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LOWICRYL HM23 AND K11M: TWO NEW EMBEDDING RESINS FOR VERY LOW TEMPERATURE EMBED-
DING. ' : ’ '

J. D. Acetarin and E. Carlemalm

Department of Microbiology, Biozentrum of the University of Basel Klingelbergstrasse 70, CH-4056 Basel/Switzerland

The encouraging resulls achieved with low temperature embedding of freeze-subslituted specimens in Lowicryl X4M and

-HM20. (Bjornsti et al.., 985;Hunziker et al., 19842 and Hunziker and Schenk, 1984b) lead to the obvious question if further
advantages could be obtained with still lower temperatures. Maximized cryofixation and minimized chemical fixation should
be of advantage for immunocytochemical localization of cell components on sections, since chemical fixation of the biological
material modifies the antigens and causes a reduction in the sensitivity of the labeling.

The two new resins HM23, non polar, and K11M, polar; have thus been developed by us. The are based on acrylate and
methacrylate esters, as the old Lowicryl HM20 and K4M were, with freezing points that allow applications down to about-60°C
and -70°C for K11M and HM23, respectively. The resins have the same very low viscosities at these temperatures as the old
ones at -35°C. HM23 and K11M can be used principally in the same way as the old Lowicryl resins for embedding of PLT
dehydrated (Progressive Lowering of Temperature, for further details see the instruction in the kit) or freeze-substituted samples.
Polymerization is achieved by the same procedure given for HM20 and K4M {UV-polymerization, 360 nm}.

The new resins are mixed as follows 1)K11M 19 g monomer + 1.0 g cross-linker +0.1 g initiator (benzoin monomethylether),
and 1) HM23 18.9 g monomer + 1.1 g cross-linker + 0.1 g initiator (above -50° C benzoin monomethylether and below -50 C
Igracure 651). All components are supplied with the kils.

The first test of the resins were done on bacteria with or without bacteriophage infection. This system was chosen since some

- mutants of phage T4 produce a very large DNA pool in E. coliwhich is difficult to preserve. The low protein content of the DNA
pool renders the DNA almost unfixable, since DNA itself does not react sufficiently with aldehydes to be cross-linked enough
to preventa course precipitate to be formed during the preparation procedure. The relatively high resolution required to visualize
structural details in the virus related particles in the cytoplasm is an additional factor that makes this specimen, in our opinion,
a suitable but demanding test object for a embedding procedure. '

The results with the PLT dehydration protocol and the new resins showed that a reduction of the final embedding temperature
from -35° C to -60 C gave some improvements, but not sufficient to prevent aggregation of DNA pool. The comparatively highr
temperatures during the early dehydration steps seem to be the critical part of the PLT dehydration procedure which prevents
further improvements by lowering the embedding temperature. One advantage of the new resins is that K11M has a lower
viscosity at-35 C than K4M, which can under some circumstances facilitate the infiltration of the samples when processing them
according to the "traditional” scheme for K4M. ‘

’

The only way to circumvent the dehydration steps at the higher temperatures (the first 10 to 20 degrees below 0°C) is offered
by rapid freezing and low temperature embedding alter fregze-substitution. Lowicryl K11M and HM23 allow such low
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temperatures to be used, <60°C and -70°C, respectively, that it can be questioned whether the reactivity of the aldehydes, which
are mixed into the. substitution media, is so low that their action as fixative is negligible (Humber, Marti and Muller, 1983)

Therefore, they could perhaps be omitted. Results from freeze-substitution with or without fixative in the substitution media
show no significant differences, the DNA pool, of our test syslem, shows no visible aggregation in both cases. This preliminary
result raises hope that the new resins, in conjunction with freeze-substitution, can be used for preparing samples intended for
immunocytochemical localization of antigens which are sensitive towards chemical modification by the fixative. Further
technical details concerning freeze-substitution in combination with low temperature-cmbedding is treated by Dr. Mutler in
another contribution in this issue.

The two new resins are made available to those that want to contribute to the improvement of the cryo-embedding technique
or have a problem that perhaps can be solved by the new resins. )

Main-distributors of electron microscdpy accessory suﬁply have already added these new embedding resins to their sal-es
program. :
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Introduction:

As preparative technique for histological observations freeze-drying and vacuum embedding has been known for nearly a century
(Altmann 1890), while drying of tissue prior to observations was used by Leeuwenhock afready in 1720 (Mann 1902).

