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The cell distribution of multiple antigens can be simultaneously revealed by fluorescence and confocal laser scanning 

microscopy (FM, CLSM) after using antibodies (Abs) conjugated to fluorophores with differential spectral characteristics. 

The same multiple localization can be carried out at TEM (Transmission Electron Microscopy) by using gold particles of 

different sizes. However, multilabeling studies often need to use primary Abs derived from the same host species. In these 

cases, interference between different rounds of Abs must be prevented. Methods available to tackle this need are reviewed, 

focusing particularly on the use of Fab fragments. Protocols regarding multiple localization of olive pollen targets (Ole e 1, 

Ole e 2, Ole e 9 and actin) by CLSM and TEM are provided. They relay on the use of primary Abs raised in the same host 

species (rabbit) and the application of Fab fragments. 
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1. Introduction 

Co-localization methods have made possible to demonstrate the relative distribution of more than one antigen on the 

same section or probe [1]. The combination of two or more antibodies (Abs) at the same time, using primary or 

secondary Abs conjugated to dyes characterized by different emission spectra in FM or CLSM assays, enables 

simultaneous quantitative differential analysis and multiplexing experiments. Dyes are carefully selected at wavelengths 

distinguishable from the other probes and optimized for a minimal cross-reactivity [2]. In a similar manner, different 

antigens can be simultaneously detected by TEM using secondary Abs conjugated to particles of gold with different 

sizes [3].  

 A first approach to demonstrate detection of multiple proteins, even when the primary Abs are originated in the same 

species, is the use of direct immunolabeling with primary Abs conjugated to different fluorochromes, or gold particles 

of different sizes [4]. However, the desired primary Abs are not usually available as conjugates in a commercial basis, 

and covalent labeling of Abs is not a routine procedure in the majority of laboratories. This method requires relatively 

large quantities of purified Ab and has not provided sufficient sensitivity to be practical for the detection of endogenous 

protein levels [5]. Also, to keep open the possibility of alternate detection systems, it is often necessary to have a choice 

of different fluorophores or gold size conjugates for each primary antibody. These factors have led the majority of 

researchers to rely on the indirect method [6] for their multilabeling requirements [7,8]. 

 Indirect immunolabeling assays, in which secondary Abs conjugated to fluorochromes or gold particles are used to 

recognize unlabeled primary Abs, are uncomplicated when the primary Abs are raised in different species, because 

secondary Abs have the ability to distinguish among the primaries. However, in some cases it is necessary to use 

primary Abs derived from the same species in multilabeling studies. One approach to this problem is the selection of 

primary Abs of monoclonal type, but of different Ig classes or subclasses, and then secondary Abs directed against the 

corresponding isotype [9]. However, such different isotypes of monoclonal primary Abs are not commercially available 

as a rule. Moreover, polyclonal antisera are more widespread than monoclonals in most laboratories, and they usually 

contain a variety of Ab (sub)classes. Therefore, the use of (sub)class-specific secondary Abs might not be effective for 

multiple, indirect immunolocalizations in these cases.  

 Multiple indirect immunolocalization with polyclonal primary Abs from the same species is usually carried out by 

means of sequential cycles of incubation with primary and secondary Abs. It is particularly critical the complete 

blocking of the residual free binding sites of the primary and secondary Abs used in each round of localization. A major 

advantage has been the application of non staining monovalent Fab fragments for blocking, in substitution of non-

specific immunoglobulins. They can be used for these purposes because each Fab fragment has a single antigen binding 

site able to recognize the Fc or F(ab’)2 regions of a IgG. The monovalent feature of the Fab fragment renders impossible 

the capture of the primary Ab of the next rounds of incubation [10]. Here we present two different models for the 

utilization of Fab fragments (either Fab alone or coupled to fluorescent markers) in order to establish the spatial 

relationships between the olive pollen allergens Ole e 1, Ole e 2 and Ole e 9 by means of CLSM. The application of 

these methods for simultaneous detection of the allergens Ole e 2 and Ole e 9 and the molecule of actin at TEM is also 
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described. In these applications, two different antisera raised in the same animal species (rabbit) and a monoclonal 

raised in mouse have been used simultaneously. 

