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BSTRACf I 00 CfIO 

Du ring t h develop me nt o f 
immunocyt hemical t hniqu , much err rt ha 
been d ire t d toward labelling antigens wh it 
maintaining their s tructu r the same a , or a t 
lea t similar to the na tive tate. On approach to 
thi ta k involves the u of cry -Ii ation and 
cryo-ultramicrot my to mini mize or eliminate 
dena tura tion of the antigen . However, the 
e pen reIa eta quiring the n e ary 
equipment limit th availabili ty of this approach 
to many re arch 1'. . n aIt rnat ive, pre ­
embedding immunolab IIing ha ob vio u 
ad ant g ove r pos t - mbedd in g 
im mu n lab Bing b cau a n ti bo d ies are 
int r due t th antig n befor th y are po d 
t the hal' h tr a tment of ti ue pI' c ing. 

Due to the larg ize of com m rcially 
availabl colloida l go l P" bes, pre-emb ding 
im m u nocy to chemica l la bell ing a t the 
ultra tru ctural level has mainly I' lied on oth I' 
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marker u h a hor rad i h peroxidase (HRP). 
The rec nt introduction of one nanometer 
colloid I g Id probes represents a ignificant 
advance in that the smaller size of the gold 
particle enhances probe penetration while 
maintaining cell or tissue morphology, and the 
d crea ed urface charge on the smaller gold 
particles facilitates the antigen-probe interacti n. 
Vi ualization of mall gold p rticles in biological 
ystem ha b n achieved by in reasin their size 

in a gold-catalyzed silver reduction pI' cedure (1). 
The most recent vel' ion are commercially 
available silver enhancem nt kit (Am rsham, 
BioCell, and Aurion) that are more practical to use 
than origin I method . The experiment I 
pplication of one nanom tcr gold prob and 
i1v I' nhancem nt t hniques h e been r ported 

in many studie (2,3,4). In thi report, three 
e prim nt u ing thi tcchniqu are d cribcd 
and the significanc of thi new t chnique for 
immun cytoch mical I calization in vari u type 
of cell and ti ue preparations is discussed . 



Immunolabelling of Lnrn Colloidal Gold 

Experiment 1. Tetrahqmena lJyrijorm is is 
a ciliated protozoan with a complex cytoskelctal 
system. An important element of this cytoskelctal 
system is a microtubule associated filament 2-5 
nrn in diameter. Four subunit proteins of these 
filaments, called tctrins, have been isolated and 
characterized . They arc arranged in different 
structures described as cages, cables, and 
networks of the cytoskcletal framework within the 
feeding organelle system, called the oral. 
apparatus (5). In this experiment, a number 01 
monoclonal antibodies specific for individual 
tetrin polypeptides were used to map their 
locations and determine whether the different 
packing arragcrncnts correlate with difierent 
distributions of the individual tetrin polypeptides. 
In order to free the filamentous structures from 
the cytoplasmic matrix for easy observation, 
Tetrahymena cells in this experiment needed to be 
extracted which also benefits the penetra tion of 
the immune-reagents, 

Experiment 2. Human a lve o la r 
macrophages (HAMs) produce a large amo un t of 
prostagladin E2 (PCE2 ) , a potent anti ­
inflammatory mediator, following stimulation 
with lipolysaccharidc (LPS) which is a substance 
present in the outer membrane of gram-negative 
bacteria. This process is in part dependent on new 
synthesis of the first committed enzyme, 
prostaglandin H (PGH) synthase. The localization 
of PCH synthase has be en stud ied in mouse 
fibroblasts (6). The goal of this experiment was to 
determine if the newly synthesized PGH synthase 
is compartmentalized to a specific cellular 
structure in HAMs. Because of the importance of 
the membrane in protein synthesis, it is critical 
that the ultrastructure of the cells in this 
experiment be maintained . 

Experiment 3. The nucleus tractus 
solitarius (NTS) is a structure in the dorsal 
medulla that receives visceral affercnts (7). In rat 
brain, pharmacological and physiological studies 
suggest that glycine acts on cholinergic 
interneurons in the NTS and that this interaction 
may play an important role in the integration and 
mediation of cardiovascular reflexes and perhaps 
in the development of hypertcnsion (8). To 
determine the relationship between glycinergic 
terminals and cholinergic neurons, double 
immunocytochemical labelling of glycine 
receptors (GlyR) using the avidin-biotin­
peroxidase system (ABC kit) and choline acetyl 
transferase (ChAT) using one nanometer gold 
probes was performed. One unique feature of 
brain tissue is that it is filled with membrane 
bound cellular profiles and subcellular organelles. 

