
When a plant suffers a microbial infection, it produces salicylic 
acid. But the role this hormone plays in protecting plants has been 
somewhat of a mystery. A team of researchers led by HHMI-GBMF 
investigator Xinnian Dong has proposed a model to explain how 
salicylic acid controls both cell death at the site of infection and cell 
survival and immune activation in noninfected tissue. 

When exposed to infection, plant cells respond either by dying, 
to protect the rest of the plant, or by activating resistance measures 
to survive. Salicylic acid and its signal transducer, NPR1, both influ-
ence the outcome, but they do not interact directly. Dong and her 
research team at Duke University studied how two other proteins—
NPR3 and NPR4—interact with salicylic acid and NPR1 before and 
after infection to modulate levels of plant defense. 

Observing mutants of the model plant Arabidopsis thaliana that 
lacked NPR3, NPR4, or both, Dong’s team concluded that NPR3 and 
NPR4 both promote degradation of NPR1, whose buildup prevents 

cells from dying. Next, the team found that salicylic acid had opposite 
effects on these two protein-protein interactions. It stimulates NPR3’s 
degradation of NPR1—but only with high levels of salicylic acid—and 
prevents NPR4’s degradation of NPR1 in the presence of salicylic acid.

Dong’s group proposes that without infection, NPR1 levels are 
kept low by NPR4-mediated degradation. Upon infection, salicylic 
acid forms a concentration gradient with higher levels at the infec-
tion site and lower levels outward. A high level of salicylic acid in 
infected cells facilitates NPR3-based degradation of NPR1, and the 
infected cells die. In cells distant from the damage, the lower salicylic 
acid level limits the binding of salicylic acid to NPR3 and NPR4, 
blocking degradation of NPR1, and those distant cells survive. 

The team’s findings, published June 14, 2012, in Nature, may  
be applied to both agriculture and medicine. “But our dynamic 
model has to be tested first,” Dong says. “That is not going to be easy.”  
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memory PLAys mUse
An overactive enzyme called HDAC2 may 
be at the core of memory decline, accord-
ing to HHMI investigator Li-Huei Tsai, 
whose lab team showed that blocking 
the enzyme restores memory in mice with 
Alzheimer’s disease. 

HDAC2 switches off genes implicated 
in learning and memory. When the enzyme 
was overexpressed in mice, memory func-
tion dropped and there was a significant 
loss of synapses—the information transfer 
stations between brain neurons. When  
the researchers reduced HDAC2 in neurons 
of mice exhibiting Alzheimer’s disease, 
they found a dramatic increase in the  
number of active synapses. After only four 
weeks, the HDAC2-blocked mice were 
indistinguishable from healthy mice in 
memory tests. 

The researchers, whose work was pub-
lished February 29, 2012, in Nature, also 
discovered what might put HDAC2 into 
overdrive. Two known Alzheimer’s indica-
tors, the protein amyloid- and oxidative 
stress—an excess of a reactive form of 
oxygen—can activate the protein gluco-
corticoid receptor 1, which in turn switches 
on rampant production of HDAC2. 

Tsai, who is at the Massachusetts Insti-
tute of Technology, is eager to see whether 
blocking HDAC2 is effective in humans. 
“We need to test this hypothesis in humans 
to see whether this concept holds up,” she 
says. “While all the data look very promis-
ing in animal models, human studies are a 
completely different ball game.” 

FoLLowINg A FIsH’s evoLUtIoN
After the last ice age, when glaciers melted 
and fresh water streamed across land 
masses, many animals adapted to new 
habitats. HHMI investigator David Kingsley 
and a team of international scientists have 
followed a fish—the three-spine stickle-
back—to determine what genetic changes 
allowed it to thrive in new environments in 
North America, Europe, and Asia. 

Kingsley’s team at Stanford University 
School of Medicine and scientists from the 
Broad Institute of MIT and Harvard col-
laborated with international scientists to 
uncover the complete genome sequences 
of 21 members of the stickleback fam-
ily collected from around the world. As 
described in Nature, on April 5, 2012, the 
scientists looked for DNA sequences that 
had changed as the fish adapted. 

Amazingly, 147 regions in the genome 
were consistently altered across the 21 stick-
lebacks. The genetic regions are associated 
with metabolism, developmental processes, 
behavior, and body armor formation, iden-
tifying a suite of changes that enabled the 
formerly saltwater fish to survive in fresh 
water. More than 80 percent of the changes 
were found in regulatory sequences rather 
than protein-coding regions, helping to 
answer a long-standing debate about the 
relative importance of regulatory and cod-
ing changes during adaptive evolution. By 
studying the diverse stickleback genome, 
Kingsley says, “we can find the key genes 
that control evolutionary change.” 

tHe AUtIsm Network
Scientists estimate that about one quar-
ter of autism spectrum disorders (ASDs) 
may be caused by mutations in the eggs 
or sperm of parents who have no history of 
ASD. Tracking the origins of some of these 
so-called sporadic mutations, HHMI inves-
tigator Evan Eichler and Jay Shendure, at 
the University of Washington, found that 
many of the mutations affect a large pro-
tein network that functions in cell cycle 
regulation and neuronal development. 

I N  B R I E F

The Yin and Yang of Plant Defense 
A pLANT’S rESpoNSE To INFECTIoN IS CoNTroLLED  

By A CoNCENTrATIoN GrADIENT oF SALICyCLIC ACID.

A gradient of the protein NPR1 (green) 
causes cell death near an infection site on 
an Arabidopsis leaf. 
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