2. Material and methods 

2.1 Multilabeling at CLSM:  

Olive (Olea europaea L. cv Picual) pollen grains were germinated in vitro by following standard procedures [11]. 

Germinated and non-germinated pollen grains were separated from the germination medium by filtration through a 50 

µm mesh. Germinated pollen was treated as described in an extended protocol previously published [12]. Briefly: pollen 

was fixed with 4% paraformaldehyde, digested by using a cocktail of cell wall-loosening enzymes, permeabilized with 

a solution of DMSO and NP-40, postfixed and subjected to a blocking step with 5% Bovine Serum Albumin (BSA). 

The pollen grains were then incubated overnight at 4ºC with the first set of primary Abs: a anti-Ole e 1 monoclonal Ab 

raised in mouse and a anti-profilin (Ole e 2) polyclonal antiserum raised in rabbit, both diluted 1/10 in blocking solution 

(2% BSA in washing buffer). After washing three times with washing buffer: 0.1% Triton X-100 in buffer 1 [50 mM 

1,4-piperazinediethane sulfonic acid (PIPES), 5 mM ethylene glycol-bis(2-aminoethylether)-N,N,N,N-tetraacetic acid 

(EGTA), 5 mM MgSO4 (pH 7.0)], the samples were incubated for 2 h at 37 ºC with the secondary Abs:  Cy3-

conjugated donkey-anti-rabbit IgG, Fab fragment (Jackson ImmunoResearch, U.S.A.) and Alexa fluor 488-conjugated 

goat-anti-mouse IgG (Molecular Probes), both diluted 1/100 in blocking solution. After washing three times of 10 min 

each, the samples were blocked with excess (dilution 1/3) of unconjugated donkey-anti-rabbit IgG Fab fragment 

(Jackson ImmunoResearch, U.S.A.) in washing buffer, for 2h at 37 ºC. Samples were subsequently incubated overnight 

at 4 ºC with a third primary Ab: a anti-Ole e 9 polyclonal antiserum raised in rabbit, diluted 1/10 in blocking solution. 

After washing, the samples were incubated with a conjugated divalent secondary Ab: Alexa Fluor 633-conjugated goat-

anti-rabbit IgG (Molecular Probes), diluted 1/100 in blocking solution, for 2 h at 37 ºC. The final rinses were performed 

using the buffer 1. Finally, the samples were re-suspended in a citifluor/glycerol/phosphate-buffered saline (PBS) anti-

fading solution (Sigma) and observed with a Nikon C1 confocal laser scanning microscope equipped with an He–Ne 

(543 nm, and 633 nm) and an Argon (488 nm) lasers and multi-band filters set (Nikon, Tokyo, Japan). Image capture 

and optimization, 3-D reconstruction and projections were carried out with the software EZ-C1 viewer Gold (v. 2.10) 

build 2.10 (Nikon).  Negative controls were treated in the same way, except that the primary Ab was omitted. 

Independent immunolocalizations of each allergen, by using the corresponding primary and secondary Ab only were 

also assayed.   

2.2  Multilabeling at TEM: 

Mature pollen grains were fixed in 0.1% (v/v) glutaraldehyde and 4% (w/v) paraformaldehyde in buffer 1 for 2 h at 4 

ºC. Then, the samples were dehydrated in an ethanol series, and embedded in Unicryl resin (BBInternational, Cardiff, 

UK) following a progressive lowering of temperature schedule [13]. Ultrathin sections (80 nm) were cut with a 

Reichert-Jung ultramicrotome and transferred on to formwar-coated 300-mesh nickel grids. Blocking of non-specific 

binding sites was carried out by incubation of the sections for 2 h in a blocking solution containing 5% (w/v) BSA in 

buffer 1. After washing for 10 min in buffer 1, the grids were incubated with the first set of primary Abs (a commercial 

anti-actin clone C4 monoclonal Ab raised in mouse -Sigma-, and a anti-profilin polyclonal antiserum, raised in rabbit), 

diluted 1/10 and 1/20 respectively in the same blocking solution at 37 ºC for 2.5 h. After washing 5 times for 5 min with 

buffer 1, the grids were then treated for 2 h with a goat anti-mouse IgG coupled to 20 nm gold particles (Biocell 

