
When faced with an oncoming dose of antibiotics, bacteria work 
together in a neighborly way. Microbes that are resistant to the drug 
protect their weaker kin in the colony, HHMI researchers have 
found. The discovery upends traditional notions of antibiotic resis-
tance and offers a target for new drugs against bacterial infections. 

James J. Collins, an HHMI investigator at Boston University, 
set out to study how bacteria acquire resistance over time. His lab 
group designed a bioreactor to precisely control the growth of a bac-
terial colony and allow sample taking or the addition of antibiotics 
at various times. When they collected data from the bioreactor, they 
found something unexpected.

“The usual thinking about resistance is that a mutation arises in 
one bacterium, and then that bacterium has a survival advantage and 
thrives, growing and dividing, while the others die off,” Collins says. 
But the team found that the bacterial population as a whole showed 
far more antibiotic resistance than did small samples of bacteria. 
And only a few bacteria had resistance-causing genetic mutations. 

The scientists found that the few truly antibiotic-resistant bac-
teria emit a compound called indole that signals the rest of the 
bacteria to ramp up their defenses. When the nonresistant patho-
gens sense indole, they turn on a pump that expels antibiotic from 

the cell, and they turn on chemical pathways that protect them from 
the toxic molecules antibiotics normally induce inside bacteria. 

“Bacteria, although they are unicellular organisms, can behave as 
a multicellular organism from a population standpoint,” says Collins.

The findings, published September 2, 2010, in Nature, suggest 
that researchers might combat antibiotic resistance by blocking 
indole, Collins says. He also says the discovery could change the 
way resistance is measured in a clinical setting—a single sample 
from a patient might underestimate the real resistance of a bacterial 
strain inside the body. 

Collins and his colleagues are now returning to some of  
their original questions, with the new viewpoint in mind. How do 

 antibiotic-resistant super-
mutants arise? Do weaker 
bacteria protected by indole 
eventually develop their 
own resistance mutations, or 
eventually die off? The scien-
tists are headed back to the 
bioreactor for the answers. W 
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MalarIa’s stIcky strategy

When malaria parasites invade human red 

blood cells, they churn out a sticky protein 

that makes the blood cells clump together. 

This keeps the cells from reaching the 

spleen, where the immune system would 

destroy them, and gives the malaria para-

site—Plasmodium falciparum—a safe haven 

inside the cells to replicate. 

Research from HHMI international 

research scholar Anja T.R. Jensen has shown 

that producing more than one variation of 

the sticky protein at a time makes infected 

red blood cells become even stickier. 

There are more than 60 versions of the 

sticky protein, called Plasmodium falci-
parum erythrocyte membrane protein 1, or 

PfEMP1, and Jensen wanted to know if any 

of them were associated with more severe 

cases of malaria. Scientists had presumed 

that a given malaria parasite produced only 

one type of PfEMP1. But when Jensen and 

her colleagues started isolating the RNA of 

PfEMP1 from malaria-infected blood cells, 

they were in for a surprise. Some infected 

cells had RNA for two forms of PfEMP1. 

The researchers confirmed their obser-

vations by tagging the genes for two forms 

of PfEMP1, each with a different fluores-

cent color. under the microscope, cells 

appeared to possess a combination of the 

two colors. The team then tested the sticki-

ness of the red blood cells and found that 

cells with a combination of PfEMP1 proteins 

could attach to two different receptors 

on endothelial cells instead of just one. 

 Jensen hypothesizes this could relate to 

the severity of different malaria infections. 

The results were published in the Septem-

ber 2010 issue of PLoS Pathogens.

delIvery Method affects 

newBorn’s MIcroBIoMe

The complex ecosystem of bacteria 

throughout a person’s body, called the 

microbiome, isn’t just affected by what 

that person touches, eats, and breathes. It 

has its roots in how the person was born, 

according to new research. 

Rob Knight, an HHMI early career scien-

tist at the university of Colorado at Boul-

der, previously developed DNA sequencing 

analysis techniques that determine the 

relatedness of assorted mixes of bacteria. 

He has used the technique to show how 

varied the collections of bacteria are in 

different body parts—as well as in differ-

ent individuals. 

In his most recent work, he teamed up 

with scientists in Venezuela and Puerto 

Rico to collect samples of bacteria from the 

skin and vaginas of nine mothers one hour 

before giving birth as well as from their 

newborns immediately after birth. Four 

of the babies were delivered vaginally 

and five by Cesarean section. The babies 

delivered vaginally harbored bacteria 

most similar to the bacteria found in their 

mothers’ vaginas. Bacteria collected from 

the C-section babies were types typically 

found on the skin, the team reports in the 

June 29, 2010, issue of Proceedings of the 
National  Academy of Sciences. 

Knight thinks the differences in the 

microbiomes between the groups of new-

borns could account for certain health 

differences: C-section babies are at higher 

risk for skin infections and for allergies and 

asthma later in life. 

PrIon ProteIn functIon 

IlluMInated

When one prion protein in the brain 

folds up incorrectly, it starts a cascade 

of  misfolding that takes over the brain— 

the cause of “mad cow” disease and other 

rare brain diseases. The normal func-

tion of the prion protein (PrPC) had been 

mysterious until recent reports indicated 

its importance in maintaining the ner-

vous system. Now, a team of scientists at 

the Ludwig Institute for Cancer Research 

in Brazil, including HHMI international 
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E. coli are more resistant to antibiotics 
as a group than as individual cells. 

Bacteria Helping Bacteria
A STuDY oN ANTIBIoTIC RESISTANCE SHoWS THAT BACTERIA 

AREN’T JuST ouT To HELP THEMSELVES.
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