymerization at
50°C; LR-T - LR White, polymerization at 5C; Uni-UV - Unicryl, polymerization at 4C under UV
light; LR-UV - LR White, polymerization at€ under UVlight

Sample Uni-T LR-T Uni-UVv LR-UV

Total labeling density/

background labeling density 93.6 80.0 154.8 135.6
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tion than after heat polymerization. For detection oHozak P, Jackson D.A., and CookRe: Replication factories
such an abundant antigen as Sm, this characterisand nuclear bodies: the ultrastructural characterization of
is not of great importance. Nevertheless, in a cac'eplication sites during the cell cycle. J. Cell. 367 (Pt 8),

of a weak overall labeling (little amount of antigen,2191'202’ 1994b.

low affinity of the antibody) it is crucial to have Miller H.R.: Fixation and tissue preservation for antibody
larger diference between background and specifiStudies. Histochem. 4, 305-20, 1972.

labeling. In this case, Unicryl canfef certain  Newman G.R.: LRWhite embedding for immunoelectron
advantages; howevenly for aldehyde-insensitive microscopy Histochem. J31, 79, 1999.
ann_gensWhate_:ver resin is l_J_SGd_, the {Pdlymer  Newman G.R., and Hobot J.A.: Modern acrylics for post-
ization results in more specific signal than the-therembedding immunostaining techniques. J. Histochem.
mal polymerisation. Cytochem 35, 971-81, 1987.

On the basis of presented results, several recornowak G., Pestic-Dragovich L., Hozak PhilimonenkaA.,
mendations can be made: 1), for routine immunolcSimerly C., Schatten Get al: Evidence for the presence of
calization studies of nuclear antigens requiring milcmyosin I'in the nucleus. J. Biol. Che@v2 17176-81, 1997.
fixation and simple embedding protocol, M&ite  scala ., Cenacchi G., Ferrari C., Pasquinelli G., Predad®
is generally advantageous over Unicryl; 2), when thmanara G.C.A new acrylic resin formulation: a useful tool
overall labeling for an antigen of interest is very,low for histological, ultrastructural, and immunocytochemical
Unicry| may be chosen for having better tota|investigations. J Histochem Cytoche#0, 1799-804, 1992.
label/background ratio. Howevefixation and SetoA.G., ZaugA.J., Sobel S.GWolin S.L., and Cecfi.R.:
embedding procedure should be then modified tSaccharomyces cerevisiae telomerase is an Sm small nuclear
improve ultrastructural preservation; 3), polymeriza ribonucleoprotein particle. Natu#1, 177-80, 1999.
tion at 4°C under UVight is preferable to thermal sjater M., and Mason R.S.: Immunogold localizatio 6F

polymerization. beta 1 protein and mRN#& human skin using a colloidal
gold/digoxygenin system. Histochemisi§2 153-163, 1994.
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