International, U.K.) and a goat anti-rabbit IgG coupled to 40 nm gold particles (Biocell International, U.K.), both 

diluted 1/50 in blocking solution. The grids were treated for 1.5 h at 37 ºC with an unconjugated donkey-anti-rabbit 

IgG, Fab fragment (Jackson ImmunoResearch, U.S.A.) in a dilution 1/2 in buffer 1 and washed for 10 min in the same 

buffer. Finally, the sections were incubated with a third primary Ab raised in rabbit: a anti-Ole e 9 polyclonal antiserum, 

diluted 1/10 in blocking solution, for 2.5 h at 37 ºC. After washing 5 times for 5 min with buffer 1, the grids were 

treated with a goat-anti-rabbit IgG coupled to 30 nm gold particles (Biocell International, U.K.), for 1.5 h at 37 ºC, 

diluted 1/50 in blocking solution, and washed 5 times for 5 min with buffer 1. Finally, they were washed again in buffer 

1 (5 × 5 min), rinsed in double-distilled water (3 × 5 min) and then stained for 15 min with a solution of 5% (w/v) 

uranyl acetate in the dark. The observations were carried out with a JEM-1011 (JEOL, Tokyo, Japan) TEM. Negative 

controls (prepared by omitting the primary Ab incubation), and independent immunolocalizations of each protein were 

also performed.   

3. Results 

This study shows multiple immunolocalization using Fab fragments for blocking and/or labeling polyclonal primary 

Abs from the same host species (rabbit) by CLSM (Figure 1) and TEM (Figure 2), together with the use of one primary 
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Ab of a different species (mouse). The working conditions, including  the concentration of Fabs, the concentrations of 

the remaining Abs and the incubation times, have been carefully adapted to the specific Ab assembly of interest, and the 

effective lack of interference have been verified.  

 Figure 1 shows the localization of different allergens in whole mount preparations of in vitro germinated pollen 

grains of olive by CLSM.  The Ole e 1 allergen (Fig. 1a, green fluorescence) is abundantly present in the apical region 

of the pollen tube (thin arrows), and less as fluorescent spots present in the cytoplasm of the pollen tube (thick arrows). 

The allergen is also abundantly present in the arcades of the pollen exine (arrowheads). The localization of Ole e 2 

(profilin) within the same pollen grain is showed in Fig. 1b as orange fluorescence. In this case, the allergen co-

localizes with Ole e 1 in the apical region of the pollen tube (thin arrows) and in several spots of the pollen tube 

cytoplasm (thick arrows). Many other orange fluorescent spots are present in the cytoplasm of the pollen tube in this 

case, lacking co-localization with Ole e 1 signal. Also, much less orange fluorescence is observed in this case over the 

pollen exine (arrowheads) when compared with Ole e 1. Labeling of Ole e 9 within the same pollen grain (Fig. 1 c, red 

fluorescence) is very scarce, and practically limited to the apical region of the pollen tube, and to the pollen exine. The 

aperture regions appear positively labeled in the three images, although with different intensity and slightly different 

localization of the allergens. Individual localization experiments of the same antigens showed identical localization, 

whereas the negative controls prepared by omitting the primary Abs showed no fluorescence under the same conditions 

of image capture displayed here (not shown).   

 

Figure 1. Separate color images of the simultaneous localization of three different allergens in whole mount preparations of in vitro 

germinated olive pollen grains by CLSM. (a) Localization of the Ole e 1 allergen using an Alexa 488 conjugate; fluorescence in 

green. (b) Localization of the allergen Ole e 2 by using a Cy3 conjugate; orange fluorescence. (c) Localization of the allergen Ole e 9 

with an Alexa 633 conjugate; red fluorescence. (d) Image of the transmitted light channel corresponding to the same pollen grain. 

Images are the result of the projection of ca. 30 individual optical sections. Abbreviations: Ap, aperture; Pt, Pollen tube. Thin arrows: 

labeling present in the apical region of the pollen tube. Thick arrows: labeling present in the cytoplasm of the pollen tube. 

Arrowheads: labeling observed in the pollen exine.  

 

 The simultaneous localization of actin and the allergens Ole e 2 and Ole e 9 at TEM is displayed in Fig. 2. 