Therefore, the quality of membrane preservation 
is essential for analyzing cellular relationships in 
brain tissue. 

The preceeding experiments using highly 
cxtratcd cell suspensions, cell cultures and tissue 
sections arc evaluated in regard to penetration of 
one nanometer colloidal gold probes, quality of 
ultrastructure, and sensitivity of the probes. 

MATERIAL AND Ml::.IHODS 

Antibodies 

Mouse monoclonal antibodies for tetrin 
polypeptides were provided by Dr. o r rnan 
Williams (9). Polyclonal rabbit antisera to sheep 
rGH synthase were raised by Dr. Robert 
Pucringer (to). Rabbit anti-GlyR antibody was 
purchased from Boehringer Mannheim (9115 
Hague Rd ., Indianapolis, IN. U.s.A .). Rabbit 
antiserum against ChAT was kindly provided by 
Dr. Louis B. Hersh at the University of Texas. One 
nanometer (Auroprobe One) and ten nanometer 
colloidal gold conjuga ted secondary antibod ies 
were obtained through Amersham Intern a tional 
C2636 S. Clearbrook Dr. , Arli ng ton H ight, IL. 
U.s.A'> . ABC Elite kit s, in cl ud ing bi ot inyla ted 
secondary antibodies an d avidin-bi otin­
peroxidase complex were ob ta ined from Vector 
Laboratories Inc (30 Ingold Rd ., Burlingame, CA . 
U.s .A.). 

One nanometer colloidal gold conjugated 
secondary antibodies can also be obtained from 
Biocell (Cardiff Business Technology Centre, 
Senghenydd Road, Cardiff CF2 4AY, UK) and 
Aurion (Vadaring 62, 6702 EA Wagcningen, 
Netherlands). 

Samples and fixations 

Tetrahymena cells cultured in Williams' 
laboratory were extracted for 5 minutes in a 
PHEM buffer (11) solution (pH 6.9) containing 
0.25 0/1 Triton X-IOO. The cells were fixed with 10/ 
paraformaldehyde in the same extraction 
soluction for 30 minutes, and then transferred to 
4'70 paraforrnaldchydc in phosphate buffer (pH 
7.4) and fixed overnight. Human alveolar 
macrophages were isolated from normal 
volunteers and plated onto glass coverslips (10). 
The synthesis of PGH synthase was then 
stimulated by LPS (\0 Ilg/ml) in RPMI-1640 tissue 
culture medium for 24 hours. Fixation was for at 
least 4 hours with paraforrna ldehyde-lysine­
pcriodatc (PLP) fixative (12) containing 2% 
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paraforrnaldchyde, 75mM Iysine-HCL, 10mM 
sodium periodate and 37 mM phosphate buffer 
(pl-I 7.3) at 4°C. The cells were perrneabilized with 
0.05% Triton X-lOO in phosphate buffered saline 
for 10 minutes prior to the immunogold labelling 
procedure. Male Sprague Dawley rats (225-250g) 
received an overdose of Nembutal (25mg) and 
were perfused intracardially with 0.9% NaCi 
followed by co ld 4% paraforrnaldchyde and 15% 
saturated picric acid in phosphate buffer (pH 7.2). 
The brains were then dissected out and immersed 
in the same fixative for 1 hour. 501101 vibratorne 
sections were cut from the medulla and 
permcabil izcd with 0.05% Triton X-IOO in the 
blocking solution (see below). 

I mm unogold-Iab e lling with one nanometer 
gold/silver enhancement 

For labelling tetrins and PGH synthase, 
Tetrahsjmeua and HAM s were washed after 
pcrrncabilization and treated fo r 30 m inutes with 
phosphate buffered saline (PBS) containing 5% 
normal goat serum, 0.8% bovine se rum albumin 
and 0.1 % cold water fish gelatin (blocking 
solution) to block non-specific labell ing. Primary 
ant ibody incubations were for 2-3 hours at room 
temperature at an antibody dilution of 1:5 for 
mouse anti-tetrins or 1:500 for rabbit anti -PGH 
synthase. After 6 washes, cells were incubated for 
3 hours with goat anti-mouse or goat anti-rabbit 
Auroprobe One diluted 1:50. For comparison, ten 
nanometer colloidal gold conjugated secondary 
probes were sometimes used with a dilution of 
1:20. The cells were wa shed again and post-fixed 
with 2.5% glutaraldehyde for 15 minutes followed 
by 1% osmium tetroxide for 5 minutes. Silver 
enhancement of the colloidal gold was carried out 

by placing cells in Danscher's enhancement 
sol u tion (1) for 15 (transmi ssion e lectro n 
microscopy) or 45 minutes (light microscopy) in 
the dark a t room temperature. Details of the silver 
enhancement protocol are illustrated in Table 1. 
Following a thorough wash with distilled water, 
the cells were dehydrated and embedded in epoxy 
resins in the usual manner. 

o ou b Ie immun 0 la be IIing with one 
nanometer gold/silver enhancement and ABC 
kit. 