The Altmann's method involved maintenance of small portions of tissue in vacuum at -20°C, over sulfuric acid in a desiccator. After
several days of drying tissues were embedded in vacuum in paraffin wax. The Aitmann's method was adopted and further developed
by Gersh who in 1932 constructed a forerunner of the modern freeze-drying apparatus, -

In electron microscopy fixation by frecze-drying was first used In 1943 (Richards et al. 1943, Sjostrand 1943). Most of the criteria for
tissue preservation the authors had at that time arc also valid today for preparation of samples for microanalysis and histochemistry’
on ultrastructural level. : _ .

An alternative way of removal of water at low lemperature is by the method of freeze-substitution {Simpson 1941), The first step of
preparation is the same as that of frecze-drying; very small pieces are rapidly frozen in propane or freons cooled by liquid nitrogen.
Dehydration, however, is based on water extraction from the sample in an organic solvent which is performed at low temperature (-
60 to -80C). The diffusion of watgr molccules into the solvent is a relatively slow process which involves several problems. Although
freeze-substitution theoretically does notoffer full retention of ions ithas been extensively used in many analytical investigation because
it provides satisfactory morphological preservation of the tissue (Marshall 1980, Harvey 1980).

-



Fernandez-Moran (1959} uscd freeze-substitution and low temperature embedding in.methacrylate followed by polymerizalion
with UV-light to study ultrastructure of dark and light adopted retinal rods.

We have tested the technique described by Fernandez-Moran using Lowicryl resin in the aspects of elemental and morphological
tissue preservation and compared it with the method of freeze-drying and vacuum embedding at low temperatures using Lowicryl
HM20 and HM23. : '

Materials and Methods
Freeze-fixation

Biopsies originating from different tissues: liver, skeletal muscle, cochlea and epiphyseal cartilage were used in the present
investigation. Directly after dissection tissue samples were frozen by:-plunging the tissue into liquid propane (-189° C} cooled by
liquid nitrogen (LN) or -against LN-cooled highly polished copper. '

Freeze-drying and plastic embedding

Frozen samples were lransferred inio the chamber of the modified freeze-drying apparatus in piastic vials (Nunc cryotubesfilled
with LN. Freeze-drying was started at about -20° C{temperature of the freeze-drying chamber) and thereafter continued at -70° €
for 10-12 hours. The following 48 hours lemperalure was slowly raised to -40° C. The vacuum in the freeze-drier was kept constant
at 103 Torr. After compleled freeze-drying the embedding medium was introduced to the plastic vials with the specimens without
breaking the vacuum or changing the temperature in the cryochamber (Wroblewski and Wroblewskl 1984). The samples were
impregnated with resin overnight under the conditions described above. Lowicryl HM20 (Carfemalm etal. 1982) and HM23, were
polymerized by’illumination with UV light (360 nm}, without changing vacuum ar temperature conditions of the freeze-drying
apparatus. . : '

Freeze-substitution _ ' -

The frozen samples were placed in plastic vials (illed wilh LN into a low-temperature box. Inside the box, he samples were
transferred to the cryotubes filled with the substitution fluid, dry ether and molecular sieves (1:1) (Marshall 1980). After freeze-
substitution for 2-3 weeks at a temperalure of the CO ice {-78°C), ether was removed and stepwise changed for precooled Lowicry!
HM20 resin. The resin was then cured at the same temperature for 48 hours by illumination with Uv-light.

Sectioning of freeze-dried and freeze-substituted plastic embedded tissue:

100-200nm thick sections (nominal Lhickness) were cut with a glass knife using an LKB-Ultrotome (Cryo Nova, LKB, 8romma,
Sweden). In order to prevent redistribution and loss of ions no through liquid was uscd. Sections collecied dry from the knife edge
wilh an eyelash were transferred to the formvar-film coated election microscope grids. The seclions were pressed to the grids wilh
a polished silver rod. To diminish compression, which occurs during dry culling of ultrathin sections, the temperature in the
cryochamber of the ultrotome was lowered ( in the range of -30° C Lo -60° C) below the glass transition point temperature of the
resins. Plastic sections cutat low icmperature were either broughtto ambient lemperalture in 2 desiccator or transferred to the column
of the election microscope by means of the cry-transfer-system. '

