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INTRODUCTION 

Nanogold@, a gold cluster with a core of 
gold atoms 1.4 nm in diameter, has proven 
to be a superior probe label for electron 
microscopy (EM), 14117 giving both higher 
labeling density28,31 and improved access 
to previously hindered or restricted anti- 
gens.23>31 It may be visualized by automet- 
allography (AMG) for use in light 
microscopy (LM): silver-and gold-ampli- 
fied Nanogold detection12118 has proven to 
be one of the most sensitive methods avail- 
able for the detection of low copy number 
targets such as viral DNA in cells and tissue 
specimens.32 AMG enhancement has also 
made Nanogold an effective detection label 
in blots15 and gels.10 The following proto- 
cols will be described: 

Labeling of nuclear components in 
cells. 
Protocol for in situ liybrirdization and 
detection with fluorescein-Nanogold- 
or Cy3Th~-Nanogold-laGeled strepti- 
vidi n . 

Nanogold is an inert molecule, and gen- 
crally does not interact with biological 

molecules unless a specific chemical reac- 
tivity is introduced into the molecule. 
Conjugates are prepared using site-specific 
chemical conjugation through reactive 
chemical hnctionalities introduced during 
Nanogold preparation, which allows the 
gold label to be attached to a specific site 
on the conjugate biomolecule. For exam- 
ple, a maleimido-Nanogold derivative, 
which is specific for thiol binding, is fre- 
quently attached to the hinge region of an 
antibody at a unique thiol site generated by 
selective reduction of a hinge disulfide.14 
This site is remote from the antigen com- 
bining region, and the Nanogold, there- 
fore, does not compromise target binding. 
Nanogold may also be prepared with spe- 
cific reactivity towards amines27 or other 
unique chemical groups. 

This mode of attachment enables the 
preparation of probes labeled with both 
Nanogold and fluorescent labels. Different 
chemical reactivities are used to attach the 
Nanogold and the fluorescent groups to 
different sites in the conjugate biornole- 
cule, as shown in Figure 7.1. In this man- 
ner, the two labels are spaced sufficiently 
far apart that fluorescent resonance energy 
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transfer8121 does not quench the fluores- 
cent signal, and the probes may be used to 
label specimens for fluorescent and EM 
observation in a single staining proce- 
dure.23.26 This reduces the complexity of 
the staining procedure, allowing less speci- 
men perturbation, and also enables a higti- 
er degree of correlation between the fluo- 
rescence and EM localization of the 
target,30 thus increasing the usefulness of 
the complementary data sets. 

Since gold and fluorescent-labeled probes 
are often used at different concentrations 
under different conditions, optimum proce- 
dures for the use of fluorescent and gold 
probes may entail some degree of compro- 
mise between the most appropriate condi- 
tions for the two types of probes. However, 
the chemical stability of the Nanogold label 
means that it is generally stable to a wide 
range of use conditions, and the following 
protocols have been found to be effective for 
labeling specimens with combined fluores- 
cein and Nanogold-labeled antibody Fab' 
probes and with combined Cy3 and Nano- 
gold-labeled streptavidin. 

PROTOCOLS 

Protocol 1. Immunoabeling of Cellular 
Components, after Spector23 

Materials arid Reagetits 

Phosphate-buffered saline (PBS): 0.02 
mol/L sodium phosphate buffer with 
0.15 mol/L sodium chloride, pH 
adjusted to 7.6. 
Normal goat serum (NGS). 
Fluorescein and Nanogold-labeled Fab' 
(FluoroNanogold) conjugate (Nano- 
probes, Yaphank, NY, USA). 
Glutaraldehyde. 
0.02 mol/L sodium citrate buffer, pH 
7.0. 
H Q  Silver enhancement kit (Nano- 
probes). 
Hydrofluoric acid (37% or 40% aque- 
ous). 
Neutralizing solutions for hydrofluo- 
ric acid. Dissolve one heaped spoonful 
of each into water in numbered 100 
mL plastic tripour beakers: 

1.4 nm 
Nanogold 

1:igurc 7.1. Structurc of combined fluorcsccin and Nanogold probe. This novel rcagenr is prepared by sequcnrial conjugxion of 
Naiiogold followed by fluorescein. 
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1. Converter for hydrofluoric acid; magne- 
sium sulfate. 

