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The battle for microbial 
domination 

Microbial communities are of funda-

mental importance to virtually all natural 

ecosystems, from the ocean floor to the 

gastrointestinal tract. Although the term 

“communities” implies cooperation, scien-

tists now realize that bacterial colonies 

compete with each other for life-sustaining 

resources, availing themselves of a variety 

of strategies to reduce overcrowding. In 

some cases, they secrete toxins in their 

fight for survival. Here, researchers studied 

one such toxin from the bacterium Serratia 
proteamaculans, various strains of which 

live inside tree roots or inhabit the diges-

tive tracts of insects and other animals.

Toxin targets cell division
The researchers showed that the toxin, 

Tre1, targets a bacterial protein, FtsZ, 

which is analogous to tubulin in human 

cells. Tubulin molecules are the building 

blocks of microtubules—long polymers 

that provide structure and shape to our 

cells and play an important role in cell divi-

sion. In bacteria, FtsZ loses the ability to 

polymerize when attacked by the Tre1 

toxin. Instead of dividing, the intoxicated 

cells grow longer and longer until they 

eventually split open and die (cellular elon-

gation and lysis).

Genomic analyses suggested that the 

toxin's attack occurs via an enzymatic 

mechanism known as ART activity. Toxins 

that use this mechanism include those 

made by the pathogens responsible for 

human diseases such cholera and diph-

theria. In addition, the researchers identi-

fied (in the same bacteria) genes for 

enzymes that reverse ART activity, 

suggesting a mechanism for bacterial 

immunity against self-intoxication.

Structure reveals two distinct 
immunity mechanisms

To gain insight into how toxin-pro-

ducing bacteria counteract their own 

poisons, the researchers came to ALS 

Beamline 5.0.2, part of the Berkeley 

Center for Structural Biology. Using 

protein crystallography data collected at 

the beamline, they determined the struc-

ture of the bacterial toxin, Tre1, bound to 

its predicted antitoxin, a protein they 

called Tri1.

Healthy bacteria (left) and bacteria (right) whose cell-division machinery has been disrupted by a 

toxin newly discovered in some bacterial arsenals. (Image credit: Mougous Lab)

Scientific Achievement
Researchers solved the structure of a bacterial toxin bound to a neutralizing protein, 
revealing two distinct mechanisms for how the toxin-producing bacteria avoid 
poisoning themselves.

Significance and Impact
The findings offer clues to the evolutionary origins of the potent toxins that enable 
bacterial pathogens to cause human diseases such as cholera and diphtheria.
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The structure revealed a striking 

protuberance from the main body of the 

antitoxin that physically blocks the toxin's 

active site. In addition, comparison of the 

structures with those of other proteins 

known to produce similar enzymatic 

effects (i.e., ART activity and its reversal) 

revealed a high degree of similarity. The 

observations suggested that the antitoxin 

employs two distinct mechanisms that 

provide immunity: physical blocking of the 

toxin’s active site and reversal of its enzy-

matic attack mechanism.

Subsequent experiments showed that 

each mechanism alone is sufficient to 

counteract the effects of the Tre1 toxin; 

however, the enzymatic reversal mecha-

nism additionally provides broad immunity 

to a variety of toxins, protecting the bacte-

rium from both its own toxins and those 

that function by the same mechanism but 

are made by other species.

Evolutionary connections to 
human diseases

Given that encounters between 

bacteria vastly predate the evolution of 

eukaryotic (e.g., human) cells, it is 

conceivable, or even likely, that ART 

toxins that target human cells evolved 

from ancestral proteins that were  

deployed by bacteria against each other. 

Thus, this inside look at the chemical 

warfare and biodefense strategies among 

bacteria in their own communities can 

offer clues to the evolutionary origins of 

the potent toxins that enable bacterial 

pathogens to infect multicellular organ-

isms, including people.  
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(a) Space-filling depiction of the Tre1 toxin (yellow) showing how its active site (red) is blocked by the N-terminal extension (NTE) of Tri1 (blue). 

(b-c) Structural comparisons of Tre1 (yellow) and Tri1 (blue) with other proteins (gray) known for ART enzymatic attack and reversal mechanisms, 

respectively.


