
Biomolecules 2022, 12, x FOR PEER REVIEW 14 of 21 
 

the cell-division machinery [41]. As a result, we observed several short and swollen mini-
cells and big branched cells of Agrobacterium with several constriction sites (Figure 
2B,D,E). These growth defects mentioned above suggest that the normal cell division of 
Agrobacterium was disrupted (directly or indirectly) by compounds secreted from tea 
leaves. PleD indirectly regulates ctrA expression to interfere with DNA replication, cell 
division, and morphogenesis [42–44]. This study found that the pleD in Agrobacterium from 
the tea-leaf group was up-regulated on the first day of co-cultivation, while ctrA was 
down-regulated (Figure 3A). Meanwhile, the genes related to genetic information pro-
cessing were generally down-regulated (Figure S4). These results suggested that tea-leaf 
compounds influenced the expression of bacterial genetic activities and led to growth ab-
normalities in Agrobacterium cells (Figure 6). Since the genetic information processing was 
affected by compounds in the tea leaf, the transfer of exogenous genes might be inhibited. 

 
Figure 6. The brief regulatory model of Kyoto Encyclopedia of Genes and Genome (KEGG) path-
ways of Agrobacterium GV3101 in tea groups. The data were based on the transcriptome results. The 
round rectangle and ellipse nodes represent genes and transport systems, respectively. The boxes 
with gray dashed lines represent pathways. Pointed arrows indicate activation, and blunt arrows 
indicate repression. Red represents up-regulation, and green represents down-regulation. 

In the transcriptome data, a series of genes contributing to both reversible and irre-
versible attachment were immediately down-regulated in the tea-leaf group (Table S4). 
The genes related to flagellar assembly, chemotaxis, UPP, and EPS production were in-
hibited in the tea groups (Figures 3A and 4C), which implied a failure of the bacteria to 
form a biofilm. It has been known since 1984 that “Nigerian chewing sticks” [45], rich in 
gallotannins, prevent the formation of bacterial film that causes plaque in teeth [45]. In the 
SEM images, the Agrobacterium cells were wrapped in cellulose fiber (Figure 2H) caused 
by an overproduction of cellulose, which agrees with our transcriptome data that showed 
an up-regulation (on day 4) of celB (Table S5), an essential gene for cellulose synthesis [46]. 
It has been established that overproduction of cellulose does not affect the virulence of 
Agrobacterium, but underproduction of UPP can lead to a fragile attachment [47]. 




