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In the biomedical sciences, samples are mounted inewaidety of media, with a
correspondingly wide range of properties, for examinatiomizsyoscope. Using the incorrect
mounting medium may cause signal loss and optical almersathe correct mounting medium
avoids such aberrations and preserves fluorescence signaanti-fading” properties. This
article introduces mounting media for fluorescenceosicopy, providing descriptions of their
constituents and their properties, as well as accountsen§’ experience

Refractive index mismatch

Light is refracted when it crosses the interface behwe/o media of differing refractive indices
(RI) (Fig 1). Mismatching the refractive index of the obijegimmersion mediufrand mounting
medium is one of the main causes of image degradation ingoapy. Refractive index
mismatch results in stretching/compression of the z-aXigi@an step size for the objective does
not necessarily correspond to a 1 pm change in the feoa.pAIso, spherical aberration is
worsened by axial spreading of the point-spread function (RSElting in reduced axial
resolution (1). Another consequence of the axial spreaditiged?SF is signal-loss in a confocal
system since fewer photons pass through the pinhole (J. Pa4®@&3, CLA). This phenomenon
is exacerbated with depth; with a high numerical apedbjective, serious problems arise when
imaging deeper than 10um into an aqueous sample (2nditmeting medium and the immersion
medium should be matched within 0.01-0.05 (B. Foster, 2003, @ea)ly to three decimal
places (J. Pawley, 1997, CLA). FAMI microscopy, Gustafssae al. mounted the sample in a
mixture of~ 53% benzyl alcohol, 45% glycerol and 2% N-propyl gallate byghieio have the
same refractive index (1.513) as the immersion oil (3).

It should also be noted that the refractive index of insine medium will vary with temperature
approximately 0.0004 per 1°C (J. Cargille, Cargille Lab®);véiriance will be even more
pronounced with wavelength.

CONSTITUENTS

There are many commercial mounting media availablegaed more recipes to make your own.
Mounting media comprise two or three main ingredientsise ban antifade reagent, and
sometimes a plasticizer to set.

" This information is a collation of useful comments fritva Confocal listserver archives (CLA)
and the Histonet archives (HA) as well as other web-ressufl he original comments can be
found by searching for the author and year in the CLANaabr by selecting the appropriate
archive (month and date) and searching for the authtbeirlistonet archive. More detailed
reviews of antifade reagents have been published by Oha@} and Longin et al.(9). Papers
describing the effect of refractive index (RI) mismatch Hasen published by Diaspro et al. (1)
and Hell et al. (10).

" In this article “immersion medium” refers to the medibetween the objective and coverslip,
i.e. the “immersion medium” for air-objectives is air.
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Base constituents

The base component of a mounting medium is either aqueoud (B3); glycerol (RI~1.47);
natural oil (RI~1.53); or plastic (RI~1.51). The base-ingmadethe major determinate of the
refractive index of the medium (W. Wallace, 2001, CLIANK] . Natural oils and plastic-base
mounting media tend to be hydrophobic, and therefore eedeinydration of the sample: this
may cause significant shrinkage of tissue (J. Pawley, ZUOR). Aqueous and glycerol-based
media are hydrophilic and do not require the sample to tgddstedLINK] .

Glycerol may be incompatible with specimens containimgghilic plasma membrane stains like
Dil; this may leach (P. Jansma, 1999, CLA; W. Wall&€€)2, CLA)[LINK] [LINK] . However,
it should be noted that others have not had this probler&lf&rger, 1999, CLAJLINK] .

Antifade constituents

The mechanism by which fluorescent dyes are irreverdegsyroyed by photobleaching is not
fully understood. It is thought to be linked to the transifrom the excited singlet state to the
excited triplet state (the latter is more reactive)this triplet state, the dyes may react with
molecular oxygen and lose the ability to become fluorestenphotobleached. However,
photobleaching has been demonstrated in an argon environmtd,absence of oxygen (4).
This may reflect triplet dye-dye interactions (5), whicaynbe strongly dependent on dye
concentration and dye saturation state (K. Braeckmans, 20@3,[CINK] . Most antifade
reagents are reactive oxygen species scavengers. Howevetinsesrthe antifade itself will
guench the fluorescence of the dye but prolong its liteigintensity (K.Larison, Apr 1999, HA)

[LINK] .

p-Phenylenediamine (PPD) seems to be the most effective antifade compay@y.(However, it
can react with cyanine dyes (especially Cy2) and cleawg &alf of the cyanine molecule
(Jackson ImmunoResearch Laboratories, TechFAQ#RK] . Use of phenylenediamine as an
anti-fading reagent in mounting media may result in warakdiffused fluorescence following
storage of the stained slides. There are several regarlisaviolet-induced yellow-fluorescence
of Hoechst-stained nuclei. One possible explanatiohisfghenomenon is the contamination of
the mounting medium withmeta-phenylenediamine. This may react in the presence of wéahk ac
to form a yellow-fluorescing basophilic stain. Avoid anythihgt might be a mixture of the para-
and meta-isomers (M. Wessendorf, 1993, CLLANK] .

n-Propyl gallate (NPG)is another commonly used antifade compound. It is difficudtissolve,
requiring prolonged heating over several hours. It is non-toxican be used with live cells.
However, it has been shown to protect against apoptosso()may interfere with the
biological process under study.