Electron microscopy and X-ray microanalysis

Thin and semi-thin plastic sections were analyzed in a Philips 4007 electron microscope with a scanning attachment. Energy
dispersive X-ray microanalysis was carried out with a Kevex 8000 - analytical system at an accelerating vollage of 120 kV. Both
conventional transmission and scanning transmission clectron images (bright field) were obtained. : -

Results :

The method of freeze substitution gave more variable results Lhan the method of freeze drying prior to embedding, which is due
to several factors. Freeze substitution involves more steps of preparation than freeze drying. After freezing lissue has tobe ransferred
from LN2 to the cooled substitution fluid which results in a very rapid change of temperalure from -196 C 60 -80-90° C. Aller ireeze
substitution the samples have to be moved gradually through a series of eoncenirations of embedding medium and organic solvent
solutions which comprises a greatrisk of loosing or damaging he sample. Some of the organic solvents used routinely as substitution
fluids are highly hydroscopic which may lead to a redistribulion and loss of ions in the sample. Itis also more difficult to maintain
oxygen free environment in Ihe low lemperature box during long period (2-3 weeks) of frecze substitulion. Despite Lhe continual
presence of CO ice, the polymerization and cutting propertics of the Lowicry| blocks from different experiment varied.

-



The method of freeze drying and embedding at low temperature and in vacuum-proved in our hands more reproducible. Better
polymerization of Lowicryl and first of all much shorter time of preparation of he samples was achieved. As the method does not
require manipulation (mechanical) of the specimens afler placing them into the chamber of the freeze drier the risk of loosing or
damaging the specimen is minimized. Maintenance of vacuum and low temperature during most steps of preparation assures an
oxygen free atmospherc and thercfore homogenous impregnalion by and polymerization of the resin.

X-ray microanalytical and morphological resulis were almost the same in our hands independently of the method of prepération
used. However, by freeze drying and embedding in vacuum, morphology of the lissucs was somewhat improved.  This may be
a result of maintaining vacuum during most critical steps of preparation, e.g. impregnation and polymerization.

We have been testing the reability of low temperature embedding techniques in microanalytical invésligalion by using rat
tenotomized muscle. Such muscle was reporled to have changes in the cell membrane (Baker and Baldwin 1982) and also
characteristic elemental composilion as revealed in semithick cryosections (Wrobiewski and Edstrom 1983), The muscle is
characterized by anincreased Na and Cland frequenlly lowered K. These significantions shills could be detected in low temperature
embedded material both after freeze-drying and freeze-substitution.

Techniques of freeze-drying and plastic embedding have been used by Ingram and ingram (1980} to study the composition
of extracellular fluids in skeletal muscle. In our laboratory we have been earlicr using the [reeze-drying and Araldite
embedding technique to study the inner ear tissue. Our invesligation was focussed on analysis of fluid content in
perilymphatic and endolymphaticspaces. We found sodium contentin perilymph to be lower in Araldite embedded material
than in semithick cryosections (Anniko et al 1984). This finding andl our recent observations (Wroblewski and Wroblewski
1984) might be partially explained by greater absorption of sodium signal in lhe embedding medium or redistribution of Na
during the Araldite impregnation. The redistribution of sodium which occurred in the extracellular fluid-filled spaces was
however absentintracellularly. Lowicryl HM20 resin proved o be superior lo Araldite, especially when conirast in sections
of the tissues embedded in that resin is concerned. This is due to the electron scattering properties f Lowicryl {Carlemalm
et al. 1982, Colliex et al. 1984} and selective mass loss of the resin under the electron beam, which results in a contrast
enhancement (Wroblewski and Wroblewski 1984). ' -

References:
1. Altmann R. {1890).Die elementarorganismen und ihre Bezichungen zu den.Zellen, Veit, Leipzig. - .

2. Aaniko M. Lim D, Wroblowski R. (1984}, Elementat composition of individual cells and tissucs in the-cachlea, Acta Otolaryngol. 98,
439453,

3. Baker JH, Baldwin KM. (1982). Changes in membrane struclirre {followirig tenotomy of rat solets muscle. Muscle & Nerve 3, 222-225.

4, Carlemalm E, Graviato RM, Villiger W. (1982). Resin development for electron microscopy and an anlysis of embedding at low
temperature, ). Microsc. 126: 123-143.