2. Neutralizer for acids; sodium carbonate. 
Uranyl acetate. 
Reynolds lead citrate: place lead nitrate, 
Pb(N03), (1.33 g), trisodium citrate 
dihydrate, Na3(C6H507)*2H20 (1.76 
g), and 30 mL of distilled water in a 50 
mL volumetric flask, shake vigorously 
for 1 min, and allow to stand for 30 
min with occasional shaking to ensure 
complete conversion of lead nitrate to 
lead citrate before use.24 

Staining Procedure 

1. Grow HeLa cells on coverslips for two 
days. Fix, wash, and permeabilize.9 

2. Incubate cells with primary antibody at 
appropriate dilution for 1 h (diluted in 
PBS containing 0.1% NGS). 

3. Wash in PBS containing 1% NGS. 
4. Incubate with a 1:lO dilution of fluores- 

cein-Nanogold-conjugated Fab' secon- 
dary antibody probe for 1 h at room 
temperature. At this point, fluorescence 
photomicrographs may be acquired. 

5.  Wash cells with PBS. 
6. Fix in 1% glutaraldehyde in PBS for 15 

min. 
7.Wash with PBS (3 time for 10 min). 

Prior to silver enhancement, change the 
buffer to 0.02 M sodium citrate buffer, 
pH 7.0. Wash cells extensively in this 
buffer (chlorides must be removed 
before silver enhancement). 

8 .Perform the silver enhancement proce- 
dure in the darkroom using a Thomas 
Duplex sodium vapor or equivalent 
safelight. H Q  Silver may be used to 
enhance the gold probe in the cells. 
Prepare H Q  Silver by vortex mixing a 
I :  I : 1 mixture of initiator, moderator, 
and activator. Dry the backs of the 

coverslips using filter paper, and apply 
200 pL of the silver enhancement 
solution to the cell side of the cover- 
slip. After approximately 15 min, or 
when the silver changes from clear to 
gray, wash it off the coverslip using cit- 
rate buffer. 

9. Once silver enhancement is complete, 
wash the cells extensively with citrate 
buffer to remove any nonspecific silver 
deposits and to prevent any further sil- 
ver enhancement. 

10. Dehydrate cells through a graded series 
of ethanol. Infiltrate with a 50:50 solu- 
tion of ethanol and Epon-AraIdite 
(Electron Microscopy Sciences, Fort 
Washington, PA, USA) for 18 h, fol- 
lowed by 100% Epon-Araldite for 8 h. 
Embed coverslips in Epon-Araldite and 
place in an oven at 60°C for 48 h to 
polymerize. 

11. Remove the glass coverslips using hy- 
drofluoric acid (see Addendum below). 

12. Section the embedded cells and pick 
up on 200 mesh copper grids. 

13. Counterstain with 5% uranyl acetate 
for 5 min. 

14. Stain with Reynolds lead citrate24 for 1 
min; sections may also be regressed by 
floating on 0.2 M EDTA in distilled 
water for 30 min between the uranyl 
acetate and lead citrate staining.* 

15. View with transmission EM operated 
at 75 kV. 

Protocol Addendum: Removing 
Coverslips with Hydrofluoric Acid 

Caution: Hydrofluoric acid is extremely 
dangerous. Always handle in a fume hood. 
Keep neutralizing solutions (see below) 
handy. Use laboratory coat, goggles, and 
double gloves (nitrile or rubber if at all 
possible). 
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Procedure 

1. Remove excess resin from bottom of 
coverslip by scraping with a razor blade. 
Wipe with an acetone-soaked cotton 
swab to remove all the resin. The glass 
has to be completely clean or glass sliv- 
ers will be left on the face of your blocks 
after removal. 

