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REPROGRAMMING THE HOST
Mycobacterium leprae, which causes leprosy, takes cell reprogramming to 
an extreme by reverting its Schwann cell host into a stem cell–like state 1 . 
These cells can then redi� erentiate into muscle cells, for example, perhaps 
spreading the bacterium to other tissues 2 . The reprogrammed cells can also 
pass the infection on to macrophages, which then form structures known as 
granulomas before going on to spread the infection themselves 3 . 
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REROUTING MEMBRANE TRAFFIC
Some intracellular bacteria, such as Legionella pneumophila, 
inhabit membrane-bound compartments inside host cells 1    . 
Once there, the microbes typically interact with host membranes 
and secrete so-called e� ector proteins that help the microbes 
wield control over them 2 . Legionella in particular interacts with 
the Golgi apparatus and the endoplasmic reticulum, pilfering 
some of the organelles’ proteins and rerouting their vesicular 
tra�  c. Later, the newly formed membranes become studded with 
ribosomes 3     that may help the bacterium make certain host 
proteins—or could simply be a byproduct of the membrane’s ER-
like identity. Legionella replicates inside this compartment before 
bursting out of the cell 4 .
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lination to one of the cell’s Rab proteins, Legionella was able 
to cause a “massive and quick collapse of the [host] trafficking 
pathway,” Mukherjee says.7 This was in addition to its recruit-
ment of that same Rab protein through a separate mechanism 
to the surface of its own intracellular compartment, converting 
its hideaway into something resembling the endoplasmic retic-
ulum. Labs including Roy’s have since showed how this mem-
brane conversion is part of a process that preps Legionella’s com-
partment for bacterial replication. Similar membrane-copying 
or -hijacking processes have been described in other microbes, 
too. The sexually transmitted pathogen Chlamydia tracho-
matis, for example, conspires to reorganize Golgi membranes 

around its intracellular compartment, while rerouting the 
organelle’s vesicles to itself as a source of lipids. 

Other intracellular bugs have found different ways to mess 
with a cell’s membranes. The single-cell parasite Toxoplasma gon-
dii, which the Centers for Disease Control and Prevention esti-
mates currently infects more than 40 million people in the US 
alone, survives in an intracellular vacuole, from which it deploys 
proteins to subvert host cell function. Researchers observed 
decades ago that the T. gondii vacuoles, like several types of 
bacterial compartments, often become surrounded by mito-
chondria—a phenomenon that’s now thought to be related to a 
cellular anti-pathogen response, says Lena Pernas, a parasitolo-
gist-turned-cell-biologist at the Max Planck Institute for the Biol-
ogy of Ageing in Cologne, Germany. 

Pernas’s team recently found that T. gondii is able to sub-
vert and exploit this mitochondrial mobbing by secreting a pro-
tein that causes the organelles to cast off the outer of their two 
membranes.8 “We’re not sure exactly how that happens . . . and 
this is the subject of ongoing work in the lab,” Pernas says. But 
her team’s experiments do suggest that the shedding behavior 
is a natural mitochondrial response to outer membrane stress 
that can occur even in uninfected cells, and that T. gondii has 
hijacked this process—perhaps by mimicking a host protein 
that normally triggers the reaction. Whether other pathogens 
exploit this or related pathways remains to be seen, although 
some researchers have noted that at least one of the mitochon-
drial proteins mentioned in Pernas’s study also seems to be tar-
geted by viruses such as SARS-CoV-2. 

It wouldn’t be surprising to discover new types of mem-
brane manipulation, Mukherjee says, adding that the behavior 
offers a versatile way to exert influence over everything from cell 
division to the intracellular positioning of organelles and even 

pathogens themselves. “That’s why various bacteria target vari-
ous membranes inside the cell.”

Altering hosts’ destiny
Intracellular bacteria and other parasites carry their own pro-
tein-making machinery, so it might sometimes make sense for 
them to shut down or pause most of the host’s protein produc-
tion. “The host will most likely make proteins that are deleteri-
ous for the bacteria,” explains Mukherjee, who recently showed 
that Legionella is able to block protein synthesis by targeting a 
host peptide involved in protein folding.9 On the other hand, an 
intracellular bacterium doesn’t want to kill off its host before it’s 
ready to move on, or to miss out on the opportunity to get the 
host to perform energy-intensive tasks on its behalf. 

Faced with these trade-offs, some bacteria launch a well-
choreographed effort to manipulate what a cell can and can’t 
make at different times during infection. For example, Mukher-
jee and colleagues recently identified a tRNA-mimicking toxin 
secreted by Legionella that stalls the movement of host ribo-
somes along RNA, causing collisions. “If you slow down the 
leading ribosome, the ribosome after it goes and hits it . . .  just 
like a pile-up in a freeway.” This sets off a cascade of events in 
the cell, the researchers found, including large-scale alterations 
to gene expression that allow just a few key transcripts to bypass 
the traffic jam and get translated into proteins. The response 
leads to controlled cell death, which is good news for Legio-
nella: the host breaks open, releasing the bacteria to go on to 
infect other cells.10 It’s yet another case of a microbe teaching 
biologists about how cells work, says Mukherjee, who described 

the research in a preprint on bioRxiv—the team only discovered 
the genetic response to ribosome collisions thanks to Legionel-
la’s ability to target that pathway.

Some intracellular bacteria appear to take a different tack: 
instead of prompting cells to self-destruct, they can cause 
changes in their host’s cell type. The University of Edinburgh’s 
Anura Rambukkana has studied reprogramming by Myco-
bacterium leprae, which causes leprosy. These bacteria infect 
Schwann cells, glial cells that surround neurons and help 
develop and repair peripheral nerves. Infection typically triggers 
widespread neurological injury and, eventually, loss of 
sensitivity to pain or touch in affected limbs. But in 2013, Ram-
bukkana and colleagues reported results from a series of in vitro 
and mouse experiments that suggested the bacterium was first 
hijacking their hosts’ gene expression, apparently reprogram-
ming Schwann cells back into a stem-cell-like state.11 (See illus-
tration below.)

This tweaking of gene expression seems to aid M. leprae’s 
spread in at least two ways. First, altered cells can go on to 
differentiate into other cell types, including muscle cells, says 
Rambukkana, potentially seeding the bacteria in these other 
tissues. Second, reprogrammed cells attract macrophages, 
which themselves can pick up the infection and spread it to 
other tissues. The team is currently working to understand 
more about the mechanisms underlying this cellular rewir-
ing, as well as exploring potential therapeutic applications of 
the phenomenon. For example, studying the factors the bac-
teria use to reprogram cell state might offer new techniques 
for regenerative medicine, Rambukkana says. The team is 
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