1,4-Diazabicyclo-octane (DABCO), also known as triethylenediamine, is not as effectivePas P
(6) but is less toxic. It could be used in live-cell wdnlwever, it would be predicted to have the
same anti-apoptotic properties of NPG.

To Harden or not to Harden?

Some mounting media harden as they dry. This facilitaesliimg and storage; however, the
process of hardening often results in significant changdsiRt over timgLINK] . During the
hardening process, there can also be shrinkage and tsswagel However, this shrinkage may
be insignificant compared to the shrinkage that results fdetydration during the fixation
process (J. Pawley, 2003, CLAINK] .
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There are mounting media which do not harden. These eespaling the coverslip in order to
prevent the mounting medium drying or leaking. Spacers magéded to prevent the coverslip
from crushing the specimen.

SEALANTS

Nail polish is widely used to seal the edges of coverslips. Therenany accounts of nail polish
guenching GFP (J. Feijo, 2002, CLA; S. Castel, 2002, GLINK] [LINK] but others have not
had a problem (M. Mancini, 2002, CLA; A. Cornea, 2002, GLINK] [LINK] . The quenching
is possibly linked to the water-soluble isopropyl alcohadame nail polishes (G. Callis, 2003,

CLA) [LINK] .

Allow at least 30 minutes for nail polish to dry. Beds that have not been thoroughly dried will
damage the lenses. If you do get polish on the objectivét levas/ be chipped off with a
toothpick — the wood in toothpicks is reported to be softugh not to damage the lens, although
it is recommended to check with the objective manufactefare attempting this (M.
Wessendorf, 2001, CLALINK] .

Entellan is sold as a xylene-based mounting medium like DPXK{sk®v) but contains poly
(methyl methacrylate) rather than polystyrene (80kD) {@rrian, May 2000, HAJLINK] .

Although sold as a mounting medium, Entellan has beemm@ended as a sealant as it sets
quickly (W. Wallace, 2002, CLALINK] (20 minutes) and the best sealant for glycerol-based
mounting media (W. Wallace, 2001, CLAJNK] . Other hard-set, toluene or xylene based
mounting media, when diluted in their respective solventatso prove useful sealants (G. Callis,
2006, HA)[LINK] .

Dental or modelling wax comes as pink coloured sheets and can be safely usedsilyd e
reversed. Heat the sheet in a glass beaker and heeitime liquid at 40°C—60°C. Use a small
paintbrush for sealing the coverslip. When the wax is in toutthtiae coverslips at room
temperature it will solidify (S. Castel, 2004, CLAJNK] .

VALAP is an equal mixture of Vaseline, lanolin, and paraffin mhiga a heating plate. VALAP
can be used to seal living samples: its low melting pomteguts damaging the sample when
applied (M. Farmer, 2004, CLALINK] .

Spacers

Broken coverdlips have been recommended as inexpensive permanent spacers{310=10.
mm; #1.5 = 0.16-0.19 mm; #2 = 0.17-0.25 mm thick). These can beglyemit with a
diamond-pen (G. Macdonald, 1995, CLRJNK] .

Gaskets are commercially available (or can be made from latex gl@Ve Montrose, 1994,
CLA) [LINK] or Parafilm (G. Macdonald, 1995, CLA)INK] ). Molecular Probes supply
silicone gaskets ranging from 0.2 mm to 2.5 mm.

Scotch tape has also been reported to work as a 60—100 pum spaddo@ose, 1999, CLA)
[LINK] , but may be autofluorescent (G. Macdonald, 1995, GLINK] .

Custom-madenetal spacers have been found to be useful in live cell work where ttzaybe re-
used (B. Foster, 1998, CLA; R. Thrift, 1995, CLUA)NK] [LINK] .

COMMERCIALLY AVAILABLE MOUNTING MEDIA

The following summary of commercially available mountingdiaéhas been taken from
comments made on the confocal listserver, IHC archive, accb8topy websites around the
world. There is less material on new products, which lgat/& be fully evaluated.
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Aqueous

Gel Mount is an aqueous-based mounting. The manufacturers sayhhatbeen specially
formulated without glycerol in order to avoid the deletasieffects it has in some of the
phycobiliprotein-based detection systems (there is someneédkat glycerol can change the
fluorescence decay properties of phycobiliproteins (8)yM&eint does not contain
phenylenediamine, which may interfere with cyanine dyes.

