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A. Purpose of the visit: 

o Studying immunocytochemical technique to allow localization of nematode 

secreted proteins. 

o Studying morphological analysis techniques of giant cell as well as nematode   

migratory and sedentary stages development during plant infection.   

The main purpose of my visit to the lab of Janice de Almeida-Engler was to learn the 

Immunolocalization technique using Methylacrylate-Embedded plant material to localize 

nematode’s secreted proteins. Buthyl-methyl methacrylate (BME) is a useful embedding 

resin for plant tissues that require sectioning before immune staining. This method offers 

the possibility to combine protein localization with the best resolution achieved on 

immunolocalization on sectioned plant tissues. In addition during my visit I have been 

exposed to additional embedding methods using Technovit-embedded plant material, 

fresh slices and whole mount immunolocalization which allowed the study of giant cell  

morphology as well as nematode development in vivo, in vitro and  in planta.  Studying 

plant nematode interaction requires functional analysis of nematodes effetors. Methods 

learned in this visit will be helpful to study in my lab the localization of potential 

nematode effectors and to further analyze their expression in planta during the nematode 

interaction with the plant host.  

B. Description of the work carried out during the visit: 



1. Immunolocalization using methylacrylate-embedded plant material.  

During my visit we conducted the in situ localization of two secreted proteins during 

intercellular migration and at early sedentary stages during giant cell formation. Herein I 

will describe the precise protocol we used for material fixation, embedding and the 

immunolocalization techniques we performed. In addition a brief scientific background 

concerning the secreted proteins which were further analyzed is described. 

1a. Immunocytochemical analysis of secreted proteins studied here: 

MAP-1 

MAP-1 is a putative avirulence (Avr) factor in Meloidogyne incognita which might be 

involved  in the early recognition steps between the plant and the nematode (Semblat et 

al., 2001). MAP-1 protein have been shown to be secreted as two close spots on the 

surface of the head of pre-parasitic M. incognita J2s’ and thus was suggested as 

amphidial secreted protein (Semblat et al., 2001). Recently Vieira et al., 2010 has shown 

by immunocytochemical analysis on root tissue sections of A. thaliana that the protein is 

constantly observed in the amphids of the migrating J2s as well as in the amphids of 

sedentary nematodes in mature root galls. Interestingly Vieira et al., 2010 reported on 

detection of MAP-1 along the nematode body which might suggest a possible role in 

continuous recognition events between the plant and nematode.  

14-3-3b 

14-3-3 (CL2470Contig1_1_AA) secreted protein was first isolated by inducing protein 

secretion of J2 stage M. incognita nematodes by treating with tomato root exudates 

followed with resorcinol. 14-3-3 are conserved regulatory molecules expressed in all 

eukaryotic cells (Bellafiore et al., 2008). Previously, 14-3-3 transcript have been shown 

to be enriched in the dorsal oesophageal gland by in situ hybridization (Jaubert et al., 

2004).  However no immunocytochemical studies have been yet done for the whole 

protein. 

Immunodetection  of  secreted  protein  during  parasitism  might  provide 
crucial  evidence  for  its  involvement  in  the  parasitic  interaction. 
Localization  within  the  amphids,  the  subventral  oesophageal  glands, 
subventral and dorsal oesophageal glands might  classify  certain  role of 
the parasitic protein during infection 



 

1b.   Immunolocalization using methylacrylate-embedded plant material  

TISSUE PREPARATION AND FIXATION OF PLANT MATERIAL: 

For plant material fixation, roots with galls were dissected and fixed in a mixture of 

glutaraldehyde (1.5%) and paraformaldehyde (3%) in PBS (10mM sodium phosphate 

buffer, pH 7.2, 150 mM  NaCl) and incubated overnight at 4ºC.  

DEHYDRATION AND EMBEDDING PLANT MATERIAL IN METHACRYLATE: 

After fixation, samples were passed through a 15%, 30%, 50%, 70% (on ice) ethanol 

series (containing 1 mM DTT) for 1 hr then samples were left overnight at 4ºC. In the 

second day samples were passed through 85% ethanol for 60 min and incubated three 

times in 100% ethanol. After dehydration samples were placed in 50% ethanol-butyl 

methacrylate (BM) mixture and were kept overnight at 4ºC. On the third day samples 

were placed in 100% BM mixture containing 1 mM DTT, and incubated overnight at 

4ºC. At the fourth day the medium was replaced by fresh embedding medium containing 

0.5% benzoin ethyl ether (BEE) for 2 hr. Finally samples were placed in capsules 

containing 100% BM + BEE+ DTT  and subjected for polymerization at 4ºC for 6 hr 

under UV light. 

SECTIONING METHACRYLATE‐EMBEDDED PLANT MATERIAL AND NUCLEI 
STAINING: 

The polymerized sample is removed from the capsule and the methacrylate-embedded 

material is sectioned with a microtome in semi-thin sections of 5 µm. Samples are floated 

on drops of ddH2O water on poly-l-lysine coated slides and dry on hot plate up to 60ºC. 

For Toluidine Blue (TB) staining for morphology observation and localization of tissues 

of interest, BM is removed by incubating slides 30 min in acetone and staining in 0.05% 

TB in water for 30 sec. Then slides are washed in water, dried and mounted with DPEX 

with a cover slip. 