2. Use half of a 35 mm tissue culture dish 
for each coverslip. Place these on the 
Teflons sheet in the fume hood and 
put the blocks into the 35 rnrn dish 
halves, coverslip side up. 

3. Set up two more 100 rnL plastic beakers 
with deionized water and put on labo- 
ratory coat, goggles, and gloves. You 
need to double glove; use nitrile or rub- 
ber gloves if at all possible. Also have 
kimwipes, water bottle, forceps, and 
plastic transfer pipet in the hood. 

4. Use a plastic transfer pipet to add hy- 
drofluoric acid dropwise to the cover- 
slips. Fifteen to 20 drops per coverslip is 
usually plenty. Let sit for 10 min. If the 
hydrofluoric acid runs over the edge, 
turn the coverslip over and float it on 
pool of hydrofluoric-acid in the dish. 

5. After 10 min, pick up coverslip with 
forceps and dip in beaker 1, then in 
beaker 2, then rinse with water, and dry 
with kimwipes. The glass will probably 
only be etched after the first exposure to 
hydrofluoric acid. Repeat steps 4 and 5 
until the glass is completely removed. 
Gridded coverslips tend to take longer 
to remove than do regular coverslips. 

6. Put the plastic sample blocks in a plastic 
beaker and wash for 2 h with at least 3 
changes of water. 

7. Dishes, forceps, and pipets exposed to 
hydrofluoric acid are rinsed through 1, 
then 2, and then in another beaker of 
water to rinse extepsively bcfore being 
disposed of as solid waste. Make sure 
you have not splashed acid on the teflon 
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sheet. If you have, neutralize with a few 
drops of solutions 1, then 2, then wash 
with water. Dump solutions 1 and 2 
down the sink and wash with running 
water at least 15 min apart so that they 
do not react. Wipe the Teflon sheet 
before storing. 

An example of labeling using this method 
is shown in Figures 7.2 and 7.3, in which a 
monoclonal primary antibody followed by 
combined fluorescein and Nanogold- 
labeled Fab' secondary have been used to 
label the pre-rnWA splicing factor SC35 
in HeLa cells. 

Protocol 2. In Si& Hybridization and 
Detection with Fluorescein-Nanogold- 
or Cy3-Nanogold-Labeled Streptavidin 

Protocols 2 and 3 were.developed by G. 
Hauser-Kronberger and G.W. Hacker and 
co-workers (Salzburg) using combined Cy3 
and Nanogold-labeled streptavidin,2* but 
are also effective with fluorescein and Nano- 
gold-labeled streptavidin. They are based on 
their method developed for in s i h  hybridiza- 
tion detection with Nanog0ld@'.~~73~ 

Materials and Reagents 

PBS: 1 0 ~  PBS (Mg2+ and Gal+ free), 
pH 7.6: 11.36 g Na2HP0,+ 2.72 g 
KH2P04, 87.0 g NaCl in 800 mL dis- 
tilled water. Adjust pH with concen- 
trated NaOH and add distilled water 
to a final volume of 1 L. 
Standard sodium citrate buffer (SSC): 
175.32 g NaCl and 88.23 g sodium 
citrate in 800 rnL distilled water. 
Adjust pH with NaOH to 7.0 and add 
distilled water to a final volume of I L. 
Prehybridization buffcr: 50% deion- 
ized formamide/I 0% dextran sulfate 
i n  2~ SSC. 
Lugol's iodine (Cat. No. L-6146; 
Merck, Darmstadt, Germany). 
Gelatin (45%): Cold Water Fish 
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Gelatin (Cat. No. G-7765; Sigma- 
Aldrich, Steinheim, Germany). 
Fluorescein-Nanogold- or Cy3-Nano- 
gold-labeled streptavidin (Nanoprobes). 
Silver acetate AMG reagents (see 
below). 
Reagent grade alcohols. 
Ultrapure water. 
Proteinase K (Cat. No. 1373196; 
Roche Molecular Biochemicals, 
Mannheim, Germany). 
Biotinylated DNA probe (e.g., Enzo, 
New York, NY, USA). 
Coplin jars or equivalents. 
Standard laboratory pipettors. 
Slide warmers and/or incubators (37" 

Heating block (92"-95"C capable). 
Nuclear stains. 
Mounting media: PerrnountT" or 
D P F M  (BDH Chemicals, Poole, Eng- 
land, UK). 

and 50°C capable). 