FluorSave has been highly recommended. It hardens after about 1 heuwstrbag antifade
properties, but as with other hard-setting mounting mathiankage after 1 week can damage
tissue (W. Wallace, Feb 2002, CLAJNK] .

Glycerol-based

Prolong is a two-component mounting medium, which begins as @ad@powder and a liquid-
base component. The two components are mixed just prior.td hisgroduct has recently been
joined byProlong Gold (which comes premixed but is more expensive per Riglong is
reported not to quench fluorescence like some otheadstif(K. Larison, Apr 1999, HA)

[LINK] . While it is said to be good for the AlexaFluor dyespédty not work so well with
fluorescent proteingINK] (K. Larison, Apr 1999, HA), although Clontech recommends it
(Clontech, Living Colors FAQ: Fixation of Fluorescenofeins)[LINK] . It is reported that
Prolong stores better than Vectashield and probably ud@e®Bn antifade (T. Howard, 1999,
CLA) [LINK] . Molecular Probes report that Prolong does not wolkwith BODIPY dyes.

Vectashield comes as regular or hard-set. It has been suggesteddbas not work well with
Cyanine dyes (possibly because its antifade reagent ix RB&ashield suffers from a blue
autofluorescence when excited with UV; this, however, fadeskly [LINK] . Autofluorescence
may be exacerbated by storage at —20°C (T. Howard, 1999, [CIMY{] . Vectorlabs state that
Vectashield may not be compatible with all enzymatic sutestrar fluorescent proteins.

MOWIOL is a PVA-based medium originally designed for EM. Tdfeactive index is
inconsistent between batches (W. Wallace, Feb 2002, LLKNK] , possibly due to the fact that
it arrives as a powder and requires reconstitution in ghyeerd buffer (see Appendix for
recipes).

Plastic

DPX is mixture ofdistyrene (a polystyrene),@asticiser (tricresyl phosphate), axglene

(DPX). This compound was introduced in 1939 and later neodify the substitution of a more
satisfactory plasticiser, dibutylphthalate (butyl, phttelatyrene - BPS). Given the presence of
xylene in this compound, procedures must be performed in @ liood using forceps.

DPX requires tissue dehydration (this process compressetusés in the z-axis, and will extract
any lipid-soluble fluorophores).

DPX is reported to work well with TRITC, Lissamineodamine, rhodamine Red-X, Cy2, Cy3,
or Cy5; however it appears to be less successful with BITRMCLA (M. Wessendorf, 1999,

CLA) [LINK] .

Cytoseal 60 is an inexpensive, toluene-based low viscosity mounting me¢i Monosov,
2000, CLA)[LINK] . As with Entellan, its base constituent is poly(methyhaerylate). It can
form bubbles when drying (J. Kiernan, Mar 2005, HHANK] and is considered inferior to the
similar Entellan (J. Kiernan, Mar 2003A, HR)INK] .
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Permount is a toluene-based synthetic resin mounting medium. Tdaipr sets more quickly
than DPX and has a lower viscosity.

WEB RESOURCES

This article is available at Wright Cell Imaging Fégiwebsite with live in-text links to the
original articleshttp://www.uhnresearch.ca/wcif/download.html

Confocal listserver archives

Histonet archives

Microscopia Optica y Confocal Refractive Index tablesfmumber of mounting and immersion

media[LINK]

TABLES & FIGURES

Figure 1: Changes in refractive index causes light to deviateifs expected path. A laser-
pointer is shone through air into a vase containing coroncibp of water. A little talc is included
in the air, oil, and water in order to improve visualiaatby scattering the laser-light.

Air (R1~1.0)

A

. Corn Qil (RI~1.47)
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Tablel: Refractive Indices. A more comprehensive list has t@mpiled by George McNamara
(2003, CLA)[LINK] . Variation may be due to differences in the waveleagthtemperature
used to measure R.1.

Medium Refractive Index
Vacuum 1.00, by definition
Air ~1.00
Water 1.333
Cells
Glycerol -1.48 (1)

Borosilicate glass (e.g. Pyrex™)
Optical Crown glass
Fixed protein

DIN standard immersion oil* 1.5180 +/- 0.0004 (DIN), +/- 0.0005 (I1SO)
Diamond 2.419
Gallium phosphide 3.5

The DIN (Deutsches Institute fur Normung) standard fomsueng refractive index of
immersion oil is specified at one wavelength, generally therury e” line (546.1 nm) at 23°C
(Cargille Labs)LINK] . It is predicted that ISO standards being draftedlvlbased on the DIN
standard (Cargille Lab$)LINK] .
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Table 2: Summary of some of the commercially available tirogimedia. This is not exhaustive
and infers no recommendation.