 



 IMMUNOLOCALIZATION: 

For immunolocalization, BM is then removed by incubating slides for 30 min in acetone. 

Samples are  re-hydrated by passing through series of ethanol 100%, 70%, 50%, 30% and 

15% and finally in PIPES buffer (50 mM  piperazine-N, N’-BIS (PIPES) buffer pH 6.9).  

Blocking solution (BS) is then added to each slide and incubated for 30 min at RT 

covered with coverslip. Primary and secondary antibodies are diluted to 1:50 until 1:200 

and 1:300 respectively in BS containing 0.2% DMSO. Antibodies are applied to the 

slides or the PIS (pre-immune serum). Slides were then incubated with the primary 

antibody in humid boxes for 2 hr at 37ºC. Slides were washed for 30 min with PIPES and 

secondary antibody (Alexa 488 or Alexa 595) is applied to slides and incubated for 

additional 2 hr at RT. Slides were then washed with PIPES and then subjected for DAPI 

staining for nuclei observation. Excess of water is removed and slides are mounted with 

90% glycerol and kept in a dry bark box ready for microscopic observation. 

 

2. Morphological analysis using Technovit-embedded plant material. 

 

FIXATION PLANT MATERIAL BY GLUTARALDEHYDE:      

Roots and galls are dissected under the stereomicroscope and transferred to eppendorfs 

containing fresh fixative (Glutaraldehyde 2%) and incubated overnight at 4°C. Fixative is 

washed from fixed samples with 0.5 M PIPES buffer (pH 6.9) on ice twice.  

 

DEHYDRATION AND EMBEDDING PLANT MATERIAL IN TECHNOVIT: 

Samples are dehydrated in an ethanol series 15%, 30%, 50%, 75% 85% and 100% on ice 

for 1 hr at each dilution. At last samples are incubated in 100% ethanol for 1 hr 3 times. 

Samples are then incubated in 50% Technovit-ethanol-overnight containing 1g/10ml of 

hardner I. Samples are then oriented within the polymerization wells containing the mix 

of 100% Technovit and hardener II. Polymerization is done at room temperature for 2 

hours.  



SECTIONING TECHNOVIT‐EMBEDDED PLANT MATERIAL: 

The embedded material is sectioned into section of 2-3 µm using a microtome. Slides 

containing the sections are incubated at 42°C overnight to adhere the sections, then 

stained in 0.05% Toluidine Blue, mounted in Depex and subjected to observation under 

bright-field optics. 

 

C.  Description of the main results obtained 

We performed Immunolocalization with two different types of purified antibodies against 

the 14-3-3 (CL2470Contig1_1_AA) during parasitism as well as immunolocalization of 

MAP-1 on sections containing nematodes at different life stages (J2, J3-4 and female). 

These preliminary experiments have demonstrated that the embedding of rescued 

migratory juvenile as well as sedentary J3-4 and female in BME might be a powerful tool 

for localization analysis of parasitism proteins through sections. Additionally, 

localization analysis of 14-3-3 suggested an important role of this protein during the 

parasitic interaction with the host, as prominent localization was detected within the 

nematode throughout parasitism.  

D. Future collaboration with host institution (if applicable) 

 In my lab we are studying the role of fatty acid signaling during plant nematode 

interaction, a research which combines the understanding of nematode mechanism in 

manipulating plant defense response together with plant defense regulation.  Although we 

are focusing on Meloidogyne javanica, the vast host range of the RKN Meloidogyne spp. 

further indicates common mechanisms that govern the parasitic interaction. By adapting 

the localization techniques developed at Janice de Almeida-Engler’s lab, we are willing 

to analyze further candidates of secreted proteins which might manipulate fatty acid 

metabolism in planta. The IPN group at Sophia Antipolis has a great interest in secreted 

proteins function during the parasitic interaction. Janice’s group is specialized in 

analyzing morphological changes and nematode candidate effectors localization during 

plant nematode interaction. Therefore, we intend to set a collaboration in the future which 

might provide us with conclusive evidence of the destination of nematode secreted 



proteins within plant cells. It will be my pleasure to collaborate with Janice starting with 

applying for international  funding sources. 

E. Projected publications/articles resulting or to result from the STSM 

For the first step our  interest is to localize FAR (Fatty acid and retinol binding protein) 

by immunolocalization during parasitism of M. javanica. These results along with 

function analyzing mediated by siRNA or ds-RNA stable transformation of the far 

together with expression profile of far genes and plant’s lipoxygenase root related genes 

during infection will be summarized into a paper to be published in the near future.  

F. Confirmation by the host institute of the successful execution of the mission 

During the period that Sigal has visited our lab at INRA-Sophia Antipolis she has 

intensively followed and participated of procedures mentioned above. I believe that this 

short visit will be useful for future projects developed at her laboratory.  Besides learning 

the above mentioned techniques Sigal has brought to our lab constructs to generate 

transgenic roots expressing nematode effectors. This is a promising future collaboration 

between her and Janice’s group. 

G. Other comments  

Visiting at Janice’s de Almeida-Engler lab provided me with the knowledge of a useful 

immunocytochemical method. In addition, her Phd student Paulo Vieira provided me 

with knowledge on Nematology taxonomy.  While localization and morphological 

analysis has shown to be a very useful tools, there is also a great importance to correctly 

detect the localization of the secreted protein in order to understand its possible function. 
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