For localizing glycine receptors and 
choline acetyl transferase in rat nucleus tractus 
solitarius, brain sections were incubated with 
blocking solution and then incubated overnight in 
a primary antibody solution containing a mixture 
of mouse anti-GlyR at 1:250 and rabbit anti-ChAT 
at 1:1000 dilutions. The secondary antibody 
solution was a mixture of biotinylatcd horse anti ­
mouse IgG (1 :2lXl) and goat anti -rabbit conjugated 
to one nanometer gold (I :50> . Finally, sections 
were incubated in avid in-biotin-peroxidase 
solut ion as suggested by the manufacturer. After 
washes, th e peroxidase en zy me reaction was 
carried out by incuba ting sections in a solution 
containing 0.1% of 3,3' -diaminobenzidine (DAB) 
and 0.0006 % hydrogen peroxid e for 20 minutes. 
Two different silver enhancement procedures, 
IntenSE M kit (Arnersharn) and Danscher's (1) 
were used to intensify gold labelling of ChAT 
according to the protocols d escribed in Table 1. 
After dehydration, the sections were flat ­
embedded in Eponate 12 (Ted Pella, Inc, Redding, 
California, U.s.A.), and ultrath in sections were cut 
from the ou ter 5-10 11m of the vibratorne sections. 

TABLE 1. Silver enhancement protocols 

IntenSE M	 Danscher's 

1.	 Post-fixation with glutaraldehyde
 
25%, 15 minutes
 

2.	 Wash with distilled water
 
3x3 minutes
 

3.	 IntenSE M enhancement solution'
 
10 minutes
 

4.	 Wash with distilled water
 
3x3 minutes
 

5.	 Post-fixation with OSO.
 
I%,lhr
 

6. Wash with distilled water
 
thoroughly
 

1. See manufacturer's instructions (Amersharn) 
2. See reference 1. 79 



Immun ol.~b ellin g of Inm Co llold~l Go ld 

RESULTS 

General 

In the oral apparatus of Tetr~hyrnrna, 

tetrin-contain ing filaments were found to be 
associated with basal bodies of the oral cilia and 
microtubular bundles ca lled cross-con nec tives 
(Figs . 1 and 2). Identical distribution s were 
d emonstrated with monocl onal an tibodies 
di rected against all fou r tetrins.Jn human alveolar 
macrophages, large amoun ts of PGH sy nthase 
were detected on the nuclear envel ope of HAMs 
24 hours after LPS stimulation (Fig. 3) In cont rast, 
no PGH synthase was detected in the abse nce of 
s ti m u la tio n . C ho li n e a ce ty l- tra nsfera se 
immunoreactive dendrites and somata in the 
nucleus tractus soli tar ious were labelled with 
go ld-s ilve r rart icles. The post sy na p tic 
membranes a these st ructu res were frequent ly 
labelled wi th DAB precipitate, signi fyi ng the 
prcscnce of glycine recep tors (Fig. 4). 

Th e quality of ultrastru cture an d the intens ity of 
gold-si lver labe lling 

The ultrastructure in the tetrin mapping 
experiment was quite adequate for obse rving 
filaments even though the cells were highly 
extracted , The localization of tctrins in IhC' oral 
appa ratus wa s very cons istent with both on e 
nanometer and ten nanometer gold probes. 

In the PGH syn thase localization 
experiment, differen t amoun ts of gold labell ing 
were observed in cells on the same section and the 
amount of labelling was always inversely related 
to the quality of the ultrastructu re. It was also 
noted that when the nucleus was not located ncar 
the center of the cell, the amount of labelling in the 
region of the nuclear envelope closest to the 
cytoplas mic membrane (D,S·1 Jlm) was always 
higher. When sati sfactory labelling was achieved 
on the side of the nuclear envelope further away 
from the cytoplas mic membrane (2-3 11m), some 
subcellula r membrane structu res, such as the 
endo plasmic reticulum and golgi appara tus, were 
often disrupted. 