Staining Procedure 

1. Deparaffinize sections from formalde- 
hyde-fixed tissue in fresh xylene (2 
times for 15 niin each). 

2. Rinse and rehydrate in graded alcohols 
and distilled water (2-3 min each). 

3. Soak in PBS (20 mmol/L, pH 7.6) for 
3 rnin. . 

4. Incubate with 0.1 rng/mL proteinase K 
in PBS at 37°C for about 8 rnin. The 
duration is critical and has to be tested 
very carefully, depending on tissue, fix- 
ation, and other factors. 

5. Rinse in 2 changes of PBS, for 3 rnin. 
6. Perrneabilize with 0.3% Triton@ X-100 

7. Wash in PBS for 2 min. 
8. Rinse in 2 changes of distilled water, 

dehydrate with graded alcohols (50%, 
70%, and 98% isopropanol) for 1 min 
each, and air-dry the sections. 

in PBS for 15 min. 
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9. Prehybridize with 1 : 1 mixture of deion- 
ized forrnamide and 20% dextran sul- 
fate in 2X SSC at 50°C for 5 min. 

10. Carefully shake off excess prehybridiza- 
tion block. 

11. Add one drop of biotinylated DNA 
probe on the section and cover with a 
small coverslip. Avoid air bubbles. 

12. Heat sections on heating block at 
92"-94°C for 8 to 10 min to denature 
DNA. 

13. Incubate in a moist chamber at 37°C 
overnight (or for at least 2 h). 

14. Posthybridization washes (5 min each): 
2 changes of 4~ SSC (first wash to 
remove coverslips), 2~ SSC, 0 . 1 ~  SSC, 
0.0% SSC, and then distilled water. 

15. Put slides into Lugol's iodine solution 
for 5 min. 

16. Wash in tap water and then distilled water. 

Gold and Silver Staining 

17. Put into 2.5% sodium thiosulfate for a 
few seconds until sections are colorless. 
Then wash in tap water for 5 min and 
distilled water for 2 rnin. 

18. Immerse in PBS containing 0.1Yo fish 
gelatin (45% concentrate) and 0.1% 
Tween@ 20 for 5 min. 

19. Incubate sections with fluorescein- 
Nanogold- or Cy3-Nanogold-labeled 
streptavidin diluted 1:200 to 1:500 in 
PBS containing 1% bovine serum 
albumin (BSA) at room temperature 
for 60 min. 

20. Wash in 3 changes of PBS containing 
0.1% fish gelatin and 0.1% Tween 20 
for 5 min each. 

21. Repeatedly wash in distilled water for 
at least 10 min altogether, the last 2 
rinses in ultrapure water (EM grade). 

22. Perform silver acetate AMG (see 
Addendum) or GoldEnhance develop- 

I .. - . . . .  . 
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ment (Nanoprobes; see also Chapter 3). 
23. Rinse carefully in tap water for at least 3 

min. Afier silver amplification, sections 
can be counterstained with nuclear fast 
red, dehydrated, and mounted in Per- 
mount or in DPX. Do not use Eukitt 
(Electron Microscopy Sciences; this can 
change the intensity of silver stains after 
optimal development, sometimes even 
after weeks and months). 

