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1. Introduction 

This work was realized during my visit at the Institute of Plant  Protection (IPP), 

CNR, Bari (Italy). I worked in collaboration with Dr. Antonella Leone, researcher at  the 

Institute of Sciences of Food Production (ISPA), Lecce, for observation at the confocal 

scanning laser microscopy. 

During my first visit at IPP labs with a Leonardo fellowship I started my study 

on the effect of Meloidogyne incognita secretions in Arabidopsis J0192::GFP roots by 

means of microinjection.  

Taking into account that interesting results have been obtained by injecting 

nematode secretions in whole roots, I tried to confirm the obtained  results by using 

protoplasts isolated from the same Arabidopsis and incubated with the same secretion 

fractions. 

 

2. Material and methods 

2.1. Arabidopsis thaliana  plants 

We used Arabidopsis wild type and transgenic Arabidopsis fused with GFP, 

Arabidopsis J0192::GFP. This line was isolated with GAL4 expression in young lateral 

root primordial (Laplaze, 2005). 

J0192 enhancer trap T-DNA was inserted between At2g42430 and At2g42440 

at about 2.5 and 1 kbp, respectively. At2g42430 and At2g42440 encode the 

LOBDomain proteins LBD16 and LBD17, respectively (Shuai et al., 2002). LBD16 is 

specifically expressed in roots while LBD17 is expressed throughout the plant except in 

roots. Moreover, the LOB gene is expressed at the base of lateral root primordia (Shuai 

et al., 2002) thus suggesting that GAL4 expression pattern in J0192 might be due to an 

enhancer element regulating LBD16 expression (Laplaze, 2005).  

 

Arabidopsis ’s seeds were surface-sterilized and plants were grown in a growth 

chamber at 23ºC in constant light for about 4 weeks.  

 

2.2. Meloidogyne incognita secretions 

We used fractions of secretion of Meloidogyne incognita collected by Marie-

Noelle Rosso. Stylet secretions were collected from freshly hatched J2 after induction in 

resorcinol and separated on a HighQ ion exchange column in Bis Tris 20mM pH6. 



Acidic proteins were eluted with a step gradient of 0.1M NaCl, 0.2M NaCl, 0.3M NaCl, 

0.4M NaCl, and 2M NaCl.  

In order to obtain data, which could assert a protein effect theory, proteins 

recovered from 0.4M NaCl step gradient were digested with pronase. Proteins resulted 

to be completely digested and pronase was undetectable (silver staining), this 

indicating that pronase cannot have any influence in the injected root response.       

Previous studies showed that fractions 0.2M and 0.4M induced NEC promoter activity 

after microinjection in the roots of Arabidopsis thaliana NEC-GUS (fusion NEC 

promoter::GUS). In addition, induced promoter activity have been detected also after 

injection of proteins digested with pronase concentrated by ultra filtration using a 3kDa 

membrane (fraction 3Q-YM3). This suggests that the positive response might be due 

to a molecule with a MW> 5-10 kDa. 

The fractions Q 0.3M and 3Q-YM3 were used to test an effect on the promoter 

J0192 induction in both whole roots and protoplasts. 

The effect of various treatments on the protoplasts was followed by means of a 

time course. 

   

2.3. Isolation protoplasts procedure 

 Protoplasts were obtained by cutting leaf strips and immediately transferred in 

Mannitol solution 0.5 M to plasmolyse the cells. Cells were incubated in Mannitol 

solution (1h) which was  then  removed and replaced  with a digesting enzyme 

solution, containing cellulase and macerozyme to remove cell walls. The released 

protoplasts were washed, collected, and then incubated (1 ml of protoplasts) with 7 μl 

of nematode secretions, and 1 ml of culture medium. As a control the protoplasts were 

incubated in the same medium added with 1) buffer PBS 0.01M, 2) secretions hot 

denatured. Arabidopsis wild type was also used as a control of promoter induction. The 

protoplasts were maintained in a growth chamber at 23-26ºC in dark for the period of 

the experiment.  

 

2.4. Analysis of protoplast by laser scanning confocal microscope. 

Arabidopsis mesophyll protoplasts were examined by a confocal laser scanning 

microscopy (CLSM). This is a technique which allows high resolution optical images 

recorded at different planes of the specimens. The result is a 3D data set, which 

provides information about the spatial structure of the object. Quality and accuracy of 



this information depend on the thickness of the slice and on the spacing between 

successive slices. 

We used a Zeiss Pascal laser scanning confocal microscope (LSCM) with an 

inverted Zeiss Axiovert 200 and equipped with argon (excitation wavelength of 488 

nm) and helium-neon (excitation wavelengths of 633 nm) lasers. Images obtained 

were collected in two channels 505-530 nm and 650-730 nm and were processed by 

Zeiss LSM 5 Pascal software version 2.8.  

 

3. Results 

 

GFP EXPRESSION 16 h 24 h 36 h 48 h 64 h 

Wild type + Active secretions - - - - - 

J0192::GFP + Active secretions + + ++ ++ + 

J0192::GFP + Flow-through  + + + + + 

J0192::GFP + Inactive secretions - - +/- +/- +/- 

J0192::GFP + Buffer PBS - - - - - 
 

LEGEND: 

         + : GFP positive expression 

 - : GFP negative expression 

  

 3.1. Arabidopsis wild type  

 Wild-type protoplasts incubated with 7 μl of active secretions do not show any 

GFP expression. Red chlorophyll autofluorescence of chloroplasts was only detected. 

 

  

 



3.2. Arabidopsis J0192::GFP + active secretions 

The strongest GFP induction in protoplasts (green fluorescence) can be 

detected 36 – 48 h after incubation with active secretions. The promoter was greatly 

induced either in the plasma membrane or the endoplasmic reticulum. Red 

fluorescence is chlorophyll autofluorescence in the chloroplasts. 

Yellow or orange fluorescence is due to the overlapping of red and green laser 

scanning  

 

  

  

 

 

3.3. Arabidopsis J0192::GFP + inactive secretions  

 A small percentage of protoplasts shows faint GFP expression at 36-48 h 



 

 

3.4. Arabidopsis J0192::GFP + 3QYM3 

 

 



 

3.5. Arabidopsis J0192::GFP + Buffer PBS (Negative control) 

The mesophyll protoplasts of Arabidopsis J0192::GFP incubated with 7 μl of 

buffer PBS showing only red chlorophyll autofluorescence. 

 

 

  

 

4. Discussion and conclusion 

The promoter induction in treated protoplasts was followed from 16 to 64h 

after incubation with secretion fractions. The most pronounced GFP expression at 36h 

indicated that time as the maximum promoter induction. Plasma membrane and 

cytoplasmic membranes ( ER) strongly fluoresced.   

Protoplasts incubated with proteins following protease digestion showed 

promoter induction at level of plasma membrane suggesting that small molecules with 

a low MW yet present in the ultrafiltrated secretions can induce promoter expression. 

Hot inactivated secretions induced a very faint positive GFP expression in 36-

48h after protoplast incubation. This could suggest that other than protein might be 

able to induce promoter too.  

Incubation of protoplasts with buffer alone did not show any promoter 

induction as well as wild type protoplasts.  



These results seem to confirm previous data obtained with whole roots where 

promoter induction has been observed in injected and neighbouring differentiating 

cells. 
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