Cost/unit

Purchased

Mounting medium | Manufacturer 1 2

/Supplier Hard-set? Base RI (US$) volume (ml) Cost/ml
Fluorsave Calbiochem Y Aq ? $ 72.00 20 $ 357
Fluoromout-G | southern

Biotech Assoc | Y Aq 1.393 $ 48.00 25 $ 1.92
Gel Mount Biomeda N Aq 1.358 $ 33.00 20 $ 165
VectaShIE|d Vector Labs

Y Glyc 1.440 $ 125.00 10 $ 1250

Hard Mount y
Vectashield Vector Labs N Glyc 1.458 $ 105.00 10 $ 10.50
MOWIOL Calbiochem Y Glyc 1.490° $ 110.00 24* $ 458
Prolong Molecular

Probes Y Glyc 1.455 $ 98.00 10 $ 9.80
DPX Electron

Microscog)y Y Plas 15251 $ 48.00 100 $ 048

Sciences
Entellan Merck Y Plas 1.500 $ 35.00 100 $ 035
Permount Biomeda Y oil 1515 $ 25.00 100 $ 025

TFrom Confocal list, supplier's websites aBervicio de Microscopia Optica y Confocal

2Prices from March 2004.
® and many other suppliers

3varies with recipe

4One unit is 2.4g which is dissolved in 24 ml.
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RECIPES

There are many recipes available to make your own moum&aium. These may be cheaper
than commercial products but also more variable in teé&iactive indices. Most of these are
glycerol-based mounting media. There are reports that batokes/sources of glycerol can
autofluoresce; check new bottles before preparing the tingumedia (T. Howard, 2003, CLA)

[LINK] .

PPD-Glycerol |

The key to usingara-phenylenediamine is pH: if the pH is below ~8.0, you will seenfadind
background signal. Bicarbonate is used here to maintapHHevel.

0.1-0.01% p-phenylenediamine
50-70% glycerol in PBS
50% glycerol in 20 mM phosphate buffer (pH 8.5)

Aliguot and store at -80°C. The medium will go dark whegoes off (E. Hines, 1993, CLA)
[LINK] .

PPD-Glycerol Il (4)

1g/l (10 mM) PPD

90% glycerol in PBS

pH 8.6 adjusted with 0.1M NaOH

PPD dissolved in PBS before addition of glycerol.

DABCO-PVA

2.5% DABCO

10% polyvinylalcohol (PVA) (Sigma; Type II),
5% glycerol,

25 mM Trisbuffer, pH 8.7

Day 1

1. Add 4.8 g of polyvinyl alcohol (PVA) to 12 g of glycerol and miglw
2. Add 12 ml of distilled water and leave it on a rotattoroom temperature overnight.

Day 2

3. Add 24 ml of 0.2M Tris-HCI at pH 8-8.5.

4. Heat in a water bath to 50°C while mixing for about 3Guies.

5. Add 1.25g of DABCO and mix well.

6. Centrifuge at about 2000 rpm for 5 minutes.

7. Aliquot the supernatant (we use 1 ml aliquots, whign@ugh for 15-20 slides) and store at —
20°C.

Since it polymerizes upon contact with air it is bettertaoefreeze the aliquots. Thaw aliquot
just before use and throw away what you do not use (J. Wasd®999, CLA) [LINK].
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NPG-Glycerol

2% n-propyl-gallate (Sigma)
49% PBS

49% glycerol

pH=7.4.

DABCO-Glycerol
1% DABCO in 90% glycerol, phosphate buffered (4).

Dissolve DABCO in glycerol with gentle heating before additm®BS. Samples seem to last
for weeks to years if kept in the dark (G. Macdonald, 1826Y) [LINK]

MOWIOL-DABCO

Add 2.4g of MOWIOL 4-88 to 6 g of glycerol. Stir to mix.

Add 6ml of water, leave stirring at room temperaturestreral hours

Add 12ml of 0.2M Tris [pH8.5] and heat to 50C for 10 min vattasional mixing.

Clarify by centrifugation at 5,000g for 15 minutes.

OPTIONAL: Add DABCO [1,4,-diazobicycli-[2.2.2]-octane, Aldh] to 2.5% wi/v to reduce
fading of fluorophores.

RT (C. Favara, 2003, CLALINK] .

Aliquot in airtight tubes and store at —20°C. Stocks takels at 4°C for several weeks after
thawing (J. Trogadis, 2003, CLALINK].
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