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The existence of cell wall integrity (CWI) signaling in plants has been demonstrated, but little is known about the actual signaling pathways involved. CWI is maintained through a highly dynamic 
balance between cell wall biosynthesis involving a broad spectrum of synthetic enzymes localized in Golgi and cell wall post-synthetic modifications involving a similarly broad spectrum of 
hydrolytic enzymes localized in plant apoplast or secreted by plant-invading organisms. Hydrolytic enzymes are the key components involved in cell wall remodeling, the main process involved in 
cell wall adjustments during plant development and response to environmental cues. We have created a set of homozygous Arabidopsis and Brachypodium transgenic lines expressing different 
specific microbial glycosyl hydrolases or esterases and characterized their cell walls. These transgenic plants represent a toolset that provides a new approach to study CWI signalling.  

Analyses of susceptibility of Arabidopsis 
and Brachypodium transformed plants to 
fungal pathogens. (A-B) Botrytis cinerea 
symptoms on Arabidopsis transgenic and 
wild type leaves. α, β, γ, indicate data sets 
significantly different according to one-way 
ANOVA followed by Tukey’s tests (n=44; P < 
0.001). (C-D) Bipolaris sorokiniana 
symptoms on Brachypodium transgenic 
and wild-type plants. Asterisks indicate 
significant differences between transgenic 
plants and wild type plants, according to 
Student’s t-test (n=24; P < 0.001). All the 
lesion areas were measured 48 hours after 
inoculation. Data points represent the 
average lesion area ± standard error (SE). 
Similar results were obtained from three 
independent experiments. (E,F) Analysis of 
susceptibility of Arabidopsis AnFAE plants 
to B.cinerea. 
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Determination of callose deposition and 
H2O2 accumulation in Arabidopsis (on 
the left) and Brachypodium  (on the 
right) transgenic and wild type plants. 
Leaves were stained with aniline blue 
for callose visualisation and with 3,3’-
diaminobenzidine for H2O2. The 
experiments were repeated three times 
with similar results. 

Arabidopsis expressing both ecetyl 
esterases showed an increased 
accumulation of ROS, but the callose 
accumulation was observed only in 
AnRAE expressing plants.  

In contrast, no difference between 
Brachypodium AnAXE expressing 
plants and wild type was observed. 
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Global transcriptome analyses of Arabidopsis transgenic and wild type plants using RNAseq. RNA was extracted from 2-
week-old plants grown on the plates with ½ MS media. Four independent biological replicates were used for each 
transgenic line and wild type plants.  Sequencing reads were filtered for quality using FastX-Toolkit, and the high quality 
reads were mapped to Arabidopsis genome and counted using HTSeq-Count. The count data were modeled using 
statistical software in the SAS and R-packages. Differentially expressed genes showed > 2.5-fold difference between 
transgenic and wild type plants were selected to create  Venn diagrams shown above.  
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To target the enzymes to the plant apoplast, the 5’ end of the full-length complementary DNA of each gene was fused with 
the expansin-B signal peptide coding sequence, and the 3’ end of each gene was fused with the GFP coding sequence (D). 
Expression in Brachypodium was controlled by maize ubiquitin promoter and in Arabidopsis by 35S promoter. Three 
independent lines for each gene were selected and homozygous plants were characterized. All proteins were expressed 
with expected size confirmed by immonoblotting (A) and localized in apoplast (B). Apoplast prepared from transgenic 
plants showed significantly higher enzymatic activity in comparison with wild type apoplast (C).  

Characterization of cell wall composition demonstrated that plants expressing acetyl esterases have significantly lower 
content of acetyl groups, and plants expressing feruloyl esterase have lower amount of phenolics in their cell wall (F).  

Acetyl esterase AnAXE cleaves acetyl groups from xylan backbone in arabinoxylan and AnRAE cleaves the same groups 
from galaturonyc acids in backbone of RG1 in pectin (E). 
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Transcriptome analyses (qRT-PCR) of selected pathogen-related genes in 
uninfected and infected Arabidopsis and Brachypodium transgenic and wild type 
plants (WT). A. Arabidopsis expressing two acetyl esterases; B. Brachypodium 
expressing xylan acetyl esterase; C. Arabidopsis expressing feruloyl esterase. 

Gene expression levels in transgenic plants normalaized to the expression of the 
same gene detected in wild type plants (for which gene expression was set to 1), 
ACTIN2 (for Arabidopsis) or GADPH (for Brachypodium), were used as reference 
genes. The comparative threshold cycle method was used for determining 
differences between transcript copy numbers in wild type and transgenic plants. 
Data represent average obtained for three independent transgenic lines. 
Asterisks indicate significant differences between transgenic plants and wild type 
plants (Student’s t-test, P<0.05; n=3). 

Both Arabidopsis and Brachypodium plants expressing acetyl esterases showed 
up-regulation of defense related genes without treatment with pathogens, while 
Arabidopsis plants expressing feruloyl esterase had higher level of defense 
related genes after infection. Some up-regulated genes were the same in both 
plant species, indicating that xylan deacetylation induces similar responses in 
dicot and monocot plants. 
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       Conclusions 
This study point to a potential 
utility of the post-synthetic 
modification of cell wall not 
only with the goal of biomass 
improvement.  

Enzymes introduced in a plant 
apoplast mimic the action of 
the microbial cell wall 
degrading enzymes (CWDEs) 
during the pathogenesis and 
initiate similar signaling 
pathways that can be 
dissected using transgenic 
plants expressing these 
enzymes individually. 
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