Observation of the images at low magnification (Figs. 2a and b) indicates that overall gold labeling occurs scattered in 

the cytoplasm of the vegetative cell, and in the pollen exine. Small cytoplasm vacuoles, organelles, nuclei, and the 

pollen intine are devoid of gold particles. Images at large magnification allow a better discrimination of the labeling 

(Fig. 2c). Small gold particles (20 nm) indicate the presence of actin, with exclusively cytoplasmic localization.  The 

presence of the allergens Ole e 2 and Ole e 9, visualized by the occurrence of medium and large gold particles (30 and 
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40 nm) respectively, is much more ubiquitous, and gold particles are present throughout the cytoplasm of the vegetative 

cell, as well as in the different layers of the pollen exine (Fig. 2b). Small vacuoles and organelles (plastids and 

mitochondria) are devoid of gold. Independent localization experiments of the same antigens showed identical 

localization, whereas the negative controls prepared by omitting the primary Abs showed no gold labeling over the 

background (not shown).   

 

 

Figure 2. Multiple TEM immunolocalization of actin and the allergens Ole e 2 and Ole e 9 on ultrathin sections of mature olive 

pollen grains. a) Low magnification view of the cytoplasm of the vegetative cell. Labeling is restricted to the cytoplasm. Small 

vacuoles are devoid of gold. b) Low magnification view of the olive pollen wall. Labeling occurs in material present in the exine. 

The intine shows no gold labeling. c) Higher magnification view of the cytoplasm of the vegetative cell and the pollen wall. 

Organelles and vesicles are devoid of gold particles. Abbreviations: Cy, cytoplasm; Ex, exine; In, intine; M, mitochondria; N, nuclei; 

V, vacuole; Filled arrows, Ole e 2 (profilin) (40nm); Empty arrows, Ole e 9 (30 nm); Arrowheads, actin (20 nm). Bars: 1 µm. 

4. Discussion 

Multiplex detection systems provide a number of clear advantages including the reduction of the time and labor 

required for sample processing. In addition, less starting sample is required, since only one sample has to be prepared to 

analyze multiple proteins, by using a limited number of secondary Abs that are complementary to the relatively small 

number of animal species used for Ab production. These methods also permit the normalization of the signal to an 

internal protein standard, allowing relative quantification of protein expression levels directly from a sample. The Fab 

fragments used in this work offer a panel of advantages and further applications for immunohistochemistry.  The use of 

unconjugated Fab fragments is able to fully saturate the primary Ab used in an immunodetection therefore blocking its 

recognition by the secondary Ab used in the indirect labeling of a second antigen [10].  Such feature has been already 

used by different authors to perform double and triple immunofluorescence detection of antigens on the same section 

with antibodies raised in the same species [14,15], and is the basis of the localizations performed in the present work. 

Moreover, Fabs conjugated with fluorochromes can be used in excess against the host species of the primary Ab for 

simultaneous blocking and fluorescence counterstaining in FM or CLSM [10,16]. Although not used in our work, a 

similar alternative has been successfully employed by several authors, which includes the use of preformed complexes 

of primary Ab and Fab fragments as the immunoreagent for antigen recognition [17,18]. Other advantage of using Fab 

labeling approaches as secondary reagents in comparison with direct immunolabeling is that the primary Abs are not 

chemically modified and therefore they should better retain antigen-binding ability in comparison to the primary Abs 

directly modified with covalent conjugates. Fab fragments are relatively inexpensive labeling reagents as well. As a 

counterpart, Fab labeling methods have some potential drawbacks: in a limited number of cases, Fab fragments can be 

dissociated from one Ig and associated with other, then compromising specificity [19]. In the case of their utilization for 

blocking, it is possible the occurrence of incomplete blocking of Igs with Fabs [20]. Therefore, the use of saturating 

concentrations of the Fabs must be ensured. None of these effects have been appreciated in our assays. The present 

study demonstrates the possibility of using polyclonal sera from two rabbits and a mouse monoclonal Ab to obtain 

specific localization of three different antigens in the same sample. The technique is rapid enough for use in screening 

procedures, provides sufficient resolution for analytical work and offers an alternative for immunolabeling studies using 
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primary Abs raised in the same species. To our knowledge, this is the first report to use of these methods at the 

subcellular level.  
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