5 Colliex C, Jeanguillaume C, Mory C. {1984). Unconvenlional modes for STEM iméging of biological structures. J. Ultrastruct. Res. 88,
177-206. :

6. Fernandez-Moran H.{1959). Electron micrbscopy of retinal rods in relation to localization of rhodopsin. Science 129, 1284-1285.
7. Gersh I.(1932). The Altmann technique for fixation by drying while freezing. Anal. Rec. 53: 309-337. ’

8. Harvey DMR. (1980). The preparation of botanical samples for ion localizalion studies at the subcellutar leve!, Scanning Electron
Microsco. Il: 409-419. -

9. Ingram FD, Ingram M. (1980). Freeze-dricd, plastic-embedded lissue preparation: a rcvicw, Scanning Electron Microsc. IV: 147-160.

10. Marshall AT. (1980). FKrecze-substitution as a preparation technique for biological X-ray microanalysis. Scanning Electron Microsc.
11: 395-408.

11. Richards HG, Steinback HB, Anderson TF.{1943). Electron microscope studies of squid giant axoplasm. J. Cellular Comp. Physiol. 21:
129-141. '

12. Simpson WL. (1941). An experimental analysis of the Altmann technic of freeze-drying, Anal. Rec. 80: 173-189.
13. Sjostrand F. (1943b). Electron-microscopic examinalion of tissues, Nalure 151: 725-726.

14, Wroblewski R, Edstrom L. (1983). Changes in clemental composition of single muscle fibers following lenotomy of the rat soleus muscle,
" Muscle & Nerve 6: 490-496.

15. Wroblewski R, Wroblewski §. (1984). Frecze drying and lrceze substitution combined with low lemperature-cmbedding. Preparation
techniques for microprobe analysis of biological soft tissues. Histochemistry 81, 469-475.



Conclusions:

1. The freeze-drying and low lemperature embedding is alternalive preparation method for microprobe analysis. The method
is the method of choice when analysis have to be performed on tissues with heterogenous cell populations where the area
of interest have lo be chosen on lighl microscopical Jevel.

. 2, The methed allows direct correlation of elemental dala with |mmunohlslochem|cal {such performed on adjacent secuon)

3. Itis likely that initial preparation siep-the cryoflxataon lo a high degree- determinates the morphologlcal preservation of low
lemperature embedded material. .

4. Freeze-drying seems o be more convenient and mare reliable methed of water removal prior to embedding than freeze-
subslitution.

5

6. For elemental analysis of the content in the extraceltular spaces and small fluid filled cavitics filled with the salls, the
embedding procedure should be performed below -40° C, usmg chlorine free and low viscosity embedding medium.

.

The oxygen frée milicu (vacuum) is of great importance for the finat polymerization by means of UV-light.

C. PERSPECTIVES OF COMBINING FREEZE SUBSTITUTION AND LOW TEMPERATURE EMBEDDING.
M. Muller, ETH Laboralory for Electron Micrescopy |, Institute for Cell Biology, CH-8092 Zurich/Swilzerland '

Generally, the aim of an investlgation by electron microscopy is to provide the struclural basis for the correlation of structure and
function. The structural information is therefore the more valuable, the more completely the structure can be preserved and thus
the smaller significant details can be described. Since electron microscopy is the only tool with the power to observe structural
details down to molecular dimensions in the context of the complex biological systems, evety effort to kcep up with the rapid
advancement of molecular blology and biochemistry scems to be justified.

-7 . ’
By the presently used preparation techniques based on chemical fixalion, dehydration and heavy metal staining, we are not able
Lo offer the microscope a specimen for imaging which contains significant structural details below approx. 10 nm (except if on resorts
to isolated systems or lo periodical siructures which in addition help to reduce the effects of the irradiating electron beam). The
effects of the conventional procedures {conformational changes, volume changes, exlraction of |Ipld$ and other small macromol-
ecules, loss of diffusible ions) are’ continuously demonstrated in the literature (1).

Structura) alterations due to the conventional preparation methods can be overcome to a greal extent by techniques based on
cryofixation. (The term cryofixation refers to the immobilization of Lhe biological sample with high cooling rates, which produce
no or only very small ice crystals which do not introduce detectable structural deleriorations.} Cryofixation exerls only physical
influence jon the specimen. Frecze fracturing followed by replication allow the cryofixed specimen o be further processed in a
purely physical way.