Protocol 3.172 Situ Hybridization, 
Tyramide Signal Amplification 
and Detection with Combined 
Fluorescein-Nanogold- or Cy3- 
Nanogold-Labeled Streptavidin 

Materials and Reagents 

This procedure will require the same 
materials, reagents, and equipment used 
for iiz situ hybridization detection (see Pro- 
tocol 2). Tyramide signal amplification will 
additionally require the following 

Hydrogen peroxide. 
Methanol. 
Tween 20. 
Dimethyl sulfoxide (DMSO). 
Fluorescein isothiocytrate (FITC) or 
biorin haptenated probe. 
GenPointTM in sim streptavidin-biotin- 
peroxidase complex kit . (DAKO, 
Glostrup, DK, and Carpinteria, CA, 
USA), which includes blocking pow- 
der and biotinylated tyramide. 

Staining Procedure 

1. 

2. 

3. 

Deparaffinize sections from formalde- 
hyde-fixed tissue in fresh xylenc (2 times 
for 15 min each). 
Rinse in absolute ethanol (2 times for 5 
min each), then 35% ethanol (2 times 
for 5 rnin each), followed by 2 changes 
of double-distilled water. 
Immerse the slides in Target Retrieval 
solution (Cat. No. S1700; DAKO) a t  

95°C for 40 min, then let the slides cool 
in the same solution for 20 min. 

4. Rinse the slides in several changes of 
double-distilled water, then incubate 
them with proteinase K (Cat. No. 
S3004; Dako) diluted 1:5000 in 50 
mmol/L Tris-HC1 buffer (pH 7.6) for 5 
min at room temperature. Alternatively, 
steps 3 and 4 may be replaced by pre: 
treatment with 0.1 mg/mL proteinase K 
in 50 mmol/L Tris-HC1 buffer (pH 7.6) 
at 37°C for about 8 min (optimal dura- 
tion should be tested). 

5. Wash slides in double-distilled water (3 
changes for 5 min each). 

6.Treat with 3% H202 in methanol at 
room temperature for 30 min. 

7. Wash slides in double-distilled water for 
10 min. 

8. Put slides into Lugol's iodine solution 
for 5 rnin, then wash in double-distilled 
water. 

9. Put into 2.5% sodium thiosulfate for a 
few seconds until sections are colorless, 
then wash in double-distilled water (2 
times for 5 min each). 

10.Allow slides to air-dry. 
11.Add one drop of biotinylated DNA 

probe on the section and cover with a 
small glass coverslip. Avoid air bubbles. 

12.Heat sections on heating block at 92" 
to 94°C for 5 min to denature DNA. 

13.Incubate in a moist chamber at 37°C 
overnight (or for at least 1 h). 

14.Remove the coverslip by soaking slides 
in a TBST (Tris-buffered saline con- 
taining Tween 20) bath for 5 min. 

15.Incubate slides in Stringent Wash (pro- 
vided in the GenPoint kit) for 20 min 
at 55°C. 

16. 

17. 

Drain off section, wipe area around sec- 
tion dry, and surround it with a PAP-pen 
(Dako-Pen) (Cat. No. S-2002; Dako). 
Immerse slides in TBST for 5 min. 
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18. Apply primary streptavidin-horseradish 
peroxidase (HRP), diluted 1:800 in the 
diluent (from GenPoint kit) to sections 
and incubate in a moist chamber for 
15 min at room temperature. 

19. Wash in 3 changes ofTBST for 5 nlin each. 
20.Apply ready-to-use biotinyl-tyramide 

solution (from GenPoint kit) and incu- 
bate in a moist chamber for 15 min at 
room temperature. 

21.Wash in 3 changes of TBST-gelatin 
(TBST containing 0.1% fish gelatin 
pH 7.6) for 5 min each. 

22.Incubate the sections with fluorescein- 
Nanogold- or Cy3-Nanogold-labeled 
streptavidin diluted 1:250 in PBS con- 
taining 1% BSA at room temperature 
for 60 min. 

23.Wash in 3 changes of TBST-gelatin for 
5 min each. 

24,Repeatedly wash in ultrapure water 
(EM grade). 

