
APPLIED SCIENCESBIOLOGICAL SCIENCES

Roots or  shoots?

Anchored in soil and unable to move, plants 
have evolved complex mechanisms to 
sense and adjust to environmental 
condit ions. For example, a plant that needs 
more solar energy might grow bushier 
shoots to collect more sunlight. On the 
other hand, a plant located in poor soil 
might develop a more extensive root 
system to gather scarce but essent ial 
mineral nutrients.

A key component of this adapt ive process 
is strigolactone, a growth hormone that 
signals plants to divert  energy into roots 
over shoots. When secreted from a plant?s 
roots, strigolactone also promotes 
symbiot ic interact ions with beneficial fungi 

and soil microbes. However, this plant?
fungi signal can also be exploited by 
parasit ic plants, which use it  to invade and 
devastate crops worldwide.

Thus, to effect ively minimize destruct ive 
parasit ism, promote symbiot ic relat ion-
ships, and develop plants that are more 
efficient at nutrient uptake, scient ists need 
a molecular-level understanding of the 
strigolactone-based signaling mechanism.

An enzymat ic t oggle swit ch

Strigolactone is known to act in concert 
with several enzymes (molecules that join, 
stabilize, or break up other molecules). 
In 2018, research groups from the 
University of Washington and the 
University of California, Davis, broke new 

ground on this topic by discovering how 
one key enzyme rearranges itself to 
interact with strigolactone and other 
associated compounds.

The enzyme, called MAX2 in the plant 
model Arabidopsis thaliana, was found to 
toggle between locked and unlocked 
conformations. When unlocked, MAX2 
forms a complex with strigolactone and a 
sensor molecule, D14. The MAX2?
strigolactone?D14 complex facilitates the 
destruct ion of D53 proteins that suppress 
the expression of genes promoting root 
development. With D53 out of the picture, 
a plant will more aggressively develop its 
root system. 

In this work, the researchers from UC 

Scient i f ic 
Achievement
Using x-ray crystallography at 
the Advanced Light Source (ALS) 
combined with biochemistry and 
plant genet ics, researchers 
ident ified a molecular switch that 
triggers modificat ions to plant 
structure in response to 
environmental condit ions.

Signi f icance 
and Impact
A greater understanding of this 
adapt ive process will help 
scient ists opt imize plants for 
efficient nutrient uptake and 
resistance to parasit ic species. Compared to genet ically unmodified ?wild type? (WT) plants, those with specific mutat ions in a 

growth-regulat ing enzyme show differences in leaf shape (top) and shoot  growth (bot tom). 
Shown here are examples of Arabidopsis thaliana, a commonly studied plant  model.

Molecular  Swit ch Tr igger s 
Changes in Plant  St r uctur e



Davis systemically mutated the MAX2 
enzyme and created a version fixed in its 
unlocked form. Once they verified that the 
purified protein was funct ional and in a 
dist inct conformational state, they set up 
extensive crystallizat ion trials to 
determine its 3D molecular structure.

Swit ch mechanism and t r igger

The x-ray crystallography was conducted 
at ALS Beamlines 8.2.1 and 8.2.2, part  of 
the Berkeley Center for Structural Biology 
(BCSB). The state-of-the-art  remote 
capabilit ies enabled the UC Davis 
researchers to quickly process mult iple 
crystal datasets to determine the crystal 
structure of the MAX2 enzyme.

The data allowed ident ificat ion of the 
mechanism behind the enzyme?s act ivity 
in strigolactone signaling. The unlocked 
conformation involves shifts in a 
C-terminal helix, which enables D53 
repressor proteins to be tagged for 
destruct ion. To release the D53 for 
disposal, the enzyme must relock. 

This in turn causes the D14 strigolactone 
sensor to also be tagged for destruct ion, 
providing feedback for regulat ing the 
signaling cascade.

Finally, the study also revealed the key 
to the MAX2 lock. An organic acid 
metabolite, cit rate, can direct ly trigger 
the conformational shift  in the C-terminal 

helix. The citrate is likely trapped in a 
highly charged pocket that?s exposed when 
the enzyme is unlocked. This is the first  
t ime that a primary metabolite has been 
shown to act as a direct regulator of this 
type of enzyme and points to interest ing 
avenues for future study. 
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Top: St ick representat ion of the crystal 

st ructure of MAX2 (labeled D3, gray), high-
light ing the funct ionally important  C-terminal 
helix (CTH, green). ASK1 is a subunit  involved 
in tagging proteins for dest ruct ion. Bot tom: 
Elect rostat ic surface representat ion of the 

same area. A highly charged pocket  (black out-
line) may be the binding site for the enzyme?s 
molecular t rigger.
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