In rat br a in vibratome se c tions , 
immunocy tochemically labelled tissue cou ld be 
di vided into three zones. Both gold-silver particles 
and DAB precipitate were abundant in the 
superficial I-2 11 m zone where the morphology 
suffered from vibratome sccuorung and detergen t 
pc rmeabilizati on . The amount of gold -silver 
particles decreased 2-3 um below the superficial 
zo ne. How ev er morphology was better as 

ind icated by in tac t synaptic vesicle membra nes, 
clearly visib le ncurotubules. uniform cyto plasm, 
and recog n izable sy na p tic shapes . Mo st 
ph otographs were take from thi s zone. 2-3 urn 
below this in termediate zone, gold-silver part icles 
disappea red while HRP labelled glycine receptors 
were still visible. 

Compar ison of one nanom eter and 10 nm go ld 
probes 

When one nanometer gold probes were 
replaced by ten nanometer go ld probes to label 
rabbit an li-PGH synthase antiserum in HAMs 
under the same pcrmeabilizing cond itio ns, no 
labelling was found on the nuclea r envelope. 
When one nanometer gold probes were replaced 
with ten nanomete r gold probes to label mouse 
anti-t etrin IgG in the o ra l appa ra tus o f 
TetrlJ hymetllJ , labelling wa s found in the same 
loca tions, but fewer part icles were observed (Fig. 
2). 

Silve r enhancemen t and p ost-fixation with 
osmiun tetroxide 

Two silver enhancement procedures, 
IntenSE M and Danscher's, were com pared in each 
experiment. In gen eral , Danschcr's procedure 
provides smaller and more evenl y sized particl es 
and therefore it was chose n for EM prcpa rations. 
In Danschcr's procedure, the size of silver particles 
prod uced is closely rela ted to the incubation time 
and tem peratu re of the silver solution s. In 
addition, the size of silver particles is also sample 
depend ent. At room temperature, 10 minutes 
enhancement gave a particle size of 20-25 nm in 
Tl?tril/,ymt."lJ and HA Ms, bu t about 100 nm in 
bra in sections. It is also noticed th at silve r 
products from the two enhancement procedures 
responded to pos t-fixation with osmium tetroxide 
differcn tty. There was no obvious loss of silver 
prod ucts after pos t-fixation with osmiun tetroxide 
when IntenSE M was used, therefore silver 
en hancemen t could be performed either before or 
after osmium fixation. However, when Danscher's 
procedure was used , silve r enhancement had to be 
co nd ucted after os mium fixation , otherwise 
almost all silver products would be lost. 

DISCUSSION 

The present studies d emonst ra te th e 
utility of one nanometer colloidal gold conjugated 
probes and silver enhancement in pre-embedding 
imm u no labe lling in there co mmo n tissue 
prepa rations: highly cxtra tcd ce lls. intact cells in 
cult ure, and vibra tome tissue sections. Several 
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aspects of this technique are evaluated with 
respect to each preparation. 

Ultrastructure 

In pre-embedding immunolabelling, the 
quality of ultrastucturc is related to fixation, 
pcrmeabilization, duration of antibody incubation, 
and in this study, silver enhancement. 
Glutaraldehyde fixation has been used with one 
nanometer gold immunolabelling (2), but more 
intense pcrmcabilization is often needed because 
the stronger cross-linking of cytoplasmic proteins 
by glutaraldehyde blocks the penetration of the 
immuno-reagents. The consequence is that the 
positive effect of glutaraldehyde on morphology is 
offset by harsh permcabilization. Another concern 
about using glutaraldehyde is that the structure of 
the antigen is more likely to be changed. Thus, the 
aldehyde used in th ese studies was 
paraformaldehyde. However, the ultrastructure of 
a weakly fixed sample can deteriorate over long 
processing times. To reduce incubation times, two 
primary antibodies (from different species) were 
mixed together when double labelling was 
performed on brain tissue. 

The silver enhancement solution has a low 
pH which can also damage ultrastructure. 
Therefore, silver enhancement after fixation with 
osmium tetroxide or glutaraldehyde is 
advantageous. It should be noted that it is difficult 
to monitor the progress of the silver reaction after 
osmification because the tissue is already 
darkened by the osmium. 

