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PHARM ACOLOGY 

Fungus Secret 
Next-generation opioids may 
spring from a tiny fungal protein 

Opioids relieve pain  very effectively by 
activating particular receptors—proteins 
that are found on cells and respond to spe-
cific substances. But these drugs also 
cause serious side effects, including respi-
ratory depression, which can be lethal. 
New research could inspire next-genera-
tion opioids that provide pain relief with 
fewer such risks. 

Scientists in Australia have discovered 
peptides, tiny strands of amino acids, that 
act like opioids in some ways and come 
from an unlikely source: a  Penicillium  fungus. 
“This beast was found in a very pristine 
estuary at the end of the world, in Tasma-
nia,” says Macdonald Christie, a neurophar-
macologist at the University of Sydney and 
senior author on the new study, detailed last 
October in the  Proceedings of the National 
Academy of Sciences USA.  Peptides that can 
activate opioid receptors to modify pain lev-

els are rarely found outside the vertebrate 
nervous system, he says. 

Opioid receptors belong to a family that 
controls countless brain functions. These 
receptors send signals within associated cells 
using molecules called G-proteins. For a long 
time, researchers thought drugs interacting 
with an opioid receptor would simply insti-
gate G-protein signaling or block it, Christie 
says. But scientists have since learned that 
opioid receptors associate with many other 

proteins, too, influencing multiple signaling 
pathways within cells. 

“Most drug discovery has been based on 
efforts to turn on or off that G-protein inter-
action,” says Laura Bohn, a neuroscientist 
now at the Scripps Research Institute in 
Florida, who was not involved in the work. 
But “instead of continuing to just flip the 
switch, we can look for ways to dial in what 
we want—and what we want is pain relief. 
What we don’t want is respiratory depres-

BIOLOGY 

Cryptic 
Predators 
Beetles have an outsize impact 
on their vertebrate prey 

When ecologist Jose Valdez  and his team 
released 10,000 tadpoles to populate a new 
conservation site in Newcastle, Australia, 
they surrounded the area with a mesh fence 
to keep out hungry snakes, birds and mam-
mals. But they hadn’t considered much 
smaller predators: diving beetles. The 
researchers soon began to witness the 
insects’ violent attacks, and three years  
later only a handful of frogs remained. In 
two recent papers, Valdez, a researcher  
at Denmark’s Aarhus University, and his 
colleagues documented the beetles’ devas-
tating predation tactics and possible impli-
cations for conservation efforts.

Predators are usually larger than their 

prey, with vertebrates such as amphibians 
typically doing the eating when it comes to 
insects. Although role reversal has been 
reported—such as praying mantises con-
suming lizards—scientists consider this rare. 

Valdez suspects insects’ predatory behavior 
has been underestimated, however. “Our 
two studies show that perhaps they may 
have a big effect,” he says, “especially for 
endangered species with small populations.” 

It is unusual to see insects hunting in 
packs. But while monitoring one pond at 
night, Valdez saw about 12 adult diving 
beetles surround a tadpole and quickly pull 
it apart. “I was shocked at how viciously 
and quickly these beetles took down a 
much larger tadpole,” he says. 

The researchers also noticed that cer-
tain diving beetles laid their eggs inside 
frog egg clutches, seemingly timed to 
hatch so the insect larvae could hunt down 
newborn tadpoles. The beetle larvae killed 
up to three tadpoles an hour, often dis-
carding a half-eaten one if another was 
close by. “None of these behaviors were 
documented before,” Valdez says. His 
team detailed its work last December in 
 Entomological Science  and online last 
August in  the Australian Journal of Zoology. 

Because insects are small, their preda-
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sion to [the point of] overdose, and we don’t 
want addiction.” Bohn’s research connected the 
pain-relief effects of the common opioid mor-
phine to activation of G-proteins, and it linked 
morphine’s respiratory depression to activating 
a regulatory protein called beta-arrestin. 

Most opioids (and all known naturally 
occurring ones, Christie says) activate beta-
arrestin as well as G-protein signals. But bilor-
phin—a compound the researchers in the new 
study created based on the fungal peptides—
focused on just the G-proteins, Christie says. 
“That was something big to us,” he adds, 
“because we knew that everyone in pharma 
was working on developing [opioid com-
pounds] that don’t signal to arrestin.” (Bohn 
and Christie agree, however, that finding 
drugs free of side effects will be more nuanced 
than simply avoiding beta-arrestin signaling.) 

The researchers tested bilorphin in mice, 
but it blunted pain signals only when injected 
directly into the spinal cord, which means that 
it could not cross the blood-brain barrier. The 
challenge will be to design bilorphin-inspired 
compounds that can get inside the brain and 
retain their unique signaling capabilities—ide-
ally stopping pain without stopping breathing. 
 — Stephani Sutherland

tory behavior is easy to miss—and they often 
attack in difficult-to-observe settings, such as 
at night or underwater. But such assaults are 
emerging from the shadows: recent studies 
have documented praying mantises regularly 
eating small birds, as well as giant water bugs 
consuming vertebrates such as turtles, frogs 
and snakes in Japanese rice fields. 

Insect predation could play a hidden role in 
declining amphibian populations. The Interna-
tional Union for Conservation of Nature esti-
mates that at least 40 percent of amphibian spe-
cies are threatened with extinction; Eric Nord-
berg, an ecologist at James Cook University in 
Australia, says attempts to protect them typical-
ly focus on environmental factors such as habitat 
loss and invasive species, whereas the impact of 
invertebrate predation is understudied. 

Next, Valdez plans to quantify diving bee-
tle predation on various amphibians. He will 
analyze insect gut contents and use cameras 
to capture more of the behavior. “We may 
finally begin to recognize their role in shaping 
vertebrate communities,” he says.  
 — Sandrine Ceurstemont
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