25.Perform silver acetate AMG or Gold- 
Enhance development according to the 
instructions of the manufacturer. 
Note: The development process may be 
stopped by simply washing the sections 
in distilled water (several changes), or 
more effectively by a brief wash in 
2%-5% sodium thiosulfate, followed 
by water. 

2G.After AMG amplification, sections can 
be counterstained with hematoxilin and 
eosin and/or nuclear fast red, dehydrat- 
ed, and mounted in Permount or in 
DPX. Avoid the use of Eukitt. This can 
change the intensity of silver stains after 
optimal development, sometimes even 
after weeks and months. 

Protocol Addendum: Silver Acetate 
Autometallographyl2 

The procedure described here was mod- 
ified for use with Nanogold reagents. 

Materials and Reagents 

Solutions A and B should be freshly 
prepared for every run. 
Solution A: Dissolve 80 mg silver 
acetate (85 140; Fluka, Buchs, Switzer- 
land) in 40 mL of glass double-distilled 
water. Silver acetate crystals can be dis- 
solved by continuous stirring within 
about 15 min. 
Citrate buffer: Dissolve 23.5 g of 
trisodium citrate dihydrate and 25.5 g 
citric acid monohydrate in 850 mL of 
deionized or distilled water. This 
buffer can be kept at 4°C for at least 2 
to 3 weeks. Before use, adjust to pH 
3.8 with citric acid solution. 
Solution B: Dissolve 200 mg hydro- 
quinone in 40 mL citrate buffer. 
Enhancement solution: Just before 
use, mix solution A with solution B. 

Stainitg Procedure 

1. Silver amplification: Place the slides 
vertically in a glass container (preferably 
with about 80 mL volume and up to 19 
slides; Schiefferdecker-type) and cover 
them with the mixture of solutions A 
and B. Staining intensity can be 
checked in the LM during the amplifi- 
cation process, which usually takes 
about 5 to 20 min, depending on pri- 
mary antibody or nucleic acid probe 
concentration, incubation conditions, 
and the amount of accessible antigen or 
nucleic acid sequence in question. 

2. Stop enhancement by washing in dis- 
tilled water (several changes). 

3. After stopping the enhancement pro- 
cess, slides can be examined in an LM 
more carefully, If staining intensity is 
still too low, wash slides for one more 
time in double-distilled water and devel- 
op further in enhancement solution. 
Figure 7.4 shows two examples of the 
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results obtained by this method. In this 
specimen, human papillomavirus type 16 
(HPV-16) DNA is visualized in C a s k  cells 
and in SiHa cells; the latter are known to 
contain only 1 to 2 copies of the target 
DNA, and the staining is clearly visualized 
by both fluorescence and LM. 

TECHNICAL HINTS 
AND DISCUSSION 

The optimum conditions for labeling 
with combined fluorescent and Nanogold 

Combined Fluorescent and Gold Probes 

probes generally will be close to those for 
using Nanogold probes in similar proce- 
dures, and this should be used as the start- 
ing point when using the combined fluo- 
rescent and Nanogold probes. The 
protocols above are intended as guidelines. 
Combined fluorescent and Nanogold 
probes are entirely covalently linked and 
stabilized. Therefore, the problems some- 
times found with colloidal gold probes, 
which include aggregation leading to poor 
antigen access,l3 nonspecific binding,3 and 
probe dissociation, which gives rise to 
lower labeling,l9 will usually be greatly 

Figure 7.4. I n  siru hybridization for HPV-16 DNA with biotinylated tyramides and Cy3-Nanogold-labeled streptavidin. Tap 
row: CaSki cells (A) Fluorescence (bar = 20 pm), (U) Light micrograph aftcr gold AMC (bar = I O  pm), (C) Electron micrograph 
of samc specimen (bar = I pm). Bottom row: S i b  cells by (D) fluorescence, (E) LM aftcr gold AMG (bar = 10 pm), (F) fluores- 
cencc, and (C)  light micrographs of  control with biotin-tyramidc omitted (bar = 20 pm). 