Penetration 

The greater penetration of the one 
nanometer gold probes is especially beneficial for 
the intracellular labelling on the surface of 
vibratomc tissue sections where all subcellular 
profiles are exposed to the immuno-rcagonrs. In 
this study, brain scctins were pcrmeabilized with 
Triton X-lOa to improve the penetration, but 
excellent labelling has also been reported with less 
detergent or in the absence of detergent treatment 
(13). In intact cells (HAM's), subcellular structures 
arc not only surrounded by the cell membrane, 
but al so immersed in the cytoplasmic matrix. 
Although the one nanometer gold probe provedcs 
better penetration then the larger gold probes, 
cells still need to be perrncabilized, often to the 
degree that subcellular structures arc difficult to 
recognize. Penetration of the avidin-biotin-HRP 
probe in H~Ms was not tested in this study, but 
the results trom the double labelling of glycine 
receptors and choline acetyl-transferase in brain 

tissue demonstrated that the avidin-biotin-HRP 
probe penetrates to a greater depth which 
suggests that better results may be achieved if the 
avidin-biotin-HRP probe is used in intact cell. 
Compared to the avidin-biotin-HRP probe, the 
size of a one nanometer gold probe is presumably 
smaller. It consists of an immunoglobulin with a 
molecular weight of 150 KD and 1-3 gold particles 
of 30 atoms. However, since gold particles carry 
negative surface charges, a water shell is often 
formed which results in an increase in the actual 
size of the probes. 

Triton X-l00 is a common detergent used 
for permeabilizing cell membranes. It is a small, 
nonionic amphipathic molecule that tends to form 
micelles in water. The hydrophobic ends of the 
detergent molecules disrupt the lipid bilayer and 
bind to the hydrophobic regions of the membrane 
proteins. Since the other end of the detergent 
molecule is polar, this binding tends to pull the 
membrane proteins into solution as detergent­
protein complexes, thus leaving cell membranes 
with holes. It should be emphasized that detergent 
concentration and duration oi pcrrneabilization is 
sample dependent. A series of variations should 
be tested when different types of samples are 
investigated. 

Sensitivity 

In this study, Tetrahymena cells were 
highly extracted, therefore ten nanometer gold 
particles were able to penetrate the full extent of 
the cells. Thus, the usc of one nanometer gold 
particles did not offer any advantage in this 
respect. However, stronger signal was detected 
when one nanometer gold probe was used, 
suggesting that this probe permits greater 
sensitivity than is possible with ten nanometer 
particles. This is presumably due to the lower 
negative surface charge of the smaller gold 
particles which results in less non-specific 
repulsion between the probe and the sample than 
occurs when larger probes are used. 

In conclusion, the use of one nanometer 
colloidal gold conjugated antibody probes 
combined with silver enhancement is a valuable 
advance in pre-embedding imrnunolabelling. It 
not only offers an alternative marker system, but 
also makes it possible to do preembcdding double 
immunolabelling. However, this approach is not 
necessarily suitable for all systems, especially if 
cell morphology is seriously compromised by 
detergent pcrrneabil ization and prolonged 
treatment during the immuno-Iabelling 
procedure. Given the wide acceptance of immune­
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electron microscopy, investigators need to be perrneabilizados par detcrgcntes y sccciones de 
aware of the different methods available for tejido obtenidas par vibratorno . Las sondas de oro 
handling specimens. In future papers, the use of colojdal de un nanornetro demostraron una mayor 
post-embedding labelling including cryo­ sensibilidad que las sondas de oro coloidal mas 
ultramicrotamy and resin embedded samples will grandes, sobre preparaciones celulares cxtraidas. 
be discussed using practical results from Sin embargo, celulas intactas necesitan scr 
experiments done in the University of Iowa drasticarnente permeabilizadas para perrnitir que 
Central Electron Microscopy Research Facility. las sondas de oro de un nanornetro alcancen los 

sitios antigenicos. Sondas de oro de un nanometro 
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Fig. 1. Immunolabelling of tetrin using one nanometer colloidal gold conjugated probes coupled 
with silver enhancement (Danscher's procedure). Bar =Lmm. 
Fig. 2. Immunolabelling of tetrin using ten nanometer colloidal gold conjugated probes (no silver 
enhancement). Bar =Imm. 
Fig. 3 Immuno-localization of prostaglandin H synthase in human alveolar macrophages 24 hours 
after lipopolysaccharide stimulation. The cells were permeabilized with 0.05% Triton X-l00 for 10 
minutes prior to the application of the antibodies. One nanometer colloidal particles were silver 
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Fig. 4 Double immuno-Iocatization of glycine receptors and choline acetyl-transferase in the 
nucleus tractus solitarious of the rat brain. The profile of a choline acetyl-transferase 
immunoreactive dendrite (0) is labelled with gold-silver particles (arrows). The post synaptic 
membrane of this dendrite is labelled with DAB precipitate (arrowheads), indicating the presence 
of glycine receptors. Brain vibratome sections were peameabilized with 0.05% Triton X-loo for 30 
minutes prior to the application of the antibodies. Dar = 'l.mm. 
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