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Molecular modeling of ABA orthologs from Marchantia and Tortula 

Hydrophobic cluster analysis, molecular modeling and docking experiments were carried out 

using standard techniques. Three-dimensional models of the proteins were built using the 

atomic coordinates of ABA (Carrizo et al., 2005). Multiple amino acid sequence alignments 

were carried out with CLUSTAL-X (Thompson et al., 1997) and displayed with ESPript 

(Gouet et al., 1999).  

The hydrophobic cluster analysis (Gaboriaud et al., 1987) was performed to delineate the 

conserved secondary structural features (strands of β-sheet and stretches of α-helix) along the 

amino acid sequence of MarpoABA2a and TorruABA by comparison with the Agaricus 

bisporus lectin ABA (Carrizo et al., 2005) used as a model. Hydrophobic cluster analysis 

plots were generated using the program drawhca of L. Canard 

(http://www.lmcp.jussieu.fr/~soyer/www-hca/hca-form.html). 

Molecular modeling of MarpoABA2a and TorruABA was carried out on a Silicon Graphics 

O2 R10000 workstation, using the programs InsightII, Homology and Discover3 (Accelrys, 

San Diego CA, USA). The atomic coordinates of ABA (Carrizo et al., 2005) were used to 

build the three-dimensional model of the proteins. The percentages of both identity 

(43%/40%) and similarity (76%/74%) of MarpoABA2a and TorruABA, respectively, with 

ABA allowed building rather accurate three-dimensional models of both proteins using the X-

ray coordinates of ABA as a template. Steric conflicts were corrected during the model 

building procedure using the rotamer library (Ponder and Richards, 1987) and the search 

algorithm implemented in the Homology program (Mas et al., 1992) to maintain proper side-

chain orientation. The geometry of loop regions was corrected using the refine option of 

TurboFrodo (Roussel and Cambillau, 1989). An energy minimization of the final models was 

carried out by 100 cycles of steepest descent using Discover3. The program TurboFrodo was 

run to draw the Ramachandran plot and to perform the superposition of the model with the 

template protein. PROCHECK (Laskowski et al., 1993) was used to assess the geometric 

quality of the three-dimensional models. All the residues of both MarpoABA2a and 

TorruABA were correctly assigned on the best (~ 80%) and more generously allowed regions 

(~ 20%) of the Ramachandran plot (result not shown). Three-dimensional models very similar 

to MarpoABA2a were obtained for the other Marchantia polymorpha lectin isoforms and, 

especially, with MarpoABA1a (results not shown). 

http://www.lmcp.jussieu.fr/%7Esoyer/www-hca/hca-form.html


Docking of the T-antigen disaccharide (Galβ1,3GalNAc) and GlcNAc into the corresponding 

carbohydrate-binding sites of MarpoABA2a, MarpoABA1a and TorruABA was performed 

with the program InsightII (Accelrys, San Diego CA, USA). The lowest apparent binding 

energy (Ebind expressed in kcal.mol-1) compatible with the hydrogen bonds (considering Van 

de Waals interactions and strong [2.5 Å < dist(D-A) < 3.1 Å and 120° < ang(D-H-A)] and 

weak [2.5 Å < dist(D-A) < 3.5 Å and 105° < ang(D-H-A) < 120°] hydrogen bonds; with D: 

donor, A: acceptor and H: hydrogen) found in the ABA-T-antigen disaccharide/GlcNAc 

complex (Carrizo et al., 2005) was calculated with the forcefield of Discover3 and used to 

anchor the pyranose ring of GalNAc or GlcNAc into the binding sites of the lectins. The 

positions of the T-antigen disaccharide and GlcNAc observed in the ABA-T-antigen/GlcNAc 

complex was used as the starting position to anchor the GalNAc residue of the Tn-antigen 

disaccharide and GlcNAc in the corresponding carbohydrate-binding sites of the modeled 

lectins. 

Cartoons were drawn with PyMOL (W.L. DeLano (http://www.pymol.org). 
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