115 



Gold and Silver Staining 

reduced or negligible for probes containing 
Nanogold. The probes are stable to a wide 
range of buffers and experimental condi- 
tions, and may therefore be used in many 
staining and processing protocols. 

Thiols have a strong affinity towards 
gold and can degrade Nanogold. Therefore, 
thiol-containing reagents, such as dithio- 
threitol (DTT), should be avoided when 
staining with Nanogold-containing probes. 
If thiols must be used, concentrations 
should be kept below 1 mM and exposure 
times kept below 10 min. In addition, 
some reports suggest that Nanogold may be 
affected by exposure to high temperatures. 
However, a detailed study by W visible 
spectroscopy has shown that about 80% of 
Nanogold is still intact even after several h 
at lOO"C.15 The risk from such conditions 
may be avoided by performing AMG 
before exposure. 

When higher concentrations" of the 
combined fluorescent and Nanogold probe 
are required to obtain sufficiently intense 
fluorescent signals, this can result in higher 
background signals upon silver-salt-based 
AMG. This may be avoided by washing 
thoroughly with sodium citrate buffer 
before enhancement. Where H Q  Silver is 
used, 0.02 M sodium citrate buffer at pH 
7.0 has been found to be most effective; in 
preparations utilizing the Danscher silver 
enhancement protocol,7 0.02 M sodium 
citrate buffer adjusted to pH 3.5 was most 
effective. 

In some procedures, poor development 
has been found upon AMG. Results may 
be improved by changing from commercial 
silver enhancement reagents to the Dan- 
scher formulation7 or Hacker's silver 
acetate niodifications,l2 or by substituting 
formaldehyde for glutaraldehyde in post- 
fixation. 

Combined fluorescein and Nanogold 
probes have soiiietinies shown a nonspecif- 
ic affinity for nucleic acids or other nuclear 
materials, possibly due to the presence of 
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the hydrophobic fluorescein in close prox- 
imity to Nanogold, which possesses simi- 
larly hydrophobic aromatic substituents, 
which might interact with the bases of 
nucleic acids. Treatment with either a de- 
tergent, such as Tween 20, or an amphiphi- 
lic reagent, such as benzamidine or 1,2,3- 
heptanetriol,20 may reduce this effect. 

Enlargement of the Nanogold by AMG 
might be expected to reduce the fluores- 
cence yield, since the enlarged particle will 
have higher extinction coefficients. How- 
ever, Robinson and Vandrt have shown 
that short periods of silver enhancement 
(1-2 min), which are sufficient to render 
the Nanogold particles visible by EM, are 
tolerated, and sufficient fluorescence is 
retained for useful correlation of the data 
found by fluorescence and other optical 
microscopy methods.26 

Combined fluorescent and Nanogold 
probes are only one of a number of new 
probes that have been made possible by the 
development of covalent metal cluster and 
nanoparticle labeling technology. Other 
metal clusters adapted for use as microscopy 
labels include 2 nm platinum clusters. These 
are larger and more readily visualized than 
Nanogold even without AMG.22 The small- 
er tetrairidium cluster has also been used in 
conjunction with image processing for high- 
resolution structural studies of large protein 
assemblies such as viral capsids.5 

Larger probe labels prepared using the 
same covalent cross-linking rationale used 
for Nanogold would possess many advan- 
tages for EM applications, and because 
covalent linking enables the preparation of 
probes containing molecules such as 
lipids1316 and oligonucleotides2 as well as 
the antibodies and proteins used for col- 
loidal gold conjugation, it would expand 
the range of probes available. We have 
recently prepared a covalently linked 10 
nni gold probe, and this was successfully 
used to label the proteins that make up the 
polar tube apparatus in niicrosporida 
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spores. Further development of this tech- 
nology is currently in progress, and it is 
hoped that such probes will be made avail- 
able commercially in the future. 
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