A controlled dehydration procedure is, however, only useful il it can be combined with an embedding resin that leads to a cuttable
block in the presence of residuat water, both, infiltration and polymerization being performed al the necessary high subzero
lemperatures. Atpresent, no such embedding resin is available but the frequently used Lowicryls HM20 and K4M represenit a close
approximation.

The disadvantage of this technique is, however, Lhat itcan hardly be used for anytﬁing clse than the description of specific structural
aspects which depend on the fracturing behavior of the sample and its components.

Our aim in combing freeze substitution and low temperature embedding is to find a way to prepare cryofixed specimen for thin
-sectioning which equals at least the structural presctvation of freeze fractured sampies. In addition, we want to combine a more
significant structural description with the localization of intracellular antigens and diffusible ions.

Water seems to be the most imporant lactor in mainlaining the structural and funclional integrity. During dehydration and drying,
the cells shrink up lo 70% oIlhelr initial volume {1} and macromolecules may collapse. These lemperatures above which different
types of macromolecules colfapsc when exposed to different dehydraling agents {organic sofvenls, vacuum) were determined by
MacKenzie (2). They range form 215K to 263K. These data indicale different inleractions between water and different celluiar
constituents. The presence of celiular water in different states has been demonstrated (3-7). Thus in order to obtain an optimal
preservation of the structural and functional integrity, conditions Rave to be found where enough water is removed from the cells
to allow for a successful embedding but where cnough waler is left to guaraniee the preservation of the structural integrity.



Since the removal of the waler depends on solvent and temperalure (2), frecze subslitulion may be a useful tool to control the
dehydration step. Looking atthe solvenls most frequently used for frecze substitution experiments, cither pure or containing already
a certain percentage of water, Humbel (8) could give addilional evidence for this assumption.

Successful experiments combining freeze substitution inpure solvents and low temperaturc embedding are performed at 243 K (8,9).
At this temperature, the effects of the subslituling solvent are minimized and the infiltration and polymerization of the Lowicryls
is routinely possible. If freeze substilution is stopped at much lower temperatures (e.g. at 223 K), notenough waler is removed from
the biological material. Depending on the nature of the interaclion of the water wilh the cellular structures, locally varying amounts
of residual waler prevent a sufficient infiltration and polymerizalion of the Lowicryl HM20 { K4M is too viscous at 223 K). Upon
irradiation in the electron microscope, this resulis in the rapid formation of small holes usually associated with identical cellular
structures. Freeze substitution and low temperalure embedding experiments are greally facilitated using a dedicated instrumen-
tation. The set-up used in our lab is outlined by Humbel et al. (8). Suitable cquipment for frecze substitution recently became
commercially available by Reichert and for combined freeze subslitution and low temperature embedding by Balzers Union.

Since the exposition of biological material to substituting organic solvents such as methanol or acetone at a lemperature of 243 K
may resultin complete dehydration (and therefore in structural alterations of cellular components) as well as in a loss of lipids freeze
substitution is often performed in the presence of stabilizing agents. There is evidence for osmium telroxide reacting already at 203
K with the double bonds of the unsaturated falty acids (10). Glularaldehyde in methanol starts lo effectively cross-link proteins at
223 K (8).

Thinsections of high pressure frozen (11) muscle tissue, freeze subslituted in pure methanol, embedded and polymerized in Lowicryi
HM20 at 243 K showed a good structural preservation (9). In addition an M-line protein was labelled by the protein A-gold technique
after freeze substitulion and low lemperalure embedding. Growth caitilage showed excellent structural preservation after high
pressure freezing followed by freeze substitution in methano! containing 3% giutaraldehyde and Idw temperature embedding in
K4M (12). The demanstralion of cryofixed lipid samples by thin sectioning becomes routine by freeze substilution in methanol
containing UO2Ac2, GA and OsO4 (13) or in acelone containing OsO4 followed by low temperature embedding and
polymerization in HM20 at 243 K (14,15). Osmium letroxide as a stabilizing agent is well compatible with low temperature
embedding if the temperature does not exceed 243 K. Tissue blocks or pellets appear lightly brownish which siill allow for UV
polymerization. ' . .
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